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Areas Inspected: Routine inspections of plant operations including: followup 
on outstanding inspection items, operational safety verification, maintenance, 
surveillance, review of special reports, licensee event followup, and review of 
Radiological Environmental Monitoring Program. The inspection involved 116 
inspector hours by the re.sident and by region based NRC inspectors. 

Results: No violations were identified by this inspection. One inspector 
follow item has been opened to review the determined cause of the No. 12 Auxi
liary Feedwater Pump breaker failing to close. 
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DETAILS 

1. Persons Contacted 

Within this report period, interviews and discussions were conducted with 
members of licensee management and staff as necessary to support 
inspection activity. 

2. Followup on Outstanding Inspection Items 

(Closed) Unresolved Item (272/83-25-01) The inspector's concern was the 
inconsistencies found on the Master Equipment List (MEL) in that certain 
sections had an additional column dealing with Commercial Catalogue Items 
(CCI). However, nO discrepancies were found with the safety 
classification of identical components within the system. Some of the CCI 
classifications appeared questionable. The licensee has completed a 
review of the MEL and has removed the column dealing with CCI to avoid the 
confusion. This item is closed. 

(Closed) Inspector Follow Item (311/83-37-01) This item was the result of 
the Loss of Residual Heat Removal system flow during the transfer of 2A 
vital instrument bus power supply from the inverter to the solatron. The 
licensee has reviewed the events and has issued revised procedures to 
perform the transfer. No similar incidents have occurred since the use of 
the new procedures. This item is closed. 

(Closed) Unresolved Item (311/84-08-03) This item was closed for Unit 1 
in Inspection Report 84-32. The same work practices with regard to bezel 
covers and system tag outs apply in Unit 2 and this item is therefore 
closed. 

(Closed) Violation (272/84-47-04) This item was issued when a worker 
became contaminated on his neck and hair and the incident was not recorded 
in the TN Log as required by procedure. The licensee responded in a 
letter March 12, 1985, and has issued Radiation Protection Procedure 
RPl.027 11 Handling of Contaminated Personnel 11

, which clarifies the method 
of decontaminating and recording the incidents. No incidents of this 
nature have occurred since RPl.027 has been implemented. This item is 
closed. 

(Closed) Inspector Follow Item (272/85-07-03; 311/85-07-04) Broken bolts 
were found on the injector blocks on two diesel generators. An 
en~ineering analysis indicated that fatigue caused the failure. The 
licensee also conducted an evaluation that indicated that the threaded 
portion of the broken bolts were engaged in the plate that covers the 
injector. This was contrary to design and led to the fatigue of the 
bolts. All the bolts have been adjusted so that the threads are only in 
the base metal of the diesel and the threads are not engaged in the plate. 
No similar events have occurred since the correction was made. The 
inspector considers this item closed. 
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Operational Safety Verification 

3.1 Documents Reviewed 

Selected Operators' Logs 
Senior Shift Supervisor's (SSS) Log 
Jumper Log 
Radioactive Waste Release Permits (liquid & gaseous) 
Selected Radiation Exposure Permits (REP) 
Selected Chemistry Logs 
Selected Tagouts 
Health Physics Watch Log 

3.2 The inspector conducted routine entries into the protected areas of 
the plants, including the control rooms, Auxiliary Building, fuel 
buildings, and containments (when access is possible). During the 
inspection activities, discussions were held with operators, 
technicians (HP & I&C), mechanics, supervisors, and plant management. 
The purpose of the inspection was to affirm the licensee's 
commitments and compliance with 10 CFR, Technical Specifications, and 
Administrative Procedures. 

(1) On a daily basis, particular attention was directed to the 
following areas: 

Instrumentation and recorder traces for abnormalities; 

Adherence to LCO's directly observable from the control 
room; 

Proper control room shift manning and access control; 

Verification of the status of control room annunciators 
that are in alarm; 

Proper use of procedures; 

Review of logs to obtain plant conditions; and, 

Verification of surveillance testing for timely completion. 

(2) On a weekly basis, the inspector confirmed the operability of 
selected ESF trains by: 

Verifying that accessible valves in the flow path were in 
the correct positions; 

Verifying that power supplies and breakers were in the 
correct positions; 
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Verifying that de-energized portions of these systems were 
de-energized as identified by Technical Specifications; 

Visually inspecting major components for leakage, 
lubrication, vibration, cooling water supply, and general 
operating conditions; and, 

Visually inspecting instrumentation, where possible, for 
proper operability. 

(3) On a biweekly basis, the inspector: 

Verified the correct application of a tagout to a 
safety-related system; 

Observed a shift turnover; 

Reviewed the sampling program including the liquid and 
gaseous effluents; 

Verified that radiation protection and controls were 
properly established; 

Verified that the physical security plan was being 
implemented; 

Re~iewed licensee-identified problem areas; and, 

Verified selected portions of containment isolation lineup. 

3.3 Inspector Comments/Findings: 

The inspector selected phases of the units operation to determine 
compliance with the NRC 1 s regulations. The inspector determined that 
the areas inspected and the licensee 1 s actions did not constitute a 
health and safety hazard to the public or plant personnel. The 
following are noteworthy areas the inspector researched in depth: 

1. Unit 1 

a. This report period began with the unit in Mode 3 following 
the unit trip from 95% power due to low feedwater flow and 
level in No. 14 Steam Generator. The trip occurred when 
both main feed pumps were lost due to a limit switch on the 
common recirculation valve (BF-65) going off its closed 
position. The switch, part of a trip demand circuit will 
trip both main feed pumps when not in the closed position. 
The actuating device was foDnd deformed and tied shut with 
nylon line (which had broken). This had previously been 
installed in order to hold the switch in the closed posi -
tion. (See Section 7 for additional details) At 2:07 p.m. 
on May 13, the unit returned to power. 
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b. At 5:23 p.m. on June 4, the licensee identified a 130 gpm 
leak to containment as monitored by the waste hold up tank 
level. An investigation by the licensee identified fan 
cooler leaks on No. 11 and No. 12 fan cooler units. No. 11 
had a blown plug in the copper nickel line (the major source 
of the leak) and No. 12 had a flange leak (gasket). The 
units were isolated and notification was made via ENS in 

·accordance with the Emergency Classification Guide and 10 
CFR 50.72b. The unit remained at 100% power and repairs 
were made. The fan cooler units were returned to service 
within the time period allowed within the action statement 
of Technical Specifications. The licensee is conducting an 
investigation into the reason for the leaks and will report 
to the NRC in a special report. The inspector will review 
the report when issued. 

c. At 2:40 p.m. on June 6, the unit tripped from 100% power 
when the Auxiliary Transformer Differential Protection 
Relay (ATDPR) actuated the generator protection system 
causing a turbine/reactor trip. 

At 4:37 p.m. on June 7, the unit returned to power, 
restricted to 90% because one condensate pump and one 
circulating water pump were not started due to limited 
loading of Station Service transformers No. 11 and No. 12. 
An engineering study is being performed to determine 
electrical loadings of the Station Service transformers. 

The licensee has investigated the cause of the ATDPR 
actuation and has determined that an internal connection of 
the 4KV section of the transformer had shorted. The reason 
at this writing is unknown. The licensee is in the process 
of removing the transformer to return it to Westinghouse 
for repair. 

d. At 4:11 p.m. on June 12, the reactor tripped from 90% power 
due to feed flow/steam flow mismatch with a low level in 
No. 13 Steam Generator signal. The cause was attributed to a 
wetted PC Board in 15C feedwater heater control cabinet 
(located outside) which caused a false high level signal in 
15C feedwater heater and closed valve 13CN27 which stops 
feedwater flow through a series of heat exchangers. This 
caused a low suction pressure in No. 11 feedwater pump, which 
tripped, causing the steam flow/feed flow mismatch. The 
event occurred during a severe thunder and lighting storm 
with heavy rains. The cabinet had been opened slightly to 
accommodate test leads that were installed to perform load 
reject testing on the unit following the last refueling . 
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During the trip the No. 12 auxiliary feedwater pump did not 
start; however, No. 11 and No. 13 pumps provided the neces
sary feedwater to the steam generators. The reason for the 
No. 12 auxiliary feedwater pump not starting appears to be 
a misalignment of the cam, ratchet and roller assembly such 
that the breaker will not latch in the closed position on 
every closure. The breaker will close with a close signal 
but will not latch closed and therefore opens and sets up 
the anti- pump feature (which prevents multiple closures on 
a continuous signal). The licensee is sending the breaker 
to the vendor for analysis and rebuilding. The item will 
remain open until the inspector can review the vendor's 
analysis. (272/86-15-01) The inspector also had discus
sions about the open cabinets. The licensee has stated 
that measures will be taken to seal the cabinets if any 
further testing is required. The inspector also witnessed 
the changing of degraded gaskets for outside cabinets. 

e. At 3:34 p.m. on June 13, the unit was synchronized to the 
grid and at 3:41 p.m. on June 13, the unit tripped during 
the shifting of lube oil coolers when an oil pressure spike 
caused a momentary dip in lube oil pressure. The operators 
were swapping the coolers, in accordance with the procedure, 
because the throttling valve (11ST33) for No. 11 lube oil 
cooler had failed in the closed position. During the 
shifting of·the coolers, the emergency bearing oil pump 
started, indicating the pressure dipped low enough to start 
the pump. The licensee performed subsequent testing of the 
lube oil cooler by repetitive shifting. However, they were 
unable to duplicate the low pressure surge. It is believed 
that a slug of air was present during the transfer which 
caused the initial spike in pressure. The licensee is 
continuing to assess the event. 

2. Unit 2 

a. Unit 2 operated at 100% power throughout the inspection 
with the exception of minor power reductions to facilitate 
surveillance testing. 

4. Maintenance Observations 

The inspector reviewed the following safety related maintenance activities 
to verify that repairs were made in accordance with approved procedures 
and in compliance with NRC regulations and recognized codes and standards. 
The inspector also verified that the replacement parts and Quality Control 
utilized on the repairs were in compliance with the licensee's QA program . 
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Work Order Number Description 

86-05-06-015-8 Preventative Maintenance Procedure M3T 

The procedure tested the undervoltage setpoint and time responses for the 
Group and Vital Susses and also tested underfrequency setpoint and time 
responses for the same busses. The busses tested were lA, 18, lC, lE, lF, 
lG and lH. The satisfactory testing of these busses satisfied the 
requirements of Technical Specification 4.3.1.1.1 and 4.3.2.1.1. 

86-06-12-046-4 

86-06-16-007-5 

Troubleshooting of No. 12 Auxiliary Feedwater 
Pump Breaker 

Replacement of No. 12 Auxiliary Feedwater Pump 
Breaker 

The above work requests were performed to establish why the No. 12 Auxiliary 
Feedwater Pump breaker failed to close during the reactor trip of June 12, 
1986. The work performed, which included testing by the factory 
representative, concluded that there was a misalignment of the cam, 
ratchet and roller assembly which aids in holding the breaker shut when 
the breaker closes. The licensee is sending the breaker off site and as 
previously stated the inspector will follow up on the results. 

86-02-27-063-1 Visual inspection and time testing of No. 12 
Auxiliary Feedwater Pump Breaker 

This work order directed the inspection, rebuilding and testing of the 
breaker which was performed as part of the 5 year inspection program for 
breakers. The results of these tests and maintenance were all satisfac
tory. 

No violations were identified. 

5. Surveillance Observations 

During this inspection period, the inspector reviewed in-progress 
surveillance testing as well as completed surveillance packages. The 
inspector verified that the surveillances were performed in accordance 
with licensee approved procedures and NRC regulations. The inspector also 
verified that the instruments used were within calibration tolerances and 
that qualified technicians performed the surveillances. 

The following surveillances were reviewed: 

Unit 1 

SP(D)4.7 .4._la 

PD-4.2.003 

Service Water Valve line-up. Verifies Service water 
valve line-up in accordance with Technical 
Specifications . 

1-R5 Channel functional test for Fuel Building. 
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(21)(22)(23) 

SP(0)4.6.2.3a 
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Proves operability of Radiation Monitoring System for 
the Fuel Building. 

Borated Water Sources Check. Demonstrates Technical 
Specifications 4.l.2.6a and 4.5.5a for Refueling Water 
Storage Tank, Boric Acid Tanks and Channel Check for 
Boric Acid Tanks. 

Inservice Testing of Component Cooling. Verifies 
operability of Nos. 21, 22, and 23 Component Cooling 
Pumps in accordance with Technical Specification 
4.0.5. 

Containment Systems - Cooling System. Verifies 
operability of the Fan Cooler Units in accordance with 
Technical Specification 4.6.2.3a and service water 
flow verification for Nos. 21, 22, 23 and 24 Fan 
Cooler Units. 

No violations were identified. 

6. Review of Periodic and Special Reports 

Upon receipt, the inspector reviewed periodic and special reports. The 
review included the following: inclusion of information required by the 
NRC; test results and/or supporting information consistent with design 
predictions and performance specifications; planned corrective action for 
resolution of problems, and reportability and validity of report 
information. The following periodic reports were reviewed: 

Unit 1 Monthly Operating Report - April and May 1986 

Unit 2 Monthly Operating Report - April and May 1986 

No violations were identified. 

7. Licensee Event Report Followup 

The inspector reviewed the following LERs to determine that reportability 
requirements were fulfilled, immediate corrective action was taken, and 
corrective action to prevent recurrence had been accomplished in 
accordance with Technical Specifications. 

Unit 1 

86-008 Not All of the Required Valves Were Listed in the Valve 
Position Verification Surveillances 

This LER was issued when the licensee performed a routine review of the 
service water system surveillance procedure SP(0)4.7.4.a (which verifies 



• 

9 

valves that are not locked, sealed or otherwise secured in position) and 
identified additional valves that should be added to the procedure. In 
addition, the licensee also reviewed surveillances for containment inte
grity, auxiliary feedwater, emergency core cooling and boron injection 
flow path. Several more valves were identified. The valves were orig
inally thought, by the licensee, to be verified by the normal operation of 
the serviced equipment. But a further review by the Plant Betterment 
Department has identified and added the valves to the appropriate sur
veillance. The inspector considers the LER closed. 

86-009 Oxygen Content of Waste Gas Decay Tanks Exceeded Allowable 
Limits 

This LER was issued when the required concentration of oxygen as required 
by Technical Specification (<2%) was exceeded. The identified concentra
tions were 3.10% and 2.14% in No. 11 and No. 13 waste gas decay tanks 
respectively. The systems were purged and brought back to specifications. 
However, "the time required to perform the evolution was exceeded (48 hours). 
The cause has been attributed to procedural error which did not require 
the Reactor Coolant Drain Tank (RCDT) to be purged of oxygen following the 
fuel transfer canal draining operation. The unit was in a cold shutdown 
condition. Operating Instructions have been amended to ensure that the 
RCDT is properly purged following the draining of the refueling cavity. 
This issue is considered closed . 

86-010 Reactor Trip From 95% Due to the Loss of Both Steam 
Generator Feedwater Pumps 

This LER was issued when the unit tripped due to an interlock to trip the 
main feed pumps being tied down to prevent operation (this event was 
reported in Inspection Report 86-11/86-11). The inspector stated that 
licensee actions would be addressed in this LER review. The licensee 
identified the following as a result of their investigation. 

Failure to correct long standing design deficiency in a timely 
manner. 

Failure to control the disabling of an interlock in accordance with 
established procedures. 

The following corrective actions have been taken by the licensee. 

The licensee began discussions with operators and maintenance 
personnel to identify any other devices being used within the plant 
that would prevent the fulfillment of a safety system. To date none 
have been identified. 

A discussion of the event was included in the Operation's Newsletter. 
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A letter from the Station Manager strongly expressing concern by 
management over the matter accompanied by the LER was distributed to 
each employee in their pay envelope. 

The event is being presented in the training program. 

The inspector considers this item closed. 

Unit 2 

86-002 Reactor Trip/Turbine Trip 50% - No. 23 SIG High-High Level 

This LER identifies a reactor t~ip that occurred on April 16, 1986, which 
was discussed in Inspection Report 86-11/86-11. The inspector has no 
further questions and considers this item closed. 

86-003 Reactor Trip/Safety Injection From 5% During Controlled 
Shutdown 

This LER identifies a reactor trip that occurred on May 2, 1986, which was 
discussed in Inspection Report 86-11/86-11. The inspector has no further 
questions and considers this item closed. 

No violations were identified. 

8. Radiological Environmental Monitoring Program 

The inspector reviewed the licensee 1 s Radiological Environmental 
Monitoring Program annual report for 1985. This report summarizes the 
results of the sampling and analyses of environmental media to determine 
the radiological impact of station operations. These environmental media 
include air, water, vegetation, and aquatic plants and animals. In 
addition, direct radiation is monitored by placement of thermoluminescent 
dosimeters at various locations around the station. 

As a result of this review, the inspector determined that the licensee has 
generally complied with its Technical Specification requirements for 
sampling frequencies, types of measurements, analytical sensitivities, and 
reporting schedules. Exceptions to the sampling and analysis program were 
adequately explained, e.g., low air sample volume due to a malfunction of 
the sampling mechanism. The report included summaries of the laboratory 
quality assurance program and the land use survey. 

The analyses of environmental samples indicated that doses to humans from 
radionuclides of station origin were negligible. 

9. Exit Interview 

At periodic intervals during the course of the inspection, meetings were 
held with senior facility management to discuss the inspection scope and 
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findings. An exit interview was held with licensee management at the end 
of the reporting period. The licensee did not identify 2.790 material. 
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6.2-14 4 7.1-3 7.1-10 0 9.1-5 0 

6.2-15 6.2-31 0 7.1-11 7.1-13 3 9.1-6 4 

6.2-32 4 7.2-1 7.2-19 0 9.1-7 9.1-15 0 

6.2-33 6.2-34 0 7.2-20 3 9.1-16 3 

6.2-35 - 1 7.2-21 7.2-36 0 9.1-17 9.1-23 0 

6.2-36 6.2-37 0 7.2-37 702-39 3 9.1-24 3 

6.2-38 1 7.3-1 7.3-28 0 9.1-25 9.1-26 1 

6.2-39 6.2-59 0 7.3-29 1 9.1-27 9.1-33 0 

6.2-60 1 7.3-30 7.3-33 0 9.l-33A 9.1-34 1 
6.2-61 6.2-88 0 7.4-1· 7.4-5 0 9.1-35 3 
6.3-1 6.3-3 0 7.5-1 7.5-9 0 9.1-36 0 
6.3-4 4 7.5-10 7.5-12 3 9.1-37 4 

• 6.3-5 3 7.5-13 0 9.2-1 4 
6.3-6 6.3-7 0 7.6-1 4 9.2-2 9.2-2A 1 
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LIST OF CURRENT PAGES AS OF JULY 22, 1985 

FROM TO REV FROM TO REV FROM TO REV 

9.2-3 4 9.4-37 9.4-38 0 11-vi i 4 
9.2-4 0 9.4-39 4 11.1-1 . 11.1-4 0 
9.2-5 4 9.4-40 9.4-41 0 11.1-5 1 
9.2-6 9.2-7 3 9.4-42 4 11.1-6 11.1-7 0 
9.2-8 9 .2-10 0 9.4-43- 1 11.1-8 1 
9. 2-11 ·4 9.4-44 9.4-47 0 lLl-9 11.1-12 0 
9.2-12 9.2-14 0 9.5-1 0 11.2-1 11.2-4 0 
9.2-14A 1 9.5-2 9.5-15A 4 11.2-5 4 
9.2-15 3 9.5-16 9.5-17' 0 11.2-6 11.2-8 0 
9.2-16 9.2-27 0 9.5-18 1 11.2-9 1 
9.2-28 4 9.5-18A .9.5-188 3 11.2-10 0 
9.2-29 9.2-30 0 9.5-19 9.5-27 0 11.2-11 4 
9.3-1 9.3-3 4 9.5-28 9.5-29 3 11. 2-12 0 
9.3-4 3 10-i 10-iv 0 11. 2-13 4 
9.3-5 0 10-v 10-vi 4 11.2-14 11.2-15 0 
9.3-6 4 10.1-1 10.1-2 0 11.2-16 1 
9.3-7 9.3-8 0 10. 2-1 10.2-2 0 11. 2-17 0 
9.3-9 4 10.2-3 4 11. 2-18 1 

• 9.3-10 0 10.2-4 0 11. 3-1 11.3-16 0 
9.3-11 9.3-12 4 10.2-5 10.2-6 4 11.3-17 1 
9.3-13 0 10.2-7 0 11.3-18 4 
9.3-14 9.3-15 4 10.2-8 3 11. 3-19 0 
9.3-16 9.3-19 0 10.2-9 10.2-14 0 11. 3-20 11.3-21 1 
9.3-20 4 10.3-1 0 11.4-1 11.4-2 0 
9.3-21 9.3-48 0 10.3-2 4 ll .4-3 11.4-5 1 
9.3-49 4 10.3-3 10.3-6 0 11.4-6 11.4-7 0 
9.3-50 9.3-60 0 10.3-7 10.3-8 4 11.4-8 11.4-10 1 

. 9.3-61 4 10.3-9 0 11.4-11 4 
9.3-62 9.3-65 3 10. 3-10 4 11.4-12 0 
9.4-1 0 10.3-11 10.3-17 0 11.4-13 11.4-15 4 
9.4-2 4 10.3-18 4 11.4-16 1 
9.4-3 9.4-4 0 10.3-19 1 11.4-17 11.4-18 4 
9.4-5 4 10.3-20 0 11.4-19 11.4-20 0 
9.4-6 9.4-8 0 10.4-1 1 11.4-21 11.4-22 4 
9.4-9 4 10.4-2 10.4-6 0 11.4-23 11.4-24 0 
9.4-10 9.4-16 0 10.4-7 4 11. 5-1 11.5-3 0 
9.4-17 4 10.4-8 10.4.10 0 11.5-4 3 
9o4-18 9.4-20 0 10.4-11 10.4-13 4 11.6-1 11.6-4 1 
9.4-21 4 10.4-14 10.4-16 . 0 12-i 12-iii 0 
9.4-22 9.4-27 0 10.4-17 4 12-iv 3 
9.4-28 1 10.4-18 0 12.1-1 0 
9.4-29 9.4-31 0 10.4-19 10.4-21 1 12.1-2 4 
9.3-32 1 10.4-22 10.4-23 0 12.1-3 ' 12.1-8 0 
9.4-33 4 10.4-24 10.4-26 4 12.1-9 1 

• 9.4-34 9.4-35 0 10.4-27 10.4-28 0 12 .1-10 12.1-14 0 
9.4-36 9.4-36A 3 11-i 11-vi 0 12.1-15 12.1-18 1 
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FROM TO REV FROM TO REV FROM TO REV 

12.2-1 12.2-2 0 15.4-1 15.4-15 0 
12.3-1 12.3-8 1 15.4-15A 15.4-15(0) 1 
13-i 3 15.4-16 15.4-26 0 
13-ii 1 15.4-27 3 
13.1-1 0 15.4-28 15.4-42 0 
13.1-2 13.l-4A 1 15.4-43 3 
13.1-5 0 15.4-44 15.4-94 0 
13.1-6 13.1-9 1 15.4-95 4 
13.2.:.1 4 15.4-96 15.4-107 0 

·. 13.3-1 1 16-1 0 
13.4-1 13.4-2 3 17-i 17-ii 4 
13.5-1 13.5-3 3 17-iii 0 
13.6-1 1 17-iv 1 
13.6-2 13.6-3 0 17.1-1 0 
13.7-1 1 17.2-1 17.2-34 4 
14-i 1 A-i A-ii 0 
14-ii 14-iv 0 A-iii 3 
14.1-1 14.1-2 0 A-iv 0 

• 14.2-1 0 A-1 A-5 0 
14.3-1 14.3-5 0 A-6 A-7C 1 
14.4-1 14.4-4 0 A-8 0 
14.4-5 14.4-6 1 A-9 1 
14.5-1 14.5-9 0 A-10 A-11 0 
14.6-1 14.6-7 0 A-12 4 
15-i 15-ii 0 A-13 A-58 0 
15-iii 1 A-59 A-60 1 
15-iv 15-vi 0 A-61 A-70 0 
15-vii 15-x 1 A-71 1 
15-xi · 15-xviii 0 A-72 0 
15-xix 15-xx 1 A-73 1 
15-xxi 0 A-74 A-75 0 
15-xxii 1 
15-xxiii 0 
15.1-1 15.1-25 0 
15.2-1 15.2-17 0 
15.2-17A 1 
15.2-18 15.2-19 1 
15.2-20. 15.2-21 0 
15.2-22 15.2-22D 1 
15.2-23 15.2-24 3 
15.2-25 15.2-43 0 
15.2-44 4 
15.2-45 15.2-59 0 
15.2-60 1 

• 15.3-1 15.3-21 0 
15.3A-1 0 
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FROM 

2.1-1 
2.2-1 
2.3-1 
2.3-16 
2.3-17 
2.4-1 
2.5-1 
3.6-1 
3.10-1 
3A-1 
4.1..:lA 
4.1-lB 
4.1-2 
4.2-1 
4.3-1 
4.3-3A 
4.3-4 
4.4-lA 
4.4-2A 
4.4-3A 
4.4-4 
5.1-1 
5.2-1 

' 5.2-8 
5.2-9 
5.4-1 

. 5.5-1 
6.2-1 

TO 

2.1-12 
2.2-4 
2.3-15 
2.3-16A 
2.3-20 
2.4-6 
2.5-3 
3.6-3 

4.1-3 

4.3-2 
4.3-3B 
4.3-11 . 
4.4-lB 
4.4-28 
4.4-3B 

5.2-7 

5.2-29 
5.4-4 
5.5-3 

. 6.2-2 6.2-9 
6.2-10 (sh. 1, 6) -
6.2-10 (sh. 5) -
6.2-10 (sh. 2,3,4,7) 
6.2-11 
6.2-12 6.2~13 
6.2-14 6.2-17 
6.3-1 6.3-3 
6.3-4 6.3-5 
6.3-6 (sh. 1) -
6.3-6 (sh. 2,3,4) -
6.3-7 6.3-10 
6.3-11 (sh. 1) -
6.3-11 (sh. 2) -
6.3-12 6.3-14 
6.4-1 6.4-3 
7.2-1 7.2-3 
7.3-1 7.3-7 

SGS/UFSAR 

SALEM GENERATING STATION 
UPDATED FSAR 

LIST OF CURRENT TABLES AS OF JULY 22, 1985 

REV FROM TO REV FROM TO REV 

0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
(j 
1 
0 
0 
0 
0 
0 
3 
4 
1 
0 
1 
0 
0 
3 
3 
0 
0 
3 
O· 
0 
0 
0 
0 

7.5-1 7.5-3 o-
7.5-4 (sh. 1,2,3) - O 
7.5-4 (sh. 4) - 4 
7.5-4 (sh. 5,6) 3 
7.5-5 (sh. 1 thru 4) 3 
7.6-5 7.6-8 3 
7.7-1 7.7-2 0 
8.3-1 8.3-2 0 
8.3-3 4 
9.1-1 . 9.1-3 0 
9.1-4 1 
9.2-1 0 
9.2-2 1 
9.2-3 0 
9.2-4 (sh. 1,2) - 3 
9.2-5 - 0 
9.3-1 9.3-2 (sh. 1) 0 
9. 3-2 (sh. 2) - 4 
9.3-3 9.3-7 0 . 
10.3~1 10.3-2 0 
10.4-1 10.4-6 0 
11.1-1 11.1-15 0 
11.2-1 1 
11.2-2 0 
11.2-3 3 
11.2-4 1 
11.2-4 (sh. 2) - 3 
11.2-5 11.2-8 0 
11.2-9 1 
11.3-1 11.3-2 0 
11.3-3 11.3-4 1 
11.4-1 (sh. 1,2,3,4) 4 
11.4-2 (sh. 1,2,3,4) - 4 
11.4-3 (sh. 1) - 0 
11.4-3 (sh. 2) 4 

-11.4-4 (sh. 1) - 1 
11.4-4 (sh. 2) 4 
11.6-1 (sh. 1,2) - O 
11.6-1 (sh. 3 thru 9) - 1 
11.6-2 {sh. 1 thru 6) - 0 
12.1-1 12.1-5 0 
12.3-1 - 0 
14.2-1 (sh. 1 thru 11) - 0 
14.2-1 (sh.12,12A,13) - 3 
14.2-1 (sh.14,15) - 0 
14.3-1 (sh. 1,2) - 0 

LIST OF TABLES-1 

14.4-1 (sh. 1 thru 4) 0 
15.1-1 15.1-2 (sh. 1) 0 
15.1-2 (sh. 2) - 4 
15.1-2 (sh. 3) - 0 
15.1-2 (sh. 4) 4 
15.1-3 15.1-6 0 
15.2-1 15.2-3 0 ' 
15.3-1 15.3-2 0 
15.3A-1 15.3A-2 0 
15.4-1 15.4-5 0 
15.4-5A 15.4-50 1 
15.4-6 15.4-8 0 
15.4-9 - 1 
15.4-10 15.4-30 0 
17.2-1 (sh. 1 thru 5} 4 
A-1 A-3 0 
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LIST OF CURRENT FIGURES AS JULY 22, 1985 

FROM TO REV FROM. TO REV FROM TO REV 

1.2-1 3 4.3-35A o 9.1-1 3 
2.1-1 2.1-18 o 4.3-358 4 9.1-2 9.1-3 0 
2.2-1 o 4.3-36 4.3-44 o 9.l-4A 9.1-48 4 
2.3-1 2.3-7 o 4.4-1 4.4-17 o 9.1-5 9.1-8 o 
2.3-8 3 5.1-1 5.1-2 0 9.1-9 1 
2.4-1 2.4-11 o 5.1-3 4 9.2-lA 9.2-2 4 
2.5-1 2.5-13 0 5 .• 1-4 5.1-5 0 9.2-3 0 
3.3-1 3.3-5 0 5.l-6A 5.l-6C 4 9.2-4A 9.2-48 4 
3.4-1 3.4-3 0 5.1-7 4 9.2-5 9.2-10 0 
3.4-4 3 5.1-8 5 .1-11 3 9.2-11 4 
3.5-1 0 5.1-12 5.1-13 0 9.3-lA 9.3-88 4 
3.5-2 3.5-3 3 5.2-1 5.2-17 0 9.3-9 9.3-10 0 
3.5-4 3.5-7 0 5.5-1 0 9.4-lA 9.4-68 4 
3.6-1 3.6-5 0 5.5~2A 5.5-28 4 9.5-1 9.5-2 4 
3.6-6 3 5.5-3 5.5-7 0 10.2-1 10.2-4 4 
3. 6-t· 3.6-25 0 6.2-1 6.2-3 0 10.3-lA 10. 3-18 4 
3.6-26 3.6-27 3 6.2-4A 6.2-48 4 10.3-2 0 
3.6-28 3.6-30 0 6.2-5 6.2-20 3 10. 3-3 4 

• 3.7-1 3.7-13 0 6.2-21 1 10 •. 4-1 10.4-38 4 ' 
3.8-1 3.8-56 0 6.2-22 6.2-23 0 10.4-4 0 
3.9-1 3.9-2 0 6.2-24 1 10.4-5A 10.4-68 4 
3A-l 3A-2 0 6.2-25 6.2-29 0 10.4-6 3 
3A-3 3 6.2-30 6.2-31 1 10.4-7 10.4-16 0 
3A-4 0 6.2-32 6.2-39 0 10.4-17A 10.4-178 4 
4.2-1 4.2-25 0 6.2-40 6.2-43 4 10.4-18A 10.4-188 4 
4.3-lA 4.3-18 ' 0 6.2-44 3 10.4-19 4 
4~3-2 4.3-3 0 6.2-45 6.2-450 1 11.2-lA 11. 2-18 4 
4.3-4A 4.3-48 0 6.2-46 3 11.3-lA 11. 3-18 4 
4.3-5A 4.5-58 0 6.2-47 6.2-58 0 11.4-1 11.4-8 0 
4.3-6A 4.3-68 0 6.3-lA 6.3-18 I 4 12.3-1 3 
4.3-7A 4.3-78 0 6.3-2 6.3-4 0 12.3-2 0 
4.3-8A 4.3-88 0 7.2-1 0 14.5-1 14.5-2 0 
4.3-9A 4.3-98 0 7.2-2 4 14.6-1 14.6-2 0 
4.3-lOA 4.3-108 0 7.2-3 7.2-7 0 15.1-1 15.1-8 0 
4.3-llA 4.3-118 0 7.3-1 7.3-3 0 15.2-1 15.?-28 0 
4.3-12A 4.3-128 0 7.6-1 0 15.2-29 3 
4.3-13 4.3-25 o· 7.7-1 7.7-6 0 15.2-30 15.2-46 0 
4.3-26A 4.3-268 0 8.2-1 8.2-2 4 . 15.3-1 15.3-19 0 
4.3-27A 4.3-278 0 8.3-1 8.3-2 o 15.3A-l 15.3A-18 0 
4.3-28A 4.3-288 0 8.3-3A 8.3-38 4 15.4-1 15.4-47 0 
4.3-29A 4.3-298 0 8.3-4 1 15.4-47A 15.4 .. 47C 1 
4.3-30A 4.3-308 0 8.3-4A 4 15.4-48 15.4-49 3 
4.3-31A 4.3-318 0 8.3-5 3 15.4-50 15.4-51 0 
4.3-32A 4.3-328 0 8.3-6 0 15.4-52 15.4-57 3 

• 4.3-33A 4.3-338 0 8.3-7 1 15.4-58 15.4-94 0 
4.3-34A 4.3-348 0 8.3-8 3 15.4-95 ' 1 
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15.4-96 15.4-111 
17.2-1 17.2-2 
17.2-3 17.2-4 
A-1 
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8.1. 4 
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Criterion 26 - Separation of Protection and Control Instrumentation 
Systems 

Protection systems shall be separated from control instrumentation 

systems to the extent that failure or removal from service of any 

control instrumentation system component or channel, or of those cor.unon 

to control instrumentation and protection circuitry, leave~ intact a 

system satisfying a 11 requirements for the protection channels. 

Discussion 

Protection and control channels·in the facilityprotection systems are 

designed in accordance with the IEEE-279, 11 Proposed IEEE Criteria for 

Nuclear Power Pl ant Protection Systems, 11 August 30, 1968. 

The coincident trip philosophy is also employed. to· prevent a single 

failure from·causing a spurious trip or from defeating the. function of 

any channel.· 

In general reactor trip circuits are designed so that the trip occurs 

upon deenergization of the circuit; and open circuit or loss of power to 

a channel will, therefore, result in the channel going into its trip 

mode. Redundancy within each channel provides reliability and indepen

dence of opera ti on. Channel independence is carried throughout the 

system from the sensor to the relay providing the logic. In some cases, 

however, it is desirable to e1:1ploy a common sensor for both a control 

and protection channel. Both functions are fully isolated in the 

remainder of the channel, control being derived rrom the primary safety 

signal path through an isolation amplifier. As such, a failure in the 

control circuitry does not adversely affect the safety channel. Those 

reactor trips requiring energy to trip are arranged such that single 

po~1er supply failures cannot prevent a trip if· requ·ired • 
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Criterion 27 - Protection Against Multiple Disability For Protection 

Systems 

The effects of adverse conditions to which redundant channels or protec

tion systems might be exposed in common, either under nonnal conditions 

or those of an accident, shall not result in loss of the protection 

function. 

Discussion 

Protection system components are designed and arranged so that the· · 

mechanical and thennal environment accompanying any emergency situation 

in whkh the components are required to function does not interfere with 

that function. Details of this protection are provided in the 

appropriate portions of Chapter 7. 

Criterion 28 - Emergency Power for Protection Systems 

In the event of loss of all offsite power, sufficient alternate sources 

of power shall be provided to pennit the required functioning of the 

protection systems. 

Discussion 

The facility is supplied with nonnal and emergency power supplies to 

provide for the required functioning of the protection systems. 

Emergency power for each unit is supplied by three emergency diesel 

generators, as described in Chapters 7 and 8 with two diesels being 

capable of supplying al 1 the emergency power requirements of one unit. 

In addition to the emergency diesel generators, the instrumentation and 

controls portions of the protection systems may be supplied from the 125 
V DC station batteries as detailed in Chapter 8. 

SGS-UFSAR 3. 1-18 Revision O 
July 22, 19H2 

• 

• 

• 



• 

• 

• 

13. Control equipment, facilities and lines as required ·for the above 
items •. 

14. Waste Disposal Systems. 

Gas Decay Tanks. 

Compressors. 

15. Containment Pola.r Crane. 

16. Auxiliary Feedwater and Service Water Systems {portions). 

17. Sampling System Piping {to outennost containment isolation valve). 

18. Main Steam System {to i sol ati on valve). 

19. Feedwater System {to outennost containment isolation valve.) • 

20. Combustible Gas Control System {partial). 

21. Fuel Handling System. 

22. Instrumentation and Control Systems required· for safe shutdown, 

including safety-related instrumentation. 

23. Electrical cable tunnels. 

QA program controls as identified in Section 17.2 are applied, but not 

limited to, the above Class I Systems, structures and components. 

Cl ass II 

·The following list establishes a general category of Class II items: 

SGS-UFSAR 3.2-5 Revision 0 
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1. Pressurizer Relief.Tank. 

2. · Sampling System. · 

3. Spent Fuel Pool Cooling System •. 

4. Holdup Tank Transfer Pumps. 

5. Evaporator. 

6. Evaporator Condensate Demi neral i ze.rs. 

7. Waste Monitor Tanks. 

8. Waste Monitor Tank Pumps. 

9. Primary Water Storage Tanks. 

10. Concentrates Holdup·Tank. 

Class III 

The following list establishes a general category of Class III items: 

1. Turbine Generator area structure. 

2 •. Buildings containing conventional facilities. 

3. Waste Disposal System (partial). 

4. Chemical Mixing Tank. 

5. Res·; n Fi 11 Tank. 
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3.4 WATER LEVEL (FLOOD) DESIGN 

3.4.l FLOOD ELEVATIONS 

Figure 3.4-1 displays the relationship between the Mean Sea Level (MSL) 
datum, the Public Service Datum (PSD), the plant grade level and water 
levels for various conditions. The PMH surge level for the site is 
113.8 feet PSD as estimated by the Coastal Engineering Research Center. 

The highest recorded water level at the site was +8.5 feet MSC in 
November, 1950. This elevation is referred to as high-high water or 
HHW. The site grade was established by fill at an elevation of +10.5 
feet MSC, or two feet above HHW. 

3.4.2 STRUCTURAL LOADINGS 

Load combinations and calculations for Category I structures are des
cribed in Section 3.8 • 

3.4.3 FLOOD PROTECTION 

3.4.3.1 Hurricane 

Safety related equipment required for cold shutdown are located inside 
the containment, service water intake, auxiliary building, and main 
steam and feedwater pipe penetration areas. The containment is water
tight and can withstand the static and. dynamic loads associated with a 
storm producing stillwater level of 113.8 feet PSD and the corresponding 

wave runup to 120.4 feet PSD. 

The portion of the service water intake enclosing the pumps, motors and 
vital switchgear is watertight up to elevation 122 feet PSD. The ser
vice water intake can also withstand the static and dynamic effects of 
the storm. Each vertical, turbine type service water pump column 
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bowl and suction bell is installed in an individual chamber which is 
open to the river. The c11amber is isolated from the watertight compdrt
ments where the pump di sch·arge. heads and motors are located. The pump 
discharge heads are bolted down to pads to elev.ation 92 1 -6 11 PSD. The 

· joint between the pump discharge head and the pad at el evati ori 92 1 -6 11 

PSD is watertight to prevent leakage of water into the compartr.lents. 
Provisions have also been made to prevent leakage from the discharge 

head glands and leakoff connections into the watertight compartments. A 

sump pump is provided in each compartment to remove any accumulated 

water in the event a minor leak should occur. 

The auxiliary building is watertight up to elevation 115 feet PSD. All 
doors {11 the outer auxiliary building \/alls nelow elevation 120.4 PSD 

are watertight. All watertight doors and structural walls can withstand 

the static and dynamic effects associdted Hith a storm that produces a 
stillwater level of 113.8 feet PSD \lith \Jave runup to el. 120.4 feet 
PSD .. Conduit penetrations above elevdtion 115 feet PSD and below eleva

tion 120.4 feet PSD will be packed to eliminate gross inleakage during 

the storm. 

Each residual heat removal pump room, the lowest point in the auxiliary 
building, contains two 100 gpm capacity sump pumps. In the event of a 

rilajor storm, which r.1ay be expected to cause flooding of the site, a 
nur.ibe·r of temporary sump pumps wi 11 be avai 1ab1 e to rer.iove any water 
which r.iay enter the building. The minimum total capacity of these tem
porary pumps Hi 11 be 2000 gpm and each pump wi 11 De capan le. of pur.1pi ng 

fror.i the lowest building elevation to above elevation 121 feet PSD. 

The main steam and feed\rater pipe penetration area will be Wdtertight 
below elevation 120~4 feet PSD. The structural walls and watertight 

" 

doors Hill also be capable of Hithstanding the static and dynamic 
effects of the storm which produces a stillwater level of 113.8 feet PSD 
and Have runup to 120.4 feet PSD. 
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Pub.lie Service Electric and Gas Company P.O. Box 236 Hancocks Bridge, New Jersey 08038 

Nuclear Department 

I 

Director of Nuclear Reactor Regulation 
U.S. Nuclear Regulatory Commission 
~ashington, DC 20555 

Attention: Mr. Steven Varga, Chief 
Operating Reactors Branch #1 
Division of Licensing 

Gentlemen: 

CYCLE 6 RELOAD ANALYSIS 
FACILITY OPERATING LICENSE DPR-70 

· UNIT NO. 1 
SALEM GENERATING STATION 
DOCKET NO. 50-272 

Ref 1) NS-EPR-3545, 1/20/82 

.Ref 2) Letter Steven A. Varga(NRC) 
to R.A. Uderitz (PSE&G), 
Docket Nos. 50-272 &· 
50-311, dated November 1, 
1982. 

July 19, 1984 

Salem Unit No. 1 concluded its fifth cycle of operation and com
menced a refueling outage on February 24, 1984. Cycle 5 achieved 
a cycle burnup of 9,608 MWD/MTU. The Startup of Cycle 6 is 
scheduled for mid-August. The· purpose of this letter is to inform 
you of PSE&G''s plans regarding Salem No. 1 Cycle 6 reload core which 
is expected to achieve a burnup of .17,500 MWD/MTUo 

The Cycle 6 reload core will utilize 84 new Region 8 Westinghouse 
17' x 17 fuel assemblies and 1660 fresh.burnable poison rods. The 
Region 8 feed fuel consists of 52 assemblies at 3.40 w/o enrichment 
and 32 assemblies at 3.80 w/o enrichment (see attached figure). All 
Region 8 assemblies are of the same mechanical, nuclear, and thermal 
hydraulic design as the Cycle 5 standard assemblies. The optimized 
fuel assemblies present in Cycle 5 will not be reinserted for Cycle 6. 

W has completed the safety evaluation of the Cycle 6 reload core 
design in accordance with the Westinghouse reload methodology as 
outlined ip the March 1978 Westinghouse topical report ''Westinghouse 

The Energy People 
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Director of Nuclear Reactor Reg. 

Reload Safety Evaluation Methodology (WCAP-9273)." Based on this 
methodology, those incidents analyzed and reported in the Salem 
FSAR that could piotentially be affected by the fuel reload were 
addressed. 

All the tycle 6 peaking factors, rod worths and kin~tics parameter 
values meet current limits except for the Cycle 6 SCRAM ·curve and 
the most negative _Doppler coefficient. Those accidents affected by 

• 
the slight change in the SCRAM curve were reanalyzed and all transients 
affected by the more negative Doppler coefficient were evaluated. 
Based on the results of these analyses, it was concluded that the 
Cycle 6 design does not cause the previously acceptable safety limits 
for any incident to be exceeded. 

The dropped RCCA event was analyzed acco~ding to the new dropped rod 
methodology described in Reference 1. Results show that the DNB 
design basis is met for all dropped rod events initiated from full 
power so that the interim operating restrictions (Reference 2) are 
no longer necessary. However, until formal NRC notification is received 
to remove them, the plant shall continue to operate under the interim 
re.strict.ions. 

PSE&G has reviewed the b~ses of the Cycle 6 reload analysis and the 
Westinghouse Reload Safety Evaluation (RSE) Report with Westinghouse .• 
The review demonstrated that the results of all the postulated events 
are within allowable limits. The reload safety evaluation demonstrate 
that Technical Specification changes are not required for operation 
of Salem Unit 1 at rated thermal power during Cycle 6. The Salem 
Station Operations Review Committee has concluded that no unreviewed 
safety questions as defined by lOCFR 50.59 are involved with this 
reload. Therefore, based on this review, application for amendment· 
to the Salem Unit 1 operating license is not required. 

The reload core design will be verified during the startup physics 
testing program. This program will include, but is not limited to, 
the following tests: 

1. Control rod drive tests and drop time 
2. Critical boron concentration measurements 
3. Control rod bank worth measurements 
4. Moderator temperature coefficient measuremen·t, and 
5. Power distribution measurements using the incore flux 

mapping system. 

RSK:td 
Attachments 

4.5 ... 28 

Very truly yours, 

-~ 
)::... A. Li den • 

/ Manager - Nuclear 
Licensing and Regulation 
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tilting pad Kingsbury bearings. All are oil lubricated. The lower 
. . 

radial bearing and the thrust beari.ngs are submerged in oil, and the 

upper radial bearing is oil fed from an impell~r integral with the 

thrust runner. Component cooling water is. supplied to the two oil 

coolers on the pump motor. 

( 

The motor is an air cooled, Class B thermalastic epoxy insulated, 

squirrel cage induction motor. The rotor and stator are of standard 

construction and are cooled by air. srx resistance temperature 

detectors are located throughout the stator to sense .the winding 

temperature. The top of the motor consists of· a flywheel and an· 

anti-reverse rotation device. 

The internal parts of. the motor are cooled by air. Integral vanes on 

each end of the rotor draw air in through cooling slots in the motor 

frame. This air passes through the motor with particular emphasis on 

the stator end turns. It is then exhausted to· the containment 

environment • 

Each of the.reactor coolant pumps is equipped for continuous monitoring 

of reactor cool ant pump, shaft and frame vibration levels. Shaft vi bra-
. . 

ti on is measured by two rela~ive shaft probes mounted on top of the pump 

seal housing. The probes, one in line with the pump discharge and the 

other perpendicular to the pump discharge, are mounted .in the same hori

zontal plane near the pump shaft. Frame vibration is measured by two 

velocity seismoprobes located 90 degrees apart in the same horizontal 

plane and mounted at the top of the motor support st~nd. Proximeters 

and converters convert the probe signals to linear output, which is dis

p 1 ayed on monitor meters in the control room. The monitor meters 

automatically indicate the highest output from the relative probes and 

seismoprobes; manual selection allows monitoring of individual probes. 

Indicator lights display caution and danger limits of vibration. 

A 11 parts of the 

stainless steel, 

SGS-UFSAR 

pump in contact with the reactor coolant are austenitic 

except for seals, bearings and special parts • 
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A removable shaft segment, the spool piece, is located between the motor 

coupling flange and the pump coupling flange. The spool piece allows 

removal of the pump seals with the motor .in place. The pump internals, 

motor, .and motor stand can be removed from the casing as a unit without 

disturbing the reactor coolant piping. The flywheel is available for 

in spec ti on by removing the flywheel cover. 

5.5.1.3 Design Evaluation 

5.5.1.3.l Pump Performance 

The reactor coolant pumps are sized to deliver·flow at rates that equal 
. . 

or exceed the required flow rates. Initial RCS tests confirm the total 

delivery capability, providing assurance of adequate forced circulation 

coolant flow prior to initial plant operation. The performance charac

teristic is shown in Figure 5.1~5. 

The reactor trip system ensures that pump operation is within the 

assumptions used for loss-of-coolant flow analyses, a.nd also assures 

that adequate core cooling is provided to permit an orderly· reduction in 

power if fl ow from a reactor cool ant pump is lost during opera ti on. 

An extensive test program has been conducted to develop the controlled 

leakage shaft seal for pressurized water reactor applications. Long

term tests were conducted on less than full scale prototype seals as 

well as on full size seals. Operating plants continue to demonstrate 

the satisfactory performance of the controlled leakage shaft seal pump 

design. 

The support of the stationary member of the number 1 seal {seal ring) is 

such as to allow large deflections, both axial and tilting, while still 

maintaining its controlled gap relative to the seal runner. Even if all 

the graphite were removed from the pump bearing,· the shaft could not 

deflect far enough to cause opening of the contr.olled leakage gap. The 
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shaft would fail in torsion just below the coupling to the motor, 

thereby disengaging the flywheel and motor from the shaft. This'would 

constitute a loss-_of-coolant-flow in the loop. Following such a pos

tulated seizure, the motor would continue to run without any overspeed, 

and _the flywheel would maintain its integrity, as it is still supported 

by the motor with two bearings •. 

There are no other credible sources of shaft seizure other than impeller 

rubs. Sudden seizure of the pump beari'ng is precluded by graphite in 

the bearing. Any seizure in the seals results in a shearing of the 

antirotation pin in the seal ring. ·The motor has adequate power to 

continue pump operation even after the above occurrences. Indic_ati ans 

of p.ump malfunctio_n in these conditions are initially by high tem

perature signals f ram the bearing water temperature detector and by 

excessive number 1 seal leakoff indications respectively. Following 

these signals, pump _vibration levels are chE:~cked. E!xcessive vibration 

indicates mechanical trouble, and the pump is shut down for 

investigation • 

5.5.1.3.6 Critical Speed 

The reactor coolant pump shaft is designed so that its operating speed 

is below its first critical speed. This shaft design, even under the 

most severe postulated transient, gives low values of actual stress. 

5.5.1.3.7 Missile Generation 

Precautionary measures taken to preclude missile formation from reactor 

coolant pump components assure that the pumps will not produce missiles 

under any anticipated accident conditions. Each component of the pump 

is analyzed for missile generation. Any fragments of the motor rotor 

would be contained by the· heavy stator. The same conclusion applies to 

the pump impeller, because the small fragments that might be ejected 

would be contained by the heavy casing • 
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5o5.l.3.8 Pump Cavitation 

The minimum net positive suction head required by the reactor coolant 

pump at best estimate flow is approximately 170 feet (approximately 85 

psi). ln order for the controlled leakage seal to operate correctly, ft 

is necessary to require a minimum .differential pressure of approximately 

275 psi across the number 1 seal. This corresponds to a primary loop 

pressure at which the minimum net positive suction head requirement is 

exceeded and no limitation on pump operation occurs from this source. 

5.5.1.3.9 Pump Overspeed Considerations 

For turbine trips actuated by either the reactor trip system or the 

turbine protection system, the. generator breaker disconnects the 

generator permitting the reactor cool ant pumps to remain connected to 

the external network for 30 seconds to prevent any pump overspeed 

condition. 

An electrical fault requiring immediate trip of the generator (with 

resulting turbine trip) could result in an overspeed condition. 

However, the turbine control system and the turbine intercept valves 

limit the overspeed to less than 120 percent. As additional backup, the 

turbine protection ~stem has a m~chanical overspeed protection trip, 

usually set at about llO percent of turbine speed. In case a generator 

trip deenergi zes the pump buses, the reactor cool ant pump motors are 

transferred to off-site power within six to ten cycles. 

5.5.1.3.10 Anti-reverse Rotation Device 

Each of the reactor coolant pumps is provided with an anti-reverse 

rotation device in the motor. This anti-reverse mechanism consists of 

pawls mounted on the outside diameter of the flywhee 1 ~ a serrated 

ratchet plate mounted on the motor frame, a spring return for the 

rate het pl ate and two shoe k absorbers. 
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Status Inside 
s Valve Type Pwr - Signal Valve 

Closed Closed 1PR17 Auto A T 1PR18 
Trip 

Closed Closed 1WR8l Non N/A N/A 1WR80 
Return 

Closed Closed 1NT26 Non N/A N/A 1NT25 
Ke turn 

Closed Closed 1SS901 
lSS~OO 

Closed Closed 1PR25 Non N/A N/A ll-12CS5 
Return 1CV43 

lSJlb7 
1SJ32 

ll-12SJ39 
ll-12SJ48 

Closed Closed 1CV3 (3)Auto 8 T 1CV7 
1CV4 Trip 
1CV5 

Closed Closed lCV74 Non N/A N/A lCVb8 
Return · 1CV6Y 

Closed Closed ll-14CVY9 Non N/A N/A ll-14CVY8 
Return 

Open Open 1CV284 Auto B T 1CV116 
Trip 

Open Closed 1RH1 (2)Rem. 8 N/A 11RH4 
rnH2 Manual A N/A l2RH4 

Open Closed 1RH26 Rem. c N/A 11RH19 
Manual 12KH1Y 

Closed Closed 1CC109 Non N/A N/A 1CC215 
Return 

Outside 
Type Pwr - Signal 

Auto 8 T 
Trip 

Auto B T 
Trip 

Auto B T 
Trip 

(2) N/A N/A 
Manual 

Relief N/A N/A 
Valves 

Auto I) T 
Trip A T 

c T 

( 2) Auto B s 
Trip c s 

Manual N/A N/A 

Auto c T 
Trip 

(2)Rem. A 1~/A 
Manua 1 I) i~/ A 

(2)Rem. A N/A 
Manual B N/A 

Auto A T 
Trip 

Auto 
!sol.Time 

< 10 secs. 

<10 secs. 

< 10 secs. 

N/A 

N/A 

< 10 secs. 

< 10 secs. 

N/A 

<10 secs. 

N/A 

N/A 

~ 10 secs. 
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• 
Fluid Temp. 

Gas Cold 

Liquid Cold 

Gas Cold 

Liquid Cold 

Liquid Cold 

Liquid Hot 

Liquid Hot 

Liquid Cold 

Liquid Cold 

Liquid Hot 

Liquid Hot 

Liquid Cold 



• 
Figure 

6.2-23 

6.2-24 

6.2-24 

6. 2-24 

'. 

'· 

6.2-25 

6.2-25 

6.2-25 

6.2-26 

6.2-27 

6.2-28 

6.2-29 

6.2-30 

6.?.30 

SGS-UFSAR 

1617Q: 1 

Service 

Excess Letdown Heat 
Exe hanger Coolf ng 
Water Outlet 

Reactor Cool ant 
Pump Motor Cooling 
Water Supply 

Reactor Cool ant 
Motor Cooling Water 
Discharge 

Reactor Coolant Pump 
Ttennal Barrier Cooling 
Water Discharge 

Gas Analyzer From 
RCDT 

N2 Supply to RCDT 

Reactor Cool ant 
Draf n Tank Vent 

Reactor Cool ant Draf n 
Tank Pump Discharge 

Accumulator N2 Sup-
ply 

Safety Injection 
Test Line 

RHR Outlets to 
Safety Injectf on 
System 

Safety Injection 
Pumps Outlet To 
Cold Legs 

Safety Injection 
Pumps Outlet To 
Hot Legs 

Status 
Class N s 

c Closed Closed Closed 

B Open Open Closed 

B Open Open Closed 

B Open Open Closed 

B Int. Closed Closed 

B Closed If Closed 
Needed 

B Open Closed Closed 

B Int. Int. Closed 

B Int. Int. Closed 

B Closed Closed Closed 

B Open Closed Open 

B Open Closed Open 

B Closed Open Open 

• TABLE 6.2-10 (sheet 2 of 7) 

Inside 
Valve ~ Pwr - Signal Valve 

N/A 1CC113 

1CC119 Non N/A N/A 1CC117 
Return 1CC118 

1CC187 Auto A p 1CC136 
Trip 

1CC190 Auto A p 1CC131 
Trip 

1WL96 Auto c T 1WL97 
Trip 

1WL98 Auto c T 1WL108 
Trip 

1WL98 Auto c T 1WL99 
Trip 

1WL12 Auto c T 1WL13 
Trip 

1NT34 Non N/A N/A 1NT32 
Return 

1SJ123 Auto· A T 1SJ53 
Trip 1SJ60 

ll-14SJ43 Non N/A N/A 11SJ49 
Return 12SJ49 

ll-14SJ 144 Non N/A N/A 1SJ135 
Return 

11-14SJ139 Non N/A N/A 11SJ40 
Return 12SJ40 

Outside 
Tll!e Pwr - Signal 

Auto A T· 
Trip 

(2)Auto c p 
Trip A p 

Auto c p 
Trip 

Auto c p 
Trip 

Auto B T 
Trip 

Auto B T 
Trip 

Auto B T 
Trip 

Auto A T 
Trip 

Auto D T 
Trip 

(2)Auto D T 
Trip B T 

Rem. A N/A 
Manual 

Auto A T 
Trip 

(2)Auto c p 
Trip A p 

Auto 
I sol. Time 

< 10 secs. 

< 10 secs. 

~ 10 secs. 

~ 10 secs. 

< 10 secs. 

< 10 secs. 

< 10 secs. 

< 10 secs. 

< 10 secs. 

< 10 secs. 

N/A 

< 10 secs. 

< 10 secs. 

• 
Fluid Teml!· 

Liquid Cold 

Liquid Cold 

Li CJ.lid Cold 

Li quf d Cold 

Gas Cold 

Gas Cold 

Gas Cold 

Lf CJ.If d Hot 

Gas Cold 

Lf quf d Cold 

Lf quf d Cold 

Li CJ.!fd Cold 

Lf CJ.If d Cold 

Revf sf on 1 
July 22, 1983 
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• TABLE • 6.2-10 (sheet 3 of 7) • 
Status Inside Outside Auto 

Figure Service Class N s Valve ~ Pwr - Si9nal Valve Tl~e Pwr - Signal I sol. Time Fluid Temp. 

6.2-31 Injection Line From B Closed Closed Open 1SJ150 Non N/A N/A 1SJ12 Auto c p ~ 10 secs. Li <JJid Cold 
Charging Pumps Return 1SJ13 Trip 

6.2-31 Flushing Line B Closed Closed Closed 1SJ150 Non N/A N/A 1SJ71 Manual N/A N/A N/A Li <JJid Cold 
From Charging Pumps Retum 

6.2-32 Residual Heat Removal D Closed Closed Open 11SJ44 Rem. A N/A N/A < 10 secs. Li <JJid Cold 
Suction From Sump 12SJ44 Manual B 

6.2-33 Containment Spray B Closed Closed If 11CS48 Non N/A N/A 11CS2 Auto B T < 10 secs. Gas Cold 
Needed 12CS48 Return 12CS2 Trip 

6.2-33 RHR Outlet To D Closed Closed If 11CS48 Non N/A N/A 11CS36 Auto B T < 10 secs. Gas Cold 
Containment Spray Needed 12CS48 Return 12CS36 Trip 

6.2-34 Sample Line From B Open Closed Closed lSSllO Auto A T 1SS64 Auto A T < 10 secs. Gas Cold 
Pressurizer Steam Trip Trip 
Space 

6.2-34 Sample Line From B Closed Closed Closed 1SS103 Auto A T 1SS27 Auto A T < 10 secs. Li <JJi d Hot 
Accumulators Trip Trip 

6.2-34 Sample Line From B Closed Closed Closed 1SS104 Auto A T 1SS33 Non D T < 10 secs. Gas Cold 
Hot Legs Trip Return 

6.2-34 Sample Line From B Closed Closed Closed 1SS107 Auto A T 1SS49 Auto B T < 10 secs. Li quid Cold 
Pressurizer Li <JJid Trip Trip 

6.2-34 . Sample Lf nes From c Closed Closed Closed 11-14SS93 Rem. A N/A 11-14SS94 Auto B T < 10 secs. Liquid Hot 
Steam Generator Blow- Manual Trip 
Down 

6.2-35 Containment Pressure A Open . Open Open (Filled Sys-
Instruments tem) 

6.2-36 Containment Air Monitor 
Inlet - Nonnal D Open Open Closed lVCll Auto Trip B T 1VC12 Auto Trip A T < 10 secs. Gas Cold 
Inlet - Backup D Closed Closed Closed 1VC13 Rem. c N/A 1VC14 Rem. c N/A - N/A Gas Cold 

Manual Manual 

Outlet - Nonnal D Open Open Closed 1VC7 Auto Trip B T 1VC8 Auto Trip A T < 10 secs. Gas Cold I Outlet - Bae kup D Closed Closed Closed 1VC9 Rem. c N/A lVClO Rem. c N/A - N/A Gas Cold 
Manual Manual 

6.2-37 Pres sure Vacuum B Int. If Closed 1VC6 Auto c T 1VC5 Auto B T < 2 secs. Gas Cold 
Relief Inlet and Needed Trip Trip 
Outlet 

SGS-UFSAR Revision 1 

1617Q:l 
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• 
Ff gure 

6.2-37 

6.2-37 

6.2.38 

6.2-38 

6.2-38 

6.2-39 

6.2-39 

6.2-40 
thru 
6.2-43 

6.2-40 
thru 
6.2-43 

6.2-40 
thru 
6.2-42 

6.2-40 
thru 
6.2-43 

SGS-UFSAR 

l617Q:l 

Service 

Purge Afr Inlet 
(Containment) 

Purge Afr Outlet 
(Containment) 

Demfneralfzed Water 
Supply To Flushing 
Connections 

Service Afr 

Instrument Afr 

Service Water To 
Fan Coolers 

Service Water From 
Fan Coolers 

Steam Generator 
Main Steam Stop 

Steam Generator 
Steam Outlet Drain 

Steam Generator 
Steam Outlet Bypass 
To Aux. Feed Pump 
Turbine 

Steam Generator 
Blowdown 

Status 
Class N s 

B Closed If Closed 
Needed 

B Closed If Closed 
Needed 

B Open Closed Closed 

B Closed Open Closed 

B Open Open Closed 

c Open If 
Needed 

Open 

c Open If Open 
Needed 

c Open Closed Closed 

c Open Closed Closed 

c Closed Int. Open 

c Open Closed Closed 

• TABLE 6.2-10 (sheet 4 of 7) 

Inside Outside 
Valve .~ Pwr - Sf gnal Valve T)'.~e 

1VC2 Auto A T lVCl Auto 
Trip trip 

1VC3 Auto A T 1VC4 Auto 
Trip Trip 

1DR30 Non N/A N/A 1DR29 Auto 
Return Trip 

1SA119 Non N/A N/A 1SA118 Manual 
Return 

11CA360 Non N/A N/A 11CA330 Auto 
12CA360 Return 12CA330 Trip 

11SW58 Rem. 
12SW58 Manual 
13SW58 
14SW58 
15SW58 

11SW72 Rem. 
12SW72 Manual 
13SW72 
14SW72 
15SW72 

11-14MS167 Auto 
Trip 

11MS7 Auto 
12MS7 Trip 
13MS7 
14MS7 

1MS132 Rem. 
Manual 

11-14GB4 Auto 
Trip 

Pwr - Signal 

B T 

B T 

A T 

N/A N/A 

A T 
B T 

A N/A 
B N/A 
c N/A 
B N/A 
c N/A 

A N/A 
B N/A 
c N/A 
B N/A 
c N/A 

C-D MSI 

c MSI 
c MSI 
D MSI 
D MSI 

c N/A 

c T 

Auto 
I sol. Time 

< 2 secs. -

< 2 secs. -

~ 10 secs. 

N/A 

< 10 secs. 

N/A 

N/A 

< 5 secs. -

< 10 secs. 

N/A 

< 10 secs. 

• 
Fl uf d ~· 
Gas Cold 

Gas Cold 

Lf CJ.If d Cold 

Air Cold 

Afr Cold 

Lf CJ.If d Cold 

Lf ~fd Cold 

Gas Hot 

Gas Hot 

Gas Hot 

Lf quf d Hot 

Revision 1 
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• • TABLE 6.2-10 {sheet 5 of 7) 

Inside 
Figure Service Class N s Valve ~ Pwr - Signal 

6.2-40 Feedwater Supply c Open Closed Closed 
thru {Control Valve) 
6.2-43 

6.2-40 Steam Generator c Open Closed Closed 
thru Main Steam Stop 
6.2-43 Bypass 

6.2-40 Auxiliary Feedwater c Open Int. Open 
thru Supply-Turbine Driven 
6.2-43 

6.2-40 Auxiliary Feedwater c Closed Int. Open 
thru Supply-Motor Driven 
6.2-43 

6.2-44 Fuel Transfer Tube B Closed Open Closed Blind 
Flange 

6.2-44 Reactor Cavity Sump B Open Int. Clos.ed 1WL16 Auto c T 
Pump Discharge to Trip 
Waste Disposal 

6.2-45 Fire Protection Water B Closed Closed Closed 1FP148 Non N/A N/A 
Supply Return 

6.2-45 Refueling Canal Supply B Closed Closed Closed 1WL190 Manual N/A N/A 

6.2-45 Refueling Canal B Closed Closed Closed 1WL191 Manual N/A N/A 

SGS/UFSAR 

Outside 
Valve T,l'.~e Pwr -

11BF22 Non B 
12BF22 Return B 
13BF22 A. 
14BF22 A 
11BF19 Auto c 
12BF40 Trip c 
12BF19 c 
12BF40 c 
13BF19 D 
13BF40 D 
14BF19 D 
14BF40 D 

11MS18 Auto c 
12MS18 Trip c 
13MS18 Trip D 
14MS18 Trip D 

ll-14AF11 Rem. c 
Manual 

11AF21 Rem. B 
12AF21 Manual B 
13AF21 Manual A 
14AF21 Manual A 

Manual N/A 

1WL17 Auto B 
Trip 

1FP147 Auto c 
Trip 

1SF36 Manual N/A 

1SF22 Manual N/A 

Signal 

FWI 
FWI 
FWI 
FWI 
FWI 
FWI 
FWI 
FWI 
FWI 
FWI 
FWI 
FWI 

MSI 
MSI 
MSI 
MSI 

N/A 

N/A 
N/A 
N/A 
N/A 

N/A 

T 

T 

N/A 

N/A 

• 
Auto 
!sol.Time Fluid Temp 

N/A Liquid Hot 

< 8 secs. 

2_ 10 secs. Gas Hot 

N/A Liquid Cold 

N/A Liquid Co1d 

N/A Liquid Cold 

2_ 10 secs. Liquid Cold 

2_ 10 secs. Liquid Cold 

N/A Liquid Cold 

N/A Li quid Cold 

Revision 4 
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• 
Figure 

6.2-45A 

6. 2-458 

6.2-45C 

6.2-450 

SGS-UFSAR 
1617Q:l 

Service 

Post-LO CA 
Atmo. Sample 
Post-LOCA 
Atmo. Sample 
Post-LOCA 
Atma. Sample 
Post-LO CA 
Atmo. Sample 

Post-LO CA 
RCS Sample 
Post-LO CA 
RCS Sample 
Post-LO CA 
RCS Sample 
Post-LO CA 
RCS Sample 

Fill line for 
Cont. Press. 

Cont. Press. 
Test Inst. 
Cont. Press. 
Test Inst. 
Cont. Press. 
Test Inst. 

Inst. 

Status 
Class N s 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

N: 
S: 
I: 

Int: 
P: 
T: 

f"WI: 
MSI: 

• 
TABLE 6.2-lO (sneet 6 of 7) 

Inside 
Valve Type Pwr - Signal Valve 

Int. 11VC19 Rem. A N/A 11 VC17 
l'ianua l 

Int. 11 VC20 Rem. A N/A 11 VC18 
Manual 

Int. 12VC2Ll Rem. c N/A 12VC18 
l'lanua l 

Int. 12VC19 Rem. c N/A 12VC17 
Manual 

Int. 13SS184 Rem. c N/A 13SS185 
Manual 

Int. 13SS182 Rem. c N/A 13SS181 
l'ianua·1 

Int. 11SS182 Rem. A N/A 11SS181 
Manual 

Int. 11SS188 Rem. A N/A 11SS189 
~ianua l 

Closed 1CS900 Manual N/A N/A 1CS902 

Closed 1SA264 Manual N/A N/A 1SA262 

Closed 1SA267 Manual N/A N/A 1SA265 

Closed 1SA270 1v1an ua l N/A N/A 1SA268 

Normal *Applies to No. l Unit only, No. 
Shutdown remote-manual motor operators. 
Incident 
Intermittent 
Tripped by Containment Isolation Signal - Phase B 
Tripped by Containment Isolation Signal - Phase A 
Feed Water Isolation 
Main Steam Isolation 

Outside 
Type Pwr - Signal 

Rem. A N/A 
Manual 
Rem. A NIA 
Manual 
Rem. c N/A 
Manual 
Rem. c N/A 
Manual 

Rem. c N/A 
Manual 
Rem. c N/A 
Manual 
Rem. A N/A 
Manual 
Rem. A N/A 
Manual 

Manual N/A N/A 

Manual N/A 1~/A 

Manua·1 N/A N/A 

Manual N/A N/A 

2 Unit valves have 

Auto 
Isol.Time 

1~/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

1~/A 

Revision 3 
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• 
Fluid Temp. 

Gas Cold 

Gas Cold 

Gas Cold 

Gas Cold 

Liquid Hot 

Liquid Hot 

Liquid Hot 

Liquid Hot 

Liquid Cold 

Gas Cold 

Gas Cold 

Gas Cold 



TABLE 6.2-10 (sheet 7 of 7) 

• Notes 

• 

• 

1. Valve designations are shown for No. 1 Unit although No. 2 Unit is 
similar (e.g. 11MS167 would be 21MS167 for No. 2 Unit). The 

2. The column titled "class 11 contains the designators defined in Sec
tion 6.2.4.2. 

3. The isolation valve power source is the vital channel designation 
and may be either 230 VDC or 125 VDC depending on the type of valve. 

4. Normally closed manual valves are under administrative control. 

5. The following lines contain remotely operated valves which are 
normally closed and under administrative control. 

1. Excess letdown heat exchanger cooling water lines • 

2. Safety injection system test line 

3. Steam generator steam actuators (drain and bypass) 

4. Sample lines from pressurizer 

5. Containment purge air inlet and outlet and pressure-vacuum 
relief dampers 

6. Nitrogen supply to reactor coolant drain tank 

7. Post-LOCA atmosphere and RCS sampling 

SGS-UFSAR 

1617Q:l 
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• 

• 

• 

Valve Number 

1. 1 PR 17 
2. 1 PR 18 
3. 1 NT 25 
4. 1 NT 26 
5. 1 WR 80 
6. 1 WR 81 
7. 1 CV 3 
8. 1 CV 4 
9. 1 CV 5 
10. 1 CV 7 
11. 1 CV 68/69 
12.1CV74 
13. 1 CV 28 4 
14. 1 CV 296 
15. 1 CV 116 
16. 1 CV 215 
17. 1 CV 113 
18. 1 cc 11 7 
19. 1 cc 118 
20. 1 cc 187 
21. 1 cc 136 . 
22. 1 cc 190 
23. 1cc131 
24. 1 cc 186 
25. 1 cc 208 
26. 1 WL 96 
27. 1 WL 97 
28. 1 WL 9 8 
29. 1 WL 9 9 
30. 1 WL 108 
31.1WL12 
32.1WL13 
33. 1 NT 32 
34. 1 NT 34 
35. 1 SJ 123 
36. 1 SJ 60 
37. 1 SJ 53 
38. 11 cs 2 
39. 12 cs 2 
40. 11 cs 48 
41. 12 cs 48 
42. 1 SS 110 
43. 1 SS 64 
44. 1 SS 103 
45. 1 SS 27 
46. 1 SS 104 

SGS-UFSAR 

TABLE 6.2-12 (sheet 1 of 3) 

CONTAINMENT ISOLATION VALVES 
SUBJECT TO TYPE C LEAK RATE TESTING 

Function 

Pressurizer Relief Tk. - Gas Analyzer Conn. 
Pressurizer Relief Tk. - Gas Analyzer Conn. 
Pressurizer Relief Tk. - N2 Conn. 
Pressurizer Relief Tk. - N2 Conn. 
Pressurizer Relief Tk. - Primary Water Conn. 
Pressurizer Relief Tk. - Primary Water Conn. 
CVCS - Letdown Line 
CVCS - Letdown Line 
CVCS - Letdown Line 
CVCS - Letdown Line 
CVCS - Charging Line 
CVCS - Charging Line 
eves - RCP se.al s 
eves - RCP seals 
eves - RCP seals 
Comp. Cooling - Excess Letdown Hx 
Comp. Cooling - Excess Letdown Hx 
Comp. Cooling - RCP Cooler 
Comp. Cooling - RCP Cooler 
Comp. Cooling - RCP Cooler 
Comp. Cooling - RCP Cooler 
Comp. Cooling - RCP Cooler 
Comp. Cooling - RCP Cooler 
Comp. Cooling - RCP Cooler 
Comp. Cooling - RCP Cooler 
RC Drain TK. - Gas Analyzer Conn. 
RC Drain Tk. - Gas Analyzer Conn. 
RC Drain Tk. - vent Header Conn. 
RC Drain Tk. - vent Header Conn. 
RC Drain Tk. - N2 Connection 
RC Drain Tk. Pumps 
RC Drain Tk. Pumps 
Accumulator N2 Supply 
Accumulator N2 Supply 
SI Test Line 
SI Test Line 
SI Test Line 
Containment Spray 
Containment Spray 
Containment Spray 
Containment Spray 
Pressurizer Steam Sampling 
Pressurizer Steam Sampling 
Accumulator Sampling 
Accumulator Sampling 
RCS Sampling 

Revision 1 
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• 
valve Number 

47. 1 SS 33 
48. 1 SS 107 
49. 1 SS 49 
so. 1 vc 1 
51. 1 vc 2 
52. 1 vc 3 
53. 1 vc 4 
54. 1 vc 5 
55. 1 vc 6 
56. 1 vc 7 
57. ]'. vc 8 
58. 1 vc 9 
59. 1 vc 10 
60. 1 vc 11 
61. 1 vc 12 
62. 1 vc 13 
63. 1 vc 14 
64. 1 DR 29 

• 65. 1 DR 30 
66. 1 SA 118 
67. 1 SA 119 
68. 11 CA 330 
69. 12 CA 330 
70. 1 WL 16 
71. 1 WL 17 
72. 1 FP 147 
7 3. 1 FP 148 
74. 1 WL 190 
75. 1 WL 191 
76. 1 SF 36 
77. 1 SF 22 
78. 1 cs 900 
79. 1 cs 901 
80. 1 cs 902 
81. 1 cs 903 
82. 1 SA 262 
83. 1 SA 264 

• SGS-UFSAR 

TABLE 6.2-12 (sheet 2 of 3) 

CONTAINMENT ISOLATION VALVES 
SUBJECT TO TYPE C LEAK RATE TESTING 

(CONTINUED) 

Function 

RCS Sampling 
Pressurizer Liquid Sampling 
Pressurizer Liquid Sampling 
Purge Supply 
Purge Supply 
Purge Exhaust 
Purge Exhaust 
Pressure - vacuum Relief 
Pressure - vacuum Relief 
Containment Radiation Sampling 
Containment Radiation Sampling 
Containment Radiation Sampling - Alt 
Containment Radiation Sampling - Alt 
Containment Radiation Sampling 
Containment Radiation Sampling 
Containment Radiation Sampling - Alt 
Containment Radiation Sampling Alt 
Demineralized Water Supply 
Demineralized Water Supply 
Compressed Air Supply 
Compressed Air Supply 
Instrument Air Supply 
Instrument Air Supply 
Containment Sump Discharge 
Containment Sump Discharge 
Fire Protection System 
Fire Protection System 
S.F. Deroin. to Refueling Canal 
Refueling Canal to S.F. Demin. 
S.F. Deroin to Refueling Canal 
Refueling Canal to S.F. Deroin. 
Fill Line for Cont. Press. Instr. 
Fill Line for Cont. Press. Instr. 
Fill Line for Cont. Press. Instr. 
Fill Line for Cont. Press. Instr. 
Containment Press. Test Instr. 
Containment Press. Test Instr. 

Revision l 
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• 

• 

• 

TABLE 6.2-12 (sheet 3 of 3) 

CONTAINMENT ISOLATION VALVES 
SUBJECT TO TYPE C LEAK RATE TESTING 

(CONTINUED) 

Valve Number Function 

84. 1 SA 265 Containment Press. Test Instr. 
85. 1 SA 267 Containment Press. Test Instr. 
86. 1 SA 270 Containment Press. Test Instr. 
87. 11 SS 181 Post LOCA RCS Sampling 
88. 11 SS 182 Post LOCA RCS Sampling 
89. 11 SS 188 Post LOCA RCS Sampling 
90. 11 SS 189 Post LOCA RCS Sampling 
91. 13 SS 181 Post LOCA RCS Sampling 
92. 13 SS 182 Post LOCA RCS Sampling 
93. 13 SS 184 Post LOCA RCS Sampling 
94. 13 SS 185 Post LOCA RCS Sampling 
95. 11 vc 17 Post LOCA Atmos. Sampling 
96. 11 vc 18 Post LOCA Atmos. Sampling 
97. 11 vc 19 Post LOCA Atmos. Sampling 
98. 11 vc 20 Post LOCA Atmos. Sampling 
99. 12 vc 17 Post LOCA Atmos. Sampling 
100. 12 vc 18 Post LOCA Atmos. Sampling 
101. 12 vc 19 Post LOCA Atmos. Sampling 
102. 12 vc 20 Post LOCA Atmos. Sampling 

NOTE: Valve designations are shown for No. 1 Unit although No. 2 Unit 
is similar (e.g. 1 PR 17 would be 

SGS-UFSAR 

2 PR 17 for No. 2 Unit). 
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7 .1~1. 3 Pl ant Comparison 

The Sal em Nuclear Plant protection and engineered safety features actua

tion systems are functionally.identical to those in the Q. c~ Cook plant. 

Both pl_ants have solid state logic protection systems and extended test

abi 1 i ty of Engineered Safety Features actuation circuitry. 

Both pl ants have incorporated the power range fast flux rate trip with 

the corresponding deletion of the automatic rod withdrawal block on 

indicatioh of rod drop • 

. The design of both systems conforms to IEEE Std. 279,..1971 and the 

General Design Criteria. 

7 .1. 2 IDE NT IF I CATION OF SAFETY CRITERIA 

7.1.2.1 Design Bases 

· Criterion: Core protection systems, together with associated equipment, 

shall be designed to prevent or to suppress conditions that 

could result in exceeding acceptable fuel damage limits. -~ 

If the Reactor Trip System receives signals which are indicative of an 

approach to unsafe operating conditions, the system actuates alanns, 

prevents control rod withdrawal, initiates load cutback, and/or opens 

the reactor trip breakers. 

The basic reactor operating philosophy is to define an allowable region 

of power, preS$Ure and coolant temperature conditions. This allowable 
. . . . 

range is defined by the primary tripping functions: The overpower 6T 

trip, the overtemperdture tiT trip and the nuclear overpower trip. The 

operating region below these trip settings is designed so that no corn

bi nation of power, temperatures, and pressu're could result in departure 
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from nucleate boiling ratio (DNBR) less than 1.3 for any credible 
operational transient with all reactor coolant pumps in operation. 
Tripping functions in addition to those stated above are provided to 
back up the primary tripping functions for specific abnonnal conditions. 

Rod stops from nuclear overpower, overpower AT and overtemperature AT 
deviation are provided to prevent abnormal power conditions which could 
result from excessive control rod withdrawal initiated by a malfunction 
of the reactor control system or by operator.violation of administrative 

procedures. 

7.1.2.2 Independence of Safety Related Systems 

7.1.2.2.1 Redundancy and Independence of Safety Related Systems 

Criterion: Redundancy and independence designed into safety related 
systems shall be sufficient to assure that no single failure 
or removal from service of any component or channel of such 

a system will result in loss of the protection function. 

The redundancy provided shall include, as a mi ninium, two 
channels of protection for each protection function to be 

served. 

The Reactor Trip System is designed so that loss of voltage in a channel 
will result in a signal calling for a trip, except for reactor coolant 
pump bus undervoltage and underfrequency trips which require de voltage 
to actuate. The trip system design combines redundant sensors and chan
nel independence with coincident trip philosophy so that a safe and 
reliable system is provided in which a single fail~re will not violate 
reactor protection criteria. 

The design philosophy for the reactor protection and control systems is 
to make maximum use, for both protection and control functions, of a 
wide range of measurements. The protection and control systems are 
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7.1.2.2.4 Protection System Failure Analysis Design 

Criterion: The protection systems shall be designed to fail into a safe 
state or into a state established as tolerable on a defined 
basis if cdnditions such.as disconnection of the system, 
loss of energy (e~g., electrical power, instrument air), or 
adverse environments (e.g., extreme heat or cold, fire, 
steam, or water) are experienced. 

Reactor trip channels are generally designed on the "de-energize to 

operate" principle; a loss of power causes a channel to go into its trip 

mode. The only exceptions to this case are· the reactor cool ant pump bus 
undervoltage and underfrequency trips, which require de voltage to 
actuateo All safety related air operated valves are spring loaded to 
move to the preferred position on loss of instrument air. 

Reactor trip is implemented by simultaneously interrupting power to the 

magnetic latch mechanisms on all drives allowing the rods to insert by 

free fall. The protection system is thus inherently safe in the event 

of a loss of power. This equipment is selected to withstand the most 
adverse environmental conditions to which it will be subjectecr;-tnis 
would also include post-accident conditions within the co~tainment, if 

the equipment is required to operate in the post:--accident environment. 

7.1.2.2.5 Reactivity Control Systems Malfunctions 

Criterion: The reactor trip systems shall be capable of protecting 

against any single malfunction of the reactivity control 

systems, such as unplanned continuous withdrawal (not ejec

tion or dropout) of a control rod, by limiting reactivity 

transients to avoid exceeding acceptable fuel damage limits •. 
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Reactor shutdown with rods is completely independent of the normal con
trol functions since the trip breakers interrupt the power to the rod 
mechanisms regardless of existing control signals. Effects of continu
ous withdrawal of a rod and of deboration are described in Chapter 15. 

7.1.2.3 Missile Protection 

Criterion: Adequate protection for those engineered safety features, 
the failure of which would result in undue risk to the 
heal th and safety of the public, .shall be provided against 
dynamic effects and missiles that might result from plant 
equipment failures. 

The applicable portions of the missile protection criteria as stated in 
Section 1.3 apply to class I equipmen~ in this chapter. 

Several criteria related to all instrumentation and control systems but 
more specific to other plant features or systems are discussed in other 
Chapters, as listed: 

Criterion 

Suppression of Power Oscillations 

Reactor Core Design 
Quality Standards 

Performance Standards 
Fi re Protection· 
Missile Protection 
Emergency Power 

Discussion 

Chapter 3 
Chapter 3 
Chapter 1 

Chapter 1 
Chapter 9 
Chapter 5 
Chapter 8 

7.1.2.4 Periodic Testing of the Protection Systems (IEEE-338-1971} 

IEEE Std. 338-1971, "IEEE Trial-Use Criteria for the Periodic Testing of 
Nuclear Power Generating Station Protection Systems", was used as a 
guide in developing the periodic testing program details for Salem. 
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mode transfers the bistable output from the logic Circuitry and connects 

it to a proving lamp. This pennits the electrical operation of the 

bistable to be.observed and the bistable set point relative to the 

channel analog signal to be verified. Upon completi-0n of the test of 

the analog channel, the bistable trip. switches must be manually reset to 

their operate mode. Closing the cover of the test panel wi 11 not trans-· 

fer the bistable trip switches from their tripped to their operate 

pos1 tion. 

Analog channel tests will be accomplished by simulating a process 

measurement signal, varying the simulated signal over its signal span 

and checking th.e correlation of bi stable set points, channel readouts 

and other loop elements with precision portable read-out equipment. 

Test jacks are provided in the test panel for injection of the simulated 

process signal into each process analog protection.channel. Tests . 

points are provided in the channel to facilitate an independent means 

for precision measurement and correlation of the test signal. This 

procedure does not require any tool (other than test instruments) nor 

does it involve in any way the removal of wires in the channel under 

test. In general, the analog channel circuits are arranged so the 

channel power supply is loaded and is providing sensing circuit power 

during channel test. Load capability of the channel power supply is 

thereby .verified by the channel test. 

Nuclear Instrumentation Channel Testing 

Nuclear Instrumentation System channels are tested by superimposing the 

test signal on the actual detector signal being received by the chan-

ne 1. The output of the bi stab 1 e is not pl aced in a tripped condition 

prior to testing. A valid trip signal would thenbe added to the exist-, 

i ng test signal, and thereby cause channel trip at a somewhat lower 

percent of actual reactor power •. Protection bi stable operation is 

tested by increasing the test signal (level signal) to the bistable trip 
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level and verifying .. operation at control board alann.s. and/or at the· 
Nuclear Instrumentation Sy stem racks. 

An Nuclear Instrumentation System channel which can cause a reactor trip 

through 1 of 2 protection logic (source or intermediate range) is pro.,. 

vided with a bypass function which prevents the initiation of ·a reactor 

trip from that particular channel durin~ the short period thai it is 

undergoing test. The power range channels do not require bypass of the 

reactor trip function for test, since the protection logic is 2 of 4. 

The power range trips will be active if required. No provision has· been 

made in the channel test circuit for reducing the c.hannel signal level 

below that signal being received from the 1foclear Instrumentation System 

detector •. 

Logic Channel Testing 

The Solid State Protection System logic is designed to i.>e capable of 

testing at power (Reference 3) 

Reactor trip breaker testing is accomplished as fol lows: normal lj, 

reactor trip i:>reaker s 52/RTA and 52/RTB are in service, and bypass 

breakers 52/BYA and 52/BYB are (withdrawn) out of service. fo test 

reactor trip breaker 5l/RTA, as an example, the following is done. 

1. Bypass breaker BYA is put into service. 

This act closes switchgear relay 52/BYA. It also interrupts one of 

the two signals to the Train A !•and box 11 \vhi ch is necessary to 

actuate subsequent logic causing turbine trip; feedwater isolation, 

and Safety Injectiqn block logic. 

' ' 

2. A simulilted trip signal is then applied to Train A only. 

This act deenergizes undervoltage coil 52(uvJ/tHA which operates 

reactor trip breaker 5~/IHA, wi1ich opens switchgear relay Sl/lffA. 

SGS-UFSAR . 
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The reactor :j s not tripped because the contra l rods continue to 

receive rod drive bus power via switchgear 52/BYA and 52/RTB. 

ln the event that .a real trip signal occurs during the testing of 5l/RTA 

trip breaker; Train 8 .\;i:ll actuate the reactor trip and ti1e lo~ic 

following the frai n 1:3 "and box''. 

Auxiliary contdcts on tne oypass bre~Kers are connected i ntu the al arm 

system of their respective train such that. if eitller train is placed in 

test while the bypass breaker of the other train is closed, both reactor 

trip breaker and the oypass breaker will be automatically tripped by tile 

General Warning Alann circuits of the Solid Sl:ate Protection System. 

Tile General Warni.ng Alarm System· is described in Refe.rence. J. 

7. 2. 2. 4 Primary Power Source 

The primary po\'.er sources for the K.eactor Protection System are 

described in Chapter 8. rhe source of e lectri cal power for the 

measuring elements and. the actuation of circuits in the Engineered 

Safety Features instrumentation is al so from these ouses. 

7.2.2.5 · Protective Acti6ns 

K.eactor (rip Uescription 

Rapid reactivHy shutdown is provided by tne insertion of rod cluster 

concrol assemblies by free fall.· uuplicate series-connec.ted circuit.· 

breakers supply a 11 power to t11e contra l rod drive mec11 ani sm s. The rods 

must be energized to remain with drawn from the core. Automatic contra l 

rod insertion occurs upon the loss of power to the control rods. file 

·trip breakers are opened by the undervo ltdge coils on both breakers. 

The undervo ltage coils which are normally energized become de-energized 
by any one of tile several trif) signals •. 

The design of the devices providing signals to the circu{t breaker 

undervoltage trip coi.ls is such as.to cause these coils to trip the 

breaker on reactor trip signal. 
. SGS-UFSAR. 7.2-17 Revision O 
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Certain reactor trip channels are automatically bypassed at low power 

where they are not required for saf~ty. Nuclear source range and inter
medi ate range trips are specifically provided for protection at low 

power or suocritical operation, and at higher power operations they are 

bypassed by manual action. in conjunction with penni ssi ve s. 

During power operation, a sufficient amount of rapid shutdown capability 

in the form. of shutdown contra l rods is admi ni stratj ve ly maintained by 

means of the control rod insertion limit monitors •. Administrative con

trol requires that all shutdown group rods be in the fuliy withdrawn 

position during power oper~tion. 

A listing of reactor trips, means of actuation and the coinciaent logic 

requirements_ may be found in. Table 7. 2-1 wi.th references to inter locks 

as listed in Table 7.2-2. 

Manudl Trip 

The manual actuating devices are independent of the automatic trip cir

cuitry, and are not subject to failures which make the automatic cir

cuitry inoperable. Actuati"ng either of two manual trip swi t:ches located 

in the control room initiates a reactor trip and a turbine trip. 

High Neutron flux (Power Range) Trips 

These circuits trip the reactor when two out of the four power range 

channels read above the trip set-point. There are two independent trip 

settings, a high and a lOw setting.· The high trip setting provides 

protection.during nonnal po\ter operation. fhe lQw setting, which pro

vides protection duri ny start-up, can be manually bypassed when two out 

of the four power range channels read above approximately 10 percent of. 

full power ( P-10). Three-out-of-the-four channels be low 10 percent 

power automatically reinstates the trip function. fhe high setting ·is 

always active. 
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Steam Lines Isolatjon Actuation 

22. Containment pressure 
(Note 1) 

23. Manual (per steam line) 

Auxiliary Feedwater Actuation 

24. Turbine driven pump 

25. Motor drive pumps 

Main Feedwater Isolation 

26. Close main feedwater control 
valves (fast closure) and · 
feedwater bypass valves and 
feedwater inlet stop valves 

SGS-UFSAR. 

• TABLE 7.2-1 (Sheet 4 of 5) 

Coincidence Circuitry and Interlocks 

2/4 Hi-Hi containment pressure 

1/1 per steam line 

Coincidence of 2/3 low-low level 
in any two steam generators; 
undervoltage 1/2 twice on RCP 
busses; or manual (local and 
remote) 

2/3 low level in any steam gen-· 
erator: or trip of both main 
feedwater pumps, or safeguards 
sequerice signal, or blackout 
sequence signal, or manual (local 
and remote) 

Actuated by: . 
1. Safety injection tsee No. 10) 

• 
Comments 

2/3 high level in steam generator 
trips main feedwater pumps 

Safeguards automatic loading 
signal blocks manual start 

2. 2/3 Hi-Hi level in steam generator 
3. Low act i onee red Ta vg and reactor 

trip 

'.·'.· 
,--.:~·:· ., ,. ,_,; .. . ·- .'. ~ •.· 
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leak. Core recirculation and containment spray recirculation (if neces

sary) can be manually initiated before the refueling water storage tank 

is emp t1. 

Consi derati ans have been ;Ji ven to all the instrumentation and i nforma-

t ion t:h at will be necessary for tile recovery ti me fol 'Jowi ng a 1 o ss-o f

coo l ant incident. Instrumentation external to the reactor containment 

such as raJioact"ivity monitoring equipinent will not b·e affected uj tilis 

. postul~ted incident and will be available to the operator. 

7.3.1.1.10 Engineered Safety Features Control 

All equipment re~uired to keep tne plant in a safe condition during the 

occurrences of Safety injection, olaci<.out, or both of tilese conditions, 

can be powered by three standby ac po~,ier systems per unit. The equip

ment is arranged such that safe snutdown can be achieved under all pos~

ulated abnormal conditions coincident with the loss of one diesel gener

ator. £ach unit has a separate and independent electrical system to 

provide power for engineered safe~uards systems • 

Each diesel generator is i->rovided with an independent loading control 

system (Keference 2) ~1hici1 initiates the stanup and/or loading of the 

diesel generators during the following i)lant cond"itions: 

1. Safety injection only. 

2. 1...oss of all outside power (ulackoutJ. 

3. Safety injection coincident witll loss of all outside power. 

<+. Safety injection coincident with undervoltage on tile one 4kV vital 

DUS. 

lJuring conditions of automatic startup and/or loading for all modes, the 

following criteria nave been met in the control system desi~n: 

1. 

2. 
C:aci1 vital bus control is independent of the other two. 

Manual control of equipment i~ locke<l out until the automatic load 

seq ue nc i ng i s complete . 
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3. Safeguard actuation signals cannot be interrupted by dny automatic 
device. · 

4. ~anual initiation of the loading sequence is availa~le to the 
operator. 

5. Off-normal diesel conditions are alarmed in the Control Room. 
6. Safety injection conditions take precedence over all other operating 

modes. 

7. Diesels operating in a T£Sf mode at the occurences of a blackout or 

Safety Injection are automatically trip.,:ied and reloaded according to 

prevailing conditions. 

8. No sequential loading can occur until the diesel ~enerator ACB is 

closed onto t~e bus. 

7.3.1.1.10.1 Safety Injection Only 

In this mode of operation, a Safety Injection siynal initiates the 

fa l lowi ny actions: 

1. Start diesel generdtor units. 

2. Lockout manual control of equipment circuit breaKers until the loads 

are connected. 

3. Connect all required accident loads. 

Si nee outside power is avail ab le during this mode, the eyui pment not 

affected by the accident remains in service and required safeguards 

equipment is loaded immediately, except for the fan cooler uni ts wi1i ch 

are started for low-speed operation as soon as they have coasted down 

from nonnal higi1 speed operation (apf)roximately 15-20 sec.). fhe diesel 

generators are started autom~tically.so as to be availabale in the event 

they are subsequently required. They are not automatically connected to 

the vital busses. The operator may shut down the· diesels when operation 

of the required equi~nent has been verified. 

7.3.1.1.lQ.2 Blackout Only 

In this mode of o.,:ieration, undervoltage signals for vital bus are com

bined in a 2/3 logic matrix per bus to develop a i:>lackout loading signal 
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8.0 - ELECTRIC POWER 

8.1 INTRODUCTION 

8.1.1 UTILITY GRID SYSTEM AND INTERCONNECTIONS 

Each unit generates electric power at 25 kV which is fed through an 
isolated phase bus to the main transformer bank where it is stepped up to 
500 kV and delivered to the switching station. The 500 kV switching 
station design incorporates a breaker-and-a-half scheme for high 
reliability and is connected to three 500 kV transmission lines. Two 
transmission lines go north, via. separate- right-of-way, to two of PSE&G's 
major switching stations, New Freedom and Deans. The New Freedom Switching 
Station is solidly connected to the PSE&G 230-kv bulk power system via 
three 500/230-kV autotransformers. Deans Switch1ng Station is also 
connected to the PSE&G 230-kV bulk power system via three autotransformers 
but in addition, it is connected to the PJM 500-kV interconnected system. 

8.1.2 ONSITE POWER SYSTEMS 

The Onsite Power System for each unit consists of the main generator, the 
auxiliary power and station power transformers, the diesel generators, the 
group and vital bus sections and their related distribution systems. The 
4160 volt vital buses, which feed safeguards equipment, are energized by 
either station power transformer served by the 13 kV ring bus. Preferred 
power is supplied to the 13 kV ring bus by two sources from the switchyard 
and also by an onsite 40 MW gas turbine generator • 
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Safeguards loads are divided among the vital buses in three independent 
load groups, each of these load groups is provided with a diesel gener
ator which serves as a standby power supply in the event that the pre
ferred source is unavailable. 

Each unit has a 125 voe po~~r system to provide power to safeguards 
loads. This system al so supplies po\'1er through inverters to the 115 VAe 
instrument buses. In addition, each unit is provided with a 250 voe 
power system and a 28 VDC control system. 

8. l. 3 'SAFEGUARDS LOADS 

Safeguards loads are identified on the following figures: 

Load Group 

4160 VAe 
460 VAC 
230 VAC 
2a voe 

125 voe 

8.1.4 DESIGN BASES 

8. 1 • 4. 1 Genera 1 

Figure No. 

8.3-4 

8.3-4 
8.3-5 

8.3-6 
8.3-7 

The plant has been designed to be capable of being safely shut down from 
full power in the event of the. loss of all offsite power sources. 
Redundant and independent onsite po~~r sources are provided to insure 
the availability of the necessary power for shutdown systems. Total 
loss of all o.nsite and off site AC power is not a design basis event. 
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9.1 FUEL STORAGE AND HANDLING 

The Fuel Handling and Storage System provides a safe, effective means of 
storing, transporting and handling fuel from the time it reaches the 
plant in an unirradiated condition until it leaves the plant after 
post-irradiation cooling. Each unit has a completely independent Fuel 
Handling and Storage System. The following description is for unit one 
with the second unit having an identical system. 

The system is designed to minimize the possibility of mishandling or of 
mal-operations that could cause fuel damage and potential fission pro
duct release. 

9.1.1 NEW FUEL STORAGE 

9.1.1.1 Design Bases 

The new fuel assemblies are received and stored dry in r.acks in the new 
fuel storage area, located in the Fuel Handling Building (see Figure 
9.1-1). New fuel is delivered to the reactor by lowering it into the 
transfer pool and taking it through the transfer system. The new fuel 
storage area is sized for storage of the fuel assemblies and control 
rods normally associated with the replacement of one-third of a core. 

9.1.1.2 Safety Evaluation 

The new fuel storage racks have been designed in accordance with the 

1963 AISC Code. Seismic loads as well as dead load of fuel assemblies 
are considered in the design. 

The new fuel storage racks are designed so that it is impossible to 
insert the assemblies in other than the prescribed locations. The 21 
inch nominal spacing between fuel assemblies will maintain a subcritical 
array even if the pool is flooded with unborated demineralized water • 
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Adequate shutdown margin is maintained for 17 x 17 fuel with 4.5 w/o 
enrichment. A potential optimum moderation condition is precluded in the new 
fuel storage area by the following design features. 

1. The new fuel storage building has no fire fighting hose stations, 

2. The new fuel storage building has no installed aqueous fire suppression 
systems {e.g., sprinklers, fog, or sprays), 

3. New fuel is covered with a protective metal plate during storage which 
prevents the introduction of low density water into the fuel racks from 
above. 

The only accessible fire fighting hoses available for use in the new fuel 
storage area are connected to hose stations in the auxiliary building and 
will be equipped with straight-stream nozzles . 

SGS-lFSAR 9.1-lA Revision 1 
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9.1. 2 SPf NT FUEL STORA Ge": 

The spent fuel storage pool is the storage space for irradiated spent 

fuel from the Reactor. This pool is not required for any plant 
safety-related function. 

9.1.2 .1 Design Bases 

The s·pent fuel storage racks are designed in a subcritical array such 

that keff is limited to a value of less than or equal to 0.95 even if 

the pool is flooded with demi·neralized water. fhe sperit fuel racks. are 

built to ensure a nominal 10 .5 .inch center-to-center di stance between 

fuel assemblies stored in the racks. The storage capacity is limited to 

1170 spent. fuel assemblies, which will cover a period of 18 years, 

assuming that one-third of the core is replaced annually. The reactor 

cav'ity, refueling. canal and spent fuel storage pool are reinfon:::ed con

crete structures with seam-welded stainless steel plate liners. These 

Seismic Category I structures .Jre designed to withstand the anticipated 

earthquake loadings and to prevent liner leakage even in the event the 

rei.nforced concrete develops cracks. 

Design criteria for spent fuel storage racks assure conformance with 

recognized codes and applicaole regulatory guides, as follows: 

1. Tile sµent fue 1 storaye rack desi g 1, is based on the requirements of 

tl1e ASM:: Boiler and Pressure Vessel Code, Section III, Sub-section 

NF, Class II.i linear supports. 

2. Regulatory Gui de 1.13 - The uesi gn conforms with Gt.ii de, except that 

high radiation instrumenation does not actuate the filtration system. 

3. Re!:Julatory Guide l.;::9 - fhe spent fuel storaye racks are designed as 

Seismic Category I Structures. 
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5. 

Regulatory Guide 1.92 - Seismic load combinations of vibrational 

modes and three orthogonal component motions (two horizontal and one 

vertical) will meet the provisions of the Regulatory Guide. 

Design loads and load combinations meet the requirements of the 

Standard Review Plan, Section 3.8.4, Structural Design Criteria for 

Seismic Category I Structures Outside Containment andASt-£ Section 

III NF-3400. 

9.1.2.2 System Description 

A stainless steel lined spent fuel storage pool is provided for on site 

storage of spent fuel assemblies until they are shipped to a reproces

sing facility. Sufficient space is available to hold approximately 6 

cores and the depth is sufficient to provide a minimum shi el ding depth 

over the top of the stored fuel of 10 feet of water. The pool is 

designed to prevent inadvertent drainage below a water elevation of 124 

feet 8 inches. Storage racks located in the pool are physically 

arranged sue h that the assemblies are always maintained in a subcri ti cal 

condition. Adjacent to the spent fuel pool and separated by a struc

tural wall is the transfer pool. The transfer pool serves to provide 

the fuel transfe~ operation between the fuel handling building and 

containment. It is also the pool where the spent fuel cask is placed 

for shipment. The cask is handled by the cask handling crane which is 

prevented by structural restraint from moving over the spent fuel pool. 

Thus the fuel shipping casks cannot be carried over the spent fuel pool. 

The high density (poison) spent fuel racks construction is shown in 

Figure 9.1-2. The design utilizes a stiffened module base and an upper 

box structure consisting of pl ate diaphragms and a top grid. The sto r-

age module is constructed of stainless steel, mostly T,ype 304. The 

vertical loads are carried by the module base. Horizontal seismic loads 

are carried to the module base through the plate diaphragms. Tipping is 

prevented by interconnection of adjacent racks by a bolted connection at 

the top grid level. 
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The design of the spent fuel storage cells is illustrated in Figure 
9.1-3. Each cell is a square cross-section fanned from an inner shroud 
of stainless steel, a center sheet of aluminum clad boron carbide (B4C), 
and an outer shroud of stainless steel. This cell acts as storage space 
and provides sufficient neutron absorption to allow close spacing of 
spent fuel. The fuel weight is carried directly on the module base. A 
flared guide and transition section is provided at the top of each 
storage cell. This transition is designed to assure ease of entry and 
to preclude fuel assembly hang-up and damage. 

After a sufficient decay period the fuel may be removed from sto.rage and 
loaded into a shipping cask for removal from the site. 

9.1.2.3 Design Evaluation 

Borated water is used to fill the spent fuel storage pool at a concen
tration to match that used in the reactor cavity and refueling canal 
during refueling operations. The fuel is stored in a vertical array 
with sufficient center-to-center distance between assemblies to assure 

keff .2_ 0.95 even if unborated water is used to fill the pool. ·(Based on 
17x17 fuel with 4.05 w/o enrichment). 

The spent fuel storage pool is provided with a Spent Fuel Cooling System 
which is discussed in Section 9.1.3. The system maintains pool tempera
ture below approximately 120 °F. 

The design of the Fuel Handling Building is such that it is physically 
impossible for a load greater than 5 tons to be carried over the spent 
fuel pool. This is a result of both the physical arrangement of the 
Fuel Handling Building and limits on the fuel handling crane. Adminis
trative controls prohibit loads greater than that of a fuel assembly to 
travel over the spent fuel pool. The maximum height at which a fuel 
assembly can be carried is restricted by limit switches on the crane to 
15 inches over the top of the spent fuel racks. The spent fuel racks 
have been designed to absorb the energy released by a fuel assembly 
dropping from 15 inches above them. 
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The Spent Fuel Storage Pool and New Fuel Storage Pit are outside the 

area over which the fuel cask may travel by design (travel restricted by 

a limit stop switch). The Cask Handling Crane travels only over the 

Truck Bay, Decontamination Pit and Fuel Transfer Pool, as indicated in 

Figure 9.1-1. 

Gamma radiation is continuously monitored in the Fuel Handling 

l3uildin9. A high level signal is alarmed locally and is annunciated in 

the Control Rooms. 

All fuel and waste storage facilities are cont13:ined and equipment 

designed so that accidental releases of radioactivity directly to the 

atmosphere are monitored and will riot exceed the guidelines of 10 CFR 

100. 

A controlled ventilation system removes gaseous radioactivity from the 

atmosphere in fuel and waste treating areas of the fuel handling and 

auxiliary buildings and discharges it to the atmosphere via the plant 

vent. Radiation monitors are in continuous service in these areas to 

actuate high-activity al arms in the Control Rooms. 

9.1.3 SPENT FUEL POOL COOLING SYSTEM 

9.1.3.1 Design Bases 

Each unit has a completely independent Spent Fuel Pool Cooling System. 

The following description is for one unit with the second unit having an 

identical system. 

The Spent Fuel Pool Cooling System is designed to remove from the spent 

fuel pool the heat generated by stored spent fuel elements. The system 

serves the spent fuel pool which is located in the fuel handling 

bui 1 ding adjacent to the containment building. A secondary function is 

to clarify and purify spent fuel pool, transfer pool, and refueling 
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water. The system design considers the possibility that during the life of 
the plant it will become necessary to totally unload a reactor at the time • 
when spent fuel is in the fuel pool. 

The.system design incorporates redunaant active components. System piping 
is arranged so that failure of any pipeline does not drain th~ spent fuel 
pool below the top of the stored fuel elements. 

The spent fuel pool water is normally limited to 12QOF except in for the 
unloading of a full core, in which case temperature is limited to 1500F 
with one pump in operation.· Boron concentration in the pool fluid is 
maintained at a minimum of 2,000 ppm. 

9.1.3.2 System Description 

The schematic diagram for the Spent Fuel Pool Cooling System is shown on 
Figures 9.l-4A and B. The Spent Fuel Pool Cooling System consists of three 
subsystems, the cooling system, the purification system, and the skimmer 
system. 

Austenitic stainless steel p1p1ng is used 1n the Spent Fuel Pool Cooling 
System. All piping and components of the system are designed to the 
applicable codes and standards listed in Table 9.1-1. 

The cooling loop consists of the spent fuel pool pumps and the spent fuel 
pool heat exchanger. The purification loop consists of the spent fuel pool 
pump, the spent fuel pool filter, the spent fuel pool demineralizer, the 
refueling water purification pump, and the refueling water purification 
filter. The skimmer loop consists of t~e skimmer pump, strainer, and 
filter. 

During the heat removal operation, fuel pool water flows from the spent· 
fuel pool to a spent fuel pool pump suction, and is pumped through the 

SGS/UFSAR 9.1-6 Revision 4 
July 22, 1985 

• 

• 



•• 

• 

• 

tube side of the heat exchanger, and is returned to the pool. The suc

tion line, which is protected by a strainer, is located at an elevation 

four feet below the pool nonnal water level, while the return line ter- · 

minates in the pool at an elevation· approximately six feet above the top 

of the fuel assemblies. If the spent fuel pool pump fails~ the second 

pump supplies 100 pen:ent backup. 

The Spent Fuel Pool Cooling System has its maximum duty during the 

refueling operation when the decay heat from the spent fuel is the. 

highest. The system is normally placed in operation prior to the trans

fer of any fuel and is continued in operation as long as required to 

maintain temperature at the required level and water purity. 

While the heat removal operation is in process, a portion of the spent. 

fuel pool water, 100 gpm, may be diverted through the spent fuel pqol 

demineralizer and spent fuel pool filter to maintain spent fuel pool 

water clarity and purity. Transfer canal water may also be cfn:ulated 

through the same demineralizer and filter. This is accomplished by 

having the gate between the transfer pool and the spent fuel pool 

removed. This purification loop is sufficient for removing fission 

products and other contaminants which may be introduced if a 1 eaki ng 

fuel assembly is transferred to the spent fuel pool. 

The demineralizer may be isolated, by manual valves, from the heat 

removal portion of the Spent Fuel Pool Cooling System. By so doing, it 

may be used together with the refueling water purification filter to 

clean and purify the refueling water while spent fuel pool heat removal 

operations proceed. Connections are provided to the isolated loop such 

that the refueling water may be pumped from either the refueling water. 

storage tank or the refueling cavity, through the demineralizer and 

filter, and discharged to either the refueling cavity or the refueling 

water storage tank • 
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·To furtoer assist ·1 n mai ntai ni ng spent fuel pool water clarity, the 

water surface is cleaned by a skimmer loop. This system consist"s of two 

skimmers,· a skimmer pump, a strainer and a filter. Water is removed 

from the surface by the skimmer, pumped through the strainer and filter, 

and returned to the pool surface at three locations remote to the -skim
mers. 

The spent fuel pool is initially filled with water that is at the same 

·boron concentration as that in the refueling water storage· tank. .This 

may be accomplished by filling the pool with water from plant sources. 

Boron may .then be added to the pool from the Chemical and Volume Control 

System •. Borated water from the plant sources may be supplied from the 

refu~ling water storage tank via the refueling water purification pump 

.connection, or b,y placing a. temporary line from the boric acid blender, 

located in the Chemical and vo·iume Control System, directly into t~e 

pool. Demi-neralized water is also added to the pool for make-up pur

poses by a connection in the recirculation return line. 

• 

The pool water may be separated from the water in the transfer pool by a • 

sluic'e gate. The gate is installed so that the transfer pool may be 

drained for '111ai ntenance on the fuel transfer equipment. The draining is 

accomp"iish~d by pumping transfer pool water into the spent fuel pool 

with a portable pump. Th.e excess water from the spent fuel poql is 

directed to a holdup tank in the Chemical and Volume Control System or 

to the decontaini nation for temporary storage. 

An evaluation has been performed to determine the capability of the 

Spent Fuel Cooling System to provide the cooling capacity required for 

both the annual discharg·e of 65 fuel assemblies and for a full core 

dischat"]e of 193 fuel assemblies into the spent fuel pool after 15 years 

accumulation of spent_fuel. ANS Standard 5.1 was used for decay heat 

load calc.ulations. It has been determined that the Spent Fuel Cooling 

System c·an provide the necessary cooling for the normal annual discharge 

as early as 100· hours after reactor shutdown. A full core discharge can 
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be accomplished with an appropriate time delay after reactor shutdown, 

which is dependent on the number of regions stored in the spent fuel 

pool at the time. For example; it has been calculated that with one 

pump run.ning at design-capacity and with 150 hours of decay heat (after 

reactor shutdown) at the 18th refueling, the maximum spent fuel pool 

outlet water temperature will be 134°F. For the full core addition to 

the spent fuel pool that fills the pool (15 prior annual refuelings), 

the required decay cooling time in the reactor vessel that will be 

needed to keep the pool water temperature below 1S0°F with only one pump 

running will be approximately 570 hours ( 24 days) after reactor shutdown. 

Provisions have been made for the addition of an additional heat 

·exchanger, should this be required in the future. 

Spent Fuel Pool Coolin·g System component design data are listed in Table 

9.1-2. The following is a description of each component utilized in the 

Spent Fuel Cooling System: 

Spent Fuel Pool Heat Exchanger 

The spent fuel pool heat exchanger is of the shell and U-tube type with 

the tubes welded to the tube sheet. Component cooling water circulates 

through the sh~ll, and spent fuel pool water circulates through the 

tubes. The tubes are austenitic stainless steel and the shell is carbon 

steel. 

Spent Fuel Pool Pumps 

The spent fuel pool pumps circulate water in the Spent Fuel Pool Cooling 

System. All wetted surfaces of the pumps_ are austeni_tic stainless. 

steel, or equivalent corrosion resistant material. The pumps are 

operated manually from a local station • 
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Spent Fuel Pool Filter 

The ·spent fuel pool ·filter removes particulate m~tter larger than 5 

microns -from the spent fuel pool water. The filter cartridge is of 

synthetic fiber and vessel shell is austenitic .. stainless steel. 

Spent Fuel Pool Strainer 

A stainless steel strainer is located at the inlet of the spent fuel 

·pool cooling suction line for removal or relatively large particles 

which might otheNi se clog the spent fuel pool demi neral i zer. 

Spent Fuel Pool Demineralizer 

The demineralizer is sized to pass 100 gpm of the loop circulation flow 

to provide adeql!ate purification of the fuel pool water for unrestricted 

access to the working area and to maintain op ti cal clarity. 

Refueling Water Purification Pump 

fhe refueling water purification pump circulates \~ater in a loop betw.een 

the refueling water storage tank and the spent fuel pool demineralizer 

and the refueling water purification filter. All wetted surfaces of the 

pump are austeni~ic stainless steel. The pump is operated manually from 

a local station. 

Refueling Water Puri fi ca ti on Filter 

The. refueling water purification filter removes particulate matter 

larger .than. 5 microns from the refueling waterpur.ifiGation flow. 

Spent Fuel Pool Cooling System Valves 

Manual stop valves are used to isolate equipment and lines and manual 

throttle valv.es provide flow control. Valves in contact with spent fuel 
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pool water are austenitic stainless steel or equivalent corrosion resis-

• tant material. 

• 

Spent Fuel Pool Cooling System Pi ping 

All piping in contact with spent fuel pool water is austenitic stainless 

steel. The piping is welded except where flanged connections are used 

to facilitate maintenance. 

Spent Fuel Pool Skimmers 

Two spent fuel pool skimmers a re provided to remove water from the sur

face of the spent fuel pool. The skimlfler heads are manually positioned 

to take water from any elevation from the water surface to four inches 

below the surface. The elevation of the skimmers head can be manually 

adjusted over a total range of two feet. 

Spent Fuel Pool Skimmer Pump 

The spent fuel ,pool skimmer pump circulates surface water through a 

strainer, a filter, and returns it to the pool. 

Spent Fuel Pool Skimmer Strainer 

The spent fuel pool skimmer strainer is designed to remove debris from 

the skimmer process flow. 

Spent Fuel Pool Skimmer Filter 

The spent fuel pool skimmer filter is desig.ned to remove insoluble par

ticles which are not removed by the stra1ner. 

9.1.3.3 Design Evaluation 

The most serious failure of this system would be complete loss of water 

• in the spent fuel pool. To protect against this possibility, the spent 
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fuel pool cooling suction connection enters near the nonnal water level 

so that the pool cannot be gravity-drained. The cooling water return 

lines contain anti-siphon holes to prevent the possibility of gravity 

draining the pool. There a re no drains or pennanently connected systems 

to the spent fuel pool (Seismic Class I) which, in the event of failure, 

could cause loss of coolant from the pool that would uncover the fuel. 

Also, provisions have been made to supply makeup to the spent fuel pool 

as noted below. 

The rate of pool heatup with cooling interrupted for 1/3 of the core 

removed for refueling is approximately 6°F per hour at 150 hours after 

shutdown. The rate of heatup for a full core at the end of an operating 

cycle plus the 1/3 core removed at the previous refueling is approxi

mately 12°F per hour with cooling interrupted. An interruption in the 

operation of the spent fuel cooling system for an extended period is not 

considered to be a credible occurence. Maintenance will be scheduled 

when the decay heat 1 oads are 1 i ght. Two fully redundant, spent. fuel 

pool pumps are provided, each receiving power from individual vital bus 

sections. As noted below, a number of makeup water sources are avai 1-

able and are capable of providing emergency cooling. 

Water loss from the spent fuel pool due to the accidental opening of a 

sluice gate when the transfer pool is empty will not occur due to the 

redundancy in the sluice gates. Two sluice gates separate the spent 

fuel pool from the transfer pool. 

A heavy 1 oad handling accident would not result in water 1 eakage severe 

enough to uncover the spent fuel. The maximum load carried over the 

spent fuel pool is that of a fuel assembly, however, it is not possible 

to drop a fuel assembly on the spent fuel pool liner plate. In addi

tion, integrity of the spent fuel pool will not be breached due to a 

fuel cask drop in the fuel transfer pool si nee each of the pool struc

tures are separate and disti.nct. 
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Pool water level indication is provided by individual high and low water 

level alarms. The alarms are actuated by deviation from normal water 

level (El. 128 1 -811
) of plus or minus 6 inches. The alarms are 

annunciated in the fuel handling building at the spent fuel pool and i·n 

the Control Room. 

Annunciation of an alarm will be confirmed by visually checking the 

spent fuel pool water level. Alarms may be expected to occur occasion

ally due to gradual changes in pool water temperature and surface 

evaporation. If needed, makeup will be added. Alarms occurring with 

unusual frequency or for reasons not readily apparent wi 11 be further 

investigated. Frequent inspections wi 11 al so be made of the fuel 

handling building sump, and, through annunciators provided in the Con

tra 1 Room, the running frequency of the sump pump wi 11 be observed. 

The normal source of makeup water to the spent fuel pool is the demin

eralized water system which distributes water from two 500,000 gallon 

demi nerali zed water tanks. The tanks and the di stri buti on system do not 

have seismic classification. Make up is also available from the primary 

water storage tank vi a the Primary Water Makeup Pumps ( Seismic Cl ass I I) 

and from the Chemi~al and Volume Control System hold-up Tanks vi a the 

Hold-up Tank Recirculation Pump (Seismic Class II). 

Valves have been -installed on the existing 6-inch spare nozzles on both 

refueling water ~-&rage tanks (350,000 gallons each). These tanks are 
·<~ \. 

Class I (seismiq). h portable pump, with appropriate suction and dis-

charge connections a-nd hose, will be provided with"the capability to 

deliver approximately 100 gpm makeup water flow from one of the 

refueling water storage tanks directly to the spent fue~ pool. Assuming 

the maximum heat load in the pool, and inability to provide makeup from 
-,'\ 

normal sources, the quantity of water stored in one refueling water ) 

storage tank would provide a period of approximately 100 hours in which 

emergency repairs to the spent fuel pool cooling system could be made, 

without significant loss _of water level in the spent fuel pool. The 
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valves installed on the refueling water storage tanks will be locked, 

closed and capped, and will be under administrative control. The port

abl.e pump and hose wi 11. al so be under admi ni strati ve control to ensure 

constant and timely availability. 

Up to 100 gallons µer minute of makeup is also available from the 

refueling water storage tank via the refueling water purification loop. 

If a l e·aking fuel assembly is stored in the spent fuel pool, a small 

quantity of fission products may enter the cooling water. Fission pro

ducts and ·other contaminants are removed by the spent fuel pool purifi

cation 1 oop. 

A failure analyses of system pumps, heat exchangers and valves is pre

sented in Table 9.1-3. 

The spent fuel pool water is normally limited to 120°F except in unusual 

circumstances as previ.ously described. Boron concentration in the pool 

fluid is maintained at a minimum of 2, 000 ppm. 

9.1.3.4 Test and Inspections 

The active ·components of the system are i. n continuous u·se dur.i ng nor111al 

plant operation and no additional periodic tests are required. Periodic 

visual inspections and preventative maintenance are conducted following 

normal industrial practice. 

9.1.4 FUEL HANDLING SYSTEM 

The fuel handling system consists of equipment and structures utilized 

for handling new and spent fuel assemblies in·a safe manner during 

refueling and fuel transfer operati ans. The fuei handling system· is 

shown in Figure 9.1-5. 
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• this drawing is installed in Unit 2 only. 
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TABLE 9.2-4 (Sheet 1 of 2) 

Component Cooling Pumps 
Quantity 
Type 
Rated capcity, gpm 
Rated head, ft. H

2
o 

Desiyn pressure, psig 
Design temperature, °F 
Available NPSH, ft. 
Material 

COMPONENT COOLING SYSTEM 
COMPONENT DESIGN DATA 

3 

Horizontal Centrifugal 
4600 
200 

150 
200 

25 

Carbon steel 

Component Cooling Heat Exchangers (Shell and Tube Type) 
Number 3(a) 

Design heat transfer, Btu/hr 

Design 
Design 
Design 
Design 
Design 
Fluid 

pressure, psig 
0 temperature, F 

flow rate, lb/hr 
inlet temperature, °F 
outlet temperature, °F 

Material 

SGS-UFSAR 

0613Q:l 

Shell --
150 
200 

3.41 x 106 

107 .9 

95 

Component 
cooling water 

Carbon steel 

44.2 x 10
6 

Tube 
150 
200 

4.99 x 106 

85 

93.9 
Service Water 

90-10 copper-nickel alloy 
for No. 11 and No. 21. 
Titanium for No. 22 • 
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9.3 PROCESS AUXILIARIES 

9.3.1 COMPRESSED AIR SYSTEM 

The Compressed Air System provides the station with a reliable supply of 
clean, oil free air which is directed to various locations for services as 
required •. The system is illustrated on Figures 9.3-lA and B. 

9.3.1.1 Design Bases 

The system provides a reliable supply of clean, oil free, dry air at 
temperatures and pressures suitable for use as control air and for 
containment penetration cooling, as well as for miscellaneous services and 

maintenance. 

The Compressed Air System is designed such that any single failure will not 
result in loss of function. 

9.3.1.2 System Description 

9.3.1.2.1 General 

The Compressed Air System is supplied by three motor driven, oil free, 
centrifugal compressors which draw air from the atmosphere. The intakes of 
the air compressors are located to avoid drawing in toxic or corrosive 
gases. Each compressor has a capacity of 4000 scfm at 110 psig discharge 
pressure. Two compressors are operated to satisfy the nonnal requirements 
of station air and control air for both units as well as to supply 
containment penetration cooling air for both units. A third compressor 
serves as standby. Each compressor is furnished with a 1000 hp motor, 
intake filter-silencer, blow-off silencer and total closure controls, 
intercoolers, aftercooler, moisture separator and automatic condensate 
traps and drains. The compressors discharge into two independent service 
air headers, with an air receiver tied to each header • 
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The station air header for each unit is supplied from either of the two 
service air headers. This station air header provides operating and 
service requirements at various locations. 

The containment.penetration cooling system for each unit is furnished with 
two supply lines. The normal supply is taken from the station air header 
and the backup supply from either of the two service air headers. 

9.3.1.2.2 Control Air 

The control air system for each unit consists of a dual header arrangement 
as shown on Figures 9.3-2A and B. This control air for each unit is 
supplied through two distinct parallel _paths. One path is supplied from 
the unit one station.air system and the other is supplied from the unit two 
station air system. Control air for the safety related portions is 
automatically backed up by an emergency control air compressor. Control· 
air is fed from the station air system through heatless, desiccant type air 
dryers •. 

The dual station service air headers are fed by three 100 percent capacity 
air compressors, any one of which can supply the total service and control 
air requirements for both units. 

In addition to the normal air supply from the.service air headers, each 
system has an emergency control air compressor complete with its own dryer 
and accessories to supply the safety related headers. The emergency 
control air for either system may be directed to supply air for the 
opposite system through a valved connection. Each emergency control air 
compressor motor is energized from the standby AC· power supply •. The 
emergency control air system is designated Class I (seismic) and is located 
in a Class I (seismic) structure. 

Each emergency control air compressor has a capacity of 500 scfm at 110 
psig and is driven by a 125 hp motor. Accessory equipment includes an 
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• 10.3.3.4 Radioactivity 

Under normal conditions, there is no radioactivity present in the 
system. The system may only become contaminated through primary to 
secondary leaks in the steam generators. Should this occur, radiation 
monitors installed in the steam generator blowdown and condenser vacuum 
pump effluent streams detect and indicate the presence of radioactivity •. 

Assuming operation with the maximum pennissible primary system activity 

and a maximum pennissible primary to secondary system leakage rate, the 
dose rate around the steam generator is approximately 325 mr/hr at 
contact with the steam generator secondary water sec ti on just above the 
U-tubes. The dose rate on the operating floor outside the steam genera
tor biological shield would be approximately 150 mr/hr, due to the 
secondary water in the steam generator which is above the top of the 
biological shield. 

·~ 

• The dose rates from a main steam line were calculated to be about 8 mr/hr 
at contact and less than 1 mr/hr at 10 feet away. Dose rates from the 
turbine will be less than this due to the thick steel turbine casing 
serving as a shield, and lower source densities as the steam travels 
through the turbine. The primary contributors to the dose rates from the 
main steam lines and turbine are the noble gases and N-16. Since the 

noble gases are removed at the condenser by the condenser air removal 
system and there is sufficient storage time in the hotwell to allow for 

• 

the decay of the N-16 to negligible levels, the only remaining source in 

the feedwater is 0.25 percent of the non-gaseous fission products that 

are carried over with the steam. Dose rates from feedwater lines were 
calculated to be approximately 4 mr/hr at contact and less than 1 mr/hr 
at 10 feet away. 

Dose rates from a 311 blowdown line were calculated to be approximately 
280 mr/hr at 1 foot away and 75 mr/hr at 3 feet away. The dose rate from 
the blowdown tank was approximately 800 mr/hr at 3 ·feet away • 
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Measurements during plant operation have yet to indicate radiation levels 

above background. 

Shielding around the stear11 generators· is designed to reduce radiation 

levels from the U-tube s. Si nee primary to secondary leakage is not 

expected to occur at all times, and access to the co~tainment is minimal 

during operation, higher dose rates on the operating floor are acceptable. 

However, high dose rates in this area mqy require reduced access time. 

Radiation levels in other accessible areas of the containment (outside 

the crane wall and below the operating floor) \jll not~~ severely. 

affected. 

Shielding around the main s·ceam ·1ine, turbine, condenser anJ teedwater 

system pipin::1 is not necessary since radiation·levels ·in this area \-Jould 

only occur in the event of µrimary to secondary· leakage, anJ tt·1e d.ose 

rates would be low. ln this event, access to the turbine bui ld.i ng would 

be control led. 

Tile blo~ido~m lin2s pass througiJ the mechanical penetrtltion area ~~1ere 

some higher radiation levels normally exist, and no additional shielding 

is required. fhe blowdown tank is in a relatively low radiation drea, 

but can be temporarily shielded if access to tile area is necessary. 

Piping to the blowdown demineralizer is in a sl1ielded pipe alley and the 

demineralizer is in a siiielded cubicle. The remainder of the system is 

in an area where access can be controlled. If access to blo\'K.iown system 

compo.nents is necessary for niai ntenunce while tile higher dose rates 

exist, temporary shielding can be installed and access times limited. 

Assumptions 

1. A conservative primary to secondary leak rate uf 8 ~pm ~~as assumed 

(the expected leak rate is currently being determined"'." a lower value 

·will decrease the main steam Ii ne and turbine dose ratesi. 
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activity. Signal processing is performed by the digital Radiation 
Monitoring System to provide data on a significant increase of gross gamma 
activity. A significant increase of gross gamma activity would be 
indicative of a fuel cladding failure. 

12. Steam Generator Blowdown Filter Discharge (1-R35 and 2-R35) 
This channel continuously monitors· the line from the Steam Generator 
Blowdown Filter to the condenser for possible radioactivity. A high 
radiation signal will automatically divert the contaminated liquid to 
the Waste Monitor Holdup Tank 3-way valve. Alarm and indication is 
provided in the control room. 

13. Evaporator and Feed P.reheaters Condensate (l•R36 and 2-R36) 
Heating Steam 'is supplied to the Boric Acid and Waste Evaporators and 
Feed Heater. Condensate from the evaporators and Feed Heater is. 
returned to the condensate receivers from whence it is pumped back to 
the Heating Boil er. Steam is used in the tubes of the evaporators and 
in the heater for process heating. Since the evaporators and heater 
can contain radioactive fluids, a tube rupture could result in a 
c'ontamination of ·the condensate system, Heating Boiler, and Heating 
Steam System. 

This channel continuously monitors the activity in the common 
condensate piping from each unit's evaporators. This channel employs 
an off line sampler. A high radiation level alarm will automatically 
close the condensate line valve for each unit's evaporator packages. 
Alarm and indication are provided in the control room. A manually 
valved drain is provided for disposal of any contaminated condensate 
to the Waste Disposal System • 
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14. Plant Vent High Range Monitors (1R45A-D and 2R45A-D) 
The Plant Vent High.Range Monitoring System complies with NUREG-0737 • 
Item II.F.1 and Regulatory Guide 1.97. The system provides a sampling 
capability of 102 µci/cc for iodines and particulates and 105 µci/cc 
for noble gases. The monitors are safety grade and qualified for the 
post-accident environment. 

The system interfaces with plant vent radiation monitors (R41A-C) 
(Items 2, 3 and 4 above) and with the supplemental piant vent sampling 
system (Section 11.4.3). During normal operation monitors (R41A-C) 
and the plant vent sampling system are in operation; monitors R45A-D 
are in standby. If monitor R41C detects an activity level in excess 
of lxlo-4 µci/cc, the sample pump for monitors R45A-D is energized and 
the ·sample pump for the supplemental· plant 'vent sampling system is 
deenergized when monitor R45B (the- intermediate range of the three 
noble gas monitors, R45A, B, C) comes "on scale. 11 If the 
concentration of radioactivity continues to increase, such that the 
channels could be damaged, monitors R41A-C are deenergized. As noble 
gas activity decreases this process is reversed to return to normal 

. monitor operation. Non-safety ~elated heat tracing is provided to 
preclude freezeup of these sampling lines during plant outages 
coincident with adverse weather conditions.· 

15. Main Steam High Range Monitors (1R46A-E and 2R46A-E) 
The Main Steam High Range Monitoring System complies with NUREG-0737, 
Item II.F.1 and Regulatory Guide 1.97. The system provides a 
detection capability of 103 µci/cc. The monitors are safety grade and 
qualified for the post-accident environment. Channels R46A-D each 
monitor one of the main steam lines. Channel R46E monitors the 
effluent from channels R46A-D and therefore provides redundancy for 
each steam line. 
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11.4.2.3 Process Filter Monitoring System Channel Descriptions 

Area-type· radiation monitors are provided on these liquid (process) filters 
to determine when they should be replaced by indicating the level of 
activity given off by the filter. A high radiation level alarm is 
initiated in the control room. A radiation indicator and alarm light are 
located at the filter. 

The·filters which.a~e monitored include~ 

1. Seal Water Injection Filter 
1R24A, B· and 2-R24A, B 

2. Seal Water Filter 
1-R25 and 2-R25 

3. Reactor Coolant Filter 
1-R26 and 2-R26 

4. Liquid Waste Filter 
1-R27 and 2-R27 

5. Spent Fuel Pool Filter 
1-R28 and 2-R28 

6 •. Spent Fue·l Pool Skimmer Filter 
1-R29 and 2-R29 

7. Refueling Water Purification Filter 
1-R30 and 2-R30 

8. Ion Exchange Filter 
1-R33 and 2-R33 

9. Steam Generator Slowdown Filter 
2-R38 (Unit 2 only) 

10.· Condensate· Filter 
1-R40 and 2-R40 

-
All No. 1 Unit Process Filter Monitors are G. M. Tubes and have a range of 
101-106 mR/hr. All No 2 Unit Process Filt.er Monitors are ion chambers and 
have a range of 10-l-106 mR/hr. They perform no control function . 
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This system has the additional function of supplying N2 at 800 psi to 

the accumulator in the Safety Injection System. If the need ever 
arises, this pressurized gas will inject borated liq~id from the accumu
lators into the· reactor coo.lant loops. Design data for the manifold are 
as follows: 

Type Automatic switching dual header 
Number per unit 1 

Number of separate header per package 2 
Number of cylinders per header 18 

Design flow rate, SCFM 40 

De$ign delivery pressure, psig 100 

Station Bulk L.P. Nitrogen Supply 

A station bulk low pressure nitrogen supply package has been added to 
the above system to provide additional capability. Two liquid nitrogen 
storage tanks, each with a self-contained vaporizer are supplied. One 
storage tank and its vaporizer are used at a time to supply the operat
ing headers for both units. Design data are as follows: 

Manufacturer 
Model No. 
Type 

N2 

02 
Argon 

Operating pressure (Max.) 
Design pressure (Max.) 
Design temperature 
Empty weight 

SGS-UFSAR 

Air Products a Chemicals, Inc. 

CLC-6 
Vertical cylindrical, 
Double walled 
55,866 scf 

69, 030 scf 

67 ,470 scf 
245 psig 

249 psi g 
-320 ~F - 100 ~F 

4,400 lbs 
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Hydrogen Manifold 

A dual manifold serves as a backup to the bulk hydrogen system to supply 

hydrogen to the volume control tank and to maintain the hydrogen partial 
. . 

pressure as hydrogen dissolves in the reactor coolant. A pressure con
troller, 0-PIA-1065) which automatically switches from the normal 
system to the backup system, assures a continuous supply of gas. 'The 
operation of the backup header is essentially the same .as for the Nitro
gen Manifold System. Design data are as follows: · 

Type Automatic switching dual header 
. Number per unit 1 

Number of separate headers pe~ package 2 

Number of cylinders per header 
Design flow rate, SCFM 
Design delivery pressure, psig 

Gas Analyzer 

6 

30 

100 

A gas analyzer is provided to automatically monitor the concentrations 
of oxygen and hydrogen in the system, in order to indicate when the 
accumulation of these gases might reach an explosive mixture. Upon 
indication by alarm that the oxygen level is approaching a hazardous 
level, provisions must be made to either isolate the component or purge 
with nitrogen to the waste gas system. The gas analyzer samples the 
foll owfog i terns: 

Waste Gas to Plant Vent 
Reactor Coolant Drain Tank 
Spent Resin Storage Tank 
Gas Decay Tanks (2 points) 
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CVCS Holdup Tanks 

Boric Acid Evaporator and Gas Stripper 
Volume Control Tank 
Pressure Relief Tank .. 

The analyzer utilizes a sequencer that samples each sample .stream auto
matically every three minutes. This automatic sequencing system may be 
defeated by pushing the stream readout bypass switch for each stream 
until the desired stream is reached. After reading this stream, the 
analyzer will continue to sequence automatically. Separate feed lines 
with individual bottles of nitrogen, oxygen, and hydrogen are provided 
for analyzer calibration purposes. The span calibration gas is 2 
percent oxygen, 80 percent h,ydrogen, and 18 percent nitrogen by volume 

and the zero calibration gas is high purity nitrogen. This mixture 
allows calibrating the analyzer to the conditions expected in the sample 
stream at alann conditions. Design data for the analyzer are as follows: 

Manufacturer 
Oxygen 

Hydrogen 

Automatic stepping switch 
Recorded readout 
Tempera tu re, °F 
Location 

Servomex Controls, .Ltd. 
By paramagnetic attraction 

0-2.5 ' 0-5 ' 0-10 
0-25 , 0-100 , o2, in N2 
By thennal conductivity 
0-5 , 0-50 , 0-100 , H2 in N2 
16 steps 
16 points 
120 

All major equipment in the gaseous radwaste disposal system is located. 
outside of the Reactor Containment Building in the Auxiliary Building, 
Elevation 64 feet • 
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Piping 

Gas piping is carbon steel. Piping connections are welded except where 
flanged connections are necessary to facilitate equipment maintenance. 

Va 1 ves exposed to gases are carbon steel. 

Isolation valves are ~rovided to isolate each piece of equipment for 
maintenance, to direct the flow of waste through the system, and to 
isolate storage tanks for radioactive decay. 

Relief valves are provided for tanks containing radioactive wastes if 
the tanks might be overpressuri zed by improper opera ti on or component 
malfunction. 

Codes and Standards 

Additional information is presented in Table 11.2-3 for systellJ piping, 
valves and compressors. 

11. 3. 4 OPERATING PROCEDURES -
!. 

The gaseous wastes processed by this system consist primarily of hy

drogen stripped from reactor coolant during boron recycle and degassing 
operatfons and nitrogen from the various tank cover gases and from the 

degassing operation. These gases are discharged to the vent header 
which feeds the suction,of the waste gas compressors. 

One of the two waste gas compressors will be operating with the other 
, compressor being on standby. The operating compressor maintains a nega_. 
tive pressure, in the vent header, of 6 to 10 inches of water. If the 
vent header pressure rises to 2 psig, the standby compressor auto
matically energizes. The compressors can be used to: (1) pump gas to 
the waste decay tanks; (2) transfer gas between tanks; and (3) pump gas 
directly to the Chemical and Volume Control System holdup tanks. 
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• 
Channel No. 

1-R35 

1-R36 

1-R41A 

1-R41B 

1-R41C 

1-R45A 

1-R45B 

1-R45C 

1-R45D 

SGS/UFSAR 

l . 

Type of 
Detector 

Gamma 
Scintillator 

Gamma 
Scintillator 

• • 
TABLE 11.4-1 (Sheet 3 of 4) 

Channel Minimum Detectable 
Description Level Control F~nction/Interlocks 

S.G. Blowdown Filter Discharge 10-5uci/ccl37cs Blowdown Filter to Waste Monitor 
Holdup Tank/Condenser Line 

Evaporator and Feed Heater 10-5uci/ccl37cs _. Condensate Line Valve 
Condensate 

Beta Scintillator Pl~nt Vent Particulate 10-lluci/cc90sr 

10-lluCi/ccl31I(2) 

10-6uCi/ccl33xe 

0.1 MR/HR to 
10,000 MR/HR 

Gamma Scintillator Plant Vent Iodine 

Beta Scintillator Plant Vent ~able Gas 

GM Tube Plant Vent Shield Background 

GM Tube Plant Vent Noble Gas (Inter.) 

GM Tube Plant Vent Noble Gas (High) 

GM Tube Plant Vent Bulk Filter 

0.1 MR/HR to 
10,000 MR/HR 

0.1 MR/HR to 
10,000 MR/HR(3) 

0.1 MR/HR to 
10,000 MR/HR 

Section 11.4.2.2, Item 15 

Section 11.4.2.2, Item 15 

Section 11.4.2.2, Item 15 

Section 11.4.2.2, Item 15 
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• 
Type of 

Channel No. Detector 

2-R31 Gamma Scintillator 

2-R35 Ion Chamber 

2-R36 Gamma Scintillator 

2-R41A Beta Scintillator 

2-R41B Gamma Scintillator 

2-R41C Beta Scintillator 

2-R45A GM Tube 

2-R45B GM Tube 

2-R45C GM Tube 

SGS/UFSAR 

• 
TABLE 11.4-2 (Sheet 3 of 4} 

Channel Minimum Detectable 
Description Level 

Letdown Line 10-6uci/cc137cs 

Steam Generator Blowdown 10-7uci/ccl37cs 
Filter Discharge 

Evaporator and Feed 10-6uCi/ccl37cs 

Plant Vent Particulate 10~11uci/cc90sr(2} 

Plant Vent Iodine 10-lluCi/ccl31I(2} 

Plant Vent Noble Gas 10-6uci/ccl33xe 

Plant Vent Shield Background 0.1 MR/HR to 
10,000 MR/HR 

Plant Vent Noble Gas (Inter.} 0.1 MR/HR to 
10,000 MR/HR 

Plant Vent Noble Gas (High} 0.1 MR/HR to 
10,000 MR/HR(3} 

•• 
Control Function/Interlocks 

Diverts Blowdown Treatment Discharge 
to Waste Handling System 

Closes Condensate Valve from Waste 
Evaporator and Feedwater Preheater 

Containment Ventilation Isolation 

Containment Ventilation Isolation 

Containment Ventilation Isolation; 
Closes Waste Gas Discharge Valve 

Section 11.4.2.2, 

Section 11.4.2.2, 

Section 11.4.2.2, 

Item 15 

Item 15 

Item 15 
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13.0 CONDUCT OF OPERATIONS 

Public Service Electric and Gas Compal'\Y is responsible for all station 
operations at Salera Generating Station. The Westinghouse Electric Cor
poration provided technical assistance during the period of pre-opera
tional testing, initial core loading, and pre-commercial operdtion. A 

continuous training program is established with the goal of maintaining 

sufficient Public Service personnel with operating licenses to satisfy 

NRC requirements during noma 1 station opera ti on. 

This section outlines the manner in which the station is operated. It 

includes corporate and station organization, functions, responsi bil i-
ti es, and authorities, training of the operating personnel, operating 

and emergency instructions, er.iergency planning, records, and administra

tive procedures to assure safe operations. 

13. 1 OPERATIONAL STRUCTURE 

13. 1.1 CORPORATE ORGANIZATION 

That segment of the corpordte structure of Public Service Electric and 

Gas Cor.ipal'\Y which relates to the activities of the Salem Generating 
Station are shown in Figure 6.2-1 of the Salem Technical Specification 

13.l.l.l Coryorate Functions, Responsibilities, and Authorities 

Senior Vice President - Energy Supply and Engineering 

Provides direction for the Engineering cind· Construction, Fuel Supply, 

Nuclear, and Production Departr.Jents and the Quality Assurance Depart

ment. Initiates and implements broad policies and general procedures 
relating to the functions of these departments. Reviews perforraance of 

departments under his supervision with respect to goals and objectives. 
Pl ans for future devel opr.ients • 
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Vice President - Production 

Provides maintenance, computer, and technical support to all Production 
facilities and oversees operation of the Central Maintenance Shop. 

Plans and coordinates Production Department facility major maintenance, 
including the development of schedules and manpower utilization. Pro
vides services as required by the Nuclear Department. 

Vice President - Engineering and Construction 

Furnishes engineering, design, and construction services required to 
provide major new facilities. Provides similar services for major modi
fications to and major maintenance on existing facilities .. Plans and 

executes such work to meet scheduling budgetary, and technical require
ments. Furnishes consulting engineering and design services as required 
by the Nuclear Department. 

Vice President - Fuel Supply 

Procures uranium and conversion, enrichment, fabrication, and spent fuel 
disposal services for PSE&G-operated nuclear units. Prepares specifica
tions, selects bidders, evaluates bids, and negotiates contracts, with 
the assistance, concurrence and advice of other departments where neces

sary. Schedules deliveries, administers contracts, monitors supplier 
performance and fabrication quality. Submits and administers nuclear 

fuel expenditure budget items and associated authorizations. Provides 
predictive and actual nuclear fuel burnup costs. Manages nuclear fuel 
economic utilization and provides evaluations of nuclear fuel 
resources. Formulates strategies. Coordinates and manages Fuel Data 
Bank providing fuel price forecast information and nuclear fuel capital 
expenditure estimates. Prepares testimony on nuclear fuel matters for 
presentation to regul""tory agencies and provides conmients and assistance 
to the Corporate Rate Counsel, Governmental Affairs, and Law Departments • 
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General Manager - Nuclear Assurance and Regulation 

Provides management with an independent basis for evaluating the 
effectiveness of nuclear safety and quality assurance programs. 
·Performs independent management assessment of environmental technical 
performance. Pursues licensing, safety analysis and environmental 
programs as required to obtain and retain regulatory approvals for 
existing facilities and new projects. Maintains appropriate liaison and 
coordinates Company participation in meetings and public hearings with 
local, state, regional and federal regulatory agencies. Provides a 
management focal point for generic regulatory matters. 

Vice President - Nuclear 

The Vice President - Nuclear is the Senior Nuclear Manager in the over
all charge of the nuclear programs at Artificial Isl and, including p~ ant 
operations and nuclear safety. The General Manager - Salem Operations, 
General Manager - Hope Creek Operations, General Manager - Nuclear 
Support, General Manager - Nuclear Services, Manager - Methods and 
Administration - Nuclear, and the Manager - Quality Assurance Nuclear 
Operations report directly to the Vice President - Nuclear. In the 
event of a nuclear emergency at Artificial Island, the Vice President -
Nuclear assumes the role of Emergency Response Manager and takes command 
and control of all PSE&G on-site and off-site response activities. 
Additionally, the Vice President - Nuclear establishes policies on 
nuclear operations matters within the Company, subject to the advice and 
consent of senior corporate management. Where questions or 
disagreements arise with the nuclear organization concerning nuclear 
safety matters, the Vice President - Nuclear will establish Company 
policy. In addition, he has the authority and responsibilty to 
determine when the plants must be shut down to maintain the safety of 
the facilities. 

As the Senior Nuclear Manager in overall charge of Company nuclear pro
grams, the Vice President - Nuclear provides management direction and 
control for the operation and support activities associated with the 
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nuclear facilities at Artificial Island. This includes the establish
ment of qualification requirements for management positions which 
directly support plant operations, the development of goals, objectives 
and Company policy relating to the safe and reliable operation of the 
nuclear units, and implementation of formalized programs, such as secur
ity, fire protection, radiation protection, and operator training. 

The senior nuclear manager is actively involved in plant operational 
activities and reviews significant operating deficiencies and violations 
of Technical Specifications. He monitors the activities of the Nuclear 
Review Board which performs the independent review function of important 
matters affecting nuclear operation and safety. Close attention to 
unanticipated and unusual plant occurrences and review of operational 
trend analysis by the Senior Nuclear Manager assures that the highest 
standards affecting plant operations are maintained. 

Manager - Methods and Administration - Nuclear 

Reporting directly to the Vice President - Nuclear is the Manager -
Methods and Administration - Nuclear, who is responsible for planning 
and scheduling, cost control, systems development, computer appl ica
tions, and coordination of all personnel and administrative functions 
including payroll, accounting, employment and compensation, and medical 
services. 

~~nager - Quality Assurance Nuclear Operations 

The Manager - Quality Assurance Nuclear Operations reports directly to 
the Vice President - Nuclear and is Responsible for all Quality 
Assurance activities regarding the engineering, design, procurement, 
operation, maintenance, refueling, and modifications for operating 
nuclear pl ants. 
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General Manager - Salem Operations 

• The General Manager - Salem Operations is responsible for the safe and 
efficient operation of the nuclear units and general direction of the 
Operating, Maintenance, Radiation Protection, and Technical Support 
Departments. Reporting directly to the station General Manager is an 
Assistant General Manager, followed by four major station department 

• 

• 

.heads, the Operations Manager, Maintenance Manager, Technical Manager, 
and Radiation Protection Engineer. 

The General Manager is responsible for compliance wi·th all applicable 
requirements of the NRG Operating License and Technical Specifications, 
and the prompt reporting of unusual events, deficiencies and corrective 
action implementation. He monitors the activities of the Station Opera
tions Review Committee (SORG), involving evaluations of plant safety 
related activities. Additionally, he is responsible for assuring that 
the nuclear station needs for engineering, maintenance, and other site 
supp9rt services are identified and can be adequatly satisfied by the 
site support organizations to meet all requirements for safe and 
reliable plant operation • 
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The General Manager is responsible for assuring that plant staff posi

tions dre maintained by fully qualified and trained personnel. He 

directs the iraplernentati on of a radiation protection prograr.1 that 

assures that radiation exposure of plant and support personnel is main

tained as low as reasonably achievable. He is also responsible for the 

approval of operdting procedures as required by Technical Specifications 

and for t~e development and control of budgets for the 

operation and raai ntenance of the station. 

General Manager - Nuclear Support 

The General Manager - Nuclear Support is responsible for providing sup

port to the nuclear stations in the areas of engineering and design, 

reactor engineering and fuel management, the maintenance of·the oper

ating licenses, and review of the investigations conducted by the Safety 

Review Group. 

The station General Manager wi 11 direct the General Manager - Nuclear 

Support to provide assistance for perfonaance of the required work in 

these areas of responsibility. The General Manager - Nuclear Support 

will make the determination of which activities are perfonned by on-site 

and/or off-site personnel, and furthennore provide technical direction 

for all off-site support functions perfonned in these areas. All off

site communications regarding these areas of responsibility shall 

be through the Nuclear Support Department. 

Reporting directly to the General Manager - Nuclear Support are the 

Safety Review Group; three departr.ient managers re sponsi bl e for 1 i censi ng 

and regulation, nuclear safety and assessment, and fuel cycle; and the · 

Assistant General Manager - f~uclear £ngineering who, in turn, directs 

four additional department managers whose responsibilities include plant 

systems, engineering and design • 
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General Manager - Nuclear Services 

The General Manager - Nuclear Services is responsible for providing 
technical services to the station organizations in the area of radiation 
protection; site protection including fire, security and emergency pre
paredness; training of licensed and non-licensed personnel; in-service 
inspection and non-destructive examination. The organization also pro
vides the stations with calibration and instrument repair, radwaste 
management, and maintenance support services. In addition, he is 
responsible for material management, warehousing and control of all 
contractor activities. 

• 

The station General Manager will direct the General Manager - Nuclear 
Services to provide assistance for performance of the required work in 
these areas of responsibility. The General Manager - Nuclear Services 
will make the determination of which activities are performed on-site 
and/or off-site personnel, and furthermore provide technical direction 
for all off-site support functions performed in these areas. All 
off-site communications regarding these areas of responsibility shal.l be • 
through the Nuclear Services Department. 

Reporting to the General Manager - Nuclear Services are six department 
managers who provide services to the two nuclear stations. Under the 
direction and control of the General Manager - Nuclear Services, common 
activities required by both nuclear stations are combined to provide 
improved utilization of resources and greater control of the identified 
support functions. 
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13.l.l.2 Interrelationships with Contractors and Suppliers 

Westinghouse Electric Corporation provides technical assistance (engi
neering studies, analyses and/or technical guidance) in support of unit 
operations as requested regarding the nuclear system equipment, instru
mentation, and material supplied by Westinghouse. 

13.l.2 OPERATING ORGANIZATION 

13.l.2.l Plant Organization 

The station organization of the Salem Nuclear Generating Station is 
shown in Figure 6.2-2 of the Salem Technical Specifications. The 
organization is divided into four major functional departments: opera
tions, maintenance, technical, and radiation protection. 

13.1.2.2 Personnel Functions, Responsibilities, and Authorities 

The General Manager - Salem Operations has overall responsibility for 
the plant and for directing and coordinating the activities of the four 
major departments to insure safe, reliable, and efficient functioning of 
the plant. 

The Assistant General Manager is responsible to the General Manager -
Salem Operations for the safe, reliable, and efficient operation of the 
plant in conformance with the operating license. This includes the 
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plant nuclear fuel management responsibilities, coordination of main
tenance with technical and operating department activities, training and 
retraining of supervisors and operators to qualify for necessary licen
ses and the preparation of operating and emergency instructions. He has 
the responsibility and authority to act for the General Manager in his 
absenc.e. 

The Maintenance Manager is in charge of the Maintenance Department, 
which performs the electrical, mechanical, and other maintenance work of 
the plant. He reports directly to the Assistant General Manager· - Salem 
Operations with overall responsibilities for the management, administra
tion, personnel, and industrial relations work of the Maintenance 
Department. In general, the Maintenance Manager plans, organizes, 
directs, coordinates, and controls the work of his department. 

The Operations Manager reports to the Assistant General Manager - Salem 
Operations. Directly supervising the Operating Department, the 
Operations Manager coordinates and directs the shift units, analyzes 
operating records, prepares and revises operating, and emergency 
instructions and, in general, assures that the plant is operated in a 
safe, efficient manner by qualified personnel. 

The Technical Manager reports to the Assistant General Manager - Salem 
Ope~ations and directs the Technical Department. He is responsible for 
the following plant activities: unit performance testing, ro~tine 
station reports, plant water chemistry, demineralized water plant 
operation, control of environment~l releases, calibration and 
maintenance of all instruments and controls, preparation of core 
performance and fuel burnup data to guide plant operation, and the input 
·of information to the General Office Fuel Supply Department needed for 
the overall fuel management program. The Technical Manager also plans, 
coordinates, and directs the receipt, storage and movement of new and 
. spent foel and coordinates station input to FSAR and Technical 
Specification matters. 
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The Radiation Protection Engineer reports to the Assistant General 
Manager - Salem Operations. He develops, implements, and directs the 

radiological safety and radioactive material control programs to insure 
that radiation exposure of personnel and releases of radioactive mate
rial to the environment are as low as reasonably achievable. Performs 
personnel radiation monitoring and dosimetry. Operates radioactive 
waste processing, storage and transfer equipment. 

13.1.2.3 Shift Crew Composition 

The shift crew composition, position titles, license qualifications, and 
number of personnel on each shift are provided in the Salem Technical 
Specifications, Section 6.0, Administrative Controls. 

13.1.3 MINIMUM PERSONNEL QUALIFICATIONS 

Minimum qualifications for supervisory and professional personnel on the 
plant staff are as stated in Section 6.0 of the Technical Specifications • 
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13.4 REVIEW AND AUDIT 

• 13 .4.1 ADMINISTRATIVE CONTROL 

• 

• 

Administrative control of plant operations is directed by the Vice 
President - Nuclear through the General Manager - Salem Operations. 
Further details on administrative control are provided in the Technical 
Specifications. 

13.4.2 ROUTINE REVIEW 

A daily review of station logs and other operating data will be made by 

the Operating Department. All non-routine operations and conditions 
will also be reviewed by other reponsible departments, as appropriate. 
In addition to these reviews, periodic station staff meetings will be 
held to keep all operating personnel advised of conditions in the sta
tion. 

To establish and ensure formal review and evaluation of plant opera
tions, a Station Operations Review Committee (SORC) and a Nuclear Review 
Board (NRB) were established and are described in the Salem Technical 
Specifications, Section 6.0, Administrative Controls. 

13.4.3 NUCLEAR OVERSIGHT COMMITTEE 

The purpose of the Nuclear Oversight Committee is to provide management 

with an independent basis for evaluating the effectiveness of Nuclear 
Safety. The Committee consists of 3-5 members and will include nuclear 

utility operations executives, college professors and former 
regulators. Support for the Nuclear Oversight Committee will be 

provided by personnel from appropriate PSE&G organizations. 

The Nuclear.Oversight Committee holds meetings at least quarterly and at 
any time upon request of a member • 
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The Nuclear Oversight Committee submits reports to the Vice President -
Nuclear following each quarterly meeting. Reports include: (1) an 
evaluation of overall management attention to nuclear safety, and (2) 

progress being made towards resolving the open issues identified in the 
commitments made by PSE&G to the Nuclear Regulatory Commission. Copies 
of these reports will be for\~arded to the Nuclear Regulatory Commission. 

The Committee in the performance of its duties may engage such technical 
and consulting services as warranted. 

Following a year's experience with the operation of the Nuclear 
Oversight Committee, PSE&G will evaluate the need for its continuance. 

13.4.4 SAFETY REVIEW GROUP (SRG) 

The SRG is composed of five dedicated, full-time engineers and functions 

to examine ~lant operating characteristics, NRC issuances, industry 
advisories, LER's, and other sources of information which may indicate 

areas for improvement of plant safety. 

The SRG is responsible for maintaining surveillance of selected plant 
activities to provide independent verification that these activities are 
performed correctly. The group functions under the general guidelines 
contained in NUREG-0737 and serves no line functions. 

Recommendations for ir~proving plant safety which result from SRG reviews 

are reported to management and are tracked as open items until they are 
resolved. The SRG has free access to all levels of management within 

the Nuclear Department to discuss issues requ1r1ng immediate attention 
and to discuss issues having a potential impact on safety. 
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with respect to the fuel rod thennal time constant the fuel temperatures 
are illustrated on Figures 4.4-1 and 4.4-2. For transients which are 
fast with respect to the fuel rod thermal time constant, for example, 
rod ejection, a detailed heat transfer calculation is made. 

15.1.3 TRIP POINTS AND TIME DELAYS TO TRIP ASSUMED IN ACCIDENT ANALYSES 

A reactor trip signal acts to open two trip br.eakers 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 15.1-3. Reference is made in that 
table to overtemperature and overpower AT trip shown in Figure 15.1-1. 

The overtemperature AT setpoints shown in Figure 15.1-1 along with all 
I . 

other evaluated DNBR'S were calculated assuming approximately 15 percent 

margin in the critical heat flux calculation, as discussed in Section 
'4.4.2.1. 

The diffe~ence between the limiting tri~ point assumed for the analysis· 
and the n~minal trip point represents an allowance for instrumentation 
channel error and setpoint error. During preliminary start-up tests, it 
will be demonstrated that actual instrument errors and time· delays are 

.equal to or less than the assumed values • 
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15.1.4 INSTRUMENTATION DRIFT AND CALORIMETRIC ERRORS - POWER RANGE 
. NE.UTRON FLUX . 

The instrumentation drift and calorimetric errors used in establishing 
the maximum overpower setpoint are presented in Table 15.1-4. 

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 toler
ances much tigher than those which would be required to control feed
water fl ow. 

15.1.5 ROD CLUSTER CONTROL ASSEMBLY INSERTION CHARACTERISTICS 

The negative reactivity insertion following a reactor trip is a function 
of the acceleration of the rod cluster control assemblies and the vari
ation in rod worth as a function -0f 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. For accident analyses it is conservatively assumed that 
the insertion time to dashpot entry is 2.2 seconds. The rod cluster 

control assembly position versus time assumed in accident analyses is 
shown in Figure 15.1-2. 

Figure 15.1-3 shows the fraction of total negative reactivity insertion 
for a core where the axial distribution is skewed to the lower region of 
the core. An axial distribution which is skewed to the lower region of 
the core can arise from a xenon oscillation or can be considered as 
representing a transient axial distribution which would exist after the 

SGS-UFSAR 15. l-8 Revision 0 
July 22, 1982 

• 

• 

• 



• 

• 

• 

14. Getts, J. M., "MARVEL - A Digital Computer Code for Transient 

Analysis of a Multiloop PWR System", WCAP-7909, June 1972. 

15. Burnett, T. W. T., Mcintyre, C. J., Buker, J. C. and Rose, R. P., 

"LOFTRAN Code Description", WCAP-7907, June 1972. 

16. Barry, R. F., "LEOPARD, a Spectrum Dependent Non-Spa ti al Depletion 

Code for the IBM-7094 11
, WCAP-3269-26, September 1963. 

17. Barry, R. F. and Altomare, S., "The TURTLE 24.0 Diffusion Depletion 

Code": WCAP-7213, June 1968, (Westinghouse NES Proprietary); 

WCAP-7758, September 1971. 

18. Risher, D. H., Jr. and Barry, R. F., "TWINKLE - A Multi-Dimensional 

Neutron Kinetics Computer Code", WCAP-7979, November 1972. 
-~· 

19. Fairbrother, D. 8. and Hargrove, H. G., "WIT-6 Reactor Transient 

Analysis Computer Program ... nescription'1
, WCAP-7980, November 1972 • 

20. Bordelon, F. M., "Calculation of Flow Coastdown After Loss of 

Reactor Coolant Pump (PHOENIX Code)", WCAP-7969, September 1972 • 

SGS-UFSAR 15.1-25 Revision 0 
July 22, 1982 



• 

• 

• 

TABLE 15.1-3 

TRIP POINTS AND TIME DELAYS TO TRIP ASSUMED IN ACCIDENT ANALYSIS 

Li mi ti ng Tri p 
Trip Point Assumed Time Delay 
Fune ti on In Analyses (Seconds) 

Power Range High Neutron 
Flux, High Setting 118 percent 0.5 

Power-Range High Neutron 
Flux, Low Setting 35 percent 0.5 

Overtemperature tiT Variable, see 6.0* 
Figure 15.1-1 

Overpower tiT Vari b 1 e, see 6.0* 
Figure 15. 1-1 

High Pressurizer Pressure 2410 psig 2.0 

Low Pressurizer Pressure 1845 psig 2.0 

Low Reactor Coolant Flow 87 percent 
(from loop flow detectors) 

loop fl ow 1.0 

Undervo 1 tage Trip 68 percent nominal 1.2 

Turbine Trip Not Applicable 1.0 

Low-Low Steam Generator 0 percent of Narrow 2.0 
Level Range Level Span 

High Steam Generator level 75 percent of Narrow 2. 0 . 
trip of the feedwater pumps Range Leve 1 Span 
and closure of feedwater 
system valves, and turbine 
trip 

Underfrequency Trip 6Hz/sec 1.35 

* Total time delczy (including RTD bypass loop fluid transport delczy, 
affect bypass loop piping thermal capacity, RTD time response, and 
trip circuit channel electronics delczy) from the time the 
temperature difference in the coolant loops exceeds the trip 
setpoint until the rods are free to fall. 
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b. Maximum Reactivity Feedback. A conservatively large positive 

moderator density coefficient and a large (in absolute mag
nitude) negative Doppler power coefficient are assumed. 

3. The reactor trip on high neutron flux is assumed to be actuated at a 

conservative value of 118 percent of nominal full power. The ~T 
trips include all adverse instrumentation and setpoint errors, while 

the delays for the trip signal actuation are assumed at their max
imum values. 

4. The rod cluster control assembly trip insertion characteristic is 

based on the assumption that the highest worth assembly is stuck in 
its fully withdrawn position. 

5. The maximum positive reactivity insertion rate is greater than that 

for the simultaneous withdrawal of the combination of the two con
trol banks having the maximum combined worth at maximum speed • 

This is also much greater than the maximum reactiv.ity insertion.rate 
associated with withdrawal of a part 1 ength rod cluster control assembly. 

The effect of rod cluster control assembly movement on the axial core 

power distribution is accounted for by causing a decrease in over
temperature and overpower ~T trip setpoints proportional to a decrease 

in margin to DNB. 

15.2.2.3 Results 

Figures 15.2-4 and 15.2-5 show the response of neutron flux, pressure, 
average coolant temperature, and DNBR to a rapid rod cluster control 

assembly withdrawal incident starting from full power. Reactor trip on 
high neutron flux occurs shortly after start of the accident. Since 

this is rapid with respect to the thermal time constants of the plant, 
small changes in Tavg and pressure result and a large margin to DNB is 
maintained. 

SGS-UFSAR 15. 2-11 Revision O 
July 22, 1982 



The response of neutron flux, pressure, average cool ant temperature, and 
DNBR for a slow control rod assembly withdrawal from full power is shown 
in Figures 15.2-6 and 15.2-7. Reactor trip on overtemperature AT occurs 
after a longer perio.d and the rise in temperature and pressure is 
consequently larger than for rapid rod cluster control assembly with
drawal. 

Figure 15.2-8 shows the minimum DNB.R as a function of reactivity in
sertion rate from initial full power operation for the minimum and max
imum reactivity feedback. It can be seen that two reactor trip channels 
provide protection over the whole range of reactivity insertion rates. 
These are the high neutron flux and overtemperature AT trip channels. 
The minimum DNBR is never less than 1.30. 

Figures 15.2-9 and 15.2-10 show the minimum DNBR as a function of react-· 
ivity insertion rate for rod cluster control assembly withdrawal inci
dents starting at 60 and 10 percent power respectively. The results are 
similar to the 100 percent power case, except as the initial power is 
decreased, the range over which the overtemperature AT trip is effective 
is increased. In neither case does the DNBR fall below 1. 30. 

15.2.2.4 Conclusions 

The high neutron flux and overtemperature AT trip channels pro vi de 
adequate protection over the entire range of possible reactivity in

sertion rates, i.e., the minimum value of DNBR is always larger than 
1.30. 

15.2.3 ROD CLUSTER CONTROL ASSEMBLY MISALIGNMENT 

15.2.3.1 Identification of Causes and Accident Description 
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17.2 QUALITY ASSURANCE DURING THE OPERATIONS PHASE 

OVERALL APPROACH AND SCOPE 

Public Service Electric and Gas Company (PSE&G) is responsible for assuring 
that the operation, maintenance, refueling and modification of the Salem 
Generating Station is accomplished in a manner which protects public health 
and safety and which is in compliance with applicable regulatory 
requirements. To carry out this responsibility, PSE&G developed and 
implemented a comprehensive Operational Quality Assurance Program which was 
applicable to the design, construction, and testing phases, and is now 
applied to the operation phase of the Salem Generating Station. 

This Operational Quality Assurance Program, hereafter also referred to as 
11 the QA Program, 11 is maintained by Nuclear Operations Quality Assurance 
(NQA), and is documented in the Vice President Nuclear - Procedure Manual. 
The Program provides the measures essential for controlling the quality of 
safety related structures, systems, components, materials, and services. 
The Quality Assurance Program encompasses fire protection of safety-related 
areas and other activities enumerated in Regulatory Guide 1.33. A planned 
monitoring and audit program assures that specified requirements of the 
Operational Quality Assurance Program are met. The Program provides 
coordinated and centralized quality assurance direction, control, and 
documentation as required by the NRC criteria set forth in lOCFRSO, 
Appendix B. In addition, the Operational Quality Ass.urance Program is 
based upon the policy statements of PSE&G Management. It is implemented 
through Procedures, Instructions, Standards, Specifications, and Forms 
which provide the details of how that policy is implemented for lOCFRSO, 
Appendix B. Applicable NRC Regulatory Guides, codes and standards, and the 
policy statements contained in the Nuclear Department Manual are used by 
PSE&G organizations performing safety-related activities to prepare 
appropriate implementing procedures. To assess the effectiveness of the 
Operational Quality,Assurance Program, independent auditors from outside 
the company audit the program every two years for compliance with lOCFRSO 
Appendix B and other regulatory commitments. Reports of such audits are 
made directly to upper managemen~ • 
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PSE&G requires its suppliers and contractor to assume responsibility for 
establishing and implementing QA/QC programs, as applicable, to meet 
10CFR50, Appendix b. NQA reviews those programs and conducts appropriate 
monitoring and auditing as required to assure that st,.1ppl iers prop.erly 
.implement their QA/QC programs. The Operational QA Program verifies that 
requirements necessary to assure quality are properly included or 
referenced in procurement documents. In addition, PSE&G suppliers are 
required to extend applicable PSE&G QA requirements to sub-suppliers, as 
documented in the suppliers' procurement documents. 

17.2.1 ORGANIZATION 

lT.2.1.l General 

The Operational QA Program, referred-to hereafter as the QA Program, 
assures that adequate administrative and management controls are 
established for the safe operation of Salem Generating Station. 

Implementation is assured by ongoing review, monitoring and· audit under·the 
direction of the Manager - Nuclear Operations Quality Assurance (NQA) who 
reports to the Vice President - Nuclear. 

Company organization is shown in Figures 17.2~1 through 17;2-4. 
Responsibilities for quality assurance related activities are described in 
the following.sections. 

17.2.1.2 Nuclear Department 

The Vice President - Nuclear reports to the.Senior Vice President - Energy 
Supply and Engineering and is responsible for managing and directing the 
nuclear activities of the Company. Reporting to the Vice President -
Nuclear are the General Manager - Nuclear Services, General Manager -
Nuclear Support, General Manager - Salem Operations, and General Manager -
Hope Creek Operations and Manager - NQA. Also reporting to the Senior Vice 
President - Energy Supply and Engineering ·is the General Manager - Nuclear 
Assurance and Regulation. The Manager - Corporate Quality Assurance 
reports to the General Manager - Nuclear Assurance and Regulation. 
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The General Managers are responsible for the implementation of quality 
assurance requirements by their staff. These QA requirements are contained 
in the station administrative procedures and in other department manuals. 

17 .2.1.2.1 Nuclear Department - Nuclear Services 

·The General Manager - Nuclear.Services is responsible for providing 
technical support to Station organization in the areas of radiation 
protection, site protection,. (including fire, security, and emergency 
preparedness) plar:ming and scheduling of plant betterment and maintenance 
work, in-service inspection, nuclear procurements and materials control, 
and station personnel tratning. 

17.2.1.2.2 Nuclear Department - Nu.clear Support 

The General Manager - Nuclear Support is responsible for providing supRort 
to the station in the areas of reactor engineering, engineering a~d design, 
fuel.management, licensing and regulatory activity, nuclear safety, and 
risk ~ssessment analysis • 

17 .2.1.2.3 Nuclear Department.:.. Salem.Operations 

The General Manager - Salem Operations is responsible for the safe and . 
efficient operation of the plant, and for the general direction of the.· 
station Operating, Maintenance, Radiation Protection, and Technical Support 
Departments. The General Manager - Salem Operations directs the activities 
of the Station Operations Review Committee (SORC) and is responsible for 
assuring that plant positions are staffed by fully qualified and trained 
personnel. 

17.2.1.2.4 Nuclear Operations Quality Assurance 

The Manager NQA is responsible for the approval and coordination of 
nuclear-related QA programs established and implemented by Company 
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departments. He is responsible for conducting independent audits, with his 
staff or consultants, or quality related activities of Company departments, 
suppliers, and contractors. 

The Manager NQA has the authority and res pons i bil ity to: 

1. Establish and implement a Quality Assurance Program in conformance 
with the requirements of 10CFR50, Appendix B. 

2.. Maintain the Operational QA Program as defined and documented in the 
Vice President Nuclear - Procedure Manual. 

3. Provide centralized coordinati~n of Quality Assurance fonctions 
regarding Nuclear Operations. 

4. Review and approve PSE&G procedures which implement the QA Program to 
the extent necessary to verify compliance with applicable quality
related Regulatory Guides and standards as committed to ·in the Updated . 
Final Safety Analysis Report (UFSAR). 

5. Establish and interpret quality assurance requirements and policies 
for other departments. 

6. Interpret quality assurance requirements of regulatory commitme.nts and 
assist upper management in establishing policies needed to meet those 
commitments. 

7. Assure compliance with PSE&G Quality Assurance policies and applicable 
-

government regulations including Regulatory Guides, Standards, Codes, 
etc.; as committed in the UFSAR and licenses. 

8. Provide top management with visibility into the status and adequacy of 
implementation of the QA Program by reporting significant quality 
problems and their solutions, and recommending preventive or 
corrective action to prevent their recurrence. 
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9. 

10. 

Provide support to other PSE&G departments in order to assure that 
nuclear facilities are designed, fabricated, constructed, ~ested, 

operated, maintained, and modified in a manner which protects public 
health and safety. 

Represent the PSE&G Nuclear Operations Quality Assurance at regulatory 
agency public hearings and other meetings, on matters affecting the 
Operational QA Program. 

11 •. Stop work when significant conditions adverse to quality require such j 
action. 

The PSE&G policies and organization structure assure that the Manager -
Nuclear Operations Quality Assurance has sufficient organizational freedom 
and independence to carry out his responsibilities. 

17.2.1.2.4.1 Nuclear Operations Quality Assurance (NQA) Personnel 
Qualifications 

Qualification requirements for NQA positions are a bachelor's degree and/or 
a high school diploma or equivalent, plus two years experience and 
demonstrated technical ability which may be as an inspector, .test engineer, 
or by special study·of quality control techniques, testing and inspection 
methods, and/or by having acquired working knowledge of and familiarity. 
with the requirements of the applicable Codes and Standards for 
accomplishing quality activities performed in the nuclear power industry. 

The Manager - NQA shall fulfill the above qualifications with the addition 
of the following: 

1. Knowledge and experience in Quality Assurance. 

2. High level of leadership with the ability to command the respect and 
cooperation of company personnel, vendors, and operations forces. 

3. Initiative and judgement to establish related policies to attain high 
• achievements and .economy of operations. 
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The Managers and engineers reporting directly to the Manager, Nuclear 
Operations Quality Assurance must each have a combination·of six years 
experience in the fields of quality assurance and operations. At least one 
of these six years experience must be nuclear power plant experience in the 
overall implementation of a quality assurance program. A minimum ·of one 
year and a maximum of four years of this six years experience may be 
fulfilled by related technical or academic. training. Personnel performing 
inspections, examinations and test activities are certified as Level I, 
Level II or Level III as appropriate to their responsibilities, also in 
accordance with Regulatory Guide 1.58 as noted. 

17 • 2 • 1. 2 • 5· Independent Review Groups 

• 

Two advisory groups are responsible for reviewing and eva.luating activities 
affecting nuclear safety._ The onsite advisory group is designated the 
Station Operations Review Committee (SORC). Composed of key station 
personnel, its responsibilities include.review of_ plant operations, 
reportable· occurrences, investigation of Technical Specification violations 
(with recommendation to preclude recurrence), and procedure reviews for 
safety-related activities or plant modifications. Recommendations of this • 
advisory group are forwarded to the General Manager - Salem Operations, 
with copie~ to the Chairman of the Nuclear Review Board. The SQAE is 
_invited to all SORC meetings and attends them periodically as part of the 
planned surveillance program. He receives minutes of all the meetings. 

The off-site advisory group is the Nuclear Review Bo~rd (NRB), which 
advises the Vice President - Nuclear in matters affecting nuclear safety or 
relating to plant operation or modification to the plant design. The NRB 
is responsible for performing an independent review of plant activities. 
In addition, NRB is resp_onsible for selected planned, independent audits of 
plant operations in accordance with Technical Specification requirements. 
These audits are generally conducted by NQA under NRB cognizance. The 
Manager, NQA is a member of the Nuclear Review Board. 

SORC and ·NRB .organization and responsibilities are delineated in the 
Technical Specifications. 
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In addition to these two groups, the.onsite Safety Review Group also 
provides independent review of activities affecting the safe operation of 
the station. See Section 13.4.4. 

lT.2.1.3 Research & Testing Laboratory 

The Research and Testing Laboratory is a part of the PSE&G Research 
Corporation which is a subsidiary. 

The Research & Testing Laboratory performs calibrations, analyses and 
evaluations of systems, equipment, and materials as requested by PSE&G 
departments, a_nd maintains compliance with its own QA program. 

17.2.1.4 Fuel Supply Department 

The .General Man·ager - Fuel Supply reports to the Vice President - Fuel 
Supply. The Vice President - Fuel Supply reports to the Senior Vice 
President - Energy Supply and Engineering. The Fuel Supply Department is 
responsible for arranging the procurement of uranium ore, conversion and 
enrichment services and. fuel assembly fabrication services to satisfy 
Nuclear Department core designs, enrichment requirements, and delivery 
.schedules. 

lT.2.1.5 Transmission and Distribution Department 

The Vice President - Transmission and Distribution reports to the Senior 
Vice President - Customer Operations. This organization is responsible for 
transmitting electrical energy to the area of use and for distributing it 
to the consumers. It is responsible for setting and testing protective 
relays for the external vital power supplies at the Station. 

17.2.1.6 Purchasing Department 

The General Manager - Purchasing reports to the Vice President - Corporate 
Services under the Senior Vice President - Administration • 
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Initiation of requests for procurement of materials, equipment, structures, 
and services required to support operations at the Station is the 
responsibility of the Nuclear Department. Procurement· of same is the 
responsibility of the General Manager - Purchasing. Both activities are 
bound by Corporate purchasing policies established by the Purchasing 
Department. 

17 .2.1.7 Nuclear Assurance and Regulation Department 

The1 General Manager· - Nuclear Assurance. and Regulation reports to the 
Senior Vice President - Energy S_upply & Engineering.· The Nuclear Assurance 
& Regulation Department provides management with· indepen~ent evaluation of 
the effectiveness of nuclear safety and quality programs; pursues 
licensing, safety analysis and environmental programs: as required to obtain 
and retain regulatory approval; coordinates company participation in 
meetings and public hearings with local, state, regional, and federal 
regulatory agenties; and provides a management.focal point for generic 
regulatory matters. 

17.2.2· OPERATIONAL QUALITY ASSURANCE PROGRAM 

The Operational QA Program· is designed to comply with the requirements of 
10CFR50, Appendix B and with the. Fire Protection Program requirements of 
Appendix A of Branch Technical Position No. 9.5-L· Items and activities 
covered by the QA Program are delineated in the· Salem Q-list (Table 
17.2~1). Procedures require that personnel also utilize the Master 
Equipment List (MEL) in.conjunction with the Component List for determining 
whether an activity is safety-related and/or whether the QA Program applied 
to the activity. Once an activity has thus been determined to be safety
rel ated or applicable to the Operational QA Program, established approved 
procedures are utilized in the performance of the activity. 

The QA Program is applied during the operational phase using a graded 
approach to an extent consistent with the item's or activity's importance 
to safety. These activities are performed in compliance with license 
requirements and with applicable regulatory guidance. Such regulatory 
guidance, with exceptions noted, includes: 
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1. Regulatory Guide 1.8, "Personnel Selection and Training", 9/75, 
• (endorses Nl8.l). 

• 

• 

2. · Regulatory Guide 1.17, "Protection of Nuclear Plants Against 
Industrial Sabotage", 6/73, (endorses Nl8.17). 

3. Regulatory Guide 1.29, 11 Seismic Design Classification", 8/73. 

4. Regulatory Guide 1.30, "Quality Assuranc.e Requirements for the 
Install at ion, Inspectton, and Testing of Instrumentation Electric 
Equipment", 8/72, (endorses N45.2.4). 

\ 

5. Regulatory Guide 1.33, "Quality Assurance Program Requirements 
(Operation)", 2/78, (endorses Nl8.7-1976/ANS-3.2). 

6. Regulatory Guide 1.37, "quality Assurance Requirements. for Cleaning .of 
fluid Systems and Associated Components of Water-Cooled Nuclear Power 
Plants", 3/73, (endorses N45.2.l) . 

7.. Regulatory Gui de 1. 38, "Quality Assurance Requirements· for Packaging, 
Shipping; Receiving,. Storage, and Handling of Items for Water-Cooled 
Nuclear Power Plants"~ 10/76, (endorses N45.2.2). 

8. Regulatory Guide 1.39, "Housekeeping Requirements for Water-Cooled 
Nuclear Power Plants", 3/73, (endorses N45.2.3). 

9. Regulatory Guide 1.52, 11 Design, Testing and Maintenance Criteria for 
Atmosphere Cleanup System Air Filtration and Absorpti9n Units of Light ,. 
Water-Cooled Nuclear Power Plants", 6/73. 

to. 

11. 

Regulatory Guide 1.54, "QA Requirements for Protective Coatings 
Applied to Water-Cooled Nucle~r Power Plants", 6/73, (endorses 
NlOl.4). 

Regulatory Guide 1.58, "Qualification of Nuclear Power Plant 
Inspection, Examination, and Testing Personnel", 9/80, (endorses 
N45.2.6). 
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All PSE&G personnel performing inspection, examination, or-testing, 
are qualified in accordance with this Regulatory Guide, with the -
following exception: 

Paragraph 6 of Regulatory Guide 1.58 requires that for 11 
••• Level 

I, II, and III personnel, the candidate should be a high school 
graduate or have earned the General Education Development 
Equivalent of a high school ·diploma." 

Other factors- may provide reasonable assurance that· a person can 
competently perform a particular task. The other factors which 
may demonstrate capability fn a given -job are previous performance 
or satisfactory completion of testing. These two factors will be 
considered when.evaluating education and experience requirements 
for certification. Personnel requiring certification in 
accordance with Regulatory Guide 1.58 are limited to NQA personnel 
who perform inspection and test activities, members of the 
Operational Test Group (OTG) who perform post-design modification 
testing, and Salem Operations Department personnel who perform 
visual inspection as part of the Inservice Inspection Program. 
Personnel requirin~ certification are evaluated to establish their 
qualification for the respective- level and discipline. 
Recertification is based upon demonstrated continued proficiency, 
or requalification if necessary. These personnel receive a 
periodic training needs assessment to identify additional 
supportive training neetls as well as to evaluate individual post
training performance. The assessment period is three years or 
less. Inspection and test activities not requiring personnel 
certification per Regulatory Guide 1.58 include Technical 
Specification surveillances and periodic inspection and test of 
fire protection equipment. These personnel are qualified and 
retrained in accordance with applicable requirements of Regulatory 
Guide 1.8~ 

12. Regulatory· Guide 1.64, "Quality Assurance Requirements for the Design 
of Nuclear Power Plants", 10/73, (endorses N45.2.ll). 
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13. Regulatory Guide 1.74, "Quality Assurance T~rms and Definitions'', 
2/74, (endorses N45.2.10). 

14. Regulatory Guide 1.88, "Collection, Storage,· and Maintenance of 
Nuclear Pow~r Plant Quality Assurance Records'', 10/76, (endorses ANSI 
N45.2.9), as modified by provisions stated in Section 17.4 of NUREG-
0800 (Standard Review Plan), Revision 2, July 1981. 

15. Regulatory Guide 1.94, "Quality Assurance Requirements for Instal-
1 ation, Inspection, and Testing of Structural Concrete and Structural 
Steel during the Construction Phase of Nuclear Power Plants", 4/76 
(endorses N45.2.5). Major modifications made to the Salem Station 
will comply with Regulatory Guide 1.94. 

16. Regulatory Gui de 1.137, 11 Fue 1-0i l Systems for Standby Diesel 
Generators", 10/79. Diesel fuel oil sampling is performed as.follows: 

1. 
. . 

A fuel oil sample is taken from each truck delivering fuel oil 
to Salem whenever possible. However, if several trucks arrive 
at once, a minimum of 1 in 4 trucks is sarnpled depending on the 
shift, staffing, and existing personnel work load at the time. 

2. All newly received fuel oil is pumped into the 20,000 barre1 
Fuel Oil Storage Tank. Fuel ciil in this tank is sampled at' 
least once every 30 days. 

3. A small percentage of the fuel oil in the 20,000 barrel tank is 
introduced into the diesel fuel oil storage system as necessary. 
This small percentage is added infrequently to the four 30,000 
gallon Diesel Fuel Oil Stora~e Tanks (two for each unit) as 
necessary to maintain the minimum level above the 20,000 gallon 
limit in each Diesel Fuel Oil Storage Tank as specified by the 
Salem Technical Specifications. 

4. 
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Fuel oil in the four 30,000 gallon Diesel Fuel Oil Storage Tanks 
is sampled as required by the Salem Technical Specifications . 
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5. All fuel oil samples taken in actions 1-4 above are sent to an 
independent laboratory within 48 hours of the time the sample is 
taken. The analysis performed is consistent with Regulatory 
Guide 1.137 and the analysis report is submitted to the Salem 
Station within 30 days of receipt of the sample at the 
1 aboratory. 

6. All fuel oil deliveries, samples taken, and related analysis 
reports are logged at the station. When reports indicate thai 
fuel oil quali_ty is. not within acceptable. limits, station 
,management will take appropri a_te action to restore it to within 
acceptable limits. 

7. Actions 1-6 above ara subject to verification during routine 
monitoring and audits of the fuel oil program and procedures 
conducted by NQA personnel.· 

17. · Regulatory Gui de 1.144, 0 Auditi ng Quality Assurance Programs for 
Nuclear Power Plants 11

, 9/80, (endorses N45.2.12). 

18. Regulatory Guide 1.146, 11 Qualific-ation of Quality Assurance Program 
Audit Personnel for Nuclear Power Plants 11

, 8/80, (endorses N45.2.23). 

19. Branch Technical Position APCSB 9.5-1, Appendix A, 11 Guidelines for 
Fire Protection for Nuclear Power Plants Docketed Prior to July 1, 

1976 11
' 2/77. 

The QA Program is applied to the Fire Protection Program to an extent 
consistent with the requirements of Section C of Appendix A to Branch 
Technical Position APCSB 9.5-1. 

PSE&G organizations performing activities affecting nuclear safety, prepare 
and maintain implementing procedures and instructions. These procedures 
and instructions, and subsequent revisions thereto, are subject to NQA 
review and approval to an extent necessary to verify compliance with the 
Oper~tional QA Program and the applicable quality-related Regulatory Guides 
and standards identified above. 
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The General Manager - Salem Operations has instituted and will maintain an 
Administrative Procedures Manual for Salem Generating Station to implement 
the detailed requirements of the Program relative to the station. 

The Station Administrative Procedures and all subsequent revisions thereto 
are prepared by the Technical Manager, are reviewed by the Assistant 
General Manager, and are approved by the General Manager - Salem Operations 
and the Manager - Nuclear Operational Quality Assurance. 

Regulatory Guide 1.33 requires that safety-related plant activities be 
conducted in accordance with written administrative controls prepared by 
management .. The departmental procedures and instructions by which plant 
activities are performed are prepared by the responsible station 
department, as required by the Station Administrative Procedures, reviewed 
by the SQAE for inspection requirements, approved by the department head 
responsible for the activity, reviewed by the SORC (if safety related), and. 
approved by the General Manager - Salem Operations. Procedures cannot be 
implemented unless the review/approval process is accomplished. Station 
Administrative Procedures provide a means to accommodate on-the-spot 
changes to sub-tier implementing procedures. The routine practice for 
revising a procedure is to repeat the original review and approval 
sequence. 

Implementation of the Operational QA Program is verified by means of 
independent inspections, monitoring, and audits conducted by NQA. 

NQA reviews and analyzes quality-related problems occurring during the 
operational phase. Items subject to review include: 

l. Documented nonconformances occurring at the vendor's facility 
and during receiving, storage, installation, test and operation 
(e.g., Deficiency Reports, Non-Conformance Reports, Licensee 
Event Reports, etc.). 

2. 
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Documented corrective actions taken on significant 
noncompliances and on audit findings . 
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. 3. NRC inspection findings, notices, bulletins, etc. 

The Manager - Nuclear Operations Quality Assurance or his designee, has the 
authority to stop work where continuance of an activity would seriously 
compromise safety or constitute a persistent and deliberate failure to 
correct a serious deficiency. 

NQA reports significant problems affecting the Program to respective 
management along with: 

1. Measures taken to improve QA program controls. 

2. Appropriate recommendations to achieve compliance with 
applicable requirements. 

Management policy and implementing procedures provide all personnel 
awareness and direction for reporting of defects and non-compliances 
pursuant to 10CFR21. 

• 

The Operational QA Program requires that activities affecting nuclear • 
safety, including activities affecting the fire protection of safety-
related areas, be accomplished under suitably controlled conditions. The 
program takes into consideration the need for procedures, special controls, 
cleanliness, special processes, test equipment, tools, and skills t6 obtain 
the required quality and the verification of quality by inspection, test, 
examination, monitoring and independent review and audit. These activities 
include, but are not limited to, designing, purchasing, fabricating, 
handling, shipping, storing, cleaning, erecting, installing, inspecting, 
testing, operating, maintaining, repairing, refueling, and modifying. 

Personnel who have the responsibility to implement the Operational Quality 
Assurance Program also have the responsibility and authority to escalate 
unresolved quality problems to the level of management necessary to effect 
resolution. This escalation is applied by NQA personnel, who are 
independent of cost and scheduling, to increasingly higher levels of 
management up the the Vice President - Nuclear as required. 
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Personnel performing safety-related activities are trained and/or 
indoctrinated as necessary to assure that suitable proficiency is 
achieved and maintained. The Mana~er - Nuclear Operations Quality 
Assurance is responsible for the training of NQA personnel. Orientation 
is provided for new employees entering the NQA Department, whether from 
other parts of PSE&G or from outside the Company. An outline of the course 
content is contained in the NQA Orientation, Training, and Qualification 
Manual. The training and indoctrination program is designed to familiarize 
the employee with: 

1. Codes, regulations, specifications, etc., applicable to nuclear 
. and other power generation equipment. 

2. QA procedures, instructions, specifications, documentation, 
records, etc •• 

3. 

4 . 

5. 

6. 

7. 

Auditing objectives and techniques •. 

Nuclear Operations QA Program. 

The QA program and the organization of major contractors. 

Other organizations within PSE&G with which NQA interfaces. 

The general theory, structure, function and mode of operation of 
nuclear generating stations. 

NQA also offers formal training sessions for personnel in the Nuclear 
Department and other.departments such as Construction, Engineering, Fuel 
Supply, Research & Testing Laboratory, etc., who perform activities related 
to nuclear operations safety. 

NQA personnel requiring certification are evaluated to establish their 
qualifications for the respective level. The qualifications are approved 
by NQA management for the required certification level . 
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The Nucle.ar Training Center is responsible for the licensed operator 
training and retraining in addition to other technical and supervisory 
training programs including general Employe·e Indoctrination which is 
required for all personnel having access to the station. 

17.2.3 DESIGN CONTROL 

The Nuclear Support Department procedures, approved by the Manager - NQA, 
.Provide implementation direction for the intent of Regulatory Guide 1.64 
"Quality Assurance Requirements for-the Design of Nuclear Power Plants. 11 

Within that department, the Nuclear Engineering Department has the 
following responsibilities: 

1. Prepare and update detailed engi~eering and design documents, 
including drawings and specifications, for all systems, 
components and structures. 

2. Specify applicable codes, standards, regulatory and quality 
requirements, acceptance standards and other design input in 
design output documents. 

3. Identify systems, components, and structures which are covered 
by the QA Program. 

4. Perform design verification for systems, components, and 
structures. 

5. Perform safety evaluations of proposed design changes. 

6. Prepare documents fof procurement of equipment, materials and 
components. 

7. Recommend engineering consultants and laboratories for 
procurement services and coordinate their activities. 

8. 

SGS/UFSAR 

Review design documents submitted by suppliers (including the 
NSSS supplier) and contractors. 
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9. Specify, or approve as required, inspections and/or tests . 

10. Designate whether they will use the services of other qualified 
engineering organizations both inside and outside PSE&G. 

The cognizant engineer is responsible for the identification and completion 
of design analyses. The purpose of design analyses is to assure that the 
technical design is accomplished in a planned, controlled and correct 
manner. Types of design analyses include, but are not limited to, reactor 

physics, stress, seismic, thermal, hydraulic and accident. 

Design verification is performed on design analyses, drawings, 

specifications a~d other design documents, as applica~le. Design 
verification is the process of reviewing, confirming or substantiating 

the adequacy of a design by one or more methods. Design verification is 
performed on changes to previously verified designs including evaluation of 
the effects of those changes on the overall design. Design verification is 
performed by competent individuals or groups other than those who performed 
the original design with the following exception: A design verifier may be 

the design originator's supervisor provided that he did not specify a 
singular design approach or rule out certain design considerations and did 
not establish the design inputs used in the design, or if the supervisor is 

the only individual competent to perform the verification. This design 
verification provision requires prior authorization on an individual basis. 

Control of this function will be assured through periodic QA audits. 

Design verification methods include but are not limited to: 

1. Design reviews. 

2. Alternate or independent calculations. 

3. Qualification testing. 

Changes to specifications prepared by the Engineering Department for items 
covered by the QA Program are reviewed and approved by NQA to assure that 
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the QA Program requirements are specified. Specifications are forwarded to 
NQA for review ·and approval of quality and quality assurance requirements. • 
NQA performs the same function in this case as during the original design 
stage. 

The SORG reviews proposed changes affecting nuclear safety and makes recom
mendations concerning implementation of the change to the General Manager -
Salem Operations. If the propo.sed modification involves a Technical 
Specification change or is considered by the SORC to involve an unreviewed 
safety question (10CFR50.59), the matter is submitted to the NRB for a 
determination of its safety implication before a license change request is 
submitted for NRC approval. 

External interfaces with manufacturers, consultants, and other departments, 
including procedures for the preparation, transmittal, review and approval 
of design information, are identified in documents such as contracts, 
specifications, purchase orders, design data sheets, and drawings. 

Updating of records, including drawings, blueprints, instructions and 
technical manuals, and specifications resulting from design changes, is the • 
responsibility of the Nuclear Support Department. 

17.2.4 PROCUREMENT DOCUMENT CONTROL 

All initial procurement _documents for the purchase of Q-listed material, 
equipment or services, are reviewed and approved by NQA prior to issuance 
by the Purchasing Department to the prospective supplier. Procurement 
documents for subsequent reorders of Q-listed material, equipment or 
services are selectively reviewed and approved by NQA prior to issuance by 
the Purchasing Department to the prospective supplier. NQA review assures 
that spare and replacement parts are procured utilizing controls which are 
at least equivalent to the original procurement. 

The review also assures that procurement documents adequately and 
correctly: 
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1. Identify applicable QA Program requirements . 

2. Reference applicable regulatory requirements, codes, and 
standards. 

3. Provide right of access for source surveillance and audit by NQA 
or its agents. 

4. Provide for required supplier documentation to be submitted to 
PSE&G or.maintained by the supplier~ as approp~iate. 

5. Provides for·PSE&G review and approval of critical procedures 
prior to fabrication, as appropriate. 

6. Account for special testing and/or qualification testing 
requirements. 

Procurement documents require suppliers and contractors of other than 
' 

commercial grade items to provide services or components in accordance with 
a QA program which complies with applicable criteria of 10CFR50 Appendix B. 

17.2.5 INSTRUCTIONS, PROCEDURES AND DRAWINGS 

Organizations engaged in Q-listed activities are required to perform these 
activities in accordance with written and approved procedures, instructions 
or drawings, as appropriate. _ 

Simple routine activities, that can be performed by qualified personnel 
with normal skills, do not require a detailed written procedure. Complex 
activities shall require detailed instructions •. 

Procedures include, as appropriate, scope, statement of applicability, 
references, prerequisites, precautions, limitations, and checkoff lists of 
inspection requirements in addition to the detailed steps required to 
accomplish the activity. Instructions, procedures, and drawings also 
contain acceptance criteria where appropriate . 
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The General Manager - Salem Operations is responsible for assuring that 
station procedures are prepared, approved, and implemented in compliance 
with the Station Administrative Procedures. Documents affecting nuclear 
safety are reviewed by the SORC for technical content, and by the SQAE for 
inspection requirements including designation of QA hold points where 
required and are approved by the responsible station department head and 
the General Manager - Salem Operations. 

The General Manager - Nuclear Support is responsible for issuing 
specifications, drawings, blueprints, instruction manuals and technical 
manuals associated with structures, systems, and components covered by the 
QA Program. These reference documents are kept up to date for the life of 

. . . 

the st"ation by the incorporation of approved. and implemented modifications 
and design changes. Master. lists of current editions or revisions of these 
documents are issued by the General Manager -·Nuclear Support to the 
General· manager - Salem Operations periodically to assu.re that only 
current, appro~e~ reference documents are used at the station. 

The SQAE reviews and approves selected station inspection plans and 
procedures for test, calibration, maintenance, modification and repair. 
Changes to these documents are also reviewed and approved. In addition NQA 
is responsible for review and ~pproval of the following documents: PSE&G 
specifications, test procedures, and results of preoperational testing. 

17.2 .6 DOCUMENT CONTROL 

Instructions, procedures, and drawings and changes thereto are approved by 
appropriate .levels of management of the PSE&G organizations producing such 
documents. Supplier documents are controlled according to contractual 
agreements with suppliers. 

The following is a generic. listing of documents for the operational phase 
showing organizational responsibility for review and approval, including 
changes thereto: 
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Design Specifications: Nuclear Department/Engineering Department, NQA 

Design, Manufacturing, Construction and Installation Drawings: Nuclear 
Department/Engineering Department 

Procurement Documents: Nuclear Department/Engineering Department, 
Purchasing Department, NQA 

VPN Manual: Vice President Nuclear, NQA 

Station Administrative Procedures: General Manager - Salem Operations, NQA 

Maintenance, Modfficatibn, Calibratfon Procedures for Q-listed Station Work 
Activities: General Manager - Salem Operations, NQA (involving QA 
inspection requirements) 

Operating Procedures: General Manager - Salem Operations, Station 
Operations Review Committee (SORC) 

FSAR: Nuclear Department, NQA 

Manufacturing, Inspection and Testing Instructions: Nuclear Department/ 
Engineering Department, NQA 

Test Procedures: Nuclear Department, NQA 

Design Change Requests: Nuclear Department/Engineering Department, NQA 

The establishment and maintenance of a document control system for all 
instructions, procedures, specifications, and drawings received from the 
Nuclear Department/Engineering Department, or prepared at the station for 
use in operatirig, maintaining, refueling, or modifying the nuclear safety
related structures, components and systems is the responsibility of the 
General Manager - Salem Operations. The Station Administrative Procedures 
Manual describes the co·ntrol of specific documents. Control of station 
practices is included in Administrative Procedures and in department 
instructions authorized by the responsible station department heads. 
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Measures have been established to insure that the Administrative Procedures 
and department instructions are up to date, are properly authorized, are 
changed only after required review and the approvals are obtained, and are • 
distributed to cognizant personnel. 

17.2.7 CONTROL OF PURCHASED.MATERIAL, EQUIPMENT AND SERVICES 

NQA maintains an up-to-date listing of approved suppliers of material, 
equipment, and services covered by the QA Program. This list identifies 

.suppliers and contractors which have demonstrated the ability to supply 
acceptable material, equipment, or services. The list need not include 
original manufacturers of commercial catalog items. All QA Program I 
procurements are made from approved suppliers. 

Sel~ction and evaluation of prospective bidders and suppliers are performed 
by the responsible engineer and the NQA. The responsible engineer 
determines the technical competence of the supplier. The NQA evaluates the 
prospective supplier's quality assurance program for compliance with the 
capability of meeting applicable requirements of 10CFR50 Appendix B and for 
the requirement that applicable program requirements be extended to subtier • 
suppliers. 

Qualified NQA personnel evaluate the prospective supplier's quality 
assurance capability utilizing one or more techniques including, but not 
necessarily,limited to: 

1. Evaluation of supplier's or contractor's procedures or manuals 
and changes thereto. 

2. ASME code stamp approval. 

3. CASE regi~ter listing. 

· 4. Satisfactory past history of providing similar items. 

5. Survey of supplier's facility. 
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The evaluation of prospectiv€ suppliers is conducted utilizing standard 
checklist/forms designed to include the 18 quality criteria of 10CFR50 
Appendix B as appropriate.· Surveys of supplier's capabilities shall 
include evaluation of management systems, and manufacturing process, as 
well as adherence to QA/QC procedures. The results of supplier evaluations 
are documented by the appropriate checklist/form and filed. 

Supplier control is maintained through a planned inspection, monitoring and 
audit program by NQA. 

A review of the manufacturing process for complex manufactured items such 
as pumps, valves, heat exchangers, vessels, electrical panels, etc. is 
conducted by NQA and the responsible sponsor engineer. This review 
establishes critical inspection points and establishes a Notification Point 
Program for the identified inspection or surveillance activities. The 
established inspection or surveillance activities are implemented ~Y · .. 
qualified NQA personnel or NQA agents. Standard catalog items, where 
quality can be verified by receiving inspection or installat~on checkout, 
are not normally included in the Notification Point Program . 

Monitoring of suppliers/contractors during fabrication, installation, 
modification, repair, inspection, testing and shi"pment of materials, 
equipment and. services,. is conducted by qualified NQA personnel or NQA 
_agents at the supplier's/contractor's facility or at the generating 
station. Surveillances are conducted in accordance with written procedures 
and are. designed to assure conformance with procurement requirements in 
accordance with the safety significance of the item or service. Consistent 
with the importance or complexity of the item or service, periodic 
evaluations of the supplier/contractor quality program are conducted. 
Dependent upon the evaluation, additional audits or corrections may be 
required of the supplier/contractor. 

Procurement of replacement parts is by adherence to the original design 
criteria, where feasible (such as NSSS components in accordance with 
Westinghouse documentation, other code components in accordance with AQQA, 
A~SC, SPCC and ASME Section III 1971 and Summer 1972 Addenda or later) • 
This will provide the intended level of safety, and will not result in 
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redesign of the system. Quality assurance requirements are consistent with 
the FSAR commitments. 

The requirement for appropriate supplier documentation of conformance to 
applicable code, standard, specification or other quality requirement is 
provided by the procurement document. The supplier-provided documentation 
is reviewed either at the supplier's facility during an inspection or 
surveillance visit, or at receiving inspection. A data review check off is 
provided and uttlized documenting the acceptability of the supplier 
provided data or identifying discrepancies. 

Receiving inspection of supplier equipment, material and services is 
conducted by qualified personnel to verify correct identification, and 
appropriate documentation, and to verify that the item is acceptable and 
can be released for storage, installation, or use. 

Nonconforming items identified at receiving inspection are tagged or 
segregated to prevent inadvertent use. Nonconforming items are controlled 
as described in Section 17.2.15. 

17.2.8 IDENTIFICATION AND CONTROL OF MATERIAL, PARTS, AND COMPONENTS 

Procurement document controls provide assurance that materials, parts, and 
components received can be properly identified. The identification is 
marked directly on the item, or on records traceable to it. The data 
review con~ucted at receiving assures that proper documentation of received 
items is available. Materials and items received without proper 
identification are tagged or segregated until satisfactory documentation 
and identification is obtained. 

Procedures require that Q-listed materials, parts, and components be marked 
or otherwise identified and require that such identity be maintained either 
on the item or on records traceable to it throughout receipt, storage, 
installation, and use. Protection against use of incorrect or defective 
items is also provided. 
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Material identification and traceability shall be maintained for repairs, 
replacement, and modifications throughout operation . 

17.2.9 CONTROL OF SPECIAL PROCESSES 

·Procedures for special processes such as welding, heat treating, and NOE, 
assure compliance with codes and design specifications. The General 
Manger - Nuclear Support is responsible for preparing special process 
specifications. These specifications are reviewed and approved by NQA for 
necessary quality content. 

Procedures for implementing the requirements of the specifications are 
prepared either by the Nuclear Department or by supplier personnel, and are 
approved by the General Manager - Nuclear Support (with the exception of 
special 
stamp). 
NQA. 

17.2.10 

process procedures prepared by code suppliers holding an 11 N11 

Procedures prepared by suppliers are also reviewed and approved by 

INSPECTION 

A planned inspection program is conducted by personnel appropriately 
qualified in accordance with Section 17.2.2. The inspection program 
verifies conformance to the established procedure, code or standard, 
consistent with the activity's importance to safety. 

When required, Inspection Hold Points, to be accomplished by the applicable 
NQA representative, are identified and included in the procedure or 
instruction. 

Station Department Heads are responsible for inserting inspection hold 
points for critical activities in procedures they approve. These hold 
points are witnessed by members of the SQAE staff. The Station Operations 
Review Committee (SORC) may recommend to the General Manager - Salem 
Operations, additional or different hold points, as a result of their 
review. Selected procedures are reviewed by NQA prior to issuance and 
additional inspection hold points may be added to a procedure. The 
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hold points must not be passed without authorization from the applicable 
NQA representative. Typical critical activities include: 

1. Visual ~nd NOE of .ASME pressure boundary welds. 

2. Verification of cleanliness prior to closing safety-related · 
systems. 

3. Verification of reactor trip and Engineered Safety Features 
initiation setting after adjustment. 

4. Packaging and loading of radioactive material for shipment. 

5. Hydrostatic testing of safety-related systems. 

6. Acceptance testing of safety-related system modifications. 

7. Acceptance testing of major repairs on safety-related systems • 

Inspection of operating activities (work functions associated with· the 
normal operation of the plant, routine ma.intenance, and certain technical 
services) shall be conducted by qualified individuals other than those who 
performed or directly supervised the activity being inspected. These 
activities typically include peripdic inspections of: 

1. Storage areas. 

2. Housekeeping (General). 

·3. Fire protection equipment. 

4. Special handling tools and equipment. 

5. NOE visual inspection required by the Inservice Inspection 
Program. 
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The applicable inspection and retest requirements necessary to assure that 
modifications or repairs have been accomplished correctly are provided by 
the design change package, work order, or procedure. The inspection and 
retest requirements for modification and repair are based on the original 
inspection and test program, and the nature and scope of the modification 
or repair activity. 

A planned and documented monitoring program is conducted for Q-listed 
activities. Monitoring of implementation of the QA Program by station 
personnel is conducted by the SQAE •. NQA performs monitoring of supplier 
and contractor activities. Discrepancies discovered during the conduct of 
the monitoring are brought to the attention of the management responsible 
for accomplishment of the activity. 

17.2.11 TEST CONTROL 

Q-listed equipment or components (a) which require seismic or environmental 
qualification, (b) which must be tested periodically to assure satisfactory 
performance, or (c) which have been replaced, modified or repaired, are 
tested by qualified personnel in accordance with written procedures which 
provide acceptance criteria. 

Retest requirements following repair or modification are provided by 
engineering specifications and/or the responsible engineer, as were the 
original test requirements. The Operational Test Group is responsible for. 
preparation of test procedures incorporating the engineering parameters. 

Test procedures prescribe: 

1. Prerequisites, 

2. Instrumentation and equipment for conduct of the test adequate 
to the test objective, 

3. Suitable environmental conditions and adequate test methods, and 

4. Acceptance criteria. 
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Test results are documented and reviewed for acceptability by the qualified 
department representative. System tests performed following modifications 
to safety-related systems require review of test procedures and test • 
results by the SORC. 

The SQAE maintains monitoring over the conduct of the design change 
acceptance tests to assure compliance with the test procedure. Test 
results are reviewed for the following: 

1. Presentation of proper documentation. 

2. Assurance that tests meet objectives. 

3. Identification and reporting of unacceptable results and 
initiation of corrective measures. 

Retention of test reports are described in Administrative Procedures. 

17.2.12 CONTROL OF MEASURING AND TEST EQUIPMENT 

Test equipment, instrumentation, and controls used to monitor and measure 
activities affecting quality and personnel safety are identified, 
controlled, and calibrated at specific intervals. Written procedures for 
meeting these requirements i~clude provisions for: 

1. Specifying calibration frequency, 

2. Recording and maintaining calibration records, 

3. Controlling·and calibrating primary and secondary standards, 

4. Determining methods of calibration, and 

5. Tracing use on safety-related components. 
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Prior use of measuring and test equipment found to be out of calibration is 
evaluated for possible effect on safety-related equipment or functions . 
Measurements are repeated where necessary. 

Secondary standards are calibrated by certified calibration laboratories 
and are traceable to the National Bureau of Standards (NBS) or best 
industry standards where no NBS standards exist. rhe accuracy of the 
primary standards used to perform this calibration is at least greater than 
the accuracy of the device being calibrated to the extent permitted by the 
state-of-the-art. 

Test equipment is marked to indicate the latest calibration date and the 
next required calibration date. 

Out-of-calibration identification is used for instruments and controls to 
indicate this status pending calibration, repair, or replacement. 

17.2.13 HANDLING, STORAGE AND SHIPPING 

The control of handling, storage, cleaning, and preservation of material 
and equipment covered by the QA Program is the responsibility of the 
various departments involved in these activities. The Nuclear Material 
Control Group is responsible for control of material in storage, including 
preservation and the application of appropriate shipping controls on items 
or materials shipped from the station. The station departments are 
responsible for system cleanliness and handling of equipment during 
operational maintenance or modification. Nuclear Engineering is 
responsible for specifying equipment requirements (performance 
characteristics, operational characteristics, special storage and handling 
characteristics). Manufacturer's instructions and recommendations, design 
requirements, and applicable codes and standards are implemented, as 
appropriate. Compliance with specific handling, storage or shipping 
requirements, as established by the cognizant Nuclear Department/ 
Engineering Department engineer is required. Requirements for new 
components and spares, where applicable, are included in the procurement 
documents . 
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17.2.14 INSPECTION, TEST AND OPERATING STATUS 

Procedures are required to specify the periodic tests and inspections 
required for equipment covered by the QA Program, and to include the 
necessary management controls to assure that such required tests and/or 
inspections are completed in accordance with specified requirements. 

Equipment awaiting repairs, under repair, or repaired, and received 
materials are marked to indicate the status of inspection and test 
requirements and/or acceptability for use. Procedures provide for 
tagging valves and switches -to prevent inadvertent operation. These 
procedures are designed to prevent operation of valves and/or switches 

which could result in personnel hazard or equipment damage. 

Valve and equipment status boards or logs are maintained to indicate 

status. 

17.2.15 NONCONFORMING MATERIALS, PARTS OR COMPONENTS 

Nonconforming materials,. parts or components identified during receiving 
inspection or during performance testing of equipment are identified and, 
where practical, seg~egated to prevent installation or use until proper 
approvals are obtained. Materials, parts, or components which have failed 
in_ service are identified, and where. practical segregated. Documentation 
of the nonconformance includes a description of the nonconformanc~, and the 
disposition and inspection or retest requirements, as appropriate. All 
dispositions for repair or use-as-is are required to be approved by the 
res pons i b 1 e engineering r_epresentat i ve. Rework or repair of nonconforming 
material, parts, or components are inspected and/or retested in accordance 

. with specified test and inspection requirements established by the 
cbgnizant engine~r based on applicable code requirementsL NQA reviews the 
d1sposition of all reports of nonconforming conditions and verifies 
completion of the disposition. 

NQA and other organizations in the Nuclear Department review nonconformance 
reports for quality problems and initiate reports to higher management, 
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identifying significant quality problems with recommendations for 
appropriate action. 

17.2.16 CORRECTIVE ~CTION 

Organizations involved in activities covered by the QA Program are required 
to maintain corrective action programs commensurate· with their scope of 
activity. Noncompliances_ with the QA Program identified by NQA are 
documented and controlled by the issuance of an Action Request. NQA 
reviews Action Requests for quality trends and periodically reports the 
status and review result~ to manage~ent. 

Responses to Action Requests are based on the four elements of corrective 
action which are: 

1. Identification of cause of deficiency. 

2. · Action taken to correct deficiency and results achieved to date. 

3. Action taken or to be taken to prevent recurrence. 

4. Date when full compliance .was or will be achieved. 

Proper implementation of corrective action is verified through monitoring 
. or audit as· appropriate. 

The General Manager - Salem Operations is responsible for assuring that 
conditions adverse to quality are promptly identified and corrected for all 
a~tivities involving station operation, maintenance, testing, refueling and 
modification. 

Administrative procedures which govern station activities covered by the 
QA Program, provide for the timely discovery and correction of non
conformances. This includes receipt of defective material, failure or 
malfunction of equipment, deficiencies or deviatfons of equipment from 
design performance, and deviations from procedures. In cases of 
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significant con·ditions adverse to quality, the cause of the condition is 
determined and measures established to preclude recurrence. Such events, 
together with corrective action taken, are.documented and reported as 
described in Section 17.2.15~ Corrective action is initiated by the 
responsible department head. 

NQA maintains close monitoring over station conditions requiring corrective 
action. The SQAE has the authority to stop work when significant 
conditions adverse to quality require such action. 

Repetitive deficiencies, procedure or process violations at the Station 
which are not classified- as Operational Incidents or Reportable Occurrences 
or nonconf ormances under the QA Program are documented by the SQAE by the 
issuance of an Action Request. This request will provide the SQAE with a 
formal administrative vehicle to alert management of conditions adverse to 
quality that require corrective action. 

17.2.17 QUALITY ASSURANCE .RECORDS 

Records necessary to demonstrate that activities important to quality have 
been performed in accordance with applicable requirements,. originated by 
the station or other departments_, are identified and. maintained in 
accordance with Regulatory Guide 1.88 as noted in 17.2.2. 

Design and construction records are replicated via microfilm and stored in 
record facilities at the generating station and at off-site locations. 

The General Manager - Salem Operations is responsible for the permanent 
storage of station records. The retention period "for records, the 
permanent storage location, and methods of control, identification, and 
retrieval are specified by administrative procedure. Individual station 
department heads are responsible for submitting applicable department · 
records to the Technical Document Room for retention. 
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17.2.18 AUDITS 

Audits of PSE&G and supplier organizations which implement the QA Program 
are performed by the NQA to verify compliance with the applicable portions 
of the Quality Assurance Program. 

Audits are conducted by audit teams comprised of a certified lead auditor, 
and certified auditors. 

Audits are conducted using pre-established written procedures and 
checklists. Areas of deficiency revealed by audits are reviewed with 
management and are required to be corrected in a timely manner. Required 
corrective action shall be documented and verified. Follow-up action, 
including reaudit of deficient areas, is performed. 

The audit program conducted by NQA includes, but is not limited to, the 
following activities covered by the QA Program. 

1. Operation, maintenance, and modification . 

2. 

3. 

4. 

5. 

6. 

7. 

8 . 

SGS/UFSAR 

Preparation, review, approval, and control of design, 
specifications, procurement documents, instructions, procedures, 
and drawings. 

Inspection programs. 

Indoctrination and training. 

Implementation of operating and test procedures. 

Calibration of measuring and test equipment. 

Fire protection. 

Other applicable activities delineated in Table 17.2-1. 
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A written report of the results of each audit is distributed to appropriate 
management representatives of the organization(s) audited as well as other • 
affected management personnel. NQA is audited by independent auditors 
every two years to verify implementation of the corporate QA Program. 
Reports of these audits are directed to appropriate PSE&G management 
personnel. 
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5.0 ·REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS. 

5.1 SUMMARY DESCRIPTION 

The Reactor Coolant System (RCS) consists of four similar heat transfer 
loops connected in parallel to the reactor vessel. Each loop contains a 
steam generator, a pump, loop piping and instrumentation. The pres
surizer surge line is connected to o~e,of the loops. Auxiliary system 
piping connections into the reactor coolant piping are provided as 

necessary. 

RCS design data is listed in Table 5.1-1. 

Pressure in the RCS is controlled by the pressurizer, where water .and 
steam pressure is maintained through the use of electrical heaters an~ 
sprays. Steam can ei th.er be formed by the heaters, or condensed by a 
pressurizer spray to minimize pressure variations due to contraction and 
expansion of the coolant. Instrumentation used in the pressure control 
system is described in Chapter 7. Spring-"loaded safety valves and 
power-operated relief valves are connected to the pressurizer and dis

charge to the pressurizer relief tank, where the discharged steam is 
condensed and cooled by mixing with water. 

The RCS pro vi des a boundary for containing the cool ant under operating 
temperature and pressure conditions. It serves to confine radioactive 
material and limits to acceptable values its release to the secondary 

system and to other parts of the plant _under conditions of either nonrial 
· or abnormal reactor be ha vi or. During transient opera ti on the systems 

heat capacity attenuates thermal transients generated by the core or 
steam generators. The RCS accommodates coolant volume changes withi~ 

the protection system criteria presented in Chapter 7 . 
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Reactor Vessel 

The reactor vessel (Figure 5.1-1) is cylindrical with a welded hemi

spherical bottom head and a removable, flanged and gasketed, hemispheri

cal upper head. The vessel contains the core, core support structures, 
control rods, thermal shield, and other parts directly associated with 
the core. The reactor vessel closure head contains head adaptors. 
These head adaptors are tubular member,s, attached by pa rti a 1 penetration 
welds to the underside of the closure head. The upper end of these 
adaptors c6ntain acme threads for the assembly of the control rod drive 

mechanisms and/or instrumentation adaptors. The seal arrangement at the 

upper end of t~ese adaptors consists of a welded flexible canopy seal. 

The vessel has inlet and outlet nozzles located in a horizontal plane 

just below the vessel flange but abo~e the top of the core. Coolant 

enters the inlet nozzles and flows down the core barrel-vessel wall 

annulus, turns at the bottom and flows up through the core to the outlet 
nozzles. 

The bottom head of the vessel contains penetration nozzles for connec
tion and entry of the nuclear in-core detection instrumentation. Each 

tube is attached to the inside of the bottom head by a partial penetra
tion weld. 

The reactor vessel is designed to provide the smallest and most economi

cal volume required to contain the reactor core, control rods and the 
necessary supporting and fl m11-di rec ting internals. Inlet and outlet 

nozzles are spaced around the vesse 1. Outlet nozzles a re 1 ocated on 
opposite sides of the vessel to facilitate optimum layout of the RCS 

equipment. The inlet nozzles are tapered from the coolant loop-vessel 
interfaces to the vessel inside wall to reduce loop pressure drop. 
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Pressurizer 

The pressurizer (Figure 5.1-2) provides a point iri the RCS where li~uid 
and vapor can be illaintained in equiliorium under saturated conditions 
for control purposes. 

The pressurizer is a vertical, cylindrical· vessel with hemispherical top 

·and botto~ heads constructed of carbon steel, with austenitic stainless 

steel cla~ding on all surfaces exposed to the reactor coolant. Elec

trical heaters are installed through the bottom head of the vessel while 

the spray nozzle, relief and safety valve connections are located in the 
top head bf the vessel. The heaters are removable for maintenance or 
replacement. 

The pressurizer is designed to accommodate positiv~ and negative surges 

caused by load transients. The surge line, which is attached to the 

bottom of the pressurizer~ connects the pressurizer to the hot leg of a 

reactor coolant loop . 

Pressurizer Relief Tank 

The pressurizer relief tank condenses and cools the discharge from the 

pressurizer safety and relief valves as \I/ell as several smaller relief 
valves. The tank nonnally contains water in a predominantly nitrogen 

atmosphere; however, provisions are made to pennit the gas in the tank 
to be periodically analyzed to monitor the concentration of hydrogen 

and/or oxygen. 

The pressurizer re 1 i ef tank, by means of its connection to the waste 
disposal system, provides a means for removing any non-condensabl e gases 

from the RCS which might collect in the pressurizer vessel. 

Steam enters the tank through a sparger pipe under the water level. 
This condenses and cools the steam by mixing it with \Jater that is near 
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ambient temperature. The tank is equipped with an i nterna 1 spray and a 

drain which are used to cool the tank fonowing a discharge. The tank 

is protected against overpressurization by two rupture discs which dis

charge into the reactor containment. The tank is Cdrbon steel with a 

corrosion-resistant coating on the wetted surfaces. A flanged nozzle is 

provided. on the tank for the pressurizer discharge 1 i ne connection. 

This nozzle and the discharge piping and sparger within the vessel are 
austenitic stainless steel. 

Steam Generators 

The steam generators are vertical shell and U-tube evaporators with 

integral moisture separating equipment. The reactor coolant flows 

through the inverted LI-tubes, entering and leaving through the nozzles 

located in t11e hemi spheri ca 1 bottom head of the. steam generator. The 

head is divided into inlet and outlet chambers by a vertical partition 

plate extending from t~e head to the tube sheet. Manways are provided 

for access to both sides of the divided he~J.d. Steam is generated on the 

shell side and flows upward through the moisture separators to the out
let nozzle at the top of the vessel. The units are primarily cctrbon 

steel. The heat transfer tubes are Inconel, the primary side of the 
tube sheets are c 1 ad with I nconel and the interior surf aces of the 

reactor coolant channel heads and nozzles are clad with austenitic 
stainless steel. A steam generator is shown in Figure 5.1-3. 

Reactor Coolant Pumps 

Each reactor coolant loop contains a vertical single stage mixed flow 

pump which employs a controlled leakage seal assembly. The pump is 
shown in Figure 5.1-4 .ind NPSH characteristics are shmm in Figure 5.1-.5. 

Reactor coolant. is drawn up through the primary pump impeller, dis

charged through passages in the diffuser and o~t throu3h a discharge· 

nozzle in the side of the casing. 

SGS-UFSAR 
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from the casing for maintenance or inspection without removing the 

casing from the piping. All parts of the pump in contact with the 

reactor coolant are austenitic stainless steel or e4uivalent currosion 
resistant materials. 

Reactor Coolant Piping 

The reactor coolant piping and fittings which make up the loops are 

austenitic stainless steel. All smaller piping.which comprise part of 

the rlCS boundary, such as the pressurizer surge line, spray and relief 

lines, loop drains and connecting lines to other systems are also aus

tenitic stainless steel. The nitrogen supply line for the pressurizer 

relief tank is carbon steel. All joints and connections are welded, 

except for the pressurizer relief and the pressurizer code safety 

valves, where flanged joints are used. Thermal sleeves are installed at 
points in the system where high thern1al stresses could develop due to 
.rapid changes in fluid temperature during normal operational transients . 

Valves 

All valves in the RCS which are in contact with the coolant are con

structed primarily of stainless steel. Other materials in contact with 

the coolant are special mate~ials such as hard surfacing and packing. 

All RCS valves which are 3 inches and larger, which con.tain radioactive 
fluiJ and 'flhich nonnally operate Jbove 212°F, are provided ~1ith double

pdcked stuffing boxes and stem intermediate lantern gland leakoff con

nections. All 'throttling control valves, regardl~ss of size, are pro

vided with double-packed stuffing box-es and with stem l eakof f connec

tions. All leakoff connections are piped to the reactor coolant drdin 

tank or pressurizer relief tank. 
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Reactor Coolant System High Point Venting 

Venting of the R~S during abnormal conditions, permits removal of non
condensible gases, thereby aiding natural circulation flow. There are 
three principal high points in the RCS: the pressurizer, the reactor 
vessel head and the steam generator tube bundle invert. 

The pressurizer power-operated relief valve serves as a vent and provides 
remote venting capability from the control room. This vent is safety grade 
and meets the single failure criterion. 

The_ high points created by the tube bundle in the steam generator cannot be 
vented at that location. A Westinghouse study (Reference 1) has concluded, 
however, that only a small amount of non-condensables would be present 
during any transient which would depend significantly on the steam 
generators for decayheat removal. It further concluded that the presence 
of small amount of non-condensables would not significantly impact natural 
circulation in the system. 

• 

The reactor vessel is vented though a piping system connected to the part- • 
length control rod drive mechanism (CROM) nearest to the center of the 
vessel head. As shown in the RCS flow diagram (Figures 5.l-6A and B), the 
vessel head can be vented either to the pressurizer relief tank or to the 
containment. 

The existing lead screw in the part-length CROM was removed prior to 
using it as a connection for head vent. The connection from this part
length CROM cap (cap with a 0.815 inch diameter hole) is through a 1 
inch Schedule 160 pipe connecti-on and includes a 11/32 inch diameter 
orifice close to the r~actor vessel. The vent then runs to the pres
stirizer relief tank through a redundant grouping of solenoid valves. 
Break flanges are provided to allow the reactor ·vessel head removal and 
to provide room for the manipulator crane movement. The piping is 
supported to Seismic Category I requirements to ensure that allowable 
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loadings on the part length CROM housing are not exceeded. The piping 
and valves are stainless steel • 

The reactor vessel head vent is designed to meet the requirements of 
NUREG-0737 (Reference 2). The vent can be remote-manually actuated from 
the control room utilizing a key lock switch and will have power removed 
during normal operation. The solenoid operated vent valves are powered 
from two redundant vital D. C. buses. Open/close indications for the 
solenoid valves are provided in the control room with both visual and 
audible alanns. Valve operating logic is shown in Figure 5.1-6, Sheet 3. 

Piping, valves, and components for the reactor vessel vent are classified as 
Seismic Category I and Safety Class 2. Design pressure and temperature of 
the piping valves and components are 2485 psi and 650°F, respectively. 

Maximum conditions (pressure and temperature) for the vent piping are as 
specified in PSE&G's specifications which meet the intent of SRP Section 
5.2.3 requirements • 

The reactor vessel vent system size is kept below the LOCA definition 
size (3/8 inch) through a 11/32 inch diameter orifice, which permits venting 
1/2 gas volume of the RCS in one hour. This minimizes the challenges to the 
emergency core cooling system (ECCS) since inadvertent vent opening would 
not require ECCS actuation. 

A pipe break in either the pressurizer or reactor vessel head vent lines 

is an infrequent fault and is covered in Chapter 15 as a loss of reactor 
coolant accident resulting from a small bore ruptured pipe. The analy-

sis presented in Chapter 15 shows that the high head portion of the ECCS 
together with the accumulators provide sufficient core flooding to keep 
the calculated peak clad temperature below the required limits of 
10CFR50.46. The 3/4" reactor head vent line was analyzed not as a source but 
as a target fo HELB. The normally pressurized portion of the pressurizer 
vent system is located within the pressurizer missile shield. The effects 
of internal missiles on these lines have been analyzed and found acceptable. 
The head vent and pressurizer vent have been analyzed for the following 
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• 
failures and found not to prevent essential operation of safety-related 
systems required for safe reactor shutdown or mitigation of the consequences 
of a design basis accident. 

1. Seismic failure of any pressurizer vent components that are not 
designed to withstand the safe shutdown earthquake. 

2. Postulated missiles generated by failure of pressurizer vent 
components. 

3. Dynamic effects associated with the postulated rupture of 

pressurizer vent piping greater than one-inch nominal size. 

Operability testing of the reactor vessel head vent valves will be performed 
in accordance with subsection !WV of Section XI of the ASME Code. 

5.1.1 PIPING AND INSTRUMENTATION DIAGRAM 

The RCS is shown in Figure 5.1-6, sheets 1 and 2, and the system design 
• and operating parameters are given in Table 5.1-1. 

• 

5.1.2 ARRANGEMENT DRAWING 

Figures 5.1-7 through 5.1-13 are plan and elevation drawings providing 
principal dimension of the RCS • 
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TABLE 5.1-1 

SYSTEM DESIGN AND OPERATING PARAMETERS 

Plant design life, years 
Number of heat transfer loops 
Design pressure, psig 
Nominal operating pressure, psig 

Total system volume including pressurizer 
and surge line (ambient conditions), ft3 

System liquid volume, including pressurizer 
and surge line (ambient conditions), ft 3 

Total heat output (100 percent power), Btu/hr 
Reactor vessel coolant temperature 

at full power: 
Inlet, nominal, °F 

Outlet, °F 

.Coolant temperature rise in vessel at 
full power, avg, °F 

Total coolant flow rate, lb/hr 

Steam pressure at full power, psia 

SGS-UFSAR 

Unit 1 

40 

4 

2485 

2235 

12,612 

11, 892 

11, 431 x 106 

544.4 

608.3 

63.9 

134.1 x 106 

805 

Unit 2 

40 
4 

2485 
2235 

12,612 

11,892 

11, 680 x 106 

545.0 

610.2 

65.2 

133. 9 x 106 

805 
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• 5. 2 INTEGRITY OF REACTOR COOLANT PRESSURE BOUNDARY 

• 

• 

The reactor cool ant system (RCS) is of primary importanc~ with respect 

to its safety function in protecting the health and safety of the public. 

Quality standards of material selection, design, fabrication and inspec

tion conform to the applicable provisions of recognized codes and good 

nucl~ar practice. 

The materials of construction of the pressure retaining boundary of the 

RCS are protected by control of coolant chemistry from corrosion 

phenomena which might othe rwi ~e reduce the system st ructu ra 1 i nteg ri ty 

during its service lifetime. 

System conditions resulting from anticipated transients or malfunctions 

are monitored and .appropriate action is automatically initiated to main

tain the required cooling capability and to 1.imit system conditions so 

that continued safe operation is possible. 

The system is protected from overpressure by means of pressure relieving 

devices, as required by Section III of the ASME Boiler and Pressure 

Vessel Code. 

This section discusses the measures employed to provide and maintain the 

integrity of the reactor coolant pressure boundary (RCPB). 

5.2.1 DESIGN OF REACTOR COOLANT PRESSURE BOUNDARY 

5.2.1.1 Performance Objectives 

The RCS transfers the heat generated in the core to the steam generators 

where steam is generated to drive the turbine generator. Demineralized 

1 ight water is circulated at the fl ow rate and temperature consistent 

with achieving tile reactor core thennal-hydraulic performance. The 
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water al so acts as a neutron moderator and reflector, and as a sol vent 

for the neutron absorber used in chemical shim control. 

The RCS provides a boundary for containing the coolant under operating 

temperature and pressure conditions. It serves to confine radioactive 

material and limits to acceptable values its release to the secondary 

system and to other parts of the plant under conditions of either normal 

or abnonnal reactor behavior. During transient operation the systems 

heat capacity attenuates therinal transients generated by the core or 
' 

steam generators. The RCS accommodates cool ant volume changes vii thin 

the protection system criteria. 

The inertia of the reactor cool ant pumps reduces the thennal-hydraul ic 

effects to a safe level during the pump coastdown, which would result 

from a loss-of-flow situation. The layout of the system assures the 

natural circulation capability following a loss of flow to pennit decay 

heat removal \·dthout overheating the core. Part of the system piping 

serves as part of the emergency core cooling system (ECCS) to deliver 

cooling water to the core during a loss-of-coolant accident (LOCA). 

5.2.1.2 Design Parameters 

Design Pressure 

The RCS design and operating pressure. together with the safety, power 

relief and pressurizer spray valves set points, and the protection 

system set point pressures are listed in Table 5.2-1. The selected 

design margin includes operating transient pressure changes from core 

thennal lag, coolant transport times and pressure drops, instrumentation 

and contro 1 response characteristics, and system relief valve charac

teri sties. Table 5.2-2 gives the design pressure drop of tile RCS 

coraponents. 
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• Design Temperature 

• 

• 

The design temperature for each component \\Jas selected to be above the 

maximum cool ant temperature in that comp.anent unde.r all nonnal and 

anticipated transient load conditions. The design and operating temper

atures of the respective system compon~nts are listed in Tables 5.2-3 

through 5.2-8. 

Seismic Loads 

The seisr.iic loading conditions were established by the operating basis 

earthquake (OBE) .and design basis earthquake (DBE). The fonner was 

selected to be typical of the 1 a rgest probable ground motion based on 

the site seismic history. The latter was selected to be the largest 

potenti~l ground motion at the site based on seismic and geological 

factors and their unce rta inti es . 

For the DBE loading condition the nuclear steam supply system (NSSS) is 

designed to be capable of continued safe operation. Therefore, for this 

loading condition critical structures and equipment needed for this 

purpose are required to remain operable. The seismic design for the DBE 

is intended to provide a margin in design that assures capability to 

s·hut down and maintain the nuclear facility in a safe condition. In 

this case, it is only necessary to ensure that the RCS components do not 

1 ose their capability to perform their safety function. This has come 

to be referred to as the 11 no-loss-of-function 11 criteria and the loading 

condition as the 11 no-loss-of-function 11 loading condition. 

c The criteria adopted for allol'1able stresses and stress intensities in 

vessels and piping subjected to nonnal loads plus seismic loads are 

defined in Chapter 3. 

Design and construction practices in accordance with these criteria 

assure the integrity of the RCS under seismic loading. The combination 
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of seismic loads with operating and pipe rupture loads for the design of 

·the RCS support structures and their respective allowable stresses are 

given in Table 5.5-3. 

5.2.1.3 Compliance with 10CFR50.55a 

All pressure-containing components of the RCS were designed, fabricated, 

inspected and tested in conformance v1ith'the applicable codes listed in 

Table 5.2-9. 

The RCS is classified as Class 1 for seismic design, requiring that 

there wi 11 be no loss of function of such equipment in the event of the 

assumed DBE grou·nd acceleration acting in the horizontal and vertical 
-

di rec ti on s simultaneously, when combined with the RCS steady state 

stresses. 

5.2.l.4 Applicable Code Cases 

Code cases applied in the RCS design are listed in Table 5.2-9. 

5.2.1.5 Design Transients 

The RCS and its components a re designed to accommodate 10 percent of 

ful 1 power step changes in plant load and 5 percent of ful 1 power per 

minute ramp changes over the range from 15 percent ful 1 power up to and 

including but not exceeding 100 percent of full power without reactor 

trip. The RCS can accept a complete loss of load from full power with 

reactor trip. In addition, the steam dump system makes it possible to 

accept a 50 percent loss of external 1 oad from full power without 

reactor trip. 

All components in the RCS are designed to vdthstand the effects of 

cyclic loads due to reactor system temperature and pressure changes. 

These cyclic loads are introduced by normal power changes, reactor_trip, 
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and startup and shutdown operations. The number of thennal and loading 

cycles used for design purposes and their bases are given in Table 

5.2-10. During unit startup and shutdown, the rates of temperature and 

pressure changes are limited as indicated below. 

To pro vi de :the necessary high degree of integrity for the equipment in 

the RCS, the .transient conditions selected for equipment fatigue 

evaluation were based on a conservative estimate of the magnitude and 

frequency of the temperature and pressure transients.resulting from 

normal operatio~, nonnal and abnormal load transients and accident 

conditions. To a large extent, the specific transient operating 

conditions were considered for equipment fatigue analyses were based 

upon engineering judgment and experience·. Those transients were chosen 

which were representative of transients to be expected during plant 

operation, sufficiently severe or frequent to be of possible signi.fi

cance to component cyclic behavior. 

Clearly it is difficult to discuss in absolute terms the transients that 

the plant will actually experience during the 40 years operating life. 

For clarity, however, each transient condition .is discussed in order to 

make clear the nature and basis for the various transients. 

5.2.1.5.1 Heatup and Cooldown 

The normal heatup or cooldown cases are conservatively represented by a 

continuous operation performed at a uniform temperature rate of l00°F 

per hour. 

For these cases, the heatup occurs from ambient to the no-load tempera

. ture and pressure condition and the cool down represents the reverse 

situation. In actual practice the rate of temperature change of l00°F 

per houris not attained because of other limitations such as: 
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1. Material nil ductility transition (NOT) considerations which 

establish maximum permissible temperature rates of change, as a 

function of plant pressure and temperature, which are below the 

design rate of 100°F per hour. 

2. Slower initial heatup rates when using pumping energy only. 

3. Interruptions in the heatup and cooldo~m cycles due to such factors 

as drawing a pressurizer steam bubble, rod withdrawal, sampling, 

water chemistry and ·gas adjustments. 

The number of such complete heatup andcooldown operations is specified 

at 200 times each which corresponds to five such occurrences per year 

for the 40-year plant design life. For the ideal plant only one heatup 

and one cool down would occur per 100 percent full power year, i.e., the 

period between refueling. In practice, experience to date indicates 

that during the first year or so of operation additional unscheduled 

pl ant cool downs may be necessary for pl ant maintenance; the frequency of 

maintenance shutdowns reduce as the plant matures. As experience was 

gained with Yankee-Rowe, the number of shutdowns decreased; for example 

Core II ran for a year from 1962 to 1963 with no cooldowns. Table 

5.2-11 is a summary of the Yankee-Rowe plant outage for the period 1964 

to 1969. 

5.2.1.5.2 Unit Loading and Unloading 

The unit loading and unloading cases are conservatively represented by a 

continuous and uni form ramp power change of 5 percent per minute between 

15 percent load. and full load. This load swing is the maximum possible 

consistent with operation with automatic reactor control. The reactor 

coolant temperature will vary with load as µrescribed by the temperature 

control system. The number of each operation is specified at 18,300 

times or 1 time per day with approximately 40 percent margin for plants 

with 40 year design life. 
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5.2.1.5.3 Step Increase and· Decrease of 10 Percent 

The .:!:_ 10 percent step change in 1 oad demand is a control transient which 

is assumed to be a change in turbine c6ntrol valve opening which might 

be occasioned by disturbances in the electrical network.into which the 

pl ant output is ti ed. The reactor co.ntrol system is designed to restore 

plant equilibrium without reactor trip following a.:!:_ 10 percent step 

change in turbine load demand initiated from nuclear plant equilibrium 

·conditions in the range between 15 percent and 100 percent full load, 

the power range for automatic reactor control. In effect, during load 

change conditions, the reactor control system attempts to match turbine 

and reactor outputs in such a manner that peak reactor coolant tempera

ture is minimized and reactor coolant temperature is restored to its 

programmed set point at a sufficiently slow rate to prevent excessive 

pressurizer pressure decrea~e. 

Following a step load decrease in turbine load, the secondary side steam 

pressure and temperature initially increase since the decrease in 

nuclear power lags behind the step dec~ease in turbine load. During the 

same increment of time, the RCS average temperature and pressurizer 

pressure al so i ni ti ally increase .. Because of the power mismatch between 

the turbine and reactor and the increase in reactor coolant temperature, 

·the control system automatically inserts the control rods to reduce core 

power. With load decrease, the reactor coolant temperature will be 

ultimately reduced from its peak v~lue to a val~e below its initial 

equilibrium value at the inception of the transient. The reactor 

coolant average temperature set point change is made as a function of 

turbine-generator load as detennined by first stage turbine pressure 

measurement. The pressurizer pressure will also decrease from its peak 

pressure value and follow the reactor coolant decreasing temperature 

trend. At some point during the decreasing pressure trans1ent, the 

saturated water in the pressurizer begins to flash which reduces the 

rate of pressure decrease. Subsequently the pressurizer heaters come on 

to restore the plant pressure to its nonnal value . 
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Follo~1ing a step load increase in turbine load, the reverse situation 

occurs, i.e., the secondary side steam µressure and temµerature ini

tially decrease and the reactor cool ant average temperature and pressure 

initially decrease. The control system automatically withdraws the 

control rods to increase core power. The decreasing pressure transient 

is reversed by actuation of th~ pressurizer heaters and eventually the 

system pressure is restored to its nonnal value. The reactor cool ant 

average temperature will be raised to a·value above its initial equilib

rium value at the beginning of the transient. The number of each opera

tion is specified at 2000 times or 50 per year for the 40-year plant 

design life. 

5.2.1.5.4 50 Percent Step Decrease in Load 

This transient applies to a 50 percent step decrease in turbine load of 

such magnitude that the resultant rapid increase in reactor coolant 

average temperature and secondary side steam pressure and temperature 

will automatically initiate a secondary side steam dump system that will 

prevent a reactor shutdown or lifting of steam generator safety valves. 

If a steam dump system was not provided to cope with this transient, 

there would be such a strong mismatch betHeen what the turbine is asking 

for and what the reactor is furnishing that a reactor trip and lifting 

of steam generator safety valves v-1ould occur. 

The number of occurrences of this transient is specified at 200 times or 

5 per year for the 40-year plant design life. Reference to the Yankee

Rowe record indicates that this basis is adequately conservative. 

5.2.1.5.5 Loss of Load 

This transient applies to a step decrease in turbine load from full 

power occasioned by the loss of turbine load without immediately 

initiating a reactor trip and represents the most severe transient on 

the RCS. In this assumed case the reactor and turbine eventually trip 

SGS-UFSAR 5.2-8 Revision 0 
July 22, 1982 

• 

• 

• 



as a consequence of a high pressurizer level trip initiated by the 

• reactor protection systern (RPS). 

• 

• 

The number of occurrences of this transient is specified at 80 times or 

2 per year for the 40-yearplant design life .. Since redundant means of 

tripping the reactor upon turbine trip are provided as part of the RPS,· 

transients of this nature are not expected. 

5.~.1.5.6 Loss of Power 

This transient applies to a blackout situatiqn involving the loss of 

outside electrical power to the station and a reactor and turbine trip, 

on 1 ow reactor cool ant fl ow, ciJlmi nating in a complete 1 oss of pl ant 

el ec tri ca 1 power. Under these circumstances, the reactor cool ant pumps 

are de-energized and following the coastdown of the reactor coolant 

pumps, natura 1 ci rcul ati on bui 1 ds up in the system to some equi 1 i bri um 
' ' 

value. This condition permits removal of core residual heat through the 

steam generators which at this time are receiving feedwater from the 

auxiliary feedwater system (AFS) operating from diesel generator power. 

Steam is removed for reactor cool down through atmospheric pilot-operated 

relief valves provided for this purpose. 

The number of occurrences of this transient is specified at 40 times or 

1 per year for the 40-year plant design life. 

5.2.1.5.7 Loss of Flow 

This transient applies to a partial loss of flow accident from full 

power in which a reactor coolant pump is tripped out of service as a 

result of a loss of power to that pump. The consequences of such an 

accident at a high po~ier level are a reactor and turbine trip on low 

reactor coolant flow, followed by automatic opening of the steam dump 

system and flow reversal in the affected loop. The flow reversal 

results in reactor cool ant at col d-1 eg temperature, being passed through 
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the steam generator and cooled sti 11 further. Tlli s cool er water then 

passes through the hot 1 eg piping and enters the reactor vessel outlet 

nozzles. The net result of tt1e flow reversal is a sizeable reduction in 

tile hot 1 eg cool ant temperature of the affected 1 oop. 

The number of occurrences of this transient is specified at 80 times or 

2 per year for the 40-year p 1 ant design 1 i fe. 

5.2.1.5.8 Reactor Trip from Full Power 

A reactor trip from ful 1 power may occur for a variety of causes result

ing in temperature and pressure transients in the RCS and in the second

ary side of the steam generator. This is the result of continued heat 

transfer from the reactor cool ant in the steam generator. The transient 

continues until the reactor coolant and steam generator secondary side 

temperatures are in equilibrium at zero power conditions. A continued 

supply of feedwater and controlled dumping of secondary steam remove the 

core residual heat and prevent the steam generator safety va 1 ves from 

lifting. The reactor coolant temperature and pressure undergo a rapid 

decrease from full power values as the RPS causes the control rods to 

drop into the core. 

The number of occurrences of this transient is specified at 400 times or 

10 per year for the 40-year plant design life~ 

5.2.1.5.9 Turbine Roll Test 

This transient is imposed upon the plant during the hot functional test 

period for turbine cycle checkout. Reactor coolant pump power was used 

to heat the reactor coolant to operating temperature and the steam 

generated used to perform a turbine roll test. However, the pl ant 

cool dmm during this test exceeded the l00°F per !lour maximum rate 

specified in Section 5.2.1.5.1 above. 
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The number of such test cycles is specified at 10 times to be perfonned 

at the beginning of plant oper~ting life prior to irradiation. 

5.2.1.5.10 Hydrostatic Test Conditions 

The pressure tests are outlined below: 

Primary Side Hydrostatic Test Before Initial Startup 

The pressure tests covered by this section include both shop and field 

hydrostatic tests which occur as a result of component or system 

testing. This hydrostatic test was perfonned at a water temperature 

which was compatible \vith reactor vessel material ductility transition 

temperature (OTT) requirements and a minimum test pressure of 3107 

psi g. · In this test, the primary side of the steam generator was 

pressurized to 3107 psig coincident with the secondary side pressure of 

0 psig. The RCS is designed for 5 cycles of this hydrostatic test . 

Secondary Side Hydrostatic Test Before Initial Startup 

The secondary side of the steam generator was pressurized to 1356 psig 

with a mi riimum water temperature of 70°F coincident with the primary 

side at 0 psig. 

The steam generator may exp·erience 5 cycles of this test. 

5.2.1.5.11 · Primary Side Leak Test 

This type of test is perfonned to test the integrity of the RCS after a 

maintenance procedure has been completed in which the RCS boundary has 

been opened. To account for the shift in OTT on the reactor vessel due 

to irradiation effects later in life, this leak test 1s analyzed at a 

minimum water temperature above NOT and an assumed system pressure of 

2485 psig. The design he~tup rate is limited to 100°F per hou~. Since 
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pumping power is used to heat the water, the actual heatu~ rate is con

siderably below 100°F per hour. The number of these tests is specified 

at 50 for the 40-year plant design life .• The normal requirement is that 

which follows a refueling operation. 

5.2.1.5.12 Pressurizer Surge and Spray Line Connections 

The surge and spray nozzle connections at the pressurizer vessel are 

subject to cyclic temperature changes resulting from the transient 

conditions described previously. The various transients are charac

terized by variations in reactor coolant temperature which in turn 

·result in water surges into or out of the pressurizer. The surges mani

fest themselves as changes in system pressure which depending upon 

whether an increase or decrease in pressure occurs, result in introduc

ing spray water into the pressurizer to reduce pressure or actuating the 

pressurizer heaters to increase pressure to the equilibrium value. To 

illustrate a load change cycle as it affects the pressurizer, consider a 

•• 

design step increase in load. The pressurizer initially experiences an • 

outsurge with a drop in system pressure which actuates the pressurizer 

heaters to restore system pressure. As the reactor control system 

reacts, the reactor coolant temperature is increased Hhich causes an 

insurge into the pressurizer raising system pressure. As pressure is 

increased, the heaters go off and at some pressure set point, the spray 

valves open to limit the pressure rise and restore system pressure. 

Thus the pressurizer surge nozzle is subjected to a temperature increase 

on the outsurge followed by a temperature ·decrease on the insurge during 

this 1 oad transient. The pressurizer spray nozzle is subjected to a 

temperature decrease when the spray valve opens to admit reactor coolant 

cold leg water into the pressurizer. The pressurizer experiences a 

reverse situation during a load decrease transient, i.e., an insurge 

followed by an outsurge. It is assumed that the spray valve opens to 

admit spray water into the pressurizer once at the design flowrate for 

each design step change in plant load. Thus the number of occurrences 
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for the spray nozzle corresponds to that shown for the other components · 

in Table 5.2-10. 

During pl ant cool down, spray water is introduced into the pressurizer to 
. . 

cool down the pressurizer. The maximum pressurizer cooldown rate is 

specified at 200°F per hour which is twice the rat~ specified for the 

other RCS components .. 

5.2.1.5.13 Accident Conditions 

The effect of the accident loading was evaulated in combination with 

normal loads to demonstrate the adequacy to meet the stated plant safety 

criteria. 

A brief desctiption of each accident transient that was considered 

fol lows. In each case one occurrence was eViil uated. 

Reactor Coolant Pipe Break 

This accident involves the rupture of a RCS pipe resulting in a loss of 

primary coolant. It is conservatively assumed that the syste·m pressure 

and temperature are reduced rapidly and the safety injection system 

(SIS) is initiated to introduce 70°F water into the RCS. The safety 

injection signal also results in a turbine and reactor trip. Because of 

the rapid blowdown of coolant from the system and the comparatively 

large heat capacity of the metal sections of the components, it is 

likely that tile metal is still at no-load temperature conditions when 

the 70°F safety injection water is introduced i.nto the system. 

Steam Line Break 

For component evaluation, th~ following conservative conditions were 

considered: 
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1. The reactor is initially in a hot, zero-load, just critical condi

tion assuming al 1 rods in except the most reactive rod which is. 
assumed to be stuck in its fully withdrawn position. 

2. A steam line break occurs inside the containment resulting in a 

reactor and turbine trip. 

3. Subsequent to the break, there is 'no return to power and the reactor 
coolant temp~rature cools down to 212°F. 

4. The ECCS pumps restore the reactor coolant pressure to 2500 psia. 

The above conditions result in the most severe·temperature and pressure 

variations which the component ~ill encounter during a steam break 

accident. 

Steam Generator Tube Rupture 

This accident postulates the double-ended rupture of a steam generator 
tube resulting in a decrease in pressurizer ·1evel and reactor coolant 

pressure. Reactor trip will occur due to a safety injection signal on 

coincidence of low pressurizer pressure and low pressurizer level. When 

the accident occurs, some of the reactor coolant blows down into the 

affected steam generator causing the 1eve1 to rise. If the 1 evel rises 

sufficiently, a trigh level alarm will occur and the feedwater regulating 

valve will close. Approximately 10 minutes after the rupture, the pri

mary system pressure is reduced below the secondary safety valve set

tings (~1100 psia). At this time, the planned procedure to recovery 
from tllis accident calls for isolation of the steam line leading from 
the affected steam generator. Therefore, this accident will result in a 
transient which is no more severe than that associated with a reactor 

trip. For this reason, it requires no special treatment in so far as 

fatigue evaluation is concerned. 
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5.2.1.6 Protection Against Environmental Factors 

Essential equipment has either been designed to withstand a credible 

tornado including a single large missile generated thereby, or has been 

placed in a structure which will withstand the tornado and missile. 

vJhere sufficient redundancy exists equipment may be physically separated 

without protection against tornado missiles. 

Engineered safety features a re protected against dynamic effects and 

missiles resulting from equipment failures. The means for accomplishing 

this protection are described in Section 3.5. 

5.2.1.7 Protection Against Proliferation o~ Dynamic Effects 

5.2.1.7.1 Criteria 

Protection, in the forin of barriers, restraints, supports and physical 

separation has been provided to assure that in the unlikely event of an 

ac"Ci dent the following criteria wi 11 be met: 

1. Containment integrity will be protected throughout the accident. 

2. A second accident will not occur as a result of the original 

accident. 

3. For a steam system rupture, no more than one steam generator will 

blow down. 

For the purpose of the above criteria an accident is defined as the 

rupture of a pipe in any one of the following systems: 

1. Reactor coolant system (LOCA) 
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2. l··iai n steam system, from each steam generator up to and including the 

main steam stop outside the containment. 

3. Feedwater system, from each steam generator up to and including the 

non-return valve outside tile containment. 

5.2.1.7.2 Dynamic Effects 

Protection has been provided against the following effects:· 

1. Jet forces resulting from the rel ease of high pressure steam or 

water from a ruptured line. 

2. Pipe whip caused by the f onnati on of a pl as tic hinge in a pipe due 

to a rupture somewhere else in the same pipe. 

3. Missiles whicli can be generated in coincidence with an accident. 

5.2.1.7.3 Barriers 

The polar crane wall serves as a barrier between the reactor coolant 

loops and the containment liner. ~n addition, the refueling cavity 

~1alls, various structural beams, the operating floor and the crane wall 

provide some separation of the reactor coolant loops, thereby minimizing 

the effects of an accident occurring in any orie loop on another loop or 

the contai nrnent. 

The Cl ass 1 portion of the steam and feedwater 1 i nes from each steam 

generator have been routed behind barriers which separate these lines 

from the steam and feedwater line~ from the other steam generators, as 
well as from the reactor coolant piping. 

The barriers described above will withstand loadings caused by jet 

forces, pipe whip impact forces, or the generation of all credible 

missiles coincident with an accident. 
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• All equipment inside the containment, re qui red for safe shutdown in the 

event of·an accident is located between the crane wall and the contain

ment wall and· is' thereby protected from all dynamic effects of an acci

dent occurring within the 1 oop compartment. 

• 

• 

5.2.1.7.4 Restraints. 

All lines connected to the reactor coolant loop, which penetrate the 

containment wall are anchored to the crane wall. Each anchor.is 

designed to be stronger than .the pipe. Should a reactor coolant loop 

rupture occur, the resulting jet force wil 1 therefore not be transferred 

through to the containment wall through any branch 1 ines. 

Main steam and feedwater lines are anchored outside the containment so 

that a rupture anywhere in the 1 ine will not affect containment 

integrity. These lines are also restrained inside the containment to 

prevent whipping and to maintain containment integrity • 

5.2.1.7.5 Supports 

Major components of the RCS (reactor vessel, steam generators, pumps) 

are supported to isolate the effects of an initial rupture so that a 

second accident cannot occur. 

5.2.1.7.6 Physical Separation 

Physical separation is accomplished primar"lly by placing redundant 

essential equipment on-either side· of a barrier so that one, but not 

both items may be vulnerable to missiles, jet fortes and pipe whip. 

Safeguards lines serving the RCS are routed so that main headers are 

located outside the crane wall and are not vulnerable to any dynamic 

effecti. Branch lines serving an individual loop penetrate the crane 

wall as close to the loop as possible. In this manner branch lines 
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serving unaffected loops will not be damaged by the loop in which the 
accident may have occurred. 

5.2.1.8 Design Criteria for Vessels and Piping 

5.2.1.8.1 Load Combinations and Stress Criteria 

This section deals with the loads imposed on RCS components and supports 

during normal conditions as well as during seismic events and pipe 

rupture. Stress criteria are preseated as a function of the various 

load combinations. Two types of seismic loading are considered: 

operating basin earthquake (08£) and design basis earthquake (DBE). 

For the OBE loading condition, the nuclear steam supply system is 

designed to be capable of continued safe operation. Therefore, for this 

loading condition critical structures and equipment needed for this 

purpose are required to operate within design limits. The seismic 

des·ign for the DBE is intended to provide a margin in design that 

assures capability to shutdown and maintain the nuclear facility in a 

safe condition. In this case, it is only necessary to ensure that 

required critical structures and components do not lose their capability 

to perform their safety function. This has come to be referred to as 

the 
11

no~loss-of-function11 criteria and the loading condition as the 

"design basis earthquake 11 loading condition. 

ifot all critical components have the same functional requirements for 

safety. For example, the reactor containment must retain capability to 

restrict leakage to an acceptable level. Therefore, general elastic 

behavior of this structure under the 11 desi gn basis earthquake 11 loading 

condition was ensured. On the other hand, many components can 

experience significant permanent deformation without loss of function. 

Piping and vessels are examples of the latter where the principal 

requirement is that they retain their contents and allow fluid flow. 

The normal as well as abnormal loads are considered singly and in 

combination (see Table 5.2-12, and the allowable stress limits for each 
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of the possible combinatiOns are limited to those specified in Table. 

• 5.2-13. The design limit curves that give the allowable stresses for. 

faulted conditions were deveioped by us·ing the approach presented in 

Reference 1. This report develops 1 imi t curves by using 50 percent of 

the ultimate strain as the maximum allowable membrane strain. 

Subsequent tothe submission of Reference 1, the allowable membrane 

strain was 1 imited to 20 percent of the unifonn strain. Design 1 imit 

curves were developed by using the fol'lnwi ng protedure: 

• 

• 

1. Use material data to develop stress-strain curves. 

Stress-strain curves of Type 304 stainless steel, Inconel 600 and 

SA3028 low allow steel at 600°F have been generated from tests using 

graphs. of applied load versus cross-head displacement as 

automatkally p 1 otted by the recorder of the tensile test 

apparatus. The scale and sensitivity of the test apparatus recorder 

assure accurate measurement of the uniform strain . 

For other materials, stress-strain curves are developed by 

conserative use of pertinent avallable material data (i.e., lowest 

values of uniform strain and initial strain hardening). Should the 

available data not be sufficient to develop a reliable stress-strain 

curve, three standard ASTM tensile tests of the material in question 

will be performed at design temperature. These data could 

conservatively apply in developing a stress-strain curve as 

described above. 

2. Normalize the ordinate (stress) of the stress-strain curves to the 

measured yield strength (Figure 5.2-1). 

3. Use 20 percent of the uni form strain as defined on ·the curve 

developed under Item 1 as the allowable membrane strain • 
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4. Establish the normalized stress ratio at 20 percent of uniform 

strain on the normalized stress ratio-strain curves developed under 
Item 2. 

5. Establish the value of membrane stress limit. 

Multiply the normalized stress ratj o in Item 4 by the applicable 

code yield strength at the design temperature to get the membrane 

stress limit. As an alternate, the actual physical properties as 

determined for standard ASTM tensile tests on specimens from the 
same heats may be used to determine the membrane stress limit. If 
such an approach is adopted, sufficient documentation will be 

provided to support the actual material properties used. 

6. Develop limit curves for the combination of local membrane and 

bending stresses. 

The limit curves are developed by using the analytical approach 
presented in Reference 1 land the stress-strain curve up to the 

membrane stress 1 imit as developed under Item 5. Stress and 

stability analysis results are to be compared with these limits. 

Examples of design limit curves are developed by using the above 

procedure are given in Figures 5.2-2 and 5.2-3. 

5.2.1.8.2 Stress Analysis for Structural Adequacy 

Reactor Vessel 

The following components of reactor pressure vessel were analyzed in 
detail through systematic analytical procedures. 

1. Control rod housings 
2. Closure head flange and ·shell 
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3. Main closure studs 

4. Inlet nozz 1 e (and vessel support} 

5. Outlet nozzle (and vessel support} 

6. Vessel wal 1 transition 

7. Core-barrel support pads 

8. Bot torn head to shel 1 juncture 

9. Bottom head instrument penetrations etc. 

1. An interaction analysis was perfonned on the CROM housing. The 

flange was assumed to be a ring and the tube a long cylinder. The· 

different values of Young 1 s ivlodul us and coefficients of thennal 

expansion of the tubes were taken into account in the analysis. 

Local flexibility was con.sidered at appropriate locations. The 

closure headway treated as a perforated spherical shell with.· 

modified elastic constants. The effects of redundants on the 

closure head were assumed to be local only. Using the mechanical 

and thermal stresses from this analysis, a fatigue evaluation was 

made for the J weld. 

2. The closure head, closure head flange, vessel flange, vessel shell 

and closure studs were all evaluated in the same analysis. An 

analytical model was developed by dividing the actual structure into 

different elements such as sphere, ring, long cylinder and 

cantilever beam, etc. An interaction analysis was performed to 

determine the stresses due to mechanical and thermal loads. These 

stresses were evaluated in light of the strength and fatigue 

requirements of the ASME Boiler and Pressure Vessel Code Section III. 

3. An analysis similar to Item 2 was performed for the vessel flange to 

vessel shell juncture; and main closure studs. 

4. For the analysis of nozzle and nozzle to shell juncture, the loads· 

considered were internal pressure, operating transients, thermally 

induced and seismic pipe reactions, static weight of vessel, 

SGS-UFSAR 5.2-21 Revi si 011 0 
July 22, 1982 



earthquake loading and expansion and contraction, etc. A 

combination of methods was used to evaluate the stresses due to 
mechanical and thennal loads and external loads resulting from 
seismic pipe reactions, earthquake and pipe break, etc. 

For fatigue evaluation, peak stresses resulting from externa 1 1 oads 

and thennal transients we.re det.e.r:rnined by concentrating the stresses 

as calculated by the above described methods. Combining these 

stresses enables the fatigue evaluation to be perfonned. 

5. The method of analysis for outlet nozzle and vessel supports was the 

same as described above for Item 4. 

6. Vessel wall transition was analyzed by means of a standard 

interaction analysis. The thennal stresses \'lere detennined by the 

skin stress method where it was assumed that the inside surface of 

the vessel is at the same temperature as the reactor cool ant and the 

• 

mean temperature of the shell remains at the steady state • 

temperature. This method is considered conservative. 

7. Thermal, mechanical and pressure stresses were calculated at various 

1 ocations on the pad and at the vessel wal 1. Mechanical stresses 
were calculated by the flexure formula for bending stress in a 

beam. Pressure stresses were taken from the analysis of the vessel 
to bottom head juncture and thermal stresses were determined by the 

conservative method of skin stresses. The stresses due to the 

cyclic loads were multiplied by a stress concentration factor where 

applicable and used in the fatigue evaluation. 

8. Standard interaction analysis and skin stress methods were employed 
to evaluate the stresses due to mechanical and thermal stresses 

respectively. The fatigue evaluation was made on cumulative basis 
where superposition of all transients was taken into consideration . 
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• 9. An interaction analysis was perfonned by di vi ding the actual 

•• 

• 

structure into an analytical model composed of different structural 
elements. The effects of the redundants on the bottom head were 
assumed to be local only. It was also assumed that for any 
condition where there is interference between the tube and the head 

no bendings at the weld can exist. Using the mechanical and thennal 
stresses from this analysis a fatigue evaluation was made for the J 

weld. 

The location and geometry of the areas of ·discontinuity a·nd/or stress 
concentration are shown in Figures 5.2-4; 5.2-5, and 5.2-6 .. 

A summary of the estimated primary plus secondary stress intensity for 

components of the reactor vessel and the estimated cumulative fatigue 
usage factors for the components of the reactor vessel is given in 
Tables 5.1-14 and 5.2-15 . 

The cycles specified for th~ f~tigue analysis are the results of an 
evaluation of the expected plant operation coupled with experience from 
nuclear power plants then in service, such as Yankee-Rowe. 

The conservatism of the design fatigue curves used in the fatigue 
analysis has been demonstrated by the Pressure Vessel Research Committee 

(PVRC) in a series of cyclic pressurization tests of model vessels 
fabricated to the Code. The results of the PVRC tests showed that no 
crack initiation was detected at any stress level below the code 
allowable fatigue curve and that no crack progressed through a vessel 
wall in less than three times the allowable number of cycles. Similarly 
fatigue tests have been perfonned on irradiated pressure vessel steels 
with comparable results (Reference 2). 

The vessel design pressure is 2485 psig while the nonnal ·operating 
pressure will be 2235 psig. The resulting operating membrane stress is 
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therefore amply below the code allowable membrane stress to account for 

operating pressure transients. 

The stress all owed in the vessel in relation to operation below NDT 

temperature and DTT (NOT temperature plus 60°F) to preclude the 

possibility of brittle failure are: 

1. At DTT, a maximum stress of 20 percent yield 

2. From OTT to OTT minus 200°F; a maximum stress decreasing from 20 to 

10 percent yield 

3. Below OTT minus 200°F; a maximum stress of 10 percent yield 

These 1 imits are based on a conservative interpretation of the Fracture 

Analysis Diagram developed at the Naval Research.Laboratory (References 

3, 4 and 5) after many years of research and confinned by extensive 

correlations with service failures. There have been no known service 

failures under conditions pennitted by these 1 imits. The Fracture 

Analysis Diagram is the most widely knowri and generally accepted 

criterion for brittle fracture prevention and includes linear elastic 

fracture mechanics concepts. The limits established by the Fracture 

Analysis Diagram have been correlated with linear elastic fracture 

mechanics insofar as possible, (Reference 6) and are conservative in 

providing protection against brittle fractures. The stress limits are 

maintained by operating procedures which prescribe pressure and 

temperature control limits during heatup and cooldown as described in 

Reference 7. 

The actual shift in NOT temperature is established periodically during 

plant life by testing of vessel material samples which are irradiated 

cumulatively by securing them near the inside wall of the vessel in the 

core area. To compensate for any increase in the NDT temperature caused 
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by irradiation, the pressure-temperature limits are periodically changed 

to stay within the. stress limits.· 

The vessel closure contains fifty-four 7-inch studs. The stud material 

is ASTM A-540 which has a minimum yeil~ strength of 104,400 psi at 

design temperature. The membrane stress in the studs when they are at. 

the steady state operational condition is less than half this value. 

This means that about half of the fifty-four studs have the capability 

of withstanding the l']ydrostatic end load on vessel head without the 

membrane stress exceeding yield strength of the stud material at design 

temperature. 

In establishing the temper~ture-pressure limits, emphasis is placed on 

heatup and cool down because the nonnal operating temperature always 

exceeds even the highest anticipated DTT during the life of the plant. 

Conservatism is emphasized ·during heat up and cool down because 1 orig tenn 

irradiation of the vessel raises the OTT and thereby limits the heatup 

or cooldown rates. The following conservative limits are applied: 

1. Use of a stress concentration factor of 4 on assumed flaws in 

cakulati ng the stress. 

2. Use of nominal yield of material instead of actual yield. 

3. Neglecting the. increase in yield strength resulting from radiation 

effects. 

The factor of four is not an actual stress concentration factor such as 

described in Article 4 Design of Section III but is a margin of. 

conservatism based on the Fracture Analysis Diagram in ASTM E-208 as 

well as the stress limits maintained by the prescribed operating 

procedures which rely upon administrative pressure and temperature 

control during heatup and cooldown.( 6). At the OTT, the stress are 20 

percent of the yield strength versus a prescribed upper limit of 80 
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percent of the yield strength; therefore, at this point there is a 

margin of four (80/20). 

S·i nee the Fracture Analysis Diagram is based on a plot of nominal stress 

versus temperature and different size flaws (cracks) are assumed, the 

use of actual stress concentration factor do not apply. 

As part of the pl ant operator training program, supervisory and 

operating personnel were instructed in reactor vessel design, 

fabrication and testing, as wel 1 as precautions necessary for pressure 

testing and operating modes. The need for record keeping was stressed, 

such records being helpful for future summation of time at power level 

and temperature which tends to influence the irradiated properties of 

the material in the core region. These items are incorporated in the 

operating instructions. 

Piping 

The analysis of the reactor coolant loop/supports sys.tern is described in 

Section 3. 9. 

Steam Generators 

Calculations confinn that the steam generator tube sheet will withstand 

the loading (which is quasi-static rather than a shock loading) caused 

by loss of reactor coolant. The maximum primary membrane plus primary 

bending stress in the tube sheet under these conditions is 23,853 psi. 

This is well below ASME Section III yield strength of 41,112 psi at 

660°F. Because the pressure in the primary channel head would drop to 

zero under the condition postulated, no damage ~'lill result to the 

channel head .. 

The rupture of primary or secondary piping was assumed to impose a 

maximum pressure differential of 2485 psi across the tubes and tube 
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·• sheet from the primary side. or a maximum pressure differential of 1100 

psi across the tubes and tube sheet from the secondary side, 

respectively. Under these conditions there is no rupture of the primary 

to secondary boundary, including tubes and tube sheet. This criterion. 

prevents any violation of the containment boundary. 

To meet this criterion, it was established that under the postulated· 

accident conditions, where a primary to secondary side differential 

pressure of 2250 psia exists, the primary membrane stresses in the tube 

sheet 1 i gaments; averaged across the 1 i gament and through the tube sheet 

thickness, do not exceed 90 percent of the material yield stress at the 

operating temperature~ 

A complete tube sheet analysis was perfonned to verify the structural 

integrity of the primary-secondary boundary under blowdown plus seismic 

conditions. 

• Al so, the primary membrane plus primary bending stress ·in the tube sheet 

• 

. . . 

ligaments, averaged across the ligament width at the tube sheet surface. 

1 ocation giving maximum stress, do not exceed 135 percent of the 

material yield stress at the operating temperature. This criterion is· 

. felt to be applicable to abnonnal operating circumstances in that it is 

consistent with the ASME Boiler and Pressure Vessel Code, Section III, 

Nuclear Vessels, Paragraph N-712 for hydrotest criteria. The stresses 

and stress factors in the actual design tube sheet, obtained by using 

the above stress criteria, are given in Table 5.2-16. 

The tubes were designed to-the requirements (including stress 

limitations) of Section III for nonnal operation, assuming 2485 psig as 

the nonnal operating pressure differential. Hence, the secondary 

pres sure 1 oss accident condition imposes no extraordinary str-ess on the 

tubes beyond that nonnally expected and considered in Section III 

requirements . 
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No significant corrosion of the Inconel tubing is expected during th.e 

life-time of the unit. The corros-ion rates reported by Berry and Fink 
(Reference 8) show .a "worst case" rate of 15. 9 mg/dm2 in the 2000-hour 

test under steam generator operating conditions. Conversion of this 
rate to a 40 year plant life gives a corrosion loss of 1.3 x 10-3 

inches which is insignificant compared to the nominal tube wall 

thickness of 0.050 inch. 

Analysis of the collapse pressure of the 7/8-.045 (minimum wall) Inconel 

steam generator tubes according to methods of Strum and 0 1 Brian 
(Reference 9) and Bergman (Reference 10) reflected in the pressure 

design charts for external pressure in Article I-11 of the ASME Boiler 
and Pressure Vessel Code Section III for Nuclear Vessels indicated a 
collapse pressure of 2310 psi for tubes having the minimum properties 
required by the ASTM specification for this material. This indicates a 

• 

. minimum factor of safety of 1. 92 against coll apse for minimum property 

straight circular tubes under application of secondary shall design 

external pressure in the absence of primary pressure at design operating • 

tempera tu re. 

Collapse tests of 7/8-.050 wall straight tubes at room temperature 

indicate actual tube strengths are significantly higher than ASTM 

minimum specification. As a consequence, collapse pressures in excess 

of 6000 psi were recorded for the straight circular tubes, whereas 
analytic consideration according to aforementioned References 9 and 10 

would indicate a room temperature collapse pressure of 2740 psi. 

Collapse test of U-bend specimens have indicated a compensative effect 

of ovality due to the bending process and the increased collapse 

resistance due to the curvature of tile toroidal form of the U-bend. The 
effect of ovality on straight tubes indicated a reduction in collapse 

pressure from over 6000 psi to 3600 psi at the maximum permitted ovality 
of 5 percent. 
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Conservatively using straight tube collapse test data corrected to 

design temperature for actual tube material properties, emperical 

relationships indicated a collapse pressure ranging from 5230 psi for 

perfectly circular tubes to 3040 µsi for tubes having 5 percent 

-ovality. This indicates a minimum safety factor variation of from 4.41 

to 2.56 respectively (not considerang the increase due to the toroidal. 

shape in the U-bend region);· 

Consideration was given to the superimposed effects of secondary side. 

pressure l~ss and the design basis earthquake loading. The fluid 

dynamic forces on the internal components affecting the 

primary-secondary boundary (tubes) were considered as wel 1. For this 

condition, the criterion is that no rupture of µri mary to secondary 

boundary (tubes and tube sheet) occurs. 

For the case of the tube sheet, the design b.asi s earthquake loading wi 11 

contribute an equivalent static pressure loading o~er the tube sheet of 

less than 10 psi (for vertical shock) .. Such an increase is small when 

~ompared to the pressure differentials (up to 2485 psig) for which the 

tube sheet is designed. Under horizontal shock loading of the design 

basis earthquake the stresses are less than those for 1.0g gravity 

loading experienced in a horizontal position, which the desigri can 

readily accept. 

The fluid dynamic forces on t!ie internals under secondary steam break 

accident conditions indicated, in the most severe case, that the tubes 

are adequate to constrain the motion of the baffle plates with some 

plastic defonnation, while boundary integrity is maintained. 

Tile ratio of the allowable stresses on various components (based on an 

allowable membrane stress of 0.9 of the nominal yield stress of the 

material) to the computed stresses for a µrimary to· secondary pressure 

differential of 2485 psi are summarized in Table 5.2-17 . 
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Evaluation of the steam generator tube sheets was perfonned according to 

rules of the ASME Boiler and Pressure Vessel Code for Nuclear Vessels, 

Section III, Article 4 - Uesign. Ttie design criteria considered 

encompassed consideration of both steady state, transient and emergency 

operations_ specified in the Equipment Specification. Due to the complex 

nature of the tube-tubesheet-shell-head structure, the analysis of th~ 

tubestieet required the application of results of related research 

programs (such as the design data on p2rfora.ted plates resulting from 

PVRC programs) and the utilization 'of current techniques in computer 

analysis, the application of which was verified by comparison of 

analytical and experimenta·l results for related equipment. 

Examination of the introducto.ry paragraph I-900 of the ASME Boiler and 

Pressure Vessel Code, Section III - Nuclear Vessel~, reveals that 

consideration may be given to the stiffening effect of tubes i.n 

perforations, the staying action of the tubes if applicable, and the 

effect of stiffening on the plate stress levels, etc. Furthennore, it 

is noted that the stress analysis methods in Appendix I of Section III 

are described as accepted techniques for obtaining solutions to problems 

for v1hich these procedures are applicable. It allows and requires use 

of other valid analytical or experimental techniques where necessary. 

Although the Nuclear Pressure Vessel Code Article I-9 provides for rules 

and techniques in analysis of perforated pl ates, it is noted. that the 

stress intensity levels for perforated plate are given for triangular 

perfonnati on arrays~ Westinghouse tube sheets contain square ho 1 e 

arrays. Hence, Westinghouse _utilizes its own data and that obtained 

from PVRC research in square array perforation patterns for development 

of similar charts for stress intensity factors and elastic constants. 

The resulting stress intensity levels and fatigue stress ranges are 

evaluated according to the stress 1 imitation of the Code. 

The ~~esti nghouse analysis of the steam generator tube sheets was 

included as part of the Stress Report requfrement for Cl ass A Nuclear 
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Pressure vessels. fhe evaluation was based on the stress and fatigue 

limitations outlined in Article 4 Design of Section Ill. Hie stress 

. analysis techniques utilized inc 1 uded all factors considered ap11ropri ate 

to conservative determination of the stress levels utilized in 

evaluation of the tube sheet complex. The analysis of the tube sheet 

complex included the effect of all appurtenances attached to the 

perf6rated region of the tube sheet considered appropriate to 

conservative analysis of stress for e.valuation on basis of Section Ill 

stress limitations. fhe evaluation involved the :1eat conduction and 

stress analysis of tile tube sheet, channel head, secondary shell 

structure for particular steady design conditions for wilich Code stress 

limitations were to be satisfied and for discrete points during 

transient operation for ~1ich the temperature/pressure conditions must 

be known to evaluate stress maxim and minima for fatigue life usage. ln 

addi:tion, limit ana,lyses were performed to determine tube sheet 

capability to sustain emergenc.y operatin~ conditions for which elastic 

analysis does not suffice. The analytic techniques utilized were 

computerized and significant stress µroblems were verified 

• experimentally to justify the techniques where possible. 

• 

Generally, the analytic treatment of the tube-tube sheet complex 

included determination of elastic equivalent plate stress within the 

perforated region from an interaction anlay.sis utilizing effective 

elastic constants appropriate to tile nature of tne perforation arrey. 

· Fo1~ the perforated region of the tube sheet, the flexural rigidity was 

based on studies of behavior of plates with square hole arrays utilizing 

tecfrniques such as those reported by Ll 1 Uonnell (Reference 11), 1~ai10ney 

l~eference 12), Lemcoe (~eferen~e 13J, and others. Similarly, stress 

intensity factors were determined for square hole arrays using the 

combined equivalent plate interaction forces and moments applied to 

results of photo-elastic tests of model coupons of such arrays as well 

as verification using computer analysis techniques such as "point 

1~atchin~ 11 or "Collocation". fhe stress analysis considered stress due 

to symmetric temperature and pressure Ji stri buti on as we 11 as asymmetric 
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temperature di stri buti on due to temperature drop across ttie tube sheet 

divider lane. 

fhe fatigue analysis of the complex was performed at potentially 

critical regions in tt1e complex sucn as ~he junction beh1een cube sheet 

and channel head ur secondary shell as well as at many locations 

throughout the perforated region of the tube sheet. for the holes for 

which fatigue evaluation was done, several points around the hole 

periphery were considered to assure that the maximum stess excursion nas 

been considered. The fatigue evaluation was computerized to include 

stress maxima-minima excursions considered on the intra-transient basis. 

The evaluation of the tube-to-tube sheet juncture was based on a stress 

analysis of the interaction bet\>€en tube and tube sheet ho.le for tlie 

significant thermal and pressure transients that are applied to the · 

steam generator in its predicted histogram of cyclic operation. The 

evaluation 11as oased on the numberical limits specified in the AS1•lt 

Boiler and Pressure Vessel Code, Section 111, 1foclear Vessels. 

Of importance in the analysis o.f the interaction system is the bet1avior 

of tne tube ho.le, ~mere it is recognized tnat tile hole l.>ehavior is· a 

function of the behavior of the entire tube sheet comp lex with attached 

head and shell. rlence, the outpul: of the tuiJe sheet analysis giving 

equivalent plate stresses in the perforated region was utilized in 

determining the free boundary displacements of the perfonnation to wt1ich 

the tube is attached. 

Analysis of the juncture for tne fillet-type weld ~1as made with 

consideration of tile effect of tile rolleJ-i n joint in the weld region as 

well as with the conservative assumption t11at the tube flexure relative 

to tile perforation is not i nhi bi te.d with tl1e rolled-in effec i.;. 

fhe major concern in fatigue evaluation of the tube weld was the fatigue 

strength reduction factor to be assigned to U1e weld root notc11. For 

SGS-UFSAi< S.i-32 t<evi si on 0 
July 22, 1982 

• 

• 

• 



• ·this reason~ Westinghouse conducted low-cycle fatigue tests of tube 

material samples to determine the fatigue strength reduction factor and 

applied them to the andlytic interaction analysis results in accordance 

with the accepted techniques in the Nuclear Pressure Vessel Code for 

Experimental Stress Analysis. The fatigue strength reduction factor 

determined therefrom was not different from that reported in the well 

known paper on the subject by 0 1 Donnel 1 and Purdy (Reference 14). An 

actual tube sheet joint contained in a tube sheet was ~uccessf~lly 

tested under thermal transient conditions much more severe than that 

achieved in anticipated power pl ant opera ti on. 

A wide range of computational tools were utilized in these solutions 

including finite element, heat conduction and thin shell computer 

sol utiOns. In addition, analysis techniques were verified by 

photo-elastic model tests and strain gaging of prototype models of an 

actual steam gerie~ator tube sheet. 

• Finally, in order to evaluate the ultimate safety of structural complex, 

a computer program for determining a lower-bound pressure limit for the 

complex based on elastic-plastic analysis was developed and applied to 

the structure. This was verified bya strain gage steel model of the 

complex tested to failure. 

• 

In all cases evaluated, the steam generator tube sheet complex met the 

stress limitations and fatigue criteria specified in Article 4 of the 

Code as well as emergency condition li!Jlitations specified in the 

Equipment Specifications. 

In this way, the tube-tube sheet integrity was demonstrated under the 

most adverse conditions resulting from a major breach in either ·the 

primary or secondary system piping . 
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Tabulations of significant results of the tube sheet complex are 1n 
Tables 5.2-18 through 5.2-25 and Figures 5.L-7 through 5.2-9. Figure 

5.2-10 denotes the primary-secondary boundary components shell locations. 

Pressurizer 

The pressurizer was analyzed for fatigue conditions in accordance with 

Section I I I of the ASME Boil er and Pressure Vessel Code using the 

thenna 1 and pressure transient conditions 1 i sted e 1 sewhere in this 
Sec ti on. 

Tile pressurizer vessel was analyzed for the following loading conditions: 

L Nonnal operation loadings which included: 

a. Weight of water based on the vessel filled with cold water, and 

including insulation. 

b. Normal loadings exerted by connecting piping. 

2. Sesimic loadings which included: 

a. For the opera ti on basis earthquake ( OBE), the pressurizer vessel 

is designed to resist earthquake loadings simultaneously in the 

horizontal and vertical directions and to transmit such loadings 

through the vessel supports to the foundation. The OBE results 

in mechanical loadings and their combination with the nonnal 

operational loads is to be considered an lupset condition. The 

components of loadings exerted by the external piping due to the 

OBE wer~ included in this evaluation. 

b. For the design basis earthquake (DBE), pressurizer vessel 

function is not impaired so as to prevent a safe and orderly 

shutdown of the reactor pl ant when the DBE loadings both 
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horizontal and vertical acting simultaneiously are im~osed on 

the vessel. These load1ngs and the centers of gravity involved 

-were detennined on the basis of the vessel at normal operating 

pressure, temperature and water 1 ev.el. 

The DBE was considered a ~aulted condition with the following 

exceptions: 

1. 

2. 

Tiie combination of all primary stress intensities in the 

vessel support skirt was required to be within the support 

skirt material yield strength specified in Section III of 

the ASME Boil er and Pressure Vessel Code. 

The stress intensity limits of the vessel associated with 

the DBE in combination with the norma1 operational were as 

follows: 

Pm < 1. 2 Sm or tabulated yield (Sy) which ever is greater 

Pl + Pb~ 1.8 Sm or 1.5 Sy whichever is greater 

The components of 1 oadings exerted by the external piping due to the 

DBE were included in this evaluation. 

3. The pressurizer v~ssel, nozzles and vessel supports were designed to 

resist pipe break loadings in combination with the normal 

operational loads. The moment and forces were considered as acting 

in combination with each force separately. The pipe break accident 

was considered to be a faulted condition with the exception of the 

stress intensity limits being those specified under the DBE 

condition. 

4. The pressurizer vessel, nozzles 1 and vessel supports were analyzed 

for the combination of normal operating loads plus the DBE loads 

plus the pipe break loads. The resulting stress intensitie~ did not 
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exceed the stress intensity limits of Paragraph N17.11 (faulted 

conditions) in Section III of the Code with the following 

exception. The combination of al 1 primary stress intensities in the 

vessel supports were within the support material yield strength 

specified in the Code. If necessary, higher stress i ntensi tity 

values are adopted in the vessel supports where plastic instability 

analyses of the support and supported component system are performed 

in accordance with paragraph N 41!!11 of ASH: Code Section III. 

A plastic instability analysis of the supp·ort and supported system 

was not needed since the adequacy was proved by elastic analysis. 

Reactor Coolant Pump 

A 11 the pressure bearing parts of the reactor cool ant pump were analyzed 

in accordance with Article 4 of the ASl'v£ Code, Section III. This 

included the casing, the main flange and the main flange bolts. The 

analysis included pressure, thennal and cyc'lic stresses, and these were 

compared with the allowable stresses in the code. 

Mathematical methods of the reactor coolant pump parts were prepared and 

used in the analysis which proceeded in two phases. 

1. In the first phase, the design was checked ag~inst the design 

criteria of the ASf'/£ Code with pressure stress calculations, 

although thermal effects were included implicitly with the 

experience factors. By this procedure, the shells were profiled to 

attain optimum metal distribution with stress levels adequate to 

meet the more limiting requirements of the second phase. 

2. In the second phase the interactive forces needed to maintain 

geometric capability between the various components were detennined 

at design pressure and temperature and applied to the components 

along with the external loads to determine the final stress state of 
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the components. There were finally compared with the Code allowable 

values. 

Tliere were no other sections of the Code which were specified as areas 

of compliance, but where Code methods, allowable stresses, fabrication 

methods, etc., were applicable to a particular component, these were 
used to give a rigorous anlaysi sand conservative design. 

5.2.2 OVERPRESSURIZATION PROTECTION 

5.2.2.1 Pressure-Relieving Devices 

The RCS is protected against overpressure by control and protective 

circuits such as the high pressure trip and by relief and safety valves 
connected to the top head of the pressurizer. The relief and safety 
valves discharge into the pressurizer relief tank which condenses and 

collects the valve effluent. The safety valves are sized to prevent 
system pressure from exceeding the des.ign pressure by more than 10 

percent, in accordance with Sectiori III of the ASME Boiler and Pressure 

Ves~el Code. Their capacity.is detennined from.considerations of the 

reactor protective system and accident or transient conditions which may 

potentially cause overpressure. 

The combined capacity of the safety valves is equal to or greater than 

the maximum surge rate resulting from complete loss of load without a 

direct reactor trip or any other control, except that the safety valves 
on the secondary plant are assumed to open when the steam pressure 

reaches the secondary plant safety valve setting. Safety and relief 

valve design parameters are shown in Table 5.2-8. 

5.£:.2.2 Report on Overµressure Protecti:on 

The 11 Report on Overpressure.Protection 11 is not a part of the Code 

requirement for the Salem plant. Applicable codes for this plant are: 
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1. Unit 1 - ASME Section III, Winter 1965.Addendum 

2. Unit 2 - ASME Section III, Winter 1966 Addendum 

However, the overpressure protection capabi 1 i ty of Westing house PWR •· s, 

including Salem, is discussed in Reference 21. 

5.2.2.3 RCS Pressure Control During,.t..ow Temperature Operation 

Refer to Chapter 7 for a discussion of the overpressure protection 

system for low temperature operation. 

5.2.3 GENERAL MATERIAL CONSIDERATIONS 

• 

Table 5.2-26 summarizes the quality assurance program with regard to 

inspections performed on RCS components. In addition to the inspections 

shown in Table 5.2-26, there were those which the equipment supplier 

perfonned to confinn the adequacy of material received and those 

performed by the material manufacturer in producing the basic material. • 

The inspections of reactor vessel, pressurizer, and steam generator were 

governed by ASME Code requirements. The inspection procedures and 

acceptance standards required on pipe materials and piping fabrication 

were governed by uSAS B31.l and Westinghouse requirements and are 

equivalent to those performed on ASME coded vessels. 

Pro~edure s for performing the examinations were consistent with those 

established in the ASME Code Section III and were reviewed by qualified 

engineers. These procedures have been developed to pro vi de the highest 

assurance of quality material and fabrication. They consider not only 

the size of the flaws, but equally as important, how the material was 

fabricated, the orientation and type of possible flaws, and the areas of 

most severe service conditions .. In addition, the accessible external 

surfaces of the primary RCS pressure containing segments receive a 

100 percent surface inspection by magnetic particle or liquid penetrant 

testing after hydrostatic test. All reactor vessel plate material was 
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subject~d to angle beam gas well as straight beam ultrasonic testing to 

give maximum assurance of quality. All reactor vessel forgings received 

the same inspection. In addition, 100 percent of the material volume 

was covered in these tests as an added assurance over the ~rid basis 

required in the Code. 

Quality control engineers monitored the supplier's work, witnessing key 

inspections not only in the supplier's shop but in the sho~s of sub

vendors of the major forgings and plate material. Nonnal surveillance 

included verification of records of material, ptiysical and chemical 

properties, review of radiographs, .·performance of required tests., and 

qualification of supplier personnel. 

Section III of the ASrvE Code requires that nozzles carrying significant 

external loads are attached to the shell by full penetration welds. 
. . . . 

This requirement was carried out in the reactor cool ant piping, where 

all auxiliary pipe connections to the reactor coolant loop were made 

using full penetration welds • 

TI1e RCS components were welded under procedures which required the use 

of both preheat and post-heat. Preheat requirements, not mandatory 

under Code rules, were performed on all weldments including Pl and P3 

materials which are the materi.als of construction in the reactor vessel, 

pressurizer and steani generators .. Preheat and post-heat of wel dments 

both served a common purpose: the production of tough, ductile 

metalluryical structures in the completed weldment. Preheating produces 

tough ductile welds by minimizing the formation of hard zones whereas 

postheati ng adli eves this by tempering any hard zones which may have 

formed due to rapid cooling. 

5.2.3.i Material Specifications 

Each of the materials used in the RCS is selected for the expected 

environment and service conditions. The major component materials are 

listed in Table 5.2-27 . 
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All RCS materials which are exposed to the coolant are corrosion

resistant. They consist of stainless steels and lnconel, and they were 
chosen for specific purposes at various locations within the system for 
their superior compatibility' with the reactor cool ant. The chemical 
composition of the reactor coolant is maintained within the specifica
tion given in Table 5.2-28. Reactor coolant chemistry is further dis-
cussed in Section 5.2.3.4. 

5.2.3.2 Compatibility with Reactor Coolant 

The water in the secondary 'side of the steam generators is held within 

the chemistry specification given in Table 5.2-29 to control deposits 
and corrosion inside the steam generators. Further detail on secondary 
side chemistry control is provided in Chapter 10. 

The phenomena of stress-corrosion cracking and corrosion fatigue are not 

generally encountered u~less a specific combination of conditions is 
present. The necessary conditions are a susceptible alloy, an aggres

sive environment, stress, .and time. 

It is a characteristic of stress corrosion that combinations of alloy 

and environment which result in cracking are usually quite specific. 
Environments which have been shown to cause stress-corrosion cracking of 
stainless steels are free of alkalinity in the presence of chlorides, 
fluorides and free oxygen. However, the reactor coolant chemistry is 

controlled to avoid the occ~rrence of these species in any significant 
contribution. The steam generator contains Inconel tubes. Testing to 

investigate the susceptibility of heat exchanger construction materials 

to stress corrosion in caustic and chloride aqueous solutions has indi

cated that Inconel al 1 oy has excel lent resistance to general and 
pitting-type corrosion in severe operating water conditions. Extensive 

operating experience with Incone l units has confirmed this conclusion . 
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5.2.3.3 Compatibility With External Insulation 

All external insulation of RCS components is compatible with the 

component materials. The cylindrical shell exterior and closure flanges 

and bottom head of the reattor vessel are insulated with stainless steel 

metallic reflective insulation. The closure·head is insulated with 

stainless ~etallic reflective insulation. All other external corrosion-

·resistant surfaces in the RCS are ins1.il'ated with low or halide-free 

i nsul ati ng material a.s required. 

5.2.3.4 Chemistry of Reactor Coolant 

The water chemistry is selected to provide the necessary boron content 

for reactivity control and to minimize corrosion of. RCS surfaces. 

Periodic analysis of the coolant chemical composition is perfonned to 

monitor the adherence of the system to the reactor coolant water quality 

listed in Table 5.2-28. Maintenance of the water qualityto minimize 

corrosion is accomplished using the chemical and volume control system 

(CVCS) and sampling system which are described in Chapter 9. 

5.2.3.5 Electoslag Weld Quality Assurance 

Tile Salem 90° el.bows.were electroslag welded. The following efforts 

were performed for quality assurance of these components. 

1. Tile electroslag welding procedure employing one wire techniques was 

qualified in accordance with the requirements of ASME Boiler and 

Pressure Vessel Code Section IX and Code Case 1355 plus supple

mentary evaluations as requested by Westinghouse .. The following 

test specimens were removed from a 5 inch thick weldment and suc

cessfully tested: 
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a. 6 transverse tensile bars - as welded 

b. 6 transverse tensile bars - 2050°F, H;,(J quench 

c. G transverse ten~d le !Jars - l:'.U~U"F, li;:_i(J 4uench + /~U"F 

stress relief heat treatment 

d. 6 transverse tensile bars - 205U°F H~ quench, tested at 650°F 

e. 12 guided side bend test bars 

2. The casting segments were surface conditioned for 100 percent 

radiographic and penetrant inspections. The acceptance standards 

were ASTM E-186 severity level 2 except no category D or E defec

tiveness was pennitted and USAS Code Case N-10, respectively. 

3. The edges of the electroslag weld preparations were machined. T11ese 

surfaces were penetrant inspected prior to welding. The acceptance 

standards were USAS Code Case N-10. 

4. The completed el ectrosl ag weld surfaces were ground flush with the 

casting surface. Then, the electroslag 1"1eld and adjacent base 

materi a 1 were 100 percent radi ographed i 11 accordance with ASME Code 

Case 1355. Also, the electroslag weld surfaces and adjacent base 

material were penetrant inspected in accordance with USAS Code Case 

N-10. 

5. Weld metal and base metal chemical and physical analysis were 

detenni ned and certified. 

6. Heat treatment furnace charts were recorded and certified. 

The Salem reactor coolant pumps casings were electroslag welded. The 

follm'ling efforts were perfonned for quality assurance of the components. 

The electroslag welding procedure employing two and three wire tech

niques was qualified in accordance with the requirements of the ASfv'E 

Boiler and Pressure Vessel Code Section IX and Code Case 1355 plus 
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supplementary evaluations as requested by Westinghouse. The following 

test specimens were removed from an. 8 inch thick and from a 12 inch 
. . ·-

thick wel dment and successful iy tested fqr both the 2 wire and the 3 

wire techniques, respectively: 

1. Two wire electroslag process - 8 11 thick weldment 

a. 6 transverse tensile bars - 7·50°F post weld stress relief 

b. 12 guided side.bend test bars 

2. Three wire electroslag process - 12 inch thick weldment 

a. 6 transverse tensile bars - 750°F post weld stress relief 

b. 17 guided side bend test bars 

c. 21 charpy vee notch specimens 

Ci. Ful 1 section macroexamination of weld and heat affected zone 

e. "Numerous microscopic examinations of specimens removed from the 

weld .and heat affected zone regions 

f. Hardness survey across weld and heat affected zone 

3. A separate weld test was made using the 2 wire electroslag technique 

to e.val uate the effects of a stop and restart of welding by this 

process. This evaluation was performed to establish proper pro

cedures and techniques as such an occurrence was anticipated during 

production applications due to equipment malfunction, power outages, 

etc. The following test specimens were removed from an 8 inch thick 

~eldment in the stop-re-start-repaired region and successfully 

tested: 

a. 2 transverse tensile bars - as welded 

b. 4 guided side bend test bars 

c. Full section macroexamination of weld and heat affected zone • 
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4. All of the weld test blocks in Items 1, 2, and 3 above were radio

graphed using a 24 Mev Betatron. The radiographic quality level ~s 

defined by ASTM E-94 obtained was between one-ha 1 f of 1 percent to 

1 percent. There were no discontinuities evident in any of the 

el ectrosl ag welds. 

a. The casting seqments were surface conditioned for 100 percent 

radiographic and penetrant i ns'pettion s. The radiographic 

acceptance standards were ASTM E-186 severity level 2 except no 

category D or· E defectiveness was pennitted for section thick

ness up to 4-1/2 i riches and ASTM E-280 severity 1 evel 2 for 

section thicknesses greater than 4-1/2 inches. The penetrant 

acceptance standards were ASME Boiler and Pressure Vessel Code 

Section III, paragraph N-627. 

b. The edges of the electroslag weld preparations were machined. 

These surfaces were penetrant inspected prior to welding. The 

acceptance standards were ASIVE Boiler and Pressure Vessel Code 

Section III, paragraph N-627. 

c. The completed electroslag weld surfaces were ground flush with 

the casting surface. Then, the electroslag weld and adjacent 

base material were 100 percent radiographed in accordance with 

ASME Code case 1355. Also, .the electroslag weld surfaces and 

adjacent base material were penetrant inspected in accordance 

with ASME Boil er and Pressure Vessel Code Sec ti on I II, paragraph 

N-6 27. 

d. Weld metal and base metal chemical and physical analyses were 

determined and certified. 

e. Heat treatment furnace charts were recorded and certified 
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• 5.2.4 FRACTURE TOUGHNESS 
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5.2.4.1 Compliance with Code Requirements 

Assurance of adequate fracture toughness of the RCS is provid~d by 

compliance with the requirements for fracture toughness testing included 

in the.Summer 1972 Addenda to Section III of the ASME Boiler and 

Pressure Vessel Code, implemented by the Code Case 1514. 

5. 2. 4. 2 Acceptable Fracture Energy Levels 

Allowable pressures as a function of the rate of temperature change and 

the actual temperature relative to the vessel RTNDT will be estab

lished according to the ·methods given in Appendix G 2000, Protection 

Against Non Brittle Failure, published in the Summer 1972 Addenda of 

Section III of the ASME Boiler and Pressure Vessel Code, covered by Code 

Case 1514. Typical curves incorporating allowances for .instrument error 
in measurement of temperature and pressure are g·iven in Figures 5.2-11 

and 5.2-12. 

The results of the radiation surveillance program will be used to verify 

that the L\RTNDT predicted from Figure 5.2-1.3 is appropriate, and to 

make any changes necessary to correct Figure 5.2-13. 

The use of an RTNDT that includes a ilRTNDT to account for radiation 

effects on the core. region material, automatically provides additional 

conservatism for the non-irradiated regions. Therefore, the flanges, 

nozzles and other regions not affected by radiation will be favored by 

additional conservatism approximately equal to the assumed ilRTNDT' 

5.2.4.3 Operating Limitations During Starting and Shutdown 

Operating limits for the RCS with respect to heatup and cooldown rates 

are defined in the Technical Specifications . 
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The heatup and cooldown curves for the plant are based on the actual 

measured fracture toughness properties of the vessel materials, deter

mined in accordance with the above mentioned new fracture toughness 

re qui rem en ts. 

5.2.4.3.1 Maximum Heating and Cooling Rates 

The RCS operating cycles used for des1g'h purposes are given in Table 

5.2-lU and described in Secti.on 5.2.1.5. The normal system heating and 

cooling rate is 50°F per hour. Sufficient electrical heaters are 

installed in the pressurizer to permit a heatup rate, starting with a 

minimum water level of 55°F per hour. This rate takes into account the 

small continuous spray flow provided to maintain the pressurizer liquid 

homogeneous with the coolant. 

5.2.4.3.2 Maximum Pressure 

• 

The RCS serves as a barrier preventing radionuclides contained in the • 

reactor coolant from reaching the atmosphere. In the event of a fuel 

claddiny failure the RCS is the µrimary barrier against the uncontrolled 

release of fission products. By establishing a system pressure limit, 

the continued integrity of the RCS is assured. Thus, the safety limit 

of 2.735 psiy (llO percent of design µressure) has been established. 

This represents the maximum transient pressure allowable in the RCS 

under the ASME Code, Section III. RCS pressure settings are given in 

Table 5.2-1. 

5.2.4.3.3 System Minimum Operating Conditions 

Minimum operating conditions for the RCS for all phases of operation are 

given in the Technical Specifications. 
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5.~.4.4 Compliance with Reactor Vessel Material Surveill~nce Program 

Requirt:ments 

In th~ surveillance program, the evalu~tion of the radiation damage is 

based on pre-i rradi ati.on testing of Cha rpy V-notch and tensile specimens 

and po.st-irradiation testing of Charpy V-notch, tensile, and wedge open

ing 1 oadi ng ( WOL) fracture mechanics test specimens. These programs are 

directed toward evaluation of the effect of radiation on the fracture 

toughness of reactor vesse 1 steels based on the transition tempera tu re 

approach and the fracture mechanics approach, and is in accordance with 

ASTM-E-185-70, 11 Recommended Practice for Surveillance Tests for Nuclear 

Reactor Vessels. 11 The surveillance program does not include thermal 

control specimens. These specimens are not required since the surveil-

1 ance specimens will be exposed to the combined neutron irradiation and 

. temperature effects and the test results will provide the maximum 

transition temperature shift. Thermal control specimens are considered 

in ASTM-E-185-70 would not pro vi de any additi ona 1 information on which 

the operational limits for the reactor vessel are set . 

The reactor vessel surveillance program uses eight specimen capsules. 

The capsules are located about 3 inches from the vessel .wall directly 

opposite the center portion of the core. Sketches of an elevation and 

plan view showing the location and dimensional spacing of the capsules 

with relation to the core, thermal shield and vessel and wela seams are 

. shown in Figures 5.2-14 and 5.2-15 respectively. The capsules can be 

removed wlien the vessel head is removed, and can be replaced \'Jhen the 

internals are removed. The capsuies contain reactor vessel steel speci-

. mens from the limiting shell plate or plates located in the core region 

of the reactor and associated.weld metal and heat affected zone metal. 

(As part of the sur~eillance progr~m, a report of the residual elements 

in ·weight percent to the nearest 0.01 percent will be made for surveil-

·1ance material base metals and as deposited weld metal.) In addition, 

correlation monitors made from full documented specimens of SA-533 Grade 

B_Class 1 material obtained through Subcommittee II of-ASTM Committee 

SGS-UFSAR 5.2-47 
Revision O 
July 22, 1982 



.. i 

ElO, Radioisotopes and Radiation Effects, are inserted in the capsules 

of -Unit 1 only. The eight capsules contain tensile specimens, Charpy 

V-notch specimens (which include weld metal and heat affected zone 

material) and WOL specimens. Dosimeters including Ni, Cu, Fe (Unit 2 

only) Co-Al, Ca shielded Co-Al, Cd shielded Np-237 and Cd shielded U-238 

are placed in filler blocks drilled to contain the dosimeters. The 

dosimeters penni t evaluation of the flux seen by the specimens and 

vessel wall. In addition, thennal moni'tors made of low melting alloys 

are included to monitor temperature of the specimens. The specimens are 

enclosed in a tight fitting stainless steel sheath to prevent c.orrosion 

and ensure good them1al conductivity. The complete capsule is helium 

leak tested. Vessel material sufficient for at least 2 capsules will be 

kept in storage should the need arise for additional replacement test 

capsules in the program. 

Each of three capsules (S, V and Y) for Unit 1 contain the following 

specimens: 

No. No. No. 

Material Cha rpy Tensile WOL 

Pl ate 8 2 2 
Weld Metal 8 8 2 

Heat Affected Zone Metal 8 

ASTM Reference 8 

Note: Each capsule contains baseplate material from a different plate. 

Capsule S Plate 1 

Capsule V - Plate 2 

Capsule Y - Plate 3 
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I . ·,. .'-~ ~' ; . 

··oosiin~ters ::, . 

""'.''· 

Pure Cu .. ·· 

Pure Ni .· . 

CoAl (0.15. p.ercent Co) 

CoAl {Cadmium Shielded) 

U-238 {Cadmium Shielded)· 

Np-237 (Cadmium Shielded) 

Thermal Monitors: 

97.5 percent Pb, 2.5 percent Ag (579°F MP) 

97 .5 percent Pb,. 1.75 percent Ag, 0 .75 percent Sn {590°F MP) 

(MP= Melting Point) 

Each of five additional capsules (T, U, W, X~ and Z) for Unit 1 contain 

the following specimens: 

Material 

Pl ate No. · 1 . 

Pl ate No.· 2 

Pl ate No. 3 

ASTM Reference 

Dosimeters: 

Pure c'u·· 

Pu re Ni 

CoAl (0.15 percent Co) 

CoA l ( Cadini um Shielded) 

SGS-UFSAR 

No. 

Cha rpy 

8 

8 

8 

8 

5.2-49 

No. 

Tensile 

1 

l 

1 

Nb. 
WOL 

2 

2 

2 
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· Therma 1 Monitors: 

97.5 percent Pb, 2.5 percent Ag (579°F MP) 

97 .5 percent Pb, 1.75 percent Ag, O .75 percent Sn (590°F MP) 

Each of four capsules S, V, Wand X for Unit 2 contains the following 
specimens: 

Material 

Limiting Plate* 

Limiting Plate** 

Weld Metal 

Heat Affected Zone Metal 

No. 

Charpy 

8 

12 

12 
12 

No. 

Tensi 1 e 

2 

2 

No. 

WOL 

4 

Each of four additional capsules (T, U, Y andZ) forUnit2 contains the 

following specimens: 

Materi a 1 

Li mi ting Pl ate* 

Limiting Plate** 

Weld lvletal 

Heat Affected Zone Metal 

No. 

Charpy 

8 

12 
12 

12 

No. 

Tehsi le 

2 

2. 

No. 

WOL 

4 

*Specimens oriented parallel to the principal rolling direction. 
**Specimens oriented nonnal (transverse) to the principal rolling direction . 
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Dosimeters: 

Pure. Cu 

· Pure Fe 

Pure. Ni 

CoAl (Q.15 percent Co) 

CoAl (Cadmium shielded) 

U-238 (Cadmium shielded) 

tJP-237 (Cadmium shielded) 

Thermal Monitors 

97.5 percent Pb, 2.5 percent Ag (579°F MP) 

97.5 percent Pb, 1.75 percent Ag, 0.75 percent Sh (590°F !4P) 

The fast ne~tron exposure of the specimens occurs .at a faster rat~ than 

that experienced by the adjacent vessel. Since these specimens exper

ience accelerated exposure and are actual :samples from the materials 
used in the vessel, the nil ductility transition temperature (iJDTT) · 

measurements are representataive of the vessel at a later time in life. 
Data from fracture toughness samples (WOL) are expected to provide addi

tional information for use in determining allowable stresses for.irra
diated materi a 1 • 

The calculated maximuim fast neutron exposure ( E > 1 Mev) at the vessel 

wall is computed to be 2. 8 x 1019 n/cm2 for Unit 1 and 2. 9 x 1019 

n/cm2 for Unit 2 for 40 years operation at 3250 MWt at 70 percent load 

factor. The reactor vessel surveillance capsules are 1 ocated at 4 ° and 

40° as shown in Figure 5.2-15. The relative exposures of the capsules 

and the adjacent vessel wall, and the vessel maximum are listed below: 
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Lead Adjacent Lead Vessel 
Vessel Wall by Maximum by a 
Multiplying Multiplying 

Caesul es at Factor of: Factor of: 
Onit 1 Unit .2 

40 ( v' x, UandW) (S, v, W and Z) 2.6 O.& 
40° ( s' Y,Tand2) ( T' u, X and Y) 2.7 2.6 

Correlations between the calculations and the measurements on the 
··-'·"1·· . 

irradiated samples in the capsules, assuming the same neutron spectrum 

at the samples and the vessel inner wall, are described in Section 5.4.3 

and have indicated good agreement. The calculation of the integrated 

flux at the vessel wall is conservative by up to 20 p.ercent. 

The anticipated degree to which the specimens wi 11 perturb the fast 

neutron flux and eneryy distribution will be considered in the evalua

ti~n of the surveillance specimen data. Verification and possible read

justment of the calculated wall exposure will be made by use of data on 
all capsules withdrawn. 

The tentative schedule for removal of Unit 1 capsules is as follows: 

Capsule T Replacement of 1st Region ( Posti rradi ation test) 
Capsule Y 5 years (Po sti rradi ation test) 
Capsule Z 10 years (Postirradiation test) 
Capsule V 10 years ( kei nsert in Capsule T location) 
Capsule X 10 years (Reinsert in Capsule Y location) 
Capsule U 10 years (Reinsert in Capsule Z location) 
Capsule S 15 years (Postirradiation test) 
Capsule W 2U years (Reinsert in Capsule S location) 

The tentataive schedule for removal of Unit 2 capsules is as follows: 

Capsule T 

Capsule X 
Capsule S 

SGS-UFSAR 

Replacement of 1st Region (Postirradiation test) 
10 years (Postirradiation test) 

10 years (Reinse~t in Capsule T location) 
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Capsule V 10 years (Reinsert in Capsule X location) 

Capsule U 10 years (Reinsert in Capsule S loc~tion) 

Capsule W . 10 years (Reinsert in Capsule U location) 

Capsule Y 15 years (Postirradiation test) 

Capsule Z 20 years (Reinsert in Capstile Y location) 

The surveillance program for the Unit 1 was prepared to meet ASTM E 

185-70, Section 3.3. The test materials were procured and machined in 

1969 prior to publication of ASTM E 185-70 and prio~ to f~sua~ce of 
11 Reactor Vessel Material Survei 11 ance Program Requirements, 11 .10CFR50, 

Appendix H. Therefore, the eight capsules to be provided do not include 

five capsules which contain specime·ns from base metal, weld metal and 

heat affected zone (HAZ) metal as required in 10CFR50, Appendix H. 

The three plates from the intermediate shen course which were opposite 

the center line of the core were selected for the program. They had 

essentially. the same nil ducti 1 ity transition temperature (NOTT) of -30° 

to -40°F. ·The heat affected zone of Plate 2 was selected for surveil

lance since it was the highest NOTT plate of the three based on Charpy 

V-notc h and drop weight tests. 

In 1972, a proposed revision to ASTM E 185 recommended that the weld and 

base material to be included in the program be based on initial 

transition temperature; upper shelf energy 1evel, and estimated increase 

in transition temperature considering chemical cornpositon (Cu and P) and 

neutron fluence. Using this approach for Unit 1 the limiting material 

for reactor operation will be Plate 1 containing 0.24 percent Cu and 

0.010 percent P and which has a higher RT NOT (from ASf;[ Code Case 

1514). The weld metal (containing 0.16 percent Cu and with a lower 

RT Nor) will not be limiting •. Six of the eight capsules will contain 

Pl ate 1. 

The program is considered adequate for monitoring the radi ati on-induced 

changes in fracture toughness of the reactor vessel. Heat affected zone 
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specimens from Plate 1 will not be 1.;sed but radiation induced changes 

should similar since Plate 2 contains Cu (0.£:4 percent) and P (0.010 

percent) content equivalent to Pl ate 1. 

As part of the program on irradiation effects, transverse tests ( nonnal 

to principal rolling direction) of the three Unit 1 intermediate core 

region p 1 ates \';ere irradiated at 3 x 101 Y nvt >1 Mev at operating 

temperatures 550°F in tt1e Union Carbide Research Reactor (by NRL). The 
. . . .~ 

data \,as presented at the ASTM 1972 Annual meeting in Los Angeles 

(Effect of Irradi ati n on Upper Shelf Energy Level of Commercial Pressure 

Vessel Grude Steel). The results were as follows: 

Pl ate 1 

P 1 ate 2 

Pl ate 3 

Cu 

0.24 

0.24 

0.22 

p 

0.010 

0.010 

0. 011 

8TT - °F 8TT- °F 

based on based on 

30 ft 1 b 50 ft lb 

170 180 

100 180 

150 155 

The actual values of radiation effect sho~.n above are less than the 

predicted values. 

Detailed information on the c..s-built material properties of the Unit 2 

reactor vessel were provided by letter dated November 16, 1967. 

For Unit 2 the ::.urvei l lance program llas been revi seo to meet proposed 

ASTM and NRC requirements reflecting ASTM Code Case 1514 and \';ill 

include eiglit capsules, each of \-Jhich. will contc;in the most limiting 

base plate, weld metal and heat affected zone material. 
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• 5.2.5 AUSTENITIC STAINLESS STEEL 

Tt1e core support structural 1 oad bearing members and the stainless steel 

reactor coolant pressure.boundary components were welded in accordance 

with.the Westinghouse criteria, which are as follows: 

Type 308 weld filler material is used for all welding applications to 

avoid r.1icrofissuring. As an option, Type 308L weld filler metal 

analysi·s is substituted for consumable inserts when this technique is 

used for the weld root closure. Bare weld filler metal materials, 

including consumable inserts used in inert gas welding processes, con

fonn to ASME SFA-5.S and are procured to contain not less than 5 percent 

delta ferrite. All weld filler metal materials used in flux shielded 

welding processes confonn to ASME SFA-5.4 or SFA-5.9 and are procured in 

a wire-flux combination to be capable of providing not less than 5 per

cent delta ferrite in the deposit. Electrodes confonni ng to SFA-5.4 are 

of the -15 or -16 (lime type) current characteristics. 

• All welding materials are tested by the fabricator using the specific 

process(es) and the maximum welding energy inputs to be employed in 

production welding. These tests a re in accordance with the requirements 

of ASME Section III, NB-2430 and in addition, shall include delta 

ferrite detenni nations. These determinations are made by ca 1 cul ati on 

using the 11 Schaeffler Constitution Diagram for Stainless Steel Weld 

Metal 11
• Subsequent in-process delta ferrite detenni nations a re not 

required. Other methods of ferrite detenninations are useable on the 

basis of the developmental data and recommendations concurrently exist

ing from the Advisory Subcommittee for Welding Stainless Steel of the 

High Alloy Committee in the Welding Research Council. 

• 
Methods used in manufactu~ing components of the reactor coolant ~ressure 

boundary and core structural load bearing members to minimize possible 

problems with severly sensitized stainless steel are as follows: 
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Reactor Vessel (Unit 1) 

Pri mar:y nozzle safe ends a re wrought austeni tic s tai nl ess steel attached 

to the nozzles prior to final post weld heat treatment and therefore are 

sensitized. Other safe ends were installed after post weld heat 

treatments. 

The part length control rod drive mechanisms (CRDMs) are fabricated of 

wrought Type 403 stainless steel with ends buttered with austenitic 

stainless steel weld metal. Then they are post weld heat treated and 

later welded to the austenitic stainless steel tube. 

Reactor· Vessel (Unit 2) 

The primary nozzle safe ends, other safe ends and the part 1 ength CRDMs 

are fabricated the same as Unit 1. 

Steam Generators 

The nozzle safe ends are prepared by buttering with austenitic stainless 

steel weld metal. 

Pressurizers 

Safe ends are of Type 316 stainless steel. Safe end post weld heat 

treatment consisted of heating to 1125 - 25 °F for 9 hours on Unit 1 and 

5 hours on U nit 2 with heating and cooling rates in accordance with the 

ASME Section III code rules. Testing to detennine the degree of 

sensitization thjat could have occurred as a result of the PWHT cycle 
was not perfonned. 
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Internals (Both Units) 

For internals where austenitic stainless steel must be given a. stress 

relieving treatment above 800°F, a high temperature stabilizing pro

cedure is used. This is performed i.n the temperature range of 1600°F to 

1900°F with holding times sufficient to achieve chromium diffusion to 

the grain boundary regions and would be expected to pass ASTM-A-393. No 

tests were perfonned on the core structural components to detennine 

whether or not desensitization \'las accomplished by the elevated 

temperature stabil i zati o_n treatment. 

Internals (Unit 1) 

The Unit .1 austenitic stainless steel core structural components were 

weld fabricated using the manual gas shielded tungsten are, manual 

shielded metal arc and sem·i-automatic submerged arc welding processes. 
. . 

All of these welding processes and welders were previously qualified to 

1965 ASr.£ Section IX code rules. All of the welds were 1 imited to a 

350°F maximum i nterpass temperature. The heat input in ki l ojoul es/inch 

were as follows, using the fonnula H = EI ~ 60 where H ;,, 

joules/inch energy input, E =volts, I= current in amperes, and S = 

travel speed in in. /min. 

liTAW Energy Input = 16.5 to 36.4 kj 

SMl'.\W Eneryy Input= 27.0 to 94.5 kj 

SAW Energy Input = 45.4 to 62.0 kj 

All full penetration welds in the core structural components \~ere 

penetrant tested at the root level and in the final finished condition 

on the "nearsi-de" surfaces. The welds were radiographically examined 

through 100 percent of the volume using 2-2T sensi ti vi ty techniques with 

the acceptance standards conforming to 1968 AS~[ Section III code rules, 

paragraph N624.3. All continuous partial penetration welds used in 

attaching accessory internal parts to the core structural components 
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were progressively penetrant tested at the root level, each additional 
1/2 inch of deposit thickness and on the final finished surface. All 
non-continuous partial penbetration fillet welds used in attaching 
accessory internal parts, locking devices, to the core structural 
components were visually examined using 5x magnification to determine 
freedom from any type of linear discontinuity. 

Internals (Unit 2) 

The Unit 2 austenitic stainless steel core structural components were 
weld fabricated using the manual gas shielded tungsten arc, manual 
shielded metal arc, automatic gas shielded hot-wire tungsten arc and the 
automatic submerged a re welding processes. The qual ifi cations, 
i nterpass temperature control and non-destructive testing of these 
components was the same as for the Unit 1 components. 

The heat input in kilojoules/inch were as follows for each of the 
applied welding processes. 

Manual GTAW Energy Input = 22.5 to 43.2 kj 

Manual SMAW Energy Input = 18.0 to 120 kj 

Automatic GTAW-HW Energy Input= 11.0 to 35 kj 

Automatic SAW Energy Input= 63.4 to 138 kj (DC+ AC) 

For core support structural load bearing members and stainless steel 

reactor coolant pressure boundary welds, all welding on stainless steel 

was conducted by procedures that limit the interpass temperature to 
350°F maximum. 
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• The pressure or strength bearing stainless steel components or parts in 

the reactor vessel and associated RCS that may have become furnace 

sensitized* during the fabrication sequence include: 

• 

• 

1. Reactor Vessels 

Primary nozzle safe ends - Type ,316 stainless steel forgings 

Part length CRDMS - weld metal buttered ends 

2. Steam Generators 

Primary nozzle safe ends - weld metal buttered ends 

3. Pressurizers 

Unit 1 Unit 2 

Surge nozzle safe end Type 316 forging· Type .316L forging 

Spray nozzle safe end Type 316 forging Type 316L forging 

Relief ifozzle safe end Type 316 forging Type 316L forging 

Safety ( 3) nozz 1 e safe end. Type 316 forging Type 316L forging 

Westinghouse has evaluated the use of sensitized stainless steel and 

reactor components in pressurized water reactors. The results of this 

evaluation are summarized in Reference 22 which covers the nature of 

sensitization, conditions leading to stress corr6sion and associated 

problems with both sensitized and non-sensitized stainless steel. The 

results of extensive testing and service experience that justify the use 

*The term "furnace sensitized" is interpreted as austeniti c stainless 
steel wrought material and weld metal components which have been post 
weld heat treated in accordance with ASME Section I I I requirements, and 
which on the basis of its composition and thennal history would not be 
expected to pass ASTM-A-393 • 
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of stainless steel in the sensitized condition for components in 

· Westinghouse systems is presented in Reference 22. References 22 
through 26 provide evidence that the addition of nitrogen does not 

adversely affect the corrosion resistance .pf sensitized s tail ness steels. 

A program has been established to monitor systems in which stainless 
steel piping contains stagnant, oxygenated, borated water as defined in 

I and E Bulletin 79-17. The affected sy,stems are: residual heat 

removal, safety injection, containment spray and chemical and volume 

control. The program whic_h complies with I and E Circular 76-06 con

sists of hydrotesting, visual leak examination, volumetric examination, 

periodic chlotide analysis and qu-service inspettion. 

5.2.6 PUMP FL YWliEELS 

A flywheel on the shaft above the motor provides additional inertia to 

extend flow coastdown. Each pump contains a ratchet mechanism to 

prevent reverse rotation. The reactor coolant pump flywheel is shown in 

Figure 5.2-16. 

Precautionary measures. taken to preclude missile fonnation from primary 

coolant pump components, assure that the pumps will not produce missiles 

under any anticipated accident condition. 

Each component of the primary pump motors has been analyzed for missile 
generation. Any fragments of the motor rotor would be contained by the 

heavy stator. The same conclusion applies to the pump impeller because 

the small fragments that might be ejected would be contained by the 

heavy casing. 

The most adverse operating condition of the ·flywheels is visualized to 

be the loss-of-load situation. The following conservative design
operati on con di ti ons preclude missile production by the pump flywheels. 

The wheels are fabricated from rolled, vacuum-degassed, ASTM A-533 steel 
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plates.· Flywheel blanks are flame-cut from·th'e plate, with allowance 

for exclusion of flame-affected metal. .A.' minimum of three cha rpy tests 
.. '·•'' ' 

are made'{romeach plate parallel and norrna~: to the rolling direction; 

they detennine that each blank sati sfi e;· design ~equi rements. An NOTT 

less than +l0°F is specified. The finished.flywheels are subjected to· 

100 pe~ent volumetric ultrasonic inspection. The finished machined 

bores are also subjected to magnetic particle, or liquid penetrant 

examination. 

These design-fabrication techniques yield flywheels with primary stress 

at operating speed.(shown in Figure 5.2-17) less than 50 pe~ent of the 

minimum specified material yield strength at room temperature (100 to 

150°F). Bursting speed of the flywheels llas been calculated on the 

basis of Griffith-Irwin's results (References 27 and 28), to be 3900 

rpm, more than three times the operating speed. 

A fracture mechanics evaluation was made on the reactor coolant pump 

fly~heel. This evaluation considered the folldwing assumptions: 

1. Maximum tangential stress at an assumed overspeed of 125 pe~ent. 

2. A crack through the thickness of the flywheel at the bore. 

3. 400 cycles of start up operation in 40 years. 

Using critical stress intensity factors and crack growth data obtained 

on flywheel material, the critical crack size for failure was greater 

than 17 inches radially and the crack gro_wtb.datµ wc:is 0.030 inches to 

0.060 inches per 1000 cycles. 

5.2. 7 REACTOR COOLANT PRESSURE BOUNDARY LEAKAGE DETECTION SYSTEMS 

RCS components were manufactured to exacting specifications which exceed. 

nonnal code requirements. In addition, per use of the welded construe-
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tion of the RCS and the extensive non-destructive testing to which it is 

. subjected, it is considered that 1 eakage through metal surface or welded 
jo.ints is very unlikely. 

However, some leakage from the RCS is permitted by the reactor coolant 
pump seals. Also all sealed joints are potential sources of leakage 
even though the most appropriate sealing device is selected in each 

case. Thus, because of the large numbe·r of joints and the difficulty of 

assuring complete freedom from leakage in each cas~. a small integrated 

leakage is considered acceptable. 

5.~.7.1 Leakage Detection Methods 

The existence of leakage from the RCS to the containment regardless of 

the source of leakage, is detected by one or more of the following: 

1. Two radiation sensitive instruments provide the capability for 

detection of leakage from the RCS. The containment air particulate 

monitor is quite sensitive to low leak rates and can be used to 

alarm the presence of new leaks, if desired. The containment radio

gas rnonitor is much less sensitive but can be used as a backup to 

the air particulate monitor. 

2. A third instrument used in leak detection is the humidity detector. 

This provides a backup means of measuring overall leakage from all 

water and steam systems within the containment but furnishes a less 

sensitive measure. The humidity monitoring method provides backup 
to the radiation monitoring methods. 

3. An increase in the amount of coolant makeup water which is required 

to maintain normal level in the pressurizer, or an increase in con

tai nment sump level. 
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5.2.7.1.1. Containment Air Particulate and Containment Radiogas Monitors 

The containment air particulate monitor is the most sensitive instrument. 

of those available for detection of reactor coolant leakage into the 

containment. This instrument is capable of detecting particulate radio

activity in concentrations as low as 10-9 µc/cc ~f containment air. 

The sensitivity of the air particulate'monitor to an increase in reactor 

coolant 1 eak rate is dependent upon the magnitude ·Of the nonnal base-

1 i ne leakage into the containment. The sensitivity is greatest where 

base-1 i ne leakage is 1 ow as has been demonstrated by the experience of 

Indian Point Unit No. 2, Yankee Rowe and Dresden Unit 1. Where contain

ment air particulate activity is below the threshold of detectability, 

operation of the monitor with stationary filter paper would increase 

leak sensitivity to a few cubic centimeters per minute. Assuming a low 

background of containment air particulate radioactivity, a reactor 

coolant corrosion product radioactivity (Fe, Mn, Co, Cr) of U.2 µc/cc (a 

value consistent with little or no fuel cladding leaka~e), and complete 

dispersion of the leaking r!ldioactivity into the containment air, sen

sitivity calculations indicate the air particulate monitor to be capable 

of detection leaks as small as approximately 0.13 gprn (50 cc/min.) 

within 30 minutes after they occur. If only 10 percent of the par-

ticul ate activity is actually d_i spersed in the air, the threshold of 

detectable leakage is raised to approximately 1.3 gpm (500 cc/min.). 

For cases where base-line reactor coolant le·akage falls with'in the 

detectab 1 e limits of the air pa rti cul ate monitor, the instrument can be 

adjusted to alann on leakage increases from two to five times the base

line value. 

The containment radiogas monitor is inherently less sensitive (threshold 

at 10-6 µc/cc) than the containment air particulate monitor, and would 

function only in the event that significant reactor coolant gaseous 

activity exists due to fuel cladding defects. Assuming a reactor 
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coolant gas activity of O. 3 µc/cc, the occurrence of a leak of 5 gpm 

would be detected within an hour. In these c ire umstances this i nstru

ment would be useful as a backup to the air particulate monitor. 

The air particulate and radiogas monitors are calibrated using a pulse 

generator to drive the counting circuits and using a check source to 

check detectors and input circuitry to the instruments. The alarm set

points were verified at calibration. 'Tile system operability is checked 

during shutdown of the reactor. 

5.2.7.1.2 Humidity Detector .. · 

" 
The humidity detection instrumentation offers another means of detection 

of leakage into the containment. This instrumentation has not nearly 

the sensitivity of the air particulate monitor, but has the advantage of 

being sensitive to vapor originating from all sourtes, the reactor cool

ant, the steam, and the f eedwater systems. Plots of containment air dew 

point variations above a base-line maximum established by the cooling 

water temperature to the air coolers should be sensitive to incremental 

leakage equivalent. to 0.2.to 1.0 gpm. 

The sensitivity of this method is dependent on cooling water tempera-

ture, containment air temperature variation and condensation on internal . · 

surfaces. ·With the least sensitivity, based on· peak summer cooling 

water temperatures, it is estimated that an increase of 0.2 gpm in leak 

rate will cause a rise in containment dew point temperature of l°F. 

The dew point measuring equipment is checked for accuracy by using cal i

brated check coils. The system operability is checked during shutdown 

of the reactor. 
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5.2.7.1.3 Liquid Ihventory in the Process Systems and in the 

Containment Sump 

.An increase in the amount of coo 1 ant makeup water- ~hi ch is re qui red to 

. maintain normal level in the pressurizer, is indicated by an increase in 

char!:Jing flow. 

Gross 1 eakage is indicated by a rise in nonnal containment sump 1 evel 

and periodic operation of containment sump pumps. 

5.2.7.1.4 Condensate Measuring System 

The co.ndensate measuring system pennits measurements of the flo'w rate of 

liquid run-off from the drain pans under each containment fan cooler 

unit. It consists of a vertical standpipe, val ve·s and instrumentation 

installed in the drain piping of the fan cooler unit. 

Depending on the number of fan cooler units in operation, the drainage 

flow rate from each unit due to nonnal condensation is calculated. With 

the initiation of a leak, the containment humidity and cond~nsate run-

. off rate both increase, the water level rises in the vertical pipe and 

the high condensate fl ow al arm is actuated. 

Ti1e containment specific humidity increases proportionately to time and 

leakage until the dew point is reached at the fan cooler cooling coils. 

With the increasing specific humidity, the heat removal capacity needed 

to cool the steam-air mixture to its dew point decreases. Therefore, 

increases in specific humidity and available heat removal capacity from 

the cooling coils result in added condensate flow. The condensate flow 

rate is then a function of specific humidity. Through accurate measure

ments of condensate flow variation, a reliable estimate of the reactor 

coolant leakage rate can be made . 
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A preliminary estimate of the leakage can be obtained from the rate of 

condensate flow increase during the transi~nt; a better estimate can be 

made from the steady state condensate flow at equilibrium conditions. 

The device alarms on a U.06 gpm condensate flow rate, which indicates 

that a one gpm or larger leak. has been developing for about five minutes. 

The system can be checked during reactor shutdown. 

5.2.7.1.5 Inter-system Leakage Detection 

The following provisions are available for the detection of intersystem 

leakage from the RCS: 

1. Radiation monitors are provid~d for the steam generator blowdown 

system and condenser air removal effluent line which alert the 

operator to reactor coolant leakage into the mai1 steam and 

feedwater systems from steam generator tube leaks:. 

2. Radiation monitors are provided for the component cooling system to 

detect reactor coolant leakage into the system from the residual 

heat removal system. Surge tank level is also an i.ndicator for 

leakage detection. 

3. The accumulators are isolated from the RCS by two check valves. 

They are al so provided with a remote manual valve. Leakage would be 

detected by level and pressure changes in the accumulators~ 

4. The charging/boron injection tank line is isolated from the RCS by 

two check valves and normally closed remote manual valves. Leakage 

from the RCS would be detected by pressure changes in the line. 

5. The residual heat removal. system and safety injection system are 

isolated from the RCS by two check valves and normally closed remote 

manual valves. Le-akage would cause operation of the relief valves 
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which discharge to the pressurizer relief tank. Changes in level 
and pressure in this tank could be indicative of reactor coolant 

leakage. 

RCS leakage can also be detected by level changes in the volume control 
tank, as well as by RCS water inventory balances, which are perfomed 

periodically. The indications identified above are provided, with 

apropriate alarms, in the control room. 

5.2.7.2 Indication in Control Room 

Positive indications in the control room of leakage of coolant from the 

RCS to the lower containment compartment are pro.vided by equipment which 

permits continuous monitoring of the lower containment compartment air 

activity and humidity, and condensate run-off from the fan coolers. 

This equipment provides indication of nonnal background which is indica

tive of a basic level of leakage from primary systems and components. 

Any increase in the observed parameters·are an indication of change 
' 

within the lower containment compartment, and the equipment provided is 

capable of monitoring this change. The basic design criterion is the 

detection of deviations from nonnal containment environmental conditions 

including air particulate activity, radiogas activity, humidity, conden

sate 'and in addition, in the case of gross leakage, the liquid inventory 

in the process systems and containment sump. 

5.2.8 IN~RVICE INSPECTION PROGRAM 

Preservice and inservice inspection for Class 1, 2 and 3 components is 

in accordance with the rules of 10CFR50.55(a), Paragraph (g) to the 

extent practical. Deviations from the applicable ASf.£ Section XI 

inspection requirements have been transmitted in the Inservice Inspec

tion and Testing Program for Sa~em No. 1 Unit, dated February 28, 1977, 

and supplemented October 11, 1977 and January 18, 1978 • 
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5.2.8.1 Provisions for Access to Reactor Coolant Pressure Boundary 

Provisions have been made in the design and arrangement of the RCS, 
engineered safety systems and certain associated auxiliary systems to 
allow access for inservice inspection. · 

Public Service has considered problems associated with inservice 
inspection during the design of the plant. These considerations have 

provided increased access such as the main coolant nozzle-to-pipe welds. 

5.2.8.2 Equipment for Inservice Inspections 

The preservice baseline examination and subsequent inservice examina
tions of the reactor vessels were accomplished with mechanized equipment 
called the Reactor Vessel Examination Device (RVED). This inspection 
device has been used for accomplishing the same examinations on other 
reactor vessels. 

The areas subject to examination relative to the reactor vessel primary 
nozzles were also accomplished by use of the RVED inspection device. A 
separate search unit manipulator is attached to the RVED and inserted 
into each nozzle for inspection of the nozzle-to-shell welds, nozzle 
radius areas, and primary nozzle-to-safe end welds. These examinations 
can be performed on primary outlet nozzles with the core barrel in_ 
place; however a more typical sequence for performing these examinations 
is to perform them in contunction with other examinations requiring use 
of the RVED. Essentially 100 percent of all longitudinal and circum
ferential shell welds can be examined using the RVED once the core 
barrel has been removed. 

5.2.8.3 Recording and Comparing Data 

Southwest Research I.nstitute (SWRI) has developed special forms and 
procedures for manual and mechanized inspections. Results of manual and 
mechanized inspections are recorded and can be compared with preservice and 
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previous inservice data. Data js stored for correlation and subsequent 
inspections • 

5.2.8.4 Reactor Vessel Acceptance Standards 

Examination results are evaluated in accordance with the applicable 
edition of ASME, Section XI. Results of mechanized scans are recorded 
on a data acquisition system, used by SWRI. This system uses television 
cameras and recorders to record information presented on a data panel. 
The panel contains analog and digital counters that denote the position 
of the inspection device and digital time and amplitude information. 
Recording is done by strip chart recorder in addition to TV camera and 
manually. 

5.2.8.5 Coordination of Inspection Equipment with Access Provisions 

Liaison is maintained with SWRI to discuss and resolve matters relating 
to access for future inspection of components. Of consideration during 
plant erection were the items to be inspected, as defined by the applic
able editions of Section XI of the ASME Boiler and Pressure Vessel Code, 
and the capabilities of mechanized equipment either in use or in the 
development stages by SWRI. This infonnation is constantly under review 

since additional experience is gained at other plants during inservice 
inspections. The item of most concern for access is the reactor vessel, 
which was examined using the RVED, allowing examination of essentially 
all shell and nozzle welds. Those areas where examination is limited or 
prevented entirely by access restrictions have been identified in relief 
requests submitted to the NRC on February 28, 1977 and October 11, 1977 • 
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TABLE 5.2-1 

REACTOR COOLANT SYSTEM DESIGN PRESSURE SETTINGS 

Design Pressure 

Operating Pressure 

Safety Valves 

Power Relief Valves 

Pressurizer Spray Valves (Begin to Open) 

Pressurizer Spray Valves (Full Open) · 

High Pressure Trip 

High Pressure Alarm 

Low Pressure Trip 

. Low Pressure Al arm 

Hydrostatic Test Pressure 

Backup Heaters On 

Proportional Heaters (Begin to Operate) 

Proportional Heaters (Full Operation) 

SGS-UFSAR 

Pressure, psig 

2485 
2235 

2485 
2335 
2260 

2310 

2385 

2335 

1800 
2135 

3107 
2185 

2250 
2220 
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TABLE 5. 2~2 

REACTOR COOLANT SYSTEM DESIGN PRESSURE DROP 

Across Pump Discharge Leg 
.Across Vessel, Including Nozzles 
Across Hot Leg 
Across Steam Generator 
Across Pump Suction Leg 

Total Pressure Drop 

SGS-UFSAR 

Pressure Drop, psi 
(estimated) 

1.5 

52.0 
1.9 

31.9 

1.8 

89;.l 

Revision O 
July 22; 1982 



• 

• 

• 

TABLE 5.2-3 (Sheet 1 of 2) 

REACTOR VESSEL DESIGN DATA 

Design/Operating Pressure, psig 

Hydrostatic Test Pressure, psig 

Design Temperature, °F 

Overal 1 Height of Vessel and Closure 
Heat, ft-in. (bottom head OD to top of 
control rod mechanism adapter 

Thickness of Insulation, min., in. 

Number of Reactor Closure Head Studs 

Diameter of Reactor Closure Head Studs, in. 

ID of Flange, in. 

OD of Flange, in. 

ID at Shell, in. 

Inlet Nozzle ID, in 

Outlet Nozzle ID, in. 

Clad Thickness, min., in. 

Lower Head Thickness, min., in. (base metal) 

Vessel Belt-Line Thickness, min., in. 
(base metal) 

Closure Heat Thickness, in. 

Reactor Coolant Inlet Temperature, °F 

Reactor Coolant Outlet Temperature, °F 

Reactor Coolant Flow, lb/hr 

Total Water Volume Below Core, ft3 

Water Volume in Active Core Region, ft3 

SGS-UFSAR 

Unit 1 

2485/2235 

3107 

650 

43-10 

3 

54 

7 

172.5 

205 

173 

27-1/2 

29 

5/32 

5-3/8 

8.5 

7 

544.4 

608.3 

134. l x 106 

1050 

665 

Unit 2 

2485/2235 

3107 

650 

43-10 

3 

54 

7 

172.5 

205 

173 

27-1/2 

29 

5/32 

5-3/8 

8.5 

7 

545.0 

610.2 

133.9 x 106 

1050 

665 
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TABLE 5.2-3 (Sheet 2 of 2) 

REACTOR.VESSEL DESIGN DATA 

Unit 1 

Total Water Volume to Top of Core, ft3 2164 

Total Water Volume to Coolant Piping 2929 
Nozzles Centerline, ft3 

Total Reactor Vessel Water Volume, (with 
core and internals in pl ace), ft3 

4945 

Total Reactor Coolant System Volume, ft3 12,612 

· SGS-UFSAR 

Unit 2 

2164 

2959 

4945 

12,612 
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TABLE 5.2-4 

PRESSURIZER AND PRESSURIZER RELIEF TANK DESIGN DATA 

Pressurizer 

Design/Operating Pressure, psig 
Hydrostatic Test Pressure (cold), psig 
Design/Operating Temperature, °F 
Water Volume, Full Power, ft3* 
Steam Volume, Full Power, ft3 

Surge Line Nozzle Diameter, in. 
Shell ID, in. 

2485/2235 
3107 
680/653 

1080 
720 
14 
84 

Electric Heaters Capacity, kW 1800 
Heatup Rate of Pressurizer (using heaters only) °F/hr 55 (approximately) 
Maximum spray rate, gpm 800 

Pressurizer Relief Tank 

Design pressure, psig 

Rupture Disc Release Pressure, psig 

Design temperature, °F 

Nonnal water temperature, °F 

Total Volume, ft 3 

Total Rupture Disc Relief Capacity, lb/hr 

100 
85 

340 

Containment Ambient 
(120°F max.) 
1800 
1.60 x 106 

*60 percent of net internal volume (maximum calculated power) 
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TABLE 5.2-5 (Sheet 1 of 2} 

STEAM GENERATOR DESIGN DATA* 

(Model 51) 

Unit 1 

Number of Steam Generators 4 

Design Pressure (Reactor coolant/steam}, psig 2485/1085 

Reactor Cool ant Hydrostatic Test Pressure 
(tube side-cold}, psig 3107 

Design Temperature (reactor coolant/steam}, °F 650/600 

Unit 2 

4 

2485/1085 

Reactor Coolant Flow, lb/hr 33.53 x 106 

3107 

650/600 

33.4 7 x 106 

51,500 To ta l Heat Transfer Surf ace Area, f t2 

Heat Transferred, Btu/hr 

Steam Conditions at Full Load, Outlet Nozzle: 

Steam Flow, lb/hr 

Steam Temperature, OF 

Steam Pressure, psig 

Maximum Moisture Carryover, wt pereent 

Feedwater, °F 

Overall Height~ ft-in. 

Shell OD (upper/lower}, in. 

Number of Li-tubes 

U-tube OD, in. 

Tube Wall Thickness (minimum), in. 

Number of Manways/ID in. 

Number of handholes/IO, in. 

*Quant1 ti es are for each steam generator 

SGS-UFSAR 

51,500 

2857 x 106 

3.61 x 106 

519 

805 

0.25 

435 

67-8 

2920 x 106 

3.74 x 106 

519 

805 

0 .25 

435 

67-8 

175-3/4 I 135 175-3/4 I 135 

3388 3388 

0.875 0.875 

0.050 0.050 

4/16 4/16 

2/6 2/6 
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TABLE S.2-5 (Sheet 2 of 2) 

STEAM GENERATOR DESIGN DATA* 

(Model 51) 

Reactor Coolant Water Volume, ft3 

Primary Side Fluid Heat Content, Btu 

Secondary Si de Water Volume, ft3 

Secondary Si de Steam Vo 1 ume, ft3 

Secondary Si de Steam Fluid Heat Content, Btu 

*Quantities are for each steam generator 

· Unit 1 

Rated Load 

1080 

28. 7 x 106 

1838 

4030 

5. 738 x 107 

Unit 2 

No Load 

1080 

27. 7 x 106 

3524 

2344 

9.628 x 107 
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TABLE 5.2-6 

REACTOR COOLANT PUMPS DESIGN DATA 
(Model 93A) 

Number of Pumps 
Design Pressure/Operating Pressure, psig 
Hydrostatic Test Pressure (cold), psig 

Design Temperature (casing), °F 

RPM at Nameplate Rating 

Suction Temperature, °F 
Developed Head, ft 
Capacity, gpm 
Seal Water Injection, gpm 
Seal Water Return, gpm 
Pump Discharge Nozzle ID, in. 
Pump Suction Nozzle ID, in. 

Overall Unit Height, ft-in 
Water Vol ume, f t3 

Pump-Motor Moment of Inertia, lb-ft2 

Motor Data: 
Type 

Voltage 
Insulation Class 
Phase 
Frequency, cps 

Starting 
Current, amp 

Input (hot reactor coolant), kW 
Input (cold reactor coolant), kW 

Power, HP (nameplate) 
Pump Weight, lb. (dry) 

SGS-UFSAR 

4 

2485/2235 . 
3107 

650 

1180 

559 

277 

88,500 
8 

3 

27 1/2 

31 

25:--5 1/4 

56 

82,000 

AC Induction Single 
Speed, Air Cooled 
4160 

B Thennalastic Epoxy 
3 

60 

4800 

4260 

5690 
6000 
169,200 
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TABLE 5.2-7 

REACTOR COOLANT PIPING DESIGN PARAf-f:TERS 

Unit 1 

Reactor Inlet Piping ID, in. 27-1/2 
Reactor Inlet Piping Nominal Thickness, in. 2.38 
Reactor Outlet Piping ID, in. 29 
Reactor Outlet Piping Nominal Thickness, in. 2.50 
Coo 1 ant Pump Suction Piping ID, in. 31 
Coolant Pump Suction Piping Nominal Thickness, in. 2.66 
Pressurizer Surge Line Piping ID, in. 11.500 
Pressurizer Surge Line Piping nominal 

Thickness, in. 1.25 
Design/Operating Pressure, psig 2485/2235 
Hydrostatic Test Pressure (Cold), psig 3107 

Design Temperature, °F 
Design Temperature (pressurizer surge line), °F 
Water Volumej (all 4 loops including surge 

line) ft 
Design Pressure (pressurizer relief lines), psig 

Design Temperature (pressurizer relief lines), °F 

(1) From pressurizer to safety valve 2485 psig 650°F 

650 
600 

2455 
(1) 

(1) 

Unit 2 

27-1/2 
2.38 
29 
2. 50 
31 
2.66 
11.188 

1.460 
2485/2235 
3107 
650 

680 

1455 
(1) 

( 1) 

From safety valve to pressurizer re.lief tank 600 psi g 600°F • 
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TABLE 5.2-8 (Sheet l of 3) 

PRESSURIZER VALVES DESIGN PARAMETERS 

PRESSURIZER SPRAY CONTROL VALVES 

Number of Valves 
Design Pressure 
Design Temperature 

Design Flow (valves full open, each) 
Fluid Temperature 

2/Unit 
2485 psig 
650°F 

400 gpm 
5.45°F 

Position (after failure of actuating force) Closed 

SAFETY VALVES 

1. VALVE PARAMETERS 

Number of Valves 
Manufacturer 
Type 

Set Point 
Size 

Rated Capacity (Saturated Steam) 
Design Pressure and Temp. 
Constant Back Pressure 

Normal 

Expected During Discharge 
Inlet Flange Rating 
Discharge Flange Rating 

SGS-UFSAR 

1250Q:l 

3/Unit 
Crosby Valve and Gage Co. 
Crosby HB-BP-86 6M6 
Safety Valve (Loop Seal 
Internals) 
2485 psi g 

6" Inlet x 6" Outlet 
Orifice Size = 2.154 
( 3.644 i n2) 
420,000 lb/hr each 
2485 psig and 680°F 

3-5 psig 
478 psig 
1500 #ASA 
600 #ASA 
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TABLE 5.2-8 (Sheet 2 of 3) 

• PRESSURIZER VALVES DESIGN PARAMETERS 

2. INLET PIPING PARAMETERS 

Diameter 611 Sch 160 
Length Unit 1 Unit 2 

Loop 3 14.553' 12.054' 
Loop 4 12.873' 12.241' 
Loop 5 12.309' 11.719 1 

Type Loop Seal 

POWER OPERATED RELIEF VALVES 

1. VALVE PARAMETERS 

• Number of Valves 2/Unit 
Manufacturer Copes-Vulcan Division 
Type Diaphragm Operated 

Relief Valve 
Set Point 2315 psig 
Size 211 Valve with 311 inlet 

and outlet BW connection 
Orifice 211 

Rated Capacity (Saturated Steam) 210,000 lb/hr at 
-2335 psi g 

Design Pressure and Temp. 2485 psig and 680°F 
Valve 1500 #ASA 

2. INLET PIPING PARAMETERS 

Type Loop Seal 

• SGS-UFSAR Revision 1 
July 22, 1983 
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TABLE 5.2-8 (Sheet 3 of 3) 

PRESSURIZER VALVES DESIGN PARAMETERS 

PORV BLOCK VALVES 

Number of Valves 
Valve Manufacturer 
Operator Manufacturer 
Type 

Valve Rating 

SGS-UFSAR 

1250Q:l 

2/Unit 
Velan Engineering Co. 
L imitorque 
311 Motor Operated Gate 
Valve 3GM58FN with BW 

ends and SMB-00-15 motor 
operator 
1500 #ASA 
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• 
Component 

Reactor Vessel 

Steam Generator* 

P/L CRDMs 

F/L CRDMs 

Reactor Coolant Pump 

Pressurizer 

Pressurizer Relief Tank 

Pressurizer Safety Valves 

Reactor Coolant Piping 

System Piping. and Fittings 

System Valves 

•• 
TABLE 5.2-9 (Sheet 1 of 2) 

REACTOR COOLANT SYSTEM - CODES 
(UNIT 1) 

Code Date and A9enda 

ASME II I 1965 and all addenda through 
Winter 1965 

ASME II I 1969 and all addenda through 
Winter 1965 

ASME III 1968 (no addenda) 

ASME II I 1965 and all addenda through 
Summer 1966 

No Code (Design per ADME III -
Article 4) 

ASME I II 1965 and all addenda through 
Winter 1966 

ASME III 1968 and all addenda through 
Summer 1968 

ASME II I 1968 and all addenda through 
Summer 1968 

ASA 831.1 1955 

ASA 831.1 . 1955 

ASA 816.5, or 1964 
MSS-SP-66, or 1964 
ASME-III 1968 

• 
Code Cases · 

All applicable in effect 
prior to 4/.26/66 

All applicable in.effect 
prior to 8/27 /66 

1337-2 

All Applicable in effect 
at the time 

All applicable in effect 
at the time 

Applicable portions of ASA 
N-7 and N-10 · 

Applicable portions of ASA 
N-7 and N-10 

Applicable portions of N-10 

*The shell side of the steam generator confonns to the requirements for Class A vessesl and is so stamped 
as pennitted under the rules of Section III. 
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• 
Component 

Reactor Vessel 

Steam Generator * 

P /L CRDMs . 

F/L CRDMs 

Reactor Coolant Pump 
Casing 

Pressurizer 

Pressurizer Relief Tank 

Pressurizer Safety Valves 

Reactor Coolant Piping 

System Piping and Fittings 

Sy stem Va 1 ves 

• 
TABLE 5.2-9 (Sheet 2 of 2) 

REACTOR COOLANT SYSTEM - CODES 
(UNIT 2) 

Code Date and Agenda 

ASME II I 1965 and all addenda through 
Winter 1966 

ASME II I 1965 and a 11 addenda 
Summer 1966 

ASME I II 1968 and all addenda 

. ASME III 1968 (no addenda) 

ASME I II 

ASME I II 1965 and all 
Winter 1966 

ASME III 1968 and al 1 
Summer 1968 

ASME III 1968 and al 1 
Summer 1968 

USAS 831.1.0 1967 

USAS 831.1.0 1967 

816.5, or 1964 
MSS-SP-66, or 1964 
ASME-III 1968 

addenda 

addenda 

addenda 

through 

through 

through 

through 

through 

• 
Code Cases 

All applicable in effect 
prior to 4/3/. 67 . 

All applicable in effect 
prior to 6/8/67 

1337-2 

All applicable in effect 
at the time 

All applicable in effect 
at the time 

Applicable portions of ASA 
N-7 and N-10 

Applicable portions of ASA 
N-7 and N-10 

Applicable portions of N-10 

*The shell side of the steam generator confonns to the requirements for Class A vessels and is so stamped 
as penni tted under the rules of Section II I. 
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1. 

2. 

3. 

4. 

5. 

6. 

7 • 

8. 

9. 

* 

TABLE 5.2-10 (Sheet 1 of 2) 

DESIGN THERMAL AND LOADING CYCLES* 

Design Cycles** 

Heatup at 100°F/hr 200 
Cooldown at l00°F/hr 
(Pressurizer 200°F/hr) 200 

Unit Loadin~ at 5 Percent of Full Power/Min 18,300 
Unit Unloading at 5 Percent of Full Power/Min 18,300 

Step Load Increase of 10 Percent of Full Power 2,000 
Step Load Decrease of 10 Percent of Ful 1 Power 2,000 

50 Percent Step D.ecrease in Load (with steam dump) 200 

Loss of Load (without immediate turbine or reactor trip) 80 • 

Loss of Power (blackout with natural circulation in 
the RCS) 40 

Loss of Fl ow (partial loss of flow one pump only 80 

Reactor Trip From Full Power 400 

Turbine Roll Test 10 

The ASM:O Section I II Nu cl ear Power Pl ant Components Code is i nap-
pl icabl e to the Salem plant; hence, the nonnal, upset, emergency and 
faulted conditions terminology does not apply ~o the transients 
identified in this table. However, since the RCS vessels (reactor 
vessel, pressurizer and steam generators) are basically standard 
components, analysis on these vessels with the more recent ASME Code 
conditions ( norma:l, upset, emergency and faulted) have been per
formed as discussed in Sections 5.1.2.8.1 and 5.1.2.8.2. 

** Estimated for equipment design purposes (40-year life) and not 
intended to be an accurate representation of actual transients or to 
reflect actual operating experience • 
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TABLE 5.2-10 (Sheet 2 of 2) 

• DESIGN THERMAL AND LOADING CYCLES 

10. Hydros ta tic Test: Conditions 

a. Primary Side Hydrostatic Test Before Initial 
Startup 

b. Secondary Side Hydrostatic Test Before Initial 
Startup 

11. Primary Si de Leak Test 

12. Accident Conditions 

a. Reactor Coolant Pipe Break 

b. Steam Pipe Break 

c. Steam Generator Tube Rupture 

13. Steady State Fluctuations - the reator coolant 
average temperature for purposes of design is assumed 

• to increase and decrease a maximum of 6°F in one . 
minute. The corresponding reactor cool ant pressure 
variation is less than 100 psi. It is assumed that 
an infinite number of such fluctuations will occur. 

14. Design Earthquake Cycles 

a. Operating Basis Earthquake 

b. Design Basis Earthquake 

• 
SGS-UFSAR 

Design Cycles 

5 

5 

50 

1 

1 

1 

50 

10 
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TABLE 5.2-11 (Sheet 1 of 2) 

• SUMMARY OF PLANT OUTAGE FOR YANKEE ROWE (1964 to 1969) 

DURATION 
STARTING DATE DAYS/HOURS OUTAGE TYPE CASE EQUIPMENT/SYSTEM 

1/17 /64 3.1 Forced Turbine Trip 

2/12/64 21.8 Scheduled Control Rod Drop Testing 

3/11/64 4.5 Forced Moistdure separator level 
switch tripped due to 
vibration 

3/26/64 4 Forced Control Valves Sticking 

5/18/64 5.4 Forced Low condensate pump 
discharge pressure 

8/2/64 35 Scheduled Refueling and general 
maintenance 

9/9/64 2.4 Scheduled Check of Overspeed Trip 

9/11/64 14. 7 Forced Spurious Reactor Trip 

• 10/18/64 12.2 Forced Condenser Noise 

10/22/64 22.4 Forced Neutron Counter Gain 
Control 

• 
2/i 2/65 15.2 Forced Switchyard Electric 

3/5/65 Scheduled Swi tchyard Electric 

8/9/65 93 6 Scheduled Refueling 

11/26/65 2 2ci Scheduled Turbine Repair-Physics 
Testing 

2/4/66 3.12 Forced Reactor Scram 

4/4/66 89.5 Scheduled Leaking Pressurizer Safety 
Valves 

7/10/66 3.68 Forced Reactor Scram 

8/25/66 2.40 Forced Reactor Scram 

• 10/4/66 34 10.23 Schedu.l ed Refueling 

-----·-·- ·-· ... -···--·-----·- ... 
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TABLE 5.2-12 (Sheet 1 of 2) 

LOAD COMBINATIONS ANO STRESS LIMITS 

Load Combination 

1. Normal (deadweight, thermal and pressure) 

2. Normal and Operation Basis Earthquake 

3. Normal and Design Basis Earthquake 

4. Normal and Pipe Rupture 

5. Normmal and' Design Basis Earthquake 
and Pipe Rupture 

Stress Limit (Note 1) 

Normal Conditions 

Upset Condition 

Faulted Condition 

Faulted Condition 

Faulted Condition 

NOTE 1: Definition of Operating Condition categories from Summer 1968 

• Addenda to the ASM£ Boiler and Pressure Vessel Code, Section 

III. 

• 

1. Normal Condition - Any condition in the course of system startup, 
operation in. the design power range and system shutdown, in the 
absence of Upset, Emergency or Faulted Conditions. 

2. Upset Condition - Any deviations from 1fonnal Conditions anticipated 
to occur often enough that design should include a capability to 
withstand the conditins without operational impairment. The Upset 
Condition includes those transients caused by a fault in a system 
component requiring its isolation from the system, transients due to 

a loss of load or power an any system upset not resulting in a 

forced outage. Th~ estimat~d duration of an Upset Condition shall 
be included in the Design Specifications. Jhe Upset Conditions 
include the effect of the specified earthquake for which the system 
must remain operational or must regain its operational status • 

SGS-UFSAR Revision o 
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3. 

TABLE 5.2-12 (Sheet 2 of 2) 

LOAD COMBINATIONS AND STRESS LIMITS 

Emergency Condition - Any deviations from normal conditions which 
require shutdown for correction of the conditions or repair of 
damage in. the system. The conditions have a low probability of 

occurence but are included to provide assurance that no gross loss 
of structural inteyrity will result as a concommitant effect of any 
damage developed in the system. The total number of postulated 
occurrences for such events shall not exceed twenty-five (25). 

4. Faulted Condition - Those combinations of conditions associated with 
extremely low probability postulated events whose consequences are 
such that the integrity and operability of the nucl ed r energy system 

may be impaired to the extent where consi de rations of public heal th 

and safety are involved. Such considerations require compliance 
with safety criteria as may be a specified by jurisdictional 
authorities. Among the Faulted Conditions may be a specified 
earthquake for which safe shutdown is required • 

. --- --
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TABLE 5.2-13 (Sheet 1 of 5} 

LOADING CONDITIONS AND STRESS LIMITS: PRESSURE VESSELS . 

Loading Conditions Stress Intensity Limits Note 

1. Nonnal Condition (a} p m ~Sm 
(b) Pm (or PL} + P8 < 1. SS · - m 
( c} Pm (or PL) = PB + Q < 3.0S - m 

2. Upset Condition (a} p < s m - m 
(b) P (or PL) m + PB ~ l.5Sm 
( c }. Pm (or PL} = PB + Q < 3.0S - rn 

3. Emergency Condition (a} Pm.~ 1. 25Sm or SY, whichever is 
1 arger 

(b} Pm ( or PL) + P 8 ~ 1. 5 ( 1. 2Sm) 
or 1. 5Sy, whichever is 1 arger 

4. Faulted Condition uesign Limit Curves as discussed in 
the text and attached. 

\-/here: 

= primary general membrane stress intensity 
=primary local membrane stress intensity 

= primary bending stress intensity 
= secondary stress intensity 

= stress intensity value for ASME B and PV Code, Section III, 
Nuclear Vessels 

1 
2 

1 
2 

4 

S = minimum specified material yield (ASME B and PV Code, ~ection III, u 
Tab 1 e N-421 or equivalent} 

SGS-UFSAR 
Revision 0 
July 22, 1982 



• 
TABLE 5.2~13 (Sheet 2 of 5) 

LOADING CONDITIONS AND STRESS LIMITS: PRESSURE PIPING 

Loading Conditions 

L Nonnal Conditions 

2. Upset Conditions 

Stress Intensity Limits 

(a) 

( b) 

(a) 

(b) 

3. Emergency c'onditions (a) Pm-:1.2S 

4. Faulted Conditions 

(b) Pm (or PL+ P8~(1.5)(1.2) S 

uesi gn Limit Curves as discussed in the 

text and attached. 

• where: 

•• 

Pm = primary general membrane stress 
PL =primary local membrane stress 
P8 = primary bending stress 
S =allowable stress from USASI 831.1 Code for Pressure Piping 

SGS-UFSAR Revision O 
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TABLE 5.2-13 (Sheet 3 of. 5) 

LOADING CONDITIONS AND STRESS LIMITS: EQUIPMENT SUPPORTS 

Loading Conditions 

1. Nonnal Condition 

2. Upset Condition 

3. Emergency Condition 

4. Faulted Condition 

SGS-UFSAR 

Stress Intensity Limits 

Working Stresses or Applicable Factored 

Load Design Values 

Working Stress or Aµlicable Factored Load. 

Design Values 

·Within lyield after load redistribution 

Permdnent Oefl ecti on of Supports Limited 

to Maintain Supported Equipment Within 

. Design Limit Curves as discussed in the 

text • 

Re vision o 
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TABLE 5.2-13 (Sheet 4 of 5) 

Note 1: The limits on local membrane stress intensity (PL <1.SS) - m 
and primary membrane plus primary bending strss intensity (PL 
(or PL) +PB ~1.5Sm) need not be satisfied at a specific 
location if it can be shown by means of limit analysis or by 
tests that the specified loadings do not exceed 2/3 or the 
lower ~ound collapse load as per paragraph N-417.6 (b) of the 
ASME 8 and PV Code, Section III, Nuclear Vessels. 

Note2: In lieu of satisfying the specific requirements for the local 

membrane (PL ~1.5S) or the primary plus secondary stress 
intensity (PL + PB + 0~3Sm) at a specific location, the 
structural action may be calculated on a pl~stic basis and the 
design will be considered to be acceptable if shakedown occurs, 
as opposed to continuing defonnation, and if the deformations 
which occur prior to shakedown do no exceed specified limits, 
as per par~graph N-417.6(a) (2) of the ASME B and PV Code, 

Section III, Nuclear Vessels. 

Note 3: 

SGS-UFSAR 

The limits on local membrane stress intensity (PL <1.SS) - m 
and primary membrane plus primary bending stress intensity 
(PM (or PL) + P8 ~l.5Sm) need not be satisfied at a 
specific location if it can be shown by means of limit analysis 
or by tests that the specified loadings do not exceed 120 
percent of 2/3 of the lower ~ound collapse load as per 
paragraph N-417.10 (c) of the ASME B and PV Code, Section III, 

Nuclear V~ssels~ 

Revision O 
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TABLE 5.2-13 (Sheet 5 of 5) 

Note 4: As an alternate to the design limit curves which represent a 
pseudo plastic instability analysis, a plastic instability 
analysis may be perfonned in some specific cases considering 

the actual strain-hardening characteristics of the material, 

but with yield strength adjusted to correspond to the tabulated 

value at the appropriate temperature in Table N-424 or N-425, 
as per paragraph N-417.11 (cJ of the ASME Band PV Code, 

Section III, Nuclear Vessels. These specific cases will be 
justified on an individudl basis • 
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TABLE 5.2-14 

SUMMARY OF ESTIMATED PRIMARY PLUS SECOl~DARY STRESS INTENSITY 

FOR COMPONENTS OF THE REACTOR VESSEL 

Stress 

Area Intensity 

Control Rod Housing 54,700 

Head Flange 49,300 

Vessel Flange 58,200 

Primary Nozzles 51,600 

Stud Bolts 91,800 

Vessel Support * 

Core Support Pad 41,800 

Bottom Heat to Shell 34,100 

Bottom Instrumentation 63,700 

Vessel Wall Transition 31, 900 

*Lower than primary nozz1e stress 

···--· -·· ·--. -·--· --- . - ·-·--· 

SGS-UFSAR 

(psi) 

Allowable Stress ·(psi) 

(at Operating Temperatures) 

69,900 
80,000 

80,000 

80,000 

110,200 

80,000 

69,900 

80,000 

69,900 

80,000 

Revision 0 
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TABLE 5.2-15 

SUMMARY OF EST IMA TED CUMULATIVE FATIGUE USAGE FACTORS FOR 

COMPONENTS OF THE REACTOR VESSEL 

Item 

Control Rod Housing 

Head Flange 

Vessel Flange 

Stud Bolts 

Primary Nozz 1 es 

Vessel Support 

Core Cupport Pad (1 ateral) 

Bottom Head to Shell 

Bottom Instrumentation 

*covers all transients 

Usage Factor*a 

0.06 

0.03 

0.019 

0.40 

0.034 

0.05 

0.011 

0.005 

0.103 

aas defined in Section III of the ASM£ Boiler and Pressure Vessel Code, 

l~ucl ear Vessels • 

. SGS.;UFSAR 

.. - ··- ---···-- ---·--·· ·-
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TABLE 5.2-16 

STRESS DUE TO ~11\XIMUM STEAM GENERATOR TUBE 

SHEET PRESSURE DIFFERENTIAL (248b PSIG) 

Stress 

Primary Neml>rane Stress 

Primary Membrane pl us 

Primary Bending Stress 

(660°F) 

Computed Value 

24,356 psi 

54,946 psi 

Allowable Value 

37, 000 psi 

( • 9 Sy) 

55,600 psi 

(1. 35 Sy) 

In addition to the foregoing evaluation, elasto-plastic limit analysis of 

the tube sheet-head-shell combination indicates a limit pressure of 30~u psi 

at operating conditions, giving a safety factor of 1.23 for the abnormal 

condition . 

SLS-UFSl\R Re vision 0 
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TABLE 5.2-17 

RATIO OF ALLOWABLE STRESS TO COMPUTED STRESSES 
FOR A STEAM GENERATOR TUBE 

SHEET PRESSURE DIFFERENTIAL OF 2485 PSIG 

Component Part 

Channel Head 

Channel Head-Tube Sheet Joint 
Tubes 

Tube Sheet 

Max. Avg. Ligament 
Effective Ligament 

SGS-UFSAR 

Stress Ratio 

1.34 

1.80 

. 1.20 

1.01 

1.52 

Revision 0 
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TABLE 5.2-19 

STEAM GENERATOR PRIMARY-SECONDARY COMPONENTS 

CONDITION: PRIMARY HYDROTEST - 310 7 /0 psi g 

. Primary 
Loe a- Membrane 
tion DescriEti on Code Limit Stress Limit 

JCT OF SHORT 
7 CYL WITH • 9 Sy 45,000 

TUBESHEET 

1/2 THROUGH 
8 ·SHORT CYL • 9 Sy 45,000 

DISCONTINUITY 

JCT OF SHORT 
9 CYL WITH .9 Sy 45,000 

SHELL 

10 ON SHELL .9 Sy 45,000 

11 ON SHELL .9 Sy 45,000 

JCT OF PR! 
SHORT CYL 

12 WITH TUBE .9 Sy 45,000 
PLAT£ 

1/2 THROUGH 
13 PRIM SHORT • 9 Sy 45,000 

CYL UISCON. 

JCT OF PR! 
14 SHORT CYL • 9 Sy 36,000 

WITH HEAD 

SGS-UFSAR 

Axial Primary 
Membrane Stress lntensiti 

O psi 

0 psi 

0 psi 

O psi 

0 psi 

18,158 psi 

18, 158 psi 

18,158 psi 
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TABLE 5.2-21 

STEAM GENERATOR PRIMARY-SECONDARY BOUNDARY COMPONENTS 

CONDITION: LOSS OF SECONDARY PRESSURE (STEN~ LINE BREAK) - FAULTED CONDITION 
2485/0 psig 660°F 

Primary Membrane Stress 
Loca- Emergency Condition Limits 
tion DescriEtion Code Limit Stress Primarl Membrane Stress 

JCT OF SHORT 
7 CYL WITH Sy 41, 112 O psi 

TUBESHEET 

1/2 THROUGH 
8 SHORT CYL Sy 41, 112 O psi 

DISCONTINUITY 

JCT OF SHORT 
9 CYL WITH Sy 41,"112 O psi 

SHELL 

10 ON SHELL Sy 41, 112 O psi 

11 ON SHELL Sy 41, 112 O psi 

JCT OF PRI 
SHORT CYL 

10 WITH TUBE Sy 41, 112 14~528 psi 
PLATE 

1/2 THROUGH 
11 PRIM SHORT Sy 41,112 14,528 psi 

CYL DISCOU. 

JCT OF PRI 
12 SHORT CYL Sy 29,000 14,528 psi 

WITH HEAD 

*Complete Tubesheet Structure Complex also evaluated on Limit Analysis Basis 

SGS-UFSAR Revision 0 
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TABLE 5.2-22 

51,500 SQ. FT. STEAM GENERATOR 
USAGE FACTORS (INDIVIDUAL TRANSIENTS) 

PRIMARY AND SECONDARY BOUNDARY COMPONENTS 

• 
JUNCTION OF HEAD AND TUBESHEET AND DIVIDER PLATE UNPERFORATED JUNCTION OF 
IN TUBESHEET ON TUBESHEET FACE INHEAD OUTER RING SHELL TO TUBE 

NO. OF INLET OUTLET INLET OUTLET INLET OUTLET PRIM. SEC. SHEET 
NO. TRANSIENT CYLCES SARS* SASH SRSH SASR SASH SRSH SASR SASH SRSH SASR SASH SRSH SASR SASH SRSH SASR SASH SRSH INLET OUTLET INLET OUTLET HAHH HAHR HHHR 
1 Heatup-

Coo l down 200 .008 .01 o .008 .01 0 0 0 0 0 0 0 .009 .003 0 .009 .003 0 0 0 0 0 0 0 0 
2 Loading-

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Unload-
i ng 
Small 
Step 
Increase 
Smal 1 
Step 
Decrease 
Large 
Step 
Decrease 
Loss of 
Load 
Loss of 
Power 
Loss of 
Flow 
Reactor 
Trip 
React. 
Cool. 
Pipe 
Break 
Steam 
Line 
Break 
Primary 
Hydro
test 
Sec. 
Hydro
test 
Turbine 
Roll 
Test 

18,300 0 

2,000 0 

2,000 0 

200 

80 

40 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80 .008 .009 0 

400 0 0 0 

1 0 0 

1 0 0 0 

5 .004 .007 0 

5 0 0 0 

10 0 0 0 

*Principal Stress Difference Codes 

SGS-UFSAR 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.008 .016 0 

0 .001 0 

0 0 0 

0 0 0 

.004 .007 0 

0 0 0 

0 0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

u 

0 

0 

0 

0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 

0 

0 

0 

0 

0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

.001 .001 0 

0 0 0 

.011 .003 .001 .012 .006 0 

00 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

.005 .002 0 .005 .002 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 .019 

0 0 

0 0 

0 0 

.001 .002 

0 0 

.002 .004 

.001 .005 

0 0 

0 0 

.001 .001 

0 0 

0 0 

.082 .056 0 

0 0 0 

0 0 0 

.002 .001 0 

.006 .005 0 

0 0 0 

.002 .002 0 

.012 .008 0 

0 0 0 

0 .001 0 

.001 .001 0 

.001 .002 0 

0 0 0 
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No. Transient 

1. Heatup-Cooldown 

2. Loading-Unloading 

3. Small Step 
Increase 

4. Small Step 
Decrease 

5. Large Step 
Decrease 

6. Loss of Load 

7. Loss of Power 

8. Loss of Flow 

g. Reactor Trip 

10. React. Cool. 
Pipe Break 

11 Steam Line Break 

12. Primary Hydrotest 

13. Secondary Hydro 

14. Turbine Roll Test 

No. of 

Cycles 

200 

18,300 

2,000 

2,000 

200 

80 

40 

80 

400 

1 

1 

5 

5 

10 

Primary Inlet 
Angle 

• 
TABLE 5.2-23 

51,500 SQ. FT. STEAM GENERATOR 
USAGE FACTORS (INDIVIDUAL TRANSIENT) 

CENTER OF TUBESHEET 

Primary Outlet 
Angle 

Secondary Inlet 
Angle 

• 
Secondary Outlet 

Angle 

0° 15° 30° 45• 60° 75° go• 0° 15• 30° 45• 60° 75° go• o· 15• 30° 45• 60° 75• go• 0° 15° 30° 45• 60° 75• go• 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 . 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0000000 

00 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 o. 0 0 0 0 

0 0 0 0 0 0 0 

00 0 0 0 0 0 

0000000 

0 .0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

* Angular location around perforation 

SGS-UFSAR 
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TABLE 5. 2-24 

TUBE SHEET STRESS ANALYSIS RESULTS 

FOR 51,500 SQ. FT. STEAM GENERATORS 

Conditions 

100 Percent Normal Opera ti on 

Primary Hydrotest 

Secondary Hydrotest 

Steam Line Break 
(Fault Condition) 

2485/885 psi 
650/600°F 

3107 /0 psi 
100°F 

0/1356 psi 
100°F 

2485/0 psi 

. Parenthesis Indicate Code Allowable Stress 1 
2 

3 

4 

5 

6 

·· SGS-UFSAR 

Maxi mum Primary Membrane 
Pl us Primary Bending 
Average Ligament Stress psi 

33, 979 

67,300 

29,811 

56,785 

1. SS · 
m 

1.0 Sm 
1. 35 Sy 

• 9 Sy 

( 40,050) 1 

(67,500) 3 

(67,500) 3 

(Limit) 5 

Limit Analysis Results Apply 

• 
Maximum Effective 
Ligament Membrane 

Stress psi 

15,853 (26,700) 2 

30,365 (45,000) 4 

13,159 (45,000) 4 

24,356 (Limit) 6 

Revision O ' I 
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TABLE 5.2-25 

LIMIT ANALYSIS CALCULAT!Ot~ RESULTS 

TABLE OF STRAINS, LIMIT PRESSURES, AND FATIGUE EVALUATIONS FOR 51,500 SQ. FT. 

Ci rcum- Peak Allowable 
Meridional ferenti a 1 Stress Number of 

Case Location Strain, In/In Strain, In/In Intensity, Psi Cycles, Ni 

Hot Channel/Primary Shell .0188 -.000559 508,0oOO 46 
2500/0 PSI Tubesheet/Secondary - .00193 .000602 83, 700 5,000 

Shell 
650°F Tubesheet Center .00159 .00159 77 ,400 6,600 

Cold Hydro. Tubesheet/Primary .Oi45 -.000537 434,000 80 
Shell 

3105/0 PSI Tubesheet/Secondary -.00220 .000684 10-6,000 3,500 
Shell 

70°F Tubesheet Center .00177 .00177 95,400 5,000 

Cold Hydro Tubesheet/Primary .00730 -.00348 218,000 500 
With Shell 
Secondary Tubesheet/Secondary -.000962 .000560 50. 700 40,000 
Pressure Shell 
3105/700 Tubesheet Center .00147 .00147 79,000 8,000 
PSI 70°F 

Hot Hydro Tubesheet/Primary .00777 -.000407 222,000 400 
Shell 

2485/0 PSI Tubesheet/Secondary -.00176 .000551 80,900 7,000 
Shell 

400°F Tubesheet Center .00148 .00148 76,300 8,500 

SGS-UFSAR 

STEAM GENERATORS 

t~umber 

of Cycles, N2 

10 
10 

10 

5 

5 

5 

5 

5 

5 

50 

50 

50 

Usage 
Factor 

N2/N1 

.22 

.0020 

.0015 

.053 

.0014 

.0010 

.0001 

.0001 

.005 

.13 

.0071 

.0059 

' 

• 
Limit 
Pressure 

Psi 

3,158 

3,887 

4,401 

4,401 

3,354 

Revi si.on 0 
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TABLE 5.2-26 (Sheet 1 of 3) 

• REACTOR COOLANT SYSTEM 
QUALITY ASSURANCE PROGRAM 

Component RT* UT* PT* MT* ET* 

1. Steam Generator 
1.1 Tube Sheet 

1.1.1 Forging yes yes 
1.1.2 Cladding yes( 1) · yes( 2) 

1.2 Channel Head 
1.2.1 Casting yes yes 
1.2.2 . Cladding yes 

1.3 Secondary Shell and Head 
1.3.1 Plates yes 

1.4 Tubes yes yes 
1.5 Nozzles (forgings) yes yes 
1.6 Weldments 

1.6.1 Shell, longitudinal yes yes 
1.6.2 Shell, circumferential yes yes 
1.6.3 Cladding (channel head-

tube sheet joint clad-
ding restoration) yes 

1.6.4 Steam and Feedwater 
Nozzle to Shel 1 yes yes 

• 1.6.5 Support brackets yes 
1.6.6 Tube to Tube Sheet yes 
1.6. 7 Instrument Connections 

(primary and secondary) yes 
1.6.8 Temporary Attachments 

After Removal yes 
1.6.9 After Hydrostatic Test 

(all welds and complete 
channel head - where 
accessible) yes 

1.6.10 Nozzle Safe Ends yes 
(weld deposit) yes 

2. Pressurizer 
2.1 Heads 

2.1.1 Casting yes yes 
2.1.2 Cladding yes 

2.2 Shell 
2.2.1 Pl ates yes yes 
2.2.2 Cladding yes 

2.3 Heaters 
2.3.1 Tubing(4) yes yes 
2.3.2 Centering of element yes 

2.4 Nozzle yes yes 

• ----------·-----·---
----------- Revision 0 SGS-UFSAR 
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TABLE 5.2-26 (Sheet 2 of·3) 

• REACTOR COOLANT SYSTEM 
QUALITY ASSURANCE PROGRAM 

Component RT* UT* PT* MT* ET* 

2.5 Weldments 
2.5.1 Shel 1, 1 ongi tu di na 1 yes yes 
2.5.2 Shel 1, circumferential yes yes 
2.5.3 Cladding yes 
2.5.4 Nozzle Safe End yes yes 

(if forging) 
2.5.5 No zz 1 e Safe End yes 

(if weld deposit) 
2.5.6 Instrument Connections yes 
2.5.7 Support Ski rt yes 
2.5.8 Temporary Attachments yes 

After Removal 
2.5.9 All Welds and Cast Heads yes 

After Hydrostatic Test 
2.6 Final Assembly 

2.6.l All Accessible Surfaces 
After Hydrostatic Test yes 

3. Piping 

• 3.1 Fittings and Pipe (Castings) yes yes 
3.2 Fittings and Pipe (Forgings) yes yes 
3.3 Wel dments 

3.3.1 Circumferential yes yes 
3.3.2 ~ozzle to Runpipe yes yes 

(No RT for nozzles less 
than 4 inches) 

3.3.3 Instrument Connections yes yes 

4. Pumps 
4.1 Casting yes yes 
4.2 Forgings 

4.2.1 Main Shaft yes yes 
4.2.2 Main Studs yes yes 
4.2.3 Flywheel (Rolled Pl ate) yes 

4.3 Weldments 
4.3.1 Circumferential yes yes 
4.3.2 Instrument Connections yes 

5. Reactor Vessel 
5.1 Forgings 

5.1.1 Flanges yes yes 
5.1.2 Studs yes yes 
5.1.3 Head Adapters yes yes 

• 
·-- -· . -- -- --- ---·----- -- -·· 
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TABLE 5.2-26 (Sheet 3 of 3) 

REACTOR COOLANT SYSTEM 
'QUALITY ASSURANCE PROGRAM 

Component RT* UT* 

6. 

* 

(1) 
(2) 
(3) 
(4) 

5.1.4 Head Adapter Tube 
5.1.5 Instrumentation Tube 
5.1.6 Main Nozles 
5.1. 7 Nozzle Safe Ends 

(if forging is employed) 

5.2 Pl ates 
5.3 Weldments 

5.3.1 Main Steam 
5.3.2 CRD Head Adapter 

Connection 
5.3.3 Instrumentation Tube 

Connection 
5.3.4 Main nozzles 
5.3.5 Cladding 
5.3.6 Nozzle-Safe Ends 

(if forging) 
5.3.7 Nozzle Safe Ends 

(If weld deposit) 
5.3.8 Head Adaptor Forging 

to Head Adapter Tube 
5.3.9 All Welds After 

Hydrotest 

Valves 
6.1 Castings 
6.2 Forgings 

(No UT for valves two inch 
and sma.11 er) 

RT - Radiographic 
UT - Ul transonic 
PT - Dye Penetrant 
MT - Magnetic Particle 
ET - Eddy Current 

Flat Surfaces Only 
Weld Deposit A~eas Only 
UT of Clad Bond-to-Base Metal 
Or a UT and ET 

SGS-UFSAR 

yes 
yes 
yes 
yes 

yes 

yes 

yes 
yes( 3) 

yes 

yes 

yes 

yes 
yes 

PT* MT* 

yes 
yes 

yes 
yes 

yes 

yes 

yes 
yes 

yes 
yes 

. yes 

yes 

yes 

yes 

yes 
yes 
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• TABLE 5.2-27 (Sheet 1 of 2) 

MATERIALS CONSTRUCTION OF THE REACTOR 
COOLANT.SYSTEM COMPONENTS 

Materials 

ASTM A-533 Grade B 

Cl ass 1 

ASTM A-508 Class 2 
Type 304 or equivalent 

Type 308, 309, or Type 
312 
Inconel - 718 
SA-182 Type 304 
SB-167 
SA-540 Grade B-23 
Inconel SB. 167 

Stainless Steel 

ASTM A-533 Grade A 
Cl ass 1 
ASTM A-508 Class 2 
Type 304 or equivalent 
Type 304, Type 3081, 
or Type 309 
Inconel 
Inconel - 600 

ASTM A-216 Grade wee 
SA-533 Cl ass 1 

SA-216 Grade WCC 

SA-516 Grade 70 
SA-182 F316 
SA-182 F316 
Type 304 or equivalent 

Revision 0 
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• 

Component 

Pressurizer (cont.) 

TABLE 5.2-27 (Sheet 2 of 2) 

MATERIALS CONSTRUCTION OF THE REACTOR 

COOLANT SYSTEM COMPONENTS 

Section 

Internal Pl ate 
Inst. Tubing 
Heater Well Tubing 
Heater Well Adaptor 

Materials 

SA-240 Type 304 
·sA-213 Type 304 
SA-213 Type 316 Seamless 
SA-182 F316 

Pressurizer Relief Tank Shell 

Heads 

ASTM A-285 Grade C 

ASTM A-285 Grade C 
Amercoat 55 

Pipe 

Pump 

Valves· 

SGS-UFSAR 

Internal Coating 

Pipes 
Fittings 
tJozzl es 

ASTM A-376 Type 316 

ASTM A-351 Grade CFBM 
ASTM A-182 Grade F316 

Shaft ASTM A-182 Grade F347 
Impeller ASTM A-351 Grade CF8 
Casing ASTM A-351 Grade CF8 
Pressure Containing Parts ASTM A-351 Grade CF8M 

and ASTM A-182 Grade 

F316 

Revision O 
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•• 

TABLE 5.2-28 

REACTOR COOLANT WATER CHEMISTRY SPECIFICATION 

Electric a 1 Co nducti vi ty 

So 1 uti on pH 

Oxygen, ppm, max. 

Cll l ori de, ppm, max • 

Fluoride, ppm, max. 

Hydrogen, cc ( STP)/k.g H2o 

Total Suspended Solids, ppm, max. 

pH ControlAgent {Li 70H) 

Boric Acid as ppm B 

SGS-UFSAR 

Determined by the concentration of 

boric acid and alkali present. 

Expected range i s < 1 to 40 µ 

Mho s/cm at 25 °c. 

Determined by the concentration of 

boric acid and alkali present. 

Expected values range bet\a;een 4.2 

(high boric acid concentration) to 

10.5 (low boric acid concentration) 

at 2!J°C. 

0 .10 

0 .15 

0 .15 

25-35 

1.0 

0.3 x io- 4 to J.2 x io-4 molal 

(equivalent to 0.22 to 2.2 ppm 
Li 7) 

Variable from 0 to -4000 

Revision O 
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• • • 
TABLE 5.2-29 

SALEM NUCLEAR GENERATING STATION STEAM GENERATOR WATER CHEMISTRY . 

Water Sample 

Location 

Steam Generator Blowdown 

Water Sample 

Location 

Steam Generator 

SGS-UFSAR I 

NORMAL LIMITS .OF CONTROL 

Free 

Cati on Conductivity Sodium Chloride Hydroxide 

MHOS/CM at 25°C pH at 25°C PPB PPM PPM 

< 2.0 8.5-9.2 N/A < 0.15 < 0.15 

LIMITING SPECIFICATIONS 

Control 

Parameter 

Period to Return to within Nonnal Limits of Control 

Cation Conductivity, 

Mhos/.cm at 25°C 

pH at 25°C 

Chloride, ppm 

Free Hydroxide, ppm 

14 days 7.2 hours Immediate 

> 2.0 but < 120 N/A 

8.0 - 9.4 N/A 

N/A > 0.15 but < 

N/A > 0.15 but< 

. > 120 

< 8.0 or > 

1.0 > 1.0 

1.0 > 1.0 

Revision O 
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•• 5.3 THERMAL HYDRAULIC SYSTEM DESIGN 

5.3.1 ANALYTICAL M::THODS AND DATA 

The thennal ·and hydraulic design bases of the reactor cool ant system 
(RCS) are d~scrib~d in Chapter 4. 

5.3.2 OPERATING RESTRICTIONS ON PUMPS . 

The minimum net pbsition suction head (NPSH) and minimum seal injection 
flow rate must be established before operating the reactor coolant 

pumps. Requirements are set forth in the pump operating instructions. 

5.3.3 TEMPERATURE-POWER OPERATING Ml\P 

Reactor power is controlled to maintain average coolant temperature at a 
value which is a linear function of load. 

• 5.3.4 LOAD FOLLOWING CHARACTERISTICS 

• 

Load following is discussed in Section 5.2.1.5.2. 

5.3.5 TRANSIENT EFFECTS 

Transient effects on the RCS are evaluated in Chapt~r 15. 

5.3.6 THERlvit\L AND HYDRAULIC CHARACTERISTICS SUMMA.RY TABLE 

The thennal and hydraulic characteristics are given in Tables 4.3-1, 
4.4-1 and 4.4-·2. 

5.3.7 NATURAL CIRCULATION CAPABILITY 

The capabi 1 i ty to perform natural ci rcul ati on cool down has been analyzed 
following a transient in a PWR of different design in which significant 

SGS-UFSAR 5.3-1 Revis ion 0 
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void fonnation occurred in the reactor vessel head. The analysis took 

into account such factors as the amount of bypass flow to the upper head 
region, RCS cooldown/depressurization rate, heat removal via the Control 
Rod Drive Mechanism (CROM) cooling fans and ambient losses. Salem is a 
11

T-Hot
11 

p 1 ant, i.e., one in which the upper head water temperature is 
assumed equal to the hot leg temperature. Analysis results are sum
marized be 1 ow .. 

The average cool down rate of the upper head fluid due to the· 25°F/hr 

natural circulation cooldown rate is about l0°F/hr. The total upper 

head cool down rate due to both the natural circulation cool down and the 

CROM fans varies from 42°F/hr initially to around 27°F/hr when the upper 
head temperature is cooled to 35b°F. Thus, with the CROM fans operating 
during the cooldown with no void formation occurring in the upper head 
area. The operator is required to maintain 50°F subcooling during the 
depressurization. 

Without the CROM fans in operation, the plant can be cooled down to 

Residual Heat Removal (RHR) System conditions at.a natural circulation 

cooldown rate of 25°F/hr with no void formation.occurring in the upper 

head. The operator is required to maintain 50°F subcooling until the 

primary system pressure reaches 1900 psia~ After the automatic safety 

injection signals are blocked, the operator establishes 200°F subcooling 
(approximately 430°F in the hot leg) and maintains 200°F subcooling (or 
the Technical Specification limit if it is more restrictive) to a pri

mary system pressure of 1200 psia. Oepressurization is stopped at 1200 

psia and the cooldown is continued until the prima.ry system temperature 

is less than 350°F. At this point the operator is required to wait for 

approximately 20 hours to allow the upper head to cool off to a tempera

ture corresponding to a saturation pressure of 400 psia. Finally the 

primary system is depressurized to 400 psia and the RHR System used for 
further cool down. 

SGS-UFSAR 5.3-2 Revision O 
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5.4 REACTOR VESSEL AND APPURTENANCES --· __ .;_ _______________ _ 

Section 5.4 is divided into four principal subsections - (1) design 
·basis, (2) description, (3) evaluation, and (4) tests and inspections. 

5.4.1 DESIGN BASES 

The reactor vessel was designed and fabricated to Class A of the ASME 

Boiler and Pressure Vessel Code, Section III. Material specifications 

are discussed in Section 5.2.3.1. Fracture toughness of the reactor 

vessel materials is discussed in Section 5.2.4. Design transients are 

discussed in Section 5.2.1. 

5.4.2 DESCRIPTION 

The reactor ves~el is cylindrical with a welded hemispherical bottom 

head and a removable, flanged and gasketed, hemispherical upper head . 

The vessel contains the core, core support structures, control rods, 

thermal ~hield and other parts directly associated with the core. The 

reactor vessel closure head contains head adaptors. These head adaptors 

are tubular members, attached by partial penetration welds to the under

side of the closure head. The upper end of these adaptors contain acme 

threads for the assembly of the control rod drive mechanisms and/or 

instrumentation adaptors. The seal arrangement at the upper end of 

these adaptors consists of a ~elded flexible ~anopy seal. The vess~l 

has inlet and outlet nozzles located in a horizontal plane just below 

the vessel flange but above the top of the core. Cool ant enters the. 

inlet nozzles and flows down the core barrel-vessel wall annulus, turns 

at the bottom and flows up through the core to the outlet nozzles. 

The bottom head of the vessel contains penetration nozzles for connec

tion and eritry of the nuclear in-core detection instrumentation. Each 

tube is attached to the inside of the bottom head by a partial penetra
tion weld . 

SGS-UFSAR 5.4-1 Revision 0 
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The reactor vessel is designed to provide the smallest and most econo

mical volume required to contain the reactor core, control rods and the 

necessary supporting and flow-directing internals. Inlet and outlet 

nozzles are spaced around the vessel. Outlet nozzles are located on 

opposite sides of the vessel to facilitate optimum layout of the ·reactor 

coolant system (RCS) equipment. The inlet nozzles are tapered from the 

coolant loop-vessel i~terfaces to the vessel inside wall to reduce loop 

pressure drop. 

The reactor vessel flange and head are sealed by two hollow metallic 

0-rings. Seal leakage is detected by means of two leak-off connections; 

one between the inner and outer ring, and one outside of the outer 

0-fing. Piptng and associated valving are provided to direct ~ny 

leakage to the ·reactor coolant drain tank. Leakage will be indicated by 

a high- temperature a 1 a nn from a detector in the 1 eakoff line. 

Ring forgings have been used in the following areas of the reactor 

vessel: 

1. Closure head flange. 

2. Vessel flange. 

3. Eight primary nozzles. 

The cylindrical portion of the reactor vessel below the refueling seal 

ledge is pennanently insulated with a metallic refl_ective-type insula

tion supported from the reactor coolant nozzles. This insulation con

sists of _inner and outer sheets of stainless steel spaced 3 inches apart 

with multilayers of stainless steel as the insulating agent. Removable 

panels of the metallic reflective type insulation described above are 

provided for the reactor vessel head and closure region. These panels 

are supported on the refueling seal ledge and vent shroud support ring. 

The rest of the closure head is insulated with removable panels of at 

least 3 inches of the reflective insulation described or halide free 
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i11sulating Jiiaterit:.1. Tiie bottom tiead is also insulated \,itli reflective 

it1sulation, but it is not removable. 

A sct1ematic of the reactor vessel is.shown in Figure 5.i-1. The mate

rials of construction are given in Table 5.2-27 and the design para

meters are given on Table 5.t::-3. 

The following summarizes those featurn.~ ~hich preclude hetting of the 

reactor vessel stLtds \,ith boric acid. 

Refueling procedures include removal of studs before moving the head, 

and replacement only after the head is sealed. Hole plugs \'1ith 0-ri ng 

seals are pl aced in the stud holes \',he never the lie ad is off. The flange 

\',ill be dried completely before replacing the head arid removing the stud 

hole plugs. 

Spilliny of bode acid onto the studs during venting dll be precluded 

by the follo\,i rig precautions: 

1. Det&iled step-by-step venting procedures exist. 

2. Personnel have accurate kr1o~leoge of RCS level during venting. 

3. 01ily a small quantity.of coolant is released at each venting step. 

4. The small qur.intity of released coolant is piped into portable con

tainers for collection. 

5.4.3 EVALUATION 

5.4.3.l Compliance With 10 CFR 50 Appendices li and H 

The No. 2 Uriit reactor vessel \',as built to the 1965 Edition of the ASME 

Boiler and Pressure Vessel Code, Section Ill, and Addenda up to and 

including tile SW1m1er of 1%6. Thus the ferritic materials in the reac-
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tor vessel were not tested by the vessel fabricator to meet later edi

tions of Section III of the ASME Code as required by 10 CFR 50 Appen

dix G. Westinghouse performed tests, as part of the surveillance pro

gram, on the reactor vessel intermediate and 1 owe·r shel 1 course pl ates, 

which surround the effective height of the fuel assemblies. Full Charpy 

test curves were obtained on these plates from specimens oriented normal 

to the principal rolling direction. A summar.Y of the results of these 

tests are shown in Table 5.4-1. 

Based on the test results shown in Table 5.4-1, the core region shell 

plates have a minimum upper.shelf energy (USE) greater than 75 ft-lbs as 

required by Appendix G. 

The stress intensity factors for various reactor vessel locations ·were 

not calculated to determine if they are lower than the reference stress 

intensity factors specified in Appendix G of the Code. Westinyhouse has 

perfonned these calculation? for many older reactor vessels with similar 

properties and the resu,lts have always shown that the calculated stress 

intensity factors are lower than the reference stress intensity. rims, 

based on past experience, Westinghouse is ~onfident that if the calcula

tion was performed, the results would be shown to be acceptable and be 

1 ower than the reference stress intensity factors as re qui red by Appen

dix G of the ASM£ Code. 

Heatup and cooldown limit curves, including preoperational system leak

age and hydrostatic µressure tests, were determined in accordance ~Jith. 

the method desc~ibed in Appendix G of the ASME Code. 

Reactor vessel bolting material tests were not performed to demonstrate 

conformance with the minimum requirement of 25 mils lateral expansion, 

and 45 ft-lbs at the preload temperature or at the lowest service tem

perature, whichever is lower. Tests were performed to meet 35 ft-lbs at 

10°F. The results of the tests are shown in Table 5.4-2. 
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Table 5.4-2 shows that all_ the bolting material met the 45 ft-lb . 

requirement ~t l0°F except for one ehd of one bar, which was use~ for 

closure he~d nuts and washers. It is expected that this bar would 

exhibit at least 45 ft-lb if tested at 50°F which is considered to be 

the 1 owest prel oad or service temperature. 

At the time the tests \'/ere conducted, lateral expansion measurements 

were not required. However, it is e)tpected that these materials would 

exhibit at least 25 mils lateral expansion if tested at 50°F, based on 

test results from other bolting materials where both impact energy and· 

lateral expansion data were obtained. 

The reactor vessel is designed to pennit a thermal annealing treatment 

to recover material toughness properties of ferritic materials in the 

reactor vessel beltline. 

Reactor vessel beltline region materials will be monitored by a surveil-

1 ance program which includes ei ~ht surveillance capsules which will 

rece·jve a neutron flux at least as high, but not 'more than three times 

as high as that received by the vessel inner surface. The surveillance 

prbgram is in compliance with ASTM E-185-73 with the exception of the 
I . . 

surveillunce weld. The high flux region of the reactor vessel was fab-

ricated from different combinations of weld wire and lots of welding 

flux for wh"ich sufficient tests and chemical analyses are not available 

to select surveillance weld metal as required by ASTM E-185-73 .. The 

surveillance weld, although fabricated ·using the same weld wire and flux 

lot number as used in core region vertical seams, may not be limiting 

material in the reactor vessel. 

Information relative tO' the maximum change in RT 1~DT and upper shelf 

energy of the core region materials, using Westinghouse predictions, is 

shown .in Tables 5.4-3 and 5.4-4 . 
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5.4.3.2 Measurerrient of Integrated Fast lfoutron (E < 1.0 Mev) 

Flu~ at the Irradi~tion Samples 

Information on the spectrum of neutron fluxes at the location of the 

i rradi ati on samples is obtained from the multi group diffusion code PlMG 

(Reference 1). Dosimeters including U-238, Np-237, Co-A_l, Cu, tJi, Cd 

shielded Co Al, and Fe from specimens are contained in the capsule 

assemblies. 

The procedure for measurement of fast neutron flux by the 54Fe 

(n,p) 5~~n reaction is described below. The nieasurement technique for 

the other dosimeters, which are sensitive to different portions of the 

neutron spectrum, is similar. 

The 5~4n product of this reaction has a half life of 314 days and 

emits gamma rays of 0.84 Mev energy which are easily detected using the 

NaI scintillator. In irradiated steel samples, chemical separation of 

the 54r~n may be performed to ensure freedom from i nterf acing activi

ties. This separation is a simple and very effective, yielding sources 

of very pure 541'1n activity. In some samples a 11 the interferences may 

be corrected for by the gamma spectrometric methods without any chemical 

separation. The count data is used to give the specific activity of 
54Mn per gram of iron. Because of the relatively long half life of 
54Mn the flux may be calculated for irr~diation periods up to about 2 

years. Beyond this time the dosimeter begins to reflect the later 

stages of the irradiation. Calculation of total dose is from flux and 

; ntegrated power output. The _burnout of 54Mn produced is not si gni fi

cant unti 1 the thermal flux is about 1014 neutrons cm- 2 sec- 1. 

The analysis of the sample requires that two steps are completed: one 

the measurement of 54Mn disintegration rate per unit mass of sample 

and second measurement of iron content of the sample. Having completed 

these analyses the calculation of the flux is as follows: 
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For an i rradi ati on the activity of any acti va ti on product (A) is gfven .. 

by: 

( 1) 

~~here 

r6 = the neutron flux, n/cm2 sec 
CJ = the cross-section, barns··· 

tJ = number of target atoms 

A = decay constant of product, se.c -1 

ti = irradiation time, ·:sec 

td = decay _time from end of i rradi ati on to counting time, sec 

Then for a power reactor operating at various· power levels over some 

long period we allow for flux changes by dividing the exposure period 

into severa.l parts and nonnalizing the flux in each part as that frac

tion of full power represented. Then for~ periods: 

t. -1.t. a· 
A = 0m crN E (i-e l n) e dn F 

n 
1 

Where r6m = flux at maximum power, n/cm2 sec 

t. cooling time for end of 
th . 

= n period, ,n 

td = cooling time for end of nth period, 
n 

Fn =flux nonrializing factor \·1hi ch 

Actual Power output in nth period. 

maximum. possible in nt period 

If now we write 

55 

is 

!llm crN = c 

. SGS-UFSAR · 

L 
.1 

r6p. lMG ( E' . r) ( E ) 
crFe 

5.4-7 

sec 

sec 

(2) 

(3) 
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Where E is the energy 

r = radial distance from core center line. 

where the riyht hand side of equation (3) is the sum of the products of 
_PlMG fluxes and the 54Fe (n,p) 54Mn cross section (Reference 2) 

averaged over the P11'1G energy groups, then the measured neutron flux (E 

> 1 Mev) is given by: 

10 Mev 

r6 (E > 1 Mev} = C ~-

E = 1.0 

r6 (E,r) 
PlMG 

where C is a constant 

The error involved in the measurement of the specific activity of the 
dosimeter after irradiation is estimated to be+ 5 percent. 

5.4.3.3 Calculation of Integrated Fast Neutron (E > 1.0 Mev) 

Flux at the Irradiation Samples 

The method to be .described herein is an approximation to the ideal three 

dimensional neutron transport solution but carrel ati ons bet\'leen its 

predictions and measurements on samples irradiated in the Yankee and 

Saxton cores indicate good agreement. 

The spectrum of neutron fluxes at the capsule locations is obtained from 

the one dimensional multigroup diffusion code Pl~G (Reference 1) for the 

array of annular shields surrounding a cylindrical core of infinite 

height. The.cylindrical core has a cross-sectional area equal to that 

of the actual core. The radial source distribution chosen for the core 

represents the expected average over the life of the station. The 

magnitude of the neutron fluxes generated by the PlMG Code, which does 
not treat t~ansport effects, is adjusted by application of a spdtial 

correcti·on factor. This factor is the ratio of the fa5t neutron dose 
rate calculated by the SPIC-1 code (Reference 3) for an all water medium 
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surrounding a typical Westinghouse PWR to the fast neutron dose rate 

obtained by PlMG in the identical geometry. The SPIC-1 fast neutron 

dose rate calculation uses an empirical fast neutron attentuation kernel 

in the fonn of a linear combination of singl.e exponentials which are 

fitted to the experimental fast neutron dose rate distribution in pure 

· water. 

1he axial and azimuthal variations of-~eutron flux at the capsule loca

tion are detennined separately. The axial distribution is expressed as 

the ratio of the normalized results of two calculations using PDQ4 

(Reference 4) a two dimensional 4 group (r,z) diffusion code. In the 

first of these an infinitely high equivalent cylindrical core with a 

fission neutron source strength SI, per unit height is surrounded by 

an all ~ater medium containing the capsule location. In the second, the 

finite heiyht is surrounded by an all water medium. 

The fixed source option of the PDQ4 code is selcted so that the axial 

variation of source strength in the core represents a good approximation 

to the average over the core life. The radial distribution is identical 

to that chosen for PlMG. The ratio, 

0 (E, r, z)F S1 
SF x i6 ( E ' r l I 

where subscripts F and I denote finite and infinite core representations 

respectively, is the required axial correction t2nn. 

The azimuthal di stri buti ans of neutron fluxes at the sample 1 ocati on a re 

derived from a comparison of the results of the two dimensional 4 yroup 

(x,y) code PDQ3 (Reference 5) and the on~ dimensional 4 group diffusion 

program AIM-5 (K.eference 6). In the PDQ3 calculation the core, whose 

shape can be specified exactly, is sourrounded by an all water medium. 

The radial and azimuthal sou.rce distributions in the core are both 

reasonable approximations to the averages expected during the core 

life. The radial source distribution in the AIM-5 calculation, in which 
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the equivalent cylindrical core is surrounded by an all water medium, is 

identical to that chosen by P14G. 

The product of, 

1. The spatially corrected PlMG results, . . 

"2. Axial correction tenn, and 

3. Azimuthal correction tenn, 

defines the three dimensional verification of neutron flux at the sample 

locations. 

The technique indicated.above overpredicts Saxton measurement by 30 

percent and the Yankee measured values by 14 percent. In .. rnth reactors 

the measured results are averages for a set of specimens in a capsule 

located outside the thennal. shfold opposite a core corner. More 

recently, results from SELIH specimens were overpredicted by 10 percent. 

The reported technique ul so gives excellent agreement with measured data 

reported for the PM2A reactor. Based on the above evidence, it is con

cluded that the PlMG calculati.on, corrected as described, is conser

vative by approximately 20 percent. 

5.4.3.4 Measurement of the Inhial l~OTT of the Reactor 

Pressure Vessel Base Pl ate and Forginy Material 

The unirradiated or initial WH temperature of pressure .vessel base 

plate and forging materials is presently measured by two methods. These 

methods are the drop weight test per ASTM E208 and the Charpy V-notch 

impact test "(Type A) per ASTM E23. The NOT temperature is defined in 

ASTM E208 as "the temperature at Hhich a specimen is broken in a series 

of tests in which duplicate no break perfonnance occurs at l0°F higher 
. . ' 

temperature". Using the Charpy V-notch test, the NDTT is defined as the 
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temperature at which the energy required to break the specimen is a 

certain 11 fixed 11 ·value. 

For SA 5338 Cl ass 1 and A508 Cl ass 2 and Cl ass 3 steel the ASME ·II I 

Table N-421 specifies an energy value of 30 ft-lb. This value is based 

on a correlation with the drop weight test and.is referred to as the 11 30 

ft-lb..;.fix 11
• A curve of the temperature versus energy absorbed in break

ing the specimen is plotted. To obtain this curve, 15 tests are per

formed which include three tests at five d.ifferent temperatures •. The 

intersection of the energy versus temperature.curve with the 30 ft-lb 

ordinate is designated as the NOTT. · 

As part of the Westinghouse surveillance program, Charpy V-impact tests; 

tensile tests, and facture mechanics specimens are taken from the core 

region plates and forgings, and core region weldments including heat

affected zone material. The test locations are similar to those.used in 

the tests by the fabricator at the plate mill • 

The uncertainties of measurement of the NOTT of base plate are: 

1. Differences in Charpy V-notch foot pound values at a given tempera

ture between specimens. 

2. Variation of impact properties through plate thickness. 

The facture toughness technology for pressure vessels and correlation 

with service faf 1 ures based on Charpy V-notch impact data .are based on 

the averaging of data. The Charpy V-notch 30 ft-lb 11 fix 11 temperature is 

based on multiple tests by the material supplier, the fabricator, and by 

Westinghouse as part of the surveillance program •. In the review of 

available data, differences of O to approximately 40°F are observed in 

. comparing curves plotted through the minimum and average values 

respectively. The value of NOTT derived from the average curve is 

judged to be representative of the material because of the averaging of 

• at least 15 data points, consistent with the specified procedures of 

-------
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ASTM E23. In the case of the assessment of NOTT shift due to fdst neu
tron flux, the displacement of transition curves is measured. The 
selection of maximum, minimum of average curves for this assessment is 
not significant since like curves are used. 

There are quantitative differences between the NOT temperature measure
ment at the surface, 1/4 thickness or the center of a plate. Differ
ences in NOT temperature between 1/4T and the center in heavy plates had 
been observed to vary from improvement in the NOT temperature to 
increases up to 85°F. The NOT temperature at the surface had been mea
sured to be as much as 85°F lower than at 1/4T. 

The 1/4T location is considered conservative since the enhanced metal-

1 urgical properties of the surface are not used for the detennination of 
NDT temperature. In addition, the limiting NOT temperature for the 

. . ' . 

reactor vessel after operation is based on the NDT temperature shift due 
to irradiation. Since the fast neutron dose is highest at the inner 
surface, usage of the 1/4T NDT temperature criterion is conservative. 

Data are being accumulated on the variation of NDT across heavy section 
steels at Westinghouse Nuclear Energy Systems. Similarly, the Pressure 
Vessel Research Committee sponsors an evaluation of properties of pres
sure vessel steels in plates and forgings greater than 6 inches thick. 

Preliminary data show NOT temperature differences be.tween l/4T and 
center of less than 20°F. The present criteria of using NDT temperature 

+ 60°F at the 1/4T location without taking advantage of the enhanced 
properties at the surface of reactor vessel plates is conservative. 

To assess any possible uncertainties in the consideration of NOT tem
perature shift for welds heat affected zone, and base metal, test speci
mens of these three "material types" are included in the reactor vessel 
surveillance program. 
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5.4.4 TESTS AND INSPECTIONS 

The inspections of the reactor vessel \-.ere governed by. the ASfvE Code . . 

requirements. The reactor vessel inspections are sunmarized in Table 

5. 2-26. 

A preoperati onal vo 1 umetri c examination utilizing ultrasonic techniques 

was performed on both reactor pressure vessels. This preoperational 

examination established a base line upon which the results of subsequent 

i nservice inspections can be compared. 

Ttie pre service examination and subsequent i nservice examinations of the 

reactor pressure vessels will be accomplished with the Wi scorisi n -
Michigan lnspection Device (W~UD). Tiiis inspectibn device has been used 

for accomplishing the same examinations on other reactor vessels. The 

use-of the .WMID for both the pre service and i nservice inspections of the 

reactor vesse 1 meets the intent of Section XI of the ASME Code that 

preoperational examinations be as closely representatiVe of the examina

tion to be performed later as possible. 

A 11 of the detailed examinations, as set forth in the Technical Specifi

cations ~re perfonned completely, once, as part of the preservice 

inspection program, except that the examiriations ~ere extended \';here 

practicable to include 100 percent of the pressure - containing \'.E!lds. 

Evaluation shall be made of any indications detected during any of the 

examinations W"lich exceed the standards for materials .and ~leis speci

fied in the ASfl'E Code, Section .I II edition applicable to the c:onstruc..: 

tion of the component to determine disposition and/or the need to make 

repairs. 

The i nservice inspection program is discussed in Section b.l.8 • 
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TABLE 5.4-1 • REACTOR VESSEL MATERIAL PROPERTIES 

50 Ft-Lb 

35 Mil 

Core Region Plate TNDT Temp. RTNDT 
Shell Plate No. OF OF OF 

Inter. Shell 84712-1 0 <60 0 

Inter. Shell 84712-2 -20 72 12 

Inter. Shel 1 84712-3 -50 70 10 

Lower Shell 84713-1 -10 68 8 

• Lower Shel 1 84713-2 -20 68 8 

Lower Shell 84713-3 ,..lQ 70 10 

*USE (Upper Shelf Energy) 

• 
SGS-UFSAR 

USE* 

Ft-Lbs 

105 

97 

107 

98 

103 

122 
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• TABLE 5.4-2 

REACTOR VESSEL MATERIAL PROPERTIES 
CLOSURE HEA~ STUDS 

Energy 

Mat 1 l Bar 0.2 ys UTS* El ong. RA** At 10 °F 

Heat No. Spec. No. No. Ksi Ksi · Ft-Lbs 

37677 A540, B24 237-1 150.5 165.0· 17.0 57 .1 50, 54, 48 

37677 A540, B24 237 151.0 164.5 17.0 57.3 54, 54, 50 

37677 A540, B24 203-1 155.5 165.0 16.0 57.3 58, 60, 60 

37677 A540, 824 203 148.0 164.0 15.0 56.4 48, 48, 47 

37677 A540, 824 204-1 151.5 166.0 16.5 57.3 54, 50, 56 

37677 A540, B24 204 148.5 162.5 16.0 56.4 54, 54, 55 

CLOSURE HEAD .NUTS Alm WASHERS 

• 46251 A540, 823 5 157.5 170 .• 0 16.0 54.7 42, 46, 46 

46251 A540, B23 5-1 149.5 163.0 17 .o 55.8 50' 54, 53 

46251 A540, 823 8 152.5 164.0 16.5 55.3 50' 50' 49 

46251 A540, B23 8-1 151.5 162.2 17.0 56.9 50' 50' 54 

46251 A540, B23 11 151.0 163.5 17.0 55.8 50' 50' 50 

46251 A540, 823 11-1 151.0 164.0 17.0 56.5 52, 54, 50 

46251 A540, B23 10 150.5 161.0 17.0 56.0 50, 50, 53 

46251 A540, B23 10-1 148.5 ·. 161.0 17.0 56.8 50, 55, 48 

46251 A540, B23 13 153.0 164.0 17.0 57.3 .54, 50, 53 

46251 A540, B23 13-1 147.2 159.0 17.0 56. 5 56, 50' 51 . 

46251 A540, 823 17 148.8 161.5 17.0 56.5 52, 50, 55 

46251 A540, 823 17-1 155.5 167.5 16.0 54.2 51, 51, 50 

46251 A540, 823 21 155.5 168.0 16.5 55.5 48, 50, 48 

46251 A540, B23 21-1 150 .5 162.0 16.5 56.2 54, 54, 54 
46251 A540, B23 22 150-2 162.5 16.0 56.0 54, 5.2, 50 
46251 A540, 823 22-1 147.0 160.0 17.0 57.3 54, 56, 54 

• * UTS (Ultimate Tensile Stress) 
**RA (Reduction Area) 

-··-·~------ - - ··-·- - ··-- -·-
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TABLE 5.4-3 

MAXIMUM INNER WALL END OF LIFE-PLATES 

Pl ate Fluence ART 
No. N/CM 2 NOT (oF) 

B4712-1 2.1 x 10.9 117 
B4712-2 2.1 x 10.9 123 
B4712-3 2.1 x 10.9 100 
B4713-1 2.1 x 10.9 108 
B4713-2 2.1 x 10.9 108 

B4713-3 2.1 x 10.9 108 

*Estimated using methods identified in Reference 7 • 

SGS-UFSAR 

ALISE (Ft-LB)* 

26 
28 
22 
24 

24 

24 
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TABLE 5.4-4 

• MAXIMUM INNER WALL ENO OF LIFE-WELDS 

ART 
Weld Location 

Fluence 
N/CM 2 NOT ( °F) AUS£ (Ft-LB) 

Nozz 1 e Shell to Inter Shell Seam 8-442 4.4 x 1017 79 

Inter. Shell Vert. Weld Seam 2-442A 6.8 x 1018 171 
Inter. Shel 1 Vert. Weld Seams 2-442 B c 1.2 x 1019 202 

Inter. to Lower Shell seam 9-442 2.1 x 1019 185 34 
Lower Shell Vert. Weld Seams 3-442 AC 1.2 x 1019 202 

Lower Shell Vert. Weld Seam 3-4428 6.8 x 1018 171 

• 
*All values except seam 9-442 estimated using upper limit curves since 
Cu + P content of welds is not available • 

• 
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5.5 COMPO~ NT AND SUBSYSTEM DESIGN 

5.5.1 REACTOR COOLANT PUMPS 

5. 5.1.1 Design Bases 

The reactor cool ant pump ensures an adequate core cooling fl ow rate for 

sufficient heat transfer in order to maintain ~ d~parture from nucleate 
boiling ratio greater than 1.3 within the parameters of operation. The 
required net positive suction head is by conservative pump design always 

less than that available by system design and operation. 

Sufficient assembly rotational inertia is provided by a flywheel, motor 

rotor, and pump rotating parts to provide adequate flow during coast

down. This forced flow following an assumed loss of pump power and the 

subsequent natural circulation effect provides the core·with adequate 

cooling • 

The reactor coolant pump motor is capable of operation without 
mechanical damage at overspeeds up to and including 125 percent of 

no rma 1 speed. 

The reactor coolant pump is shown in Figure 5.5-1, and its design 

parameters are given in Table 5.2-6. Code and materiaf requirements are 

provided in Tables 5.2-9 and 5.2-27. 

5.5~1.2 Design Description 

The reactor coolant pump is a vertical, single stage, centrifugal shaft 
seal pump designed to pump large volumes of reactor coolant at high 

temperatures and pressures. The pump consists of three areas from 
bottom to top: the hydraulics, the shaft seals and the motor • 
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1. The hydraulic section consists of an impeller, a diffuser, casing, 

thermal barrier, heat exchanger, lower radial (pump) bearing, main 

flange, motor stand, and pump shaft. 

2. The shaft seal section consists of three seals. They are the number 

1 controlled leakage, film riding face seal and the numbers 2 and 3. 

rubbing face seals. These seals are contained within the seal 
housings. 

3. The motor section consists of a vertical solid shaft, a squirrel 

cage induction type motor, an oil lubricated double Kingsbury.type 

thrust bearing, two oil lubricated radial bearings and a flywheel~ 

Attached to the bottom of the pump shaft is the impeller. The reactor 

coolant is drawn up through the impeller, discharged through passages in 
the diffuser and out through the discharge nozzle in the side of the· 

casing. Above the impeller is a thermal barrier heat exchanger, which 
limits heat transfer between hot system water and seal injection water. 

Component cooling water 1s supplied to the thermal barrier heat 

exchanger. 

High pressure seal injection water is introduced through a connection on 

the thermal barrier. A portion of this water flows through the seals; 

the remainder flows down the shaft through and around the bearing and 

the thermal barrier {where it acts as a buffer to prevent system water 

froni entering the radial bearing and seal section of the unit) and into 

the Reactor Coolant System {RCS). The thennal barrier heat exchanger 

provides a means of cooling reactor coolant to an acceptable level in 

~he event that seal injection flow is 1ost. The water lubricated 

journal-type pump bearing, mounted above the thermal barrier heat 

exchanger, has a self-aligning spherical seat. 

The reactor coolant pump motor bearings are of conventional design. The 

radial bearings are the segmented pad type, and the thrust bearings are 
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tilting pad Kingsbury bearings. All are oil lubricated. The lower radial 
bearing and the thrust bearings are submerged in oil, and the upper radial 
bearing is oil fed from an impeller integral with the thrust runner. 
Component cooling water is supplied to the two oil coolers on the pump 
motor. 

The motor is an air cooled, Class B thermalastic epoxy insulated, squirrel 

cage induction motor. The rotor and stator are of standard construction and 
are cooled by air. Six resistance temperature detectors are located 

throughout the stator to sense the winding temperature. The top of the 

motor consists of a flywheel and an anti-reverse rotation device. 

The internal parts of the motor are cooled by air. Integral vanes on each 

end of the rotor draw air in through cooling slots in the motor frame. This 

air passes through the motor with particular emphasis on the stator end 

turns. It is then exhausted to the containment environment . 

Each of the reactor coolant pumps is equipped for continuous monitoring of 

reactor coolant pump shaft and frame vibration levels. Shaft vibration is 

measured by two relative shaft probes mounted on top of the pump seal 

housing. The probes, one in line with the pump discharge and the other 

perpendicular to the pump discharge, are mounted in the same horizontal 

plane near the pump shaft. Frame vibration is measured by two velocity 

seismoprobes located 90 degrees apart in the same horizontal plane and 

mounted at the top of the motor support stand. Proximeters and converters 

convert the probe signals to linear output, which is displayed on monitor 

meters in the control room. The monitor meters automatically indicate the 

highest output from the relative probes and seismoprobes; manual selection 
allows monitoring of individual probes. Indicator lights display caution and 

danger limits of vibration . 
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All parts of the pump in contact with the reactor coolant.are austenitic 

stainless steel, except for seals, bearings and special parts. The pump 

internals, motor, and motor stand can be removed from the casing as a unit 

without disturbing the reactor coolant piping. The flywheel is available 

for inspection by removing the flywheel cover. 

5.5.1.3 Design Evaluation 

5.5.1.3.1 Pump Performance 

The reactor coolant pumps are sized to deliver flow at rates that equal or 

exceed the required flow rates. Initial RCS tests confirm the total 

delivery capability, providing assurance of adequate forced circulation 

coolant flow prior to initial plant operation. The performance charac

teristic is shown in Figure 5.1-5. 

The reactor trip system ensures that pump operation is within the 

assumptions used for loss-of-coolant flow analyses, and also assures that 

adequate core cooling is provided to permit an orderly reduction in power if 

flow from a reactor coolant pump is lost during operation. 

An extensive test program has been conducted to develop the controlled 

leakage shaft seal for pressurized water reactor applications. Longterm 

tests were conducted on less than full scale prototype seals as well as on 

full size seals. Operating plants continue to demonstrate the satisfactory 

performance of the controlled leakage shaft seal pump design. 
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The support of the stationary member of the number 1 seal (seal ring) is 

such as to allow large deflections, both axial and tilting, while still 

maintaining its controlled gap relative to the seal runner. Even if all the 

graphite were removed from the pump bearing, the shaft could not deflect far 

enough to cause opening of the controlled leakage gap. The 
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"spring-rate" of the hydraulic forces associated with the maintenance of . 

the gap is high enough to ensure that the ring follows the runner under 

very rapid shaft deflections. 

Testing of pumps with the number 1 seal entirely removed, which puts 

full system pressure on the number 2 seal, shows that relatively small 

leakage rates would be maintained for a period of time which is ·suf

ficient to secure the pump. Even if the number 1 seal fails entirely 

during nonnal operation, the number 2 seal would ma.intain these small 

leakage rates if the proper action is taken by 'the operator. ·rhe plant. 

operator is warned of number 1 seal damage by the-i~crease in number 1 

seal leakoff rate. Following warning of excessive seal leakage con

ditions, the plant operator sh~uld close the number 1 seal leakoff line 

and secure the pump, as specified in the instruction manual. Gross 

leakage from the pump does not occur if the proper operator action is 

taken subsequent to warning of excessive seal leakage conditions. 

5.5.1.3.2 Coastdown Capability 

It is important to. reactor protection that the reactor coolant continues 

to flow for a short time after reactor trip. In order to provide this 

flow in a station blackout condition, each reacto~ coolant pump is pro

vided with a flywheel. Thus, the rotating inertia of the pump, motor 

and flywhee 1 is employed during the coastdown period to continue the 

reactor coolant flow. The pump motor system is designed for the safe 

shutdown earthquake at the site. Hence, it is concluded that the coast

down capability of the pumps is maintained even under the most adverse 

case of a blackout coincident with the safe shutdown earthquake. 

5.5.1.3.3 Flywheel Integrity 

Demonstration of integrity of the reactor coolant pump flywheel is 

discussed in Section 5.2.6 • 
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5.5.1.3.4 Bearing Integrity 

The design requirements for the reactor coolant pump bearings are 

primarily aimed at ensuring a long life with negligible wear, so as to 

give accurate alignment and smooth operation over long periods of time. 

The surface-bearing stresses are held at a very low value and,_ even 

under the most severe seismic transients, do not begin to approach loads 

that cannot be adequately carried for short periods of time. 

Because there are no established criteria for s.hort time stress-re 1 ated 

failures in such· bearings, ·it is not possible to make a meaningful 

quantification of such parameters as margins to failure, safety factors, 

etc. A qualitative analysis of the bearing design, embodying such 

considerations gives assurance of the adequacy of the bearing to operate 

without failure. 

Low oil levels in the lube oil sumps signal an alarm in the control room 

and re qui re shutting down ·of the pump. Each motor bearing contains 

• 

embedded temperature detectors, and initiation of failure, separate from • 

loss of oil, is indicated and alarmed in the control room as a high 

bearing temperature. This again re qui res pump shutdown. Even if these 

indications are ignored; and the bearing proceeded to failure, the low 

melting point of Babbitt metal on the pad surfaces ensures that no 

sudden seizure of the bearing occurs. In this event, the motor con-

tinues to operate as it has sufficient reserve capacity to drive the 

pump under such conditions. The high torque required to drive the pump, 

however, demands high current, which leads to the motor being shut down 

by the electrical protection systems. 

5.5.1.3.5 Locked Rotor 

It may be hypothesized that the pump impeller might severely rub on a 

stationary member and then seize. Analysis has sh.own that under such 

conditions, assuming instantaneous seizure of the impeller, the pump 
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shaft would fail in torsion just below the coupling to the motor, thereby 
disengaging the flywheel and motor from the shaft. This would constitute a 
loss-of-coolant flow in the loop. Following such a postulated seizure, the 

motor would continue to run without any overspeed, and the flywheel would 

maintain its integrity, as it is still supported by the motor with two 

bearings. 

There are no other credible sources of shaft seizure other than impeller 

rubs. Sudden seizure of the pump bearing is precluded by graphite in the 

bearing. Any seizure in the seals results in a shearing of the anti

rotation pin in the seal ring. The motor has adequate power to continue 

pump operation even after the above occurrences. Protective relays are 

provided to trip the supply breaker on an overcurrent condition during pump 

startup and normal operation. Indication of pump malfunction is provided by 

the following alarms; bearing water high temperature, excessive number 1 

seal leakoff, and excessive pump vibration. If a pump malfunction is 

indicated, the affected pump is taken out of service for investigation . 

5.5.1.3.6 Critical Speed 

The reactor coolant pump shaft is designed so that its operating speed is 

below its first critical speed. This shaft design, even under the most 

severe postulated transient, gives low values of actual stress. 

5.5.1.3.7 Missile Generation 

Precautionary measures taken to preclude missile formation from reactor 

coolant pump components assure that the pumps will not produce missiles 

under any anticipated accident conditions. Each component of the pump is 

analyzed for missile generation. Any fragments of the motor rotor would be 

contained by the heavy stator. The. same conclusion applies to the pump 
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impeller, because the small fragments that might be ejected would be 
contained by the heavy casing. 

5.5.1.3.8 Pump Cavitation 

The minimum net positive suction head required by the reactor coolant pump 

at best estimate flow is approximately 170 feet (approximately 85 psi). In 

order for the controlled leakage seal to operate correctly, it is necessary 

to require a minimum differential pressure of approximately 275 psi across 

the number 1 seal. This corresponds to a primary loop pressure at which the 

minimum net positive suction head requirement is exceeded and no limitation 
on pump operation occurs from this source. 

5.5.1.3.9 Pump Overspeed Considerations 

For turbine trips actuated by either the reactor trip system or the turbine 

protection system, the generator breaker disconnects the generator 

permitting the reactor coolant pumps to remain connected to the external 

network for 30 seconds to prevent any pump overspeed condition. 

An electrical fault requiring immediate trip of the generator (with 

resulting turbine trip) could result in an overspeed condition. However, the 

turbine control system and the turbine intercept valves limit the overspeed 

to less than 120 percent. As additional backup, the turbine protection 

system has a mechanical overspeed protection trip, usually set at about 110 

percent of turbine speed. In case a generator trip deenergizes the pump 

buses, the reactor coolant pump motors are transferred to off-site power 

within six to ten cycles. 
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5.5.1.3.10 Anti-reverse Rotation Device 

Each of the reactor coolant pumps is provided with an anti-reverse rotation 

device in the motor. This anti-reverse mechanism consists of pawls mounted 

on the outside diameter of the flywheel, a serrated ratchet plate mounted on 
the motor frame, a spring return for the ratchet plate and two shock 

absorbers . 
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After the motor has slowed and come to a stop, the dropped pawls engage 

the ratchet plate and, as the motor tend~ to ~dtate in the opposite 

direction, the ratchet plate' also rotates until it is stopped by the 

1 
shock absorbers. The rotor remains in this positi Qn until the motor is. 

energized again. When the motor is started, the ratchet plate is 

returned to its original position by the spring return. 

As the motor begins to rotate, the pawls drag over the ratchet plate. 

When the motor reaches sufficient speed, the pawls are bounced into an 

elevated position and are held in that position by friction resulting 

from centrifugal forces acting upon the pawls. Conside-rable plant 

experience with the anti-reverse rotation device has shown high 

reliability of opera ti on. 

5.5.1.3.11 Shaft Seal Leakage 

Leakage along the reactor coolant pump shaft is controlled by three 

shaft seals arranged in series. Charging flow is directed to ~ach 

reactor coolant pump via a seal water injection filter. It enters the 

pump and is di.rected to a point between the pump shaft bearing and.the 

pump seals •. The flow splits and a portion flows down the shaft through 

and around the lower radial bearing, down past the thennal barrier heat 

exchanger and into the RCS; the remainder flows. up the pump shaft 

annulus and provides a back pressure on the number 1 seal and a control

led flow through the seal. Above the seal, most Of the flow leaves the 

pump via the number 1 seal leak-off line. Minor flow passes through the 

number 2 seal and its leak-off line, and through the number 3 seal and 

its leak-off line. 

5.5.1.3.12 Seal Discharge Piping 

Discharge pressure from the number 1 seal is reduced to that of the 

volume control tank. Water from each pump's number l seal is piped to a 

common manifold, through the seal water return filter and through the 
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seal water heat exchanger, where the temperature is reduced to that of 

the volume control tank. The number 2 and number 3 leak-off line dump 

number 2 and number 3 seal leakage to the reactor coolant drain tank. 

5.5.1.3.13 Loss of Offsite AC Power 

During normal operation, seal injection flow from the chemical and 

volume control system is provided to cool the reactor coolant pump seals 

and the component cooling water system provides flow to the thermal 

barrier heat exchanger to limit the heat transfer from the reactor cool

ant to the reactor coolant pump internals. In the event of loss of 

offsite power, the reactor coolant pump is deenergized and both of these 

cooling supplies are terminated; however, the diesel generators are 

automatic.ally started and either seal injection flow or component cool-

; ng water to the therma 1 bar'ri er heat exchanger is automatically 

restored within seconds. Either of these cooling supplies is adequate 

to provide seal cooling and prevent seal failure.due to loss of seal 

cooling during a los.s of offsite power to at least two hours. 

5.5.1.3.14 Loss of Component Cooling Water 

Loss of Component Cooling Water and its effects on the RCP are discussed 

in Section 9.2. 

5. 5.1.4 Test and Inspections 

Pressure boundary parts oft.he reactor coolant pumps can be inspected in 

accordance with the ASI\£ Code for 11 Inservice Inspection of Nuclear 

Reactor Coolant Systems, 11 Section XI. 

The pump casing is cast in two pieces, and joined by electroslag weld

ing. Support feet are cast integral with the casing to eliminate a weld 
region. 
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The design enables disassembly and removal of the pump internals for 

usual access to the internal surface of the pump casing • 

The reactor coolant pump quality assurance program is given in 

Table 5.2-26. 

5.5.2 STEAM GENERATORS 

5.5.2.1 Design Bases 

Steam generator design data are given in Table 5.2-5. Estimates of 

radioactivity levels anticipated in the secondary side of the steam 

generators during normal operation, and the bases for the estimates are 

given in Chapter 11. Rupture of a steam generator tube is discussed in 
Chapter 15. 

The internal moisture separation equipment ·is designed to assure that 

moisture carryover does not exceed 0.25 percent by weight under the 
following conditions: 

1. ·Steady state opera ti on up to 105 percent of full load steam fl ow, 
with water at the normal operating level. 

2. Loading or unloading at a rate of 5 percent of full power steam fl ow 

per minute in the range from 15 percent to 105 percent of full load 
steam flow. 

3. A step load change of 10 percent of furl power in the range from 15 

percent to 105 percent full load-steam flow. 

The steam generator tupe sheet complex meets the stress limitations and 
fatigue c ri teri a specified. Codes and materials requirements of the 

steam generator are given in Tables 5.2-9 and 5.2-27 . 
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The steam generator design maxim.i zes integrity against hydrodynamic 
excitation and vibration failure of the tubes for plant life. 

The water chemistry in the reactor side is selected to provide the nec
essary boron content for reactivity control and to minimize corrosion of 
RCS surfaces. The water chemistry of the steam side is given in Table 
5. 2-29. 

5.5.2.2 Design Description 

The steam generator shown in Figure 5.1-3 is a Model 51, vertical shell 

and U-tube evaporator with integral moisture separating equipment. The 
reactor coolant flows through the inverted U-tubes, entering and leaving 
through the nozzles located in the hemispherical bottom head of the 
steam generator. The head is divided into inlet and outlet chambers by 
a vertical partition plate extending from the head to the tube sheet. 
Manways are provided for access to both sides of the divided head. 
Steam is generated on the shell side and flows upward through the mois
ture separators to the outlet nozzle at the top of the vessel. The unit 
is primarily carbon steel. The heat transfer tubes and the divider 

plate are Inconel and the interior surfaces of the reactor coolant chan
nel heads and nozzles are clad with austenitic stainless steel. The 
primary side of the tube sheet is weld clad with Inconel. 

Feedwater flows directly into the annul us f onned by the shell and tube 
bundle wrapper before entering the boiler section of the steam gen
erator. Subsequently, water-steam mixture flows upward through the tube 
bundle and into the steam drum section. A set of centrifugal moisture 

separators, located above the tube bundle, removes most of the entrained 
water from the steam. Steam dryers are employed to increase the steam 

quality to a minimum of 99.75 percent (0.25 percent moisture). The 
moisture separators recirculate flow mixes with feedwater as it passes 
through the annulus formed by the shell and tube bundle wrapper. 
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. The steam drum has two bolted and gasketed access openings for inspec

tion and maintenance of the drye~s. which can be di .sassembled and· 

removed through the opening. 

5.5.2.3 Design Evaluation 

5.5.2.3.1 Natural Circulation Flow 

The steam g~.nerators_ (which provide a· -heat sink) are at a higher 

elevation than the reactor core (which is the heat source). Thus, 

natural ci rcul ati on is assured for the removal of decay heat. 

5.5.2.3.2 Secondary System Fluid Flow Instability Prevention 

In order to prevent the occurrence of water hammer, which has been 

experienced at other pl ants, the feedwater di stri buti on ring headers_ 

have been modified in both Units 1 and 2. The flow from the headers 

takes place through the top of the headers, rather than out the bottom 

as originally designed. This modification has been demonstrated to 

preclude water hammer as discussed in detail in Sec ti on 10.4. 

The limiting case for heat transfer capability is the "Nominal 100 

Percent Design" case. The steam generator effective heat transfer 

coefficient is based on the coolant conditions of temperature and flow 

for this case, and includes a conservative a 11 owance for tube fouling. 

Adequate tube area is selected to assure that the full design heat 

removal rate is achieved. The best estimate for the heat transfer 

coefficient is 1301 Btu/hr-ft2-°F, which is approximately 5 to 10 

percent less than the heat transfer performance experienced at a number 

of operating plants. The coefficient incorporates a specified fouling 

factor resistance of 0.00005 hr-ft2-°F/Btu, which is the value 

selected to account for the differences in the measured and calculated 

heat transfer performance as we 11 as pro vi de the margin indicated 

above. Although margin for tube fouling is available, operating 
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experience to data has not indicated that steam generator performance 
decreases over a long-tenn period. 

5.5.2.3.3 Tube and Tube Sheet Stress Analyses 

Tube and tube sheet stress analyses of the steam generator are given in 
Section 5.2. 

Ca le ul ati ons confi nn that the steam generator tube sheet wi 11 withstand 
the loading (which is quasi-static rather than a shock loading) caused 
by loss of reactor coo 1 ant. 

5.5.2.3.4 Flow Induced Vibration 

In the design of the steam generators, consideration has been given to 
the possibility of vibratory failure of tubes due to mechanical or flow 
induced excitation. This consideration includes detailed analysis of 
the tube supporting system as well as an extensive research program with 
tube vi brat ion mode 1 tests. 

The major cause of tube vibratory failure in heat exchanger components 
is that due to hydrodynamic excitation by the fluid outside the tube. 

Consideration is given to three regions where the possibility of flow 

induced vibration may exist: 

1. At the entrance of downcomer feed to the tube bundle (cross flow) 

2. Along the straight sections of the tube (parallel flow) 

3. In the curved tube section of the U-bend (cross flow) 

From the description of these regions, it is noted that two types of 
flow exist, namely, cross flow and parallel flow. For the case of 
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parallel flow, analysis is done to determine the vibratory deflections. 

Analysis of the steam generator tubes indicates the flow velocities to 

be sufficiently below that required for damaging fatigue or impacting 

vibratory amplitudes. The support system, therefore, is deemed adequate 

to preclude parallel flow excitation. ·For the case of flow excitation, 

it is noted in the literature that several techniques for the analysis 

of the tube vibration exist. The design problem is to ascertain that· 

the tube natural frequency is well above the vortex shedding frequency. 

In order to avoid resonant vibration, adequate tube supports are 

provided. 

Since the problem of ·cross flow induced vibration was of major concern 

in the design of shell ·and tube heat exchangers, consideration was given 

to the experimental eyal uation of the behavior of tube arrays under 

cross flow. Wh11~ consideration was given to instrumentation of actual 

units in service, t~e hostile environment would limit the amount and 

quality of information obtained therefrom. As a result, it was deemed 
. . 

prudent to undertake a research program which would allow the study of 

fluid elastic vibrator behavior of tubes in arrays. A wind tunnel was 

built specifically for this purpose. The research facilities for the 

tube vibration study have since been expanded with the construction of a 

water tunnel facility. 

The results of this research confirm the vortex shedding mechanism. 

More significant, however, is the evaluation of a fluid elastic 

mechanism not associated with vortex shedding. This phenomenon is not 

commonly understood and could be a source of vibration failure. Steam 

generators are evaluated on this basis in addition to the aforementioned 

techniques and found adequately designed_. Testing has al so been con

ducted u~ing specific parameters of the steam generator and the results 

show the support system to be adequate. 

Summarizing the results of analysis and tests of steam generator tubes 

for flow induced vibration, it can be stated that a check of support 
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adequacy has been made using all published techniques believed appro

priate to heat exchanger tube support design. In addition, the tube 

support system is consistent with accepted standards of heat exchanger 

design utilized throughout the industry (spacing, clearance, etc.). 

Furthermore, the design techniques are supplemented with a continui.ng 

research and development program to understand the complex mechanism of 

concern. 

Service experience of steam generators shows that flow induced vibration 

and cavitation effects do not cause tube thinning. Preliminary esti

mates of tube degradation from erosion/corrosion mechanisms indicate 

that approximately 2-1/2 mils wall thinning (2 mils primary, 1/2 mil 

secondary side) will result over the 40 year lifetime. 

The effects of vibration, erosion and cavitation have been given 

consideration and the stress .1 imitations for- each category have been 

met. Analysis of loss of coolant accident blowdown forces on as

fabricated U-tubes has shown that the maxim1Jm bending load elastic 

stress intensity is well below the faulted condition limit. The maximum 

bending load elastic stress intensity (based on the minimum tube wall 

thickness) would increase only within the range of 5 to 10 percent and 

would still be below the faulted condition limit. Therefore, as a 

minimum, at least 2-1/2 mils (per wall) thinning can be tolerated 

without exceeding the allowable stress limits. Vibration effects are 

eliminated during normal operation by the supporting system. Under loss 

of coolant accident conditions, vibration is of a short duration and 

there is no endurance problem. 

Further consideration is. given to the possibility of mechanically 

excited vibration, in which resonance of external forces with tube 

natural frequencies must be avoided. It is believed that the trans

mi ssi bil ity of external forces either through the structure or from 

fluid within the tubes is negligible and should cause little concern. 
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Finally, it should be noted that successful operational experience with 
several steam generator designs has given confidence in the overall 
approach to the tube support design problem. 

· Tests and Inspections 

The steam generator quality assurance program is given in Table 5.2-26. 

Radi ograp hi c inspection and acceptance'- standards a re in accordance with 
the requirements of Section III of the ASI\£ Code. 

Liquid penetrant inspection is performed on weld deposited tube sheet 

cladding, channel head cladding, tube-to-tube sheet weldments, and weld 
deposit cladding. 

Liquid penetrant inspection and acceptance standard are in accordance 
with the requirements of Section I I I of the ASr.£ Code. 

Magnetic particle inspection is performed on the tube sheet forging, 
channel head casting, nozzle forgings, and the following weldments: 

1. Nozzle to shell 

2. Support brackets 

3. Instrument connections (primary and secondary) 

4. Temporary attachments after removal 

5. All accessible pressure containing welds after hydrostatic test. 

Magnetic particle inspection and acceptance standard are in accordance 
with requirements of Sec ti on I I I of the ASt'E Code • 
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An ultrasonic test is perfonned on the tube sheet forging, tube sheet 
cladding, secondary shell and heat plate and nozzle forgings. 

The heat transfer tubing is subjected to eddy current test. 

Hydrostatic tests are perfonned in accordance with Section III of the 
ASr.E Code. 

In addition, the heat transfer tubes are subjected to a hydrostatic test 
pressure prior to installation into the vessel which is not less than 
1.25 times the primary side design pressure multiplied by the ratio of 
the material allowable stress at the testing temperature. 

Manways are to provide access to both the primary and secondary sides. 

Steam generator tube inspection will be perfonned in accordance with 

Technical Specifications. Due to activity "in the channel head and the 
large number of tubes involved, tube testing is done on a per plant 
basis. The extent of tube testing planned ·in any particular plant will 
depend on tube perfonnance to date, the channel head activity and the 
results of tube sample testing. An eddy current testing method .fs 
available if the tubes should require inspection. 

5.5.3 REACTOR COOLANT PIPING 

5.5.3.1 Design Bases 

The RCS piping is designed and fabricated to accommodate the system 

pressures and temperatures attained under an expected modes of plant 
operation or anticipated system interactions. Code and material 
requirements are provided in Section 5.2. 

Materials of construction are specified to minimize corrosion/erosion 
and assure compatibility with the operating environment. 
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RCS pressure boundary piping codes for both units are stated in Table 

5.2-9 . 

5.5.3.2 Design Description 

Principal design data for the reactor coolant piping for both units are 

given in Table 5.2-7. 

The RCS piping is specified in the smallest sizes consistent with system 

requ'irements. In general, high fluid velocities are used to reduce 

piping sizes. This design philosophy results in the reactor inlet and 

outlet piping diameters given in Table 5.2-7. The line between the 

steam generator and the pump suction is larger to reduce pressure drop 

and improve fl ow conditions to the pump suction •. 

All piping within the reactor coolant pressure boundary is made of 

austenitic stainless steel with the main piping being seamless forged. 

Fittings are one piece castings with the exception of the reactor 

cooiant pump inlet 90 degree elbow which is two half castings joined by 

electroslag welding. 

All smaller piping which comprise part of the RCS boundary, such as the 

pressurizer surge line, spray and relief line, loop drains and 

connecting lines to other systems are also austenitic stainless steel. 

The nitrogen supply line for the pressurizer relief tank is carbon 

steel. All joints and connections are welded, except for the 

pressurizer relief and the pressurizer code safety valves, where flanged 

joints are used. Thermal sleevese are installed at points in the system 

where high thermal stresses could develop due to rapid changes in fluid 

temperature during normal operational transients. These points include: 

1. Charging connections at the primary loop from the chemical and 

volume control system • 

SGS-UFSAR 5.5-19 Re vision O 
July 22; 1982 



2. Both ends of the pressurizer surge line. 

3. Pressurizer spray line connection at the pressurizer. 

4. Safety injection/residual heat removal system return. 

Thermal sleeves are not provided for the remaining injection connections 

of the emergency core c;ool i ng system si nee these connections are not in 

nonnal use. 

All piping connections from auxiliary systems are made above the 

horizontal centerline of the reactor coolant piping, with the exception 
of: 

1. Residual heat removal pump suction, which is 45 degrees down from 

the horizontal centerline. This enables the water level in the RCS 

to be lowered in the reactor cool ant pipe while continuing to 

operate the residual heat removal system, should this be required 

for maintenance. 

2. Loop drain lines and the connection for temporary level measurement 

of water in the RCS during refueling and maintenance operation. 

3. The differential pressure taps for flow measurement are downstream 

of the steam generators on the first 90 degree el bow. 

Penetrations into the coolant flow path are limited to·the following: 

1. The spray line inlet connections extend into the cold leg piping in 

the fonn of a scoop so that the velocity head of the reactor coolant 

loop flow adds to the spray driving force. 

2. The reactor coolant sample system taps protrude into the main stream 

to obtain a representative sample of the reactor coolant. 
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3. The resistance temperature detector hot leg bypass connections are 

scoops which extend into the reactor coolant to collect a 

rep_resentati ve temperature sample for the resistance detector 
manifold. 

4. The wide range temperature.detectors are lOcated in resistance 

temperature detector wells that extend into the reactor cool ant 
pipes. 

Separate bypass manifolds (loops) for each reactor coolant loop hot and 

cold leg are provided so that individual temperature signals may be 

developed for use in the reactor control and protection system. The 

bypass manifold around each steam generator obtains a representative hot 

leg temperature by mixing the flow from three scoop connections, which 

extend into the flow stream at locations 120 degrees apart in_ the cross 

sectional plane, on the reactor coolant leg. The hot leg bypass flow 

·exits the manifold to a common return line. 

Flow for the cold leg bypass manifold, which bypasses the reactor 

coolant pump, is obtained downstream of the pump discharge. Because of 

the mixing action of the pump, only one connection is re qui red ·to obtain 

a representative sample. This connection is located as close as 

possible to the weld connection at the pump discharge and is in the same 

relative position in each loop. 

The bypass manifold lines join downstream of each of the hot and cold 

leg manifolds and discharge into a common line. The combined bypass 

flow passes through a flow indicator before discharging to the suction 

side of ~he reactor coolant pump. 

The manifolds are not provided with thermometer wells. Instead, the 

resistance temperature detectors extend directly into the flow path to 

reduce the time delay to a minimum. Therefore, two isolation valves in 

series are provided on each side of the bypass manifold to allow for· 
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resistance temperature detector maintenance. The valve nearest the 

connection to the main coolant piping is located above the elevation of 

the reactor vessel nqzzles to permit valve repair during cold shutdown, 

without draining the RCS. In addition, vents and drains are provided in 

each manifold to be used, in conjunction with the isolation valve, for 

maintenance. 

Signals from these instruments are used to compute the reactor coolant 

AT (temperature of the hot leg, T hot' minus the temperature of the 

cold leg, Tcold,) and an average reactor coolant temperature 

(Tavg). The Tavg for each loop is indicated on the main control 

board. 

The RCS pressure boundary piping includes those sections of piping 

interconnecting the reactor vessel, steam generator, and reactor cool a.nt 

pump • It a 1 so i nc 1 ude s the f o 11 owi ng : 

1. Charging line and alternate charging line from the isolati.on valve 

up to the branch connections on the reactor coolant loop. 

2. Letdown line and excess letdown line from the branch connections on 

the reactor coolant loop to the isolation valve. 

3. Pressurizer spray lines from the reactor coolant cold legs to the 

spray nozzle on the pressurizer vessel. 

4. Residual heat removal lines to or from the reactor coolant loops up 

to the designated isolation or check valve. 

5. Safety injection lines from the designated isolation or check valve 

to the reactor coolant loops. 

6. Accumulator lines from the designated isolation or check valve to 

the reactor coolant loops. 
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7. Resistance temperature ,detector manifold by-pass loop piping • 

8. Loop fill, loop drain; samp l e ~, · and instrument lines to or from the 

designated isolation valve·to or from the reactor coolant loops. 

9. Pressurizer surge line from one reactor coolant loop hot leg to the 

pressurizer vessel inlet nozzle. 

10. Resistance temperature detector scoop element; pressurizer spray 

scoop, sample connection with scoop, reactor coolant temperature 

element installation boss, and the temperature element well itself. 

li. Alf branch connecfion nozzles attached to reactor coolant loops. 

12. Pressure relief lines from nozzles on top of the pressurizer vessel 

up to and through the power-operated pressurizer relief valves and 

pressurizer safety valves. 

13. Seal injection water and labyrinth differential pressure lines to or 

from one the reactor cool ant pump inside reactor containment. 

14. Auxiliary spray line from the isolation valve to the pressurizer 

spray line header~ 

15. Sample lines from pressurizer to the isolation valve. 

Details of the materials of construction of reactor coolant piping and 

fittings are listed in Table 5.2-26. 

5.5.3.3 Design Evaluation 

Piping load and stress evaluation for normal operating loads, seismic 

loads, blowdown loads, and combined normal, blowdown and seismic loads 

is discussed in Section 5.2 . 
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5. 5. 3 .4 Materi a 1 Corrosi on/Erosion E valuation 

The water chemistry is selected to minimize corrosion. A periodic 
analysis of the coolant chemical composition is performed to verify that 
the reactor cool ant quality meets the specifications. 

An upper limit of about SO feet per second is specified for internal 
coolant velocity to avoid the possibility of accelerated erosion. All 
pressure containing welds out to the second valve that delineates the 
reactor coolant pressure boundary are available for examination with 
removable insulation. 

5.5.3.5 Tests and Inspections 

Inservice inspection is discussed in Section 5.2.8. The RCS piping 
quality assurance program is given in Table 5.2-26. 

A description of the quality assurance inspections of these components 
is contained in Section 5.2.3.5. 

5.5.4 MAIN STEAM LINE FLOW RESTRICTORS 

Each steam line is provided with a flow restrictor to limit the blowdown 
rate of steam from the steam generators in the event of a main steam 

line rupture. The flow restrictors are described in detail iri Section 
10.3. 

5.5.5 MAIN STEAM LINE ISOLATION SYSTEM 

Main steam isolation valves are described in Section 10.3. 

5.5.6 REACTOR CORE ISOLATION COOLING SYSTEM 

This section is not applicable to pressurized water reactors. 
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5.5.7 RESIDUAL HEAT REMOVAL SYSTEM 

· 5.5.7.1 Design Bases. 

The Residual Heat Removal System (RHRS) is designed to remove residual 

and sensible heat from the core and reduce the temperature of RCS during 

the second phase of plant cooldown. During the first phase of cooldown, 

the temperature of the RCS is reduced by transferring heat from the RCS 

to the steam and power conversion system (Chapter 10). 

The RHRS is placed .in operation approximately 4 hours after reactor 
. ' 

shutdown when the pressure and temperature of the RCS are approximately 

400 psig and less than 350°F, respectively. Under normal operating 

conditions, the RHRS. wi 11. reduce the temperature of the reactor cool ant 

to 140°F within 20 hours following reactor shutdown. The design 

residual heat load i_s based on the residual heat fractibn of full core 

MW (thermal) power level that exists at 20 hours followi·ng reactor shut
down from an extended power.run near full power. 

As a secondary function, the RHRS is used to transfer refue 1 i ng water 

between t'he refueling water storage tank and the refueling cavity at the 

beginning and end of refueling operations. 

In addition, portions of the system are utilized a·s parts of the emer

gency core cooling system and the containment spray system. These func

tion and the associated analyses are discussed in Chapter 6. 

The RHRS provides sufficient .capability in the emergency operational 

mode to accommodate any single active or passive fa_i 1 ure and s_ti 11 func

tion in a manner to avoid risk to the health and safety of the public. 

Refer to Chapters 6 and 15 for a discussion of the operability and capa

bility of the RHRS in an emergency core cooling role. 

The system design precludes any significant reduction in the overall 

design reactor shutdown margin when cooling water is introduced into the 
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core for decay heat removal or during emergency core cooling recirculation 
mode of operation. 

System components whose design pressure and temperature are less than the 
RCS design limits are provided with redundant isolation means and 
overpressure protection devices. 

All system active components which are relied upon to perform the system 
functions are redundant and the system design includes provision for 
hydrostatic testing of system components to applicable code test pressures. 

Piping and components of the RHRS are designed to the applicable codes and 
standards listed in Table 5.5-1. Since the loop contains reactor coolant 
when it· is in operation, austenitic stainless steel piping is employed. 

5.5.7.2 System;Description 

The RHRS (shown in Figures 5.5-2A and B) con~ists of two residual heat 
exchangers, two residual heat removal pumps and associated piping valves, 
and instrumentation. 

During system operation, coolant flows from the RCS to the residual heat 
removal pumps, through the tube side of the residual heat exchangers and 
back to the RCS. The inlet line to the RHRS loop begins at the hot leg of 
one reactor coolant loop and the return line is connected to the cold legs 
of two separate reactor coolant loops. The heat loads are transferred by 
the residual heat exchangers to the component cooling water. 

The cooldown rate of the reactor is contro1led by regulating the flow 
through the tube side of the residual heat exchangers. A bypass line with 
a remotely operated control valve around the residual heat exchangers is 
used to maintain a constant flow through the RHRS. 
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Coincident with plant cooldown, a portion of the reactor coolant flow 

may be diverted to the chemical and volume control system for cleanup • 

By regulating diverted flow rate, the RCS pressure may be controlled 

within the pressure range dictated by the nil-ductility limits of the 

reactor vessel and the Number 1 seal differential pressure and NPSH 

requirement of the reactor coolant pumps. 

Design data for the RHRS components described below are listed in Table 

5. 5-1. 

RESIDUAL HEAT EXCHANGER 

Two residual heat exchangers are installed in the system. Each 

exchanger is designed to remove one-half of the residual heat load. The 

installation of two exchangers assures that the heat removal capacity of 

the residual system is only partially lost if one exchanger fails or 

becomes inoperative. Two exchangers also allow maintenance of one 

exchanger while the other unit is in operation. 

The residual heat exchangers are of the shell and U-tube type. Reactor 

coolant circulates through the tubes, while component cooling water 

circulates through the shell. The tubes are welded to the tube sheet to 
prevent leakage of reactor coolant. 

RESIDUAL HEAT REMOVAL PUMPS 

Two identical pumps are installed in the RHRS. Each pump is sized to 

deliver sufficient reactor coolant flow through the residual heat 

exchangers to meet the plant cooldown requirements. The use of two 

pumps, installed in parallel, assures that pumping capacity is only 

partially lost should one pump become inoperative. This also allows 

maintenance on one pump while the other pump is in operation. In addi

tion to the residual heat removal duty, the pumps are used for transfer 

of refueling water before and after a refueling operation . 
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The two residual heat removal pumps are, vertical, centrifugal units 
with mechanical seals to prevent reactor coolant leakage to the atmo

sphere. All pump parts in contact with reactor coolant are austenitic 
stainless steel or equivalent corrosion resistant material. 

RHRS VALVES 

The valves used in the RHRS are constructed of austenitic stainless 

steel or equivalent corrosion resistant material. 

Manual isolation valves are provided to isolate equipment for mainten
ance. Throttle valves are provided for remote manual control of 

residual heat exchanger tube side flow, and for remote manual control of 
bypass flow. Check valves. prevent reverse flow through the residual 
heat removal pumps. 

Isolation of the RHRS is achieved with two remotely operated series stop 

valves in the line from the RCS to the residual heat removal pump· suc

tion and by two check valves in series in each line from the residual 

heat removal pump discharge to the RCS plus a remotely operated stop 

valve in each discharge line. Overpressure in the RHRS is relieved 
through a relief valve to the pressurizer relief tank in the RCS. 

Valves that perfonn a modulating function are equipped with two sets of 

packing and an intennediate leakoff connection that discharges to the 
waste disposal system. 

Manually operated valves have backseats to facilitate repacking and to 

1 imit the steam leakage when the valves are open. Leakoff connnections 

are provided where required by valve size and fluid conditions. 
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RESIDUAL I-EAT REMOVAL PIPING 

RHRS piping is austenitic stainless steel. Piping joints and connec

tions are welded except where flanged connections are required to 

facilitate maintenance. 

5.5.7.3 Design Evaluation 

For RCS cooldown, the unit is provided with two residual heat removal 

pumps and two residual heat exchangers. If one of the two pumps or one 

of the two heat exchangers or one pump and one heat exchanger is not 

operable, safe cooldown of the pla.nt is not compromised; however, the 

time for cooldown is extended. 

To assure reliability, the two residual heat removal pumps are connected 

to two separate buses so that each pump will receive power from a dif

ferent source. 

An emergency power source is required to supply essential electrical 

equipment if a total loss of powe~ should occur while the system is in 

service •. Each pump is connected to a separate emergency power supply. 

5.5.7.3.1 Leakage Provisions 

The design operating leakage rate of the RHR is 50 gpm due to a pump 

seal failure. The residual heat removal pumps are in separate rooms 

each having two 75 gpm sump pumps which disc:harge to the waste disposal 

system. Sump pump reliability is ensured by placing pump motors on the 

floor above the residual heat removal rooms. In the remote event that 

no sump pumps are operable there is adequate volume in the residual heat 

removal rooms to contain the design percentage while the pump is i so

lated • 
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Should a large tube side to shell side leak develop in a residual heat 

exchanger, the water level in a: component cooling surge tank would rise, 

and the operator would be alerted by a high water alarm. In addition, a 

leak will be detected by a radiation monitor located in each component 
cooling header. 

If the leaking residual heat exchanger could not be isolated from the 

component cooling system before the inflow completely filled the surge 

tank, the overflow-vent line would discharge the excess water to the 

waste disposal system. 

Since the RHRS is required for long-term post-accident removal of decay 

heat from the reactor core and containment, independent piping systems 

are provided for the redundant components so that excessive leakage 

resuiting from the deterioration of, or failure in, some passive element 

in the system can be identified and isolated without complete system 

loss-of-function. 

Massive failure of piping is not considered credible because long term 

operation of system occurs only at 1 ow pressures and temperatures and 

system is protected from environmental cond"itions by the Class I 

{ seismic) structures. 

5.5.7.3.2 RCS Isolation Provisions 

The residual heat removal discharge lines are isolated from the RCS by 

two check valves in series for each line and a remote operated valve in 
each line. 

There are two motor operated isolation valves {lRHl and 1RH2), in 

series, in the single letdown line connnecting the low pressure RHRS to 

the high pressure RCS. lRHl is the upstream valve {closest to the RCS) 

and 1RH2 is the downstream valve. The position indication provided for 
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these ·valves c:;onsi sts of 11 open-closed 11 indication on the main control 

console and valve 11 off-normal 11 indication in the auxiliary alarm system . 

The interlock system consists of following: 

1. lRHl is interlocked with a pressure control signal derived from a 

pressure transmitter to pervent its opening whenever the RCS pres

sure is greater than the residual heat removal system design pres

sure. 

2. The pressure transmitter used in item 1 is connected to the reactor 

coolant loop which contains the residual heat removal suction line. 

The pressure transmitter is connected into the residual heat removal 

suction line inside the containment. 

3. The control for valve 1RH2 is admi ni strati vely locked to prevent 

inadvertent manual opening. 

4. A second pressure channel wi 11 be added to pro vi de a pressure con

trol signal to interlock valve 1RH2 located adjacent to the residual 

heat removal system. This will be used to prevent its opening when

ever the reactor coolant pressure is greater than the residual heat 

removal system design pressure. 

5. This additional pressure transmitter will be connected by a separate 

connection into the residual heat removal suction line inside the 

containment. Therefore, the residual heat removal suction line wi 11 

contafo two separate connecti ans, one for each pressure transmitter. 

6. The control circuitry for both valves lRHl and 1RH2 ·will be modified 

to automatically close· if they have not already been manually closed 

before the reactor coolant pressure reaches a selected-fraction of 

residual heat removal design pressure • 

SGS-UFSAR 5.5-31· Revision 0 
July 22, 1982 



The interlocks and closure devices are designed to confonn to JEEE-279 . 

5.5.7.3.3 Failure Analysis 

A failure analysis of residual heat removal pumps, heat .exchangers and 

valves is present in Table 5.5-2. 

5.5.7.3.4. Compliance with Branch Technical Position RSB 5-1 

This section addresses the items contained in Table II for PWR Class 2 

plants. The numbering corresponds to the numbering in Table II. 

1. Double drop line {or valves in parallel) from the RCS• 

A single residual heat removal suction "fine with two suction isola

tion valves in series is provided as described in Section 

5.5.7.3.2. Compliance is not required :since the plant can be main

tained in a safe hot standby condition while any required manual 

actions are taken. 

2. Safety grade dump valves, operators, air and power. 

One safety grade steam generator power operated relief valve is 

provided for each of the four steam generators. Safety grade remote 

operators and power supplies are not required since hot standby can 

be achieved and maintained using the safety grade steam generator 

safety values. The steam generator pow<~r operated relief valves are 

provided with handwheels and can be operated locally to pennit plant 

cooldown. See the cold shutdown scenario and single failure evalua

tion provided below. 

3. Capability to cooldown to shutdown assuming most limiting single 

failure in less than 36 hours. 
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4. 

Complfance ;.snot required since the plant can be maintained in a 

safe hot standby condition while any re qui red man.ual actions a·re 

taken. The plant is capable of reaching residual heat removal 
initiation conditions in approximat~ly 36 to 48 hours, including 

time re qui red to perform any manual actions. 

Depressurization with only safety-grade systems assuming single 

fai 1 ure. 

Compliance is not required since the plant can be-maintained in.a 

hot standby condition while any required m.anual actions are taken. 

5. Boration with only safety grade systems assuming single failure. 

Compliance is not required since the plant can be maintained in a 

safe hot standby condition while any required manual actions are 

taken. 

6. Provisions for collection and containment of residual heat removal 

pressure relief discharge. 

The residual heat removal relief valves discharge to the pressuriier 

re 1 i ef tank (inside containment). 

7. Additional tests to study mixing of the added borated water and 

cool down under natural circulation conditions with and without a 

single failure of an atmospheric dump valve. 

Salem Nuclear Generating Station is similar to Diablo Canyon Power 

Station in design, both being Westinghouse PWR. Due to the similar

ity of the two plants, no special tests will be conducted by Salem 

Unit to establish boron mixing and cooldown capability under natural 

circulation since Diablo Canyon Station has committed to perform 
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these tests. The results of the tests on Diablo Canyon will ·be 
applicable for Salem. 

8. Specific operational procedures for cooldown under natural circula
tion. 

Salem Nuclear Generating Station will generate specific operational 
procedures that will enable the operators to bring the plant from 

hot standby condition to cold shutdown status using the systems and 

operating functions given in item 9 (Cold Shutdown Scenario). 

9. Seismic Category 1 AFW supply for at least four hours at hot shut

down plus cooldown to RHR cut-in based on longest time (for only 

onsite or offsite power and assuming worst single failure). 

A long-tenn source of auxiliary feedwater is provided by a connec
tion to the Seismic Category 1 service water system. 

COLD SHUTDOWN SCENARIO (Assuming loss of all non-seismic Category 1 
equipment) 

The safety shutdown design basis of Salem Unit 2 is hot standby. the 

plant can be maintained in a safe hot standby condition while manual 

actions are taken to pennit achievement of cold shutdown conditions 

following a safe shutdown earthquake with loss of offsite power. Under 

such conditions the plant is capable of achieving residual heat removal 

initiation conditions (approximately 350°F, 400 psig) in approximately 

36 to 48 hours, including the time re qui red for any manual actions. To 

achieve and maintain cold shutdown, four key functions must be per

formed. These are: (1) circulation of the reactor coolant, (2) removal 

of residual heat, (3) boration and makeup, and (4) depressurization. 
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1. Circulation of Reactor Coolant 

• · Ci rcul ati on of the reactor cool ant has two stages in a cool down from 

•• 

• 

hot standby to cold shutdown. The first stage is from hot standby 

.to 350°F .. During this stage, circulation of the reactor coolant is 

provided by natural circulation with the reactor core as the heat 

source and steam generators as the heat sink. Steam release from 

the steam generators is initially via the steam generator safety 

valves and occurs automatically as a result of turbine and reactor 

trip •. Steam release for cooldown is via the steam generator power 

operated relief valves which are operated manually with their hand

wheel s. The steam generator power operated relief valves are acces

sible for local operation. The status of each steam generator can 

be monitored using Class 1E instrumentation located on the console 

in the control room. Three separate channels of indications for 

both steam generator pressure and water level are available. 

Feedwater to the steam generators is provided from the auxi 1 i ary 

feedwater system which has a 220,000 gallon Seismic Category 1 aux-

i 1 i ary feedwater storage tank as the primary source and two separate 

Seismic Category 1 piping sub-systems. The f"i rst-sy stem is composed 

of two motor-driven pumps each powered from a different emergency 

power train, and the second sub-system incorporates a turbine driven 

pump which can receive motive steam from either of two steam genera

tors. There are additional sources of feedwater backup which can be 

manually accesses~ Initial backup is provided by the demineratlized 

water storage tank, the domestic water storage tank and the fire 

protection water tank. Additional backup is from the Seismic 

Category 1 service water system. The operation of the auxiliary 

feedwater .system can be monitored using Class IE instrumentation 

located on the control console in the control room. There is a 

single indication of the flows into each ste~m generator, ptimp 

operating status 1 i ghts for the motor driven pumps, discharge and 

suction pressure indication for turbine driven pump. There are also 
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two separate indications of the level in the auxiliary feedwater 
storage tank. 

The second stage of reactor coolant circulation is from 350°F to 

cold shutdown. During this stage, circulation of the reactor cool

ant is provided by the residual h.eat removal pumps. 

2" Removal of Residual Heat 

Removal of residual heat also has two stages in a cooldown from hot 

standby to cold shutdown. The first stage is from hot standby to 
350°F. 

During this stage, the steam generators act as the means of heat 

removal from the RCS. Initially, steam is released from the steam 

generators via the steam generator safety valves to maintain hot 

standby conditions. When the operators are ready to begin the cool

down, the steam generators power operat<~d relief valves are slightly 

opened by local operation with their handwheels. As the cooldown 

proceeds, the operators will occasionally adjust these valves to 

increase the amount they are open. This allows a reasonable cool

down rate to be maintained" Feedwater makeup to the steam genera

tors is provided from the auxiliary feedwater system. The auxiliary 

feedwater system has the ability to remove decay heat by providing 

feedwater to all four steam generators for extended periods of 

operation. 

The second stage is from 350°F to cold :shutdown. During this stage 

the RHRS is brought into operation. Thi~ RHRS is brought into opera

tion. The residual heat removal heat exchangers in the RHRS act as 

the means of heat removal from the RCS. In the heat exchanger; the 

residual heat is transferred to the component cooling system which 

ultimately transfers the heat to the service water system. The 

component cooling and the service water system are both designed to 
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Seismic Category 1. The RHRS'includes two residual·heat removal 
pumps and two residual heat remov~l heat exchangers. Each pump is· 

powered from different emergency power trains and each heat 

exchanger is cooled by a different component cooling loop. If any 
component in one loop becomes inoperable, cool down of the plant is 

not compromised, however, the time for cooldown would be extended. 

The operation of the RHRS can be monitored using Class lE instrumen

tation on the control console in the control room. For each loop 
there is indication of the pump discharge flow, the pump operation 

Status and the component cooling fl OW from he di SC harge Of the heat 

exchanger. 

3. Boration and Makeup 

Boration is accomplished·using portions of the chemical and volume 

control system (CVCS). Boric acid (12 weight percent) from the 

boric acid tanks is supplied to the suction of the centrifugal 

charging pumps by the boric acid transfer pumps. The centrifugal 

charging pumps inject the borated water into the RCS via the nonnal 

charging and reactor coolant pump seal injection flow paths. The 

two boric acid tanks, two boric acid transfer.pumps, and the associ-, 

ated piping are of Semi sic Category 1 design. There is sufficient 

boric acid capacity to provide for a cold shutdown with the most 

reactive rod withdrawn. The boric acid transfer pumps are each· 

powered from different emergency power trains. The boric acid tank 

level can be monitored to verify the operability of the boration 

portion of the CVCS. For this credit is taken for operator action 

in using a portable differential pressure indicator which can be 

connected to the level signal lines from the boric acid tanks. 

Makeup, in excess of that provided as 12 weight precent boric acid 

is provided from the refueling water storage tank (RWST) using cen

trifugal charging pumps and the same injection flow paths as 
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described for borati on. Two motor. operated valves, each powered 

from different emergency po.~~r trains and connected in parallel, • 
wi 11 transfer the. suction of the changing pumps to the RSWT. Makeup 
from the RWST can be monitored using Class lE instrumentation on the 

control console in the control room. Two separate channels of RWST 
level indication exist. 

4. Depressuri zati on 

Depressurization is accomplished using portions of the CVCS. Either 

12 weight percent boric acid or refueling water can be usf;!d as 

desired for depressurization with the flow path being from the cen

trifugal charging pumps to the auxiliary spray valve in the pressur
izer. The two centrifugal charging pumps of the CVCS are of Seismic 

Category I, and are powered from different emergency power trains. 

The pumps can be operated from and its operating status monitored in 

the control room. The depressurization of the reactor coolant. 

system can be monitored using Class lE instrumentatin on.the control 

console in the control. room. Available to the operator are four 

channels of pressurizer pressure, three channels of pressurizer 

level and two channels of reactor coolant pressure. 

MAINTAINING RCS TEMPERATURE AND PRESSURE WITHOUT LETDOWN 

In performing the cooldown, the operator will integrate the functions of 

heat removal, boration and makeup, and deprc~ssurization so that these 

functions can be accomplished without letdown from the RCS. Boration, 

cooldown, and depressurization will be accomplished in series of short 

steps arranged to keep RCS temperature and pressure and pressurizer 

level in the desired relationships. However, to demonstrate that bora

tion and depressurization can be done without letdown, a simpler sce
nario can be used. First, the operators borate the RCS to the cold 

shutdown conditions, taking advantage of the steam space available into 
the pressurizer. Second, the operators use the cool down contraction to 
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lower the pressurizer water level. Finally, the operators use auxiliary 
spray from the eves to depressurize the plant to 425 _psi a. 

The assumed initial conditions follow plant trip are: 

RCS Temperature = 547°F 
RCS Pressure = 2250 ·psi a 
Pressurizer Water Volume = 500 ft 3 

Pressurizer Steam Volume = 1300 ft3 

To calculate if boration can be accomplished without letting down and 
without taking the plant water solid, worst case conditions of end of 

life and maximum peak Xenon were assumed. The result in a requirement 

for 600 ft3 of 12 weight percent boric acid at 165°F to reach cold 

shutdown conditions. When added to the RCS, the boric acid would be 

heated to 547°F and would expand to 800 ft3 available in the pressur

izer steam space, boration to cold shutdown concentrations can be accom
plished without letdown, without taking the plant water solid, and with
out cooling down. 

The cooldown from 547°F to 350°F decreased the volume of water in the 
RCS by approximately 1700 ft 3. Some of this· contraction is used to 

reduce the pressurizer water level to the no-load water level (fol

lowing the increase caused by the boration) and .the remainder is compen
sated for by makeup from the refueling water storage tank. 

To calculate if depressurization can be accomplished without letting 

down and without taking the plant water solid, it was assumed that the. 

pressurizer was at saturated conditions with 500 ft3 of water, 1300 

ft3 of steam, and the pressurizer metal, all of 653°F (2250 psia). It 

was further assumed that no additional water would be removed from the 
pressurizer by the cool down contraction. With these assumpti.ons, and 

including the effect of each input from the pressurizer metal, it was 
' 

determined that spraying in approximately 820 ft3 of 165°F water wou·ld 
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produce saturated conditions at 425 psia (4500F) with a water volume of 
1550 ft3 and a steam volume of 250 ft3. 

The results of the calculations described above demonstrate that boration 
.and depressurizatio'n can be accomplished without letdown, without taking 
the plant water solid, and without taking full credit for the available 
volume created by the cooldown contraction. 

SINGLE FAILURE EVALUATION 

I. Circulation of the Reactor Coolant 

A. From hot standby to 3500F (refer to Figures 5.l-6A, B and C, 
10.3-lA and B and 10.4~7) - Four reacto~ coolant loops and steam 
generators are provided, any one of which can provide sufficient 
natural circulation flow to provide adequate core cooling. Even 
with the most limiting single failure (of a steam generator power 
operated relief valve), three of the reactor coolant loops and 
steam generators remain available. 

B. From 3500F to cold shutdown (refer to Figures 5.5-2A and B) - Two 
RHR pumps are provided, either one of which can provide adequate 
circulation of the reactor coolant. 

II. Removal of Residual Heat 

A. From hot standby to 3500F (refer to Figures 9.2-lA and B and 
9.2-2). 

SGS/UFSAR 

1. Steam generator power operated relief valves - Four are 
provided (one per steam generator), any one of which is 
sufficient for residual heat removal. In the event of a 
single failure, three power operated relief valves remain 
available. 
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B. 
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2. Auxiliary feedwater pumps - Two motor driven and one steam 
driven auxiliary feedwater pumps are provided. !n the event 
of a single failure, two pumps remain available, either of 
which can provide sufficient feedwater flow. 

3. Flow control valves - Air operated, fail open valves. In the 
event of a single failure of one flow control valve (which 
effects flow to one steam generator from either a motor 
driven pump or the steam driven pump) auxiliary feed flow can 
still be provided to all four steam generators from the other 
pumps. 

4. Backup source - A backup source of auxiliary feedwater can be 
provided via a spoo~ piece from either train of the Seismic 
Category I service water system. 

From 3500F to WOOF (refer to Figures 5.5-2A and B and 9.2-2). 

1. Suction isolation valves lRHl and 1RH2 - These valves are 
each powered from different emergency power trains. Failure 
of either power train or of ei~her valve operat6r could 
prevent initiation of 'residual heat removal cooling in the 
normal manner from the control room. In the event of such a 
failure, operator action could be taken to open the affected 
valve manually. The mechanical failur.e of the disc 
separating from the stem has been investigated (Reference 1). 
and its probability has been found to be in the range of 10-4 
to 10-3 per year. The probability of an earthquake larger 
than the operating basis earthquake is less than ax10-5 
per year. The combined probability of valve stem failure 
coincident with the earthquake (<8Xl0-8) is so low that 
it need not be considered in the single failure analysis. 
In the event of a failure, the plant would remain in a safe 
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hot standby condition with heat removal via the steam 

generators. 

2. Isolation·valves 11RH4 and 12RH4 - If either of these nor

mally open motor operated valves, which are powered from 

different emergency power trains, were to close spuriously, 

residual heat removal cooling would be provided by the unef

fected residual heat removal pump and heat exchanger. The 

affected val.ve could be de-energized and opened with its 

handwhee l. 

3. Pumps 11 and 12 - Each pump is powered from a different 

emergency power train. In the event of a single failure, 

either pi.Imp provides sufficient residual heat removal flow. 

4. Heat exchangers 11 and 12 - If either heat exchanger is 

unavailable for any reason, the remaining heat exchanger 

provides sufficient heat removal capability. 

5. Flow control valves 11RH18 and 12RH18 - If either of these 

nonnally open fail open valves should close spuriously, 

sufficient residual heat removal cooling would be provided 

by the unaffected residual heat removal train. 

6. RHR/SIS cold leg isolation valv1.~s 11SH49 and 12SJ49 - If 

either of these nonnally open, motor operated valves, which 

are powered from different emergency power trains, should 

close spuriously, sufficient residual heat removal cooling 

would be provided by the unaffected valve could be deener

gized and opened with its handwheel. 

7. Component cooling water system - Two redundant subsystems 

provided for safety related loads. Either subsystem can 
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provide sufficient heat removal via on~ of the residual heat 
• removal heat exchangers. 

• 

• 

8. Service water system - Two redundant subsystems provided for 
safety related loads. Either subsystem can provide suf
ficient heat removal via one of the component cooling water 
heat exchangers. 

III~ Boration and Makeup (refer to Figures 5.l-6A, B and C, 6.3-lA and B 
and 9.3-6A and B). 

A. Boric acid tanks 11 and 12 - Two boric acid tanks are provided. 

B. 

c. 

Each tank contains sufficient 12 percent boric acid to borate the 
reactor coolant system for cold shutdown. 

Boric acid transfer pumps 11 and 12 - Each pump is powered from-· a 
different emergency power train. In the event of a single 
failure, either pump will provide sufficient boric acid flow • 

Isolation valve 1CV175 - If valve 1CV175, which is supplied from 
.emergency power and is normally closed, cannot be opened due to 
power train or operator failure, it can be opened locally with 
its handwheel. If valve 1CV175 cannot be opened with its 

. handwheel, an alternate flow path is available via air operated, 
fail open valve 1CV172 and normally closed manual valve 1CV174. 

D. Isolation valves lSJl and 1SH2 - Eac.h valve is powered from a 
different emergency power train, only one of these normally 
closed motor operated valves needs to be opened to provide a 
makeup flow path from the RWST to the centrifugal charging pumps .. 

E. -Centrifuga 1 charging pumps 11 and 12 - Each pump is powered from 
a different emergency power train. In the event of a single 
failure, either pump provides sufficient boration or makeup flow • 
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F. F1 ow contra l valve 1CV55 -- This nonna lly open valve fails c 1 osed 
on lass of air or power. If 1CV55 closed spuriously, the 

charging pumps would operate on their miniflow circuits until 
operator action could open bypass valves 1CV81 and 1CV82. 

G. Flow control valVe 1CV71 - This nonnally open valve fails closed 

on loss of air or .power. Use of a portable nitrogen bottle 
would allow 1CV71 to be reopened. If 1CV71 was stuck closed as 

a result of a single failure, manual bypass valve 1CV73 could be 
opened locally. 

H. Isolation valves 1CV68 and 1CV69 - If either of these normally 

open, motor operated valves, each of which is powered from a 

different emergency power train, should cl Qse spuriously, opera

tor action could be used to deenergi ze the valve operator and 

reopen the valve with its handwheel. 

I. Isolation valve 1CV77 - If the normally op.en valve should close 

• 

spuriously, alternate charging valve 1CV79, which fails open, • 

could be used. 

V. Oepressurization 

A. Auxiliary spray valve 1CV75 - This nonnally closed valve fails 

·closed on loss of air or power. Use of a portable nitrogen 

bottle would allow 1CV75 to be opened. If 1CV75 was stuck 

closed as a result of a single failure, the redundant Seismic 
Category 1 overpressure protection system valves can be used to 

depressurize the RCS by venting the pressurizer to the pres

surizer relief tank. 

B. Charging valves 1CV77 and 1CV79 - These valves fail open on loss 

of air or ·power. Use of portable nitrogen bottles would allow 

1CV77 and 1CV79 to be closed. If either was stuck open, the 

SGS-UFSAR 
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redundant seismic category 1 overpressure protection system 

valves can be used to depressuri zer the RCS by venting the pres-
. . 

surizer to the pres.surizer relief tank. 

ENVIRONl'/£NTAL QUALIFICATION OF THE RHR SUCTION ISOLATION VALVES 

·The residual heat removal suction isolation valves are qualified for the 

steam line break environment. Therefore, they are qualified for the 
;,..- .• .4-

less severe environment which would result for venting the pressurizer 

to depressurize the RCS. \ •. -

5.5.7.3.5 H.ydraulic Perfonnance at Run-out 

An RHR pump was tested for the highest runout fl ow for the worst· hydrau-

1 ic configuration. This configuration is when one RHR pump is feeding 

two charging pumps, two safety injection pumps and also discharging 

directly into two cold legs. The test indicated that the RHR pump flow 

exceeded the design runout flow~ 

The system resistance on the discharge side for tile RHR pumps was, 

therefore, increased by changing the orifices on the flow elements (up 

and downstream of the RHR heat exchanger) on the 8 inch RHR headers. 

The resized orfices at both the· flow elements together provided the 

re qui red resistance in the RHR system. 

NPSH was evaluated for a pump flow of 4800 gpm (greater than the maximum 

pump flow). Under this condition, available NPSH exceeds the required 

NPSH. 

5.5.7.4 Tests and Inspections 

The residual heat removal pump flow instrumentation -is calibrated peri

odically. Periodic visual inspections and preventative maintenance are 

conducted during plant operation. 
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5.5.8 REACTOR COOLANT CLEANUP SYSTEM 

The chemical and volume control. system provides reactor coolant cleanup 

and is discussed in Chapter 9. The rad-waste considerations are 
discussed in Chapter 11. 

5.5.9 MAIN STEAM LINE AND FEEDWATER PIPING 

The main steam Jine and the feedwater piping are discussed in Chapter 10. 

5.5.10 PRESSURIZER 

5.5.10.1 Design Bases 

The general configuration of the pressurizer is shown in Figure 5.1-2. 

Design data are given in Table 5.2-4. Codes and material requirements 

are provided in Table 5.2-9. 

5.5.10.1.1 Pressurizer Surge Line 

The surge line is sized to limit the pressure drop between the RCS and 

the safety valves with the design discharge flow from the safety 

valves. Overpressure of the RCS does not exceed 110 percent of the 

design pressure. 

The surge line is designed to withstand the thennal stresses that result 

from volume surges occurring during operation. 

5.5.10.1.2 Pressurizer Volume 

The volume of the pressurizer is equal to or greater than the minimum 

volume of steam, water or the total of the two that satisfies all the 

following requirements: 
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1. The combined saturated water volume and steam expansion volume is 

sufficient to provide the desired pressure response to system volume 
changes. 

2o The water volume is sufficient to prevent the heaters from being 

. uncovered during a step load increase of 10 percent of full power. 

3. The steam volume is large enough to accommodate the surge resulting 

from 50 percent reduction of ful f"i'oad with automatic reactor 

-control and steam··dump without the water level ·reaching the high 

level reactor trip point. 

4. The steam volume is large enough to prevent water relief through the 

safety valves following a loss of load with the high water level 

initiating a reactor trip. 

5. The pressurizer does not empty following reactor trip and turbine 

trip o 

6. The safety injection signal is not activated during reactor trip and 

turbine trip. 

5.5.10.2 Design Description 

5.5010.2.1 Pressurizer Surge Line 

The pressurizer surge line connects the pressurizer to one reactor 

coolant loop hot leg. The line enables continuous volume pressure 

adjustments between the RCS and the pressurizer. 

The surge line is sized to limit the pressure drop during the maximum 

anticipated surge to less than the difference between the maximum allow

able pressure in the reactor ~ssel and the loops (at the point of high

est pressure) and the pressure in the pressurizer at the maximum allow

able accumulation with the code safety valves discharging • 
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The surge line and the thennal sleeves at each end are designed to with

stand the thennal stresses resulting from volume surges of relatively 

hotter or colder water which may occur during operation. 

5.5.10.2.2 Pressurizer 

The pressurizer is a vertical, cylindrical vessel with hemispherical top 

and bottom heads constructed of carbon steel, with austenitic stainless 

steel cladding on all surfaces exposed to the reactor coolant. 

The surge line nozzle and electric heaters are installed in the bottom 

head. The heaters can be removed for maintenance or replacement. A 

thennal sleeve is provided to minimize stresses in the surge line noz

zle. A screen at the surge line· nozzle and baffles in the lower section 

of the pressurizer prevents an insurge of cold water from flowing 

directly to the steam/water interface and also assists mixing. 

The spray line nozzle and relief and safety valve connections are 

located in the top head of the vessel. Spray flow is modulated by 

automatically controlled air-operated valves. The spray valves can also 

be operated manually by a switch in the control room. 

A small, continuous spray flow is provided through a manual bypass valve 

around the power-operated spray valves to assure that the pressurizer 

liquid is homogenous with the coolant and to prevent excessive cooling 

of the spray piping. 

During an outsurge from the pressurizer, the flashing of water to steam 

and the generation of steam by automatic actuation of the heaters keep 

the pressure above the minimum allowable limit. During an insurge from 

the RCS, the spray system, which is fed from two cold legs, condenses 

steam in the vessel to prevent the pressurizer pressure from reaching 

the setpoint of the power-operated relief valves for nonnal design 

transients. · Heaters are energized on high water level during i nsurge to 
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heat the sub-cooled surge water that enters the pressurizer from the 
reactor coolant loop • 

PORV's provide the means for pressurizer venting and a procedure for such an 
application is included within the Station Emergency Instructions for 
"natural circulation". Pressurizer vent paths have been evaluated and shown 
not to result in inadvertent opening or failure to close after initial 
opening. 

Material specifications for the pressurizer, the pressurizer relief tank 
and the surge line are provided in Table 5.2-27. 

In the list below, several other aspects of the pressurizer are 
discussed. 

1. Pressurizer Support 

The skirt type support is attached to the lower head and extends for 
a full 360 degrees around the vessel. The lower part of the skirt 
terminates in bolting flange with bolt holes for securing the vessel 

to its foundation. The skirt type support is provided with ventila
tion holes around its upper perimeter to assure free convection of 
ambient air past the heater and connector ends for cooling. 

2. Pressurizer Instrumentation 

Refer to Chapter 7 for details of the instrumenation associated with 
pressurizer pr.es sure, level and temperature. 

3. Spray Line Temperatures 

Temperatures in the spray lines from the cold legs of two loops are 
measured and indicated. Insufficient flow in the spray lines 
results in low spray line temperature. Low alarms from these 
temperature channels are actuated to warn the operator of low bypass 
spray flow rate • 
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4. Safety and Relief Valve Discharge Temperature 

Temperatures in the pressurizer safety and relief valve discharge 
lines are measured and indicated. An increase in a discharge line 
temperature is an indication,of leakage or relief through the 
associated valve. High temperature alarms are actuated if the 
leakage is abnormal. 

5.5.10.3 Design Evaluation 

5.5.10.3.1 System Pressure Control 

Whene/ver a steam bubble is present within the pressurizer, RCS pressure 
is controlled by the pressurizer. Analyses indicate that proper control 
of pressure is maintained for the normal operating conditions. Tweaty 
banks of 11 backup 11 heaters can be powered from the vital distribution 
system. This provides assurance that pressure control for natural cir
culation can be maintained during a loss of offsite power. 

A safety limit has been set to ensure that the Reactor Cool ant System 

presssure does not exceed the maximum transient value allowed under the 
ASr.E Code, Sec ti on II I. Thereby, continued integrity of the Reactor 

Coolant System components is assured. Evaluation of plant conditions of 
operation indicates that this safety limit is not reached. 

During startup and shutdown, the rate of temperature change is con
trolled by the operator. Heatup rate is control led by pump energy and 
by the pressurizer electrical heater capacity. 

When the pressurizer is filled with water (i.e., near the end of the 
second phase of plant cooldown and during initial system heatup) RCS 
pressure is controlled by operation of a charging pump. The appropriate 
letdown flow is provided via the shutdown path from the residual heat 
removal system. 
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5.5.10.3.2· Pressurizer Level· Control 

• The normal operating water voJ ume at full load conditions is approx

imately 60 percent of the free internal vessel volume. Under part load 

conditions, the water volume in the vessel is reduced for proportional 

reductions in plant load to approximately 25 percent of free vessel at 

zero power level. 

• 

• 

5.5.10.3.3 Pressure Setpoints 

The RCS design and operating pressures are listed in Table 5.2-1 

together with the safety, power-operated relief and pressurizer spray 

valves setpoints. The design pressure allows for operating transient 

pressure changes. The selected design margin conside~s core thermal 

lag, coolant transport ·times and pressure drops, instrumentation and 

control response characteristics and system relief valve characteristics. 

5.5.10.3.4 Pressurizer Spray 

Two separate, automatically control led spray valves with remote manual 

overrides are used to initiate pressurizer spray. In parallel with each. 

spray valve is a manual throttle valve, which pennits a· small continuous 

flow through both spray lines to reduce thermal stresses and thennal 

shock when the spray valves open and to help maintain uniform water 

chemistry and temperature in the pressurizer. Temperature sensors with· 

low al~nns are provided in each spray line to alert the operator to 

insufficient bypass flow. The layout of the common spray line piping to 

the pressurizer forms a water seal, which prevents the steam buildup . 

back to the control valves. The design spray rate is selected to 

prevent the pressurizer pressure from reaching the operating setpoint of· 

the power relief valves during a step reduction in power level of 10 

percent of full load • 

SGS-UFSAR· 5.5-51 Revision 0 
July 22, 1982 



The presssurizer spray lines.and valves are large enough to provide 

adequate spray using as the driving force the differential pressure 

between the surge line connection in the hot leg and the spray line 

connection in the cold leg. T.he spray line inlet connections extend· 

into the cold leg piping in the fonn of a scoop, so that the velocity 

head of the reactor coolant loop flow adds to the spray driving force. 

The spray valves and spray line connections are arranged so that the 

spray wi 11 operate when one reactor cool ant pump is not operating. The 

spray line also assists in equalizing the boron concentration between 

the reactor coolant loops and the .pressurizer. 

A flow path from the chemical and volume control system to the pres

surizer spray line is also provided. This additional facility provides 

an auxiliary spray flow path to the vapor space of the pressurizer dur

ing cooldown if the reactor coolant pumps are not operating. The 

thermal sleeve on the pressurizer spray connection and the spray piping 

is designed to withstand the thennal stresses resulting from the intro

duction of cold spray water. 

5.5.10.4 Tests and Inspections 

The pressurizer is designed and fabricated in accordance with the ASiVE 

Code, Section III, Safety Class 1 vessels. 

The pressurizer quality assurance program is given in Table 5.2-26. 

5. 5 .11 PRE SS URI ZE R RELIEF TANK 

5.5.11.1 Design Bases 

Design data for the pressurizer relief tank are given in Table 5.2-4. 

Codes and materials are given in Table 5.2-9 and Table 5.2-27. 
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• 
The tank design is based on the requirement to condense and cool a dis
charge of pressurizer steam equal to 110 percent of the volume above the 
full-power pressurizer water level setpoint. The tank is not designed 
to accept a continuous discharge from the pressurizer. 

5.5.11.2 Design Description 

The pressurizer relief tank condenses and cools the discharge from the 
pressurizer safety and relief valves. Discharges from specific relief 
valves located inside the containment are also piped to the relief 
tank. The tank normally·contains water and a predominantly nitrogen 
atmosphere; however, provision is made to permit the gas in the tank to 

be periodically analyzed to monitor the concentration of hydrogen or 
oxygen. 

By means of its connection to the waste processing system, the pres

surizer relief tank provides a means for removing any noncondensable 
gases from the RCS that might collect in the pressurizer vessel. 

• Steam is discharged through a sparger pipe under the water level. This 
arrangement provides for condensing and cooling the steam by mixing it 
with water that is near ambient temperature. A flanged nozzle is pro
vided on the tank for the pressurizer discharge line connection to the 
sparger pipe. 

• 

The pressurizer relief tank has pressure, temperature, and level indications 

and alarms in the control room. 

5.5.11.3 Design Evaluation 

The volume of water in the tank is capable of absorbing heat from the 
assumed discharge, assuming an i.ni ti al temperature of 120 °F and i ncreas
i ng to a final temperature of 200 °F. If the temperature in the tank 
rises above 120 °F during plant operation, the tank is cooled by spraying 
in cool water and draining out the warm mixture to the waste disposal 
system • 
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The spray rate is designed to cool the tank from 200/?F to 120/?F in 
approximately 1 hour following the design discharge of pressurizer 
steam. The volume of nitrogen gas in the tank is selected to limit the 
maximum pressure following a. design discharge to 50 psig .. 

The rupture discs on the relief tank have a relief capacity equal to or 
greater than the combined capacity of the pressurizer safety valves. 
The tank design pressure, and the maximum rupture disc burst point, is 
twice the calculated pressure resulting from .the maximum design safety 
valve discharge described above. The tank and rupture disc holders are 
also designed for full vacuum to prevent tank collapse if the contents 

cool following a discharge without nitrogen being added. 

The PRT rupture disc is the vent path for both the reactor vessel head and 
the pressurizer vent. The annulus area containing the PRT is well 
ventilated. With 3 out of 5 fan coil units running at reduced speed during 
an accident condition, the annulus area containing the PRT is adequately 
ventilated with an air change every hour. A review of possible sources of 
ignition in the immediate vicinity of interest indicates no concern. Venting 
through the PRT rupture disc will not adversely affect any system or 
component essential for safe shutdown. 

The discharge piping from the safety and relief valves to the relief 
tank is sufficiently large to prevent back-pressure at the safety valves 
from exceeding 20 percent.of the setpoint pressure at full flow. 

5.5.12 VALVES 

Valves in contact with the reactor coolant are primarily constructed of 
stainless steel. For certain applications, such as hard surfacing and 
packing, design and functional considerations dictate the use of mate
rials other than stainless steel. 

All manual and motor-operated valves of the RCS that are three inches 
and larger are provided with double-packed packing boxes and inter
mediate lantern ring leakoff connections. All throttling control valves 
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regardless of size, are provided with double-packed stuffing boxes and 
with stem leakoff connections. Leakage to the atmosphere is essentially 

zero for these valves. RCS valve codes, materials and quality assurance 
measures are summarized in Tables 5.2-9, 5.2-27 and 5.2-26, respectively . 
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5.5.13 SAFETY AND RELIEF VALVES 

5.5.13.1 Design Bases 

The capacity of the pressurizer safety valves accommodates the maximum 

surge resulting from complete loss of load. By the opening of the steam 

generator safety valves when steam pressure reaches the steam side 

safety setting, this objective is met without reactor trip or any opera-· 
i' ·• 

tor actio·n. 

The RCS uses pressure control equipment in addition to the AS~£ Code 

safety valves. Although this pressure control equipment is not required 

by the AS~ Code, it is used to assist in maintaining the Reactor.Cool

ant System within the nonnal operating pressure. 

The pressurizer power-operated re 1 i ef val vers are designed to limit 

pressurizer pressure to a value below the high-pressure reactor trip 

setpoint. They are designed to fail to the closed position on loss of 

air supply. No provision is necessary to ensure activation of the 
I 

valves should the air supply fail, since the valves are classified as 

inactive. 

The pressurizer power-operated relief valves are not required to open in 

order to prevent the overpressuri zati on of the RCS. Fai 1 ure of the 

power-operated relief valves to open results in higher reactor coolant 

pressures, but does not result in overpressurization of the system. In 

fact, the opening of the power-operated rel'ief valves is a conservative 

assumption for the depa rture-from-nuc le ate-boiling limited transients by 

tending to keep the primary system pressure down. 

The pressurizer spray control. valves are also utilized to control pres

surizer pressure variations. During an i nsurge, the spray system, which 

is fed from the cold legs, condenses steam in the pressurizer to prevent 
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the pressure from reaching the setpoint of the power-operated relief 
valves. 

5.5.13.2 Design Description 

The pressurizer safety valves are totally enclosed pop-type valves. The 

valves are spring-loaded, self-activated and with back-pressure com

pensation designed to prevent system pressure from exceeding the design 

pressure by more than 110 percent, in accordance with the AS~ Boiler 

and Pressure Code, Section III. The set pressure of the valves is 2485 
psi g. 

A water seal is maintained below each safety valve seat to minimize 

leakage. The 6 inch pipes connecting the pressurizer nozzles to their 

respective code safety valves, are shaped in the fonn of a loop seal. 

Condensate, as a result of nonnal heat losses to the ambient, will 

accumulate in the loop, thus flooding the valve seat. The water will 

prevent any leakage of hydrogen gas or steam through the safety valve 

seats. If the pressurizer pressure exceeds the set pressure of the 

safety valves, they wi 11 start 1 ifti ng, and the water from the seal wi 11 

clischarge during the accumulation period. A temperature indicator in 

the safety valve discharge manifold alerts the operator to the passage 

of steam due to leakage or valves lifting. 

The pressurizer is equipped with power-operated relief-valves which 

limit system pressure for a large power mismatch and thus prevent actua

tion of the fixed high-pressure reactor trip. The relief valves are 

operated automatically or by remote manual control. The operation of 

these valves also limits the undesirable opening of the springloaded 

safety valves. Remotely operated stop valves are provided to isolate 

the power-operated relief valves if excessive leakage occurs. 

The relief valves are designed to limit the pressurizer pressure to a 

value below the high-pressure trip setpoint for all design transients up 

SGS-UFSAR 5.5-56 Revision 0 
July 22, 1982 

• 

• 

•• 



• 

• 

to and including the design percent step load decrease with steam dump 
but without reactor trip. 

Design parameters for the pressurizer spray control, safety, ~nd power 
relief valves are given in Table 5.2-8. 

5.5.13.3 Design Evaluation 

The pressurizer safety valves prevent RCS pressure from exceeding 110 

percent of system design pressure, in compliance with the ASME Code 
Section III. Safety valve position is monitored by limit switches which 
alarm in the control when any valve is not in the fully closed position. 

The pressurizer power-operated relief valves prevent actuation of the 
reactor high-pressure trip for all design transients up to and including 
the design step load decreases with steam dump. The relief v~lves also 
limit opening of the spring-loaded safety valves. The opening of any 
pressurizer power operated relief valve is annunciated in the control 
room. 

Westinghouse has completed a generic study(2) of PORV reliability and 
concluded that PORVs are adequately reliable so as not to require 

automatic block valve closure. PSEG has determined that the 
information provided in the generic report is applicable to the Salem 
Generating Station. Accordingly, automatic isolation of the PORVs is 
not provided. 

5 .5. 14 REACTOR COOLANT SYSTEM COMPONENT SUPPORTS 

5.5.14. l Description 

Reactor vessel supports are assemblages of plates built up to seat the 
reactor vessel nozzle shoes. There are four shoe supports for each 

• reactor vessel. The support assemblages are air cooled by negative 
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pressure ducts that draw the air away from the space surrounding the 
vessel through vent holes drilled in the multiple plates. For support 
details see Figure 5.5-3. 

The steam generator supports are.shown in Figure 5.5-4. The weight of 
the steam generator is transferred through four steel columns at its 

SGS-UFSAR 
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base to the supporting frame. The steam generator penetrates the oper

ating floor of the containment building. The elevation of the operating 

floor is approximately at the center of gravity of the steam generator. 

It is supported at the floor by two sets of snubbers and bumper blocks 

·which resist the horizontal forces and overturning moment's generated 

from pipe rupture or earthquake motion. The supporting frame has its 

upper bay braced in both di rec ti ons. The 1 ower bay consists of two 

parallel planar trusses which are pin-hinged at the top and bottom to 

allow for thermal displacement. The horizontal forces at the base of 

the steam generator are transferred through combined truss and frame 

action to the lower bay of the support structure. The primary· loop 

piping provides lateral support for the frame in the direction normal to 

the plane of the trusses. Lateral restraint for blowdown is provided at 

the top of the support structure by two struts connected to the reactor 

shield wall. The struts are in two bolted sections with gaps for free 

thermal travel and adjustment • 

The reactor coolant pump supports as shown in Figure 5.5-5 also consist 

of an upper and lower section. The upper section is a welded steel 

assembly and is constructed to accommodate the bolts of the feet of the 

reactor coolant pump. The lower section is composed of two parallel 

planar trusses, pin-hinged at the top and bottom to provide for thennal 

expansion. Lateral support in th direction nonnal to the plane of the 

trusses is provided by the primary loop pip1ng. Slowdown restraint is 

provided at the top of the supporting structure by struts connected to 

the shield wall. The struts are in bolted sections with gaps for free 

thermal travel and adjustment. 

The steam generator and reactor coolant pump s_upports are anchored to 

the containment base slab by heavy welded steel frames embedded in the 

concrete and tied to the base mat by 6 and 4 inch diameter bolts, 

18.5 feet long. Typical details for the embedded steel for equipment 
supports are shown in Figure 5.5-6 • 
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The pressurizer also penetrates the operating floor of the reactor con

tainment. Stop lugs are embedded in the floor slab to provide the 

. lateral support for the pressurizer at its midheight. The vessel skirt 

is bolted to a steel plate which is in turn welded to the top of the 

support structure. The support structure frame is braced in both direc

tions. It is further constrained against lateral movement at its top by 

four ~hart wide flange struts, two in each perpendicular direction, 
connected to the polar crane support wall. For pressurizer support 
details _see Figure 5.5-7. 

5.5.14.2 Fabrication 

All shop welding was done in accordance with AWS 02.0, 11 Spec.ification 

for Welded Highway and Railway Bridges. 11 Detailed joint procedure spe

cifications were submitted by the fabricator for review and approval by 

PSE G engineering personne 1. The following preheat requirements were 

specified to minimize residual stress: 

1. Material less than 3/4 inch thick shall be preheated to l00°F if the 

ambient temperature falls below 40°F. 

2. Material 3/4 to 1-1/2 inches thick shall be preheated to 150°F prior 

to welding. 

3. Material 1-1/2 to 2-1/2 inches thick shal 1 be preheated to 225°F 
before we 1 ding. 

4. Material over 2-1/2 inches thick shall be preheated to 300°F before 
.we 1 ding. 

Most intersecting primary members are connected flange to flange by butt 

welds or are connected to gusset plates by fillet welds. These types of 

connections are not susceptible to lamellar tearing. 
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5.5.14-3 Evaluation 

Analysis of the RCS supports is discussed in Section 3.9. Steam genera
tor and reactor coolant pump support load combinations and allowable 
stress limits are given in Table 5.5-3. The average operating tempera
ture of these supports is approximately l00°F, with a minimum of 70°F. 
Material for primary component support structures subject to high inten
sity impact loads was required to pass a ·charpy impact test of 20 
ft.-lb. at 20°F to verify its fracture toughness characteristics. This 
fracture toughness assures that brittle behavior will not be exhibited. 

5.5.14-4 Inspection 

All welds were subject to visual inspection in accordance with AWS 
requirements. All full penetration shop welds were subject to magnetic 
particle inspection at four depths supplemented, where practical, by 
ultrasonic inspection of the finished weld. After installation, welds 
on the supports were subject to another magnetic particle inspection. 
This inspection revealed only minor surface defects on some welds, none 
critical to the structural integrity of the supports. Nonetheless, 
these welds were repaired. 

REFERENCES FOR SECTION 5.5 

l. Hill, R. A., et. al., "Evaluation of Mispositioned ECCS Valves," 
WCAP-8966 (Proprietary) and WCAP-9207 (Non-Proprietary), September, 
1977. 

2. Westinghouse Electric Corp., "Probabilistic Analysis and Operational 
Data in Response to NUREG-0737~ Item II.K.3.2, for Westinghouse NSSS 
Plants," WCAP-9804, February 1981 • 
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TABLE 5.5-1 (Sheet 1 of 3) 

RESIDUAL I-EAT REMOVAL SYSTEM DESIGN PARAttETERS 

Code Regui rements 

Residual Heat Exchangers (Tube Side) 

(She 11 Si de) 

Residual Heat Removal Piping and Valves 

General 

Plant design life, years 

Component cooling water supply 
temperature design, °F 

Reactor cool ant temperature at 
startup of decay heat removal °F 

Time to cool Reactor Cool ant System from 
350°F to 140°F, starting at 4 hours 
after shutdown, hr 

Refueling water storage temperature, °F 

Decay heat generation at 20 hours 
after shutdown, Btu/hr · 

H3so3 concentration in refueling water 
storage tank, ppm boron . 

* Used for design. 

AS~ III, Class C 

ASME VII.I 

ANSI B31. l.O* 

ANSI B31. 7** 

40 

95 

350 

16 

Ambient 

?0.6 x 106 (Unit No. 1) 

72.1 x 106 (Unit No. 2) 

** For piping not supplied by the NSSS.supplier, material inspection 
fabrication and quality control confonn to ANSI B31. 7. Where not 
possible to comply with ANSI B31. 7, the requirements of ASIVE 
III-1971, which incorporated ANSI B31.7, ·were adhered to • 
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TABLE 5.5-1 (Sheet 2 of 3) 

RESIDUAL h£AT REMOVAL SYSTEM DESIGN PARMETERS 

COMPONENTS 

Residual Heat Exchangers 

Number 

Design heat transfer, Btu/hr 

Design pressure, psig 

Design temperature, °F 

Design flow rate, lb/hr 

Design outlet temperature, °F 

Design inlet temperature, °F 

Fluid 

Material of construction 

Shell 

150 

200 

2. 475 x 106 

108.8 

95 

Component 
cooling water 

Carbon stee 1 

2 (per unit) 

34.15 x 106 

Tube 

600 

400 

1.48 x 106 

114 

137 

Reactor coolant (borated 
demi ne ra l i zed water) 

Austenitic stainless steel 

• Residual Heat Removal Pumps 

• 

Number 

Type 

Design pressure, psig 

Design temperature, °F 

Shutoff head, psi 

Design flow rate, gpm 

Design head, ft. 

Available NPSH at design flow rate, ft. 

Temperature of pump fluid, °F 

Norma 1 fluid 

Fluid during LOCA recirculation phase 

Material of construction 

SGS-UFSAR 

2 (per unit} 

Vertical centrifugal 

600 

400 

170 

3,000 

350 

25 

40 - 350 

Reactor coolant 

Radioactive borated 

water with H2 and NaOH · 

in solution 

Austeni tic 

stainless steel 
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TABLE 5. 5-1 (Sheet 3 of 3) 

RESIDUAL HEAT REMOVAL SYSTEM DESIGN PARAMETERS 

Piping and Valves 

Residual heat removal loop 

(piping and valves in 

isolated loop): 

Design pressure, psig 

Design temperature, °F 

Pump Sue ti on 

450 

400 

Residual loop isolation valves and piping: 

Design pressure, psig 

Design temperature, °F 

SGS-UFSAR 

Pump Discharge 

600 

400 

2,485 

650 
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Component 

1. Residual heat 
removal pumps 

2. Residual heat 

remova 1 pump 

3. Residua 1 heat 

remova 1 pump 

4. Residual heat · 

removal pump 

SGS-UFSAR 

TABLE 5.5-2 (Sheet 1 of 3) 

RESIDUAL !£AT REMOVAL SYSTEM FAILURE ANALYSIS 

Mal fUnction 

Rupture of a pump 

casing 

Pump fails to 

start, 

Ma nu a 1 valve on 

pump suction is 

closed 

Stop valve on 

discharge 1 i ne 

Co111T1ents and Consequences 

The casing and shell are designed 

for 600 psi and 400°F. The pump is 

protected from overpressuri zati on by 

two nonnally closed valves in the 

pump suction line by an open relief 

line, containing a relief valve, 

back to the pressurizer relief 

tank. The pump is inspectable and 

is located in the auxiliary building 

protected against credible 

missiles. Rupture is considered 

unlikely but in any event the pump 

can be isolated • 

One operating pump furnishes half of 

of the flow required to meet design 

cool down rate. This increases. the 

time necessary for p 1 ant cool down. 

This is prevented by prestartup and 

startup and operati anal checks. 

Stop valves are locked open. 

Pre startup and operati anal 
closed or check checks confirm· position of 

valve sticks closed valves • 
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TABLE 5.5-2 (Sheet 2 of 3) 

RESIDUAL HEAT REMOVAL SYSTEM FAILURE ANALYSIS 

Component 

_5. Remote operated 

valves inside 

containment in 
pump suction line 

6. Remote operated 

valves inside 

containment on 

pump discharge 

line 

SGS-UFSAR 

Malfunction 

Valve fails 

to open 

Valve fails 

to open 

Comments and Consequences 

In the improbable event that one of 

the remote operated valves on the 

suction line to the residual heat 
removal pumps is inoperable, an 

attempt will be made-to open it 

manually. If this is impossible, 

the plant will be cooled to about 

280°F with steam dump from the steam 

generators, and kept at that 

temperature for several weeks until 

decay heat could be matched by the 

letdown hea~ exchangers and by feed 
and bleed. Feed and bleed through 

the eves will be done intermittently 

to prevent heat transfer through the 
regenerative heat exchanger. The 

pressurizer level will be brought to 

minimum during the bleed operation 

and to maximum during 'the feed 

operation. It is estimated that 

plant cooldown may be accomplished 

within a month • 

. Pump discharge pressure gage shows 

pump shut-off head indicating no 
·flow. The low head safety injection 

lines may be opened and utilized to 

direct fl ow to the RCS hot legs. A 

reactor cool ant pump must be 
operated. 
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TABLE 5.5-2 (Sheet 3 of 3) 

RESIDUAL I-EAT REMOVAL SYSTEM FAILURE ANALYSIS 

Component 

7. Residual heat 

exchanger 

8. Residual heat 

exchanger vent or 

drain valve 

SGS-UFSAR 

Malfunction 

Tube or she 11 

rupture 

Left open 

Comments and Consequences 

Rupture is considered unlikely, 

but in any event the faulty heat 

exchanger may be isolated. 

This iS prevented by presta rtup 

operational checks. 
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TABLE 5.5-3 

SALEM NUCLEAR GENERATING STATIONS 

UNITS NO •. 1 .and 2 

STEAM GENERATOR AND REACTOR COOLANT PUMP SUPPORTS 

LOADING COMBINATION AND ALLOWABLE STRESS LIMITS . 

LOADING COMBINATIONS 

1. Nonnal Loads 

2. Nonna l 1 oads + operating base 

earthquake (upset condition) 

3. Nonnal loads + pipe rupture 

material 

loads (emergency condition) 

4. Nonnal loads + design base 

material 

5. Nonnal loads + design base 

earthquake + pipe rupture 

loads (faulted condition) 

SGS-UFSAR 

SUPPORTS - ALLOWABLE STRESS LIMIT 

Working stresses per AISC code 

1-1/3 working stresses AISC code 

90 percent of yield stress of 

90 pe~ent of yield stress of 

Yield stress of material 
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5.6 INSTRUMENTATION APPLICATION 

Process control instrumentation is provided for the purpose of acquiring 
data on the pressurizer and on a per loop basis for the key process 
parameters of the RCS (including the reactor pump motors) as well as for 
the residual heat removal system. The pick-off points for the reactor 
coolant system are shown in the flow diagram (Figures 5.1-6A, B and C); and 
for the residual heat removal system, in flow diagram Figures 5.5-2A and B. 

In general these input signals are used for the following purposes: 

1. Provide i"nput to the reactor trip system described in Chapter 7. 

2. Provide input to the engineered safety features actuation system 
described in Chapter 7. 

-
3 •. Furnish input signals to.the non-safety related control systems and 

surveillance circuits • 

5.6.l LOOP TEMPERATURE 

A Resistance Temperature Detector Bypass Manifold is provided for each 
reactor coolant loop hot and cold leg. A bypass manifold around each steam 
generator obtains hot leg temperature by mixing the flow from three scoop 
connections, which extend into the flow stream at locations 1200 apart in 
the cross-sectional plane, on the reactor coolant leg. The hot leg bypass 
flow exits the manifold to a common return line. 

Flow for the cold leg bypass manifold is obtained downstream of the pump 
discharge. Because of the mixing action of the pump, only one connection 
is required to obtain a representative sample. This connection is located 
as close as possible to the pump discharge in order to minimize RTD bypass 
piping and to obtain optimum fluid mixing. This connection is in the same 
relative position in each loop. 
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The resistance temperature detectors extend directly into the flow path 

(without thermo wells) to reduce the time delay to a minimum. Two iso

lation valves in series are provided on each side of the bypass manifold 

to allow for resistance temperature detector maintenance. The valve 

nearest the connection to the main coolant piping is located above the 

elevation of the reactor vessel nozzles to permit valve repair during 

cold shutdown, without draining the Reactor Coolant System. In addi

tion, vents and drains are provided in each manifold to be used, in 

conj unction with the i sol ati on valve, for maintenance. 

The hot and cold bypass manifold join to form a common discharge line. 

The combined (hot and cold leg) flow passes through a flow indicator 

before discharging to the suction side of the reactor cool ant pump. 

Temperature detectors, located in the thermo wells in the cold and hot 

leg piping of each loop, supply signals to wide-range temperature 

recorders. This information is used by the operator to control cool ant 

temperature during startup and shutdown. 

5.6.2 PRESSURIZER TEMPERATUI£ 

There are two temperature detectors in the pressurizer, one in the steam 

phase and one in tlie water· phase. Both detf!Ctors supply signals to 

temperature indicators and high-temperature alarms. The steam-phase 

detector, located near the top of the vessel, alerts the operator if the 

steam becomes superheated. In addition, it is used during startup to 

determine water temperature when the pressurizer is completely filled 

with water. The water phase detector, located at an elevation near the 

center of the heaters, is used during cool down to ensure that the pres

surizer temperature is consistent with the Reactor Cool ant Sy stem. 

Temperatures in the pressurizer safety and relief valve discharge lines 

are measured and indicated. An increase in a discharge 1 i ne temperature 

is an indication of leakage through the associated valve. An alarm is 

actuated on high temperature. 
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The fluid temperatures in each spray line are measured and indicated. 
Alarms from these signals are actuated by low spray water temperature • 
Alarm conditions indicate insufficient flow in the spray lines through 
the manual throttle valves. 

The temperature of the water in the pressurizer relief tank is indi
cated over a range of 50°F to 350°F, and an alarm, actuated by a high 
temperature, informs the operator that cooling of the tank contents is 
required. 

The temperature in the leakoff line from the reactor vessel flange 
0-ring seal leakage monitor connections is indicated. An increase in 
temperature above ambient is an indication of 0-ring seal leakage. High 
temperature actuates an alarm. 

5.6.3 PRESSURE 

Four pressurizer pressure transmitters provide signals for individual 
indicators in the control room, for actuation of a low pressure trip, 
for high pressure reactor trip and for alarms. One of the four signals 
may be selected by the operator for display on a pressure recorder. 
Three transmitters provide independent low pressure signals for safety 
injection initiation and for safety injection signals to allow manual 
block during plant shutdown and automatic unblock during plant startup. 
In addition, these pressure transmitters provide inputs for pressurizer 

heater, spray valve and power-operated relief valve control. 

A narrow range differential pressure transmitter provides a signal for . 

indication of the differences between pressurizer pressure and the pres
sure generated by a dead weight tester located outside the reactor con
tainment. The indication is used for on-line calibration checks of the 
four pressurizer pressure signals. 

Two wide-range transmitters provide pressure indication over the ful 1 

operating range. The indicators serve as a guide to the operator during 
plant startup and shutdown and also provide the open permissive signals 
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and automatic closure signals for the Residual Heat Removal Loop isola

tion valves interlock circuit. 

Two local pressure indicators are provided for operator reference during 

shutdown. They are located in. two separate loops and are provided with 

maximum (drag) pointers to indicate the maximum pressure attained since 

the last re-setting of the pointers. 

A pressurizer relief tank pressure transmitter provides a signal to 

close valve PCV-472 on high pressure should it be open when a safety 

valve lifts discharging steam into the pressurizer relief tank. 

5.6.4 PRESSURIZER WATER LEVEL 

Three pressurizer liquid level transmitters provide signals for use in 

the Reactor Control and Protection System, the Safety Injection System 

and the Chemical and Volume Control System. Each transmitter provides 

an independent high water level signal that is used to actuate an alann 

and, upon two out of the three transmitter signals, will cause a reactor 

trip. The transmitters may also provide independent low water level 

signals that will activate an alann. Upon a coincident low pressurizer 

water level and low pressurizer pressure signal, safety injection will 

be initiated. Each transmitter also provides a signal for a level indi

cator that is located on the main control boa rd. 

In addition, either of the three level transmitters may be selected for 

di splay on a level recorder located on the main control board. 

Two of the three transmitters may be selected to provide an alann when 

the liquid level falls to the fixed low level set point. The same sig

nal will trip the pressurizer heaters 11 off 11 and close the letdown line 
J 

isolation valves. Two transmitters are similarly selected to supply a 

signal to the liquid level set point controller. 
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A fourth ·independent pressurizer level transmitter is calibrated for lo'i 

temperature co_nditions, provides.water level.· indication during startup, 

shutdown and refueling operations. 

A pres·surizer relief tank level transmitter supplies a signal for an 

ind.icator and· for high and low level alann. 

5.6.5 REACTOR VESSEL WATER-LEVEL 

The Reactor Vessel Level Instrumentation System (RVLIS) uses three sets 
. . . 

of differential pressure (d/p) cells, with two identical cells per set 

for red(Jndancy, to measure the water level in·the vessel. Each of .these 

sets uses cells with different ranges to obtain three different vessel 

water level measurements. 

One set of two d/p«:ells is installed to sense the fluid pressure dif- ; 

.ferential betwen the-top· of the vessel and the loop piping._ One side of 

each cell is connected to vessel head vent connection and the other 

sides of the cells are connected to the hot legs of Loops 1 and 4 via :

the RTD bypa.ss ·line. Each cell's level indicator in the control room · 

shows react.or ves~e-1 water level between the hot leg and the top' of the 

vessel.· .If on~ Reactor Coola.nt Pump (RCP). is· operating, the associated::!: .. 

level indicator will read off-scale. Nonnally, with all RCP' s oper-
,_,._ 

ating, the readings from both indicators will be.off-scale. 

Two d/p cells are installed to sense the fluid pressure differential 

between. the bottom and top of the reactor vessel. One side of each cell 

is connected to the head vent penetration; the othe.r side is connected . 

to an in-core instrumentation conduit at or near the seal table. When 

·only one RCP is operating, these cells measure reactor core and internal 

pressure drop, provides an indication of the. relative void _content of 

density of the circulati"ng coolant.· The· associated level indicator. 

reads off-scale if more· than one RCP is operating • 
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Two d/p cells with installation identical to that of the two cells used 

for narrow range measurement, measure reactor core and internal pressure • 

drop for any combination of operating RCPs which, when compared with the 

normal single phase pressure drop, provides an indication of the rela-

tive void content or density of the ci rcul ati ng cool ant. These cells 

may be used on a continuous basis. 

All of the d/p cells are located outside of containment to minimize 

post-accident environmental effects and to facilitate calibration, cell 

replacement, reference leg checks, and filling and venting. Hydraulic 

sensors (inside containment) and eydraul ic isolators (outside contain

ment), connected by a seal sensing line, are installed between each d/p 

cell and its connection to the vessel/RCS. These features assure con

tainment isolation in case of a sensing lin£~ break and prevent flow of 

primary coolant to outside containment. To obtain the required accuracy 

for vessel water level measurement, the d/p cell ·indications are compen

sated using measured temperatures of both tt~ d/p cell reference legs 

and the reactor cool ant. 

Additional infonnation is presented in Chapter 7. 

5.6.6 REACTOR COOLANT FLOW 

Flow in each reactor coolant loop is monitored by three differenti.al 

pressure measurements at a piping e 1 bow tap in each reactor cool ant 

loop. These measurements on a two-out-of-three coincidence circuit per 

loop provide a low flow signal to actuate a reactor trip. 

Elbow taps are used in the RCS as an instrument device that indicates 

the status of the reactor coolant flow. The basis function of this 

device is to provide i nfonnation as to whether or not a reduction in 

flow rate has occurred. The correlation between flow reduction and 

elbow tap read out has been well established by the following equation: 

~ = (~) 2 , where 1.1P 
0 

is the referenced pressure differential with the 
I.I 0 WO 
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corresponding ~eferenced flow rate w0 and 6P is the pressure differential 
with the corresponding referenced flow rate w. The full flow reference 
point is established during initial plant startup. The low flow trip point 
is then established by extrapolating along the correlation curve. The 
technique has been well established in provi~ing core protection against 
low coolant flow in Westinghouse PWR plants. The ~xpected ab~olute 
accuracy of the channel is within ±10 percent and field results have shown 
the repeatability of the trip point to be within ± 1 percent. The analysis 
of the loss of flow transient presented in Section 14.1 assumed instrumen
tation error of ±3 percent. 

The combined flow from the hot and cold leg resistance temperature detector 
manifolds passes through an orifice before discharging back to the Reactor 
Coolant System at the suction side of the reactor coolant pump. The flow 

is indicated locally by a DP gauage and by status lights in the control 
room. Low flow through either the hot or cold leg warns of possible 
inaccuracy in the corresponding temperature signals; therefore, an alarm is 
actuated • 

5.6.7 REACTOR COOLANT PUMP MOTOR INSTRUMENTATION 

A dual purpose switch is provided on the high pressure oil lift system. 
Upon low oil pressure the switch actuates an alarm on the main control 
board. In addition, the switch is part of an interlock system that 
prevents starting of the pump until the oil lift system is operating and 
oil pressure is established. A lqcal pressure gauge is also provided. 

Level switches are provided in the motor radial bearings and thrust bearing 
oil reservoirs. The switches actuates high and low level alarms on the 
main control board. 

Thermocouples are located in the upper and lower thrust bearing shoes. 
These elements provide signals for multi-point recorder on the main control 
board and actuate an alarm on high temperature • 
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A reactor coolant pump trip criterion has been adopted which assures pump 
trip for all losses of primary coolant for which pump trip is considered 
necessary, but which also permits ·pump operation during most non-LOCA 
events, including steam generator tube rupture events up to the design 
basis double-ended tube. rupture. The controlling parameter selected for 
pump trip actuation is reactor coolant system pressure. The reactor 
coolant system wide-range pressure instrumentation will be monitored • 
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5.6.8 LOOSE PARTS MONITORING 

A Loose ·Parts Monitoring (LPM) system supplied by Westinghouse Electric 
Corporation has been installed for each of the two units of Salem 
Nuclear Generating Station. (This LPM system has been designated as the 
Metal Impact Monitoring (MIM) system by Westignhouse). The LPM system 
has been designed to enable early detection of the presence of metallic 
debris, loose parts or restrained loose·parts, inside the Nuclear Steam 
Supply System (NSSS) during plant start-up and commercial operation. 
Any form of metallic debris, loose parts or restrained loose parts, when 
carried or agitated by the reactor ·coolant flow may attain sufficient 
velocities to impact and damage the interior of the NSSS pressure 
boundary. 

The LPM system is realized by on-line processing, transmission and 
conditioning of the signals from a group of strategically located 
Piezoelectric accelerometers (a total of 12) mounted externally to the 
wall of NSSS with proper indication and alarms. When the insides of 
the reactor and steam generator walls ·are struck by metallic debris, 
loose parts or restrained loose parts, the structure is shock excited 
producing local wall accele:ation that can be detected in time and 
frequency domain. These impact· s.ignatures can be separated in the 
frequency domain from the general vessel and background signature. Once 
the proper frequency band is selected, a threshold amplitude detection 
system and associated rate can be used to activate an alarm system • 
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6.0 ENGINEERED SAFETY FEATURES . 

The central safetJ objective in reactor design and operation is control 
of reactor fission products. The methods used to assure this objective 
are: 

1. Design of the reactor core in conjunction with the reactor control 

and protection systems to preclude rel ease of fission products from 
the fuel (Chapters 4 and 7). 

2. Retention of fission products in the reactor cool ant for whatever 
leakage occurs (Chapters 5 and 6). 

3. Retention of fission products by the containment for operational and 
·accidental releases beyond the reactor coolant boundary (Section 3 .• 8 

and Chapter 6). 

4. Limiting fission product dispersal to minimize population exposure 
for an accidental release beyond the containment (Chapters 2, 12 and 

15). 

The engineered safety features are the provisions in the plant which 
embody methods 2 and 3 above to prevent the occurrence or to ameliorate 
the effects of serious accidents. 

The engineered safety features in this plant are: 

1. The steel-lined, reinforced concrete containment, concrete cylin

drical wall and reinforced concrete base and dome. These form a 
virtually leak tight barrier to the escape of fission products 
should a loss of coolant occur - detailed in Section 3.8. 

2. The emergency core cooling system, which provides borated water to 
cool the core in the event of an acct dental depressurizati on of the 
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Reactor Coolant System. The combination of the control rods and the 
boron in the injected water provides the necessary control of 
reactiv'ity required - detailed in Section 6.3. 

3. The containment spray system which is used to reduce containment 
pressure and remove iodine from the containment atmosphere -
detailed in Section 6.2. 

4. The containment fan cooling system is used to recirculate and cool 
the containment atmosphere in the event of a loss-of-coolant acci
dent - detailed in Section 6.2. 

Evaluations of techniques and equipment used to accomplish the central 

objectives including accident cases are detailed in Chapters 3, 5, 6 and 
15. 

The design philosophy with respect to active components in the engi
neered safety systems is to provide duplicate equipment so that mainte
nance is possible during operation without impairment of the safety 
function of the systems. Routine servicing and maintenance of equipment 
of this type would generally be scheduled for periods of refueling and 

maintenance outages. 

Conditions on .continued reactor operation during such outages that are 
provided in the Technical Specifications will conform to reasonable 
experienced judgment and industry practice and will be shown to ensure 
safe opera ti on. 
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6 .1 CRITERIA 

Criteria applying in common to all engineered safety features are given 

in Section 6.1.1 .. Criteria which are related to engineered safety 

features but are mqre specific to other pl ant features or systems are 

1 i sted and cros·s-referenced in Section 6.1. 2·. 

Those crJteria which are specific to one of the engineered safety fea

tures are di scuss.ed in the description of that. system. 

6.1.1 ENGINEERED SAFETY FEATURES CRITERIA 

The criteria applying to all engineered safety features are given below. 

6.1.1.1 Engineered Safety Features Basis for Design 

Th~ design, fabrication, testing and inspection of the core, reactor 

coola·nt pressure boundary ·and their protection systems give assurance of 

safe and rel i_able operation under all anticipated nonnal, transient, and 

accident conditions. However, engineered safety features are provided. 

in the facility to back up the safety provided by these components. 

These engineered safety features have been designed to cope with any 

size pipe break up to and includi"ng the circumferential rupture· of reac

tor coolant pipe assuming unobstructed discharge from both ends, and to 

cope with any steam or feedwater line break. 

The release of ··fission products from the containment is limited in three 

ways: 

1.. Blocking the potential leakage paths from the containment. This is 

accomplished by: 

·a. A steel-lined concrete reactor containment with liner weld chan

nels and high integrity piping penetrations utilizing.testable 
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expansi.on bellows to fonn a virtually leak-tight barrier pre- • 
venting the escape of fission products should a loss-of-coolant 
accident occur., 

b. Isolation of process lines by "the containment isolation system 

which imposes double barriers for each line which penetrates the 
containment. 

2. Reducing the fission product concentration in the contafnment· atmo
sphere. This is accomplished by chemically treated spray which 
removes elemental .·iodine ·vapor·from the containment atmosphere by 
washing action, and by recirculation of containment atmosphere 

· through HEPA filter uni ts. 

3. Reducing the containment pressure and thereby limiting the driving 

potential for fission product leakage. This is accomplished by the 
containment spray system which cools the containment atmosphere or 
by recirculation of containment atmosphere through fan cooler units. • 

6.1.1.2 Reliability and Testability of Engineered Safety Features 

A comprehensive prograin of plant testing is fonnulated for all equipment 

systems and system co.ntrol vital to the functioning of engineered safety 
features. The program consists of perfonnance tests of individual 

pieces of equipment in the manufacturer's shop, integrated tests of the 

system as a whole, and periodic tests of the activation circuitry and 
mechanical components to assure reliable perfonnance, upon demand, 
throughout the plant lifetime. 

The initial tests of individual components and the integrated test of 
the system as a whole complement each other to assure performance of the 
system as designed and to prove proper operation of the actuation 
circuitry. 
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Routine periodic testing of the engineered safety features component is 

intended. In the event that one of the redundant components should 

re qui re maintenance as a result of f ai 1 ure to perform during the. test 
I 

according to prescribed limits,. the necessary corrections or minor main-

tenance are made and the unit retested immediately. I Satisfactory per

formance of the r~maining redundant component(s) is proof of the 

availability of that safety feature, and it is not necessary to adjust 

pl ant 1 oad during the uri ef period that a safety feature component may 

be out of service. 

6.1.1.3 Protection Against Dynamic tffects and Missiles 

I 

A loss-of-coolant accident or other plant equipment,failure might result 
. . . 

in dynamic effects or missiles. For such engineere~ safety features as 
. . 

are requ:i red t~ .assure safety fo the event of such an accident or .equip-

ment failure, protection from these dynamic effects 1 or missiles is con

sidered. in the lajout of plant equipment and missil~ uarriers .. fluid . 

and mechanical ·driving. fo·rces are calculated, and consideration is given 
. i . 

to the possibility of damage due to fluid jets and missiles which might 
. . 

be produced by the action of ~uch jet~. Consideration is giveh during· 

the design of the plant to the following sources of missiles: .instru

ment thimbles including installed sensors, bolts, and complete control· 

rod drive shafts and/or mechanisms (refer to Chapters 3 and 5). 

Layout and structural design specifically protect safety injection 1 ines 

to unbroken reactor coolant loops against damage as a result of the 

maximum reactor cool ant pipe rupture. Injection 1 i ne s penetrate the 

main missile narrie·r and the injection headers are located in the mis

sile-protected area between the main missil~ barrier and the containment 

wall. lndividual injection 1 ines, connected to the injection header, 

pass through the barrier and then connect to the loops. Separation of 

the individual injection lines is provided to the maximum extent prac

ticable. Movement of the injection line, associa~ed with a rupture of a 

reactor coolant loop, is accommodated by line flexioility .and by the 
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design of the pipe supports such that no damage outside the missile 
b~rrier is possible~ 

In addition, missile protection is provided for engineered safety fea
tures located outside the containment. The containment structure is 
capable of withstanding the effects of missiles originating outside the 
containment and might be directed toward it so that no loss-of-coolant 
accident can result. The control room enclosure is also capable of 
withstanding such credible missiles as may be directed toward it, 
assuring capability to maintain control of the plant. Consideration is 
also given to the layout of other equipment outside the containment 
which is required to place the plant in a safe shutdown condition and 
maintain it in that condition until repairs can be effected. 

Missile protection will be afforded by: 

1. Judicious location of piping and equipment otherwise subject to 

possible damage, behind existing wall or other barriers with appro
priate credit for spatial separation of redundant components. 

2. Local shielding to stop potential .missiles at their source. 

3. Addition of missile barriers to protect vulnerable piping and 
equipment. 

All hangers, stops and anchors are designed in accordance with ANSI 

831.1 Code for Pressure Piping and AC I 318 Building Code Requirements 

for Reinforced Concrete which provide minimum requirements for material, 
design and fabrication with ample safety margins for both dead and dyna
mic loads over the life of the equipment. 
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6.1.1.4 _£ngineered Safety Features Performance Capability 

Each engineered safety feature provides sufficient performance capabil

ity to accommodate. any single failure and stil 1 function in a manner to 
avoid undue .risk to the health and safety of the public~ 

During the recirculation phase the emergency core coo.ling· system (ECCS) 
is tolerant of one active or one passive failure, but not in additio~ to 
a single failure in the injection phase. Orie active or passi~e·failure 
in the systems required for long-term ECCS operatfon will nqt prevent 

the accomplishment of the ECCS objectives nor cause the total off-site 

dose to exceed lOCFRlOO guideiines, with credit for detection and 

operator action. 

In the particular case of an ECCS pump being out for maint~nance, an 

additional active or passive fdilure is not considered. The maximum . . 
·period that operation w.ou·1 d_ be continued with one· pump out for mai nte-
nance is specified in the Technical Specifications . 

The extreme upper limit of public exposure is taken as the levels and 

time periods presently outlined in lOCFRlOO, i.e., 300 rem to the 

thyroi_d or 25 rem wllol e body in 2 hours at the exclusion radius, .. and .300 

rem to .the thyroid or 25 rem whole body over the duration of the . 

accident at the low population zone distance. The accident cond1tiori . 

considered is the hypothetical case of a release of fission products as 

in TID 14844. Also, the total loss of all outside power is assumed 
concurrently with tlli s accident. 

Under the above accident.conditions, the containment spray and fan cool
ing· systems are designed anq sized so that, operating with f)art"ial 

effectiveness, it can supply the necessary post-accident cooling capa

city to assure the maintendnce of containment integrity; that is, keep 

the pressure below design pressure at all times, assuming that the core 
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residual heat is released to the containment as steam. Partial effec- ~ 

ti veness is defined as operation of a system with at least one active 
component failure. 

The ECCS and related pumps which must operate following the design basis 
accident include the residual heat removal, safety injection, contain
ment spray, centrifugal charging, component cooling water, and service 
water pumps. 

Minimum available net positive suction head (NPSH) to the safety injec
tion, centrifugal charging, and containment spray pumps occurs when all 
are taking suction from the refueling water storage tank during the 
injection operation immediately following the design basis accident. 

Since maximum required NPSH and minimum available NPSH occur at the 
runout flow for the pumps, this flow was assumed for calculation 
purposes. The temperature of the refueling water storage tank water 
varies between 40°F and 100°F. 

Available NPSH at runout flow to these pumps at both the high and low 

temperatures was calculated. Suction line friction losses are higher at 
40°F, but the higher vapor pressure of 100°F water l~aves less available 
NPSH to the pumps. Friction losses were calculated using the conser
vative pipe and fitting resistances given in the Crane Co. Technical 
Paper Number 410. 

The residual heat removal pumps take suction during the post-accident 
recirculation phase from the containment sump. The water is at a higher 
temperature. than during injection, but the elevated containment pressure 

following a design basi. s accident somewhat offsets the hi gl1er vapor. 
pressure of the water; however, no credit is taken for this. In addi

tion, the piping to the pump suctions is quite ~irect, hence friction 
1 osses are small. 
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Servi.ce water. pumps are vertical turbine pumps taking suction directly 
.· . 

at.th~ ~lant intake. Suction location is 44 inches below low-low water 

elevation (El. 76' )~.temperature 8S°F. The component cooling water 

pumps have suction head ·tanks which maintain µressure in the .closed 

system equal to the maximum elevation of the system piping. 

6.1.1.5 Engineered Safety Features Components Capability 

Active components of the ECCS and the containment. spray system are 

1 ocated outside the contai riment and no·t subject to conta·i nment accident 

conditions·. 

6.1.1.6 Accident Aggravation Prevention 

The- reactor is maintained suucritical following a pipe rupture acci

dent. Introduction of borated cooling water into the core does not 

resu.lt in a net positive reactivity addition. The control rods insert 

and remain inserted . 

The supply of water by the ECCS to cool the core cladding does not 

produce significant water-metal reactions. The delivery of·cold 

emergency core cooling water to the reactor vessel following accide.ntal · 

expulsion of reactor cool ant does not cause further 1 oss of integrity nf 

the Reactor Coolant System boundary. Accumulator actuatiOri, including 

possible nitrogen additi6n is evaluated in Ch~pter 15 and is shown not 

to aggravate any_ loss-of-cool ant accident. 

Instrumentation, motors, cables and penetrations located inside the 

co~tainment which are· required to function are selected to meet the most 

adverse accident conditions to which they may be subjected. These items 

are ~ither protected from containment accident conditions or are 

designed to ~ithstand, witho~t failure, exposure to .the worst combina-

tion of temperature, pressure, and humidity expected during the required. 

operational period . 
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The ECCS pipes serving each lO'op are restrained. at the missile barrier • 

in each loop area to restrict potential accident damage to the portion 

of piping beyond this .point. The anchorage is designed .to withstand, 

without failure, 'the thrust force of any branch line severed from the · 

reactor coolant pipe an'd discharging fluid to the atmosphere, and to 

withstand a bending moment equivalent to that which produces failure of 

the piping under the· action 'of free end discharge to atmosphere or 

motion of the broken reactor coolant pipe to which the emergency core 

cooling pipes are connected. This prevents possible failure at any 

point upstream f:rom the support point including the branch 1 i ne 

connection into the piping header. 

6.1.1.7 Sharing of Systems 

For all shared systems and/or components analyses confirm that there is 

no interference with basic function and operability of these systems due 

to sharing,. and hence no undue risk to the health and safety of the 

public results. •. 

The residual heat removal pumps and heat exchangers serve dual func

tions. Although the normal duty, of the residual heat removal exchangers 

and residual heat removal pumps is performed during periods of reactor 

shutdo~n. during all plant operating periods this equipment is aligned 

to perform the low head injection function of emergency core cooling. 

During the recirculation phase of the accident, the residual heat 

removal pumps take suction from the containment sump. Each pump has a 

separate suction line. Operational testing of the system, performed 

during each refuel in$ period before plant ·startup, provides assurance of 

correct system alignment for the safety function of the components~ 

During the injection phase, the safety injection and centrifugal charg

ing pump's do not depend on any portion of other emergency core cooling 

systems~ During the reci rcul ati on phase, if Reactor Cool ant System 

pressure stays high due to a small break accident, suction to the hi~h 
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nead and centrifugal charging safety injection pumps is provided by the 

residual heat removal pumps. 

The ability of the above systems to perform their dual function is dis

cussed in Sections 6.2 and 6.3 and in Chapters 5 and 15. 

6.1.2 RELATED CRITERIA 

The following are criteria which, although related to all engineered 

safety features are more specific to other plant features or systems, 

therefore are discussed in other sections, as listed. 

Name 

Quality Standards 

Performance Standards 

Records Requirements 

Instrumentation and 

Control Sy stems 

Engineered Safety Features 

Protection Sy stem 

Emergency Power 

Seismic Design Criteria 

SGS-UFSAR 

Discussion 

Chapter 17 

Section 3.1 

Chapter 17 

Chapter 7 

Chapter 7 

Chapter 8 

Sec ti on 3. 7 
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6.2 CONTAIN1vtE1H SYSTEMS 

6. 2.1 CONTAINMENT FU1~CT IONAL DESIGN 

6.2.1.1 Design Basis 

Tile reactor contai nme r:it completely encloses the entire reactor coo 1 ant 

system and ensures. that post-accident leakage is limited to a safe rate 
. ;. ·1 

of 0.1 percent of the.containment free volume per day at tne design 
pressure of 47 psig. A steel liner and leaKtight penetrations are pro

vided to ensure that tile leakage limits is not exceeded. The structure 

provides.biological shielding for oath normal and accident situations. 

The reactor containment is designed to safely Withstand the loading 

combinations described in Section 3.8. 

Containment and associated systems are designed, fabricated and erected 
to quality and performance standards with appropriate testing and in

spection requirements. Records of design, f abri cation, construction arid 

testing of the containment are maintained throughout the life of the 

p 1 ant. 

The reactor contain~ent system is designed to maintain its capability in 

case of fire to safely shut down and isolate the reactor. 

The design pressure and temperature of t11e containment is equal to or 

greater than the peak pressure and temperature occurri ny as tile result 

of the complete blowdown of the reactor coolant through any rupture of 

the reactor coolant system up to and including tne complete severance of 
a reactor coolant pipe. Energy contribution from the steam generators 

is included in the calculation of tile containment pressure transient due 

to the reverse heat transfer through the steam 9enerator tubes. Reactor 

coolant" system supports are designed to withstand tne blowdown forces 

associated with the sudden severance of the reactor coolant piping but 

SGS-UFSAR 6.2-1 Revision 0 
July 22, 1982 



not steam piping sinc,e the coincidental rupture of tne steam system is 

not credible~ In addition, containment design pressure is not exceeded • 

during any subsequent long-term pressure transient determined by the 

combined effects of heat sources sucn as residual heat and limited 

metal-water reactions, structural heat sinks and the operation of the 

engineered safeguards utilizin~ only the emergency on-site electric 

power supply. 

·The reactor coolant system contains approximately 526,900 pounds of 

water at a weignted average enthalpy of-583 Btu/lo for a total energy of 

307 ,200,000 Btu. In a design basis accident, this water is released 

through a do Lib le-endeJ oreak of the large st reactor cool ant pipe' caus

ing a rapid pressure rise in_the containment. The reactor coolant pipe 

used in the accident is the 29. inch inside diameter section because 

rupture of the 31 inch inside diameter section requires that the blow

down go through both the 29 inch and tne 27-1/2 inch inside diamater 

pipes and would, therefore, result in a less severe transi:ent~ 

Additional energy release was considered from the followiny sources: 

1. Stored heat in tile reactor core. 

2. Stored heat in the reactor vessel piping and otner reactor coolant 

system components. 

J. Kesidual heat production~ 

4. Limited metal-water reaction energy and resulting hydrogen-oxygen 

reaction energy. 

The containment is also designed to witnstand crediule externa·1 pres

sures. In the event of inadvertent spray actuation, the containment 

would depresslJri ze unti 1 the temperature of. t11e atmosphere was approxi

mately the temperature of the sprqy. A bounding ·calculation wa5 
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performed to determine the maximum outside to inside pressure differen

tial. Tt1e following.initial conditions were assu111ed. 

1. The containment is initially at 120°F \'ilich. maximizes the tempera

ture differential between the containment atmospnere and the sprqy, 

hfli ch is at a temperature of 40°F. · 

2. The containment pressure is 14.7 psid. 

3. The relative humidity is at a maxmimum value of 100 percent •. · 

As the air temperature is reduced from 120 to 40~F, the parti a·l ·pressure. 

of the air decreases from 12.91to11.13 psi. fhe steam partial pres

sure decreases from 1.6927 to 0.12163 psi. Thus, a containment equi

librium pressure of 11.25 psi a is produced .. This causes a differential 
. . . . 

pressure of 3.45 p·si across the containment she 11, with no credit taken 

for the operation of the .containment pressure-vacuum relief system. In 

the long-term, the pressure-vacuum relief system will be operated to 

• return the containment pressure to normal. 

• 

The pressure difference bet\'.een the design and maximum calculated ne.ga

tive pressure is 0.05 µsi. This margin is adequate due to the conserva

tism used in the external pressure analysis. 

The containment design provides limited access through personnel ·hatches 

with the reactor at power. This type of access is intended primarily 

for inspection and maintenance of the air recirculation equipment, in

core ion chamber drives, seal tau le, operating deck and reactor coolant 

drain tank. Opening of the contaihment equipment hatch or both doors in 

the personnel locks.is limited by the Technical Specifications. 

After shutdown, the containment is purged to reduce the concentration of 

radioactive gases and airborne particulates. ·A purge system is provided 

to reduce the radioactivity level to doses defined by 10CFR20 for a 40 

hour occupational work week, within 2 hours after plant shutdown, based 
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on 1 percent fuel defec,ts. To assure reinoval of particulate matter, the • 

purge air is passed through a high efficiency filter before being re-

l eased to the atmosphere through the pl ant vent. 

The primary reactor shield is designed so that access to the primary 

equipment is limited by the activity of the primary system equipment an.d 

not the reactor. 

6.2.1.2 Containment Structural Acceptance Test 

6.2.1.2.1 General Description 

The completed containment structu.re was tested for structural integrity.· 

by subjecting the structure to an air pressure test of 54 psi g, which is 

equivalent to 115 percent of the design pressure. The. basic require'

ments of Regulatory Gui de 1.18, 11Structura l ·Ac;ceptance Test. for Concrete 

Primary Reactor Containments, 11 were satisfied in the performance of the 

test. 

· Containment pressurization was accomplished .in focremental steps to 12 

P.sig, 24 psig, 36 psig, 47 psig, and a final test pressure of 54 psig. 

Except for the final pressure level, the containment pressure was in-
. . ' -

creased to 1 psig above the level at which measurement readings were to 

be taken. The pressure was the.n reduced to the specified value and, 

after a minimum time delay of 10 minutes to permit equ,al ization of 

strains i-n the structure, the observations and measurements were made. 

The final test pressure of 54 psig on the building ~ai m~intained for a 

period of 1 hour. During this time, measurements and observations were 

made to verify the adequacy of the structural design. 

After the structural integrity test at 54 psi y (held for 1 hour minimum) 
. ' 

the pressure was reduced in the.same incremental steps to 0 psig prior 

to performance of the containment liner l e9kage test. 
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Temperature, barometric pressure and weather conditions were recorded 

hourly during the test period. 

Prior to the strength test, predicted stress and strain at. various 1 oca

tions were developed for an internal pressure of 54 psig •. Although 

strain gauges were installed on designated areas of the liner and con

crete reinforcement, the analytically derived strains were not used as 

acceptance figures for the actual value. Values obtai ne(i, however, were 

analyzed and evaluated to determine the magnitude and .direction of 

principal strains. Test data in excess of the predicted extremes re

quired resolution through review of the design, evaluation of measure

ment errors and material variability and, if necessary exploration of 
. . 

the structure. 

Excessive crack widths, if any, observed during the test were required 

to be satisfactorily resolved .in a manner similar to that discussed· 

above for displacements • 

6. 2.1. 2. 2 Test Measurements and Ins.trumentati on 

An instrumentation program to determine the degree of agreement bet\~een 

predicted and observed deflection values at various points on the pres

surized structure was employed to verify the design. 

Radial and vertical growth of the cylinder was measured using linear 

motion transducers wired to electrical indicators along four approxi

mately equally spaced meridians. Due to.the equipment layout, it was 

not possible to run transducer wires across at six points at each cir

cumference as recom.mended in Regulatory Guide 1.18. However, numerous 

ad.di tional strain gauges were used on the 1 i ner pl ate and rebar to sup

plement the measurements. The radial deflections of the containment· 

were measured at the spring line, mid-height of the cylinder and at 13.5 
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feet above the structural mat. Vertical deflections were measured at 

the apex and spring line of the dome. 

Longitudinal and circumferential growth of the liner was measured by 

means of electrical strain gaug.es attached to the exposed face of the 

liner in an area which is subjected solely to membrane forces 

(see Figure 6.2-1). 

Strain gauges were attached to selected hoop and meridional bars in the 

cylindrical wall and dome, as well as selected radial and circumferen

tial top and bottom bars in the base slab. Also, strain gauges were 

attached to representative circumferential bars around the equipment 

acce~s opening and around both of the personnel access openings. 

Approximately 200 sets of strain gauges had been attached to reinforcing 

ba:rs at various locations in the containment structure. 

Strain gauges were attached to the steel liner to record strains at the 

junction with the mat liner, at mid-height, at the spring line and in 

the dome. Additional strain gauges were attached to the liner a round 

the equipment access and personnel hatches. 

Redundancy of instrumentation was attained through multiplicity o.f 

points and gauges at which measurements were made, such that loss or 

damage to any one position wo.ul d not be cri ti cal. 

Two basic types of gauges were used: (1) BLH, or equivalent, foil 

gauges bonded to the me~bers with epoxy cement, and (2) Microdot, Inc., 

weldable gauges spot-welded to the me~bers. 

Where possible, gauges were installed on reinforcing bars in the labora

tory and the bars cadwelded in place. 

SGS-UFSAR 6.2-6 Revision O 
July 22, 1982 

• 

• 

• 



• 

• 

Measurements around the personnel and equipment hatches were made using 
linear motion transducers between the hatches and the polar crane wall 
or other fixed suppo_rts as shown. in Figure 0.2 ... 2.. l\Jel \te 1 inear motion 
transducers at each equipment and personnel hatch were. used to measure 
the deflections, in accordance :With Regulatory Gui de 1. 18. 

During the structural acceptance test; all gauges were read and recorded 

with a multi channel ciata acquisition system. Readings were obtained 

just prior to pressurfaation, at the \larious selected incremental pres

sures during pressurization and depressu_rization, and after depres

surizati on. 

The No. 2 Unit Containment is a non-prototype structure, not requiring 

strain measurement. However, a smal 1 number of reba·r and 1 iner strain 

gauges were read for comparison and study at 1 ocations that had 

exhibited high strain when the test as perfonned on the No. 1 Unit. 

LVDT measurements were not taken. on the No. 2 Unit personnel hatches, 

since the test perfonned on the No. 1 Unit demonstrated that the 

personnel hatches were structurally 1 oaded in a manner similar to- the 
equipment liatct1. 

Crack patterns in the concrete were measured and recorded at the quarter 
. . 

points of circumference at the maximum test pressure. A strain sensi-

tive coating was used to make the crack pattern more discernible (see 

Figure 6.2-3). Crack patterns in the areas of the large penetrations· 

were visually checked to ascertain agreement with predicted stress pat

terns. 

· The. range of strains and deformations expected c.it the 54 psig test pres

sure were as follows: 

1. Increase in containment diameter: not more than 1.75 inches • 
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2. Maximum· vertical elongation of the structure: not more than 

2: inches. 

3. Maximum width of new cracks or increase in existing cracks: not 

more than 0.03 inch. 

4. Residual width of new cracks or increased width of existing cracks 

(after containment pressure is reduced to atmospheric):, not more 

than 0.02 inch. 

Since the containment structure was expected to remain in the elastic 

range ·during the pressure test, there was not expected to be any perma

nent distortion in the liner or in the concrete once the pressure was 

reduc;:ed to atmospheric or· below. However, it was fully expected that . 

small residual cracks in the concrete would appear as a result of con

crete creep during pressurization. 

6.2.1.2.3 ·Acceptance Criteria 

The structural acceptance test determined whether the containment struc

ture is capable of withstanding the magnitudes of loading used in the 

design. The acceptance criteria is that under the test load. The 

behavior of the structure under the test load must be such as to indi

cate its ability to withstand the loadings used for design. 

Were. the test acceptance criterion to equal or exceed the .stresses com

puted under the factored loadings, then destruction of some elements 

would result. 

It was not necessary to test up to design stresses to verify the struc

tural integrity of the containment. Prediction and verification of 

defonnati.on patterns, using the same design and analysis procedures for 

. both design and test conditions, serves to verify the desi~n. 

SGS-UFSAR 6.2-8 Revision 0 
July 22, 1982 

• 

• 

• 



• 'C_. 

·Tensile stresses in the liner plate durin~ the structural acceptance 

test were expected to be greater than those which would occur under the 
accident condition. The reason for this was that there was no tempera
ture rise associated with the test condition. Compressive stresses 
would be created by the high temperatures associated with an accident 
condition, which overcome the tension in the liner. Stresses in the 
reinforcing bars were expected to be lower during the test condition 
than the values calculated for the accident condition. 

With; regard to the 1 iner, the 1 argest number and length of seams occurs 
in the cylinder and dome and, therefore, the_greatest potential for 

leakage. The test condition was expected to yield tensile stresses in 
the dome and most of the cylinder that are hi~her than the design condi
tion. The exception was the lower cylinder wall, where design tensile· 
stresses are expected to be hi~her. With the exception of this area, 
the test pl aced a greater str·~ss condition on the potential leakage 
paths than any of the design conditions. 

The acceptance criterion requires demonstration that the overall 

structure exhibited elastic behavior throughout the test range. lil-
e las tic. behavior at 1 ocal ized stress concentrations was considered 

acceptable. Greatest a~reement between the computed strains and those 
actually observed was ant1cipated to have been in the shell of the con

tainment. Greater disparity between observed and calculated strains was 
contemplated around openings and at other discontinuities,·where theo
retical analysis becomes more complex. The acceptance criterion for 
cracking was based on the width and spacing of cracks, as detennined 
through review of predicted crack size and crack spacing. Data obtained 
during the test _were evaluated and a comparison with the values pre
dicted by design was made to assess the structural behavior of the con
tai nrnent with regard to local and' overall response • 
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6.2.l.3 Containment Overall Integrated Leakage Rate Tests 

6.2.1.3.1 Preoperational Test 

The preoperational containment overall integrated leakage rate test was 
. ' 

performed following successful completion of the structural acceptance 
test. The test was performed to satisfy the requirements of 10CFR50, 
Appendix J, "Primary Reactor Containment Leakage Testing for Water 
Cooled Power Reactors," for Type A tests. 

The test was performed accord'ing to the peak pressure test program, 
using the "absolute" method, to ascertain that the leakage rate did not 

,exceed 0.1 percent of the containment free volume per. day at the design 
pressure of 47 psig. The test was performed at 47 psig. 

6.2.1.3.2 Periodic Tests 

A set of three overall integrated leakage rate tests will be performed 
at approximately equal intervals, during each 10-year service period, 

· with the third test of each set coinciding with the end of the TO-year 
service period. 

The performance of these tests will be limited to periods when the plant 
is non-operational and secured in the shutdown condition. 

The periodic tests will be performed at a peak pressure of 47 psig. 

Detailed test requirements are contained in the Technical 
Specifications. Should deviations become necessary they will be the 
subject of License Change Requests (LCR) accompanied by appropriate 
justification. LCR 83-04, PSEG. memo Liden to Varga, dated July 22, 1983 
documents such a request for Unit 1. 
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6.2.1.4 Penetration Leakage Rate Tests 

6.2.1.4.1 Preoperational Tests 

Penetration leakage rate tests (Type B tests) were performed in accord
ance with 10CFR50, Appendix J, "Primary Reactor Containment Leakage 
Testing for Water Cooled Power Reactors." Only the free volume of the 
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double penetrations was in~luded in the test. Because this volume is 

very small when compared to the containment free "ol ume, the sensithity 

and accuracy attainab.le in u;i·s leakage rate test was increased cor~ 

respondingly over that attainable through integrated leakage rate test

ing •. -

All containment piping penetrations fitted with bellows are tested at 

Pa. Each bellows in penetrations utilizing more than one bellows is 

subjected to Type B testing. 

The penetration leakage rate tests were perfonned with the penetrations 

pressurized to 47 psig, and the containment building at atmospheric 

pressure. 

The combined leakage rate for the oouble penetrations and isolation 

valves was limited to less than 0.06 percent of the containment free 

volume per day • 

6.2.1.4.2. Perioaic Tests 

Periodic leakage rate testing for penetrations wi.11 be conducteci in a 

manner similar to the preoperatiorial tests. The periodic tests will be 

perf oni1ed according to the re qui red frequendes set forth in 10CFR50, 

Appendix J, 11 Primary Reactor Containment Leakage Testing· for Water 

Co.ol ed ·Power Reactors, 11 for Type B tests. 

6 .2 .2 CONTAINfvENT HEAT REMOVAL SYSTEMS 

Adequate post-accident I.eat removal capability for the containment is 

provided by two separate, fu'll capacity., engineered safety features 
. \ . . 

systems. n.ese are the containment spray system,- described in Section 

6.2.2.1, and the containment fan cooling. systerri, described in Section 

ti.2.2.2. Tt.ese systems are of different engineering principles and 

serve as independent backups for each other . 
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Any of the following combinations of containment spray and fan cooler 

equipment trains will provide sufficient heat removal capability to 

maintain the post-accident containment pressure below the design value, 

assuming that the core residual heat is released to the containment as 

steam: 

1. All five containment fan coolers 

· 2. Both containment spray pumps 

·3. Three of the five containment fan coolers and one containment spray 

pump along with one train of the emergency core cooling system. 

6.2.2.1 Containment Spray System 

6.2.2~1.1 Design Bases 

The prima.ry purpose of the containment spray system is to spray cool • 

water into the containment atmosphere in the event of a loss-of-~oolant '. 

accident and thereby ensure that containment pressure does not exceed 

the design value of 47 psig at 271°F (100 percent relative humidity) • 

. · This protection is afforded for all pipe break sizes up to and including 

the hypothetical· instantaneous circumferential rupture of a reactor 

cool ant pipe. Pressure and temperature transients for lass-of-cool ant 

accident are presented in Chapter 15. Although the water in the core 

after a loss-of-coolant accident is quickly subcooled by the safety 

injectiOn system, the containment spray system design is based on the 

conservative assumption that the core residual heat is released to the 

containment as steam. 

The containment spray system is designed to spray at least 2600 gpm of 

borated water into the containment building whenever two out of four 

(Hi-Hi) containment pressure ·signals occur or a manual signal is given . 
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Either of two sub~ystems contdining a pump and associated valving and 

spray headers qre independently CdpaL>le of delivering 2600 gpm.· 

Th~ desi~n basis is tu µrovide sufficient hedt removal capability to 

maintain the post-accident containment pressure below the design 

pressure assuming that the core residual heat is released to the con

tainment as steam. 

A second purpose served by· the containment spray system is to remove 

elemental iodine from the containment atmosphere should it be released 

in the event of a loss-of-coolant accident. The analysis of off-site 

thyroid· dose after a hypothetical LOCA is presented in Chapter Li. 

Iodine removal effectiveness is described in Section 6.2.3. 

Tile spray system is .designed to operate over an extended ti111e period, 

following a primary cool ant system failure as required to res tu re and 

maintain containment con.ditions at near atmospheric pressure. It l1as 

the capability of reducing the containment post-accident pressure taking 

into account any reduction in capacity due to a single failure. 

Portions of other systems which share functions and b-ecome part of the 

containment· spray syste111 when required are designed to meet the criteria 

of this· section. Any single failure of an active component in either 

spray subsystem does not de~rade the minimum containment co6liny or 

fission product removal capabi 1 ity of the containment spray ·system, as 

the containment pressu.re-temperature analysis in Chapter l!> assumes the 

most restrictive.single failure. 

Those portions of the spray systems 1 ocated outside of the containment 

which are designed to circulate, under post-accident conditions, radio

actively contaminated water collected in the contairnnent meet the fol

lowing requirements: 
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1. Adequate shielding to maintain radiation levels within the guidelines 
of lOCFRlOO (Section 11.2). 

2. Collection of discharges from pressure relieving devices into closed 
systems. 

3. Means to limit radioactivity leakage to the environs, consistent with 
guidelines set forth in lOCFRlOO. 

System active components are redundant. System piping located within the 
containment is redundant and separable in arrangement. 

All portions of the system located within containment are designed to 
withstand, without loss of functional performance, the post-accident 
containment environment and operate without benefit of maintenance for the 
duration of time to restore and maintain containment conditi~ns at near 
atmospheric pressure. 

• 

Table 6.2-1 tabulates the codes and standards to which the containment 
spray system components are designed. • 

6.2.2.1.2 System Design 

System Description 

Adequate containment cooling and iodine removal are provided by the 
containment spray system shown in Figures 6.2-4A and B whose components 
operate in sequential modes. These modes are: 

1. Spray a portion of the contents of the refueling water storage tank 
into the containment atmosphere using the containment spray pumps. 
During this mode, the contents of the spray additive tank (sodium 
hydroxide) are mixed into the spray stream to enhance the iodine 
removal capability of the containment spray system. 
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2. Recirculation of water from the containment sump is provided by the 

diversion _of a portion of the reci rcul ati on fl ow from the dfscharge 
of the residual heat removal heat ~xchangers tp the containment 

spray header after injection fro1il the refoelin::i water storage tank 

has been tenni.nated . 

.. 

The bases for the selection of the various conditions requiring system 

actuation is presented in Chapter 15. 

The principal compo_nents of the containment spray system·are: Two 

pump·s, one spray additive tank, two educ tors, spray rfng heade_rs and 

·nozzles, and the necessary pi_ping and valves. The containment sprdy 

pumps and-the spray additive tank are located in the auxiliary building 

and the spray pump suctions are nonnally lined up to th~ refueling water 

. storage tank. Foll owi n~ an accident the containment spray pumps a re· 

utilized until the water in the refueling water .storage tank is· deple.ted • 

During the recirculation phase, the system utilizes the t\-10 residual 

heat ·removal pumps, two residual heat exchangers and associated valves 

and pi pin~ of the safetJ i njec.ti on 5ystem. 

The spray ·system .is actuated by two out of four hi-hi containment pres...: 

sure signals. The starting s1gn~l energizes the pumps and opens the 

discharge valves to the spray headers. The valves associ"ateJ with the 

spray additive tank are opened on the same signal. If .necessary, the· 

operator can manually actuate the entire system from the control room. 

During the period of time that the spray pumps draw fro111 the refueling 

water storage tank a small portion of the spray flow is diverted from 

the spray pump discharge lin~ through the eductor and back to the pump 

suction. Valve CS14 in the spray additive tank discharge line is pro

vided with redundant position indication to assure effective chemical 

addition to the spray system. The liquid frori1 the spray- additive tank 
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then mixes with the 11quid entering the suction of the pumps. The 
result is a solution suitable for the removal of iodine from the con
tainment atmosphere. The analysis of the iodine removal capability of 
the containment spray system, presented in Section 6.2.3, shows that 
more than 99 'percent of the removable iodine in the containment atmos
phere is washed out in the injection phase. 

After the injection operation, spray pump flow is discontinued when the 
water in the refueling water storage tank is depleted. Containment 
pressure control can then be maintained with the residual heat removal 
system functioning through the containment spray headers. 

If, for any reason, the containment pressure should be observed to 
increase, the operator can direct part of the discharge flow-from the 

residual heat exchange~s to the spray headers thereby initiating re
circulation spray flow. 

The procedure for the change-over from injection to recirculation and 
cooling water for the residual heat exchangers are described in Section 
6.3. 

Components 

All associated components, piping, str~ctures, and power supplies of the 

containment spray system are designed to Class I (seismic) criteria. 

The containment spray system share.s the refueling water storaye tank 
liquid capacity with the safety injection system. Refer to Section 6.3 
for a detailed description of this tank. 
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• Pumps 

• 

• 

The two containment spray pumps a.re of the horizontal centrifugal type,. 

driven by electric motors which can be supplied with p·ower from the 
standby AC power supply. 

The design head of the pumps is sufficient to continue. at rated capacity 

with a minimum level in the refueliny water storage tan·k against a head 

eq·u.ivalent to the sum of the design pressure of the contairn11ent, the 

head to.the uppennost nozzles, and the line and the nozzle pressure 

losses. Pump motors are direct-coupled and large enough for the maximum 

pow~r requirements of the pumps. The materials of construction are 

stainless steel or equivalent corrosion resistant material.· Design 

parameters are presented in Table 6.2-2 and the pump head characteristic 
curve is presented in Figure .G.2-5. 

The containment spray pumps are designed in accord~nce with the specifi

cations discussed for the pumps in the safety injection system, Section 

6.3. 

The pump motors are non-overloading to the end of the pump curve. 

Each .containment spray pump is provided 1-1ith a steel enclosure for 

missile protection. 

Details of the component cooling pumµs and service water pumps, which 

serve the safety injection system, are presenteJ in Chapter 9. 

Spray Headers ·and Nozzles 

The cbntainment spray header ~iping arrangement is shown in Figures 

6.2-G and 6.2-7. These figures illustrate the spray nozzle orientation·, 

which has been designed to provide maximum spray coverage of the con

tai 11111ent. The arrangement consists of four 360 degree ring headers at 

SGS~UFSAR 6.2-17 Revision 0 
July 22, 1982 



different elevations, with alternate headers connected. The header 
diameters are 101 ft at El. 244 1 -6 11

, 96 ft at El. 247 1 -0 11
, 53 ft at El. 

266 1 -6 11
, and 48 ft at El. 269 1 -0 11

• 

The spray headers are stai nl.ess steel of a holl ow-:cone · press·u-te nozzle 
design, with a 3/8 inch diameter orif~ce. The nozzles have no internal 
parts which would be subject to clogging. The nozzles produce a drop 
size spectrum ·with a Sature ·mean drop size of less than 100 microns with 
the spray pump operating at design conditions and the containment at 
full design pressure and temperature. 

The spray header supports are shown in Figures 6.2-8, 6.2-9 and 6.2-10. 

These figures illustrate the relationship of the support steel to the 
headers and the containment building wall. The supports are designed 
such that interference with the spray pattern is kept to a minimum and 
their structural integrity under accident and seismic conditions is 

maintained. 

The design is such that the alternate connected ring headers and cor
responding sections of riser (from the last anchor point on the contain
ment wall) will act as a unit under design thennal and seismic condi~ 
ti ons. The pipe hangers and restraints are designed to support and 
restrain the pipe under design thennal and seismic conditions. 

Spray Nozzles 

The spray nozzles are of a hollow-cone pressure nozzle design without· 
any internal parts subject to clogging. The nozzles produce a drop size 
spectrum with a Sauter mean drop size less than 1000 microns with the 
spray pump operating at design conditions and the containment at design 
pressure and temperature. 

SGS-UFSAR 6.2-18 Revision O 
July 22, 1982 

•• 

• 



• 

• 

• 

During spray redrculation operation, the water is screened throu~h a 
- .; . . 

1/4 inch mesh before leaving the containment sump. The spray nozzles 

are stainless. steel and have a 3/3 inch diameter orifice. The nozzles 

are:connec.ted to four 360 degree ring headers of ring headers (alternat

ing headers connected) of diameter 101 1 (El. 244 1 611
), 53 1 (El.:266 1 611

), 

96 1 (El. 247 1
), 48 1 (£1. 269 1

). 

The nozzles and headers are so oriented as to maximize coverage of the 

containment voru~e. 

All stresses are within those allowed by ANSI 831.1.0 piping code. 

Heavier walled pipe is used at anchor points and points of restraint to 

eliminate high stress regions. 

Containment Dome Access System - No. 2 Unit 

The No. 2 Unit util.izes a different design, the containment dome access 

system.· This system serves the dual purpose of supporting the contain

ment spray system ring header piping and pro vi ding access for mai nte

nance and inspection to the ring headers and the containment do~e liner 

(see figure 6.2-11). This system consists of the following components: 

1. Ai1 orbital inclined service bridge and trolley capable of carrying 

personnel and materi.al, including an auxiliary hoist. It is de

signed to provide maximum coveraye of both the containment dome 

liner.and the· spray header piping (see Figure 6.2-11). 

2. A structural steel girder, beam and the support structure for the 

access bridge and spray piping (see Figure 6.2-12). 

Both components are seismic Class I and have been statically dynamically 

designed to withstand the effects of the design basi~ earthquake. They 

have combined total weight of 394,000 pounds . 
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The support beams for this system penetrate the containment 1 i ner pl ate • 
and a re anchored into the concr~te wall of the reactor containment 
building. In order to maintain containment integrity, the penetrations 
through the liner plate are seal welded into place and vacuum box 
tested. A leak chase box 'is installed around each embedded beam to 
enable leak rate testing of the welds at any time (see Figure 6.2-13). 

The orbital service bridge, the spray header support or basket and the 
spray piping were mathematically modeled as a system of node points 

interconnected by various weightless springs. The springs were assigned 
and stiffness characteristics of the structural beam and functional pipe 
elements of the system. All weights and inertias were distributed ·among 
the nodes. The degrees of freedom of the nodes were chosen to closeiy 
simulate the response of the system to external loadin~; the materials 
were assumed to be linearly elastic. 

Static analysis was perfonned to obtain the maximum stresses under dead 
load and thennal variations. 

Using the .above mathematical model, a dynamic modal analysis was also 
performed to detennine the modal frequencies and mode shapes. SEE 
response spectra with 1/2 percent damping factor at the proper struc
tural elevations were used as the input for the response spectrum analy
sis. The element stresses of those modes with meaningful participation 
for a given excitation direction were summed as a square root of the sum 
of their squares. When mode frequencies occurred within 10 percent of 
each other, an absolute summation of stresses was made prior to RMS 
summation. 

The design stresses for the system are the summations of the maximum 
static and dynamic stresses for the respective members. 
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The an~lysis assumed the 6rbital bridge was locked to the rail in its 

storage location, the personnel cage was locked in che down (stored) 

position on the bridge with no load on the hoi.st and the ·cbntainment 

spray piping empty of liquid. This analysis simulates actual conditions 

during reactor opera ti on. 

The cal cul ati ons perfonned on the dome access system indicate that none 

of.the elements are subjected to loads beyond the allowable value of 

32.40 ksi,· which is 90 percent of the minimum yield strength of A36 

steel~ The loads obtained from the calculations for the dome access 

system were then used to design the dome access system containment 

interface tie-supports. These tie-supports which are made of A442 Grade 

60 steel with an ~l.lowable stress of 19 ksi, will be sujbected tb a 

stress of only 10~92 ksi. 

The allowable load on the access system will not be exceeded due to 

required administrative control . 

The dome access system, consisting of the orbital service br1dge and· 

supporting basket and the spray header piping were analyzed for a Safe 

shutdown earthquake using response spectrum curves at 1/2 percent damp~ 

ing with the bridge in the storage location. The bridge, basket and 

piping were mathematically modeled as a multi-degree of freedom system 

with node points interconnected by various springs. Ai'JSYS,· a.large 

scale, general ·purpose computer program, was used to perfonn the mo'dal 

analysis. 

Spray Additive Tank 

The capacity of the tank.is sufficient to contain enough sodi-um hy-

. droxide solutiori which, upon mixing with the refueling water from the 

refueling water storage tank, the boric acid from the boron injection-
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tank, the borated water contained within the accumulators and primary 

cool ant, wi 11 bring the concentration of sodium hydroxide in the con-
. . - . 

tainment sump to approximately 0.2 weight percent solution caustic and 

1.2 weight percent boric acid.· This maintains a pH of at least 8.5 and 

assures the continued iodine removal effectiveness of the containment 

spray during the recirculation phase of operation as well as adequate 

retention of the absorbed iodine in the sump liquid. A level indicating 

alann is provided in the control room if, at any time, the solution tank 

contains less than the required amount of sodium hydroxide solution. 

Periodic sampling confinns that proper sodium hydroxide concentration 

exists in the tank. Also, a flow indication is provided in the control 

room to alert the operator if there is low flow from the tank when 

required. 

The tank design parameters are given in Table 6.2-3. 

Heat Exchangers 

The two residual heat exchangers are used during the recirculation phase 

are described in Section 6.3. 

Va 1 ves 

The valves for the containment spray system are designed in accordance 

with the specifications for the valves in the safety injection system. 

Valving descriptions and valve details are shown in Section 6.3. 

Piping 

The piping for the containment spray system is designed in accordance 

with the specifications for piping in the safety injection system 
(Section 6.3). 
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The system piping is designed for 250 psig at 150°F • 

1~otors for Pumps and Valves 

The motors fo.r the Contai nmerit Spray System are designed in accordance 

with the specifications- discussed for motors in the Safety Injection 

Sy stern ( Sect i on 6 • 3 ) • 

6 • 2. 2 • l. 3 Oe si g n t: val u dt i on 

Range of C6ntainment Protection 

During the injection phase .. following the maximum loss-of-coolant 

acci-dent (i.e., during the.time that the containment spray pumps take 

their suction from th.e refueling water storage tank) the containment 

spray system provides the design heat remov~l capacity for the contain-
"-

ment. After the injection phase·, ~ach train of tile recirculation system 

provides sufficient cooled recirculated water to keep tt1e core flooded> 

as well as providing, if required, sufficient flow to the containment 

spray header-s to maintain the containment pressure below tne design 

value. This applies for all reactor coolant pipe break ·sizes up to and 

including the hypothetical instantaneous circumferential rupture of a 

reactor cool ant pipe. Only one S-E-rey_Jleader is required to operate for 

this capability at ti1e earliest time recirculation is initiated. 1 ~-

The containment spray and fan cooler systems are capable of removing 

sufficient energy to maintain the pressure below tne containment desiyn 

pressure even_ in the event of_ a single failure. Each of these systems 

consists of independent equipment and components supplied from separate 

power sources. One containme_nt spray train and three of five fan 

coolers, along with one train of the emergency core cooliny system, is 

sufficient to ensure containment integrity • 
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Du.ting the injection and recirculation phases the spray water is raised • 

. to the temperature of the containment in falling through the steam-air 

mixture. The minimum fall path of the droplets is approximately 110 

feet from the lowest spray ring headers to the operating deck. The 

actual fall path is longer due to the trajectory of the droplets sprayed 

out from the ring header. Heat transfer calculations show that therl1:al 

equilibrium is reached by .all droplets in the first few feet of their 

fall. Tlius, the spray water reaches essentially the containmeilt satura

tion temperature. The model for spray heat removal is discussed in 

Chapter 15. 

Iri addition to heat removal, t~e spra) system is effecti~e in scrubbing 

fission products from the containment atmosphere. However, quantitative 

credit is taken only for absorption of iodine in the el eir.ental 

( 12 ·vapor) fonri in the analysis of the hypothetical LOCA (Chapter 
15). A discussion of the effectiveness of containment spray as fission 

product removal process is contained in Section 6.2.3. 

One containment spray pump provides sufficient iodine scrubbing 

capability to ensure that post-accident fission product leakage (based 

on TID-14844 release fractions) would not result in doses exceeding the 

1 imi ts of lOCFRlOO. 

System Response 

The starting sequence of the containment spray pumps an~ their relateti 

emergency power equipment is designed so that delivery of the minimum 

required flow is reached \Jithin 25 seconds. The pumps are signalled to 

start at about 20 seconds after the occurrence of the safety injection 

signal. The containment pressure analysis is based on the assumption 

that a pump reaches full speed at 25 seconds. 
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• Single F~ilure Analysis 

• 

• 

A fa~ 1 ure analysis has been made on all active components of the. system 

to show that the failure of an.Y single component will not prevent ful-. 

filling the design function. This analysis is summarized fn Table 6.2-4. 

The 1 oss-of-cool ant accident analysis presented in Chapter 15 reflects 

the single failure analysis. 

Reliance on Interconnected Systems 

The containment spray system initially operates independently of other 
. . 

engineered saf~ty features following a 1 oss-.of-cool ant accident. It 

provides backup cooling to the containment fan cooling system. For 

extended o~eration in the recirculation mode~ water is supplied through 

the residual heat removal pumps and heat exchangers . 

During the recirculation phase some of the flow leaviny the residual 

heat exchangers may be bled off and sent to either the discharge of the 

containment spray pumps or to the suction of the safety injection pumps 

and centrifugal charging pumps. Minimum flow requirements will be set 

for the flow being sent to the core and for the flow being sent to the 

contairnnent ·spray pump discharge. Sufficient flow ·instrumentation is 

pr·ovided so that the operator can perform appropriate flow adjustments 

\'lith the· remote throttle valves in the flow path. 

Shared Function Evaluation 

Tables 6.2-5 presents an evaluation of the main components which ha.ve 

been discussed previously and a brief description of how each component 

functions during nonnal opera ti on and during the accident . 
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NPSH dnd Spray Water Entrapment 

Spray recirculation has been evaluated considering loss of water through 
• • • . ' I • 

entrapment outsiJe the containment sump. There are three areas within 

the containment where .reactor coolant blowdown liqui.d and spray water 

may become trapped: the reactor cavity, tne refueling canal, and the 

reactor instrumentation tunneL The reactor cavity has ventilation 

openings around the reactor that would allow spray water to drain to the 

lower elevations of the containment. The refueling canal i·s normally 

isolated from the fuel handling building and would trap no more than 

9,500 gallons of liquid from containment spray system. The 

instrumentation tunnel has a water capacity of approximately 70,000 

gallons, none of which would drain to the sump. 

The total quantity of water relased to the containment at the beginning 

of the reci re ul ati on phase of the containment spray system operation, 

assuming a design basis accident with reactor coolant loop piping half 

full of water, is approximately 275,000 gallons. Discounting the water 

volume trapped in the refueling canal and tne reactor instrumentation 

tunnel, the volume availaole at the suction of the RHR pump used for 

containment spray is approximately 190,000 gallons. The re~uired NPSH 

for the RHR pump is a water level relative to the bottom (El. 70 1
) of 

the 8 foot deep containment sump. fhe indicated availai:>le water volume 

is a water level several feet ctbove the containment sump top. There is 

therefore no significant effect on the required static head for the RHR 

pump. 

Available and required NPSH for the containment spray pumps and the 

residual heat removal pumps are provided in Table 6.2-6. Compliance 

with Regulatory Guide 1.1 is discussed in Appendix 3A. 
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Environmental Protection 

During oper~tion a movable shield provides missile prote~tion fcir the 

area immediately above the reactor vessel. ·The spray headers are there

fore protected from missiles originating within .the shield. 

Acti~e components of th~ ·containment spray system are locat~d outside 

the containment, and hence are not required to operate in the steam-air 

environment produced by the accident. 

Material Compatibility 

. I 

Parts of the system in contact with borated water,1 sodium hydroxide 

spray additive, or mixtures of the two are stainle~s steel or an equiva

lent corrosion resistant material. 

6.2.2.1.4 Tests and Inspections 

·Inspection Capability 

Where practicable, all active components and passive components of the· 

containment spray system are inspected periodically to assure system 

readi.ness. The pres~ure containiny systems are inspected for leaks .from 

pump se~ls, v~lve packing, flanged j6ints and safety valves. Durin~ 

operationai testing of the containment spray pumps, .the portions of ·the 

systems subjected to pump pressure are inspected for leaks. Oesign 

provisions for inspection of the safety injection system, which also 

·functions as part of the containment spray system, are described. in 

Section 6.3. 

SGS-UFSAR .6. 2-27 RevisionO 
July 22, 1982 



System and Component Testing 

Active components of the containment spray system were adequately tested 
both in pre-operational perfonnance tests in the manufacturer's shop a.nd 
in place after installation. Thereafter, periodic tests are al so per
fonned after component maintenance. 

Means are provided to test initially under conditions as close to design 
as is practical the full operatiorial sequence that would bring the con
tainment spray system into action. 

The containment spray pumps can be tested individually by opening the 
valves in the miniflow line. Each pump in turn can be started by opera
tor action and checked for flow establishment. The spray injection 
valves can be tested with the pumps shutddwn. 

The spray additive tank valves can be opened periodically for testing. 
The contents of the tank will be periodically sampled to detennine that 
the proper solution is present. 

During these tests the equipment will be visually inspected for leaks. 
Leaking seals, packing, or flanges will be tightened to eliminate the· 
leak. Valves and pumps will be operated and inspected after any mainte
nance. to ensure proper operation. 

Pennanent test lines- for all spray loops are located so that the system, 
up to and including the isolation valves at the spray header, can be 
tested. These .i sol at·i on valves can be checked separately. 

Flow bypass through the eductors was checked during the initial pre
operational tests of the spray system. Subsequent system tests will be 
made with the spray additive tank bypass valves closed. 
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The air test lines for checKing spray nozzles connect downstream of the 

isolation valves. Air flow tnrough the nozzles is monitored as.required 

by the Unit 2 Technical Specifications. 

The .functional test of the ECCS descriDed in Section 6.3 includes the 

operation of the cqntainment spray system. A test signal simulating the 

containment spray initiating signal is used to demonstrate operation of 

the spray system up to the isolation valve on the pump di stharge. 

Spray Nozzles 

The spray nozzles are of. a hollow-cone pressure nozzle design without 
. . 

any internal parts subject to clogging. fhe nozzles.produce a· drop size 
. . . 

spectrum with a Sauter mean drop size less tilan 1000 microns with the 

spray pump operating at design conditions and tne containmen-t at design 

pressure and temperature. 

During spray r.ec_i rcul ati on operation, the water is screened through a 

1/4 inch mesh before leaving the containment sump •. The spray nozzles 

are stainless .steel and have a 3/8 inci1 diameter orifice. The nozzles_ 

are connected to four 360 degree ring headers of ring headers {a lternat

i ng headers connected) of diameter 101' (El. 244 1 611
), 53' (El. 26ti 1 611

), 

96' (El. 247'), 48' (El. 26::J'). ·. 

The nozzles and header$ are so oriented as to maximize coverage of the 

containment volume. 

6.2.2.2 Containment Fan Cooling System 

6.i.2.2.1 Jesign Basis 

. The containment fan cooling system is designed to reci-rculate and cool 

the contai nmerit atmosphere i ri the event of a loss-of-coolant accident 

and thereby ensure that the containment pressure wi 11 not exceed its 
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design value of 47 psig at 271°F (100.percent relative humidity). 

Although the water in the core after a loss-of-coolant accident is 

quickly subcooled by the safety injection system, the containment fan 

~cooling system is designed on the conservative assumption that the core 

·residual heat is released to the containment as steam. 

The containment ventilation sy~tem (Section 9.4) which includes the 

containment fan cooling system, is designed to remove the nonnal heat 

loss from equipment and piping in the reactor containment during plan~ 

opera ti on and to remove sufficient heat from the reactor containment, 

following the initial loss-of-coolant accident containment pressure 

transient, to keep the containment pressu-re from exceeding the des-ign 

pressure. The fan cool er uni ts continue to remove heat after the loss

of-cool ant accident and reduce the containment pressure close to atmos

pheric within the first 24 hours. 

In addition to the design bases specified above, the following objec

tives are met to prpvide the engineered safety features functions: 

1. Each of the five fan-cooler units is capable of transferriny heat 

at the rate of 22,500 Btu/sec (81 x 106 Btu/hr) from the con

tainment atmosphere at the post-accident design conditions, i.e., a 

saturated air-steam mixture at 47 psig and 271°F. This heat trans

fer rate is that assigned to the fan-cooler units in the accident 

analyses of Chapter 15. 

The establishment of basic heat transfer design parameters for the 

cooling coils of the fan-cooler units, and the calculation by com

puter of the overall heat transfer capacity are discussed in 

Chapter 15. Among the topics covered are selection of the tube 

~ide fouling factor, effect of air side pressure drop, effect of 

moisture entrainment in the air steam mixture entering the 

fan-coqlers, and calculation of the various air side to water side 

heat transfer resistances. 
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• 2. In removing heat.at the desiyn basis rate, the cooler coils are 

capableof discharginy tile resulting condensate without impairing 
the air flow capacity of the fan coolers and without raising the 

exit tempe~ature of the service water to the boiling point. Since 

condensation of ~ater from the air-steam mixture is tt1e principal· 

mechanism for removal of heat from the post-accident containment 
. atmosphere by the cooling coils, the coil fins wi~l ope~ate as 

·w~tted· surfaces under these conditions. Entrained water droplets 
added to the air-steam mixture, such as by operatitin of the con
tainment spray system, wil 1 therefore have essentially no effect on 
the heat removal capability of the coils. 

In addition to the above design bases, the equipment is designed to 

operate at the post-accident conditions of 47 psig and 271°F for 3 

hours; followed by-operation in an air-steam atmosphere at 20 psig~ 

219°F for an additional 21 hours. The equipment design will pemit 

subsequent operati.on of an air-steam atmosphere at:> psig, 152°F for an 

.• indefinite period. 

•• 

All components are capaole of withstanding or are protected from 

differential pressu·res which may occur during the rapid pressure rise to 

47 psig in 10 seconds. 

Portions of other syster;1s which share functions and become part of t·hi s 

containment cooling system when required are designed to meet the cri-. . 
teria .of this section. Neither.a single active component failure in 

such systems during the injection phase nor an active/passive failure 

during the recirculation phase will degrade the heat removal capability 
of containment cooling .. 
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Where positions of these other systems are located outside of containment, 
the following features are incorporated in the design for operation under 
post-accident conditions: 

1. Means for isolation of any section. 

2. Means to detect and control radioactivity leakage into the environs, 
to the limits consistent with guidelines set forth in lOCFRlOO. 

6.2.2.2.2 System Description 

The'containment fan cooling system is illustrated in Figures 9.4-4A and B. 

Individual system components and their supports meet the requirement for 
Class I (Seismic) structures and are isolated from fan vibration. 

The fan cooler system consists of five air handling units, each including 
motor, fan, motor heat exchanger, cooling coils, roughing filters, dampers, 
duct distribution system, instrumentation and controls. The units are 
1 ocated on the operating floor, between the containment wa 11 and the po 1 ar 
crane wal 1. 

Each fan is designed to supply 110,000 cfm at approximately 7.3 11 s.p. 
(0.075 lb/ft3 density) during normal operation a~d 47,000 cfm, at 
approximately 3.75 11 s.p. (0.175 lb/ft3 den·sity), during ~ccident operation. 
The fans are direct driven,' centrifugal type, and the coils are plate fin
tube type. Each air handling unit is capable of removing 81 x 106 Btu/hr 
from the containment atmosphere under accident conditions. 2550 gpm of 
service· (cooling) water is supplied to each unit during accident 
conditions. The design maximum river water inlet temperature is 850F which 
results in an outlet temperature of 1500F. 
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• o·uct work distributes the cooled air to the various contdinment compart

ments and areas. Duri nsi nonnal operation, the fl ow sequence through 

each air handling unit is as follows: inlet dampers, roughing filters,. 

cooling coils, fan, discharge header .. uuriny post-accident operation, 

air is drawn throug·h a moisture separator,. a post-acci.dent HEPA filter· 

section and cooling coils and is· discharged to the duct header. 

Tight closing damµers isolate the post-accident filtet section from the 

normally operating components. These dampers are tripped to .the acci

dent position upon either manual . or automatic actuation of the respec

tive fan. Electrically operated four-way solenoid valves control 

instrument air to the damper control cylinders. On a loss of either 

control air or control power the dampers fail to the accident (open) 

position. 

Th~ fa~ ~ooling system is actuated (in the post-accident m6de) d~riny' 

the safeguards sequ~nc.e following the generation of a containment high 

• pressure signal. Either all 5 fans or a minimum of 3 fans are. started 

by the safeguards equipment controller, depending on the availability of 

emergency power. 

•• 

A flow switch at each fan indicates whether air .is circulating in the: 

intended normal or post-accident fl owpath. Indi ca ti on and al a nns a re 

provided in the control room. 

Flow Distribution and Flow Chardcteristics 

The location of the distribution d~ctwork outlets, together with the. 

location of the fan cooler unit inlets, ensures that the air will be 

directed to all areas requiring ventilation before returning to the 

units . 
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In addition to ventilating areas inside the periphery of the polar crane ., 
wall, the distribution system also includes branch ducts located at 
opposite extremes of the containment wall for ventilating the upper 
portion of the containment. These ducts extend upward along the con-
tainment wall as required to permit the throw of air from the ducts to 
reach the dome area and assure that the discharge air will mix with the 
atmosphere. 

The air discharged inside the periphery of the polar crane wall 
circulates and rises above the operating floor through openings around 
the steam generators where it mixes with air displaced from the dome 

area .• This mixture is returned to the fan coolers located on the opera
ting floor. The temperature of this air will be essentially the design 
ambient for the containment vessel (120°F average maximum). 

The steam-air mixture from the containment entering the cooling coils 
initially during the accident will be at approximately 271°F and have a 
density of 0.175 pounds per cubic foot. Most of the water vapor will 
condense on the cooling coil, and the air leaving the fan cooler will be 

saturated at a temperature slightly below 271°F. 

With a flow rate of 47,000.cfm from each fan under accident conditions 
and a containment free volume of 2,620,000 ft3 the recirculation rate' 
with five fans operating is approximately 5.4.containment volumes per 

hour. 

Cooling Water for the Fan Cooler Units 

The cooling water requirements for all five fan cooler units during a 
loss-of-coolant accident and recovery are supplied ~Y the service water 
system. The service water system is described in Chapter 9. The design 
basis river water temperature for service water to the containment fan 
coolers is 85°F, although river water temperatures throughout the year 
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are nonnally less. The service water temperature rise through the con
tainment fan coolers is 9°F for normal operation. In the unlikely event 
of an accident, this temperature. rise will be a maximum of 65°F for a 
period of less than 1 hour, after which it will decrease. It is not 
expected that any significant amount of calcium carbonate precipitation 
on the heat exchange surfaces will occur at these temperatures, and, 
therefore, there will be no subsequent plugging of the fan coolers. 

Service water discharge from the cooling coils is monitored for radio
activity by routing a small bypass flow from each fan cooler unit 

through a radiation monitor. An alarm is annunciated in the control 
room upon detection of high radioactivity in an effluent line. 

Flow and temperature indication is provided outside containment for 
service water flow to and from each fan cooler unit. Abnormal flow 
alarms for in-service fan cooler units are provided in the control room • 

During normal operation, a dual setpoint service water flow controller 
will position the flow control .valve to give the required 700 gpm flow. 
During conditions of safety injection, a signal to the controller 
changes the setpoint to 2500 gpm. The control valve closes when the fan 
cooler unit is not in use. 

Components 

Roughing and HEPA Filters 

The roughing filters in each fan cooler unit are designed to remove the 
larger particles of suspended dust and dirt from the containment atmos
phere during normal power operation, normal reactor shutdown and loss of 
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off site power conditions. Removal of the particles al so prevents build
up on the cooling coils, thus avoiding a reduction in heat transfer. 

The roughing filters are arranged in two banks, each consisting of 
structural steel frame and removable.filter cells. Each filter cell 

contains a fiberglass media which is capable of removing 90 percent of 
visible dust particles. The media efficiency is 70 percent on NBS type 
test ratings. 

The HEPA filters in each fan cooler are provided to remove any particu
late matter from the containment atmosphere. 

The HEPA filters are arranged in a structural steel frame and are 

individually removable. The filter media is fiberglass with asbestos 

separators and is capable of.collecting 99 percent of particles 0.3 

microns and larger in size from a saturated (100 percent relative 

•• 

humi d_i ty) 271 °F atmosphere processed through the filter at 250-300 fpm. .• 
The HEPA filter media meets MIL-F-51079 and MIL-STD-282. 

Fan-Motor Uni ts 

The five containment cooling ·fans are of the centrifugal, non-overload

i ng direct drive type. Each fan provides a minimum flow rate of 47,000 
cfm when operating against the system resistance of approximately 3.75 
s.p. existing during accident conditions (0.175 lb/ft3 density, a 

containment pressure of 47 psig, and temperature of 271°F). 

The two-speed containment fan cooler motors are totally enclosed, water 
cooled, 300 horse power (high speed), induction type, 3 phase, 60 cycle, 
1200 RPM, 460 volt with ample insulation margin. At lowspeed the motor 
delivers 274 horsepower. Insulation is Class F (NEMA rated total 
temperature 155°C) Westinghouse Thermalastic. It is impregnated and 

coated to give a homogeneous insulation system which is highly 
impervious to moisture. Internal leads and the terminal box-motor 
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interconnection are ~iven special design consideration to assure that 
the level of insulation matc11es or exceeds that of the ,;asic motor 
system. At incident ambient and load conditions, (271°f and 100 HPJ the 
motor insulation hot spot temperature is not expected to exceeJ 113°C. 

Fan cooler motors are cooled oy an air-to-water heat exchanger wnich is 

connected to the motor to form an entirely enclosed cooling system. Air 
movement is through the heat exchanger and is returned to the motor. 
Two vent valves permit containment amoient air to enter the cooling 
compartment (on increasing contairrnent pressure) so the motor bearings 
will not be subjected to an excessive differential ~ressure. An open 
condensate drain line will enable the cooling compartment to equalize 

with the containment pressure as containment pressure is reduced by the 
motor heat exchanger. Cooling water is supplied by tne service water 

system. 

The motors are equipped witn high temperature grease lubricated ball 
oearings to witl1stand the design Ddsis incident ambient temperatures. 

• Continuous bearing temperature monitoring is provided which wi 11 al arm 
in the control roow. 

Fan motor leads are brougnt out·of the frame through a seal and into a 

cast iron sealed explosion-~roof type of conduit oox.· uverload j.)rotec

tion for the fan motors is provided at the switchgear by overcurrent 

trip devices in the motor feeder oreakers. ihe breaKers can oe operated 
from the control room and can be reclosed from the control room follo\'r

ing a motor overload trip. 

In addition to the usual quality control tests which are perfonned to 
give assurance that the motors meet design specifications, .special tests 
are perfonneQ to demonstrate that insulation margins are built in as 

I 

expected. The ~ompletely \«>Und stators are given a special high poten-
tial test to ground. The stators are immersed in water, meggered and 
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given a high potential test while immersed. After passing the water 
tests, the.motor is baked and given a final coating dip. The stator and • 
rotor are then baked again. 

Cooling Coils 

Coils are fabricated of AL-6 X tubing. The heat removal capability of 
the cooling coils is 81 x 106 Btu/hr per fan cooler unit at satura
tion conditions (271°F, 47 psig). The design internal pressure of each 
coil is 200 psi g and the coi 1 s can withstand an external pressure of 47 
psig at a temperature of 271°F without damage. 

Eac.h recirculating unit consists of 12 coil units mounted in two banks 
of 6 coils high. These banks are located one behind the other for hori
zontal series air flow, and the tubes of the coil are horizontal with 
vertical fans. 

A moisture separator in each fan cooler removes the larger droplets of • 
suspended moisture from the containment atmosphere in the event of a 
loss-of-coolant accident. Removal of the droplets prevents any signifi-
cant water deluge over the face of the HEPA filters and thus avoids a 
serious reduction in filter effectiveness. The separator consists of a 
structural steel frame with removal separator elements. Each element is 
capable of removing 95 percent of water droplets 10 microns and larger 
in size, at the rate of 0.35 pounds of water per 1000 cfm of processed 
atmosphere traveling at 350 to 500 fpm through the element. 

The coils are provided with drain pans and drain piping to prevent 
flooding during accident conditions. This condensate is drained to the 
containment sump. 
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Ducting 

The ducts are designed to withstand the sudden release of reactor cool

ant system energy and energy ·from ass.ociated chemical reactions without 

. failure due to shock or pressure wave·s by i ncorp.orati on of damper along 

·the. ducts which open at slight overpressure, 3.0 psi. The ducts are 

designed and supported to withstand thermal expansion during an accident. 

Ducts are of welded and flanged construction. All longitudinal seams 

are welded. Where ·flanged joints are used, joints are provided .with 

gaskets suitable for temperatures to 300°F. 

Ducts are constructed of gal v·anized sheet metal. 

Dampers· 

All air control dampers that are an integral part of the fan coolers are 

designed to Class I seismic cr1teria. The damper constru.ction is 

designed to withstand the design basi.s .earthquake concurrent with the 

pressure transients, thermal energy and chemical activity resulting. from 

a loss-of-coolant accident. Each damper is constructed of specially 

painted steel, with multiple blades that operate .in unison and edge 

~eals to mini~iie air leakage. 

The backdraft. damper at the discharge of each fan· cool er is a nonnal ly 

Closed counter-Weighted de vi Ce that Opens automati Ca 11 Y when .the fan 

operates. It is designed to remain intact and operable duri ny any 

1 ass-of-cool ant accident by withstanding an approximate 7 psi air pres

sure surge over a 10 second period. This damper prevents the pressure 

surge from damaginy the fan-motor assembly. 

. . . 

Two-position shutoff dampers are provided at each fan cooler to divert 

air fl ow through the HEPA filters and moisture separators during any 

loss-of-cool ant acc.i dent or through the roughing fi 1 ters duri ny normal 
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operation. The roughin!:J filter dampers are nonnally open and fail 

closed •. The HEPA filter dampers are non-nally closed and fail open. 

Both sets of dampers revert to their fail positions after a safety 

injection signal. 

Each two-position shut-off damper is provided with redundant pneumatic 

operators that ·can provide 150 percent of the. design operating torque. 

Each damper assembly is designed to remain intact and operable during 

any l oss...:of-cool ant accident by withstanding a 3 psi air pressure surge 

over a 10 second period. 

The fan·coolers are equipped with pressure relief dampers in the filter 

enclosures. These dampers are nonnal ly closed counter-weighted devices 

that open progressively as the pressure differential across them exceeds 

0.25 psi. In the event of a loss-of-coolant accident, the pressure

relief dampers limit the pressure differential to 3 psi and thus main

tain the structural integrity of the fan coolers during the pressure 

transient. 

6.2.2~2.3 Design Evaluation 

Range of Containment Protettion 

The containment fan cooler System provides the design heat removal 

capacitt for the containment following a loss:...of-coolant accident assum

ing that the core residual heat is released to the containment as 

steam. The system accomplishes this by continuously recirculating the 

air-steam ·mixture through cooling coils to transfer heat from contain

ment to service water. Any of the following combinations of equipment 

provide sufficient heat removal capability to maintain the post-accident 

containment pressure below the design value,: 

1. All five containment fan cool er uni ts • 
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2. Both containment spray ·loops. 

3. Three containment fan cooler units and one containment spray loop .. 

The performance of the containment fan cool er system in pressure reduc

tion is di.scussed in Chapter 15. 

System Re sporise 

Automatic starting of the standby fan cooler units (under design condi..., 

tions, up to four of· the fans and two service water pumps operate during 

nonnal power operations for containment ventilation) and the related 

emerg~ncy power equipment is designed so that the required air flow and 

cooling water flow for an accideYJt condition is reached in approximately 

35 seconds·. The containment pressure analysis is based on the assump

tion that ther~ is a delay time of 40 seconds for starting of the fan 

coolers . 

The intended sta rt·i ng ·sequence is: 

1. Initiation of· safety injection signal, 

including instrument lag 

2. · Starting of diesel generators 

3. Starting of last containment fan cooler 

SeconLls 

1. 2 

11 

35 

The water valves and air dalilpers are actuated to the accident position 

by. cl o'sure of filie fan cool er 1 ow speed breaker. 

Single Failure Analysis 

A failure analysis for all active componenti of the system show~ that 

the failure of any single active component .~ill n.ot prevent fulfilling 
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the design function. This analysis is summarized in Table 6.2-7. 

The analysis of the loss-of-cool ant accident presented in Chapter 15 is 

. consistent with the single failure analysis. 

Reliance on Interconnected Systems 

The containment fan cooling system is dependent on the operation of the 

service water system. Cooling water to the coils is supplied from the 

service water system. Six service water pumps are provided, only two of 

which are required to operate during the post-accident period. 

·Shared Function Evaluation 

Table 6.2-8 is an evaluation of the main components which have been 

discussed previously and a brief description on how each component func

tions during normal operation and during the accident. 

Reliability Evaluation of the Fan Cooler Motor 

The design of the motor and motor heat exchanger is such that the 

accident environment is prevented, in a significant sense, from enter

ing the motor winding. When entering in the very limited amuunt re

quir~d to equalize motor interior pressure, the incoming atmosphere is 

directed to the heat exchanger coils where moisture is condensed. If 

some quantity of moisture should pass through the coil, the motor 

interior environment would "clean up 11 since interior air continually 

recirculates through the heat exchanger. 

The motor insulation hot spot temperature is not expected to exceed 

ll3°C even under accident conditions; normal life would be expected with 

a continuous hot spot of 155°C. The insulation has resistance to 

moisture, and tests indicate that the insulation system would. survive 
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~. the accident ambient moisture condition 111ithout failure. The heat ex

changer system of preventing moisture from reaching the winding keeps · 

the winding in much .more favorable conditions. In addition, the motors 

are furnished with an-insulation voltage margin beyond the operating 

voltage of 480 volts. 

To prove the effectivenes~ of the heat exchanger in inhibiting large 

quantities of the steam air m1xture from impinging on the w~indi ng and . 

bearings, a full scale motor of the same type was .subjected to prolonyed 

exposure to accident conditions. The test exposed the motor to a steam 

air mixture as well as·boric acid and alkaline spray at 80 psig and 

saturated tem~erature cohditions. Insulation resistance, winding and 

bearing temperature, relative humidity, voltage and current as well as 

heat exchanger water temperature and fl ow were recorded periodically 

during _the test. Following the test the motor was disassembled and 

inspected to further assure that the unit performed as designed. The 

po~t-testing inspection showed no degradation of the motor components 

• (Reference 1). The fan motor bearings are designed to perform in the 

. accident ambient temperature conditions. However.~ the interior bear.i ng 

housings a.re cooled by the heat exchanger. It is expe.cted that bearing 

temperatures would be ·125°C to 140°C, under accident con.ditions. · The 

heat exchanger is designed using a conservative 0.002 fouling fictor. 

• 

Throughout the 1 i fetime of the pl ant, these motors perform the normal 

heat_removal service and are loaded to approximately 275 HP. 

Environmental Protection 

All of the fan cooler units are located on the operating floor.adjacent 

to the containment wall. The distribution header is located below the 

operating floor~ between the polar crane wall and the containment wall. 

This arrangement provides missile protection for all components~ 
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System control and instrumentation devices required for post-accident 
operation are also installed in locations such as to minimize the danger 
of control loss due to missile damage. 

The fan motor enclosures, electrical insulation and bearings are 
designed for operation during accident conditions. Surfaces in contact 
with the containment atmosphere are protected against corrosion. 

6.2.2.2.4 Inspection and Testing 

Inspection 

Access is available for visual inspection of the containment fan-cooler 
components including fans, cooling coils, dampers, and ductwork. 

Component and System Testing 

Each fan cooling unit was tested after installation for proper flow 
through the duct distribution system. 

The containment fan cooling system is designed such that the components 
can be tested periodically, and after any component maintenance, for 
operability and functional perfonnance. 

Four of the fan cooling units are in use during nonnal operation. The 
fan not in use can be started from the control room to verify readi
ness. The dampers directing flow through the post-accident filter sec
tion can be tested when the fan is running on low speed. 

The functional test of the ECCS described in Section 6.3 will 
demonstrate proper transfer of the fan units in the event of a loss of 

power. A test signal is used to initiate damper motion and fan start
ing. This test will verify proper functioning of the air flow switch 
provided for each fan. 
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6.2.3 CONTAINMENT ATMOSPHERE IOiJINE REMOVAL 

6.2.3.1· Int~oduction 

. The containment spray system is an engineered safety system emp_l oyed to 

. reduce pres sure and temperature in the contai nmerit foll owi ny a postu-

1 ated loss-of-coolant accident. For this purpose, subcooJed.·water·is 

sprayed into the containment atmosphere through a 1 a rge number of 

nozzles from spray headers located in the containment dome. 

Because of the large surface ared between the spray solution and the 

containment atmosphere, the spray system al so serves as a removal 

mechanism for fission products postulated to be dispersed in the con

tainment atmosphere~ Radioiodine in its various forms is the fission 

product of primary concern in the. evaluation of a 1 ass-of-cool ant 

·accident. The major benefit of the containment spray is its capacity. to 

absorb molecular iodine from the containment a_tmosphere. To enhance 

thjs iodine absorption capacity of the spray, the spray solution is 

adj_usted to an alkaline pH which promotes iodine hydrolysis to 

nonvolatile forms. 

Accardi ng to the known behavior of el ementa 1 iodine in highly dilute. 

·sol uti ans the hydrolysis reaction 

proceeds nearly to completion (Reference 2) at pH > 8. The iodide fonn 

is highly soluble, a_nd HIO readily undergoes additional reactions to 

form iodate • 
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The overall reaction is: 

Values for the spray removal half-life of the molecular iodine in a 
typical containment are on the order of minutes, or less. This makes 
the spray system a very efficient fission product removal system, in 
comparison to such alternatives as charcoal filtration systems. 

6.2.3.2 Iodine Removal Model 

Containment spray perfonnance has been detennined using the spray model 
developed by Westinghouse. This model includes the effects of spray 
drop size distribution, droplet coalescence, and liquid phase mass 
transfer resistance. Its use results in conservative values of spray 
iodine removal constants when compared with test results. 

Method of Calculation 

In order to eliminate the need of scale-up factors from experimental 
results to full-sized reactor containments, the size dependent calcula
tions in this model were progranuned for discrete size parameters, i.e., 
the calculations are repeated for incremental height steps, and for 40 

different drop-size groups to represent the effects of the drop-size 
distribution. No significant effect on results was observed by increas
ing the number of groups. The resulting model with discrete 
size-dependent parameters has been programmed for a digital computer. 

In the computer code, the sprayed volume of the containment is divided 
into layers of incremental height and area equal to the total sprayed 
area at any height z. The height-dependent calculations such as drop 
trajectories and the thange in the drop size distribution due to 
coalescence, are perfonned for each height step, using the parameters 
calculated in the previous step as input for the next step. 
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• Drop Size Di stri.buti on 

• 

• 

The drop-size distribution used in the model is based on data obtained 

froni measurements of the actual size distribution from theSpraco 1713. . - . 
nozzle for the range of pressure drops encountered during operation of 

the spray system. The results obtained for 20, 30, 4o, and 50 psi 

pressure drops across the nozzle have been. used in this.evaluation. 

Analysis of these drop-size measurements shows that the drop-size 

distribution from this nozzle may be represented by a continuous 

distribution function, wh1ch is used as the input to the compute~ code. 

Condensation 

As the spray solution enters the high temperature containment" 

atmosphere, steam will condense on the spra.y drops. The amount of con

densation is easily_ calculated by a mass balance.on the drop: 

mh + m h = m1 h c g f 

where: 

m and m1 the mass of the drop before and after condensation, lbs. 

me = the mass of condensate, los. 

h - the initial enthalpy of the drop, Btu/lb. 

hg and hf= saturation enthalphy of .water vapor and liquid, Btu/lb . 
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The increase in each drop diameter in the distribution, therefore, is 
given by: 

where: 

d' 

h - h 
( g h ) 

f g 

=the specific volume of liquid at saturation, ftj/lb 
=the specific volume of the drop before condensation, 

ft3/lb 

= the latent heat of evaporation, Btu/lb 
= the enthalpy of steam at saturation, Btu/lb 
= the drop diameter, cm before condensation 
= the drop diameter, cm after condensation 

Thi.s increase in drop size due to condensation is expected to be 
complete in a few feet of fall for the majority of drop sizes in the 
distribution. More detailed calculations by Parsly (Reference 3) show 
that even for the largest drops in the distribution thennal equilibrium 
is reached in less than half of the available drop fall height. The 
change in the drop size distribution due to condensation was conserva
tively modeled by a step increase to the equilibrium sile immediately 
after the drops emerge from the nozzle. 

Drop Trajectories 

A description of the actual drop trajectories is required to obtain 
accurate drop residence times, and to obtain th~ trajectory angle 
required for the coalescence calculations described below. These 
trajectories ·are obtained by 1ntegrating the equations of motion for 
each drop size. 
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• The equations of motion were integrated numerically, with the drag 

coefficient being determined iteratively from Reynolds number and. 

terminal velocity. · 

These calculation yield the following results: 

1. Spread and IJozzle Interference 

Trajectory results for ~ range of drop sizes show that the 

hqrizontal velocities of the drops are quickly attenuated. For the· 

small er drop sizes ( <400µ) the trajectory essentially is a straight 

fall. Even· for 1000µ drops,. the horilontal velocity component 

. diminished to less than 10 percent of the total velocity in. less 

than 10 feet. The effect of temperature and pressure on drop tra

jectories has also been calculated. The resulting spray envelope is 

of smaller diameter at higher temperatures and pressure. 

• 2. Drop Residence Time 

• 

For downward-directed spray nozzles, the initial vertical velocity 

is higher than the tennainal velocity, re·sultin~ in a slightly . . 

shorter residence time than that calculated with the assumption of 

terminal velocity. An accurate account of the residence time is 

obtained from consideration of the actual trajectories foll owed by 

the drop. 

Correction factors are calculated for each drop.size in the spectrum, so 

that the drop fall-times used for the iodine removal calculations are 

the actual drop residence times. 

A measure of conservatism is added to the drop residence calculations by 

the us~ of the drop diameters after condensation. Actually, the drop 

velocities would. have been attenuated to a fraction of the initial noz

zle velocity.by the time condensation is complete . 
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Drop Coalescence 

This effect will tend to decrease the overall surface-to-volume ratio of 
the spray, thereby affecting the fission product removal capability of 
the system. Concern has been centered particularly on the effect of 
coalescence on scale-up factors applied to data obtained from small
scale experiments. The effects of this phenomenon are accounted for by 

a .mathematical model which is dependent of the containment size .. The 

mathematical model used to account for drop coalescence due to the ef
fects of overlapping spray patterns and due to larger drops overtaking 
smaller ones shows the number of coalescences to be functions of the 
collision and coalescence efficiencies, as well as the trajectory angle, 
drop velocities, drop size, and drop density. 

The coalescence efficiency is the probability that a collision will 
result in the formation of a single larger drop. The collision effici
ency describes the probability that two drops on a geometric collision 
course, (i.e., their centers of motion are separated by a distance less 
than the sum of the radii of the two drops), will actually collide. 

The results calculated with the drop coalescence model show that the 
smaller drops with diameters near the mode of the distribution are af
fected most. This is expected, since these sizes have the highest 
density of drop population. Due to the considerably larger volumes of 
the larger diameter drops, however, the increase in the larger drop 
population is not very pronounced. 

Mass Transfer 

The basic equation for the iodine concentration in the containment 
atmosphere is derived from a material balance of the elemental iodine in 
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the containment .. The iodine removal by the spray system may· be ex
pressed by 

V dCg = -EF(HC - C · ) . 
· c dt g L2 . 

Ve = containment free volume in cc 

Cg = the iodine concentration in the containmeht atmo~phere, 
gm/cc 

H = the iodine partition coefficient, (gm/liter of liquid)/ 

(gm/liter of gas) 
F = the spray flow rate, cc/sec 

The resulting change in· the drop size distribution is taken into con

sideration in the mass transfer calculations described below. 

The variable Eis the absorption efficience, which may also be described 
as the fractional approa~h to saturation: 

E = 

v1he re: 

cu. = the {odine concentration in the 1 i quid enteri ny the dispersed 

phase, gm/cc 

CL2 = the iodine concentration in the liquid }ea vi ng the dispersed 

phase, gm/cc 
* CL = the equilibrium co~centration in the liquid, gm/cc 

This absorption efficiency may be calculated from the time-dependent 
diffusion equation for a rigid sphere, with the gas film mass transfer 
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resistance as a boundary condition. This mass transfer model was sug
gested by L. F. Parsly, (Reference 4) who give the solution to the dif
fusion equation with the above-mentioned boundary condition as: 

a: 6Sh2 exp 2 
E = 1 l: 

(-a e ) n f 

[a~ + Sh (Sh~l)J n=l 

where: 

k a 
SH = is the dimensionless group~ 

L 

a = the drop radius, cm 

kg = the gas film mass transfer coefficient, 

DL = the liquid diffusivity, cm2/sec 

ef = the dimensionless drop residence time 

an = the eigenvalues of the solution 

cm/sec 

It is noted that this solution, which applies to the rigid drop model, 
is based on the assumption that molecular diffusion is the only mechan
ism for the transport of iodine from the surface to the interior of the 
drop. Since a high degree of mixing is expected in the drops, particu
larly in the presence of sizable temperature and concentration gradi
ents, it is apparent that this stagnant drop model presents a conserva
tive approach to the calculation of iodine absorbtion by the drops. 

The absorbtion efficiency calculated with the model described above is a 
function of drop size. The removal constant, As in reciprocal hours, 
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• for the entire sprriy,. therefore, is obtained by an appropriate ·summation 
over al 1 drop size groups: 

• 

n E.F. H 
= L: l l . 

) .. s i= 1 v c 

6:2.3.3 Experimental Verification Of the Iodine Removal Model 

To demonstrate that the ability of the model described above conserva

tively estimates actual spray performance, the Westinghouse mod.el Was 

applied to·the.rest runs made at ORNL and Bl4WL. Comparison of the 

results of these. tests with the above clescri bed spray removal model, 

show the spray .removal model to be conservative ·j n all cases. 

6.2;3.4 ·Iodine Removal. Evaluation 

6.2.3.4.1 Injection.Phase Operation 

The analysis of iodine removal by containment spray water is based on 

the assumption that: 

1. One of two spray pumps is oper~ting. 

2. The. emergency core cooling system (ECCS) is operating at its maximum 

capacity. 

The latter assumption includes operation of two safety injection, two 

low hea·d (RHR) pumps, and two charging pumps, conservatively limits the 

spray injection phase to 18 minutes. The ECCS is switched to the re

circulation mode at the time when approximately 105,000 gallons remain 

in the refueling water storage tank. Opera ti on of t.he spray system is 
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continued for another 47 minutes in the injection mode~ until the re
maining lOL,000 gallons are depleted. Thus the spray pumps will operate 
for a minimum of 60 minutes with fresh spray solution. 

An eductor system, described in Section 6.2.2.1 is used to maintain the 

spray solution at a pH of 10.0 to ensure efficient and rapid removal of 
tt.e iodine from the containment atmosphere. 

The perfonnance of the spray system was conservatively evaluated at the 
peak temperature and pressure resulting from a double-ended rupture of 
the reactor coolant system, with no creait taken for the subcooling of 
the ECCS. 11.ese µressure and temperature conditions, listea in Table 

6.2-9, were assumed throughout the injection phase operation of the 
containment spray system. 

Tt.e spray flow rate of 2460 gpm per pump, used in the calcualtion of A, 

corresponds to this back-pressure in the containment. 

Si nee this peak pressure condition is expected to exist at most for a 
few minutes, and since both mass. transfer parameters and spray flow rate 
improve with decreasing pressure, an appreciable conservatism is addeu 
to this evaluation by this assumption. 

The removal constant for the spray system, calculateci with the model 

described and with the above mentioned assumptions is 31.0 hrs-1. 

6.2.3.4.2 Recirculation Phase 

Unaer the assumptions stated in Section 6.2.3.4.1, the spray 
recirculatio.n phase· would be initiated 60 minutes after the start of 
safety injection.· At this time, sump water would have reached its 
minimum equilibrium pH of 8.5. ·Although the iodine removal capability 
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• remains high unoer these conditions, no credit is taken for any iodine 

remo~ed after the decontamination factor (DF) of .100 is re~chea aurin~ 

the injection phase. 

• 

During ·the spray recirculation phase tt.e sump pH will remain at 8.5 

since no additional water is added to the system. 

6.2.~.4.3 Re-E~olution of Iodine 

Any re.:..evolution of dissolved iodine from the sump tothe containment 

atmosphere is dependent.on the concentration gradient between the liquid 

and vapor phases. The equilibrium between these c_or1centraticns is given 

by the partition coefficient, H, and,· therefore, is a function of i.odfoe 

concen.tration, pH, and temperature .. A plot of the sump alkalinit_y, as a 

function of the time after the start of injection, is shown in Figure 

6.2.14. The resulting partition coefficient, based on a constant iodine 

concentration equal to the concentration corresponding to a OF of 100 in 

the containment atmospl1ere, is shown in Figure 6.t::-lb tor sur11p 

temperatures ·of 150°F and 212°F. The equations given by Eggleto~ 

(R~ference 5) were used to calc.ulate tlie part.ition coefficient. 

Althoug·h the iodate reactfon, i.e. 

is expected to contribute significantly (Reference 5) to the iodirae 

partition at the high sump pH values, Uis reaction is conservatively 

neglected in these calcul~tion. 

From Figure 6.2-15 it is apparent that the partition ·coefficient of 4.3 

x 103 , which is required to maintain tt OF of 100 in the vapor pt.ase, 

is exceeded at all times during the recirculation phase . 
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6.2.4 CONTAINMENT ISOLATION SYSTEM 

The containment 1solation system provides the means of isolating the 

containment atmosphere and reactor coolant system as required to prevent 
the release of radioactivity to the outside environment in the event of 
a loss-of-coolant accident. 

6.2.4.1 Design Bases 

The following conditions and definitions are used in the design of the 

containment isolation system to assure that subsequent to an accident, 
there wi 11 be two barriers between the atmosphere outside the contain
ment and the containment atmosphere. 

1. The design parameters of all piping and connected equipment within 
the isolated boundaries are equal to or greater than the desi~n 
basis acctdent environment of the containment, 47 psiy, 271°F. 

2. All valves and equipment which are isolation barriers are protected 
against missiles and water jets, both inside and outside the con
tainment. 

3. Lines which, due to safety considerations, must remain in service 

subsequent to certain accidents have as a minimum one manual isola
tion valve outside the containment. 

4. All isolation valves and equipment are designed to Class I seismic 
criteria. 

5. The two barriers may consist of: 

(a) two closed piping systems or vessels, one inside and one outside 

the containment, (b) two automatic isolation valves, one inside and 
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one outside the containment, (c) an automatic isolation valve inside 

the containment and ct closed system outside 'the containment, or (d) 
an automatic isolation valve outside the containment and a closed 
system inside the containment. 

6. A·check valve on an incoming line or a normally closed valve is 
considered an automatic valve. 

6.2.4.2 System Description 

The followiny four classes of.piping arrangement are provideJ in the 

containment i sol ati on system. These cl asses a re i 11 ustrated in Fi gu.re 
6.2-16. 

Cl ass A 

Cl ass A· piping is connected to a normally closed system outside the 
- . 

containment, and is separated from the reactor coolant ~yst~m and the 
containment atmosphere by a closed system inside the containment, 

For Class A piping no additional valves are required for isolation. 

Cl ass B 

Cl ass B piping is: connected to open ·systems outside the containment, and 

is connected to the reactor coolant system or is open to the. containment 
a trnosp here. 

For Class B piping the following is provided, as a minimum, for 

isolation: 

1. Incoming Lines: Two auto-trip valves (one inside, one outside), or 

a check valve inside and an duto-trip valve outside . 
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2. Outgoing Lines: Two auto-trip valves (one inside, one outside). 

Cl ass C 

Class C piping is connected to open systems outisde the containment, and 

is separated from the reactor coolant system and the containment atmos
phere by a closed system. 

For Class C piping, the following is provided, as a minimum, isolation: 

1. Incoming Lines: One check valve or auto-trip valve outside. No 
valve inside. 

2. Outgoing Lines: One auto-trip valve outside. No valve inside. 

Cl ass D 

Class D piping is connected to a closed system outside the containment,. 
and is connected to the reactor coolant system or is open to the con
tainment atmosphere. 

For Class D piping the following is provided, as a minimum, isolation: 

a. Incoming Lines: One auto-trip valve or check valve inside. No 
valve outside. 

b. O~tgoing Lines: One auto-trip valve inside. No valve outside. 

In addition to Cl asses B "and C, for lines 1..:i nch nominal pipe siLe and 
larger which penetrate the containment and which are connected to the 
reactor coolant system, at least two valves are provided inside the 
containment. The valves are nonnally closed or have automatic closure. 
For incoming 1 i nes, check val ve_s are penni tted and a re considered as 
automatic. Piping which penetrates the containment, but which 
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represents nonnally closed lines, also falls under this criterion. In 

this case, manual isolation valves are acceptable. 

In order to be considered a "closed" system inside containment, d system· 
must meet the fol lowi ny requirements: 

1 Does not corrnnunicate with either the reactor cool ant system or· the 

containment atmosphere. 

2. sa·fety cl assi fi ca ti on sar11e as for engineered safety systems. 

3. Must withstand external ·pressure and temperature equal to contain

. ment design pressure and temperature. 

4. Must withstand accident transient and environment. 

5. Must be missile protected. 

In order to be considered a "closed systern outside containment", a 

system must meet the following requirements: 

1. Does not communicate with the at1nosphere outside the containment. 

2. Safety classification same as for engineered safety systems. 

3. Internal design pressure and temperature must be at least equal to 
contairnnent desi~n pressure and temperatur2. 

For incoming lines to the containment, check valves are used whenever an 

additional barrier is provided. Use of check valves in this service is 

confined to either liquid lines or lines that are closed outside the 

containment. These check valves shut under a differential pressure when 

the higher pressure is on the containment side of the chec~ valve • 
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These isolation valving arrangements were designed in accordance with 
AEC proposed General Design Criteria published in 1967, which were in ~ 

effect at the construction permit stage. The valving arrangements that 
deviate from AEC General Design Criteria 55, 56, and 57 dated July 7, 
1971 are the following: 

1. Residual heat removal connections between the reactor coolant system 
and the RHR pumps discharge. Redundant isolation protection is 
provided by a normally closed motor operated valve inside the 
containment and the closed system (RHR) outside the containment. 

2. Seal water supply line from the seal water injection filters to the 
reactor coolant pump seals. Redundant isolation protection is pro
vided by a check val.ve inside the containment and the closed system 
(CVCS) outside the containment. 

3. Safety injection recirculating suction line from the containment 
sump to the suction of the RHR pumps. Redundant isolation protec
tion is provided by normally closed _motor operated valves inside 
protective charrbers considered part of containment and the closed 
system (RHR) outside the containment. 

4. Containment pressure instrument lines. (See below) 

5. The main feedwater lines are provided with one stopcheck valve (BF 
22) outside containment. On Unit 2 these valves include 
remote-manual motor operators. 
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Instrument Lines 

Instrument lines which penetrate the containment are the following: 

a •. The containment pressure instrument used to i n-i ti ate safeguards 

consists of four instrument lines penetrati ny the contai i1ment. Each 

. line corisi st s of a sea·led, filled measur1 ng system. whose i sol ati on 

~onsi sts o·f a diaphragm type sensor which separates the· containment 

atmosphere from· the seal fluid and another diaphragm in the trans

mi.tter Wiicil separates the seal from the atmosphere outside the 
containment.· 

b. Tile containment air sample radiation monitor normal inlet and outlet 

sample ·lines are each eljuipped with two automatic trip valves, one 

inside and one outside the containment, which close.upon receipt of 

a containment.isolation pnase A si~nal •. The bacKup inlet and outlet 

C· •. 

d. 

. sample lines are normally closed and under administrative control 

with two remote operated isolation valves, one inside and one out

side tile containment for eacr1 line. 

The pressurizer dead-wei yht prressure calibrator has a sin~ le 1 i ne 

penetrating the con~ainment. Isolation is accomplished with.two · 

manual valves located just.outside the containm~n~. These 

manual-v'iflves are normally closed and are opened only under ~dminis

tratively controlled conditions. 

Three lines penetrate the containment for instrumentation required 

for leak· rate testing. Eacn line is isolated witn two manual 

,valves, one inside and one outside containment. These valves are 

normdlly closed and under administrative control. 

These provisi9ns meet the requirements of Regulatory Guide 1.11 • 
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Contai rment Isolation Valve Summary 

fable 6.2-10 lists the major piping penetrations through the reactor 

containment for each fluid system and summarizes the specific isolation 

provisions for each penetration. _V,alve positions during normal opera

tion, shutdown, and accident conditions are also listed. Isolation 

valving arrangements are shown grap1·1ically in Figures o.2-17 throuyi1 

6.2-46. 

The 20 inch inside diameter fuel transfer tube between the refueling 

canal insid.e the containment and the fuel transfer pool is· sealed with a 

blind flange inside the containment. The terminus of the tube outside 

the containment is closed by a gate valve. 

The equipment hatch (door) is under administrative control to assure 

that it is properly closed and sealed whenever containment inte::Jrity is 

required. No instrumentation is provided for the equipment hatch. 

Actuation Provisions 

Containment isolation is actuated under the following conditions: 

1. A safetj injection si::inal generates the containment isolation si~nal 

(Phase A), which actuates most containment isolation valves. fhe 

P~1ase A isolation signal closes all trip valves wnicn are located in 

lines which are connected to the reactor coolant loops and penetrate 

the contai TITient, thereby µreventi ng loss of reactor cool ant t11rough 

the lines in Which the automatic trip valves are located. 1~ormally 

closed motor operated containment isolation valves in the safety 

injection systems are opened by the safety i nj ecti on signal to 

permit safety injection system operation. 

2. A rise in containment pressure to the hi9h containment pressure set 

point also generates the Phase A isolation signal. 
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3. A further rise iri containment pressure~ .·indicating a major loss-of

coolant accident, results in a containment high-high pressure signal 
which generates both the containment spray and contai'nment ·isolation 
Phase B signal. All normally open lines which penetrate the con
tainment which are not closed by the Phase A isolation signal are 

closed by the Phase .B iso·lation -signal.· lfonnally closed motor: 

· operated contai nmer'lt spray systems valves are opened by the 

high~high containment pressure signal to pennit containment spray 

system operation.) 

Lines which penetrate the containment and are nonnally closed by means 

of valves under administrative control are assumed to be al ready closed 

and do not receive an isolation signal. 

Automatic containment isolation valves can be actuated from the control 

room if any of the valves fail to close in response to the .Phase A or· 

Phase B isolation signal • 

6.2.4.3 Design Evaluation 

The foll owirig provisions apply to all lines penetrating the containment 

to prevent inadvertent opening of these lines to the atmosphere outside· 

the containment: 

1. Automatic isolation valves can be opened only upon cessation and 

manual reset of the actuating signal. 

2. Automatic isolation valves are capable of manual actuation from the 

control room with the limitations for re-opening of the valve noted 

i n i tern 1 (above) • 

3. · Remote manual valves are operated only under administrative control • 
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4~ Manual valves are oper(lted under administr.ative co.ntrol. .. . . ~ '' .. , 

5. Che,ck yalve~ open only when the fluid pressure is higher on the side 

outside the containment. 

6. The· design pressure of all piping and connecting components within 

the isolation boµndary is not less th(llJ the design pressure of the 

containment, 47 psig. 

7. Automatic V(llves, once opened by Ci safety injection signal, can only 

be closed upon cessation and mam1al r~set of the actuating signal. 

For Items 1, 2, 3, an<:i 4, (above), and fpr flanged closures, specific 

administrative procedures define the positioning of these closures in 

the contai n1Dent i sol at ion system during normal opera ti on; shutdown, and 

accident conditions. 

Instrument(ltion and adJunct control ci~uits associated with automatic 

isolation valve closure are fail safe (initiate closure) upon loss of 

voltage and/or control air. The isolation valves are air to open, 

spring retL1rn, di(lphr~gm operated; thus providing a fail safe design. 

The automdtic isolation valves inside, the containment will function 

properly µnder all accident condjtions. The isolation valve closing 

force is provided by a spring; control air is applied to the diaphragm 

of the isolation valve to open it. To close the isolation valve, an 

electrically operated solenoid valve located in ·the air supply line to 

the isolation valve operator vents the control air applied to the isola

tion valve diaphragm through the solenoid to the cont(l inment atmosphere, 

causing the spring to close the aL1tomatic isolation valve. Since the 

spring ~ide of the isolation valye di9phragm is .also vented to the con

tainm~nt atmosphere, the sprin!:J will force the valve to cJose when the 

solenoid vents the air line. Circuits which control redundant automatic ·- . : . 

valves are redunddnt in the sense that no single failure wi 11 preclude 
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isolation~ Means are provided to periodically test the functioning of 

the automatic isolation equipment such as the set point of sensors, 

speed of response, and ope·rabil ity of fail. safe features. The contain

ment isolation instrumentation is discussed in Chapter 7. 

Valves used for containment isolation are capal>le of tight shutoff 

against gas leakage from containment design pressure down to zero psig. 

Isolation valves and equipment are protected from missiles and water 

Jets originating from the reactor coolant system. Missile protection 

for i sol ati on valves, actuators and controls· is provided by locating 

isolation valves between the polar crane wall and the containment wall 

or locating i sol ati on valves outside the containment structure. The 

pressure sensing devices which detect high containment pressure are 

located outside the coritainment •. Location of the pressure sensing 

.devices outside the containment protects them from missiles developed by 

a loss-of-coolant accident. Isolation valves and piping or vessels 

which provide one of the isolation barriers outside the containment are 

similarly protected. 

Radiological Basis for Isolation Valve Closure Time 

The closure times for the containment isolation valves are such that, in 

the event of a loss of coolant accident, no significant release of 

radioactivity to the environment through containment penetrations can 

occur. 

In evaluating possible radioactive releases during a LOCA, the only 

release pathways considered were through those normally open penetra

tions associated with open systems. outside the containment which are '. 

connected to the Reactor coolant system or are open to the.containment 

atniosphe~e (see Table 6.2-10) • 
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. A loss of off-site power was assumed coincident with a LOCA. The diesel 

generators were assumed to be ready for 1 oadi ng in 11 seconds. The 

closure time for motor operated.valves is 10 seconds. Therefore, the 

total closing time for these va-1 ves is 21 seconds. It is conservatively 

assum~d that these valves remain completely open for the time required 

to activate and completely close th~m. 

The closure time for air operated valves is conservatively estimated to 

be 10 seconds. Operation of these valves is initiated when a contain~ 

ment pressure of 4.0 psig is reached. A conservative estimate of the 

time required to attain this pressure, assuming a doub·le ended cold 

break, is 3 seconds. Therefore, the total closing time for these air 

operated valves iS 13 seconds. One exception is the isolation valve for 

containment pressure - vacuum relief. This valve has a closure time of 

2 seconds, resulting in a total closing time of 5 seconds for this 

analysis. 

The activity released to the containment during the tinie required to 

close all isolation valves is limited to that contained in the l{eactor 

Coolant System prior to the accident. This is based on the time re

quired to close the isolation valves being sufficiently small that no 

clad perforation would occur before the valves were completely closed. 

If it is assumed that the entire reactor coolant activity inventory is 

instantaneously released to the containment, the airborne activity con

centration would initially be at the levels indicated in Table 6.2-11. 

50 percent plateout of halogens was assumed in the calculation. The 

maximum activity possible for release through the i sol ati on valves was 

then detennined by conservatively estimating the maximum possible' mass 

flow rate through each isolation valve. 
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• Using the off-site dose calculational methods presented in Chapter 15, 

off-site thyroid exposures of 0.028 rem at the mi.nimum exclusion raoilis 

and 0~0023 rem at the .low population zone radius were calculated. Off

site whole body gamma kexposures of 0 .. 00026 rem at the minimum exclusion 

radius and 0.00002 rem at the low population zone radius were calcu-

1 ated. Beta skin exposures were calculated to be 0.00066 reri1.at the 

minimum exclusion radius and 0.00005 rem at the low population zone 

radius. These exposure values are well below the values given in Table 
15.3-12 and 15.3-13 of total LOCA doses calculated in Chapter 15, which 

themselves are within the guideline values of lOlCFRlOO. 

Hence, it is concluded that the containment isolation valve closure 

times are sufficiently short that there is no undue risk to the health· 

and safety of the public. 

6.2.4.4 Tests and Inspections 

• Preoperational Tests 

•• 

Preoperational tests were performed on all valves in lines which·pene

tr~te the reactor containment and perform a containment isolation func

tion to verify operability and leaktightness. 

Valve. operability testing. was conducted prior to leakage testing. Each 

isolation valve was tested to demonstrate proper closure of nonnally 

open valves·(or opening and closing of n'onnally closed valves) upon 

receipt of an isolation signal. Closure of containment isol~tion valves 

was accomplished by nonnal operation and without any preliminary exer

cising or adjustment. 

Valve leakage testing was perf onned by local pressurization in accord

ance with the applicable requirements of 10CFR50, Appendix J, 11 Primary 

Reactor Containment Leakage Testing for Water Cool eel Power Reactors11
, 

for Type C tests. Valves were pressurized with air or .nitrogen to.a 
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pressure of 47 psig. Where practical, pressure was applied in the same • 

direction as the valve would experience during perfonnance of its safety 

function. 

Valve leakage was t_;etermined by measurement of the rate of pressure loss· 

or by the flowrate of makeup air or nitrogen re.quired to maintain test 

pressure. 

Tlie con_tainment integrated leakage rate test proceaure i dentifiec.i vent 

and drain valves which were opened in order to ensure exposure of the 

S)'stem pipirig penetrating containment to the foil containr.1ent test 

pressure differential. Certain lines in the service water, component 

cooling waier, ~nd residual he~t removal systems are required for con

tainment em1ironmental control or decay· heat removal and were not ·in

cluded in the integrated leakage rate te~t. The isolation valves in 

these 1 ines were tested separately using a Type C test and any detected 

leakage was added to the Type A containment i nte9rateci 1 eakage rate test 

results. 

The combined leakage rate for the isolation valves ano the double 

penetrations was 1 imited to less than 0.06 percent of the containment 

free. vo 1 ume per day. 

Periodic Tests 

Periodic operability and leakage tests on isolation valves will be 

conducted throughout the l ifet.ime of the pl ant accordi rig to the schedule 

specified in 10CFR50, Appendix J, 11 Primary Reactor Containment Leak.age · 

Testing for Water Cooled Power Reactors. 11 The periodic isolation Val~e 
. . 

tests will be perfonned in accordance with the requirements for pre-

operational testin~. 
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Tables 6.2-12 and 6.2-13 identify those containment isolation valves 

that will .and will not be subjected to periodic Type C leak rate test

ing, respectively. 

The piping a·rrangement provided to test the l eakti ghtness of each i sol a

ti on valve consists of a monitoring tap on the main line downstream of 

the valve. To test for valve tightness, the main piping section up

stream of the valve is pressurized and evidence of leakage is checked at 

the downstream tap. When not in use, the monitoring lines are valves 

closed at the open end. Test pressures wi 11 be applied from the same 

direction as the pressure existing when the valve is required to perform 

its safety· function. · 

The operability of the majority of containment isolation valves is fully 

testable at power except for those valves lised below. The valves are 

checked for circuit continuity up to and including the valve actuator 

during power operation by use of the SSPS output test cabinet • 

Containment i sol ati on valves: CA-330, SJ-12, SJ-13,- CV-7 CV-68, 

CV-69, 

CV-116, CV-284, CC-117, CC-118, CC-131, CC-136, CC-187 and CC-190 

Main steam isolation valves: .MS-167 

Feedwater isolation valves: BF-19 and BF-40 

All other valves can be operationally tested at power from the SSPS 

output test cabinet to simulate accident operating conditions and verify 

the valve closing logic •. All valves can be tested from the main control 

·console as operating conditions permit • 
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6. 2. 5 COMBUSTIBLE GAS CONTROL 

6.2.5.1 Hydrogen Production 

Hydrogen accumulation in the containment atmosphere following the design 

basis accident can be the result of production from severa 1 sources. 

The potential sources of hydrogen are the zirconium-water reaction, 

corrosion of construction materials, and radiolytic decomposition of the 

emergency· core .cooling solution. The latter source, solution 

radiolysis, includes both c6re solution radiol~sis and sump solution 

radiolysi s. 

6.2.5.1.1 Methods of Analysis 

The quantity of zirconium which reacts with the core cooling solution 

depends on the performdnce of the emergency core cooling system. The 

criteria for evaluation of the emergency core cooling system requires 

t.hat the zircaloy-water .reaction be limited to 1 percent by weight of 

the total quantity of zirconium in the core. Emergency core cooling 

system calculations have shown the zircaloy-water reaction to be less 

than 0.1 percent, much less than required by the criteria. 

The use of aluminum inside th~ containment i·s limited, and is not used 

in safety related components which are in contact with the recirculating 

core cooling fluid. Aluminum is much more rea~tive with the containment 

spray alkaline borate.solution than other plant materials such as 

galvanized steel, copper and copper nickel alloys. By limiting the use 

of alumin1,1m the agregate source of hydro~en over the lon~ term is essen

tially restricted to that arisitig from radiolytic decomposition of core 

and sump water. The upper limit rate of such decomposition can be pre

dicted with ample certainty to permit the design of effective counter

measures. 
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It should be ·noted that the zirconium-water reaction and aluminum 

corrosion with containment. spray are chemical reactions and thus essen

tially independent of t.heradiation field in~ide the containment follow

ing a loss of coolant accident. R~diolytic decomposition of water is 

dependent on the radiation field intensity. The radiation field inside 

the containment is calculated for the maximum credible accident in which 

the fission product activities given in TID-14844 (Reference 6) dre used. 

Two hydrogen generation calculations are perfonned; one using the 

Westinghouse model·. (Reference 7), the other using the AEC model 

discussed in Safety Gui de 7. (Reference 8) 

6. 2. 5 .1. 2 Zirconium-water reaction 

The zirconium-water reaction is described by the chemical equation: 

The hydrogen generation due.to this r~action will be completed during 
. ' . 

the first day following the loss of coolant accident. The Westinghouse 

model assumes a 2 percent zirconium-water reaction and the AEC model· 

assumes a 5 percent zirconium-water reaction. The hydrogen generated is 

assumed. to be real eased immediately to the contaj nment .atmosphere. 

· 6.2.5.1.3 Corrosion of Plarit Materials 

Oxidation of metals in aqueous .solution results in the generation of 

hydrogen gas as one of the corrosion products. Extensive corrosion 

testing has been conducted to .detennine the behavior of various metals 

used in the containment. in the emergency core cooling solutio.n at design 

basis accident conditions. Metals tested include Zircaloy, lnconel~ 

aluminum alloys, copperni ckel alloys, carbon steel, galvanized. carbon 

steel, and copper. Tests conducted at ORNL (Reference 9 and 10) have 

also .verified the compatibility of the various. metals (exclusive of 
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aluminum) with alkaline b6raie solution. As applied to the quantitative 

definition of hydrogen production rates, the results of the corrosion 

tests have shown that only al umi nuni wi 11 corrode at a rate that wi 11 

significantly add to the hydrogen accumulation 1 n the conta'i nment 

atmosphere. 

The. corrosion of aluminum may be described by the overall reaction: 

Therefore, three moles of hydrogen are produced for every two moles of 

aluminum that is oxidized. (Approximately 20 standard cubic feet of 

hydrogen for each pound of aluminum corroded). 

The time-temperature cycle (Table 6.2-14) considered in the calculation 

of aluminum corrosion is based on a conservative step-wise representa

tion of the postulated post-accident containment ~ransient. The cor

rosion rate design curve shown in Figure 6.2-47 •. Aluminum corrosion 

data points include the effects of temperature, alloy, and spray solu

tion conditions. Based on these corrosion rates and the aluminum in

ventory given in Table 6.2-15, the contribution· of aluminum fol.lowing 

the design basis accident has been calculated. For conservative estima-
.. . . ' . 

tion, no credit was taken for protective. shielding effects of insulation 

or enciosures from the spray, and complete and continuous immersion was 

assumed. 

Calculations based on Safety Guide 7 are perfonned by allowing an 

increased corrosion rate during the final step of the post-accident 

containment temperature transient (Table 6.2-14) corresponding to 200 

mils/yr ( 15.7 mg/dm2 /hr). The corrosion rates· earlier in the accident 

sequence are the higher rates detennined from Figure 6.2-47. 
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Hydrogen is also produced through ihe corrosi~n of zinc inside contain

ment. Sources of zinc within containment are the following: 

1. Gable trays and hangers 

2. Conduit 

3. Junction Boxes 

4. Ductwork 

These component_s are galvanized with approximately 2 oz/ft2 of zinc, 

and the surface area and weight of zinc associated with each is as 

follows: 

Item· Sg. Ft. Weight of Zn or Zinc 

1. Cable trays and hangers 35,000 4,375 lbs. 

2. Conduit 15,000 1,875 lbs. 

3. Junction Boxes 1,500 188 lbs. 

4. Ductwork 35,000 4,375 lbs. 

lu,813 lbs. 

The corrosion rate of zinc as a function of temperature is shown in 

Figure 6.2-48. 

The experimental data used as the basis for hydrogen production due to 

zinc was obtained from Reference 11 • 
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6.2.5.1.4 Radiolysis 

Water radiolysis is a complex process involving reactions of numerous 

·intermediates. However, the overall radiolytic process may be described 

by the reaction: 

Of interest here is the quqntitative definition of the rates and extent 

·of radiolytic hydrogen production following the de~ign basis accident. 

An extensive program has been conducted bj Westinghouse to investigate 

the radiolytic ~ecomposition of the core cooling solution following the 

design basis accident. In the course of this investigation, it became 

apparent that two separate radiolytic environments exist in the contain-

• 

ment at design basfs accident conditions. In one case, radiolysis of • 

the core cooling solution occurs as a result of the decay energy of 

fission products in the fuel. In the other case, the decay of dissolved 

fission products, which have escaped from the core, results in the 

radiolysis·of the sump solution. The results of these investigations 

are discussed in Reference 12. 

Core Solution Radiolysis 

As the emergency core cooling solution flows through the core, it is 

subjected to ganvna radiation by decay of fission products in the fuel. 

This energy deposition results in solution radiolysis and the production 

of molecular hydrogen and oxygen •. The initial production rate·of these 

species win, depend on the rate of energy absorption and the specific 

radiolytic yields. 
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The energy absorption rate in solution can be assess·ed from knowledge of 

the fission products contained in the core, and d detailed analysis of 

the 'dissipation of the decay energy between core materials and the solu

tion. The results of Westinghouse studies show essentially all of the 

beta energy will be·absorbed within the fiJel and cladding and that this 

represents approximately 50 percent of the total beta-gamma decay 

energy. This study shows further that of the gamma energy, a maximum of 

7.4 percent will be absorbed by the solution in core. Thus, an overall 

absorption factor of 3.7 percent of the total core decay energy (a+ y) 

is used to compute solution radiation dose rates and the time-integrated 

dose. Ta.ble 6.2-16 presents the total decay energy (a + y) of a reactor 

core, which assumes a full power operation time of 830 days prior to the 

. accident. For the maximum credible accident case, the contained decay · 

ener~y in the core accounts for the assumed TID-14844 release of 50 

percent halogens and 1 percent other fission products. To be conserva

tive, the noble gases have been assumed to remain in the core, whereas 

in reality, the noble gases are assumed by the TID-14844 model to escape 

to the containment vapor space where little or no water radiolysis would 

result from decay of these nuclides. 

The ·radiolysis.yield of hydrogen in solution has been studied 

extensively by Westinghouse and ORl~L. The results of static capsule 

tests conducted by Westinghouse indicate that hydrogen.yields much lower 

than the maximum of 0.44 molecules per 100 ev would be the case in-core. 

With little gas space to which the hydrogen formed in solution can. 

escapes the rapid back reactions of molecular radiolytic products in 

solution to refonn water is sufficient to result in very low net hy

drogen yields. 

However, it is recognized that. the re a re differences between the static 

capsule tests and the dynamic condition in core, where the core cooling 

fluid is continuously flowing. Such flow is reasoned to disturb the 

steady-state conditions which are observed in static capsule tests, and 

'. ' 
•r,. 
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while the occurrence of back reactions would still be significant, the 

overall net yield of hydrogen would be somewhat higher in the flowing 

system. 

The study of radiolysis in dynamic systems was initiated by 

Westinghouse, which fonneJ the basis for experimental work perfonneJ at 

ORNL.· Both studies clearly illustrate the reduced yields in hydrogen 

from core radiolysis, i.e., reduceJ from the maximum yield of 0.44 mole
cules per 100 ev. These results· were recently published ( Refere.nce 12. 

and 13). 

For the purpose of this analysis, the calculations of hydrogen yield 

from core radiolysis are perfonned with the very conservative value of 

0.44 molecules per 100 ev. That this value is conservative and a maxi

mum for this typa of aqueous solution and gammd radiation is confinned 

by many published works. The Westinghouse results from the dynamic 

, studies show 0.44 to be a maximum at very high· solution flow rates. 

• 

through the gamma radiation field. The referenced ORi~L (Reference 13) • 
work· also confirms this value as a maximum at high flow rates. A. . . 

O. Allen (Reference 14) presents a vicry comprehensive review of work 

perfonned·to confirm the primary hydrogen yield to be a maximum of 0.44 

to 0.45 molecules per 100 ev. 

On the foregoing basis, the production rate and total hydrogen produced 

from core radiolysis, as a function of time, has been conservatively 

estimated for the maximum credible accident case. 

Calculations based.on Safety Guide 7 assume a hydrogen yield value of 
0.5 molecules per 100 ev and _that 10 percent of the gamma energy pro

duced fro~ fission products in the fuel rods is absorbed by the solution 
in the region of the co re. 
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•• ~ump Solution Radioljsis 

Another potential source of hydrogen assumed for the post-accident 
period arises. from water contained in the reactor containment sump being 
subjected to radiolytic decomposition by fission products. In this 
consideration,: an assessment must be made as to the decay energy 

deposited. in the solution and the radiolytic hydrogen_ yield, much in the 

same manner.as. given above for core radiolysis. 

·The. ~nergy deposited in solution is computed using the followi"ng basis: 

1. For the maximum credible accident, a TID-14844 release model is 

assumed where 50 percent of the total core halogens and 1 percent of 

all other fission products, excluding noble gases, are rel~ased from 
the core to the sump solution. 

2. The quantity of fission product release is equal to that from a 

• reactor operating at full power for 830 days prior to the accident. 

• 

3. The total decay' energy from the released fission products, both beta 

and gamma, is assumed to. be fully absorbe<l in the solution. 

Within the assessment of eneryy release by fission products in water, 

account is m~de of the decay of halogens, and a s~parate accounting for 
the slower decay of the 1 percent other fission products. To arrive at 

the energy deposition rate and time-integrated energy deposited, the· 

contribution from each individual fission product class was computed. 

The overall contributions from each of the two classes of fission 
. . 

products is shown in Table 6.2-17. 

The yield of hydrogen from sump solution radiolysis is more nearly 

rep-resented by "the static capsule tests perfonned by Westinghouse· and 

ORNL with the alkaline sodium borate solution. The differences between 

these tests and. the actual conditions for the sump solution, however are 
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important and render the capsule tests conservative.in.their predictions • 
of radiolytic hydrogen yields. 

In this assessment, the sump solution will have considerable depth, 
which inhibits the readY diffusibn of hydrogen from' solutions, as 
compared to the case with shallow-depth capsule tests~ This retention· 
of hydrogen in solution will have a significant effect in reducing the 

hydrogen yields to the containment atmosphere. The build-up of hydrogen 
concentration in solution will enhance the back reaction to formation of 
water and lower the net hydrogen yield, in the same manner as a reduc
tion in gas to liquid volume ratio will reduce the yield. This is il
lustrated by the data presented in Figure 6.2-49 for capsule tests with 
various gas to liquid volume ratios. The data show a significant reduc
tion in the apparent or net hydrogen yield from the published primary 
maximum yield of 0.44 molecules per 100 ev. Even at the very highest 

ratios, where capsule solution depths are very low, the yield is less 

than 0.30, with the highest scatter data point at 0.39 molecules per 100 
ev. 

With these considerations taken into account, a reduced hydrogen yield 
is a reasonable assumption to make for the case of sump radiolysis. 
While it can be expected that the yield will be on the order of 0.1 or 
less, a conservative value of 0.30 molecules per 100 ev has been used in 
the maximum credible accident case. 

Calculations based on Safety ·Guide 7 do not take credit for a reduced 
hydrogen yield in the case of sump radiolys'is and a hydrogen yield value 
of 0.5 molecules per 100 ev has been used. 

6.2.5.1.5 Coatings 

The use of zinc-rich protective coatings for applicatfon on carbon steel 
components in a nuclear reactor containment has been: evaluated f~om the 
standpoint of hydrogen generation during .the_· post DBA period. The 
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• zinc-rich coatings afford resi stan~~ oJ the .steel substrate to corrosion 

caused by accidental spillage, environmental agents arid desi~n basis 

accident (OBA) conditions of temperature, moisture and chemistry. Tests 

conducted lJy westinghouse (Reference 15) anc.i the Oak Ridge National· 

Lab.oratory (Reference 16) der11onstrated that the coating systems recom

mended by Westinghouse for use in the reactor containment are virtuall,}' 

unaffected when exposed to DBA test conditions. 

• 

• 

Westinghouse conducted tests to determine the extent of hyciro~E::n genera:.. 

tion duri rig gamma i rradi a·tion of the type topcoati ng (Phenol i ne 305 by 

Carboline Co., St. Louis, ~1issouri) used at AEP~ Tl.e tests simulo.tell · 

the long-term post-accident chemistry and temperature conditions. The 

test results showed conclusively that no hydrogen was generated above· 

the level for solution radioly~is.* The protective coating did not 

contribute to the hydrogen production in the post-accident envfrunment. 

6.2.5.1.6 Chemical and Volume Control System 

The'. source of hydrogen from the chem.ical and volume control system is 

automatically cut-off upon receipt of a safety injection signal. 

6.2.b.l.7 Results 

The results c;,f the cal cul atfons for hydrogen pro9ucti on and accumulation 
. . 

from'zirconium-water reactions, aluminum corro.sion and radiolytic de-

composition of core and sump ~elution are shown in Figures 6.2-50, 

6.2-51, 6~2~52 and 6.2-53. 

* Testing was performed in a gamma irradiated en vi ronn.ent with 
simulated post-accident chemistry and temperature conditions. 
The amount of hydrogen produced using this test setup was the 
same irrespective of whether the Phenoline 305 sample was in or 
out of the test chamber . 
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figures 6'.2-50 and 6~2-51 show the hydrogen production rate as a furic- • 

ti on of time following a 1 oss-of-cool ant accident up to 100 days for the 

maximum credible accident. Similar iilfonnation for the first 10 days is 

shown in Figure 6.2-54. 

Figures 6.2-52 and 6.2-53 show the total quantity of hYdrogen accumu

lated in the containment as a function of time for the maximum credible 

accident case up to 100 days. The contribution of the individual source 

is also shown (note that zinc corrosion is not included). 

Figure 6.2-55 shows the hydrogen production rate from aluminum and zinc 

corrosion for the first ten days following a LOCA. Figure 6.2-56 shows 

the hydrogen concentration in containment as a function of time for 

various conditions of hydrogen recombiner operability (the hydrogen 

source from zinc corrosion is included in this figure). 

Total hydrogen accumulated from all sources inside containment was 

reanalyzed following the TMI accident to show compliance with lOCFR 

50.44. Figure 6.2-5'l shows the analysis results for all combinations of 

operating recombiners. As is evident, the limiting hydrogen concentra

tion of 4 volume percent (Regulatory Guide 1.7) is satisfied with opera

tion of o.ne recombiner. 

6.2.5.2 ·Hydrogen Control 

Potential accumulation in the post~accident environment is controlled by 

electric hydrogen-oxygen recombiners. 

The electric recombiner uses electric heating elements to elevate the 

temperature of the containment atmosphere passing throuJh it to a level 

where hydrogen-oxygen recombination can take pl ace. The recombiner 

works by drawing in the containment atmosphere by natural conv~ction. 

The flow path through the recombiner is shown.in Figure.6.2-58. 
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As the atmosphere is passed over the heaters, dny hydrogen in it is 

recombined with oxygen to form steam. ·This processed gas is then mixed 

with containment atmosphere in a plenum above the heaters before it is 

returned to the containment. · 

The qecision as to when to operate the electric recombiners is based on 
containment air samples which are analyzed for hydrogen ii1 the radi-o- . 

chemical laboratory. The recombiner should be started within approxi-
1nate.ly 24 hours .fol~owing a .LOCA to limit potential hydrogen concentra

tion to a safe value. Once started, the recombiner can be left on 

.permanently or can be cycled as hydrogen generation rates dec.rease with 

time. 

6.2.5.2.1. Hydrogen Recombiner Description 

There are two electric recomoiners locateJ in the upper containment 

compartment. The recombiners are Seismic Class I, redu.ndant, physically 

separated, with each recornbi ner equally cap ab 1 e of performing the design 

. function. Each recombiner consi~ts of an outer housing with inlet ducts 

and an internal hou·sing which contains the electric heating units. J"he 

inne·r housing contains an orifice which has· been sized to ensure a mini

mum flow of not les~ than 100 scfm. 

The electric recombiner operates on the natural convection developed 

with heat produced by the electric heaters to induce fl ow through the 

unit. The device is operated ent·irely in a passive mode and requires no 
moving parts for its operation. 

In the event of a loss-of-coolant accident, containment atmosphere is 

processed by the hydrogen recombiners and fan coolers, which discharge 

to a common duct system through which processed atmosphere is dis- · 

tributed throughout the containment. The flow path of the containment 

atmosphere after being processed by the fan coolers assures that mixing 

occurs below the operet.ting deck. of the containment. Above the oµerati ng 
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deck, mixing is accomplished by air discharged from the ducts equall)' • 

spaced around the containment wall. Each of the duct,o~tlets disc~arges 
processed air at the rate of 15,000 scfm into the containmen'): dome. 

'' '• 

This mixing of cool air and the displacement of the hydrogen from the 
dome area to the operating deck allows the hydrogen to be processed by 
the hydrogen recombiners. 

Each recombiner has a separate control panel, transformer, and fuses 

located outside the containment in the auxiliary building. £ach control 

panel consists of a switch to actuate the recombiner and sufficient 
instrumentation to assure that the recombiner is receiving proper power. 

The recombiners are designed to operate at total pressures in the range 
of 0 to 5 psig. Equipment inside the containment will withstand, with
out impainnent of function, exposure to the desi~n temperature and pres
sure transient in the containment, and will be resistant to the chemical 
and radiation environment of the post-accident containment as well. 
Components external to containment incorporate the following features 

for operational safety and reliability. 

1. Alarms to indicate inadequate power to each recombiner, 

2. Capability to test the system at any time by a complete activation 
of either or both recombiners. This test can be conducted from 
operating stations outside the containment, although direct access 
to the units is pennissible during power operation, 

3. System redundancy so that no single component failure can disable 

both recombiners, 

4. No active components inside the containment. 
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Instruments, controls, and suitaole panels are provided·ta perform all 

tl·1ese functi ans in a safe and rel i au le manner! Radi ad on levels in the 

vicinity of the control panel dfter tne mdximum hypotheticaJ accident 

(TliJ-14844 model source levels) will perinit required access. rhe 

following 'features are incorporated in the control system and panel 

design to ensure operational safety dnd reliaoility: 

1. A separate control p~nel for each recomDi ner. 

2. Physic.al and functional separation of redundant features sucll that 

110 single failure can. invalidate oath features. 

J. Separate electric power supply and circuit protection ·equipment for 

each recornbi ner. 

A detailed de~cription of the electric recomoiner is given in Reference 

i7 . 

6.2.5.2.2 Recomoiner fest Program 

Preliminary test results from che initial WaltL 1~ill experiments showed 

that electric-: recombination was entirely successful for dir atmospheres 
' . 

containing from 0 .15 to 3.8 percent nydrogen (Reference 18). These 

tests also showed that contamination on the surface of the eleccric; . . 

heating elements ~Jill not effect the efficiency of recomuination"of 

hydrogen and oxygen. 

·Tests ·on a full si;rn prototype of the electric recomoi ner were conducted 

at Westinghouse Electric Corporation to: 

1. iJemonstrate tnat the recomoiner operates satisfactorily in range of 

inlet gas concencrdt.ions. · 
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2. Demonstrate the effect of varying inlet temperature. 

- ' . . 

3. Snow ausence of recirculation from the recombiner outlet to inlet iri 

the comi:>ined presence of simulated containment sprays and the ·air 

currents fro111 recircu.lation fans. 

4. Confirm recombiner flow. 

5. Confirm power requirements, sheath temperature, and system heat 

balance. 

Uuring tne test program, the recombiner orifice was sized to assure a 

minimun:i flow t11rough tile unit of 100 scfm. 

The results of the initial development and testing of an electric hydro

gen recombiner, as well as its calculated performance in PWK. contain

ments is given in Reference 18. The design requirements, desi~n 

performance characteristics, the results of proof of principle tests, 

and the results of tests on a full size prototype recom0iner unit are 

given in ~eference 17. The test results demonstrate that the electric 

recombiner will operate satisfactorily on a scale suitable for use in 

the Salem plant for control of post-accident hydrogen accumulation. 

Vi brati ori monitoring was performed during tne pre-operati anal test 

program in order to verify tnat the hydrogen recombi ners are not suL>

jected to excessive viorations as a result of fan coolers operation. 

o.2.~.~.3 Recombiner ln-service Testing 

Because tne recombiner has been completely proof tested during the 

prototype tests, proof of in-service oper·ation can oe attained by 

assurance that the heater elements are operable. 
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• The electric heaters in the recombiner will be periodically checked as a 

regular part of the pl ant maintenance. Proper opera ti on can be con

.finned· by the te_mperature i ndi catiOns from the thermocouples located at 

the recombiner outlet during .testing. 

Periodic surveillance requirements to demonstrate operability of the 

hydrogen·· recombi ners are included in the Technical Specifi Cd ti ans. 

6.2.5.2.4 Hydrogen Purge 

There is no specific controlled hydrogen purge· c·apability in the Salem 

design, other ·than the three different and independent purge modes de

scribed in Section 9.4. There is, however, an inherent 11 backup 11 in the . . 

multiple exhaust.fans and filters that are available in the purge 

system. Purge system valve actuation periodic surveillance requirements 

ar~ included in the.Te~hnical Specifications~ 

• 6. 2. 5. 3 Hydrogen Monitoring 

• 

A hydrogen-monitoring system is provided for continuous measuremen.t of 

hydrogen concentration at two sample locations ·within contain·ment. The 

system is designed in accordance with NUREG-0737 and Regulatory Gui de 
1. 97 .. 

. The analyzing unit is- mounted inside containment ~uch that only elec

trical penetrations are required. Equipment located inside containment 
. . . 

is operable under post-accident conditions of pressure, temperatut:"e and 

radiation. All system components are seismkally designed. 

Hydrogen concentration is measured by a hydrogen partial pressure· sensor 

in conjunction with a total pressure sensor. The partial pressure 

sensor is galvanic in nature, co·nsisting of a platinum black electrode 

and a platinum oxide counter.electrode within a polysulfone housing . 

SGS-UFSAR 6.2-85 Revision O 
July 22,. 1982 



The range of measurement is 0 to 10 volume percent with an accuracy of 2 • 

percent of full scale~ Output is disp.la~Y'~r·in ~he control roou1. Alarms 

are provided for rd gil hydrogen concentration, power f ai 1 ure, .system 
' •••••• • ! : • ,: ••• • ' ' •• ' 

error and calibration mode. 

Po\\er is supplied from vital sources. 

In addition to the nydrogen monitoring system, ilydrogen concentration 
. ... . . 

may be determined by taking a grab sample using the post-accident sampl-

ing system descrioed in Section 9.J. 

REFERENCES FOR SECTION 6.2 

1. Field, C. V., "Fan Cooler Motor Unit Test, 11 WCAP-7829, April, 1972. 

2. StyriKovicn, M.A. et al., 11 Attomnoyl Ener:Jiya," lfo.lume 17, 1~0. 1, 

pp. 45-49, July 1964 (Tran~lation in UDE - 621.039.562.5). 

3. Parsley, Jr., L. f. "Design Considerations of Reactor Containment 

Spray Systems - Part VI 11
, ORNL-TIVi-2412, Part 6, 196~. 

4. Parsley, Jr., L. F. 11 uesign Con·siderations of Ke.actor Containmer1t 

Spray Systems - Part VII 11 URNL-TM-2412, Part l, l97Ll. 

5. Eggleton, A. t:. J. "A Theoretical Examination of Iodine-~ater 

Partition Coefficient/ AERE (RJ - 4887, 1967. 

6. Di1fon110, J. J., Anderson, F. D~, BaKer, K~ C:., and Waterfield, K.. 

L., "Calculations of Di stance Factors for Po\Jer and Test Keactors", 

r ID-14844. 

7. dell, M. J., BulkowsKi, J. L, and Pico·ne, L.'F.,· 11 1nvestigation of 

Cnemical-Additives-for· Keactor Containment Sµrays", wCAP-l153-A, 

Apri 1, 1975. 

SGS-UFSAR. 6.2-80 Revision O 
July 22, 1982 

• 

• 



• 

• 

• 

8. United States Atomic t:nergy Commission, "Safety Guide 7, Control and 

Combustible Gas Concencrations in Co-ntai~ent Following a Loss-of

Coo l ant Accident", 1vJarch 10, 1911. 

9. ORi~L 1Juc lear Safety Research and Oeve lopment Program tH-,fonth ly 

Report for July - August 1968, ORNL-TM-2368, p. 78. 

10. OR1~L 1foc lear Safety Ke search and Jeve lopment Pro~ram l3i-1~ont.h ly 

Report for· September - October 1968, OR~L-TM-2425, ~.53i 

11. whyte, J. lJ., and durci1ell, ·R. c., "Corrosion Study For uetermining 

Hydrogen Ge.neration from Aluminum and Linc Uuring Post-Accident 

ConJ·i ti ons, 11 WCAP~8776, October; 1971.i. 

12. Sejvar, J.,. "Distribution of fission Product Decay Energy in PWK 

Cores", wCAP-7319-L 1Proprietdry J, April, 196Y and wCAP-7816 

(Non-Proprietary), December, 1971. • 

13. ORNL Nuclear .::>_afety K.esearcl1 and Development Program di-r'1ont11ly 

Report for May - June 1969. 

14. Allen, A. 0., "The Radiation Chemistry of Water andA_queous'Solu

tions11, 

15. Picone, L. ·F., "Evaluation of Protective Coatings for Use in Reactor 

· Containment", wCAP-719d-L .(Proprietary J, Aµri l 1%d and wCAP-ld25 

(Non'-Proprietary), December 1971. 

16. OR1JL-f1•1-24l2 Part V lJesign Conditions of r<eactor ..;ontairnnent Spray 

Sytems. Griess, Row, Watson, West,. Ocrober 1~7u. 

17. wilson, J. F., "C:leccric rlyurogen i<econminer for PWr< Containme11cs 11
, 

WCAP-7709~L Supplement, (Proprietary), April, 1972 and WCAP-7280, 

Supplement l (lfon-ProprietaryJ, ivJay l:Jl"L • 

. SGS-UFSAR 6.2-87 . Revision 0 
July 22; 1992 

~·' 



18. Wilson, J. F., 
11
ElectriCal Hydrogen Recombi-ner fo·r>Pressurized Water •· 

Keactor Contaillllents 11
, ~CAP.:..77-~h.l-L (P-roprietary), Julj, 1971 and 

WCAP-7820 (Non-Proprietary), Decemoer 1971. 

SGS-Uf"SA1{ b .. 2-88 Revision 0 
July 22, 1982 

• 

• 



• 

• 

• 

TABLE 6.2-1 

CONTAINMENT SPRA y SYSTEM - coot: REQU IRE1Y1ENTS 

Component 

Spray Additive Tank 

Valves 

Piping lincluding headers and spray nozzles) 

pumps 

Code 

ASME Sec ti on VII I 

ANSI Bl6.5 

Al'JSI 831. l* 

* For piping not supplied by tne NSSS supplier, material inspections, 
faorication and quality control conform to ANSI 1331.7. Where not 
possible to comply witl1 ANSI 831.7, the requirements of ASME 
lII-1971, which incorporated ANSI 831.7, were adhered to • 

SGS-UFSAR Revision 0 
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TABLt:: ti.2-2 

CONTAINi•lElH SPRAY PUMP DESIGN PARAMETERS 

Quantity 

Design Pressure, discharge, psig 

Design Temperature, °F 

Desi~n Flow Rate, gpm 
Design Head, ft. 

Shutoff Head, 'ft~ 

Motor HP 

Type 

SGS-UFSAR 

2 

250. 

150 

/i600 \ 
'... ) 

450 
-530. 

400 

Horizontal-Centrifugal 

Revision O 
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TABLE 6.2-3 

SPRAY ADD I TI VE TANK DESIGN PARAMETERS 

Number 
Total Volume (~mpty), gal; 
N~OH concentration, w/o 
Design tempera tu re, °F 

Design pressure, psig 
Material 

SGS-UFSA~ 

1 

4000 

30 

300 

14 

Austenitic Stainless Steel 

Revision 0 
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TABLE 6.2-4 (Sheet 1 of 2) 

SINGLE FAILURE ANALYSIS - COIHAINMENT SPRAY SYSTEM 

Co111ponent 

A. Spray Nozzles 

B. Pumps 

1) Containment 
Spray Pump 

2) Residual Heat 
Removal Pump 

3) Service Water 
Pump 

4) Component 
Cooling 

C. Automatically operated 
Valves: (Open on two 

ivlal function 

Clogged 

Fa i 1 s to start 

Fails to start 

Fails to start 

Fails to start 

out of four [HiHi] con
tainment pressure signals) 

1) Containment 
spray pump 
discharge 
i sol at ion valve 

D. Valves Operated From 
Control Room 

(a) Injection 

1} Spray Additive 
tank outlet 
isolation valve 

SGS-UFSAR 

Fails to open 

Fails to open 

Comments dnd Consequences 

Large number of nozzles 
render clogging of a 
significant number of 
noz~les as incredible. 

Two provided. £valuation 
based on operation of one 
pump in addition three out 
of five containment cool
ing fans operations during 
injection phase. 

Two provided. Evaluation 
based on operation of one 
pump. 

Six provided. Operation of 
two pumps during recircula
tion required. 

Three providei.l. Operation. 
of one pump during recircu
lation required. 

Two complete systems pro
vided. 

Two parallel valves pro
vided. Operation of one 
required • 

Revision O 
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TABL£ 6.2-4 (Sheet 2 of 2) 

SINGLE FAILURE ANALYSIS - CONTAINMENT SPRAY SYSTEM 

Component 1•la lfuncti on 

( b) Reci rcul ati on 

1) Containment sump Fails to open 
i sol at ion valve 

2) Containment spray Fails to open 
header i so 1 at ion 
valve from resi-
dual heat exchangers 

SGS-UFSl\R 

Comments and Consequences 

Two lines in parallel. 
One line required. 

Two complete loops pro
vided. Operation of one 
required. 

Revision O 
Ji.:.ly ·~~' ·1~~82 



• 
Component 

Spray Add;i ti v,e 
Tank 

Nonna 1 Operating 
Function 

None 

• 
TABLE 6.2-5 

SHARED FUNCTIONS EVALUATION 

Normal Operating 
Arrangement 

Lined up for spray 
water diversion 

Accident 
Function 

Source of sodium 
hydroxide for 
spray water 

Accident 
Arrangement 

• 

Lined up for spray 
water di version 

Containment Spray None 
Pumps ( 2) 

Lined up to spray 
headers 

Supply spray water Lined up to spray 
to containment headers 
atmosphere 

Note: Refer to Section 6.2 for a brief description of the refueling water 
storage tank, residual heat removal pumps, service water pumps, component 
cooling pumps, residual heat exchangers and component cooling heat ex
changers which are also associated either directly or indirectly with the 
containment sµ ray system. 

Revision 0 
SGS-UFSAR July 22, 1982 
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TABLE 6.2-6 

NET POSITIVE SUCTION HEADS FOR CONTAINMENT SPRAY 

Minimum Maximum 
Flow and Suction Source Available Required Water 

Pump Elevation Condition and Elevation NPSH NPSH Temperature 

Containment 86 1 -3 11 2600 gpm RWST 29.9 ft 10 ft 100°F 
Spray Rated fl ow 101 • -s·· 
Residual Heat 46'-10 11 4500 gpm Containment Sump 24.9 ft 19.5 ft Saturation 
Removal Runout fl ow 78 1 -8 11 

The available NPSH was calculated for the pumps indicated above using the following conservative 
assumptions: 

1. All calculations assume an empty refueling water storage tank. 
2. No credit is taken for RWST fluid temperature below l00°F. 
3. No credit is taken for subcooling of fluid in containment sump. 
4. No credit is taken for increased containment pressures following the LOCA. 

SGS-UFSAR Revision O 
July 22, 1982 



• 

• 

• 

. ;'J 

TABLE 6.2-7 

SINGLE FAILURE ANALYSIS - CONTAINMENT FAN COOLING SYSTEM 

Component 

Containment 
Cooling Fan 

Service Water 
Pumps 

Automatically Opera
ted Valves: 
(Open on equipment 
start) 

SGS-UFSAR 

14al function 

Fails to start 

Comments ·and Consequences 

Five provided. Evaluation 
based on three fans in 
operation and one contain
ment spray pump operating 
during the injection phase. 

Fa i 1 s to start . Six pro vi <led. Two required 

Fails to open 

for opera ti on. 

Independent valves provided 
for redundant equipment 

Revision 0 
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• 
Component 

Containment 
Cooling Fan 
Units ( 5) 

Service Water 
_Pumps (6) 

SGS-UFSAR 

Normal Operating 
Function 

Circulate and 
cool contain
ment atmosphere 

Supply river 
cooling water 
to fan units 

• 
TABLE 6.2-8 

SHARED FUNCTION EVALUATION 

Normal Operating 
Arrangement 

Up to four fan 
units in service 

Four pumps 
in service 

Accident 
Function 

Circulate and 
cool containment 
atmosphere 

Supply river 
cooling water 
to fan uni ts. 

Accident 
Arrangement 

Five fan 
units in 
service 

Two pumps 
in service 

• 

Revision 0 
July 22, 1982 
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TA13LE 6. 2-9 

SPRAY EVALUATION PARAMETERS 

Power, MWt 
Containment Pressure,·µsia 
Containment Teniperatu re °F 

Spray flow rate, gpm 
pH 
Containment free volume, ft3 

Spray fall height, ft 

SGS-UFSAR 

3423 

61. 7 

271 
2460 

10.0 

2.5 x 106 

116 

31 

Revision 0 
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TABLE 6.2-10 (sheet 1 of 7) 

CONTAINMENT ISOLATION -·MAJOR.PIPING.PENETRATIONS 

Status Inside Outside Auto 
Figure Service Class N s I Valve ~ Pwr - Signal Valve Tlpe Pwr - Signal !sol. Time Fluid Temp. 

6.2-17 Gas Analyzer from B Int. Closed Closed 1PR17 Auto A T 1PR18 Auto B T <10 secs. Gas Cold 
Pressurizer Relief Trip Trip 
Tank 

6.2-17 ·Primary Water Supply B Int. Closed Closed 1WR81 Non N/A N/A 1WR80 Auto B T <10 secs. Liquid Cold 
to Pressurizer Relief Return Trip 
Tank 

6.2-17 Nitrogen Supply to D Int. Closed Closed INT26 Non N/A N/A INT25 Auto B T <10 secs. · Gas Cold 
Pressurizer Relief Return Trip 

6.2-18 Pressurizer Dead A Closed Closed Closed ISS901 (2) N/A N/A N/A Liquid Cold 
Weight Calibrator ISS900 Manual 

6.2-19 Relief Lines to D Int .. Closed Closed 1PR25 Non N/A N/A 11-12cs5 Relief N/A N/A N/A Liquid Cold 
Pressurizer Relief Return · 1CV43 Valves 
Tank 1SJ167 

1SJ32 
ll-12SJ39 
ll-12SJ48 

6.2-20 CVCS Letdown Line D Open Closed Closed 1CV3 (3)Auto B T 1CV7 Aut.o B T <10 secs. Liquid Hot 
1CV4 Trip Trip A T 
2CV5 c T 

6.2-20 CVCS Charging Line D Open Closed Closed 1CV74 Non N/A N/A 1CV68 (2)Auto B s <10 secs. Liquid Hot I 
Return 1CV69 Trip c s 

6.2-21 Reactor Coolant Pump A Open Closed Closed ll-14CV99 Non N/A N/A ll-14CV98 Manual N/A N/A N/A Liquid Cold 
Seal Water Supply Return 

6.2.21 Reactor Coolant Pump D Open Open Open 1CV284 Auto B T 1CV116 Auto c T <10 secs. Liquid Cold 
Seal Water Discharge Trip Trip 

6.2.22 Residual Heat Removal D Closed Open Closed lRHl (2)Rem. B N/A 11RH4 (2)Rem. A N/A N/A Liquid Hot 
Inlet From RCS 1RH2 Manul A N/A 12RH4 Manual B N/A 

6.2-22 Residual Heat Removal D Closed Open Closed 1RH26 Rem. c N/A 11RH19 (2)Rem. A N/A N/A Liquid Hot 
Outlet to RCS Manual 12RH19 Manual B N/A 

6.2-23 Excess Letdown Heat c Closed Closed Closed 1CC109 Non N/A N/A 1CC215 Auto A T <10 secs. Liquid Cold 
Exchanger Cooling Return Trip 
Water Inlet 

SGS/UFSAR Revision 5 
6999-15974-84 July 25, 1986 



• 
Figure Service 

6.2-23 Excess Letdown Heat 
Exchanger Cooling 
Water Outlet 

6.2-24 Reactor Coolant 
Pump Motor Cooling 
Water Supply 

6.2-24 Reactor Coolant 
Motor Cooling Water 
Discharge 

6.2-24 Reactor Coolant Pump 
Thermal Barrier Cooling 
Water Discharge 

6.2-25 Gas Analyzer From 
RCDT 

6.2-25 N2 Supply to RCDT 

6.2-25 Reactor Coolant 
Drain Tank Vent 

6.2-26 Reactor Coolant Drain 
Tank Pump Discharge 

6.2-27 Accumulator N2 Supply 

6.2-28 Safety Injection 
Test Line 

6.2-29 RHR Outlets to 
Safety Injection 
System 

SGS/UFSAR 
6999-15974-B4 

Class N 

c Closed 

B Open 

B Open 

B Open 

B Int. 

B Closed 

B Open 

B Int. 

B Int. 

B Closed 

B Open 

• 
TABLE 6.2-10 (sheet 2 of 7) 

Status Inside 
s I Valve ~ Pwr - Signal 

Closed Closed N/A 

Open Closed 1CC119 Non N/A til/A 
Return 

Open Closed 1CC187 Auto A p 
Trip 

Open Closed 1CC190 Auto A p 
Trip 

Closed Closed 1WL96 Auto c T 
Trip 

If Closed 1WL98 Auto c T 
Needed Trip 

Closed Closed 1WL98 Auto c T 
Trip 

Int. Closed 1WL12 Auto c T 
Trip 

Int. Closed 1NT34 Non N/A N/A 
Return 

Closed Closed 1SJ123 Auto A T 
Trip 

Closed Open ll-14SJ43 Non N/A N/A 
Return 

Outside 
Valve T:tEe Pwr - Signal 

1CC113 Auto A T 
Trip 

1CC117 (2)Auto c p 
1CC118 Trip A p 

1CC136 Auto c p 
Trip 

1CC131 Auto c p 
Trip 

1WL97 Auto B T 
Trip 

1WL108 Auto B T 
Trip 

1WL99 Auto B T 
Trip 

1WL13 Auto A T 
Trip 

1NT32 Auto D T 
Trip 

1SJ53 (2)Auto D T 
1SJ60 Trip B T 

11SJ49 Rem. A N/A 
Manual 

• 
Auto 
!sol. Time Fluid 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

N/A 

secs. Liquid 

secs. Liquid 

secs. Liquid 

secs. Liquid 

secs. Gas 

secs. Gas 

secs. Gas 

secs. Liquid 

secs. Gas 

secs. Liquid 

Liquid 

Revision 5 
July 25, 1986 

TemE. 

Cold 

Cold 

Cold 

Cold 

Cold 

Cold 

Cold 

Hot 

Cold 

Cold 

Cold 



• • • 
TABLE 6.2-10 (sheet 3 of 7) 

Status Inside Outside Auto 
Figure Service Class N s I Valve ~ Pwr - Signal Valve T_l'.Qe Pwr - Signal Isol. Time Fluid TemQ. 

6.2-30 Safety Injection B Open Closed Open 11-14SJ144 Non N/A N/A 1SJ135 Auto A T <10 secs. Liquid Cold 
Pumps Outlet to Return Trip 
Cold Legs 

6.2-30 Safety Injection B Closed Open Open ll-14SJ139 Non N/A N/A 11SJ40 (2)Auto c p <10 secs. Liquid Cold I 
Pumps Outlet to Return 12SJ40 Trip A p 
Hot Legs 

6.2-31 Injection Line From B Closed Closed Open 1SJ150 Non N/A N/A 1SJ12 Auto c p <10 secs. Liquid Cold 
Charging Pumps Return 1SJ13 Trip 

6.2-31 Flushing Line B Closed Closed Closed 1SJ150 Non N/A N/A 1SJ71 Manual N/A N/A N/A Liquid Cold 
From Charging Pumps Return 

6.2-32 Residual Heat Removal D Closed Closed Open 11SJ44 Rem. A N/A N/A N/A Liquid Cold I 
Suction From Sump 12SJ44 Manual B 

6.2-33 Containment Spray B Closed Closed If 11CS48 Non N/A N/A 11CS2 Auto B T <10 secs. Gas Cold 
Needed 12CS48 Return 12CS2 Trip 

6.2-33 RHR Outlet To D Closed Closed If 11CS48 Non N/A N/A 11CS36 Auto B T <10 secs. Gas Cold 
Containment Spray Needed 12CS48 Return 12CS36 Trip 

6.2-34 Sample Line From B Open Closed Closed lSSllO Auto A T 1SS64 Auto A T <10 secs. Gas Cold 
Pressurizer Steam Trip Trip 
Space 

6.2-34 Sample Line From B Closed Closed Closed 1SS103 Auto A T 1SS27 Auto A T <10 secs. Liquid Hot 
Accumulators Trip Trip 

6.2-34 Sample Line From B Closed Closed Closed 1SS104 Auto A T 1SS33 Non D T <10 secs. Gas Cold 
Hot Legs Trip Return 

6.2-34 Sample Line From B Closed Closed Closed 1SS107 Auto A T 1SS49 Auto B T <10 secs. Liquid Cold 
Pressurizer Liquid Trip Trip 

6.2-34 Sample Lines From c Closed Closed Closed ll-14SS94 Auto B T <10 secs. Liquid Hot I 
Steam Generator Blow- Manual Trip 
Down 

6.2-35 Containment Pressure A Open Open Open (Filled Sys-
Instruments tern) 

SGS/UFSAR Revision 5 
6999-15974-B4 July 25, 1986 



• 
Figure Service 

6.2-36 Containment Air Monitor 
Inlet - Normal 
Inlet - Backup 

Outlet - Normal 
Outlet - Backup 

6.2-37 Pressure Vacuum 
Relief Inlet and 
Outlet 

6.2-37 Purge Air Inlet 
(Containment) 

6.2-37 Purge Air Outlet 
(Containment) 

6.2-38 Demineralized Water 
Supply to Flushing 
Connect ions 

6.2-38 Service Air 

6.2-38 Instrument Air 

6.2-39 Service Water to 
Fan Coolers 

6.2-39 Service Water from 
Fan Coolers 

SGS/UFSAR 
6999-15974-B4 

Status 
Class N s 

D Open Open 
D Closed Closed 

D Open Open 
D Closed Closed 

B Int. If 
Needed 

B Closed If 
Needed 

B Closed If 
Needed 

B Open Closed 

B Closed Open 

B Open Open 

c Open If 
Needed 

c Open If 
Needed 

• 
TABLE 6.2-10 (sheet 4 of 7) 

Inside 
I Valve ~ Pwr - Signal 

Closed lVCll Auto Trip B T 
Closed 1VC13 Rem. c N/A 

Manual 

Closed 1VC7 Auto Trip B T 
Closed 1VC9 Rem. c N/A 

Manual 

Closed 1VC6 Auto c T 
Trip 

Closed 1VC2 Auto A T 
Trip 

Closed 1VC3 Auto A T 
Trip 

Closed 1DR30 Non N/A N/A 
Return 

Closed 1SA119 Non N/A N/A 
Return 

Closed 11CA360 Non N/A N/A 
12CA360 Return 

Open 

Open 

Outside 
Valve T;i::Ee Pwr - Signal 

1VC12 Auto Trip A T 
1VC14 Rem. c N/A 

Manual 

1VC8 Auto Trip A T 
lVClO Rem. c N/A 

Manual 

1VC5 Auto B T 
Trip 

lVCl Auto B T 
Trip 

1VC4 Auto B T 
Trip 

1DR29 Auto A T 
Trip 

1SA118 Manual N/A N/A 

11CA330 Auto A T 
12CA330 Trip B T 

11SW58 Rem. A N/A 
12SW58 Manual B N/A 
13SW58 c N/A 
14SW58 B N/A 
15SW58 c N/A 

11SW72 Rem. A N/A 
12SW72 Manual B N/A 
13SW72 c N/A 
14SW72 B N/A 
15SW72 c N/A 

• 
Auto 
!sol. Time Fluid 

<10 secs. Gas 
N/A Gas 

<10 secs. Gas 
N/A Gas 

< 2 secs. Gas 

<2 secs. Gas 

<2 secs. Gas 

<10 secs. Liquid 

N/A Air 

<10 secs. Air 

N/A Liquid 

N/A Liquid 

Revision 5 
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Temp' 

Cold 
Cold 

Cold I 
Cold 

Cold 

Cold 

Cold 

Cold 

Cold I 
Cold 

Cold 

Cold 



• 
Figure Service 

6.2-40 Steam Generator 
thru Main Steam Stop 
6.2-43 

6.2-40 Steam Generator 
thru Steam Outlet Drain 
6.2-43 

6.2-40 Steam Generator 
thru Steam Outlet Bypass 
6.2-42 to Aux. Feed Pump 

Turbine 

6.2-40 Steam Generator 
thru Slowdown 
6.2-43 

6.2-40 Feedwater Supply 
thru (Control Valve) 
6.2-43 

6.2-40 Steam Generator 
thru Main Steam Stop 
6.2-43 Bypass 

6.2-40 Auxiliary Feedwater 
thru Supply-Turbine Driven 
6.2-43 

SGS/UFSAR 
6999-15974-84 

Class 

c 

c 

c 

c 

c 

c 

c 

• 
TABLE 6.2-10 (sheet 5 of 7) 

Status Inside 
N s I Valve ~ Pwr - .Signal 

Open Closed Closed -

Open Closed Closed 

Closed Int. Open 

Open Closed Closed 

Open Closed Closed 

Open Closed Closed 

Open Int. Open 

Outside 
Valve T~Ee Pwr - Signal 

11-14MS167 Auto C-D MSl 
Trip 

11MS7 Auto c MSI 
12MS7 Trip c MSI 
13MS7 D MSI 
14MS7 D MSI 

1MS132 Rem. c N/A 
Manual 

11-14GB4 Auto c T 
Trip 

11BF22 Non B FWI 
12BF22 Return B FWI 
13BF22 A FWI 
14BF22 A FWI 
11BF19 Auto c FWI 
12BF40 Trip c FWI 
12BF19 c FWI 
12BF40 c FWI 
13BF19 D FWI 
13BF40 D FWI 
14BF19 D FWI 
14BF40 D FWI 

11MS18 Auto c MSl 
12MS18 Trip c MSI 
13MS18 Trip D MS! 
14MS18 Trip D MS! 

11-14AF11 Rem. c N/A 
Manual 

• 
Auto 
Isol. Time Fluid 

<5 secs. Gas 

<10 secs. Gas 

N/A Gas 

<10 secs. Liquid 

N/A Liquid 

<8 secs. 

<10 secs. Gas 

N/A Liquid 

Revision 5 
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TemE. 

Hot 

Hot 

Hot 

Hot 

Hot 

Hot 

Cold 



• 
Figure Service 

6.2-40 Auxi.liary Feedwater 
thru Supply-Motor.Driven 
6.2-43 

6.2-44 Fuel Transfer Tube 

6.2-44 Reactor· Cavity Sump 
Pump Discharge to 
Waste Disposal 

6.2-45 Fire Protection Water 
Supply 

6.2-45 Refueling Canal Supply 

6.2-45 Refueling Canal 

6.2-45A Post-LOCA 
Atma. Sample 
Post-LOCA 
Atma. Sample 
Post-LOCA 
Atma. Sample 
Post-LOCA 
Atma. Sample 

6.2-45B Post-LOCA 
RCS Sample 
Post-LOCA 
RCS Sample 
Post-LOCA 
RCS Sample 
Post-LOCA 
RCS Sample 

6.2-45C Fill Line for 
Cont. Press. Inst. 

SGS/UFSAR 
6999-15974-B4 

Status 
Class N s 

c Closed Int. 

B Closed Open 

B Open Int. 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

B Closed Closed 

• 
TABLE 6,2-10 (sheet 6 of 7) 

Inside 
I Valve ~ Pwr - Signal 

Open 

Closed Blind 
Flange 

Closed 1WL16 Auto c T 
Trip 

Closed 1FP148 Non N/A N/A . 
Return 

Closed 1WL190 Manual N/A N/A 

Closed 1WL191 Manual N/A N/A 

Int. 11VC19 Rem. A N/A 
Manual 

Int. 11VC20 Rem. A N/A 
Manual 

Int. 12VC20 Rem. c N/A 
Manual 

Int. 12VC19 Rem. c N/A 
Manual 

Int. 13SS184 Rem. c N/A 
Manual 

Int. 13SS182 Rem. c N/A 
Manual 

Int. 11SS182 Rem. A N/A 
Manual 

Int. 11SS188 Rem. A N/A 
Manual 

Closed 1CS900 Manul N/A N/A 

Outside 
Valve T~Qe Pwr -

11AF21 Rem. B 
12AF21 Manual B 
13AF21 Manual A 
14AF21 Manual A 

Manual N/A 

1WL17 Auto B 
Trip 

1FP147 Auto c 
Trip 

1SF36 Manual N/A 

1SF22 Manual N/A 

11VC17 Rem. A 
Manual 

11VC18 Rem. A 
Manual 

12VC18 Rem. c 
Manual 

12VC17 Rem. c 
Manual 

13SS185 Rem. c 
Manual 

13SS181 Rem. c 
Manual 

11SS181 Rem. A 
Manual 

11SS189 Rem. A 
Manual 

1CS902 Manual N/A 

Signal 

N/A 
N/A 
N/A 
N/A 

N/A 

T 

T 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

• 
Auto 
lsol. Time Fluid 

N/A Liquid 

N/A Liquid 

<10 secs. Liquid 

<10 secs. Liquid 

N/A Liquid 

N/A Liquid 

N/A Gas 

N/A Gas 

N/A Gas 

N/A Gas 

N/A Liquid 

N/A Liquid 

N/A Liquid 

N/A Liquid 

N/A Liquid 

Revision 5 
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TemQ. 

Cold 

Cold 

Cold 

Cold 

Cold 

Cold 

Cold 

Cold 

Cold 

Cold 

Hot 

Hot 

Hot 

Hot 

Cold 



• 
Figure Service Class 

6.2-450 Cont. Press. B 
Test I.nst. 
Cont. Press. B 
Test Inst. 
Cont. Press. B 
Test Inst. 

6.2-45E Cont. Airlock c 
Seal Test 

6.2-45E Cont. Airlock c 
Seal Test 

Notes 

Status 
N s 

Closed Closed 

Closed Closed 

Closed Closed 

Closed Closed 

Closed Closed 

N: Normal 
S: Shutdown 
I: Incident 

I 

Closed 

Closed 

Closed 

Closed 

Closed 

Int: Intermittent 

• 
TABLE 6.2-10 (sheet 7 of 7) 

Inside 
Valve ~ Pwr - Signal 

1SA264 Manual N/A N/A 

1SA267 Manual N/A N/A 

1SA270 Manual N/A N/A 

P: Tripped by Containment Isolation Signal - Phase B 
T: Tripped by Containment Isolation Signal - Phase A 

FWI: Feedwater Isolation 
MSI: Main Steam Isolation 

Outside 
Valve T;tpe Pwr - Signal 

1SA262 Manual N/A N/A 

1SA265 Manual N/A N/A 

1SA268 Manual N/A N/A 

1CA1714 Rem. N/A N/A 
Manual 

1CA1715 Rem N/A N/A 
Manual 

1. Valve designations are shown for No. 1 Unit although No. 2 Unit is similar (e.g., 11MS167 would be 21MS167 for No. 2 Unit). 

2. The column titled "class" contains the designators defined in Section 6.2.4.2. 

Auto 
I sol. 

N/A 

N/A 

N/A 

N/A 

N/A 

3. The isolation valve power source is the vital channel designation and may be either 230 VDC or 125 VDC depending on the type of valve. 

4. Normally closed manual valves are under administrative control. 

5. The following lines contain remotely operated valves which are normally closed and under administrative control. 

1. Excess letdown heat exchanger cooling water lines 
2. Safety injection system test line 
3. Steam generator steam actuators (drain and bypass) 
4. Sample lines from pressurizer 
5. Containment purge air inlet and outlet and pressure-vacuum relief dampers 
6. Nitrogen supply to reactor coolant drain tank 
7. Post-LOCA atmosphere and RCS sampling 

SGS/UFSAR 
6999-15974-84 

• 
Time Fluid 

Gas 

Gas 

Gas 

Air 

Air 
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Temp. 

Cold 

Cold 

Cold 

Cold 

Cold 



• TABLE 6.2-11 

POTENTIAL REL£ASES TO THE ENVIRONMENT THROUGH CONTAINMENT 

Cont a i mile nt 

Activity Present in Airborne 

Isotope Reactor Coolant* Concentration 

uCi /cc uCi /cc 

I-131 
(equivalent 2.8 5.6 x 10-3 

Kr-85 3.93 1. 9 x 10-2 

Kr-85m 1. 70 8.0 x 10-3 

Kr-87 0.94 4.4 x 10-3 

Kr-88 2.66 1.2 x 10-2 

Xe-133 195 9.2 x 10-1 

Xe-133m 2.09 9.9·x 10-3 

:·· Xe-135 5.45 2.6 x 10-2 

Xe-135 0.132 6.3 x 10-4 

Xe-138 0.468 2.2 x 10-3 

*Based on 1 percent fuel defects 

SGS-UFSAR 

ISOLATION VALVES 

Release to 
Environment 

Ci 

0.110 
0.317 
0.134 
0.074 
0.20 

15.4 
0.165 
0.434 
0 .0105 
0.0367 

Revision 0 
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• Valve Number 

1. 1 PR 17 
2. 1 PR 18 
3. 1 NT 25 
4. 1 NT 26 
5. 1 WR 80 
6. 1 WR 81 
7. 1 CV 3 
8. 1 CV 4 
9. 1 CV 5 

10. 1 CV 7 
11. 1 CV 68/69 
12. 1 CV 74 
13. 1 CV 284 
14. 1 CV 296 
15. 1 CV 116 
16. 1 CV 215 
17. 1 CV 113 
18. 1 cc 117/118 
19. 1 cc 119 
20. 1 cc 187 
21. 1 cc 136 
22. 1 cc 190 

• 23. 1 cc 131 
24. 1 cc 186 
25. 1 cc 208 
26. 1 WL 96 
27. 1 WL 97 
28. 1 WL 98 
29. 1 WL 99 
30. 1 WL 108 
31. 1 WL 12 
32. 1 WL 13 
33. 1 NT 32 
34. 1 NT 34 
35. 1 SJ 123 
36. 1 SJ 60 
37. 1 SJ 53 
38. 11 cs 2 
39. 12 cs 2 
40. 11 cs 48 
41. 12 cs 48 
42. 1 SS 110 
43. 1 SS 64 
44. 1 SS 103 
45. 1 SS 27 
46. 1 SS 104 

• 
7598-15974-B4 

TABLE 6.2-12 (sheet 1 of 3) 

CONTAINMENT ISOLATION VALVES 
SUBJECT TO TYPE C LEAK RATE TESTING 

Function 

Pressurizer Relief Tk. - Gas Analyzer Conn. 
Pressurizer Relief Tk. - Gas Analyzer Conn. 
Pres~urizer Relief Tk. - N2 Conn. 
Pressurizer Relief Tk. - N2 Conn. 
Pressurizer Relief Tk. - Primary Water Conn. 
Pressurizer Relief Tk. - Primary Water Conn. 
CVCS Letdown Line 
CVCS - Letdown Line 
CVCS - Letdown Line 
CVCS - Letdown Line 
CVCS - Charging Line 
CVCS - Charging Line 
CVCS - RCP Seals 
CVCS - RCP Seals 
CVCS - RCP Seals 
Comp. Cooling - Excess Letdown Hx 
Comp. Cooling - Excess Letdown Hx 
Comp. Cooling - RCP Cooler 
Comp. Cooling - RCP Cooler 
Comp. Cooling - RCP Cooler 
Comp. Cooling - RCP Cooler 
Comp. Cooling - RCP Cooler 
Comp. Cooling - RCP Cooler 
Comp. Cooling - RCP Cooler 
Comp. Cooling - RCP Cooler 
RC Drain Tk. - Gas Analyzer Conn. 
RC Drain Tk. - Gas Analyzer Conn. 
RC Drain Tk. - Vent Header Conn. 
RC Drain Tk. - Vent Header Conn. 
RC Drain Tk. - N2 Connection 
RC Drain Tk. Pumps 
RC Drain Tk. Pumps 
Accumulator N2 Supply 
Accumulator N2 Supply 
SI Test Line 
SI Test Line 
SI Test Line 
Containment Spray 
Containment Spray 
Containment Spray 
Containment Spray 
Pressurizer Steam Sampling 
Pressurizer Steam Sampling 
Accumulator Sampling 
Accumulator Sampling 
RCS Sampling 

Revision 5 
July 25, 1986 



• 
Valve Number 

47. 1 SS 33 
48. 1 SS 107 
49. 1 SS 49 
50. 1 vc 1 
51. 1 vc 1 
52. 1 vc 3 
53. 1 vc 4 
54. 1 vc 6 
55. 1 vc 6 
56. 1 vc 7 
57. 1 vc 8 
58. 1 vc 9 
59. 1 vc 10 
60. 1 vc 11 
61. 1 vc 12 
62. 1 vc 13 
63. 1 vc 14 
64. 1 DR 29 
65. 1 Dr 30 
66. 1 SA 118 

• 67. 1 SA 119 
68. 11 CA 330 
69. 12 CA 330 
70. 1 WL 16 
71. 1 WL 17 
72. 1 FP 147 
73. 1 FP 148 
74. 1 WL 190 
75. 1 WL 191 
76. 1 SF 36 
77. 1 SF 22 
78. 1 cs 900 
79. 1 cs 901 
80. 1 cs 902 
81. 1 cs 903 
82. 1 SA 262 
83. 1 SA 264 

• 
7598-15974-B4 

TABLE 6.2-12 (sheet 2 of 3) 

CONTAINMENT ISOLATION VALVES 
SUBJECT TO TYPE C LEAK RATE TESTING 

(CONTINUED) 

Function 

RCS Sampling 
Presssurizer Liquid Sampling 
Pressurizer Liquid Sampling 
Purge Supply 
Purge Supply 
Purge Exhaust 
PUrge Exhaust 
Pressure - Vacuum Relief 
Pressure - Vacuum Relief 
Containment Radiation Sampling 
Containment Radiation Sampling 
Containment Radiation Sampling - Alt 
Containment Radiation Sampling - Alt 
Containment Radiation Sampling 
Containment Radiation Sampling 
Containment Radiation Sampling - Alt 
Containment Radiation Sampling - Alt 
Demineralized Water Supply 
Demineralized Water Supply 
Compressed Air Supply 
Compressed Air Supply 
-Instrument Air Supply 
Instrument Air Supply 
Containment Sump Discharge 
Containment Sump Discharge 
Fire Protection System 
Fire Protection System 
S.F. Demin. to Refueling Canal 
Refueling Canal to S.F. Demin. 
S.F. Demin. to Refueling Canal. 
Refueling Canla to S.F. Demin. 
Fill Line for Cont. Press. Instr. 
Fill Line for Cont. Press. Instr. 
Fill Line for Cont. Press. Instr. 
Fill Line for Cont. Press. Instr. 
Containment Press. Test Instr. 
Containment Press. Test Instr. 

Revision 1 
July 22, 1983 



• 

• 

• 

Valve Number 

84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 
99. 

100. 
101. 
102. 
103. 
104 . 
105. 
106. 
107. 

1 SA 265 
1 SA 267 
1 SA 270 

11 SS 181 
11 SS 182 
11 SS 188 
11 SS 189 
13 SS 181 
13 SS 182 
13 SS 184 
13 SS 185 
11 vc 17 
11 vc 18 
11 vc 19 
11 vc 20 
12 vc 17 
12 vc 18 
12 vc 19 
12 vc 20 

1 SA 268 
11 CA 360 
12 CA 360 

1 CA 1714 
1 CA 1715 

TABLE 6.2-12 (sheet 3 of 3) 

CONTAINMENT ISOLATION VALVES 
SUBJECT TO TYPE C LEAK RATE TESTING 

(CONTINUED) 

Function 

Containment Press. Test Instr. 
Containment Press. Test Instr. 
Containment Press. Test Instr. 
Post LOCA RCS Sampling 
Post LOCA RCS Sampling 
Post LOCA RCS Sampling 
Post LOCA RCS Sampling 
Post LOCA RCS Sampling 
Post LOCA RCS Sampling 
Post LOCA RCS Sampling 
Post LOCA RCS Sampling 
Post LOCA Atmos. Sampling 
Post LOCA Atmos. Sampling 
Post LOCA Atmos. Sampling 
Post LOCA Atmos. Sampling 
Post LOCA Atmos. Sampling 
Post LOCA Atmos. Sampling 
Post LOCA Atmos. Sampling 
Post LOCA Atmos. Sampling 
Containment Press. Test Instr. 
Instrument Air Supply 
Instrument Air Supply 
Airlock Seal Test Supply 
Airlock Seal Test Supply 

NOTE: Valve designations are shown for No. 1 Unit although No. 2 Unit is 
similar (e.g. 1 PR 17 would be 2 PR 17 for No. 2 Unit) . 

7598-15974-B4 
Revision 5 
July 25, 1986 



TABLE 6.2-13 (sheet 1 of 2) 

• CONTAINMENT ISOLATION VALVES NOT 
SUBJECT TO TYPE C LEAK RATE TESTING 

Valve Number Function Exemption 

1. 11 MS 7 Main Steam Drain Not Required for PWR' s* 
2 • 12 MS 7 Main Steam Drain 
3. 13 MS 7 Main Steam Drain 
4 . 14 MS 7 Main Steam Drain 
5. 11 MS 18 Main Steam Bypass 
6. 12 MS 18 Main Steam Bypass 
7 • 13 MS 18 Main Steam Bypass 
8 • 14 MS 18 Main Steam Bypass 
9. 11 BF 19 Main Feedwater Isolation 
10. 12 BF 19 Main Feedwater Isolation 
11. 13 BF 19 Main Feedwater Isolat.ion 
12. 14 BF 19 Main Feedwater Isolation 
13. 11 BF 40 Main Feedwater Isolation 
14. 12 BF 40 Main Feedwater Isolation 
15. 13 BF 40 Main Feedwater Isolation 
16. 14 BF 40 Main Feedwater Isolation 
17. 11 MS 167 Main Steam Isolation 
18. 12 MS 167 Main Steam Isolation 
19. 13 MS 167 Main Steam Isolation 

• 20. 14 MS 167 Main Steam Isolation 
21. 1 MS 132 Steam Supply to Aux. Feed 

Pump Turbine 
22. 11 BF 22 Feedwater Control valve 
23. 12 BF 22 Feedwater Control Valve 
24. 13 BF 22 Feedwater Control Valve 
25. 14 BF 22 Feedwater Control Valve 
26. 11 AF 11 Aux. Feed Supply 
27. 12 AF 11 Aux. Feed Supply 
28. 13 AF 11 Aux. Feed Supply 
29. 14 AF 11 Aux. Feed Supply 
30. 11 AF 21 Aux. Feed Supply 
31. 12 AF 21 Aux. Feed Supply 
32. 13 AF 21 Aux. Feed Supply 
33. 14 AF 21 Aux. Feed Supply 
34. 11 SS 94 SG Blowdown Sampling 
35. 12 SS 94 SG Blowdown Sampling 
36. 13 SS 94 SG Blowdown Sampling 
37. 14 SS 94 SG Blowdown Sampling 
38. 11 GB 4 SG Blowdown Isolation 
39. 12 GB 4 SG Blowdown Isolation 
40. 13 GB 4 SG Blowdown Isolation 
41. 14 GB 4 SG Blowdown Isolation 
42. 1 SJ 135 SI to Cold Legs Requ red to Open on Iso. Signal 
43. 11 SJ 40 SI to Cold Legs II II II II II II 

44. 12 SJ 40 SI to Cold Legs II II II II II II 

• 45. 1 SJ 12 High Head Safety II II II II II II 

Injection 
SGS-UFSAR Revision l 

July 22, 1983 



• 

• 

• 

TABLE 6.2-13 (sheet 2 of 2) 

CONTAINMENT ISOLATION VALVES NOT 
SUBJECT TO TYPE C LEAK RATE TESTING 

CONTINUED 

Valve Number Function Exemption Basis 

46. 1 SJ 13 High Head Safety 
Injection 

47. 11 cs 36 RHR to Containment Spray 
RHR to Containment Spray 

Req'd. to open on isol. signal 
II II II II II II 

48. 12 cs 3 6 II II II II II II 

NOTE: Valve designations are shown for No. 1 Unit although No. 2 Unit 
is similar (e.g. 11 MS 7 would be 21 MS 7 for No. 2 Unit). 

* These valves connect to the steam generator and are not exposed 
normally or post-LOCA either to the containment atmosphere or to 
the reactor coolant. Isolation of these valves is based on steam 
generator functional requirements. The steam generator and its 
connecting lines are a closed system inside containment as defined 
by paragraph II.6.(o) of Standard Review Plan 6.2.4 Revision 2 . 

SGS-UFSAR Revision l 
July 22, 1983 



• 
Time Interval 

0 - 300 

300 - 1000 

1000 - 2000 

2000 - 4000 

> 4000 

• 

• 
SGS-UFSAR 

TABLE 6.2-14 

POST -ACCIDENT CONT A IN1'v1EN T TEMPERATURE· TRANSIENT 

USED IN THE CALCULATION OF ALUMINUM CORROSION 

(sec) Temperature ( OF) 

271 

230 

188 

175 

147 

Revision 0 
July 22, 1982 
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• 

• 

TAdLE 6.2-15 

INPUT PARAMETERS AND ALUMINUM INVElffORY 
PARAMETERS USED TO DETERMINE HYDROGEN GENERATION 

Plant Thennal Power Rating 
Containment Temperature at Accident 
Containment Free Volume 
Weight of Zirconium 
Hydrogen Generated by Zirc-Water Reaction 

Based on 2 percent value 

Based on 5 percent value 
Corrodable Metal 

3575 MWt 
120°F 
2,500,000 ft 3 

47 ,946 lb 

7,575 SCF 
18,940 SCF 
Aluminum 

rnVENTORY OF ALUMINUM IN CONTAINMENT (NUCLEAR STEAM SUPPLY SYSTEM 

Item 

Source, Intermediate and Power 

Control Rod Drive Mechanism Connectors 

Paint 

Contingency (Nuclear Steam Supply System 

Flux 14appi ng uri ve System 

Miscellaneous Valves 

SGS-UFSAF\ 

Weight ( 1 bs) 

244 

193 

140 

250 

122 

230 

Surface 
Area (ft2) 

83 

42 

18,000 

85 

84 

86 

Revision O 
July 22, 1982 

·.:-' 

··: . .. 



• 

• 

• 

Time After 

Reactor Trip 

Days 

l 

5 

10 

20 

30 

40 

50 

60 

70 
80 

90 
100 

TABLt 6.2-16 

CORE FISSION PRODUCT E~EWGY 

AFTER 830 FULL POWER DAYS 

Core Fission Product Energy!!· 

Energy Rel ease Rate Integrated Energy Release 

Watts/MwtxlO 
-3 Watt-Days/MWtxlO -4 

3.887 0.574 

2.595 1. 777 

2.211 2.967 

1. 760 4.934 

1.475 6.541 

1. 291 7.919 

1.163 9.143 

1.068 10. 259 

0.992 11.289 

0.926 12.249 

0.867 13.139 

0.814 13.979 

/lAssumes release of 50 percent core halogens +1 percent other 
fission products, includes 100 percent noble gases. Values are for 
for total (a and y) energy • 

SGS-UFSAR Revision O 
July 22, 1982 



• ·-
TABLE 6.2-17 

FISSION PRODUCT DECAY DEPOSITION IN SUMP SOLUTION 

50 Percent Halogens 1 Percent Other Fission Products 

Time After Integrated Energy Energy Rel ease Integrated Energy 

Reactor Trip Energy Release Rate Release Kate Release 

Days Watts/MWt Watt-Da,l/MwtxlO -2 Watts/MWtx 10-l Watt-Day/MWtxl0- 2 

1 145 4.27 3.78 0.536 

3 49o4 5.88 2.90 1.18 

5 31.0 6.65 2.59 1. 73 

10 18.2 7.82 2.22 2.92 

20 7.63 9.03 1. 77 4.89 

30 3.22 9.54 1.49 6.51 

40 1.36 9.76 1. 30 7.90 

60 0.241 9.89 1.08 10.3 

80 0.043 9.91 0.935 12.3 

100 0.008 9.92 0.822 14.0 

· SGS-UFSAR 

Energy Rel ease 

Rate 
Watts/MwtxlO-l 

18.28 
7 .85 

5.69 
4.03 

2.53 
1.81 

1.44 

1.10 
o. 940 

0.823 

• 

Total 

Integrated Energy 

Release 
Watt-Dal/MWtxl0-3 

0.481 

0.707 

0.838 
1.07 

1.39 
1.61 

1. 77 

2.02 

2.22 

2.39 

Revision O 
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6 .3 EMERGENCY CORE COOLING SYSTEM 

6.3;1 DESIGN BASES· 

6.J.1.1 Range of Coolant Ruptures and Leaks 

The emergency core·cooling system (ECCS) al.itomatical_ly delivers cooling 

water to tti"e reactor core in tile event of a lass-of-cool ant accident. 

This limits the- fuel clad temperature and thereby ensures. that th·e core 

will re~ain sub~tantially intact and in place, with its esse~tial heat 

transfer geometry preserved.. This protectiori is afforded for.: 

1. All pipe break .sizes and. locations in the reactor coolant system up 

to and including the hypothetical instantaneous circumferential 

rupture of a rea~tor cool ant loop, assuming unobstructed discharge 

from both ends. 

2. · A loss of coolant associated with the rod ejection accident. · 

3. Pipe breaks in--tfle steam system, up to and including the instan..; 

tqneous circumferential rupture the 1 argest pipe in the s:team syste~1. 

4. A steam generator tub~ rupture. 

The criteria for loss-of-coolant·accident evaluations are defined in 

Chapter 15. 

Furthennore, for the rupture of any steam or feedwater 1 ine, the 

criteria are: 

1. Assuming a stuck rod cluster control assembly, with or without off

site pbwer, and assuming a singl~ failure-in the engineered safety. 

features there is ~o consequential damage to the primary system. and 

the core remains substantially in pl ace and intact. · 

SGS-UFSAR 6.3-1 Re vision 0 
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2. Energy release to the containment from the worst steam pipe-·break 

does not cause failure of the containment structure. 

3. Assuming a stuck rod cluster control assembly, there will be no 

return to criticality after reactor tdp, for a break equivalent 'to 

the spurious opening, with failure to close, of the largest of any 

single relief or safety valve~ 
'• .. 

Redundancy and segregation of instrumentation and components is i ncor

porated to assure that postulated malfunctions will not impair the 

ability of the sys'tem to meet the design objectives. The system is 

effective in the event of loss of normal. station auxiliary power coinci

dent with the loss of coola'nt, and is tolerant of failures of any single 

component or instrument channel to respond actively in the system. 

During the recirculation phase of a loss· of coolant, the.system is.tol

erant of a loss of any part of the flow path since back up alternative 

fl ow path capability is provided. 

6. 3 .1. 2 Fission Product Decay Heat 

The ECCS removes the stored and fission product decay heat from the 

reactor core such that fuel rod damage, to the extent that it would 

impair effective cooling of the core, is prevented. The acceptance 

criteria for accidents, as well as accident analyses are provided in 
Chapter 15. 

6.3.1.3 Reactivity Required for Cold Shutdown 

The ECCS provides shutdown capability for the accidents noted above by 

means of shutdown chemical {boron) injection. The most critical acci

dent for shutdown capability ·is the steam line break.· Following a steam 

line break, the reactor .control system, ·in response to _the apparent load 

increase, would increase reactor power •. For- larger·breaks, an overpower 

reactor trip would occur. Continued secondary steam bl owdown would cool 
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the reactor coolant causing a positive reactivity insertion. Analyses 

described in Chapter 15 indicate that breaks large enough to produce a 

reactivity insertion sufficient to cause a return to cri.tical ity ~l so 

produce sufficient depressuri zati on and shri nkag~ of the p·rimary cool ant 

to initiate safety injection. The high pressure delivery of concen

trated boric acid by the centrifugal charging pumps then re-established 

adequate. shutdown margin even ·for. the case where the highest worth con

trol rod is stuck in the fully withdrawn position. 

6.3.1.4 Capability to Meet Functional Requirements 

In order to ensure· that the ECCS will perfonn its desi.red function 
. . 

during the accidents listed above, it is designed to tolerate·a single 

active failure· duri·ng the short tenn immediately following an.accid.ent, 

or to tolerate a single active or passive failure during the long tenn 

following an accident. 

The ECCS is designed to meet its minimum required level of functional 

perfonnance with either on-site electrical power system operation 

(assuming off-site power is not available) or with off-site electrical 

power system operation_.for any of .the above abnonnal occurrences 

assuming a single failure as defined above. 

·Portions of .the ·system located within the containment are designed to 

operate under the most adverse accident c.ondi ti ans without benefit of 

·maintenance. and without 1 oss of functi anal perfonnance for the duration 

of time ·the component is required following the accident. 

The ECCS is designed to perform its function of ensuring core cooling 

and providing shutdown capability following an.accident under 

simultaneo~s safe shutdown earthquake loading • 

SGS-UFSAR 6.3-3 Re vision O 
July 22, 1982 



6.3.2 SYSTEM DESIGN 

6.3.2.1 Schematic Piping and Instrumentation Diagrams 

The flow diagram of the ECCS is shown in Figures 6.3-lA and B. The codes 
and standards to which the individual components of the emergency core 
cooling system are designed are listed in Table 6.3-1. Pertinent design 
and operating parameters for the components of the ECCS are given in Tables 
6.3-2 through 6.3-5. 

The operation of the. ECCS Core Cooling System, following a loss of coolant 
accident, can be divided into two distinct phases: 1) the injection phase 
in which any reactivity increase attending the acc1dent is terminated, 
initia.l cooling of the core is accomplished, and coolant lost from the 
primary system is replenished, and 2) the recirculation phase in which long 
term core cooling is provided during the accident recovery period. A 
discussion of each phase is given below. 

Injection Phase of Operation 

The major equipment involved in the implementation of the injection phase 
functions are: 

1. Two centrifugal charging pumps (a third positive displacement charging 
pump may be aligned for safety injection purposes if component cooling 
water is available for the lube oil coolers) 

2. Two safety injection pumps 

3. Two residual heat removal pumps 

4. Four accumulators (one for each loop) 

5. One boron injection tank 

SGS/UFSAR 6.3-4 Revision 4 
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6. Refueling water storage tank 

7. Associated valves and piping 

The relative importance of the various pieces of injection equipment is 
dependent upon the size and location of the primary system break. For a 
large break, the accumulators represent the principle injection 
mechanism. They are the first piece of equipment to be effective. (For 
the double ended cold leg break, they begin to inject approximately 10.0 
seconds after the break whereas the remainder of the system has a time 
delay associated with it on the order of 25 seconds). They deliver at a 
very high flow rate (approximately 47,000 gpm maximum for a double ended 
break versus a maximum of 2400 gpm for the remainder of the system). 

The accumulators, utilizing the stored energy of the compressed nitro
gen, inject borated water into the cold legs of the reactor coolant 
piping when the primary system pressure falls below 600 psig. One 
accumulator is provided for each cold leg of the reactor coolant system. 
They are located inside the containment but outside the missile barrier, 
and are therefore protected against possible missiles. Accumulator 
water level can be adjusted remotely during normal power operation. 
Borated makup water from the refueling water storage tank is added using 
a safety injection pump. Water level is reduced by draining to the eves 
holdup tanks. Samples of the solution in the accumulator tanks are 
taken at the sampling station for periodic checks of boron concen
tration. Provisions are also included for remote nitrogen makeup. The 
accumulators are passive components of the injection system because they 
require no external source of power or signal in order to function. The 
remainder of the major pieces of equipment comprising the safety injec
tion system are active components which are actuated by any of the 
following safety injection signals: 

SGS-UFSAR 
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1. Low pressurizer pressure (2/3). 

2. High containment pressure (2/3 Hi). 

3. High steam line differential pressure between any two steam 

generators ( 2/3). 

4. High steamline flow in two of four lines (1/2 measurements per line) 

in coincidence with either lowTavg (2/4) or low steamline pres

sure (2/4). 

5. Manual actuation (1/2). 

The safety injection signal initiates a reactor trip (this may have 

already occurred), starts the diesel generators, and initiates the safe

guards sequence which in turn initiates the required action. Finally a 

safety injection signal will produce a Phase A containment isolation 

signal which results in the closure of the majority of the automatic 

containment isolation valves. 

The active components serve three functions during the injection phase: 

1. Provide rapid injection of high concentration shutdown chemical 

(boron dissolved in the fonn of boric acid) 

2. Complete the reflooding process for large area ruptures where the 

initial refill is accomplished by the accumulators 

3. Provide injection for small area ruptures where the primary coolant 

pressure does not drop below the accumulator pressure for an 

extended period of time. 
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In· accident analyses with coincident loss of outside power, ful_l flow 

from the safety injection system occurs at no later than 25 seconds . 

The basis of this v·alve is discussed in a later section of this 

chapter. This delay time is. independent of whether or not the accumu-

1 ators have injected. 

lJuring safety in.jection, the cer1trigugal charging pumps deliver borated 

water at the prevailing reac.tor coolant system pressure to tile four cold 

l"egs of the reactor coolant system. Tile injection points are separate 

from those used by the accum~lators. The boron injection tank is the 
source of the borated water initially injected Ly the centdfugal char

ging pumps. ·This tank contains boric acid at a nominal concentration of 

12_weight percent and is nonnally isolated on both the inlet and outlet 

lines by parallel motor oper~ted gate valves .. These ~alves open upon 

receipt of a safety injection signal and the discharge from the centri

fuga 1 charging ·pumps sweeps the concentrated boric add into the reactor 

·coolant system. The safety injection signal also operutes motor oper

ated valves which transfer the suction of the centrifugal charging pumps 

from tile volume control tank to the refueling water storaye tank. 

The safety injection pumps take suction from the refueling water storage 

tank and deliver borated water to four cold legs via the accumulcitor 

discharge 1 i nes. These ·pumps develop a maximum discharge pres~ure of 

about 1520 psig at shutoff, and as a result, deliver to tile primary 

system only after its pressure is reduced below this value. Prior to 

this, tlley recirculate water back to the storage tank •. This limitation 

on discharge pressure does not significantly reduce the effectivenes.s of 

the safety injection p·umps since any break of sufficient size to require 

safety injection will reduce the coolant pressure below 1500 psig. 

In the safety injection mode the r~sidual heat re111oval pumps take suc

tion from the refueling water storage tank and deliver bor~ted water to 

the same four cold leg connections used by the safety injection purnµs, 

i.e., via the accumul_ator discharge lines. Tile residual heat removal 
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pumps deliver only when the reactor coolant system is depressurized to 
about 170 psig. 

All active components of the safety injection system which operate dur
ing the injection phase of a loss of coolant accident are located out
side .the containment system •. The centrifugal charging, safety injection 
and residual heat removal pumps discussed above are all located in the 
auxiliary building. 

Change-Over from Injection Phase.to Recirculation Phase 

The sequence, from the time of the safety. injection signal, for the 

changeover from injection to recirculation is as follows: 

1. First, containment sump level indication shows that sufficient water 
is delivered to the containment floor to provide the required net 
positive suction head (NPSH) for the residual heat removal pumps to 
change to recirculation. 

2. Second, the low level alarm on the refueling water storage tank 

sounds. The operator, at this point, takes appropriate action to 
switch over to recirculation. One spray pump continues to run until 
the refueling water storage tank is nearly empty, or until ·the spray 
additive tank is empty. 

3. Finally the low-low level alarm on the refueling water storage tank 
sounds. At this time, the operator stops the spray pump. Spraying 
is continued at this time for approximately 24 hours using the 

residual heat removal pumps pumping to the spray header located at 
the residual heat removal heat exchanger discharge. 

The changeover from injection to recirculation is effected by the 
operator in the control room via a series of manual switching opera
tions. The changeover sequence is given in Table 6.3-6. 
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Recirculation Phase o·f Opera ti on 

After the injection.operation~ water collected in the containment sump 

is cooled and returned· to the reactor cool ant system by the low hea.d/ 

high head recirculation fl ow path. The reactor cool ant system can be . . . 

supplied simultaneously from the residual heat removal pumps, and from a 

portion of the discharge from the residual heat exchange~s w~ich is. 

directed to the ch.a rgi ng pumps and safety injection pumps, which return 

the· water to the reactor cool ant system. The 1 atter mode· of opera ti on 

assures flow in the event of a small rupture where the depressuri zati on 

pr()ceeds more slowly such that the reactor cool ant system pressure is 

still in excess of the shutoff head of the residual heat removal pumps. 

at the onset of red rcul ation. 

At approximately 22. 5 hours after the switchover to cold 1 eg reci rcul a

ti on~ hot leg recirculation will be initiated to assure termination of 

boiling . 

Since the injection phase of the accident is terminated before the 

refueling water stprage tank is completely emptied, all pipes are kept 

filled with water before recirculation is initiated. Water level 

indi catiOn and al.a n:ns on th'e refueling water storage tank.inform the 

operator that ·di ffi ci ent water has been injected into the containment to 

allow iniitation of recirculation with the residual heat removal pumps 

and to provide ample warning to terminate the injection phase while.the 

operating pumps st.i 11 have adequate net positive suction head. Two 

level ·indicators'are provided in the containment sump to provide backup 

indication that injection c·an be terminated and recirculation initiated. 

Redundancy in the external recirculation loop is. provided for by the 

inclusion of duplicate charging, safety injection, and residual heat 

removal pumps. and residual heat exchangers. Inside the. containment, the 

high-pressure injection system is divided into two separate flow trains. 

For col dleg ·reci rcul ati on, the charging pumps deliver to all four cold 
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legs and the safety injection pumps also deliver to all .four cold legs 

by separate flow paths. For hot leg recirculation, each safety 

injection pump· delivers through separate paths to two reactor coolant 

1 oops. 

The 1 ow head pumps take suction through· separate 1 i nes from the contain

ment sump and diScha rge: through separate paths to the reactor coolant 

system. The sump design·provides sufficient flow area over the trash 

curb· ahead of the sump arid adequate. NPSH for the residua 1 heat remova 1 

pumps to operate in the recirculation mode. 

The low.flow velocity across the containment floor approaching the sump 

penni ts the bulk of the debris denser than water to settle to the floor 

of the containment rather than enter the sump. Perforated plates pre

vent entrance of other suspended matter of a size that could jeopardize 

the reci rcul a ti on system. A weir in the sump prevents floating debris 

from entering the sump. 

The sump isolation valves are located in small steel-lined pressure-

ti ght compartments. This arrangement contains any isolation valve 1 eak

age and assures that leakage during long term recirculation will not 

impair the integrity of the containment or recirculation system. 

The containment sump is described in Section 6.3.2.2. Special attention 

is paid to the design, .materials and fabrication of the sump, the suc

tion piping, guardpipes and isola1tion valves to provide assurance that 

the sump and piping will remain functional under the accident environ

ment and continue to provide.suction for the long term recirculation. 

A sample connection is provided in th.e residual heat removal system to 

remotely sample reci re ul &ted 1 i quid in the sample room during post-

acci dent operations. Add~ti~es ca~ be supplied to the sump through the 

existing boron makeup equipment i-f measurements-indicate the sump 1 i quid 

is outside the desired pH range of 8.5 to 10.Q. 
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6.3.2.2 Equipment and Component Description 

Th~ major components of the ECCS are: 

Accumulators 

The accumulators are pressure vessels containing borated water and pres~ 
suri zed with nitrogen ga~. · During nonnal operation, each accumulator is 

isolated from the reactor coolant system by two check valves in series. 
Should the reactor cool ant syst_em pressure fall .below the accumulator 
pressure, the check valves open a.nd borated water is forced into the 
reactor coolant system. One accumulator is attached tq each of the cold 
legs of the reactor cool ant system. -Mechanical operation of the swing 

disc _check valves is the only action required to open the i nje·Gti on path 
from the atcumulators to the core via the cold leg. 

The ·accumulators are passive engineered safety features because the gas 
fofces injection; no external source of power or signal transmissi6n is 
needed to obtain 'fast-action, high-flow capability when the need· 
arises. One ~ccumulator is attached to each of the cold legs of the 
reactor cool ant syste.m. 

The design capacity of the accumulators is based on the assumption·that 

fl ow. froni one of the accumulators spi 11 s onto the containment floor . 

through the ruptured loop' and the fl ow from the remaJ ni ng accumul at.ors 
provides sufficient water· to fill the volume nutside of the ~ore barrel 
below the nozzles, the bottom plenum, and portion of the core. This 
assumption is based on no water remaining in the vessel after blowdown 
but takes credit for the water delivered by three accumulators. All the 
effects that could cause loss of accumulator water are evaluated in. 
Chapter 15. 

The accumulators are carbon. steel, clad with stainless steel and 
designed to ASME S~ction III, Class C. Connections for remotely 
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draining or filling the fluid space, during normal plant operation, are 
provided. The accumulator design parameters are given in Table 6.3-2. 

The margin between the minimum operating pressure and design pressure 
provides a band of acceptable operating conditions within which the 
accumulator system meets its design core cooling objectives. The band 
is sufficiently wide to permit the operator to minimize the frequency of 
adjustments in the amount of contained gas or liquid to compensate for 
leakage. 

The accumulator tank pressure and level are continuously monitored dur
ing plant operation and flow from the tanks can be checked at any time 
using test lines. 

The accumulators and the safety injection piping up to the final isola
tion valve is maintained full of borated water at refueling water con
centration while the-plant is in operat~on. The accumulators and injec
tion lines will be refilled with borated water as required by using the 
safety injection pump to recirculate refueling water through the injec
tion headers. A small bypass line and a return line are provided for 
this purpose. 

Level and pressure instrumentation are provided for each accumulator 
tank. 

Boron Injection Tank 

The boron injection tank contains a nominal 12 percent by weight concen
trated boric acid solution and is connected to the discharge of the 
centrifugal charging pumps. Upon actuation of the safety injection 
signal, the centrifugal charging pumps provide the pressure to inject 
the boric acid solution into the reactor coolant system when the 
isolation valves open. 
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The boron injection tank (BIT) is maintained in a 100 percent full 
condition. Whenever the plant is at power, a recirculation path is set 
up to recirculate the BIT contents to and from the boric acid tanks • 
. since the boric acid tanks are at a higher elevation than the BIT, they 
act as a surge tank and this, along with the recirculation flow path 
(from bottom of BIT to top) e~sures that the BIT is always 100 percent 
full. The BIT is most important for the steam line· break, which is 
presented in Chapter 15. For this analysis the full contents of the 
tank are assumed to be available for injection into the reactor coolant 
system. However, the peak post accident flux is very insensitive to the 
volume of the BIT. The volume of the BIT is such that no significant 
dilution occurs from co~tinued injections during the period of the steam 
break transient (a2 min.). Therefore it is expected that a significant 
change in BIT volume would not affect the peak flux. 

In the extremely unlikely event of leakage from the system, indication 
of such leakage would b~ furnished by a falling level in the boric acid 
tanks. Level indication and low level alarms for the boric acid tanks 

are furnished in the control room • 

The normal temperature of the BIT and its associated lines is 160°F, 
with a low temperature alarm set at 155°F. The boric acid lines have 
duplicate heat trace cables, each fed from a separate vital bus. 

The boron injection tank has two temperature detectors. One provides 
heater control, control room alarm, and local indication. The other 
provides control room indication, backup heater control, and control· 
room alarm. 

The equipment employed with the boron injection tank is designed to the 
same quality standards and codes as the rest of the engineered safety 
feature~ equipment and is Seismic Class I design • 
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Refueling Water Storage Tank . 

In addition to its usual service of supplying borated water to the 

refueling canal for refueling operations, this tank provides borated 

water to the centrifugal charging pumps, safety injection pumps, 

residual heat removal pumps and the containment spray pumps for the 

1 ass-of-cool ant accident. During normal power opera ti on, storage tank 

water is valved to the suction of the safety injection pumps, residual 

heat removal pumps and containment spray pumps. The suction of the 

charging pumps is automatically valved to the storage tank by a safety 

injection signal. 

The minimum quantity of the refueling water storage tank is -350 ,000 

gallons and is based on tile requirement for filling the refueling 

canal. This volume also provides a sufficient amount of borated water 

to meet the following conditions: 

1. Adequate volume during the injection phase to meet ECCS design 

objective. 

2. Increase the concentration of recirculation water to a point that 

assures no return to criticality with the reactor at cold shutdown 

and all control rods, except the most reactive r.od cluster control 

assembly, inserted into the core. 

3. Fill the containment sump to permit the initiation of recirculation. 

4. Fulfi.11 spray requirements. 

The water in the tank is borated to a concentration which assures 

reactor shutdown by approximately 10 percent !1k/k when al 1. rod cluster 

control assemblies are inserted and when the reactor is cooled down for 

refueling. 
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The design parameters are presented in Table 6.3-4 • 

The refueling water storge tank is classified Class I for seismic 
design. This requires that there will be no loss of function or spil-
l age of its contents for 1 oads from b10 times the design earthquake when 
combined with the normal loads. The effect of water sloshing within the 

tank is considered in determining the seismic loads. 

Compressive stresses in the shell of the tank are limited by allowable 
buckling stresses, determined in a manner similar to Paragraph I-1150 of 

the ASME Code, Section III. 

The tank is provided with a high level alarm and the overflow line is 

piped to the diked area around the No. 13 eves holdup tank, from where 

any overflow can be pumped to the liquid waste disposal system. The 
overflow line includes a collection pot which is also provided with a 
high level alarm. Both alarms are indicated in the control room. 

Anti-vortex plates are installed in the containment spray suction line 
from the RWST. Verification of vortex control in the containment sump 

is discussed in Section 6.3.2.6 and 6.3.4.4. 

,, 
The temperature of the water in the refueling water storage tank is 
prevented from dropping below 32°F by automatic initiation of a 
circulating and heating system which draws water from the tank through 
the safety injection system suction pipe and the containment spray 
system suction pipe. The water is then pumped through a heat exchanger 

located in the auxiliary building and enters the tank via the return 
line from the refueling water purification pump. Thus, the water in the 

tank and the water in the connecting piping is heated and circulated. 

The 1nstrumentation which actuates the heati~g syste~ senses the temper
ature in the safety injection system suction pipe. This temperature and 
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the temperature of the return water are monitored and alarmed in the 
control room •. The system has .provisi.on ·for: local manual actJ1ation •. 

Electrical heat tracing is provided for the instrument connections to 
the tank and for that portion of the tank drain piping which could 
otherwise freeze. Thermal insulation is also provided for the exposed 
piping. 

Valves 1SJ30 and 1SJ69 (in the RWST suction line to the ECCS pumps) are 
provided with the same type of redundant positon indication as the 
accumulator discharge valves, described in Section 6.3.2.15. 

Residual Heat Removal Pumps 

The two residual heat removal pumps are vertical electric motor driven 

single stage pumps. All parts of the pump in contact with the pumped 
fluid are stainless steel or of equivalent corrosion resistant material • 

A minimum flow bypass line is provided for the pumps to recirculate 
through the residual heat exchangers and return the cooled fluid to the 
pump suction should these pumps be started with their normal flow paths 
blocked. Once flow is established to the reactor coolant system, the 
bypass line is automatically closed~ This line prevents deadheading the 
pumps and permits pump testing during normal operation. 

Centrifugal Charging Pump 

The two centrifugal charging pumps are horizontal electric motor driven 
multi-stage pumps. All parts of the pump in contact with the pumped 
fluid are stainless steel or equivalent corrosion resistant material. 
Mini flow protection is provided during ECCS operation. 

Safety Injection Pump 

The two safety injection pumps are horizontal electric motor driven 
multistage pumps. All parts of the pump in contact with the pumped 
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fluid are stainless steel or equivalent corrosion resistant material. A 

mfoiinum flow bypass ·line is provided on each pump discharge to recircu

late flow to the refueling water. storage tank in the event that the 

reactor coolant system pressure is above the shutoff head of the pumps. · 

A 100 gpm test. line is provided i.n parallel to the. mini~flow line. This 

line is used for inservice testing and is locked out at other times. 

Pump Design, Materials and Fabrication 

The pressure containing parts of the pumps are stainless steel castings 

confonning to ASTM A-351 Grade CF8 or CF8M, stainless steel forgings 

frocured per ASTM A-182 Grade F304 and F316, or Carbon Steel forg1 ngs to 

_ASTM A-181, Grade 1, clad with austenitic steel. Parts fabricated of 

stainless plate are constructed to ASTM A-240, _Type 304 or.316. ·All 

bolting material conforms to ASTM A-192. 

Materials such as weld-deposited Stellite or Colomony are used at points 

of close running cleara.nces in the pumps to prevent galling and to 

ensure continued perfonnance ability in high velocity areas subject to 

erosion. In other cases wear points are of ASTM A-420 Grade stainless 

steel, heat treated to give the required anti-galling properties. 

All pressure containing parts of the pumps are chemically a·nd phy_sically 

analyzed and the results are checked to assure confonnance with the 

applicable ASTM specifjcation. In addition, all pressure containing 

·parts· of the pump ar~ 1 i quid penetrant inspected in accordance.with 

Appendix VIII of Section VIII of the ASf'IE Code. The acceptance.standard 

for the liquid penetrant test is the ASfv'E Pump and Valve Code. 

Pump design is reviewed with special attention to.the reliabil~ty and 

mai nt_enance aspects of the working components. Specific areas inc 1 ude 

evaluation of the shaft seal and bearing design to determine that they 

are. adequate for the specified service • 
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Where welding of pressure containing parts is necessary, a welding pro

cedure including joint detail is submitted for review.and approval by 

Westinghouse. 

This procedure includes evidence of qualification necessary for com

pliance with Section IX of the ASM:: Code Welding Qualifications. This 

requirements also applies to any repair welding perfonned on pressure 

contai ni rig parts. 

The pressure-containing parts of the pump were assembled and hydro

statically tested to 1.5 times the design pressure for 30 minutes. 

Each pump was given a complete shop performance test in accordcance with 

Hydraulic Institute Standards. The pumps were run at design flow and 

head, shut-off head and three additional points to verify perfonnance 

characteristics. Where NPSH is critical, this value is established at 

design flow by means of adjusting suction pressure. 

A qualitative analysis shows that any flooding resulting from a leak in 

one pumping train will not incapacitate the redundant pump. 

Heat Exchangers 

The two residual heat exchangers of the residual heat removal system 

cool the recirculated st.imp water. These heat exchangers are sized for 

the cooldown of the reactor coolant system. The design parameters of 

the heat exchangers are presented in Section 5.5. 

The residual heat exchangers are designed to the ASf.E Code,_ and to con

fonn to the requirements of TEMA (Tubular Exchanger Manufacturers Asso

ciation) for Class R heat exchangers. 

Additional design and inspection provisions include: ·confined-type 

gaskets, general construction and mounting brackets suitable for the 
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pla·nt seismic design requirements, tubes and tube sheet capable of with

standing full shell side pressure and temperature with atmospheric pres-
. . 

sure on the tube side, radiographic inspection in accordance with 

Sections UW-11, UW'-12-b and UW52 of ASfvE Section VIII, ultrasonic 

inspection in accordance with Pa rag rap h N-324. 3 of Sec ti on I II of the 

ASM: Code of all · tube.s before bending, penetrant inspection in accor ... 

dance with Paragraph N-~27 of Section III of the ASM: Code ·of all welds 

and all hot or cold fanned ·parts,. a hydrostatic test duration of not 

less than 3.0 minutes, the witnessing of hydro an~ penetrant tests by a 

qualified insp~ctor,, a thorough final inspection of the unit.for work

manship a·nd the absence of any gouge marks or other scars that could act 

as stress concentration points, a review of the radiographs and of the 

certified chemical and physical test reports for all materi.al used in 

the unit. 

The residual heat exchangers are convential vertical shell and U-tube 

type units.· The tubes· are seal welded to the tube sheet. The shell 

connections ar.e flanged to facilitate shell removal for inspection and 

cleaning of the tube bundle. Each unit has a SA 515GR70 carbon steel 

she 11, SA-213 TP-.304. stainless stee 1 tubes, SA"'.'"240 Type 304 stainless 

steel channel, SA--240 Type 304 stai;nless steel channel cover and a tube 

sheet of forged steel SA-105 GR.III with 1/4 inch min.i,mum TP-304 weld 

overlay. 

Va·lves (General) 

Design features employed to minimize valve 'leakage include: 

1. Where possible, packless valves are used. 

2. Other valves which.are normally open, except valves and those whfch 

perform a control function, are provided with backseats to limit 

stem leakage • 
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3. Norina:lly closed globe valves are installed with recirculation fluid • 

pressure under the seat to prevent stem leakage of recirculated 
(radioactive) water. 

4. Relief valves are enclosed, i.e., they are provided with a closed 

bonnet and discharge to a closed system. 

5. Control and motor operated valves (3 inches and above) exposed to 

recirculation flow have double packed stuffing boxes and stem leak

off connections to the waste processing system. 

All parts of valves used in the safety injection system in contact with 

borated water are austenitic stainless steel or equivalent corrosion 

resistant material. The motor operators on the injection line isolation 

valves are capable of rapid operation. All valves required for initia

tion of safety injection or isolation of the system have remote limit 

position indication in the control room. 

Valving is specified for exceptional tightness and, where appropriate, 

packless diaphragm valves are used. All valves, except those which 

perform a control function, are provided with backseats which are capa

ble of limiting leakage to less than 1.0 cc per hour per inch of stem 

diameter, assuming no credit taken for valve packing. Those valves 

which are normally open are backseated. Nonnally closed globe valves 

are installed with recirculation flow under the seat to .prevent leakage 

of recirculated water through the valve stem packing. Relief valves 

discharge to an enclosed system. Control and motor-operated valves, 2 

inches and above, which are exposed to recirculation, are provided with 

double-packed stuffing boxes and stem leakoff connections which are 

piped to the equipment drain system. 

The check valves which isolate the ECCS from the reactor coolant system 

are installed near the reactor coolant piping to reduce .the probability 

of an injection line rupture causing a loss-of-coolant accident. 
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Portions of the ECCS piping are protected by relief valves. The reliev

ing capacity of these valves is based on a flow several times g,reater 

than the expected leakage rate through the check valves •. The valves 

relieve to the pressurizer relief tank. 

The residual .he.at removal· system is protected by four relief valves: 

one· on the header from the RCS to the pumps, two on the cold leg i njec-: 

ti on headers, and one. on the hot leg return header. 

These valves discharge to the pressurizer relief tank. 

The gas relief .valves on the accumulators protect them from pressures in 

excess of the design value. 

Motor Operated Valves 

The pressure containing parts (body, bonnet and discs) of the motor

operated valves employed in the safety injection system are designed per 

criteria established by the ANSI Bl6.5 or MSS SP66 specifications. The 

materials of construction for these parts are procured per ASTM Al82, 

F316 or A351, GR CF8M, or CF8, All material in contact with the primary 

fluid, except the packing, is austenitic stainless steel or equivalent 

corrosion resisting materi.ai. · The pressure containing cast compo~ents 

are radi ograp hed in accordance with ASTM, E-·94 and the acceptance stan

dard as outlined in ASTM E-71. The body, bonnet and discs are liquid 

penetrant inspected in accordance with ASME Pump and Valve Code. The.· 

liquid penet~ant acceptable standard as outlined ·in.the ASME Pump and 

Valve Code. · 

When a gasket is employed the body-:to:...bonnet joint is designed per ASfvE 

Code Section VIII and/or ANSI Bl6.5 with a fully trapped, controlled 

compression, spiral wo.und asbestos gasket with provisions for seal weld-
. . 

ing, or of th~ press·ure seal design with provisions for seal welding. 

The body-to-bonnet bolting and nut materials are procured per ASTM Al93 

and Al94, respectively . 
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The entire assembled unit is hydrotested as outlines in MSS SP-61 with 

the exception that the test is maintained for a minimum period of 30 

minutes. Any leakage is cause for rejection. The seating design is of 

the Darling parallel disc design, the Crane flexible wedge design, or 

the equivalent. These de.signs have the feature of releasing the mechan

ical holding force during the first increment of travel. Thus, the 

motor operator has to work only against the frictional component of the 

hydraulic unbalance on the disc and the packing box friction. The discs 

are guided throughout the full disc travel to prevent chattering and 

provide ease of gate movement. The seating surfaces are hard faced 

(Stellite No. 6 or equivalent) to prevent galling and reduce wear. 

The stem material is ASTM A276 Type 316 condition B or precipitation 

hardened 17-4 PH stainless procured and heat treated to Westinghouse 

Specifications. These materials are selected because of their corrosion 

resistance, high tensile properties, and their resistance to surface 

scoring by the packing. The valve stuffing box of motor-operated valves 

having leakoff is designed with a lantern ring leak-off connection with 

a minimum of a full set of packing below the lantern ring; a full set of 

packing is defined as a depth of packing equal to 1-1/2 times the stem 

diameter. The experience with this stuffing box design and the selec

tion of packing and stem materials have been very favorable in both 

conventional and nuclear power plants. 

The motor operator is extremely rugged and is noted throughout the power 

industry for its reliability. The unit incorporates a "hammer blow" 

feature that allows the motor to impact the discs away from the fore or 

backseat upon opening or closing. This "hammer blow" feature not only 

impacts the disc but allows the motor to attain its operational speed. 

Each valve ls assembled, hydrostatically tested, seat-leakage tested 

(fore and back), operationally tested, cleaned and packaged per speci

fications. All manufacturing procedures employed by the valve supplier 

such as hard facing, welding, repair welding and testing are submitted 

to Westinghouse for approval. · 
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For fast operated valves up to and including 8 inches, 10 second maximum 
operators are provided. For all fast operated valves above 8 inches the 
operating speed is 49 inches/minute. For slow operators 12 inches/ 
minute is specified, for valves up to and including 8 inches. For all 
slow valves above 8 inches, 120 second maximum closing time is specified. 

Manual Valves 

The stainless steel manual globe, gate and check valves are designed and 
built in accordance with the requirements outlined in the motor operated 
valve description above. 

The carbon steel valves are built to conform with ANSI Bl6.5. The mate

rials of construction of the body, bonnet and disc conform to the 
requirements of ASTM A105 Grade II, Al81 Grade II or A216 Grade WCB or 
wee. The carbon steel valves pass only non-radioactive fluids and are 
subjected to hydrostatic test as outlined in MSS SP61 except that the 
test pressure is maintained for at least 30 minutes. Since the fluid 
controlled by the carbon steel valves is not radioactive, the double 
packing and seal weld provisions are not provided. 

Accumulator Check Valves 

The pressure containing parts of this valve assembly are designed in 
accordance with ASME B and PV Code, Section III, 1968. All parts in 
contact with the operating fluid are of austenitic stainless steel or of 

equivalent corrosion resistant materials procured to applicable ASTM or 
WAPD specifications. The cast pressure-containing parts are radio
graphed in accordance with ASTM E-94 and the acceptance standard as 
outlined in ASTM E-71. The cast pressure-containing parts, machined 
surfaces, finished hard facings, and gasket bearing surfaces are liquid 
penetrant inspected per ASME Pump and Valve Code and the acceptance 
standard is as outlined in the ASME Pump and Valve Code. The final 
valve is hydrotested per MSS SP-66 except that the test pressure is 
maintained for at least 30 minutes. The seat leakage test is conducted 

SGS-UFSAR 

ll29Q: l 

6.3-23 ·Revision 3 
July 22, 1984 



in accordance with the manner prescribed in MSS SP-61 except that the 
acceptable leakage is 3cc/hr/in, nominal pipe diameter .• 

The valve is desiyned with a low pressure drop configuration with all 
operating parts contained withjn the body, which eliminates those prob
lems associated with packing glands ·exposed to boric acid. The clapper 
arm shaft is manufactured from 17-4 PH stainless steel heat treated to 
Westinghouse Specifications. The clapper arm shaft bushings are manu
factured from Stellite No. 6 material. The various working parts are 
selected for their corrosion resistant, tensile and bearing properties. 

The disc and seat rings are manufactured from a forging. The mating 
surfaces are hard faced with Stellite No. 6 to impr6ve the valve seating 
life. The disc is permitted to rotate, providing a new seating surface 
after each valve opening. 

The valves are intended to be operated in the closed position with a 

normal differential pressure across the disc of approximately 1600 psi. 
The valves shall remain in this position except for testing and safety 

injection. Since the valves will not be required to normally operate in 
the open condition and hence be subjected to impact loads caused by 

sudden flow reversal, it is expected that these valves will perform 
their required functions without difficulty. 

When the valve is required to operate, a differential pressure of less 
than 25 psig will shear any particles that may otherwise prevent the 
valve from funtioning. Although the working parts are exposed to the 
boric acid solution contained within the reactor coolant loop, a boric 
acid "freeze up" is not expected with the low boric acid concentrations 
used. 

The experience derived from the check valves employed in the emergency 
injection system of the Caroline - Virginia Tube Reactor (CVTR) in a 
similar system indicates that the system is reliable and workable. 
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The C.VTR emergency injection system, nonnally maintained at confainment . ' .. 
ambient conditions was separated from the main coolant piping by° a 

single 6 inch check valve. A leak detection was provided at a proper 

elevation to accumulate any leakage coming back through the check valve 

and level alann provided a signal on excessive leakage. The p_ressure· 

differential was 1500 psi· and the system was stagnant. The valve was 

located 2 to 3 feet.from the main coolant piping which resulted in some 

heatup and cooldown cycling. The.CVTR went critical late in 1963 and 

operated until 1967 during which time the level sensor in the leak 

detector never alarmed due to check valve leakage. 

Relief Valves 

The accumulator relief valves are sized to pass ~itrogen gas at a range 
. . 

in exce.ss of the accumulator gas fill line delivery rate. The relief 

valves will also pass water in excess of th•~ expected leak rate,· but 

this is not necessary because the time requ'led to fi 11 the gas space 

gives the operator ample opportunity to correct the situation. For an 

i nleakage rate 15 times the manufacturing test rate, there wi 11 be in 

excess of 1000 days before water will reach the relief valves. Prior to 

this., ·level and pressure alarms would have been actuated. 

The ECCS relief valves are provided to relieve any pressure, above 

design, that migbt build up in the safety injection piping. The valve 

will pa~s a flow rate which is far in excess of the manufaturing design 

leak rate rif 24 cc/hr. 

Valve Leakage Specifications 

The specified leakage acro.ss the valve disc required to meet the equip

ment specification and hydrotest requirements is as follows: 

1. Conventional globe - 3 cc/hr/in. of nominal pipe sizes 

2. Gate valves - 3 cc/hr/in. of nominal pipe size; 10 cc/hr/in for 300 

and 150 pound ANSI .standard 
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3. Motor-operated gate valves - 3 cc/hr/in. of nominal pipe size; 10 
cc/hr/in for 300 and 150 pound ANSI Standard 

4. Check valves - 3 cc/hr/in. of nominal pipe size; 10 cc/hr/in for 300 

and 150 pound ANSI Standard 

:5. Accumulator check valves - 3 cc/hr/in. of nominal pipe size 

Piping 

All ECCS piping in contact with borated water is austenitic stainless 

steel. All major piping joints are welded except for the flanged con

nections at pumps. 

The piping beyond the accumulator stop valves is designed for reactor 

coolant system conditions. 

The safety injection pump suction piping from the refueling water stor

age tank is designed for low pressure losses to met net positive suction 

head requirement of the pumps. 

The safety injection high pressure branch lines are designed for high 

pressure losses to limit the flow rate out of the branch line in the 

event of rupture at the connection to the reactor coolant loop. The 

branch lies are sized so that a break will not result in a violation of 

the design criteria for the ECCS. 

The p1 ping is designed to meet the requirements set forth in (1) the · 

ANSI 831.1 Code for Pressure Piping, (2) ANSI Standards 836.10 and 

836.19, and (3) ASTM Standards. 

Pipe fittings materials are proc-ured-i-n-conformance with all require

ments of the late st ASTM and ANSI specifications. A 11 materials a re 

verified for conformance to specifications and documented by certifica

tion of compliance to ASTM-material requirements. Speci.fications impose 
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additional quality control upon the suppliers of pipes and fittings as 

l i sted below. 

. . 
1. Check analyses are perfonned on both the purchased pipe and fittings. 

2. Pipe branch lines between the. reactor coolant pipes and the iso'la

tion stop valves confonn to ASTM A376 and meet the supplementary 

·. requirement S6 covering an ultrasonic test, on 100 percent of the 

pipe wall volume. The S6 supplementary requirement applies to pipes 

of·nominal sizes 3 inches and larger. 

3. Pipe fittings in the branch lines between the reactor coolant pipes 

and th~ isolation stop valves confonn to the requirements of ASTM 

A403; all· fittings have requirements for liquid penetrant examina
tion.· · 

Shop fabriCati on of piping subassembl i es is performed by reputable sup

p Hers.in accordance with specificatibns which define .and govern mate

rial procureme.nt, detailed design, shop fabrication, cleaning, inspec

tion, identification, packagi~g and shipment. 

Welds for pipes sized 2-1/2 inches and larger are of the full penetra

tion type. Reducing tees are used where the branch size exceeds 1/2 of 

the header size. All welding is performed by welders and welding proce

dures qualified in accordance with the ASr.E Code Section IX, Welding 

Qual ificati ans. 

All high pressure piping butt welds containing radioactive·fluid; at 

greater th.an 600°F temperatu~e and 600 psig pressure or equivalent, are 

radiographed~ The remaining piping butt welds are randomly radio

graphed. The technique and acceptance standards are those outlined jn 

Appendix B of ANSI 831. 7. In addition, butt welds are liquid penetrant 

examined in accordance with the procedures of Appendix B of ANSI 831. 7. 

Fini shed branch welds are 1 i quid penetrant examined on the outside and 

where size permits, on the inside root surf aces • 
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A post-bending' solution -~nn~al heat treatment is pefonned on hot-fonned • 

stainless steel pipe bends. Completed bends are then completely cleaned 

of oxidation from all affected surfaces. The shop fabricator is 

required to submit the bending, heat treatment and clean-up procedures 

for review and approval prior to release for fabrication. 

General cleaning of completed piping subassemblies (inside and outside 

s1,.1rfaces) is governed by basic ground rules set forth in the specifica:

ti ons. 

Packaging of the piping subassemblies for shipment is done so as to 

preclude damage during transit and storage. Openings are closed and 

sealed with tight-fitting covers to prevent entry of moisture and 

foreign material. Flange facings and weld end preparations are pro

tected from damage by means of wooden cover plates and securely fastened 

in position. The packing arrangement proposed by the Shop Fabricator is 

subject to approval. 

Pump and Valve Motors 

ECCS pump motors are used on the following pumps: 

1. Centrifugal Charging 

2. Safety Injection 

3. Residual Heat Removal 

The motors are designed in accordance with the National Electric Manu

facturers A ssoci ati on Standards ( NEMA}. These standards are used by the 

industry and provide requirements for construction, test, perfonnance 

and manufacture of alternating current and direct current motors and 

generators, that by experience demonstrate a high quality level. (f\EMA, 

Standard Publication for Motors and Generators, No. MG 1-1967.). 
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ECCS motors are specified to an Equipment Spec~fication ·and. the fol- . 
;. l_owing design classifications: 

1. Drip Proof Enclosure 

2. Class B Insulation System 

3. Service Facto_r Rating of 1.15 

-4. 80 percent starting voltage capability. 

The integrity of the i nsul ati on system is considered of prime impor

tance. To assure this integrity motors are sized such that NEMA tem

perature limits for the service factor rating of the motor are not 

exceeded. (t£MI\ MG 1-12.42). 

Table 6.3-7 shows sy.stem parameters and brake horsepower for both normal 

and accident conditions. The brake horsepower requirements a re well 

below t£MA hor.sepower ratings, these motors will operate below the tem

perature limits as specified by NEMA. MG 1-12.42. Further, complete 

engineering tests are performed on all prototype motor frame sizes to 

,. confirm design calculations. 

; . I. . ' 

Motors Outside the Containment 

·Motor electrical insulation systems are supplied in accordance with 

USAS, IEEE and NEMA standards and are tested as required by such stan

dards~ Temperature rise design selection is such that normal long life 

is achieved even under accident loading conditions. 

Criteria for motors of the ECCS require that under normal plant operat

ing conditions the motors operate below the'ir nameplate rated horse

power, i.e., below a 1.0 service factor. For no other anticipated 

operating mode including safeguards operation, do the motors exceed the 

·maximum rating allowed by the nameplate, including their specified 1.15. 

service factor. 
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Motors Inside the Containment (Valve Motor Operators) 

Tests which demonstrate the adequacy of valve motor operators to be 
functional after exposure to high temperatures, pressures, and radia

tion, have been conducted. The results of the tests a re confi nned in 
Reference 1. 

Containment Sump 

The physical arrangement of the containment sump is shown in Figure 

6.3-2. All water entering the containment sump will have been strained 

either by the drain trench covers (which have 3/16 inch diameter holes 

drilled in them), by the floor drain gratings, or by the la rye inverted 

basket-type strainer installed on the containment sump cover (see Figure 

6.3-3). An anti-vortex baffle minimizes the possibility of pump 

cavitation through optimal placement based on model tests (2). 

The sump design differs from Regulatory Guide 1-82 in the following ways: 

1. The small drainage sump for collecting and monitoring nonnal leakage . . 

within the containment is at the same location as the RHR sump. The 

liquid radwaste and RHR systems share a common sump. A weir plate 

is installed to isolate nonnal drainage from the RHR pump suction. 

2. The majority of containment sump screening consists of two-level 
horizontal screens. 

Blockage of drains and containment sump screens will not be caused by 

circulation materials following an accident. Because of the structural 
nature of the insulation, large quantities of this material would not be 

dislodged from pipes in which breaks could occur or from surrounding 

pipes due to jet impingement. Reflective, totally encapsulated, and 

semi-encapsulated materials are designed to withstand severe loadings. 

Only the material directly adjacent to a high energy pipe break would be 

dislodged from the pipe. Although material directly in the path of a 
jet stream may become saturated, the lagging or strapping system will 
keep· it on a·ll insulated surfaces. 
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The following is a summary of insulation materials used inside con-
·~ tainment: 

• 

• 

Reflective: 

E neap sul ated: 

This is an all-metallic stainless steel insula

tion. Seven foil stainless sheets ~re rigidly 
secured within a heavy gauge metal housing. This 
material is used on the reactor coolant system. 

This is a ceramic fiber insulation "cera-blanket" 
totally enclosed in a rigid stainless steel struc
ture. This material is used on the ECCS piping and 
equipment in the containment. 

Semi-Encapsulated: ·This application of "cera-blanket11 insulation uti

lizes an outer heavy gauge stainless steel surface 
with an interior surface of formed stainless steel 
foil or heavy gauge stainless steel cha~nels and 
straps (panel insulation). Foil-enclosed insula
tion is used for heat retention on Nuclear Class 
III piping and equipment while panel insulation is 
used on the steam generators. 

Min "K": 

Fiberglass: 

SGS-UFSAR 

This is a high-efficiency powder-like insulation·:· 
totally enclosed in stainless steel. Small amounts 

of this insulation are used on the RCS where physi

cal arrangement does not permit the use of thicker 

reflective insulation. 

This is a fibrous i nsul ati on covered by stainless 
steel and a vapor barrier used to· prevent sweating 
of cold water systems (component cooling and ser
vice water) • 
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Calcium Silicate: 

Mineral Wool: 

This rigid solid insulation is used on straight 

portions of the feedwater and main steam systems. 

This material is also covered with stainless 

steel. Welds in these systems are covered with 

encapsulated insulation. 

This fibrous insulation is applied to the lower 

34-feet of the containment liner and is also 

covered with stainless steel lagging and a vapor 

barrier. 

6.3.2.3 Applicable Codes and Classifications 

The codes and standards to which the individual ECCS components are 

designed are· listed in Table 6.3-1 

6.3.2.4 Materials Specification and Compatibility 

• 

Materials are selected to meet the applicable material requirements of ·• 

the codes in Table 6.3-1 and the following additional requirements: 

1. A 11 parts of components in contact with borated water are fabricated 

of or clad. with austenitic stainless steel or equivalent corrosion 

resistant material. 

2. All parts of components in contact (internal) with sump solution 

during recirculation are fabricated of austenitic stainless steel or 

equivalent corrosion resistant material. 

3. Valve seating surfaces are hard faced with Stellite Number 6 or 

equivalent to prevent galling and to reduce wear. 

4. Valve stem materials are selected for their corrosion resistance, 

high tensile properties, and resistance to surface scoring by the 
packing. 
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The elevated temperature of the sump solution during recirculation is 
well within the design temperature of all ECCS components. In addition, 

· consideration has been given to the potential for corrosion of various 
types of metals exposed to the fluid conditions prevalent immediately 

after the accident or during long term recirculation operations. 

6.3.2.5 Design Pressures and Temperatures 

The component design.pressure and temperatures are given in Tables 6.3-2 

through 6.3-5. These pressure and temperature conditions are specified 

as·the most severe conditions to which each component is exposed during 

either normal plant operation or during operation of the ECCS. For each 

component, these conditions are considered in relation to the code to 
which it is designed. ·By designing the components in accordance with 

applicable codes and with due consideration for the design and operating 

cond·iti ons, the fundamental assurance of the structural integrity of the 
ECCS components i~ maintained. 

·• 6.3.2 .• 6 Coolant Quantity 

• 

The minimum storage volume for the accumulators is given in Table 

6.3-2. The total volume of the RWST is 400,000 gallons. At the minimum 

volume permitted by the Technical Specifications (364,500 gallons) 

approximately 334,500 gallons are available to .the ECCS pumps (As noted 

below there is an unusable volume of 15,50.0 gailons in the RWST). 

The amount of water injected into the core during a postulated LOCA must 

be of sufficient quantity to provide core cooling and adequate RHR pump 

NPSH in the containment sump. 193,000 gallons of RWST volume is 

required to meet. these requirements. In order for this volume of water 

to be available for injection, additional water volume must be provided 
for the following reasons: 
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Instrumentation Errors 

An incremental volume is necessary to account for the accuracy of the 

instruments which measure and display RWST level. The design error for 

each train of instrumentation is -2:_1.1 percent. However, for the purpose 

of conser.vati sm, a -2:_2.5 percent (of full scale) instrument error was 

assumed in the analysis. This error requires an additional 10,500 gal
lons of required capacity. 

Working A 11 owance 

. An allowance above the required capacity of 364,500 gallons is necessary 

to prevent alanns under static conditions. A nominal 10,500 gallons 

over and above the design capacity is desired for this margin. 

Transf~r A 11 owance 

Additional water is required to accommodate the delay time associated 

with. the transfer of the ECCS pump suctions from the RWST to the con

tainment sump. The required actions along with the volume of water used 

during each step of the procedure are described and analyzed in Table 

6.3-8. ·.The result is that approximately 73,000 gallons are required for 
transfer. 

Single Failure Allowance 

The most limiting single failure with respect to tank capacity results 

if the control room operator is unable to trip one RHR pump. Conse

quently, the pump draws 1,11ater from the RWST for an extended period. The 
effect of this failure is analyzed in Table 6.3-8. 

The single failure allowance is the difference in volume between the 

normal transfer allowance and the single failure transfer allowance 

(both are computed in Table 6.3-8); the difference amourrts.to approxi
mately 30,500 gallons. 
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Unusable Volume 

Once the inlet of the pump suction pipes are reached, the pumps are 
assumed to lose suction. The ref ore, any remaining water in the RWST is 
considered unusable. This· amount is 15,500 gallons. 

The RWST low-level alarm setpoint is at 150~500 gallons of tank volume. 

At this time, approxim~tely i35,000 gallons are available to the ECCS 
pumps. 

The low-low Jevel setpoint is at 21,200 gallons of tank volume. At this 

volume, approximately 5,700 gallons are available to the pumps. 

The switchover from injection to reci rcul ati on begins when the RWST 

reaches its low-level setpoint. Assuming a conservative switchover time 
of 13 minutes, the volume of water used during the process is approxi

mately 73,000 gallons, leaving approximately 62,000 gallons of water in 
the tank. Of the remaining amount, approximately 46,500 gallons is 
still usable. 

The worst single· failure which relates to RWST operation is defined as 

one which reduces the amount of time available·to complete the change

over from injection to recirculation. The most limiting fac.tor would be 

the inability to trip one· RHR pump. This would increase the amount of 

water drawn from the RWST during the process of changeover from injec- .· 

tion to recirculation by an amount corresponding to the flow rate of one 
RHR pump (see Table 6.3-8). 

Total lack of operator response to the RWST low-level alarm is not con-

~ sidered to be a credible event. At least two licensed operators are 

present in the control room at all times which minimizes the possibility 

of the low-level alarm being completely 1gnored. To protect against low 

level alarm annunciator failure, a backup low level alarm is provided at 
119,000 gallons. Th1s set point allows the injection recirculation 
changeover to be completed prior to depleting the RWST. In addition, 
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operator training for mitigating a LOCA includes the necessary awareness 
of RWST level. A 1 so, the emergency instruction pertaining to the event 

· specifically calls for observation of the RWST level so that the change

over from injection to recirculation may begin at the proper time. 

At the·time R~ST low-level is reached and assuming 2 minutes are 

required to trip the necessary pumps, there are 26 minutes available to 

switch from injection to recirculation. Experience gained through simu

l_ator training indicates that all the remaining functions that are 

re qui red in the switchover procedure can be completed in approximately 
11 minutes. 

A 1 arge break LOCA is the most 1 imi.ti ng event from the standpoint of 

RWST draw·down time since the flow rates experienced for this event 

would be much greater than for a small break LOCA. 

The functions that must be performed during the switchover procedure are 
described and analyzed in Section .6.3.2.1 and in Tables 6.3-6 and 

6.3-8. The entire switchover process involves nine steps and will take 
approximately 13 minutes. 

The control room is arranged in a manner which expedites completion of 

the switchover procedure. The controls for the required equipment are 

installed on the control console in close proximity to each other in 

order to facilitate operator actions. A 11 of the indicati.ons are 

mounted in plain view such that valve positions, RWST level, and equip
ment· operating status is easily observed. 

It is therefore concluded that adequate time is available for the injec

tion-to-recirculation switchover process prior to receiving an RWST 
low-low level alarm. 

ECCS operation was tested after system installation was completed. As a 

part of the_ test, the ECCS pumps were run with the RWST level below the 

low-level setpoint. No evidence of vortexing appeared during the test • 
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Under postulated LOCA conditions, both RHR pumps and one containment spray 
pump would be tripped when the RWST reaches its low-level setpoint. The 
charging and safety injection pumps are taken off, RWST suction during the 
process of changeover from injection to recirculation. Consequently, no 
air entrapment is expected to occur in these pumps. 

6.3.2.7 Pump Characteristics 

Pump performance curves for the Residual Heat Removal are shown in Figure 
6.3-4. 

6.3.2.8 Heat Exchanger Characteristics 

Residual heat exchanger characteristics presented in Section 5.5. 

6.3.2.9 Emergency Core Cooling System Flow Diagrams 

An ECCS flow diagram is given in Figures 6.3-lA and B . 

6.3.2.10 Relief Valves 

The ECCS relief valve capacities and leak rates are given in Section 
6.3.2.2. 

6.3.2.11 System Reliability 

Specific design features of the ECCS to assure its ability to meet single 
failures include: 

· 1. Inclusion of two charging pumps in the injection system which 
deliver into the four cold legs through 1.5 inch diameter lines. 
Accumulator injection into the cold legs employ completely 
independent piping and connections from the charging pumps. The two 
charging pumps will supply recirculation flow from the containment 
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sump (via the residual heat removal pump discharge/charging pump 

suction cross tie) to the four cold legs through the same line. 

2. Location of the boron injection tank in the discharge of the charg

ing pumps. This, together with the coid leg connections, provides 

early delivery of the highly concentrated boric acid solution. 

3. Inclusion of two safety injection pumps in the injection system 

which delivers to four cold leg injection points via the accumulator 

discharge lines during the injection phase and initial portion of 

the recirculation phase. Later in the recirculation phase of opera

tion, flow from each of these pumps will be directed via a separate 

4 inch header to two 'hot leg injection points in order that subcool

ing of the core can be completed. Redundant headers are provided 

for this phase of opera ti on to assure at least one pump can deliver 

even in the case of a passive failure in one line. During recircu

lation operation, the safety injection pumps (as well as the charg

ing pumps inenti oned previously} take suction from the reci rcul ati ori 

sump vi a the RHR pump discharge or safety injection/centrifugal 

charging pump suction cross tie. This cross tie connection from the 

suction of the charging to the suction of the safety injection pumps 

assures that during reci re ul ati on with either a passive or an active 

failure, at least one charging and one safety injection pump or two 

safety injection or two charging pumps will deliver. 

4. Inclusion of two residual heat removal pumps in the injection system 

which delivers to four cold leg injection points (one on each loop) 

via the accumulator discharge lines duri·ng the injection phase and 

initial portion of the recirculation phase of o'peration. ·During 

recirc.ulation the RHR pumps taking suction from the recirculation 

sump also provide flow to the suction of the charging and safety 

injection pumps. Later in the recirculation period, the injection 

fl ow provided directly by the RHR pumps wi 11 be redirected from the 

cold legs to four hot leg connections in order to complete subcool-
i ng of the core. 
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Thus injection flow of borated water from the refueling water stor

age tank is provided to all four reactor coolant system (RCS) cold 

legs from the three pumping systems. During the recirculation phase 

of the accident all three pumping systems are capable of providing 

recirculation sump fluid flow to all four cold legs with the low 

head pumps (RHR) providing flow to the high head pumps (safety 

injection and charging pumps). The capability of long tenn recircu

lation flow to the RCS hot legs is provided from both the residual 

heat removal and the safety injection pumps. 

Failure Analysis 

Separate single failure analysis were performed for both the injection 

and recirculation phases of an accident. Two basic types of failure 

were considered: 

1. Active failure, which is defined as the inability of any single 

dynamic component or instrument to perform its design function when 

called upon to do so by the proper actuation signal. Such functions 

include change of position of a valve or electrical breaker, opera

tion of a pump, fan or diesel generator action of a relay contact, 

etc. 

2. Passive failure which is defined as a failure affecting a device 

involved with the transport of fluid which limits its effectiveness 

in carrying out its design function. Most passive failure involve 

the development of abnonnal leakage in valve stem packings, pump 

seals, etc. Although passive failures concerned with abnormal flow 

restriction in lines are also considered. 

Table 6.3-9 summarizes the results of the single failure analysis 

applied during the injection phase. All failures during this phase are 

assumed to be active failures. It is during this phase that the pumps 

are starting and automatic isolation valves are required to move. All 
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credible active failures are considered, and are included in the acci- • 

dent analyses described in Chapter 15. A comprehensive failure analysis 

for post-accident electrical and control components is presented in 

Chapter 7. 

The accumulators which are a principle factor of the injection system 

are not subject to active failure. The only moving parts in the accumu-

1 ator injection train are the two check valves. The working parts of 

the check valves are exposed to fluid of relatively low boric acid con

centration. Even if some unforseen deposition accumulated, calculations 

indicate that a reversed differential pressure of about 25 psi can shear 

any particles in the bearing surfaces that may tend to prevent valve 

functioning. 

When the reactor coolant system is being pressurized during the nonnal 

plant heatup operation, the check valves are tested for leakage as soon 

as there is about 100 psi differential across the valve. This test con

finns the seating of the disc and provides a quantitative leakage rate 

measurement which can be compared with the results of earlier tests. 

When this test is completed, the discharge line test valves are opened 

and the reactor coolant system pressure increase continued. There 

should be no increase in leakage from this point on since increasing 

reactor coolant pressure increases the seating force and decreases the 

probability of leakage. 

The accumulators can accept some leakage back from the reactor cool ant 

system without compromising their availability. Table 6.3-10 indicates 

the frequency that the accumulator level would have to be readjusted as 

a function of leakage rate. It should also be noted that an accumulator 

can be isolated with a motor operated valve if leakage becomes excessive. 

Tables 6.3-9 and 6.3-1,l summarize the single failure analyses of recir

culation phase. 
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Leakage During Recirculation 

Table 6.3-12 si.immarizes the potential leakage from recirculation loop 
le·a,k sources. The table lists conservative estimates of the maximum 

l~ak-age expeced from each leak source. However, a value of 50 gpm is 

employed as a design basis for sizing auxiliary building sump pumps 

which will be required to dispose of this leakage to the waste disposal·· 

system • .The ECCS is separable into two complete sub-systems during the 

long-term cooling period, either of which is capable of providing the 
minimum core cooling functions. Should a leak develop in either of 

these two sub-systems, the only actions necessary to isolate it are the 

closing/opening of valves and the starting/stopping of pumps. 

Leakage from the valve stem leakoff s is piped to the equipment drain 
system. 

The total leakage resulting from all sources is about 1800 cc/hr to the 

auxiliary building compartment floor and about 50 cc/hr to the equipment 

•. drain system. Recirculation loop leakage is summarized in Table 6.3-12. 

• 

With respect to piping and mechanical equipment outside the containment, 
considering the provisions for visual inspection and leak detection, 

leaks wi.ll be detected before they propogate to major proportions. A 

review of the equipment in the ~ystem indicates that .the largest sudden 

leak potential would be the sudden failure of a pump shaft seal. · Evalu

ation of the leak rate assuming only the presence of a seal retention 

ring around the pump shaft.showed that flows less than 50 gpm would 

result. Piping leaks, valve packing leaks, or flange gasket leaks have 

been of a nature to build up slowly with time and are considered less 

severe than the pump seal failure. 

Means are also provided to detect and isolate such leaks in the emer

gency core cooling flow path with 30 minutes •. The RHR pumps and heat 

exchangers are located in individual compartments. Each compartment has 
a volume of 2_00 ft3 to accommodate a 50 gpm leak for a period of 30 
minutes. 
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Valving is provided to allow an operator to isolate, drain and flush the 

residual heat removal heat exchangers and pumps. The operation of the 

drain valves will be done by means of remote valve reach rod operators 

located in ·a shielded valve gallery. The radiation shielding criterion 

for this valve gallery will be the same as for manual containment isola

tion valves. Post-accident radiation levels around recirculation loop 

equipment are discussed in Chapter 15. 

The layout pennits the detection of a leaking recirculation loop compo.:. 

nent by means of a radiation monitor which samples the air"in the plant 

vent. Alanns in the control room will alert the operator when the 

activity exceeds a preset level. Sump level and operation of sump pumps 

will be indicated in the control room as a backup for detection of water 
leaks. 

Should a tube side to shell side leak develop in a residual heat 

exchanger, the operator will be warned by a component cooling water high 

radiation alann •. For large leaks the operator w:ill also be warned by a 

component cooling water surge tank high level alann. In the event that 

the leak cannot be isolated before the tank fills, the tank relief valve 

will pass the excess water to the waste holdup tank. 

The Operator actions required to detect, isolate and realign a leaking 

component and, subsequently, realign the system depend upon the location 

of the leak (i.e.·, which system, actua 1 physic al location). Depending 

on the location of the leak, the operator will carry out a series of 

actions. For each break location, a different set cif actions will be 

required. The actions taken by the operator will be manual (e.g., 

starting or stopping pumps, opening or closing valves). These actions 

would be ·perfonned from the control room. 

For the service water system, the rupture of a large pipe will·be indi

cated to the operator by decreasing pump discharge header pressure. Low 

pump header pressure wi 11 cause a backup service water pump to start. 

SGS-UFSAR 6.3-42 Re vision 0 
July 22, 1982 

• 

• 



r 

• 

• 

• 

In the event that a pipe rupture occurs in a watertight pump compartment 

of the intake structure, which is larger than the capacity of the sump 

pump high sump level for the affected compartment will be alarmed in the 

control room. The operator can remotely close the tie valves and header 

block valves at the intake structure to isolate the affected compartment. 

In the event that a main yard supply header is ruptured, the affec.ted 

header can be isolated and the tie valves at the auxiliary building 

opened. Rupture of a header pipe in the pipe tunnel can be detected by 

a pipe tunnel sump high level al arm. The operator can determine the 

affected header by remotely closing the intake tie valves and observing 

which pump header is affected by low pressure. Once the ruptured header 

is isolated, the intake tie valves can be reopened and all service water 

pumps made available. 

In the event that a service water pipe rupture occurs inside the con

tainment, the difference between flows entering and leaving the contain

ment will be sensed and alarmed in the control room •. High level alarms 

in the containment sump and fan cooler drain pots will also be indicated 

in the control room. The operator can remotely close the isolation 

valves to isolate the leaking fan cooler. 

In the event that radiation is detected at one of the service water 

outlets from the containment, the condition is alarmed in the control 

room and the isolation valves on the affected line automatically closed. 

6.3.2.12 Protection Provisions 

All four injection lines penetrate the containment adjacent to the auxi

liary bui 1 ding. 

One portion of the high head injection system within the containment is 

connected to the low head injection lines attached to each loop's accu

mulator injection piping. The other portion of the high head injection 

system within the containment is connected directly to the injection 

nozzles on the cold leg piping of the loops. 
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For most of the routing, these lines are outside the reactor and steam 
generator shielding, and hence they are protected from missiles origi
nating within these areas. 

The coolant loop supports are designed to restrict the motion to about 
one-tenth of an inch, whereas the attached safety injection piping can 
sustain a 3 inch displacement without exceeding the working stress rang~. 

Hangers, stops and anchors are designed in accordance with ANSI 831.l 
Code for Pressure Piping and ACI 318 Building Code Requirements for 

Reinforced Concrete which provide minimum requirements on materials, 
design and fabrication with ample safety margins for both dead and 

operational dynamic loads over the life of the equipment. 

Materials used in accordance with ASTM specifications which establish 
quality levels for the manufacturing process, minimum strength proper
ties, and for test requirrnents which ensure compliance with the specifi

cations. Qualification of welding processes and welders for each class 
of material welded and for types and positions of welds. 

Allowable stress values are established which provide an ample safety 
1nargin on yield strength for normal loads and ultimate strenyth for 
design basis accident or maximum hypothetical seismic loads. 

G.3.2.13 Provisions for Performance Testing 

The provisions incorporated to facilitate performance testing of compo

nent are discussed in Section 6.3.4. 

6.3.2.14 Pump Net Positive Suction Head 

NPSH data for pumps which are required to operate post-accident are 
provided in Table 6.3-13. 
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6.3.2.15 Control of Motor Operated Isolation Valves 

Position indication and alann circuits for the motor-operated-valves, 

located between the acct.nnulator tanks and the primary cooling system, 

are designed to provide assurance that these valves will be open when 

re qui red. These valves are nonnal ly open and under admi ni strati ve cqn

trol with the motive power for the valves locked out during nonnal power 

operation. Redundant and independent infonnation is provided in the 

control room to indicate when any one valve is not in the fully open 

position. 

Valve status (fully· open or fully closed) is indi.cated on the main con

trol board via backlighted pushbuttons. These status lights are actu

ated by limit switches on the valve motor operator. In addition, an 

alann is provided on the overhead annunciator system in the event the 

valve is not in the fully open position. 

Another independent means of detennining that the valve is not in its 

proper position is provided through the auxiliary alann system which 

will initiate an audible signal and print out an alann message indi

cating when the valve is not in the fully open position. This indica

tion and alann is derived from a separate valve stem limit switch and is 
. . 

energized from an independent power supply from that used for the over-

heat annunciator. 

A safety injection signal also automatically initiates the opening of 

these valves. 

6.3.2.16 Motor-Operated Valves and Controls 

Remotely·operated valves in the safety injection system which are in the 
11 ready 11 position and which do not receive an 11 S11 signal, are assured to 

be in the proper position for injection by means of the following: 

1. Redundant i ndicati o.n of valve position in the control room for those . 

valves in common, or non-redundant flow paths of an ECCS subsystem, 
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or valves whose inadvertent operation could degrade the ECCS. The 
indication provided is identical to that of the accumulator discharge 
valves, described in Section 6.3.2.15. 

2. Valves in redundant flow paths are provided with position indication 
on the main control console and 11 off-normal 11 indication in the 
a~xiliar~ annunciator system (i.e., 11RH4, 12RH4, 11SJ33, 12SJ33, 
11SJ134, t2SJ134, 11RH19, 12RH19). 

3. Mam~ally operated valves are under administrative control to assure 
that they are in the proper position. Additionally, the valves cited 
in item 1 above are placed in the proper position for injection with 
the motive power removed from the valve. 

Valves with redundant position indication (as described in Section 
6.3.2.15) and power lockouts are: 

1SJ30* 11SJ40* · 11SJ54* 
1SJ69* 12SJ40* 12SJ54* 
1SJ135* 1RH26* 13SJ54* 
11SJ49* 1CS14* 14SJ54* 

. 12SJ49* 1SJ67.* 11SJ44~ 

1SJ68* 12SJ44* 

Requirements for disconnecting AC power to these valves and for locking 
them in position are set forth in the plant Technical Specifications. 

Valves marked with an asterisk (*) are provided with the capability to 
restore control power from the control room. 

The safety injection initiation signal was removed from the centrifugal 
charging pump (CCP) miniflow isolation valves, CV 139 and CV 140, thus 
preventing automatic termination of miniflow. In addition, manual valve 
CV 197, which directs reactor coolant pump (RCP) sealwater return flow 
to the suction of the CCP's will be locked closed and manual valve CV 
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130 will be locked open which will route RCP sealwater return and CCP 
miniflow water to the volume control tank (VCT). This valve alignment 
will cause the VCT to fill solid during a safety injection initiation; 
the VCT relief valve, CV 241, would then open, directing miniflow to the 
CVCS holdup tanks. Procedurally, the operator will be instructed to 
terminate .miniflow below an RCS pressur_e 1500 psig (when the 'RCP's are 
stopped), and to reestablish miniflow if RCS pressure rises again to 
2000 psig. 

Emergency instructions will call for closure of the miniflow valves 
within 15 minutes of safety injecti?n initiation in the event of a 
small-break LOCA without rapid RCS depressurization. 

6.3.2.17 Manual Actions 

No manual actions are required of the operator for proper operation of 
the ECCS during the injection mode of operation. The only manual 
actions required be taken by the operator are t~ose necessary to co~
plete the realignment of the system for its cold-leg recirculation mode 
of operation and, subsequently, to realign the system for its hot-leg 
recirculation mode of operation. 

The transfer from the injection phase to the recirculation phase is 

described in Section 6.3.2.1 and in Table 6.3-6. 

6.3.2.18 Process Instrumentation 

Process instrument~tion available to the operator in the control room to 
assist in assessing post-loss-of-coolant accident conditions are tabu-
1 ated in Section fa.3.5 and Chapter 7. 

6.3.2.19 Materials 

Materials employed for components of the ECCS are given in Table 
6.3-14. These materials are chosen based upon their ability to resist 
pyrolytic decomposition. 
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6.3.3 DESIGN EVALUATION 

6.3.3.1 Evaluation Model 

This infonnation is provided in Chapter 15. 

6.3.3.2 Small Break Analysis 

This infonnation is presented in Chapter 15. 

6.3.3.3 Steam Line Rupture Analysis 

This i nfonnati on is presented in Chapter 15. 

6.3.3.4 Fuel Rod Perforations 

Discussions of peak clad temperatures and metal-water reactions appear 

in Section 3.4. Analyses of the radiological consequences of a fission 

·product release due to the rupture of a pipe in the reactor coolant 

system are presented in Section 3.4.3.9. 

6.3.3.5 Effects of Core Cooling System Operation on the Core 

The effects of the ECCS on the reactor core are discussed in Chapter 4. 

6.3.3.6 Use of Dual Function Components 

The ECCS contains components which have no other operating function, as 

well as components which are shared with other systems and perfon11 nor

mal operating functions. 

1. Components of the ECCS which perform no other operating functions 

are: 

a. One accumulator for each loop which discharges borated water 

into its respective cold leg of the reactor coo-lant system. 
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b. One boron injection tank 

c. One boron injection surge tank. 

d. Two boron injection recirculation pumps continuously recirculate 

the concentrated boric acid from the boron injection tank to the 

boron injection surge tank via a closed loop •. 

e. Associated piping, valves, and instrumentation. 

2. Components which also have a nonnal operating function are as follow: 

a. The two residual heat removal pumps and residual heat 

exchangers: These components are nonnally used during the lat

ter stages of no.nnal reactor cool down and when the reactor is 

held at cold shutdown for core decay heat removal. However, 

during all other plant operating periods, they are aligned to 

perfonn the low-head injection function. 

b. The refueling water storage tank: This tank is used to fill the 

refueling canal_ for ~efueling operations, provide a makeup 

source to the spent fuel pit as well as an emergency makeup ,< 

source to the reactor coolant system via the chemical and volume 

control system charging pumps. These functions place no limha

tions on the function of the emergency core cooling system. 

During all plant operating··periods, the refueling water storage 

tank is aligned to the suction of the safety injection pumps, 

residual heat removal pumps and the containment spray pumps. 

c. The two high-head safety injection pumps:· These pumps are used 

periodically to pro vi de make up to the two passive accumulators 

during nonnal plant operation. However, they are normally 

aligned to perfonn their high-head safety injection function. 
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An evaluation of all components required for ECCS operation demonstrates 
that either: 

1. The component is not shared with other systems •. 

2. If the component is shared with other systems, it is aligned during 
normal plant operation to perform its accident function. 

Dependence on Other Systems 

Other systems which operate in conjunction with the ECCS are as follows: 

l. The component cooling system cools the residual heat exchangers 

during the recirculation mode of operation. It also supplies cool~ 
ing water to the residual heat removal pumps during the injection 
and recirculation modes of operation. 

2. The service water system provides cooling water to the component 
cooling heat exchangers and to the safety injection pumps. 

3. The electrical system provide normal and emergency power sources for 
the ECCS. 

4. The engineered safety features actuation system generates the ini
tiation signal for emergency core cooling. 

5. The auxiliary feedwater system supplies feedwater to the steam gen~ 
erators. 

Limiting Conditions for Maintenance During Operation 

The Technical Specifications establish limiting conditions governing the 
maintenance of ECCS components during plant operation with the core 
critical. It is expected that maintenance on a component will be per
mitted if the remaining components meet the minimum conditions for 
operation and the following conditions are also met: 
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Maintenance on· an active component will be penni:tted if the remaining 

components meet the minimum conditions for operation and the following 

conditions are al so met: · 

1. The remaining equipment has been demonstrated to be in operable 

condition, ready to function just·before the initiation of the main

tenance. 

2. A suitable. time limit is placed on the total time span of successful 

maintenance which returns the components to an operable condition, 

ready to function. 

The:design philosophy with respect to active components in the high

head/low-head injecti_on system is to provide backup equipment so that 

mai 11tenance is possible duri.ng operation without impai nnent of the 

safety function of the system. Routine servicing andmaintenance of 

equipment of this type would generally be scheduled for periods of 

refueling and maintenance outages • 

6.3.3.7 Lag Times 

To provide protection for large area ruptures of the reactor coolant 

system, the ECCS must respond to rapidly reflood the core following the·.· 

depressurization and core voiding that is cha~acteristic of large area. 

ruptures.· The accumulators act to perfonn the rapid reflooding function 

with no.dependence on the nonnal or emergency power sources, and also 

with no dependence on the receipt of :ari_actuation signal. With t~ree of 

the four available accumulators delivering their contents to the reactor 

vessel, the peak clad temperature is maintained below the cladding melt

ing temperature as discussed in Chapter 15. 

The function of the centrifugal charging, safety injection, and residual 

heat .removal pumps is· to complete the ·refill of the vessel and ulti

mately return the core to a subcooled state. The starting sequence of 

the ECCS pumps and the related emergency power equipment is designed so 

that delivery of.the minimum required flow is reached within 25 seconds. 
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The starting sequence is discussed in Chapter 7 and is summarized below: 

Time (sec.} 

0-1.2 

1. 2-11 

11 

11 

11, 15 

15 

Action 

Initiation of safety injection signal plus asso-. 
ci ated i nstrunient lag. 

Start diesel generators and attain rated speed and 

voltage.: 

Energize motor control centers and apply opening/-

c losing signals to motor operated valves. Typical 

operating times for the larger valves are 10 seconds. 

Sta rt centrifugal charging pumps. 

Start Safety injection. pumps 

Start residual heat removal pumps 

Thus the safety injection system is operational after an elapsed time of 

approximately 25 seconds, including the time to bring the residual heat 

removal pumps .UP to ful 1 speed. The above times are consistent with the 

delay times used in the loss of coolant accident analyses for large and 

small breaks. 

6.3.3.8 Thermal Shock Considerations 

Thermal shock considerations are discussed in Chapter 15. 

6.3.3.9 Limits on System Parameters 

The limiting conditions for operation are detailed in the Technical 

Specifications. These conditions wi 11 apply to both active components 
and coolant storage components of the E CCS. 
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6.3.4 Tests and Inspections.· 

A 11 active and passive components of the ECCS are inspected periodically 

to demonstrate system readiness. 

The pressure containing systems are inspected for leaks from pump seals, 

valve packing, flanged joints and safety valves during system testing. 

In additi.on, to the extent practical, the critical parts of the i njec

ti on nozzles, pipes, valves and safety injection pumps are inspected 

visually or by boroscopic examination for erosion, corrosion and vi bra

ti on wear evi de nee. A plan for periodic component and system testing 

and material examinations will be prepared prior to plant operation for 

use throughout plant life. 

Environmental testing of ECCS componentry which are located inside the 

containment and are required to operate following a loss of coolant 

accident, . is discussed in Reference 1. 

6.3.4.1 Components Testing 

Pre-operational perfonnance tests of the components are perfonned in the -

manufacturer's shop. An initial system flow test demonstrates proper 

functioning of the system. Thereafter, periodic tests demonstrate that 

components are functonfng properly. 

·Active components··of the ECCS may be individually actuated on the nonnal 

power sourte during plant operation to demonstrate operability. The 

test of the safety injection.;>umps employs the minimum f1ow recircula

tion test line whi~h connects back to the refueling water storage tank. 

Remote operated valves, are exerei sed and. actuation cireuits tested. The 

autornatic actuation circuitry, valves and pump breakers also may be 

checked during' integrated system tests perfonned when the plant is 

cooled down and the residual heat removal.loop is in operation • 
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Containment sump isolation valves are normally closed. Inadvertent 

opening is prevented by using control power lockouts and electrical 

interlocks which prevent the opening of the valves whenever the corre

sponding RHR pump suction isolation valve is open. The valves will be 

exercised and tested after closing the appropriate RHR pump suction 

isolation valve during normal operation or refueling at a frequency 

specified in the Technical Specifications. 

The containment sump valves will be tested only after closing the suc

tion and discharge valves of the associated RHR pump. Th,e isolated RHR 

line is located at elevation 46 1 -10 11 and the center line of the sump 

valves at 53 1 -0 11 ~ Due to the elevation difference, no stagnant refuel

ing water is expected to interfere with the sump valve tests. 

If the necessity arises for the draining of this line, provisions have 

been provided to drain it through the RHR pump to the residua 1 heat 

removal sump. Sump interconnection with the liquid radwaste system 

provides sati sfactor:y processing provisions for this drainage. 

Inleakage through each of the check valves which isolate the safety 

injection system from the reactor cool ant system can be tested by open

ing t_he remote test valves in the appropriate test line. Flow through 

the test 1 i ne can be measured and the opening and closing of the dis

charge line stop valves can be verified by the flow instrumentation. 

6.3.4.2 System Testing 

Testing is conducted during plant shutdown to demonstrate:proper auto

matic operation of the ECCS. A test signal is. applied to initiate auto

matic action and verification made that the .safety injection pumps 

attain re qui red discharge heads. The test demonstrates the operation of. 

the valves, pump circuit breakers, and automatic circuitry. 

The operation. of the residual heat removal pumps is verified period

ically. Performance of the centrifugal charging pumps is verified by 
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their operation during normal pl ant opera ti on and cool down. Starting of 

these pumps by a safety injection signal is also verified during plant 

shutdown. 
. •' •"•\ · .. , 

The.test is considered satisfactory if control board indication and 

visual observations indicate all components have operated and sequenced 
properly.· 

The periodic testing of pumps in the residual heat removal,. safety 

injection, and containment spray systems requires recirculation of water -
. ' 

from the refueling water storage tank. Demonstration of proper opera-

tion of these pumps will also demonstrate the operability of the.line 

f~?Jli the refueling water storage tank. The boron injection tank and 

piping nonnally contain 12 weightpercent boric acid solution •. The 

operability of the lines local to the boron injection tank is demon

strated by reci rcul ati on of the· boric acid solution through the lines, 

employing the boric acid transfer pump • 

The accumulator pressure and . level are continuously monitored during 

pl ant opera ti on and fl ow from the tanks can be checked at any time Lisi ng 

test 1 i nes •. · 

I 

The accumulators and. the injection piping up to the final isolation 

valve are charged with borated water while the plant is in operation. 

The accumulator boron concentration is checked periodically by sam-
.· . 

pling. The accumulators and injection lines are replenished with 

borated water as re qui red by using the safety injection pumps to recir- · 

culate refueling water through the injection lines. A small test line 

is provided for this purpose in each injection header. 

Flow in the centrifug·a1 c hargi ilg pumps common discharge line, safety 

injecti-on pumps main flow lines, and in the main flow line for the 

residUal heat removal pumps·is monitored by flow indicators in the con

trol room. Pressure instrumentation is al so provided for the main fl ow !1 

paths of the safety injection and residual heat removal pumps and is 

located in the control room. 
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6.3.4.3 Operational Sequence Testing 

The .ECCS and the containment spray system were operationally tested 

prior to initial reactor fueling. The tests included individual pump 

perfonnance tests, accumulator operation and an integrated system tests. 

Each centrifugal charging, safety injection, residual heat removal and 

contaimnent spray pump were tested at rated flow capacity. The contain

ment spray pumps discharged through a test line to the refueling canal, 

while the others discharged to the open reactor coolant system through 

the nonnal injection path. Additionally, the pumps were run for a mini

mum of l hour to ensure reliable operation. The purpose of these tests 

is to evaluate the flydraulic and mechanical perfonnance of the pumps and 

to detect deficiencies which mig'ht occur during sustained operation. 

Flow distribution tests will also be perfonned in which the pumps will 

deliver from the RWST to the reactor coolant system through the nonnal 

injection paths for emergency core cooling. Adjustments will be made 

where flow resistances are unacceptably low or high to limit pump runout 

and balance the flow between piping branches. Total flow and relative 

flows between branch lines will be compared with minimum acceptable 

flows as detennined in the safety analysis. 

The accumulators will be tested by charging them to norm~l water level 

and a pressure of 100 psia with the isolation valves closed. The isola

tion valves will be opened, discharging the accumulator into the open 

reactor vessel. Perf onnance w111 be verified by extrapolating the data 

to nonnal accumulator pressure. 

It is neither practical nor feasible to perform these. tests at simulated 

reactor operating conditions.. With the reactor at normal operating 

temperature and pressure, there are no means available to change the 

primary system parameters as rapidly as required to simulate a 100 per

cent lass of coolant accident, thereby allowing the ECCS to inject 
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water into the system. The syst~m will be t~sted dur:ing .hot.:functional 

testing, however, to .ver.ify th~t. the high pressure components (centri

fugal charging pumps) C:c1n_deliver water to the reactor through the nor

mal injection path while the plant is at nonnal operating pressure. The 

test will be conducted.by manually .initiating the safety injection 

se_quence. 

A complete operational _test will also be perfonned to demonstrate over

all system performance. The purpose of this test is to demonstrate. the 

proper functioning of ·actuation and instrumentation circuits, emergency 

power sources and electrical load sequencing of the integrated safe

guards system. Data obtained will be used to verify design operation. 

and confinn various sequencing. and. operating times and logic. 

The systems are accepted only after demonstration of proper actuation of 

a.ll components and after demonstration of flow delivery of all compo-· · 

nents within design requirements. 

• 6.3.4.4 Conformance with Regulatory Guide 1.79 

• 

The sa·lem preoperational testing. program ipeets the requirements of Regu

·1 atory Gui de 1. 79, "Preoperati anal Testing of Emergency Core Cooling 

Systems for Pressurized Water· Reactors". The scheduled tests, however·, 

may deviate .·in part from certai!1 speci_fic test descriptions-included in 

the guide. These deviations are enumerated below. 

Regulatory Position C.3.a.(2) 

., . 

Not all 'injection pumps will be tested at operating conditions, nor will 

the auxi 1 i ary feed system be actuated by a safety injection signal. 

Check valves on the charging/safety injection cold leg injection path 
'·-·· . 

will be tested utilizing a char:-ging/safety injection pump which will be 

started by manually initiating a safety injection sign·ai. The che'ck 

valves on the safety injection hot leg and cold leg injectio'n- paths will 

be tested by pressurizing the fest line and throttling water through the 
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check valves. A significant portion of Safeguards equipment not 

directly involved in the delivery of emergency core cooling water to the 

reactor coolant system will be omitted from the test. Thermal shock is . . 

not expected, since the total quantity of water injected will be mini

mized. Branch line throttle valves will be initially shut and then 

slowly opened, one at a time, to demonstrate flow through the check 

valves. 

Regulatory Position C.3.b.(2) 

Adequate NPSH from the containment sump will be verified by taking a 

suction from a .full sump with one RHR pump and disc ha rgi ng into the 

reactor cool ant system. Duration of test run is estimated to be 45 

seconds. Vortex control verification wi 11 be accomplished by visual 

observation at the sump. Pressure drop across sump screen wi 11 not be 

measured as it is considered negligible and will not compromise NPSH 

e.valuation. 

Regulatory Position C.3.c.(1) 

The. accumulators will be discharged, one at a time, into the open 

reactor vessel. With the reactor coolant system closed, pressurized, 

and solid, as the guide infers, there is no convenient way to rapidly 

depressurize.at a. rate which would provide a meaningful accumulator 

discharge. 

The discharge flow rate will be calculated from the measurement of accu

mulator pressure changes versus time vice level versus time. 

Regulatory Position C.3.c{2) 

Only the nonna 1 powe.r supply wi 11 be used for this test. Emergency 

power system capability will be demonstrated during other tests utiliz

ing the emergency diesel generators. 
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Regulatory Position C.3.c(3) 

Flow through accumulator check valves will be··demonstrated at normal 
operating temperature and pressure by pressurizing test lines with a 

charging/safety injec:ti.on p.ump. · ' 

6.3.5 INSTRUrENTATION APPLICATION 

Instrumentation and associated analog and logic channels employed for 
initiation of ECCS. operation is·d.iscussed in Chapter 7• This section 

describes the instrumentation employed for monitoring ECCS components 

during normal plant operation, and also ECCS post~accident operation. 

All alarms are annunciated in the control room. 

6.3.5.l. Temperature Indication 

Boron Injection Tank Temperature 

Duplicate temperature control channels are provided for the boron injec~ 

tiori tank electric strip heaters. Both actuate high and low temperature 

alarms.· Both channels provide local teinperat1Jre ind1cation. 

Residual Heat Exchanger Outlet. Temperature 

The fluid temperature at ·the outlet of each residual heat exchanger is 

recorded in the control room. 

Heat Tracing Temperature 

Separate thermostatic controls are provided for each, section of the heat 

tracing in the boron recirculation loop to maintain the temperature 

. within the specified range. High and low tempe!'ature alanris are pro~ 

vided to warn of failure to maintain the temperature within the control 
band. ··. · ·, 
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6.3.5.2 Pressure Indication 

Boron Injection Tank Pressure· 

Boron injection tank pressure is indicated in the control room. ·A 

high-pressure alarm is provided. 

Safety Injection Header Pressure. 

Safety injection pump discharge header pressure is indicated in the 

control room. 

Accumulator Pressure 

Duplicate pressure channels are installed on each accumulator. Pressure 

indication in the control room and high and low pressure alanns are 

provided by each channel. 

Te st Li ne Pressure · 

A local pressure indicator used to check for proper seating of the accu

mulator check valves between.the injection lines and the reactor coolant 

system is i nsta 11 ed on the leakage test line. 

R~sidual H.eat Removal Pump Discharge Pressure 

Residual heat removal discharge pressure for each pump is indicated in 

the control room.· A high pressure is actuated by each channel. 

6~3.5.3 Flow Indication 

Safety Injection Pump Header Fl ow 

Flow through each safety injection pump header is indicated in the con
trol room. 
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Test Line Fl ow 

• Local indication of the leakage test line flow is provided to check for 
proper seating of the accumulator check valves between the injection 

lines and the reactor coolant system. 

• 

• 

Residual Heat Removal Pump Flow 

The flow of reactor coolant through each residual heat removal header 
during injection or recirculation is indicated in the control room. 

Safety Injection Pump Minimum Flow 

A flow indicator is installed in the safety injection pump minimum flow 

line. 

Residual Heat Removal Pump Minimum Flow 

A flow indicator is installed in each residual heat removal pump minimum 

flow line. 

6.3.5.4 Level Indication 

Refueling Water Storage Tank Level 

The level of water in the refueling water storage tank is measured by 

two separate instruments with readouts on the main control board. All 

are set to alann at the proper level to initiate the switch from injec

tion to cold 1 eg reci rcul at ion. 

Accumulator Water Level 

Each accumulator tank has two level measuring instruments with readouts 
on the main control board. Each instrument is set to alarm if the tank 

level falls or rises by more than a set amount from the nonnal operating 
1 evel • 

SGS-UFSAR 
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Boron Injection Surge Tank Leve 1 

Two level indicators give local indication and alann in the control room. 

Containment Building Sump Level 

The contairwnent building has two inter-connected by piping sumps - con

tainment recirculation sump and reactor building sump. The contaimient 

recirculation sump has two redundant sump water level indicators on the 

console bezel in the main control room. Each of these sumps has a high 

level alarm on the overhead annunciator. 

6.3.5.5 Valve Position Indication 

Valve positions which are indicated on the control board are done so by 

a 
11 

normal off" system; i.e., should the valve not be in its proper posi

tion; a bright white light will be lit and thus give a highly visible 
indication to the operator. 

Accumulator Isolation Valve Position Indication 

The accumulator motor operated valves are provided with red (open) and 

green (closed) position indication lights located at the control switch 

for each valve •. These lights are powered by valve control power and 

actuated by valve motor operator limit switches. 

A monitor light that is on when the valve is not fully open is provided 

in an array of monitor lights that are all off when their respective 

valves are in proper position enabling safeguards operations. This 

light is energized from a separate monitor light supply and actuated by, 

a valve motor operated limit switch. 

An alarm annunciator point is activated by both a valve motor operator 

limit switch and by a valve position limit switch activated by stem 

travel whenever an accumulator valve is not fully open for any reason 
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with the system at pressure (the pressure at which the safety injection 

block is unblocked). A separate annunciator point is used for each 

accumulator valve. The motor operator limit switch alarm will be 

recycled at approximately one hour intervals to remind the operator of 
the imp roper valve 1 i neup. 

REFERENCES FOR SECTION 6.3 

1. Igne, E. G. and Locante, J. 11 Environmental Testing of Engineered ' 

Safety Features Related Equipment (NSSS-Standard Scope) 11
, 

WCAP-7410-L (Proprietary) December, 1970 and WCAP-7744 

(Non-Proprietary), Vol. 1, August, 1971 and Vol. 2, September, 1970. 

2. J.B. Nystrom, 11 Experimental Evaluation of Flow Patterns in an RHR 

Sump With Simulation of Screen Blockage--Salem Nuclear Station, 
Alden Research Center, Worcester Polytechnic Institute, January, 
1981. 
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TABLE 6.3-1 

ECCS CODE REQUIREfvENTS 

Component 

Refueling Water Storage Tank 

Residual Heat Exchanger 

Tube Si de 

Shell Si de 

Accumulators 

Valves 

Piping 

Boron Injection Tank 

Pumps 

Centrifugal Charging 

Safety Injection 

Residual Heat Removal 

Code 

API 650 

ASl'i[ Section III Class C 

ASME Section VIII 

ASfvE Sec ti on II I Cl ass C 

ANSI B16~5 or MSS-SP-66 

or ASfvE Code, Section III, 1968 

ANSI B31.l* 

ASl>'E Section III Class C 

ASME Section I II 

ASME Section II I 

ASt'E Sec ti on I II 

*For piping not supplied by the NSSS supplier, material inspections, 
fabrication ·and quality control conform to ANSI B31.7. Where not 
possible to comply with ANSI B31. 7, the requirements of ASME I II-1971, 
which incorporated ANSI B31.7, were adhered to • 
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TABLE 6.3-2 

ACCUMULATOR DESIGN PARAMETERS 

Number 

Type 

Design vressure, psig 

Design temperature, °F 

Operating temperature, °F 

Nonnal operating pressure, psig 

Minimum operating pressure, psig 

Total volume, ft3 

Minimum water volume at operating 
conditions, ft3 

Volume N2 gas, ft3 

Boron concentration (as boric acid} 
nominal, ppm 
mi ni mum, ppm 

Code 

SGS-UFSAR 

4 

Stainless steel 
clad/carbon steel 

700 

300 

50-150 

650 

600 

1350 

850 

500 

2000 

1900 

ASME III Class C 

Revision 0 
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TABLE 6.3-3 

BORON INJECTION TANK DESIGN PARAMETERS 

Number 

Total volume, gal {also useable volume) 

Boron concentration 
Nominal, ppm 
Maximum, ppm 
Minimum, ppm 

Design pressure, psig 

Design temperature, °F 

Material 

Code 

Number 

Capacity, kw 

Type 

SGS-UFSAR 

HEATERS 

l 

900 

21,000 
22,500 
20,000 

2735 

150-180 

SS Clad Carbon Steel 

ASME I II Cl ass C 

2 

6 

Strip 

Revision 0 
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TABLE 6.3-4 

REFUELING WATER STORAGE TANK DESIGN PARAMETERS 

Number 

Tank capacity, gal. 

Minimum volume, (solution) gal. 

Operating pressure 

Operating temperature, °F 

Outside diameter, ft (approx.) 

Straight side height, ft 

Straight side height, ft 

Material 

Design pressure 

Design temperature, °F 

Boron concentration, 
Nomi na 1, ppm 

Minimum, ppm 

SGS-UFSAR 

l129Q: 1 

l 

400,000 

350,000 

atmospheric 

40 - l00°F 

38 

48 

48 

ASTM-A240 Type 304L 
stainless steel 

atmospheric 

120 

2000 

1950 

Revision 3 i 
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TABLE 5.3-5 

DESIGN PARAMETERS - ECCS PUMPS 

Number 

Design pressure, psig 

Design temperature, °F 

Design flow rate, gprn 

Design head, ft. 

Max. fl O\IJ rate, gprn 

Head at max. flow rate, 

Discharge pressure at 
shutoff, psig 

Motor horsepm1er 

Type 

Material 

SGS-UFSAR 

1129Q: 1 

Centrifugal 
Charging 
Pumps 

2 

2800 

300 

150 

5800 

550 

ft 1300 

2670 

600 

Horizontal 
mu 1t i-stage 
centrifugal 

Stainless 
steel clad 
carbon steel 

Safety Residual 
Injection He.at Remova 1 
Pumps Pumps 

2 2 

1700 GOO 

300 400 

425 3000 

2500 350 

650 4500 

1500 300 

1520 170 

400 400 

Horizontal Vertical 
multi-stage single-stage 
centrigugal centrifugal 

Stainless Stainless 
steel steel 
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TABLE 6.3-6 (Sheet 1 of 4) 

SEQUENCE OF CHANGEOVER OPERATION INJECTION TO RECIRCULATION 

The following sequence of operations should be used when terminating 
the injection mode and starting the recirculation mode ~Jhen low level is 
reached in the RWST: 

1. Stop 11 and 12 RHR pumps. 

2a. Open the component cooling water supply valve to each RHR heat 
exchanger prior to restarting the RHR pumps. (11CC16 and 12CC16) 

b. Close the RHR pump suction valves which connect the RHR system to 
the Ri~ST. (11RH4 and 12RH4 or 1SJ69) 

c. Open the RHR pump suction lines to the containment sump. (11SJ44 
and 12SJ44) 

d. Close the RHR crossover line valves 11RH19 and 12RH19. 

3. Start 11 and 12 RHR pumps. 

4. Close the safety injection pumps miniflow line isolation valves 
1SJ67 and 1SJ68: 

5. Open valve 12SJ45, which aligns 12 RHR pump discharge to the 
charging pumps suction. Open valve 11SJ45, which aligns 11 RHR pump 
discharge to the suction of the safety injection pumps • 

6. Open the parallel valves in the common line between the charging 
pumps and safety injection pumps suction. (11SJ113 and 12SJ113) 

7. Close valves lSJl and 1SJ2 to terminate charging pump suction from 
the RWST. Close valve 1SJ30 to terminate safty injection pump 
suction from the RWST. 

8. When low-low level in the RWST is reached, 

a. Stop the containment spray pumps. 

b. Close valve 12SJ49 to terminate RHR flmi1 to the cold legs. 
I 

c. Open valve 12CS36 to provide RHR flow to the containment spray 
header. 

SGS-UFSAR 
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TABLE 6.3-6 (Sheet 2 of 4) 

SEQUENCE OF CHANGEOVER OPERATION INJECTION TO RECIRCULATION 

The Emergency Core Cooling System is now aligned for cold leg 
recirculation as follows: 

a. RHR pump No. 12 is delivering from the reci rcul ati on sump directly 

to the spray header and to the suction of the charging pumps through 
valve 12SJ45. 

b. RHR pump No. 11 is delivering from the recirculation sump directly 

to the cold legs via valve 11SJ49 and to the suction of the safety 
injection pumps via valve 11SJ45 • 

SGS-UFSAR Revision 0 
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TABLE 6.3-6 (Sheet 3 of 4) 

SEQUENCE OF CHANGEOVER OPERATION INJECTION TO RECIRCULATION 

Approximately 22.5 hours after the accident, realign the safety 
injection system for hot leg recirculation. The sequence of operations 
for change-over from the cold leg recirculation phase to the hot leg 
recirculation phase is as follows: 

Close the spray header isolation valve (12CS36). 

Open the cross-tie isolation valve (12RH19) at the ·RHR pump 
discharge. 

Open the hot leg isolation valve (1RH26). 

Close isolation valve (11SJ49) • 

Stop safety injection pump number 11. 

Close the safety injection pump cros~-tie isolation valve (11SJ134). 

Open hot leg isolation valve (11SJ40). 

Start safety injection pump number 11. 

Stop safety injection pump number 12. 

Close the cold leg isolation valve (1SH135) and close the safety 
injection pump cross-tie isolation valve (12SJ134). 

Open hot leg isolation valve (12SJ40}. 

Start safety injection pump number 12 • 

SGS-UFSAR 
Revision 0 
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TABLE 6.3-6 (Sheet 4 of 4) 

S~QUENCE OF CHANGEOVER OPERATION INJECTION TO RECIRCULATION 

The residual heat removal pumps and safety injection pumps are now 
aligned for hot leg recirculation as follow: 

a. RHR pump number 12 is delivering from the recirculation sump to 
the reactor coolant system through the hot leg injection header 
~nd tb the suction of the centrifugal charging pumps which are 
delivering to the cold legs. 

b. RHR pump number 11 is delivering from the recirculation sump to 
the suction header of the safety injection pumps. 

c. Number 11 and 12 safety injection pumps are delivering to the 
reactor coolant system through individual hot leg injection 
headers • 

SGS-UFSAR Revision 0 
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PUMP NORM4.L CONDIT ION 

PARAMETERS 

HEAD 
(FT.) 

FLOW 
(GPM) 

Cen trifuga 1 Charging 5800 150 

Safety Injection 

Residual Heat 
Removal 350 3000 

BRAKE 
HORSEPOl..ER 
REQUIRED 

(HP) 

500 

340 

Note: 1. *Design Flow Condition of Pump 
2. **Runout Condition .of Pump 

• 
TABLE 6.3-7 

4-LOOP PUMP PARAl<ETERS 

ACCIDENT CONDITION 
PARAMETERS 

HEAD 
(FT.) 

1400 

FLOW 
(GPMP) 

550 

2500* . 425 
1500** 650 

300 4500 

BRAKE 
HORSEPOWER 
REQUIRED 

(HP) 

625 

360 
390 

400 

3. ***(Full Load HP) X (Service Factor) = Service Factor Rating 

NEMA REFERENCE: MG 1-12.42 

iSGS-UFSAR 

MOTOR HORSEPOWER 
SELECTION 

SPECIFIED 
FULL LOAD 
HORSEPOWER SERVICE 

(HP) FACTOR 

600 

400 

400 

1.15 

1.15 

1.15' 

SERVICE 
FACTOR 
RATING 
(HP)*** 

690 

.· 460 

460 

NEMO TEMPERATURE 
LIMIT FOR SERVICE 
FACTOR RATING OF 

1.15 CLASS B 

140°c 

140°c 

14o•c 

: Revision 0 
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• • TABLE 6.3-8 

CHANGEOVER DEPLETION ANALYSIS 

Operator Ac ti on 

Stop No. 21 and No~ 22 RHR Pumps and either 
No. 21 or No. 22 Cont. Spray Pump 

Close RHR Pump Suction Valves which 
connect RHR System to RWST ( 21 RH4 
and 22 RH4 or 1SJ69.}* 

Open RHR Pump Suction Lines to Cont. 
Sump. (21SJ44 and 22SJ44}* 

Close RHR Crossover Line Valves 
21RH19 and 22RH19 

Start 21RHR Pump 

Start 22RHR Pump** 

Close SI Pumps M·iniflow Line !sol. 
Valves 2SJ67 and 2SJ68 

Open 22SJ45 (Aligns 22RHR Pump Di sch. 
to Chg. Pumps Suction} and open 21SJ45 
(Aligns 21RHR Pump Disch. to SI Pumps 
Suctions 

Open Parallel Valves (21SJ113 and 
22SJ113} in Common Line Between SI and 
thg. Pumps Suctions 

TOTAL 

Time Req' d 
To 

Complete 
Ac ti on 

(Min} 

2 

2.5 

1 

1 

1.5 

1.5 

1.5 

1 

1 

13(***} 

RWST VOLUME USED TO COMPLETE 
ACT! ON (GALLONS} 

Normal 
Flowrate 

28,600 

10,250 

4,100 

4,100 

6,150 

6, 150 

6,150 

4,100 

3,525 

73,125 

Single 
Failure Fl owrate 

28,600 

19,750 

7,900 

7,900 

11,850 

11,850 

7,900 

7' 725 

103,475 

*For single failure, the operation of valves associated with the affected RHR pump would not be 
performed. 

**For single failure, step would not be performed. 
***For RHR pump_ failure to trip, the total time required to complete the procedure is 

11.5 minutes. 

• 
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TABLE 603-9 (Sheet 1 of 3) 

SINGLE ACTIVE FAILURE ANALYSIS EMERGENCY CORE COOLING SYSTEM 

INJECT ION PHASE 

Component 

A. A~cumulator 

B. Pump: 

1) Centrifugal Charging 

2) Safety injection 

3) Residual heat removal 

c. Automatically operated valves: 

1) Boron i nj ecti on tank isolation 

a) Inlet 

b) Outlet 

c) Rec i rcul ati on to boric 
acid tank valve 

SGS-UFSAR 

Mal function 

Deliver to broken 
loop 

Fa i 1 s to start 

Fails to start 

Fails to start 

Fails to open 

Fails to open 

Fails to close 

Comments 

Total passive system with one 
accumulator per loop. Evaluation 
based on three accumulators 
delivering to the core and one 
spilling from ruptured loop. 

Two provided. Evaluation based on 
operation of one 

Two provided. Evaluation based on 
operation of on~ 

Two provided. Evaluation based on 
opera ti on of one 

Two parallel valves; one valve is 
required to open 

Two parallel valves; one valve is 
required to open 

Two valves in series; only one 
required to close 

Revi.sion 0 
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TABLE 6.3-9 (Sheet 2 of 3) 

SINGLE ACTIVE FAILURE ANALYSIS EMERGENCY CORE COOLING SYSTEM 

INJECT ION PHASE 

Component 

2) Centrifugal charging 

a) Suction 1 i ne to 
RWST isolation 

b) Di scha rge 1 i ne to 
the normal charging 
path* isolation 

c) Bypass 1 i ne 
i sol at ion 

d) Suction from volume 
control tank isolation 

Ma 1 function 

Fails to Open 

Fails to close 

Fails to close 

Fa i 1 s to c 1 ose 

* The reactor coolant pump seal water path is left open. 

A. Valves operated from control 
room for recirculation: 

1. Containment sump 
recirculation isolation 

2. Residual heat removal 
pumps suction line to 
RWST isolation 

3. Safety injection pumps 
suction line to RWST 

. SGS-UFSAR 

RECIRCULATION PHASE 

Fails to open 

Fails to open 

Fails to close 

Comments 

Two parallel valves; one valve is 
required to open 

Two valves in series; only one valve 
required to close 

Two valves in series; only one valve 
required to close 

Two valves in series; only one valve 
required to close 

Two lines parallel; only one valve in 
either line is required to open 

Two gate valves in series; operation 
of only one valve is required 

Check valve in series with gate 
valve; operation of only one valve 
required 
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TABLE 6.3-9 (Sheet 3 of 3) 

SINGLE ACTIVE FAILURE ANALYSIS EMERGENCY CORE COOLING SYSTEM 

INJECT ION PHASE 

Component 

4. Centrifugal charging pumps 
suction line to RWST 
isolation 

5. Safety injection pump 
suction line discharge 
of residual heat exchangers 

Pumps: 

1) Component cooling 

2) Service water 

3) Residual heat removal pump 

4) Charging pump 

5) Safety injection pumps 

Malfunction 

Fails to close 

Fials to open 

Fails to start 

Fai 1 s to start 

Fails to start 

Fails to operate 

Fails to operate 

Comments 

Check valve in series with wo 
parallel gate valves. Operation of 
either the check valve or the gate 
valves required 

Separate and independent high head 
injection path via the centrifugal 
charging pumps taking suction from 
discharge of alternate residual 
heat exchanger. A cross-over line 
allows flow from one heat exchanger 
to reach both safety injection and 
charging pump if necessary. 

Three provided. Evaluation based on 
operation of one. 

Six provided. Evaluation based on 
operation of two. 

Two provided. Evaluation based on 
operation of one. 

Same as i nj ecti on phase 

Same as i nj ecti on phase 

SGS-UFSAR 
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TABLE 6.3-10 

ACCUMULATOR INLEAKAGE 

Observed Leak Rate Time Period Between Total Integrated 
cc/hr Level Adjustments Leakage tt3*+ 

2470 1 month 124.5 

830 3 months 42.5 

415 6 months 20.8 

276 9 months 18.8 

208 l year 10.4 

* A total of 163.4 cubic feet, added to the initial amount, can be 

accepted in each accumulator before an alarm is sounded. 

+ Max. allowed leak rate for manufacturers acceptance test is 20cc/hr 

(Back leakage through check valves) 

SGS-UFSAR 
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TABLE 6.3-11 (Sheet l of 2) 

SINGLE PASSIVE FAILURE ANALYSIS - EMERGENCY CORE COOLING SYSTEM 

RECIRCULATION PHASE 

Flow Path 

Low Head Recirculation 
(Cold Leg) 

From containment sump to low 
head injection header via the 
residual heat removal pumps and 
the residual heat exchangers 

High Head Recirculation 
(Cold Leg) 

From containment sump 
high injectijon header via 
residual heat removal pump, 
residual heat exchanger to 
the safety injection pumps 
and charging pump (using 
the cross-tie 

SGS-UFSAR 

.1129Q: 1 

Indication of Loss of Flow Path 

Reduced flow in the discharge line 
from one of the residual heat exchangers 
(one flow monitor in each discharge line) 

Reduced flow in the discharge lines 
from the safety injection pump and 
centrifugal charging pump (a flow 
monitor in the discharge lines of 
each set of pumps) 

Alternate Flow Path 

Via the independent, 
Identical low head flow 
path utilizing the second 
residual heat exchanyer 

From containment sump to 
the high head cold leg 
injection headers via 
alternate residual heat 
removal pump, alternate 
residual heat exchanger 
and the centrifugal 
charging/safety injection 
pumps. A cross-tie with 
two parallel valves is 
provided. 
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TABLE 6.3-11 (Sheet 2 of 2) 

SINGLE PASSIVE FAILURE ANALYSIS - E~fRGENCY CORE COOLINu SYSTEM 

RECIRCULATION PHASE 

Flow Path 

Low Head Recirculation 
(Hut Leg) 

From containment sump to hot leg 
Low-head injection header via 
RHR pumps and RHR heat exchangers. 

High Head Recirculation 
(Hot Leg} 

From containment sump to the 
high head hot leg injection 
headers via residual heat 
removal pump No. 2, residual 
heat exchanger No. 2, and the 
RHR-to-SI pump suction line 
to No. 2 safety i nj ecti on pump. 

SGS-.UFSAR 

Indication of Loss of Flow Path 

Reduced flow in the common header to 
the hot leg injection points 

Reduced fl ow in the discharge from 
No. 2 safety injection pump. 

A 1 ternate Fl ow Path 

Same as for cold leg 
reci rcul ati on 

From containment sump to 
the high head via hot leg 
injection points via 
residual heat removal pump 
No. 1, residual heat 
exchanger No. 1, and safety 
.injection pump crossover 
1 i ne. ) 
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TABLE 6.3-12 

RECIRCULATION LOOP LEAKAGE 

No. of Type or Leakge Control and Unit 
Items Units Leakage Rate Used in the Analysis 

1. Residual Heat Removal Pumps 2 Mechanical seal with Leakoff -
(Low Head Safety Injection 10 cc/hr/seal(l) 

2. Centrifugal Charging Pump 2 Same as residual heat removal pump 

3. Safety i nj ecti on pumps 2 Same as residual heat removal pump 

4. Flanges: Gasket - asjusted to zero leakage following 
a. Pump 8 any test - 10 drops/min/flange used in 
b. Valves; Bonnet, Body 40 analysis 

(1 arger than 211
) 

c. Control Valves 6 

5. Valves - Stem Leakoffs 40 Backseated, double packing with l eakoff -
1/cc/hr/in. stem diameter 

6. Misc., Small Valves 50 Flanged body packed stems - 1 drop/min used 

(1) Seals are acceptance tested to essentially zero leakage. 

SGS-UFSAR 

Leakage to 
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cc/hr 

20 

40 

40 

0 
1200 

180 
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• 
Leakage to 
Equipment 
Drain System 

cc/hr 
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0 
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Pump Elevation 

Safety 86'-3" 
Injection 

Cen tri fugal 87'-5" 
Charging 

Residual Heat 46'-10" 
Removal 

Residual Heat 46'-10" 
Removal 

Containment 8"6'-3" 
Spray 

Component 86'-0!' 
Cooling 

Service Water Impeller 
Suction 
72'-3" 
Pump D1 s. 
94'-0" 

Residual Heat 46' -10" 
Removal 

Flow and . 
Condition 

600 gpm 
runout 

550 gpm 
runout 

1 pump 
operating 
4500 gpm 
runout fl ow 

2 pumps 
operating 

• 
TABLE 6.3-13 

NET POSITIVE SUCTION HEADS FOR 
POST-ACCIDENT OPERATIONAL PUMPS 

Minimum 
Suction Source Available 
and Elevation NPSH 

RWST 31.3 ft 
101' -8" 

RWST 38 ft 
101-8" 

RWST 63.3 ft 
101'-8" 

RWST 53.2 ft 
101'-8" 

3000 gpm/pump 
rated flow 

2600. gpm RWST 29.9 ft 
rated flow 101 1-811 

4600 gpm Head Tank 40 ft 
rated flow 128' 

10,875 gpm Pl ant Intake 34.1 ft 
rated fl ow Water Level 

76' 

4500 gpm Containment Sump 24.9 ft 
Runout fl ow 78'-8" 

Maximum 
Required Water 
NPSH Temperature 

22 ft l00°F 

23 ft l00°F 

19.5 ft. l00°F 

11 ft l00°F 

10 ft l00°F 

14 ft 135°F 

33 ft 85°F 

19.b ft Saturation 

The available NPSH was calculated for the pumps indicated above using the following conservative assumptions: 
1. All calculations assume an empty refueling water storage tank. 
2; No credit is taken for RWST fluid temperature below 100°F. 
3. No credit is taken for subcooling of fluid in containment sump. 

. 4. No credit is taken for increased containment pressures following the LOCA • 
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• TABLE 6.3-14 (Sheet 1 of 3) 

MATERIALS EMPLOYED FOR 
El'v'f RGENCY CORE COOLANT SYSTEM COMPONENTS 

Component 

Accumulators 

Boron injection tank 

Boron injection tank 

Pumps 
Safety injection 

Residual heat removal 

Material 

Carbon steel, clad with 
Austenitic stainless steel 

Austenitic stainless steel 

Austenitic stainless steel 

Austenitic stainless steel 

Austenitic stainless steel 

• Boron injection tank 

• 

Recirculation pump 

Residual heat exchangers 
Shell 

Shell end cap 

Tubes 

Channel 
Channel 
Tube sheet 

Valves -

Motor operated valves 

Containing radioactive fluide 
Pressure 

Containing parts 

SGS-UFSAR 

Austenitic stainless steel 

Carbon steel 
Carbon steel 

Austenitic ·stainless steel 
Austenitic stainless steel 

Austenitic stainless steel 
Austenitic stainless steel 

Austenitic stainless steel 
or equivalent 
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TABLE 6.3-14 {Sheet 2 of 3) 

MATERIALS EMPLOYED FOR 
EMERGENCY CORE COOLING SYSTEM COMPONENTS 

Component 

Body-to-bonnet 
Bolting and nuts 

Seating surfaces 

Stems 

Motor operated valves 
Containing non-radioactive, 
Boron - free fluids 

Body, bonnet and flange 

Stems 

Diaphragm valves 

Accumulator check valves 

Parts contacting 

Borated water 

Clapper a rm 
Shaft 

SGS-UFSAR 

Material 

Low alloy stee 1 

Stellite No. 6 or equ1valent 

Austenitic stainless steel or, 
17-4PH s tai nl ess 

Carbon steel 

Corrosion resistance steel 

Sustenitic st~inless steel 

Austenitic stainless steel 

17-4PH stainless 
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TABLE 6.3-14 (Sheet 3 of 3) 

MATERIALS EMPLOYED.FOR 
EMERGENCY CORE COOLING SYSTEM COMPONENTS 

Component 

Relief valves 

Stainless steel bodies 

Carbon steel bodies 

All nozzles, discs, 

Spindles and guides 

Bonnets for stainless 
Steel valves without a 

Balancing bellows 

All other bonnets 

Piping -

All piping in contact 

with borated water 

SGS-UFSAR 

Material 

Stainless steel 

Carbon steel 

Austenitic stainless steel 

Stainless steel or 
Plated carbon steel 

Carbon steel 

Austenitic stainless steel 
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6.4 HABITA.BILITY SYSTEMS 

Each unit is equipped ~ith a seRarate control room which· contains those 

. controls and instrur.ientation nec_essary for operation of that unit under: 

normal and abnormal conditions. The control room is continuously occu

pied by the operating personnel under al 1 operating conditions. 

Control room shielding and venitlation are designed such that the occu-. 

pants of the room would not receive doses in excess of 5 rem to the 
whole body, .or.its equivalent to any part of the body, during the course 

of a loss-of-coolant a~cident. This includes doses received druing 

ingress and egress. LOCA dose analyses are presented in Chapter 15 and 

·Chapter 12. 

Pl~"'~ systems affecting control room habitabil i t.Y are the fol 1 owing: 

Fire Protection (Sectfon 9.5.1} 

Comr.iunications (Section 9.5.2) 

Ventilation ( Section 9 • 4 • 1 r 
Lighting (Section 9.5.3). 

Shielding (Chapter 12) 

Regu1 atory Gu-ide 1. 78 requires that hazardous chemicals, such as those· 

indi~ated in Table C-1 of the Guide 9 be considered in an analysi·s of 

. control room habitability .if they are frequently shipped within a 5 .mile 

radius of the plant. The Guide al so defines frequent. shipr.1ents as being 

50 or r.tore trips per ye·ar for barge traffic. Chemicals stored or 
situated at di stances greater than 5 r.iiles frma the facility need not be 

considered in the habitability analysis. 

The Salem site is located in a rural area with no major raanufacturing or 

chemical plants located within 5 miles to the site. The only major 
transportation route within 5 miles of the plant is the Delaware River~ 

·.with the intra-coastal waterway passing l mile west of the. site . 

·--- ---· -·------- .. ·--
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The Salem Nuclear Generating Station uses a sodium hypochlorite biocide 
system, thus eliminating an onsite chlorine hazard. The control room is 

J 

equipped with smoke and combustible detectors located in the air condi-
tioning unit ducts. These detectors provide alarms in the control room 
in the event of smoke or combustible hazards present. The control room 
is equipped with radiatiation detectors which provide annunciation, 
automatically isolate the controol room, and switch the ventilation 
system to the reci rcul at ion mode. There are a sufficient number of 
stl'uctures on the site between any rel ease point and the control room 
air intake, such that dispersion of any effluent is provided. The 

calculated x/Q is sufficiently small to reduce any concentrations of 
these hazardous chemical releases to low values. The control room air 
intakes for both Units l and 2 are located inboard of their respective 
containments, i.e., in between the containments on the north side of the 
Unit l containment and the south side of the Unit 2 containment. Any 
potentially hazardous chemical is stored on the opposite side of the 
containment, thus prohibiting any direct indiluted intake of hazardous 
chemicals. 

Table 6.4-1 provides a tabulation of estimated quantities of hazardous 

chemicals shipped past Artificial Island which are listed in Table C.l 

of Regulatory Guide 1. 78.. These estimates are based on data collected 

from References l through 6. Table 6.4-2 sunnnarizes data for those 
hazardous chemicals considered further in the habitability analysis. 

The only significant mobile source of hazardous chemicals is the sul
furic acid shipped on the Delaware River. A total of 90 vessel trips 
per year were made in transporting a total of 73 ,000 short tons, which 
resulted in an average of 812 short tons per vessel per trip. Assuming 
that in a collision accident, the vessel cargo is released, a quantity 
of 812 short tons could spill in the water. The sulfuric acid would be 
diluted by t~e river water. Si nee an i nsi gni fi cant amount of vapori za
ti on would occur, control room habitability would not be affected by 
this event. 
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The only hazardous chemicals stored on site are sulfuric acid and nitro-· 
gen. Sulfuric acid is stored· in a 3000 gallon tank, and calculations 

show that (assuming the fail~re of the tank) the rate of vaporization 
would be only 1.2 x 10-6 rag/second due to the low.volatility of s~l
furic acid~·· Using x/Q=7.35x10-4 second/cubic meter, for a distance 
of 600 feet, the sulfuric acid concentration at the control room air 
intake is calculated to be 8.81 x 10-10 mg/m3, \'lhich is much lower 

than the toxicity limit given in Table C-1 of Regulatory Guide 1.~8. 

Also, two tanks wi~h a capacity of 4,000 gallon each, containing sul

furic acid, are located in the turbine building, at elevation 88'. They 

are ·located on a diked. area, and, assuraing the failure of one tank, the. 

rate of vapori'za.tio.n would be 1.2 x lo-6mg/sec.· ·The turbine building· 

ventilation system will disperse and evacuate the sulfuric acid vapor. 
Assuming (conservatively) that there would be no'.dispersion from the 

turbine building exhaust to the control room air intake, the concentra
tion at the control room air intake would be 1.2 x 10-6 mg/m3, much 
lower than the toxicity limit given in Table C-1 of Regulatory Guide 
l . 78 . 

Nitrogen is s~ored in a 500 gallon tank, 1600 feet away from the con

trol room air intake, and in 36 bottles, each containing 300·cubic feet 

of nitrogen, .at a pres~ure of 2300 psi located at elevation 122 1 in the 

auxi1 i ary building. Due to the small quantity stored, there would be no 
discern-Ible .increase in the natural concentration of nitrogen in th·e air 

in the event of a failure of the 500 gallon.tank. A failure of one 
. . 

nitrogen bottle would lead to the dispersion of its contents in the 

auxil.iary building, .. dilution, and its evacua.tion by the auxiliary build
ing ventilation system, 70 1 above the control room air intake at a speed 

of 7 ra/sec and in a direction opposite the control room air intake~ 
Therefore, the nitrogen release·would pose no significant hazard to 

control room personnel. Fire fighting agents used at the Salem Nuclear 
Generating Station are Halon, stored in tanks located inside the auxil-

iary building at Elevation 144' and co2 stored at elevation 84' in the 
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auxiliary building. Since they are stored inside the building, they will • 
have no effect on the control room air intake. 

Table 6.4-3 summarizes data on the control room ventilation system, which 
is described in detail in Section 9.4.1. 

It is concluded that control room personnel are adequately protected 
against the effects of accidental release of toxic and radioactive gases 
and that the plant can be safely operated or shut down under design basis 

accident conditions. Due to the use of sodium hypochlorite, there is no 

chlorine hazard. A postulated sulfuric acid spill results in a miniscule 
concentration reaching the control room air intake and the postulated 

nitrogen release will dissipate in the environment well before reaching 
the control room. 

REFERENCES FOR SECTION 6.4 

1. "Waterborne Commerce of the United States", U. S. Army Corps of 
Engineers Annual Publication. 

2. Commodity traffic data for imports and exports collected by the 
Philadelphia Maritime Exchange. 

3. Foreign trade cargo movements collected by the Delaware River Port 
Authority. 

4. U.S. Dept. of Commerce, Census Bureau (handling foreign trade data for 
customs purposes). 

5. Interstate Oil Transport, Inc. (which handles most of the barge 
operations of the Delaware River). 

6. U. S. Coast Guard, Captain of the Port, Philadelphia (which is cog
nizant of all hazardous materials shipments in the Delaware River) • 
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TABLE 6.4-1 (sheet l of 2) 

ESTIMATES OF HAZARDOUS CHEMICALS TRAFFIC* 

Chemical 

Acetaldehyde 

Acetone 

Acrylonitrile 

Anhydrous Ammonia 

Aniline 

Benzene (+Toluene) 

Butadiene 

Butenes 

Carbon Dioxide 

Carbon Mono xi de 

Chlorine 

Ethyle Chloride 

Ethyl Ether 

Ethylene Dichloride 

Fl ourine 

Formaldehyde 

Helium 

Hydrogen Cyanide 

Hydrogen Sulfide 

Methanol 

Nitrogen 

SGS-UFSAR 

Thousands of 

Short Tons/yr 

negl i gi bl e 

negligible 

negligible 

160 

negligible 

288 

l 00 

negligible 
II 

II 

negligible 
II 

II 

50 
negl i gi bl e 

II 

II 

II 

II 

40 

negligible 

Vessel Trips/yr 

12 

29 

12 

10 
0 

12 
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Chemical 

Sodium Hydroxide 
Sul fur Dioxide 
Sulfuric Acid 
Vinyl Chloride 
Xylene 

TABLE 6.4-1 (sheet 2 of 2) 
ESTIMATES OF HAZARDOUS CHEMICALS TRAFFIC* 

Thousands of 
Short Tons/yr 

242 
negligible 

73 
185 

50 

Vessel Trips/yr 

30-50 

90 

15 

5 

* Estimates are based primarily on 1976 statistics, but upgraded with 
more current infonnation where available • 
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TABLE 6.4-2 
HAZARDOUS CHEMICALS STORED ON-SITE 

NAME OF CHEMICAL SULFUR! C AC ID NITROGEN 

TYPE OF SOURCE ONSITE ONSITE 
& 
MOBILE 

HUMAN DETECTION 
THRESHOLD (mg/m3) 

1 ASPHYXIANT 

MAXIMUM ALLOWABLE 2 ASPHYXIANT 
TWO-MINUTE CONCEN-
TRATION (mg/m3) 

MAXIMUM QUANTITY 1) 3000 GAL. 1) 500 GAL. 
OF CHEMICAL IN- ONSITE 2) 1 Bottle = 
VOLVED 2) 812 SHORT-TONS 300 cu. ft 

MAXIMUM CONTINUOUS N/A N/A 
RELEASE RATE 

VAPOR PRESSURE N/A 2300 psi for 
(TON) bottle 

FRACTION OF CHEMICAL 
FLASHED AND RATE OF N/A 1) 25% for 
BOIL OFF WHEN SPILLING tank 
OCCURS 2·) Al 1 for 

bottle 

DISTANCE OF SOURCE FROM 600 feet (on~ite) 1600 Feet for 
CONTROL ROOM 1 mile (mobile) tank 

FIVE PERCENTILE 
METEOROLOGICAL DILUTION 7.35xl0-4 * 7.35xl0-4 * 
FACTOR sec/m3 sec/m3 

* ·r The dilution factor is calculated as described in Chapter 15. The 
cross-sectional area of the containment was reduced to account for only the 
first 31 feet of elevation. The wind speed was assum~d to be 1.5 m/sec. 
As indicated in Chapter 15 stability has little effect on x/Q . 
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TABLE 6.4-3 

CONTROL ROOM VENTILATION SYSTEM PARMETERS 

CAACs(*) EACS(*) 

VOLUME OF CONTROL ROOM 5000 m3 500 m3 

NORMAL FLOW RATES: 

- unfiltered inleakage l 00 cfm l 00 cfm 
- filtered makeup air 0-33,840 0-33,840 

(when needed) (when needed) 
- filtered recirculated air 6850 cf m 6850 cfm 

EMERGENCY FLOW RATES: 

- unfiltered inleakage l 00 cfm l 00 cfm 
- filtered makeup air 300 cfm 300 cfm 

(when needed) (when needed) 
- filtered recirculated air 6550-6850 6550-6850 

TIME REQUIRED TO ISOLATE l minute manually (conservative) 
THE CONTROL ROOM 5 seconds ·automatically 

EACS = Emergency Air Conditioning System 
CAACS = Control Area Air Conditioning System 

SGS.;.UFSAR Revision O 
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7.0 INSTRUMENTATION AND CONTROLS 

7.1 INTRODUCTION 

Instrumentation and control systems pro vi de the reactor operator with 

the required infonnation and control capability to operate the plant in 

a safe and efficient manner. Where safety functions are involved, logic 

circuitry and actuators are provided to execute equipment actions with

out operator action. 

Instrumentation and control systems are broadly classified as being 

either safety related systems or control systems. The Nuclear Instru

mentation (Reference 1) and Engineered Safety Features circuits are 

discussed in separate parts of this section. Other specific design 

features or topics al so separately discussed a re: in-core i nstrumenta

ti on, operating control stations and engineered safeguards sequence 

control. Controls and electrical drawings for safety related equipment 

can be found in Reference 2 • 

Instrumentation and controls are provided to monitor and maintain all 

operationally important reactor operating parameters such as neutron 

flux, system pressures, flow rates, temperatures, levels and control rod 

positions within prescribed operating ranges. The quantities and types 

of instrumentation provided are adequate for safe and orderly operation 

of all systems and processes over the full operating range of the pl ant. 

Process variables which are required on a continuous basis for the 

startup, power operation and shutdown of the plant are indicated in, 

recorded in, and controlled as necessary from the control room. The 

operating staff is cognizant and in control of all test, maintenance and 

calibration work and can fully assess all abnonnal plant conditions 

knowing the extent to which specific and related operating tasks are in 

process • 
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Control system failure analyses have been conducted for Unit 2 and were 
reported to NRC on June 2, 1982 in a report entitled, "Salem Generating 

Station, Unit 2, Control Systems Failure Analysis." The systems 
reviewed were (1) Steam Dump, (2) Excore Nuclear Instrumentation, 

(3) Pressurizer Pressure and Level Control, (4) Feedwater Control and 
(5) Rod Control. The systems were evaluated for (1) Break of Common 

Instrument Lines, (2) Loss of Power to all components powered from a 
single source and (3) Break of any single instrument line. It was 

concluded that the consequences of single control system failures are 
adequately bounded by the accidnet analyses of Chapter 15 • 
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7.1.1 IDENTIFICATION OF SAFETY RELATED SYSTEMS 

7 .1.1.1 Reactor Trip Sys terns 

The Reactor Trip System consists of equipment which initiates reactor 

trip or activates engineered safety features. All equipment from sen

sors to actuating devices is considered a part of the protective 

system. The reactor trip breakers and the undervoltage attachment are 

safety-related. Engineered safety features are discussed in Section 7.3. 

Design criteria penni t maximum effective use of process measurements 

both for control and protectjon functions, thus _enhancing the capability 

to provide an adequate system to deal with the majority of common-mode 

failures as well as to provide redundancy for critical control func

tions. The design approach provides for monitoring of numerous system 

variables by different means, i.e., system diversity. This diversity 

has been evaluated for a wide variety of _postulated accidents (Refer

ence 3). 

7.1.1.2 Fission Process Monitors arid Controls 

Criterion: Means shall be provided for monitoring or otherwise measur

ing and maintaining control over the fission process 

throughout core life under all conditions that can reason

ably be anticipated to cause variations in reactivity of the 

core. 

The Nuclear Instrumentation System described in Section 7.2 safeguards 

the reactor by monitoring the neutron flux and generating appropriate 

trips and alanns for various phases of reactor operating and shutdown 

conditions. It also provides indication of reactor status during 

startup and power operation. 

A comprehensive discussion of the Nuclear Instrumentation System, cover-

• 

• 

ing design bases and a detailed description of the system, can be found • 

in Reference 1. 
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7.1.1.3 Plant Comparison 

The Salem Nuclear Plant protection and engineered safety features actuation 

systems are functionally identical to those in the 0. C. Cook plant. 

Both plants have solid state logic protection systems and extended test

ability of Engineered Safety Features actuation circuitry. 

Both plants have incorporated the power range fast flux rate trip with the 

corr.esponding deletion of the automatic rod withdrawal block on indication 

of rod drop. 

The design of both systems conforms to IEEE Std. 279-1971 and the General 

Design Criteria . 

7.1.2 IDENTIFICATION OF SAFETY CRITERIA 

7.1.2.1 Design Bases 

Criterion: Core protection systems, together with associated equipment, 

shall be designed to prevent or to suppress conditions that 

could result in exceeding acceptable fuel damage limits. 

If the Reactor Trip System receives signals which are indicative of an 

app~oach to unsafe operating conditions, the system actuates alarms, 

prevents control rod withdrawal, initiates load cutback, and/or opens the 

reactor trip breakers . 
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The basic reactor operating philosophy is to define an allowable region of 

power, pressure and coolant temperature conditions. This allowable range is 

defined by the primary tripping functio~s: The overpower 6 T trip, the 

overtemperature 6 T trip and the nuclear overpower trip. The operating 

region below these trip settings is designed so that no combination of 

power, temperatures, and pressure could result in departure from nucleate 

boiling ratio (DNBR) less than 1.3 for any credible operational transient 

with all reactor coolant pumps in operation. Tripping functions in addition 

to those stated above are provided to back up the primary tripping functions 

for specific abnormal conditions. 

Rod stops from nuclear overpower, overpower 6 T and overtemperature 6 T 

deviation are provided to prevent abnormal power conditions which could 

result from excessive control rod withdrawal initiated by a malfunction of 

the reactor control system or by operator violation of administrative 

procedures. 

7.1.2.2 Independence of Safety Related Systems 

7.1.2.2.1 Redundancy and Independence of Safety Related Systems 

Criterion: Redundancy and independence designed into safety related systems 

shall be sufficient to assure that no single failure or removal 

from service of any component or channel of such a system will 

result in loss of the protection function. The redundancy 

provided shall include, as a minimum, two channels of protection 

for each protection function to be served. 

The Reactor Trip System is designed so that loss of voltage in a channel 

will result in a signal calling for a trip, except for reactor coolant pump 

bus undervoltage, underfrequency, and auto shunt trip which require de 
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voltage to actuate. The trip system design combines redundant sensors and 

channel independence with coincident trip philosophy so that a safe and 

reliable system is provided in which a single failure will not violate 

reactor protection criteria. 

The design philosophy for the reactor protection and control systems is to 

make maximum use, for both protection and control functions, of a wide range 

of measurements. The protection and control systems are 
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Separate and identifiable.· The design approach pennits not only redun-
' ' 

dancy of control, providing its own desirable increment to overall plant 

s.afety, but al so provides a protection system whi.ch continuously moni

tors. numerous system variables by different means.; i.e., protection 

sYstem diversity. 

The extent of protection system diversity has been evaluated for a wide 

Variety of postulated accidents. [J] ·Generally, two or more di verse 

protection functions ~JOUld t~nninate an accident before intolerable· 

consequences could occur. 

The protection system is independent of the control system, al though the 

control system is dependent upon signals derived from the protection 

system through isolation amplifi~rs. The design approach is to make 

maximum and thereby most efficient use, for both control arid protection 

purposes, of all measurements of pl ant variables. 

In the Reactor Protection System, two reactor trip breakers are actuated 

~y two separate logic matrices which intern1pt power to the rod cluster 

control assembly drive mechanisms. The breakers are connected in series 

with the power supply so.that opening either.breaker interrupts power to 

all ful 1 length rod drive mechanisms pennitting the. rods to free fall 

into the.core. 

Further detail on redundancy is provided throu~h the description of the 

respective systems covered by the various subsections in this chapter. 

The power supply for the protection systems is discussed in Chapter 8. 

7.1.2.2.2 Protection Against Multiple Disability for Safety Related 

Systems 

Criterion: The effects of adverse conditions to which redundant ch•n

nel s or protection systems might be exposed in common, 

either under nonnal conditions or t.hose of an accident, do 
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not result in l o_ss of the protection function or shal 1 be 

tolerable on some other basis. 

Separation of redundant analog protectj on channels originates at the 

process sensors and continues through the wiring route and containment 

penetrations to the analog protection racks. Physical separation is 

used to achieve separation of redundant transmitters. Separation of 

wiring is achieved using separate wireways, cable trays; conduit runs 

and containment penetrations for each redundant channel. Redundant 

analog equipment is separated by 1 ocati ng modules in different protec

·ti on rack sets. Each redundant protection channel set is energized from 

a separate instrument bus, which can be energized by the standby AC 

power system. 

7~1.2.2.3. Demonstration of Functional Operability of Safety Related 

Systems 

Criterion: Means shall be included for suitable testing of the active 

components of protection systems while the reactor is in 

opera ti on to detenni ne ·if failure or lass of redundancy has 

occurred. 

The signal conditioning equipment of each protection channel in service 

at power is capable of being calibrated and tested independently by 

simulated analog input signals to verify its operation without tripping 

the reactor. The testing scheme includes checking through the trip 

logic to the trip breakers. Thus, the operability of each trip channel 

can be detennined conveniently and without ambiguity. Functional tipera-

ti6n of the power sources for the protection system is discussed in 

Chapter 8. 
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• 7.1.2.2.4 Protection System Failure Analysis Design 
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• 

Criterion: The protection systems shall be designed to fail into a safe 
state or into a state established as tolerable on a defined 
basis if conditions such as disconnection of the system, loss of 
energy (e.g., electrical power, instrument air), or adverse 

environments (e.g., extreme heat or cold, fire, steam, or water) 

are experienced. 

Reactor trip channels are generally designed on the 11 de-energize to operate 11 

principle; a loss of power causes a channel to go into its trip mode. 

Exceptions to this case are the reactor coolant pump bus undervoltage and 

underfrequency trips, and the automatic reactor shunt trip_ feature which 

require de voltage to actuate. All safety related air operated valves are 

spring loaded to move to the preferred position on loss of instrument air . 

Reactor trip is implemented by simultaneously interrupting power to the 

magnetic latch mechanisms on all drives allowing the rods to insert by free 

fall. The protection system is thus inherently safe in the event of a loss 

of power. This equipment is selected to withstand the most adverse 

environmental conditions to which it will be subjected; this would also 

include post-accident conditions within the containment, if the equipment is 

required to operate in the post-accident environment. 

7.1.2.2.5 Reactivity Control Systems Malfunctions 

Criterion: The reactor trip systems shall be capable of protecting against 

any single malfunction of the reactivity control systems, such 
as unplanned continuous withdrawal (not ejection or dropout) of 
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a control rod, by limiting reactivity transients to avoid 
exceeding acceptable fuel damage limits. 

Reactor shutdown with rods is completely independent of the normal control 

functions since the trip break~rs interrupt the power to the rod mechanisms 

regardless of existin~ control signals. Effects of continuous withdrawal of 

a rod and of deboration are described in Chapter 15. 

7.1.2.3 Missile Protection 

Criterion: Adequate protection for those engineered safety features, the 

failure of which would re~ult in undue risk to the health and 

safety of the public, shall be provided against dynamic effects 

and missiles that might result from plant equipment failures . 

The applicable portions of the missile protection criteria as stated in 

Section 1.3 apply to Class I equipment in this chapter. 

Several criteria related to all instrumentation and control systems but more 

specific to other plant features or systems are discussed in other Chapters, 

as listed: 
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• Criterion Discussion 

Suppression of Power Oscillations Chapter 3 

Reactor Core Design Chapter 3 

Quality Standards Chapter 1 

Performance Standards Chapter 1 

Fire Protection Chapter 9 

Missile Protection Chapter 5 

Emergency Power Chapter 8 

7.1.2.4 Periodic Testing of the Protection Systems (IEEE-338-1971) 

IEEE Std. 338-1971, 11 IEEE Trial-Use Criteria for the Periodic Testing of 

Nuclear Power Generating Station Protection Systems 11
, was used as a guide in 

• developing the periodic testing program details for Salem . 

• 
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1. fhe response time specified in Paragraph 4.1 of IEE£ 338 is not 

checked periodically as is the set point ~ccuracy. The response 

time of µrotecti on system· instruments is checked during preopera

tional testing and after replacement of any component effecting the 

response time. Kesponse times are checked during refueling outages. 

2. The reliability goals specified in Paragraph 4.2 of IEEt: 338 are not 

applicable since the test frequencies are dictated in the Tecimical 

Specifications. 

3. The periodic test frequenty discussed in Paragraph 5.2 of IEEE 338, 

and specified in the Tecirnical Specifications, is co;1servatively 

selected to assure that equipment associated with protection func

tions has not drifted oeyond its minimum perfonnance requirements. 

4. The test interval discussed in Paragraph S.2 1£~£ 338, is developed 

on past operating experience dnd analytical methods, and will be 

modified if. necessary to assure tllat system and sui:>system protection 

is reliably provided. 

7.1.2.5 Confonnance to IEEE Standard 344-1971 

The Reactor Protection System, Engineered Safety Feature circuits, and 

the Emergency Power System have been designed to assure that these 

systems do not lose their capability to perform the re qui red functions 

in the event of a design basis earthquake. Suc11 equipment is designed 

Class I as defined in Section C.l. A listing for the general category 

of Class l items is given in Section ~.2. 

Tile protection system has 0een designed and qualified to assure its 

capability to initiate.a protective action during the design oasis 
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earthquake. The £ngineered Safety Feature circuits have been designed 
and qualified to assure their capability in performing the required 

functions during post-accident opera ti on. There may be defonnati on of 

the equipment; however, functional capability must be mdi ntai ned. 

Equipment suppliers have been given the seismic design requirements, and 

the ability of such equipment to perform its required functi ans has oeen 

verified either by analysis or by testing. Typical protection system 

and Engineered Safety Fe.atures system equipment are subjected to type 

tests under simulated seismic motion and/or dynamic mathematical analy-

sis to demonstrate ability to function. 

Type testing has been done on this equipment by using conservatively 

large accelerations and applicable frequencies. This testing confonned 

to the guidelines set forth in IEEE Std. 344-1971, "IE££ Guide for 

Seismic Qualification of Class I Electrical Equipment for Nuclear Power 

Generating Stations". 

References (4, 5, 6, 7) provide the seismic evaluation of safety related 

equipment. The results show that there were no electrical irregulari

ties that would leave the plant in a.n unsafe condition even though some 

trips were initiated. 

Table 3.10-1 contains all the safety related electrical equipment that 

requires seismic qualification. 

7.1.2.6 Confonnance and Exceptions to IEEE 323-1971 

IEE£ ifo. 323-1971, "IEEE frial-Use Standard Guide for Qualifying Class I 

Electric Equipment for Nuclear Power Generating Stations". 

The safety related equipment is type tested to substantiate the adequacy 

of design. This is the preferred method as indicated in IEEE-323. Type 

tests already performed (References 4, 8, 9, and 10), in accordance with 

criteria standards established at the time of the construction pennit, 

may not conform to the format guidelines set forth in IEEE-323. 

SGS-UFSAR 7.1-10 K.evision O 
July 22, 1982 

• 

• 

• 



• 

• 

• 

7. 1.2.7 Conformance to IEEE 336-1971 

Conformance to IEEE-Standard 336-1971 "IEEE Standard Installation, 
Inspection, and Testing Requirements for Instrumentation and Electric 
Equipment During the Construction of Nuclear Power Generating Sta
tions". Installation, inspection and testing activities for instrumen
tation and electric equipment are in accord with this standard. The 
overall quality assurance program is described in Chapter 17. 

- 7.1.3 Control Room Design Review 

A preliminary design review assessment of the Salem Unit 2 control room 
was undertaken in the spring of 1980 by Public Service Electric and Gas 
Company in conjunction with human factors personnel from Essex 
Corporation. It was concluded in the preliminary review that "the 
design of the Salem-2 ·control room, which was repeatedly developed 

through the use of mockups and operator walk-throughs, evidences a high 
level of concern for the capabilities and limitations of the human 

operator, with some notable exceptions." The authors cautioned that the 
human engineering discrepancies and conclusions were tentative pending 

further evaluation and analysis. A detailed control room design review 
(DCRDR)(ll) was subsequently undertaken. The DCRDR was performed for 

Units l and 2 in accordance with fhe intent of NUREG-0700(l 2l. The 
detailed control room design review process was divided into the 

following major steps: 

o Operating Experience Review 
o Control Room Inventory 

o Control Room Survey 

o System Function Review and Task Analysis 

o Verification of Task Performance Capabilities 
o Validation of Control Room Functions and Integrated Performance 

Capabilities 

Design review team members assessed the identified and prioritized human 
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engineering discrepancies (HEDs) and recommended corrective actions, if 
applicable, for the resolution of each. Recommendations for HED 
resolution were developed for all significant HEDs using the resources 

of the DCRDR team and other specialists (e.y., Plant Engineering and 
Operating Departments). These recommendations took into account the 
impact of the correction on operating effectiveness, system safety, 

acceptability of design, and consistency with present control room 
characteristics. 

A list of all HEDs requ1r1ng plant changes appears in section 3.1.l of 
the DCRDR report(ll)_ All HEDs identified during the review are 

listed in Volume 2 of the same report. 
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7.2 REACTOR TRIP SYSTi~ 

7.2.l DESCRIPfIO~ 

7.2.l.l · System Llescription 

fhe Keactor Trip System consists of equipment designed to cause or i ni

ti ate t:ngi neered Safety Feature.s. A 11 equipment from sensors to the 

trip breakers or initiation circuits of £n\:)ineered Safety Fe<.rtures are 

part of t11e K.eactor Trip System •. Engineered Safety features·are dis

cussed in Section 7.3 .. 

·Design crfteria for this system lrefer c..o Section 7.1) per1ilit maximurn 

effective use of process measurements both for control and protection 

functions, thus eni1anci ng the capability to provide an adequate system 

to deal with the majority of common-mode failures as well as to provide 

redundancy for critical contra l functions. The design approach provides 

system diversity which has been evaluated for a wide variety of postu

lated accidents (Reference l). 

The Reactor Trip System consists qf an aggregate lineup of the following 

systems. System descriptions may be found throughout this section and 

in the associated references: 

14uc lear l nstrumentati on Sy stem ( Keference 2) 

Process Control System 

Solid State Protection System (Reference 3) 

Figure l.i::'.-1 illustrates core limits and shows the maximum trip points 

wrlich are used for the protection system. foe solid lines indicate a 

typical locus of Dl\IBK = 1.30 at four pressures, and the dashed lines 

indicate maximum permissible crip points for the overtemperature tlT 

reactor trip. Actual Set poi.nts (tile safety limits are given in the 
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Tech_nical Specifications} are lower to allow for measurement and instru

mentation errors. The overpower ~T reactor trip 1 imits the maximum core 
power independent_of departure from nucleate boiling ratio (DNBR}. 

Adequate margins exist between the maximum nominal steady state operat

ing point (which includes allowance for temperature, calorimetric, and 

pressure errors} and required trip points to preclude a spurious trip 

during design transients. 

7.2.1.2 Nuclea~ Instrumentation 

The Nuclear Instrumentation System is an integral part of the Reactor 

Trip System as described in these sections. 

The Nu clear Instrumentation System uses inf onnati on from three separate 

types of instrumentation channels to provide· three discrete protection 

levels. Each range of instrumentation (source, intennediate, .and power} 

provides the necessary overpower reactor trip protecti_on required during 

operation in that range. The overlap of instrument .ranges provides 

reliable continuous protection beginning with source level through the 

intennediate and low power level. A.s the reactor power increases, the 

overpower protection level is increased by administrative procedures 

after sati sf acto ry higher range i nstrumenta ti on operation is obtained. 

Automatic reset to more restrictive trip protection is provided when 

reducing power. 

Various types of neutron detectors, with appropriate solid-state elec

tronic circuitry, are used to monitor the leakage neutron flux from a 

completely shutdown condition to 120 percent of full power. The power 

range channels are capable of recording overpower excursions up to 200 
percent of full. power. 

The neutron flux. covers a wide range between these extremes. Therefore, 

· monitoring with several ranges of i nstruinentati on is necessary. The· 
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lowest range ("source" range) covers six decades of leakage neutron 

flux. The. next range (1'i ntennedi ate11 range) covers eight decades. 

Detectors and instrumentation a re chosen to provide overlap between the 

higher portion of the source range and the lower portfon of the inter.;. 

mediate range. The highest range of instrumentation ( 11 power11 range) 

covers apprpximately two decades of the total instrumentation range. 

This is a· linear range that overlaps with the higher portfon of the 

intermediate range. 

The system described above provides control room i ndi ca ti on and record

ing of si3nals proportional to reactor neutron flux during core loading, 

shutdown, startup and power operation, as well as during subsequent 

refueling. Startup rate indication for the source and intennediate 

range channels is provided at the control board. Reactor trip and rod 

stop control and alann signals are transmitted to the Reactor Control 

and Protection System for automatic plant control.· 

The Sa 1 em design used the Ion-Chamber Current Recorders ( NR-41 through 

NR-44) to record the .upper and 1 ower neutron flux of the same detector 

instead of the upper and lower neutron flux of the di ago rial ly opposite 

detectors. 

A block di a gram of the Reacto.r Trip System showing various reactor trip 

functions and interlocks is shown in Figure 7.2-2. 

7.2.1.3 Principles of_Design 

The identification of applicable safety cri:teria is covered in Sec::tion 

7.1. The Reactor Trip System is designed in accordance with IEEE 

279-1971. Detailed de~criptions of the implementation of th~se 

principles are presented here in Section 7.2 and in Section 7.5 • 
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7.2.1.4 Electrical. Isolatio.n, 

The design~criterion used to assure electrical isolation is that no 

analog signal which is required for initiation of reactor protection or·· 

Engineered Safety Feature actuation is allo_wed to leave a. set of protec-

tion channels. lfoere protection signal .intelligence is required for 

other than protection functions ,an ,isolation amplifier (part of the 

protection set) is used to transmit the intelligence. ·The isolation · 

amplifier prevents the perturbation of the protection channel signal 

(input) due to. any distrubance of ,the isolated signal (output) which 

nonnally could ·occur near any tenni nation of the output •wiring exte_rnal 

to the protection racks. A description of· the nuclear instrumerita:t:ion 

isolation amplifiers is given in Reference 4. A description.of the 

process contra 1 system- i sol ati ng device is given .in Refe re nee .5. 

. . 

IsolatiOn of the reactor.protec.tion and Engineered Safety Feature sig.,.. 

nal s from control signals has i>e~n demonstrated. Tests have confi nned 

ti1e adequacy of i sol ati on devices in protection system designs. 

7. 2.1. 5 Protection System Iden ti fi cation 

All non-rack mounted protective equipment and components are provided 

with an identifiCation .tag or name plate. Small el_ectrical components 

such as relays have name plates on the enclosure which houses them .. All 

cables are nu1nbered with identification tags. These numbers are 

included in the cable control .report which specified cable routing •. · 

For protection racks whiCh house. the portection rack_ mounted equipment, 
. . . . 

a color coded nameplate on ,the rack is used to differentiat;e between 

protective and non-protective sets. This provides immediate and unain- . 

biguous identificatiory of protection sets. The colOr coding of the 

nameplates is as follows: 
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Protection Set I - Green.with white lettering 

I I - Gray with white lettering 

II1 - Blue· with white letteMng 

IV - Coco. with white lettering 

7.2.1.6 Manual Actuation 

t~eans a re provided. for manual i ni ti ati on of protective system action. 

Failure in the automatic system does not.prevent the manual· actuation of 

protective functions. Manual actuation is designed to require the oper

ation of a minimu~ of equipment. 

7.2.1.7 Channel· Bypass or Removal from Operation 

The system is designed to penni t any one analog channel to be main-

tai ned, tested or calibrated during power operation without system 

trip. (Note: This does not include such backup trips as manual trip 

and reactor coolant pump breakers open trip.) During such operation the 

active parts of the system continue to meet the single failure cri

terion, since the channel under test i~ either tripped or makes use of 

superimposed test signals which do not negate the process signal. 

EXCEPTIONS: 1. 11 0ne-out-of-two 11 systems arepennitted to violate the 

signal failure criterion during channel bypass provided that acceptable 

rel i abi 1 i ty of opera ti on can be otherwise demonstrated and bypass time 

interval is short. 2. Containment spray actuation channels are tested 

by bypassing or negating the channel under test. This is acceptab1e 

since there are 4 channels, and the two-out-of-four triµ logic reduces 

to two-out-of-three during the test. 

7.2.1.8 . Capabilfty for Test and Calibrat.ion 

·The bi stable portions of the protective system (e.g., switches, on-off. 

controllers etc.) provide trip signals only after signals from analog 
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portions of the system reach preset values. Capabi 1 i ty is provided for 

cali~rating and testing the performance of the bistable portion of pro

tectiv.e channels and various combinations of the logic networks during 
reactor operation. 

The analog portion of a protective channel (e.g~, sensor; and amplifier) 

provides an analo9 signal of the reactor or plant parameter. Any of the 
. . . 

following .methods for checking the analog portion of a protective chan:.. 

nel during reactor operation are used: 

1. · Varying the monitored parameter. 

2. Introducing and varying asub~titute transmitter signal. 
"'-, 

3. Cross checking between i dentital channe.l s or between channels which 

bear a known relationship to each other and which have readouts 

a vai 1ab1 e. 

The design provides for administrative control for the purpose of man-. 

ually.bypassing channels for te·st and calibrating purposed if required. 

The design provides f6r admini~trative control of access to trip set

tings, module cal ib ration adjustments, test ·points, and si gna 1 injection 

points. 

7.2.1.9. Infonnation Readout a.nd Indication of Bypass 

The protective system pro vi des the operator with complete i nfonnation 

pertinent to system status and safety. 

Indication is provided in the control room i.f some part of the system 

has been administratively bypassed or taken out of service. 

Trips are indicated and id,entified down to the channel level. 

SGS-UFSAR 7.2-6 Revision 0 
July 22, 1982 

• 

•• 



• 

• 

• 

7. 2 .1.10 Vi ta l Protective Functions and Functional Regui rements· 

The Reactor Protection System in conjunction \1ith inherent plant char
acteri stics is designed to prevent anticipated abno1111al conditions from 

exceeding limits establ1shed in Chapters 3 and 4. 

Completion of Protective Action (Interlock) 

Where operating requirements necessitate automatic or manual bypass of a 

protective function, the design is such that the bypass is removed auto

matically whenever pennissive conditions are not met. Devices used to 

achieve automatic removal of tile bypass of a protective function are 

part of the protective system and are designed in accordance with the 

criteria of·this section. 

The protective systems are so designed that, once initiated, a protec

tive action goes to completion. Return to normal operation requires 

action by the operator • 

Multiple Trip Settings 

For monitoring nuclear flux, multiple trip settings are used. When a 

more restrictive trip setting becomes necessary to provide adequate 

protection for a particular mode of operation or set of operating condi

tions, the protective system as designed provides positive assurance 

that the more restrictive trip setting is used. The devices used to 

prevent improper use of less restrictive trip settings are considered a 

pdrt of the protective system and are designed in accordance with the 

criteria presented in this section. 

Protective Actions 

The Reactor Trip System automatically trips the reactor. Trip limits 

for these conditions are established during the final Jesign . 
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For anticipated abnormal conditions, protective systems, ;in conjunction 
- f 

with inherent ch aracteri sti cs and enyi neered safeguards, \are designed to 

assure that limits for energy release to the containment and for radia

tion exposure (as in lOCFRlOO) are not exceeded. 

Indication 

Transmitted analog signals (flow, pressure, 

lead to a reactor trip are either indicated 

channel. 

i 

\ . 
temperature, j .etc. J which can 

or recorded for every 
I 
I 

All nuclear flux power range currents (top detector, bottom detector and 

algebraic difference and average of bottom and top detector currents) 

are indicated and/or recorded. 

Alarms and Annunciators 

Alarms and annunciators ilre also used to,,plert the operator of devia

tions from normal operating conditions so that he may ·take corrective 

action to avoid a reactor trip. Further, actuation of any abnormal roo 

stop or trip of any reactor trip channel will actuate an alarm. 

Alarms and/or annunciators also alert ti1e operator when a protection 

channel is placed in the t~st condition. There is no audible or visual 

al arm associated with the reactor nuclear instrumentation system panel 

doors. Improper opening of these doors is prevented by administrative 

control. Interlocks are provided on che doors of each of the process 

control analog racks, in all four protection sets, which actuate an 

al arm in the contra l room if any door in ariy protection set is opened. 

7.2.1.11 Operating Environment 

The protective channels are designed to perform their functions when 

subjected to adverse environmental conditions. See Section 7.J.1.2.2 

for those portions of tile protective system that rnust operate in a post-

accident environment. 
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7 .2.2 DC:SIG1~ t3ASlS INFORr~T IOI~. 

7.2.2.1 ·Separation of Reduridant Instrumentation and Controls 

rhe r{eactor Prot.ecti on Sy stem uses four separate and independent 

ctiannels of in$trumentation to provide inputs to two separate logic 

systems. The design of the Reactor Protection System incorporates 

physical and electrical separationof tl1e four channe.ls from the sensing 

element to the logic sys-cems. 01e logic systems outputs ·are al so separ-' · 

ated to preserve the indepe~d~nce of redundant functions. 

Redundant instrumentation and control cables are routed ti1rough separate 

containment penetrations to maintain independence. 

Tt1e four independent channel signals are wired to four separate sets of 

analog protectiOn tacks located in the vicinity of the plant control 

room. These racks contain the isolation amplifiers which reproduce the 

sensed signal for use in the plant process control systems . 

7.2.2.2. Uesign Basis fQr Protection Circuits 

Both reactor trip and Engineered Safety Features actuation functions are 

performed by the solid state protection system. Non-protective control 

type functions are also provided of which several cun be classified as 

equipment protection. 

rtie two redundant reactor trip logic channels are physically separated 

and electrically i.solated from one another .. The Reactor Protection 

System is comprised of identifiable chttnnels which are pl1ysically, 

electrically and functionally separated and isolated.from one another. 

For additional information of this topic, see Reference 3 . 
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The a-c po\'.er feeds to the Solid State Logic System are .in accordance 

with the split-bus concept shown on Figure 22 of WCAP-7488-L. fhe only 

exception to the system depicted in Figure 22 isthat th~ Salem design 

uses vital instrument Bus II to supply the a-c power to the Train B 

output relays and Bus IV (instead of Bus II) to provide one-half of the 

frain AOC logic power and ous II (instead of t3us IV) to provide one-

h a lf of the Train 13 uc logic power •. Ref er to Figure 8. 3-5 for the 115V · 

system. 

The electrical supply and control conductors for redundant or back-up 

circuits of the plant have such physical separation as is required to 

assure that no single credible event will prevent operatio11 of the 

associated function by reason of electrical conductor damage. Critical 
' ' 

circuits and functions include power, control and analog instrumentation 

associated with the operation of reactor protection, engineered safe

guards, reactor shutdown and Residual Heat Removal Systems. Credible 

events include, but are not limited to, the effects of short circuits, 

pipe rupture, missiles, etc. 

General 

.1. Cables of redundant or backup circuits are run in separate conduits, 

cable trays, ducts, penetrations, etc. 

2. Control and instrumentation cables are not placed in trqys with 

cables operating above 250 volts. 
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• 3. Low level instrumentation cables are not routed in cable trays con

taining power or control cables unless a barrier 'is provided. 

Instrumentation cables are shielded. 

4. Cables are clearly identified at the tenninations as being 

safety-related and to what separation group they belong. 

·Specific ·systems 

1. Reactor Trip System 

a. Separate routing is main.tained for the four basic protection 

channel analog sensing signals, bistable output signals and 

power supplies for such systems. 

b. Se~arate routing of the two reactor trip trains (logic matrix 

outputs) is maintained. 

• 2. Engineered Safeguards System 

• 

a. Separate routing is maintained for the four basic safeguards 

analog sensing signals, bista~le output signals and power 

supplies for such systems. 

b. Separate routing is alsu provided for the automatic actuation, 

control and power circuits to retain the redundancy of the 

multiple "train" concept provided in the system design and power 

supplies. 

3. Shutdown Systems -Separate routing of control and power circuits 

associated with boric acid injection capability to retain the redun

dancies provided in the system design and power supplies is provided • 
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4. Residual Heat Removal- System - Separate routing of control and power • 

circuits associated with resi qual heat removal capabi 1 i ty to retain 
the redundancies of system design and power supplies is provided. 

5. Auxiliary Feedwater System - Separate routing of control and power 
circuits associated with auxiliary feedwater capability to retain 

the redundancies of system design and power suppli.es is provided. 

6. Reactor Protection System analog circuits, Paragraph I. (a), and 

engineered safeguards system analog circuits, Paragraph 2. (a), may 

be routed in the same wireways provided circuits have the same 

characteristics such as ·power supply and channel set identity (I, 

I I, II I or IV) • 

7. Power an.d control conductors for the en~i neered safeguards systems, 

Paragraph 2. (b); Shutdown Systems, Paragraph 3.; Residual Heat 

Removal System, Paragraph 4.; and Aux i 1 i a ry Feedwater System, 

Paragraph 5., may be routed in the same wireways provided circuits 

have the same characteristics, such as train or power supply. 

Power Sources 

These separation criteria also apply to the power supplies to the 

separate load centers and buses distributing power to redundant 

components and to the control of these supplies. 

Protective System Independence 

The protective system is designed to be independent of the status of the 

control system, pl ant data 1 oggi ng computer, indicators, recorders, and 

pl ant annunciators. However, these systems and monitors derive si gna 1 s 

from the protective systems through isolation amplifiers which are part 
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of the protective systems. Ttie isolation amplifiers prevent any pertur

bation of the protection signal (input) due to disturbances of the iso

lated signal (output) which could occur near any.tennination of the 

output wiring external to the protection and safeguards racks. A 

detai 1 e·d di scussiori of the i sql ati on amplifier is given in References 4 

and 5. 

Reactor Trip Signal Testing 

Provisions are made, for process variables, to manually place the output 

of the bistable in a tripped condition if required for 11 at power11 

testing. Except as noted below, administrative procedure requires that 

the final element i"n a trip channel (required during power operation) is 

placed in the trip mode before that channel is.taken out of service for 

repair or testing, if required, so that the single failure criterion f~ 

met by the remaining channels. 

In the source and intennediate ranges, where the trip logic is one-out

of-two for each range, bypasses are provided for this testing procedure. 

Nuclear instrument power range channels are tested by superimposing a 

test signal on the sensor signal so that the reactor trip protection is 

not bypasses. Based upon coincident logic (2/4) this will not trip the 

reactor; however, a trip will occur if a reactor trip is required. 

Containment spray actuation channels are tested by bypassing or negating 

the channel under test. This is acceptable since there are 4 channels, 

and the two-out-of-four trip 1 ogic reduces to two-out-of-three during 
the test. 

Provision is made for the insertion of test siynals in each analog 

loop. Verification of the test signal is made by portable instruments 
at test points specifically provided for this purpose. This enables 

testing and calibrati.on of meters and bistables. Transmit"ters and 
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sensors are checked against each other and against ·plant rea·d:..out equip- • 
ment when required during nonnal power operation •. ',. .. 

All analog signals which are used to initiate reactor trip or ·engineered 
safeguards are: indicated or recorded on devices which are' not dependent' 
upon the plant computer. In addition, a plant computer program monitors 

various signals which are derived from process variables used as inputs 

to the protection system. The computer inputs are isolated from· the 

protection system channels. 

A manual trip signal is initiated by the control room operator depres~. 

sing either one of two pushbuttons. Since either button wil 1 actuate 

both· Train A and Train B logiC, the manual trip is ·not testable at power. 

7.2.2.3 Reactor Protection Systems Testing 

Process Analog Protection Channel Testitig 

For a description of the overlap between the typical. analog channel and 

the corresponding logic circuits, see Reference· 3. 

Each protection rack includes a test panel containing those switches~ 

test jacks and related equipment needed to ~est the channels contained 

in the rack. A hinged cover encloses a portion of the test ·panel. 

Opening the cover or placing the test-operate switch in the "TEST" posi

tion automatically initiates an alann. These alanns are arranged in 

rack "sets":. The test panel cover is designed such. that it cannot be 

closed (and the alann cleared) unless the test signal plugs (described 

below) are removed. Closing the test panel cover mechanically returns 

the test switched to the "OPERATE" Position. 

Test procedures will require the bistable output. relays of the channel 

under test to be pl aced ir1 the tripped mode prior to proceeding with the 

analog channel tests •. Placing the bistable trip switch in the tripped 
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mode transfers the bistable output from the logic circuitry and connects it 

to a proving lamp. This permits the electrical operation of the bistable to 

be observed and the bistable set point relative to the channel analog signal 

to be verified. Upon completion of the test of the analog channel, the 

bistable trip switches must be manually reset to their operate mode. 

Closing the cover of the test panel will not transfer the bistable trip 

switches from their tripped to their operate position. 

Analog channel tests will be accomplished by simulating a process measure

ment signal, varying the simulated signal over its signal span and checking 

the correlation of bistable set points, channel readouts and other loop 

elements with precision portable read-out equipment. Test jacks are provid

ed in the test panel for injection of the simulated process signal into each 

process analog protection channel. Test points are provided in the channel 

to facilitate an independent means for precision measurement and correlation 

of the test signal. This procedure does not require any tool (other than 

test instruments) nor does it involve in any way the removal of wires in the 

channel under test. In general, the analog channel circuits are arranged so 

the channel power supply is loaded and is providing sensing circuit power 

during channel test. Load capability of the channel power supply is thereby 

verified by the channel test. 

Nuclear Instrumentation Channel Testing 

Nuclear Instrumentation System channels are tested by superimposing the test 

signal on the actual detector s i gna 1 being received by the channel. The 

output of the bistable is not placed in a tripped condition prior to test-

i ng. A valid trip signal would then be added to the existing test signal, 

and thereby cause channel trip at a somewhat lower percent of actual reactor 

power. Protection bistable operation is tested by increasing the test 

signal (level signal) to the bistable trip 
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level and verifying operation at control board alarms and/or at the Nuclear 

Instrumentation System racks. 

An Nuclear Instrumentation System channel which can cause a reactor trip 

through 1 of 2 protection logic (source or intermediate range) is provided 

with a bypass function which prevents the initiation of a reactor trip from 

that particular channel during the short period that it is undergoing test. 

The power range channels do not require bypass of the reactor trip function 

for test, since the protection logic is l of 4. The power range trips will 

be active if required. No provision has been made in the channel test 

circuit for reducing the channel signal level bel6w that signal being 

received from the Nuclear Instrumentation System detector. 

Logic Channel Testing 

The Solid State Protection System logic is designed to be capable of testing 

at power (Reference 3). 

Reactor trip breaker testing is accomplished as follows: normally, reactor 

trip breakers 52/RTA and 52/RTB are in service, and bypass breakers 52/BYA 

and 52/BYB are (withdrawn) out of service. To test reactor trip breaker 

52/RTA, as an example, the following is done. 

1. Bypass breaker BYA is put into service. 

This act closes switchgear relay 52/BYA. It also interrupts one of the 

two signals to the Train A 11 and box 11 which is necessary to actuate 

subsequent logic causing turbine trip, feedwater isolation, .and Safety 

Injection block logic. 

2. A simulated trip signal is then applied to Train A only. 

This act deenergizes undervoltage coil 52 (UV)/RTA and the automatic 

shunt trip interposing relay which operates reactor trip breaker 

52/RTA. Test pushbuttons are installed to determine and verify that 

each breaker tripping device (shunt coil, undervoltage coil) operated 

properly. 
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·The reactor is not tripped because the'tbntrol rods continu~ to receive 

rod drive bus power via switchgear 52/BYA arid 52/RTB. 

In the event that a real trip signal occur~ during the testing of 52/RTA 

trip b~eaker, Train B will actuate the reactor trip and the logic following 

the Train B 11 and box 11
• 

Auxiliary contacts on the bypass breakers are connected into the alarm 

system of their respective train such that if either train is placed in test 

while the bypass breaker of the other train is closed, both reactor trip 

breaker and the bypass breaker will be automatically tripped by the General 

Warning Alarm circuits of the Solid State Protection System. The General 

Warning Alarm System is described in Reference 3. 

7.2.2.4 Primary Power Source 

The primary power sources for the Reactor Protection System are described in 

Chapter 8. The source of electrical power for the measuring elements and 

the actuation of circuits in the Engineered 

Safety Features instrumentation is also from these buses. 

7.2.2.5 Protective Actions 

Reactor Trip Description 

Rapid reactivity shutdown is provided by the insertion of rod cluster 

control assemblies by free fall. Duplicate series-connected circuit break

ers supply all pow~r to the control rod drive mechanisms. The rods must be 

energized to remain withdrawn from the core. Automatic control rod inser

tion occurs upon the loss of power to the control rods. The trip breakers 

are opened by the undervoltage coils and shunt trip coils on both breakers. 

The undervoltage coils which are normally energized become deenergized by 

any one of the several trip signals. The shunt trip 
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coil is energized by an interposing relay which. is installed in parallel 
with the undervoltage coils. 

The design of the device providing signals to the circuit breaker 

undervoltage trip coils is such as to cause these coils to trip the breaker 
on reactor trip signal. 

Certain reactor trip channels are automatically bypassed at low power where 

they are not required for safety. Nuclear source range and intermediate 

range trips are specifically provided for protection at low power or 

subcritical operation, and at higher power operations they are bypassed by 

manual action in conjunction with permissives. 

During power operation, a sufficient amount of rapid shutdown capability in 

the form of shutdown control rods is administratively maintained by means of 

the control rod insertion limit monitors. Administrative control requires 

that all shutdown group rods be in the fully withdrawn position during power 
operation. 

A listing of reactor trips, means of actuation and the coincident logic 

requirements may be found in Table 7.2-1 with references to interlocks as 
listed in Table 7.2-2. 

Manual Trip 

The manual actuating devices are independent of the automatic trip circuit

ry, and are not subject to failures which make the automatic circuitry 

inoperable. Actuating either of ·two manual trip switches located. in the 

control room initiates a reactor trip and a turbine trip. 

High Neutron Flux (Power Range) Trips 

These circuits trip the reactor when two out of the four power range chan

nels read above the trip set-point. There are two independent trip set

tings, a high and a low setting. The high trip setting provides protection 
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during normal power operation. The low setting, which provides protection 

• during start-up, can be manually bypassed when two out of the four power 

range channels read above approximately 10 percent of full power (P-10). 

Three-out-of-the-four channels below 10 percent power automatically rein

states the trip function. The high setting is always active . 

• 
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High Neutron flux ( lntcrmedi ate Kange) friµ 

T11is circuit trips tile reactor \~1en one out of the t~'° intermediate. 

ran~e channels reads above the trip set-point. fhis trip, whicil pro

vides protection Juring reactor start-up, can be manually bypassed if 

two oul: of four po1ner range channels are above api.iroximately lU percnt 

of full power (P-lLlJ. fhree-out-of-four channels below t11i s value auto

matically reinstates the triµ function. foe intermediate ci1<:1nnels 

(including Jetectors) are separate from the po~,ier range cltanne 1 s. 

liigh l'Jeucron Flux (Source t<angeJ Triµ 

This circuit trips ti1e reactor w11en one of the two source range channels 

reads above the trip sec-point. This trip, wllich provides protection 

during reactor start-up, can be manually oypassed when one of two inter

mediate range ci1annels reads above the P-6 set-point value and is auto

matically reinstated whe.n both i ntennedi ate range ch anne 1 s decrease 

be lo\, this value {P-oJ. fhi strip is automatically bypassed by two out 

of four higi1 polo.€r range signals (P-10). The trip function can also be 

reinstated below P-10 by an administrative action requiring coincident 

manual actuation. The trip point is· set between tile source range cutoff 

power level and the maximum source range power level. 

Overtemperature ~T Trip 

Tile pul"pose of tlli s trip is to protect tne core against departure from 

nucleate boiling (Ui"Jd). This trips the reactor on coincidence of t\;O

out-of-the-four signals, with one set of temperature measurements per 

loop. fhe set-point for l:hi s reactor triµ is continuously calculated 

for each loop oy solving tne follow·ing equation: 

~ r t . se po1nt 
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Where 

T avg =average reactor coolant temperature (F) 

P Pressurizer pressure (psig) 

K1 set point bias (F) 

K2, K3 = constants based on the effect of temperature and 

pressure on the DNB limits, (F/F, F/psig). 

f(~.) 

s 

a function of the flux diference between upper and lower 

long ion chamber sections (F). (See Figure 7.2-3) 

-1 - lead-lag time constants (sec } 

- Laplace transform variable 

The four long ion chamber units separately feed each overtemperature %T 

trip channel. Thus, a single failure neither defeats the function nor 
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causes a spurious trip. Changes inf (11110 can only lead to a decrease 

in tri~ setpoint. 

· Ini ti ati on of automatic turbine 1 oad runback by means of an overtempera

ture L\T signal is discussed later. 

. . . 

Power Range High Positive Neutron ~lux Rate Trip 

This circuit trips the reactor when anabnonnal.rate of increase in 

nuclear power occurs in. 2 out of 4 power range channels. This trip 
. . 

provides protection against rod ejection accidents of low worth from 

mid-power and is always active. 

Power Range High Negative Neutron Flux Rate Trip 

This circuit trips the reactor when an abnonnal rate of decrease in 

nuclear power occurs in 2 out of 4 power range channels. This trip 

provides protection against two or more dropped rods and is always 

active. 

Overpower /1 T Trip 

The purpose of this trip is to protect against excessive power (fuel rod 

rating protection). This trips the reactor on cointide_nce of two out of 

the four signals, with one set of temperature measurements per loop. 

The set point for this reactor trip is con·tinuously calculated for each 

channel by solving equations of the fonn: 

[ 
•3S T ] .. + .[K (T T -l -f (MJ) 

L\ T setpoi nt = K4 - .· :(5 -.-
3 
s-.-=~1 · a.vg . . 6 a vg

0 
- avg J J 
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Where 

= is a function of flux difference between upper and lower 
fon chamber sectfon (F). (See Figure 7.2-3) 

= a preset manually adjustable bias (F) 

K5, K6 = constants relating the effect of Tavg and rate of 

· change of T avg on overpower limit 

T =a setpoint bias;(F) avg0 

= average reactor coolant temperature (F) 

i:3 = rate-lag time constant, (sec-1) 

s = La pl ace transform va ri ab 1 e 

Variables in brackets are individually low limited to zero. 

Initiation of dutomatic turbine load runback by means of an overpower 6T 

signal is discussed below. 

Low Pressurizer Pressure Trip 

The purpose of this trip is to protect against excessive core steam 

voids and to 1 imi t the necessary range of protection afforded by the 

. overtemperature 6T trip. This trips the reactor on coincidence of two 

out of the four low pressurizer pressure signals. This trip is blocked 
. . 

when three of the four power range chdnnels and two of two turbine first 

stage pressure channels read below approximately 10 percent power 

(P-7). Each channel is ·lead...:lag cQmpensated. 
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High Pressurize,r: Pressure. Tri:p 

The purpo_se of. ,this trip j s .. to limit the range of required protection 

from the ove·rtemperature t.T trip and tQ protect against Reactor Coolant. 

_System overpressure.· The reactor is· tripped· on coincidence of two out 

of the four high pressurizer: pressure signals. 

High Pressutizer Water Olevel Trip 

This trip is provided as a backup to the high pressurizer pressure 

trip .. The coincidence of two out .of the three high p.ressurizer water 

level signals trips the reactor. This trip i~ blocked when three of the 

four power range channels ai1d two of the two turoi ne first stage pres

sure channels read below approximately io percent power (P-7). 

Low Reactor Coolant Flow Trip 

This trip protects the core from DNB following a loss-of-coolant flow • 

The means ~f ·s~nsing loss-of-coolant flow are descri~ed bel-0w: 

1. Low Primary Coolant Flow Trip 

A loop low flow signal is generated by 2 out of 3 low flow signals 

per loop. Above the P-7 setpoint (approximately 10 percent of full 

power) 1 ow fl ow in any two loops results in a reactor trip. Above 

the P-8 setpoint (approximately 60 percent of full power) low flow 

in ariy loop results in a reactor trip. 

2. Reactor Coolant Pump Breaker Position Trip 

One open breaker signal is.generated for each reactor coolant pump. 

Above the P-7 setpoint the reactor trips on two open breaker 

signals. Above the P-8 setpoint the reactor trips on one open 

breaker signal • 
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3. Reactor Cool ant Pump Undervol tage and Underfrequency Trips 

There is one underfrequency and one unde~vol tage sensor per bus. A 

1/2 taken twice underfrequency signal-directly trips all of the 
reactor coolant pumps, and al so .produces a .direct reactor trip 
(interlocked by P~7). (An indirect trip is produced by the pump 

breaker-:position trip.). For undervoltage protec:tion, there i·s an 

undervol tage sensor on each of the four busses~. Reactor trip above 

P-7 is actuated by a 1/2 logic taken twice. 

All of these low reactor coolant flow trips are blocked 'belOw the P-7 

setpoi nt (approximately 10 pen:ent power). 

Safety Injection System Actuation Trip 

A reactor trip occurs when the safety injection system is actuated. The 

means of actuating the Safety Injection System trips are: 

1. Low pressuriz.er pressure (2/3 pressure signals). Manual block is 

pennitted by 2/3 low pressurizer pressure. 

2. · High containment pressure ( 2/3) 

3. Two of three low steam l i.ne pressure of one line compared to other 

three lines. (High Differential Pressure) 

4. High steam flow in two of four lines (1/2 measurements per line) 

(2/4 lines) in coincidence with low Tavg (2/4) or low steam line 

pressure (2/4). 

5. Manual (1/2). 

These trips are listed in Table 7.2-1~ 
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Reactor Trip on Turbine Generator Trip (Anticipatory) 

A turbine trip is sensed by two out of three signals from low autostop 

oi.l pressure or all stop valves closed signals. A turbine trip causes a. 

direct reactor trip above approximately· 10 percent power ( P-7} and· 

results in a controlled short tenn release of steam to the condenser 

which removes sensible heat from ·the Reactor Coolant System and thereby 

avoids steam generator safety valve actuation. This reactor trip is 

anticipatory and included as part of good engineering practice and pru

dent design. No credit is taken in any of the safety analyses for this 

trip. 

The turbine control system a,utomatically trips the turbine generator 

under any of the conditions listed in Section 10.2.2.2. 

·Low Feedwater Fl ow T.ri p 

This trip protects the reactor from a loss of its heat sink. The trip 

is actuated by a steam/feedwater flow mismatch (1/2) in coincidence with 

low water level (1/2) in any steam generator. 

Low-Low Steam Generator Water Level Trip 

The purpose of this trip is to prevent a loss of the reactor's heat sink 

in the case of a sustained steam/feedwater flow mismatch of insufficient 

magnitude to cause a low feedwater flow reactor trip. The trip is actu

ated on two out of the three (2/3) low-low water level signals in any 

steam generator. 

7.2.2.6 Reactor Coolant Flow.Measurement 

Elbow taps are used on each of the four loops in the primary coolant 

system as an instrument device that indicates the status of the reactor 
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coolant flow. The basic function oJ :this. _device is to prov.ide.infonna

tion as to whether or not a reduction in flow rate has occurred. The 

correlation between flow·reduction and elbow tap read..:out has been well 

established by the following equation:··~ .;(~ )2 , where AP
0

-is the. 
. . ' . . 0 0 . . . ·. .· 
referenced pressure differential with the corre_spondi ng_ refe reticed fl ow 

rate '"b and AP is the pressure differential with the corresponding 
referenced flow rate w. The full flow reference poin.t is-established. 

during initial plant startup. The low flow trip point is then estab-. . . . . . 

lished by extrapolatin~ along the correlation curve. The technique has· 

been well established in pro vi ding core portecti on _agai ~st low cool ~nt . 

flow in Westinghouse PWR plants. The expected absolute accuracy of the 

channel is within + 10 percent and field results have shown the repeat-

. abi 1 i ty of the trip point to be within + 1 percent. The analysis of the 
. . 

lQss of flow transient presented in Chapter 15 assumes instrumentation 

.error of_:!:. 3 percent. 

7.2.3 SYSTEM EVALUATION 

7.2~3.1 Reactor Protection System and DNB 

The following is a description of how the Reactor Protection System 

p·revents DNB. 

The plant variables affecting the DNB ratio are: 

1. Thermal power 

2. Coolant flow 

3. Cool ant temperature 

4. Coolant pressure 

5. Core power distribution 

Figure 7.2-1 .illustrates the'core limits for which DNBR for the hottest 

fuel rod is 1.3 and shows the overpower and overtemperature AT reactor 
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trips locus as a function uf r and pressure. This illustration is · avg 
Jerived frolil the inlet temperature versus power relationships. 

R.eactor trips for a fixed high pressurizer pressure and for a fixed low 

pressur-izer pressure are iJrovided co limit the.pressure range over which 

core protection depends on the uverpower and overtemperatur17 Ar trips. · 

Reactor trips on. nuclear overpower and -fow reactor coolant flow are 

provided for direct~ immediate protection against rapid changes in these 

parameters. Ho\,iev-er for all cases in which the calcu.lated DN8R 

approaches 1.3, a reactor trip on overpo\'.er and/or overtemperature Af 

hOuld also be actuated. 

For tl1e postulated abnormal conditions, tile exact combination of condi- _ 
. . 

. tions (reactor covlant pressure, temperature and core power, i nstrumen- · 

tatiori inaccuracies, etc.) will not cause a Dl~BR to go below 1.30 before 

a reactor trip. rhe simultaneous loss of po\'.ier to all of the reactor 

coolant pumps is the accident condition most likely to approach a Dl~BR 

of 1.30 for the calculated worst fuel rod. In any event the Dl~i3K is 

near 1. 30 for only a fe\J seconds. . 

The AT trip functions are 0ased on tile differences between measured hot: 

leg and cold leg temperatures. These differences are µroporcional to 

core po\\er. 

Tile AT trip functions ure µrovided ~1ith a nuclear differential flux 

feedback co reflect a measure of axial power distribution. fhi s wi 11 

assist in preventing an adverse dXial distribution wnich could lead to 

exceeding the allowable core conditions. 

In the event of a difference oetween ti1e upper and lower ion chamber 

.signals that exceeds the desired range, automatic feedback signals are 

provided to reduce the overpo\\er-overtemperature trip setpoi nts, w'ni ch 
in turn blo-.:k rod withdrawal anJ reJuce the load to maintain appropriate 
operating margins • 
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7.2 . .J.2 Specific Control and Protection Interactions 

Nuclear Flux 

··Four po~~-range nuclear flux channels are provided for overpo~r pro.

tection. isolated outputs from all four chann~ls are auctioneered for 

automatic rod control.· If any channel fails in such a w·qy as to produce 

·a low output, that. ci1annel i.s incapable of jJroper overpower protection. 

In principle, the same failure may cause r,od withdrawal and i1en~e, over

power. rwo out of four overpower trip logic ·will ensure ·an overpower 

trip.if needed even.with an. independent failure in another channe_l. 

In addition, the control system will respond only to rapid changes in 

indicated nuclear flux; slow changes or drifts are compensated bY the 

temperature contra l signals. finally, an overpower signal from any 

nuclear channel will block automatic .rod withdrawal. The set.point for 

this rod .stop is below the reactor trip set point. 

Coolant Temperature 

One hot leg and one cold leg temperature measurement is made. for each 

. reactor coolant loop to provide. protection. In addition, by use of 

·isolation amplifiers located in .the protection rack, the temperature 

difference measurements for each loop are used for protection with one 

channel per loop and 2/4 reactor trip logic. The reactor control system 

uses the highest of the four isolated ravg temperature signals. 

The hot and cold leg Resi stanc.e Temperature Detectors (RTll' s) are 

inserted into reactor coolant bypass loops - a bypass loqp from upstream 

of the steam generator to downstre(1m of. the steam generator is used for 

th.e hot leg RT0 1 s and a bypass loop from downstream of the reactor cool

ant pump to upstream of the puinp is used_ for the. cold leg RTO Is. rhe . 

RTO's are located.in manifolds ~vithin the containment and are 9irectly 

. inserted into the reactor coolant bypass loop flow without thermowells. 

Therinowells are not used in order to keep the detector. thermal lag 
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small. The bypass. arrangement permits replacement of defective tempera

ture elements ~Kiile th.e plant is at hot shu:tdown without draining or 

de~ressurizing the reactor coolant loops. 

Tilree sami.>ling probes ctre insta.lled in a·cross-~ectional plane of each 

hot leg at approximately 120 degree intervals. Each of the sampling 

f)robes, \4hlich extends several inches into the hot leg coolant stream, 

contains five inlet orifices distributed along its length. In this way 

a total of fifteen locations in the not. leg stream are sampled providing 

a, representative cool ant temperature measurement. fhe two inch diameter 

pipe leading to the manifold containing the temperature measuring ele

ments (RTu 1 s).provides mixing of the samples to 9ive an accurate temper

ature measurement. 

Care has been taken to distribute the flow evenly among the five 

orifices of each probe by effectively re stri cti ng the flow-ti1rough the 

orifices. This i1as been tlone by designing a smaller overall orifice 

flow area than that of the common flow channel within the probe. rhi s 

arrangement has also been applied to the flow transition from the three 

probe flo\'' channels to the pipe leading to the temperature element 

manifold. The total flow area of the three probe channels has therefore 

been designed to be less than that of the 2" pipe connecting the probes~ 

to the manifold. 

The cold leg primary coo·lant flow is \...ell mixed by the reactor coolant 

pump. Therefore, the cold le~ sample is tdken directly from an ordinary 

two inch pipe taµ off the_ cold leg downstream of the pump. 

The main requirment for reactor protection is that the temperature 

difference between the hot leg and cold leg vary linearly with power. 

All llT setpoints are in tenns of tt1e full power llf; thus, absolute llf 

measurements are not required. Linearity of llT ~lith µower will be 
verified during ~tartup tests • 
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Reactor protect.ion logic using reactor, coolant loop temperatures is 2/4 
with one channel p~r reactor coolant loop.·. fhis complies with all· 
applicable IE££ 27'::1 criteria. 

Reactor control is based upon signals derived from protection system 

channels .after isolation by .isolation amplifiers such bc:it no feedback 

effect can perturb the.protection channels~ 

Si nee contra l is based on the hi gi1est average tern(J2rature from the four 

loops, the control rods are always moved based upon the most pessimistic 
. . . . , 

· temperature measurement with respect to margins tu ONB. A spuriOus low 

average temperature measunnent from al'\Y 1 oop cemperature control channel 

will cause no control action. A spurious high average temperature 

measurement will cause rod insertion (safe direction). 

Individual low flow alanns with individual status lights for each 

reactor coolant loop bypdss flow is provided on the main control board. 

The alarm and status lights provide ti)e operator with immediate indica

tion of a low flow condition in ti1e oypassloops associated with any 
reactor cool ant loop. 

Local indicators are provided to i11pnftor total flow through the IHO 

bypass manifolds for each loop. fhe indicators are located inside con

tainment but are accessible during power operations. 

·Flow ~~ill be moni.tored: 

1. Prior to restoring temperature channels to normal service following 

reopening of· bypass loop isolation valves whenever a bypass loop has 
been out of service~ 

2. On a periodic basi s. 

3. Following al'\Y bypass loop low flo~' a.larm (see dbove). 
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In addition, channel deviation signals in the control system .~fill give 

an alarm if any temµerature channel deviates significantly from the 

auctioneered (highest). Automatic rod withdrawal blocks will also occur 

if any one of four nuclear channels indicates an overpower condition or 

if any two of four temperature.channels indicate an overtemperature or 

overpov.er condition. fwo-out-of-four (2/4) trip logic is ·used to ensure 

th at an overtemperature or overpo~.ier 6 T trip wi 11 occur if needed even 

with an independent failure in another channel.· Finally, as shown in 

Section 15.1, the com!Jination of trips on nuclear overpower, and high 

pressurizer i)ressure also serve to limit an excursion for any rate of 

reactivity insertion. 

For operation with a loop uut of service only one safety related set

poi nt must be ma1iually reset to a more restrictive value. The setpoint 

i.nvolved is the overtemf)erature 6T reactor trip. fhe setpoint change 

must be made to one protection channel for each of i:l1e operating loops. 

If the overtemperature 6T setpoints can be reset (lowered) before turn

ing off one pump, the setpoint should be reset during operation with all 

loops in service. If the overtemperature 6f setpoints cannot be reset 

without causing a reactor trip before turning off one pump, reactor 

power should be reduced below the setpoi nt of P-8, the affected pump 

turned off, and the setpoi nts reset. Any time one pump is turned off or 

tri µ s off when above P-8, an automatic reactor trip wi 11 occur. 

fhe P-8 acts essentially as a high neutron f 1 ux rea~tor trip when oper

ating witn one loop not in service. 

fi1e P-8 setpoint will normally be set in such a ~Jay cnat tile Ur~SK. is 

above L 30 (for anticipated transients) even with out resetting. the over

temperature 6T trips to the values apµropriate for operation with a loop 

out of service. Setting P-8 in tl1i s way restricts the operating po\'.er 

level with a loop out of service to a value considerably lower than t.hat 

whic.h can be safely al lowed after resetting the overtemperature 6f set

poi nts. After the overtemperature 6 T setpoi nts i1ave been reduced to the 
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values require·d for. operation with a loop out of service, the P-8 sct

poi nt will be increased to tile maximum value allowed consistent with 
maintaining the DNBR abcive 1.30 during all anticipated ttansients. 

Setpoints appropriate for operation with one loop out of-service has· 

been included in. the recirnical Specifications. The resetting of the Af 

trip \'1ill be carried out under prescribed administrative procedures and 

only under the direction of authorized ~upervision. 

Pressurizer Pressure 

The four pressurizer pressure protection channel signals are used for 

high and low µres sure protection and as inputs to the overtemperature t.T 

trip protection functio.n (See Fig. 7.2-4). Isolated output signals from 

these channels are used for pressure control. These are used to cofftrol 

pressurizer spray and heaters and power operated relief valves. Pres

surizer i)ressure is sensed by fast response ..iressure transmitters with a 

time response of better than u.2 seconds. A one seco.nd response time is 

used \'Ali ch is more tilan adequate to cover the response characteri sties 

6f the tripping channels. 

A spurious high pressure signal from one channel can cause low pressure 

by actuation of either spray or a relief valve. Additional redundancy 

is provided in the protection system to ensure low pressure protection9 

i.e., two-out-of-four low µressure reactor trip logic and two out of 

three logic for safety injection. 

The pressurizer heaters are incapable of overpressuri zing the Ke actor · 

Coolant System. l~aximum stei.tlll generation rate with heaters is about 

15,000 lb/hr,_ compared with a total capacity of 1~260,000 lb/hr for the 

three safety valves and a total capac'ity of 420,000 lb/hr for the two 

power"".operated relief valves. Therefore, overpressure protection is not 

required for a pressure control failure; .however, two out of four high

pressure trip logic is used. 
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In addidon, either of the twu relief valves can easily maintain pres-

. sure below the high pressure trip point~ Tile two relief valves are 

controlled by independent pressure channe 1 s, one of which is independent 

of the pressure channel used for heater control. Finally, the rate of 

µressure rise achievable ~;ith heaters is slOw, and ample time and pres

sure .alarms ar;;! available for operator action. 

·Pressurizer ~ev~l · 

Three pressurizer level cl1annels are used for reactor trip (l./J high 

levelJ. lsolai:ed signals from these channels are used for pressurizer 

water level control, increasing or d~creasing the press~rizer water 

level as required. A ·failure in the ·1evel control sysce111 cuuld fill or 

elilµty the pressurizer at a slow rate (on the order of half an hour or 

more). (See figure 7 • .::'.-5). 

The design of the· pressurizer water level instrumentation is a slight 

modification of the usual tank level arrangement usiny Jifferential 

pressure between an upper and a lower tap. {See Figure 7.2-6J. The 

modification consists of the use of a sealed reference leg instead of 

the conventional oµen column of water. 

Experience has si1own tl1at hydrogen gas can accumulate in the upper part 

of the condensate pot on conventional open reference leg systems in 

pressurizer water level service. At t<eactor Coolant System operating 

pressures, iligll concentrations of dissolved hydrogen in tl'1e reference 

leg water are possible. iJn sudden deµressurization accidents, it has 

been llypothesized that rapid effervescence of the dissolved hydrogen 

could 0low \.Jater out of the refer2nce ley and cause a lar~e level err0r, 

measuring nigiler tnan actual level.fa eliminate the possibility of such 

effects, a bellows is used in a pot at the top of tl1e reference ley to 

provide an interface seal and prevent di sso lvi ng of hydrogen gas into 

the reference leg water . 
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The reference leg is uninsulated and wi 11 remain at local ambient· tem

perature. This temperature will vary somewhat over the length of the 

reference leg piping under normal operatiny conditions but will not 
exceed approximutely 140°F. During a i>lowdown accident, any reference 

·leg water f 1 ashing to steam wi 11 be confined to the condensate steam 

interface in the condensate pot at the top of the temperature barrier· 

leg and will have only a small (about one inch) effect on measured 

level. Some additional error mey be expected due to effervescence of 

hydrogen in the temperature barrier ~11ater. Ho\\ever, even if complete 

loss of this water is assumed, the error will be less than one foot and 

can be tolerated. 

The first pressurizer level channel utilizing the sealed reference leg 

was installed and checked at the R. L Ginna plant in March, 1970. 

Operational accuracy has been verified by long term use of the sealed 

reference leg system in parallel with on open reference leg channel. tfo 

effects of operating pressure variation on either ti1e accuracy or 

integrity of the ci1anne l have been observed. 

Calibration of ttie sea.led reference leg system is done in place after 

installation by application of known pressure to the low pressure side 

of the transmitter and measurement of the height of the reference 

column. The effects of static i.>ressure variations are predictable. file 

largest effect is due to the density cnange in the saturated fluid in 

the pressurizer itself. The effect is typ"ical of level measurements ·in 

all tanks with t\'.O phase fluid and is not particuli ar to t~e se.aled 

reference leg technique. In tile sealed reference leg, there is a sliyht 

compression of the fill water with increasing pressure, but this is 

taken up by the flexible bellows. A leak of the fill water in the 

sealed reference leg c~n be detected by comparison of redundant channel 

readings on line and by pilysical inspection of the reference leg off 

line with the ci1aJ1nel out of service. Leaks of the .reference leg to 

atmosphere will be immediately detectable by off-scale indications on 

the control board. Further detection of leakage is provided by the 

plant computer alarms for dev1ation bet\\een redundant ci1annels. 
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High Level . 

A reactor trip on pressurizer high level is provided.to prevent filling 

the pressurizer in the event of a rapid tilermal expansion of the reactor 

coolant. A rapid change from high rates of steam relief to water relief 

could be damaging to the safety valves, relief piping, and pressure 

relief tc:ink. However, a level control failure cannot actuate the safety 

valves because the high pressure re~ctor trip is set below· the safety 

valve set pre~sure. · With the slow tate of charging av~ilable, overshbot · 

in pressure before ti12 crip is effective is much less than the differ

ence beh.een reactor trip and safety valve set pressures. fherefore, a 

control fdilure does nut require protection syste1n action. ln addition, 

amp le ti me and a 1 arms are ava1 l able for operator action. 

Low Level 

For control failures Whicr1 tend to empty the pressurizer, ample c:ime and 

alarnis exist for op2ruto.r action . 

Steam Generator Water Level; Feedwater floH 

Before describing control and µrotection interaction fur these channels,.· 

it is beneficial to review tile protection system basis for this i nstru

meritation. l.::iee figure 7.2-7J. 

The basic function of the reactor protection circuits associated with 

low steam generat0r water level and lo\J feedw<.tter flow is to preserve 

the stedi11 generator heat sink for removal of long term residual heat. 

Si1ould a complete loss of f~edHater occur \,; ti1 no protective action, the 

steam generators would uoi 1 dry c..nd cause an overtemperature-overpres

sure excursion in ti1e reactor.cooldnt. Keactor trips on temperature and 

pressure will trip the unit before there is any damage to the core or 

Keactor Goolant S;stem. K.edundant ctux1 liary feedwater pumf)s are pro

vided to prevent residual heat after trip from causing thermal expansion 

.and di sci1arge of the reactor coolant through the µressuri Ler relief· 
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valves. Keactor trips act before the steam generators are dry to reduce 

the required capa_city and starting time requirements of these pumps and 

to minimize the thermal transient on the Keactor Coolant System and 

steam generators. Independent trip circuits are provided for each steam 
generator for the fo 1l owing reason:-. 

Should severe mechanical dam_age.,occur to the feedwater line to one 

steam generator, _it is difficult to ensure the functional integrity 

of level and flow instrumentation for that unit. for instance, a 
major pipe break between the feedwater flow element and the .steam_ 

.generator would cause high flow through the flow e lenient. The rapid 

depressurization of the steam generator \'.Ould drastically affect the 

relation between downcomer water level and steam generator water 
inventory. 

A spurious high signal from the feedwater flow channel being used for 

control \1ould cause a reduction in feedwater flow and prevent that 

channel from tripping. A reactor trip on low-low water level, indepen

dent of indicated feedwater flow, will ensure a reactor trip if needed. 

In addition, the three-element feedwater controller incorporates reset 

on level, such that with expected controller settings a rapid increase 

in the- flow signal \\Ould cause only a small decrease in level before the 

controller reopened the feedwater valve. A slow increase in the feed

water signal would have no effect at all. 

A spurious low steam flow siynal woulJ have the same effect as a high 
feedwater signal, discussed above. 

A spurious high water level signal from the protection channel used for 

control wi 11 tend to close the feedwater v.alve. fili s level channel is 

fndependent of the level and flow channels used for reactor trip on low 
floh coincident with 10\11 level. 
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l. A rapid increase in the level signal will completely stop feedwater 
flow and lead to an actuation of a reactor trip on low feedwater 
flow coincident with low level. 

2. A slow drift in the level signal may not actuate a low feedwater 
signal. Since the level decrease is slow, the operator has time to 
respond to low level alarms. Since only one steam generator is 
affected, automatic protection is not inandatory and reactor trip on 
two out of three low-low level is acceptable. 

Steam Line Pressure 

Three pressure channels per steam line are used for steam line break 
protection. These are combined with other signals as shown in Table 
7.2-1. 2/4 high steam flow in coincidence with 2/4 low Tavg or 2/4 
low steam line pressure will actuate safety injection • 

7.2.3.3 Reactor Trip Breakers 

Trip Breaker failure in Unit l occurred on February 22 and 25, 1983. 
Following these events a comprehensive corrective action plan was 
developed by PSEG and submitted to the NRC by letters dated April 8 and 
28, 1983 (Uderitz to Eisenhut). PSEG subsequently engaged the BETA 
Corporation to review the corrective action plan. BETA 1 s report( 6) 
and findings were submitted to the NRC by letter dated May 31, 1983 
(Uderitz to Eisenhut). In response to the Unit 1 event, the NRC issued 
Generic Letter 83-28 addressing a number of broad implications. In 

addition to information in the corrective action plan, PSEG responded 
specifically to Generic Letter 83-28 by letters dated July 22, 1983 and 

November 7, 1983 (both Liden to Varga). Subjects discussed in these 
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documents which are reflected in other sections of the FSAR are as 
follows: 

Vendor Manuals 
Preventive Maintenance 
Safety Review Group 
Nuclear Oversight Committee 
Master Equipment List 
Procurement Document Control 

7.2.3.4 Tests and Inspections 

13.5.4 
13.5.4 
13.4.4 
13.4.3 
17.2.2 
17.2.4 

A plan for periodic component and system testing and material examina
tions was prepared for use throughout plant life. Requirements for 
inspection and testing of reactor trip and bypass breakers are outlined 
in correspondence from R. A. Uderitz to D. G. Eisenhut dated March 14, 
1983, April 8, 1983, April 28, 1983, and May 31, 1983. 
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• • • TABLE 7.2-1 (Sheet 1 of 5) 

LIST OF REACTOR TRIPS, ENGINEERED SAFETY FEATURES, CONTAINMENT 
AND STEAM LINE ISOLATION AND AUXILIARY FEEDWATER 

Reactor Trip 

1. Manual 

2. High neutron flux 
(Power Range) 

3. 0 ve rtempe ratu re ti T 

4. 0 ve rp owe r ti T 

5. Low pressurizer pressure 

6. High pressurizer pressure 

7. High pressurizer water level 

8. Low reactor coolant flow 

9. Monitored electrical supply 
to reactor coolant pumps: 

9A. Undervoltage 

9B. Underfrequency 

9C. Reactor coolant pump 
breakers 

SGS-UFSAR 

Coincidence Circuitry and Interlocks 

1/2, no interlocks 

2/4, low setpoint interlocked 
with P-10 

2/4, no interlocks 

2/4, no interlocks 

2/4, interlocked with P-7 

2/4, no interlocks 

2/3, interlocked with P-7 

2/3. signals per loop, inter
locked with P-7, and P-8 

1/2 taken twice, interlocked 
with P-7 

1/2 taken twice, interlocked 
with P-7 

Interlocked with P-8 and P-8 

Comments 

High and low settings; manual block and 
automatic reset of 1 ow setting by P-10, 
Table 7.2-2 

Blocked below P-7. Low flow in 1 loop 
pennitted below P-8. 

1/2 twice underfrequency signals trip all 
reactor coolant pumps and directly actuate 
reactor trip: interlocked with P-7. 
(Opening of the coolant pump breakers will 
also-actuate a reactor trip) 

Blocked below P-7. Open breaker in 
1 1 oop pennitted below P-8. 
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Reactor Trip 

10. Safety injection signal 
(actuation) 

11. T.urbine-generator trip 

12. Low Feedwater Flow 

13. Low-low steam generator 
Water Level 

14. Intennedi ate range 
neutron fl ux 

15. Source range neutron flux 

16. High flux rate trips 

SGS-UFSAR . 

• 
TABLE 7.2-1 (Sheet 2 of 5) 

Coincidence Circuitry and Interlocks 

Low pressurizer pressure ( 2/3) 
or 2/3 high containment pressure; 
or 2/3 differential steam l fne 
pressure signals of one line 
compared with the other three 
lines; or 2/4 high steam flow in 
coincidence with 2/4 low Tavg 
or 2/4 low steam line pressure; 
or manual 1/2 (See 7.2 System 
Description-Protective Action 
For Interlocks). 

2/3 low auto stop oil pressure 
(interlocked with P-7) or all 
stop valves closed. 

1/2 steam/feedwater flow 
mismatch in coincidence w1th 
1/2 low steam generator 
water level, per loop. 

2/3, per loop 

1/2, manual block pennitted 
by P-10 

1/2, manual block pennitted 
by P-6, interlocked with P-10 

2/4, no interlocks 

. - ~ -

• 
Comments 

Trips main feedweater pumps. Closes 
all feedwater control ·valves. Closes 
feedwater pump discharge valves and 
initiates Phase A isolation. Initiates 
turbine trip. 

(Anticipatory trip of the reactor. 
No credit taken in accident analysis.) 

Manual block and automatic reset 

Manual block and automatic reset 

Pos.itive and negataive high flux 
rate trips provided 

Re.vi si on · 0 
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Containment Isolation Actuation 

17. Containment pressure 
(Note 1) 

18. High containment activity 

• 
TABLE 7.2-1 (Sheet 3 of 5) 

Coincidence Circuitry and Interlocks 

Coincidence of 2/3 containment 
high pressure or 1/2 manual 

Coincidence of 2/4 containment 
Hi-Hi pressure or 2/2 
manual 

High activity signal, from 
either air particulate detector 
or radiogas detector, or 1/2 
manual · 

Engineered Safeguards Systems Actuation 

19. Safety injection signal (S) 

20. Containment spray signal (P) 

21. NaOH addition 

Steam Lines Isolation Actuation 

22. Steam fl ow 

SGS-UFSAR: 

See Item 10 

See second part of item 17 

Containment Spray 
Actuation Signal 

High steam line flow in 2 out of 4 
lines coincident with either low 
Tavg in 2 our of 4 loops or low 
steam pressure in 2 out of 4 1 ines 

• 
Comments 

Actuates all non-essential process 
lines containment isolation trip valves
isolation Phase A 

Actuates all remaining trip valves 
(except those required for operation 
of engineered safeguard systems) 

Closes containment purge supply, 
exhause ducts and all others necessary 
to isolate containment atmosphere 

. Revision 0 
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Steam Lines Isolation Actuation 

22. Containment pressure 
(Note 1) 

23. Manual (per steam line) 

Auxiliary Feedwater Actuation 

24. Turbine driven pump 

25. Motor drive pumps 

Main Feedwater Isolation 

26. Close main feedwater control 
valves (fast closure) and 
feedwater bypass valves and 
feedwater inlet stop valves 

SGS/UFSAR 
6995-15974-84 

• 
TABLE 7.2-1 (Sheet 4 of 5) 

Coincidence Circuitry and Interlocks 

2/4 Hi-Hi containment pressure 

1/1 per steam line 

Coincidence of 2/3 low-low level 
in any two steam generators; 
undervoltage 1/2 twice on RCP 
busses; or manual (local and 
remote) 

2/3 low-low level in any steam 
generator: or trip of both main 
feedwater pumps, or safeguards 
sequence signal, or blackout 
sequence signal, or manual (local 
and remote) 

Actuated by: 
1. Safety injection (see No. 10) 
2. 2/3 Hi-Hi level in steam generator 
3. Low actioneered T and reactor · t . avg rip 

• 
Comments 

2/3 high level in steam generator 
trips main feedwater pumps 

Safeguards automatic loading 
signal blocks mariual start 
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• • TABLE 7.2-1 (Sheet 5 of 5} 

NOTE 1: Definition of "S", "T:, and "P" signals: 

Signal Initiated by: 

"S" Safety injection signal 

"T" Safety injection signal 

"P" 2/4 Hf-Hi Containment Pressure 

SGS-UFSl\R : 

• 
Action 

Actuates safety injection 

Actuates containment isolation Phase A (All 
non-essential process lines} 

Activates containment spray, steam lines 
isolation and Phase B containment isolation 
(remaining process lfoes} 
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Desig
nation 

P-4 

P-6 

P-7 

P-8 

P-10 

SGS-UFSAR 

TABLE 7.2-2 (Sheet 1 of 3) 

INTERLOCK CIRCUlTS 

Derivation 

Reactor trip 

1/2 l~eutron flux (intennediate) 
range} above setpoint 

2/2 Neutron flux ( i nte nnedi ate) 
range) below setpoint 

3/4 Neutron flux (power range) 
below setpoint (from P-10) 

and · 
2/2 Turbine impulse chamber 
pressure below setpoint 
(from P-13) 

3/4 Neutron flux (power range 
below setpoint 

2/4 Neutron flux (power range) 
above setpoint 

Function 

Actuates turbine trip 

Cl ose·s main feedwater valves 
on Tavg below setpoint 

Prevents opening of main feedwater 
valves which were closed by safety 
injection or high steam generator 
water 1 evel 

Allows manual block of source 
range reactor trip 

Defeats the b 1 ock of source range 
reactor trip 

Blocks reactor trip on: 
Low flow or reactor cool ant 
pump breakers open in more 
than one 1 oop, 
undervol tage, 
underfrequency, 
turbine trip, 
pressurizer low pressure, 
and pressurizer high·level 

Blocks reactor trip on low flow 
or reactor coolant pump breaker 
open in a single loop 

Allows manual block of power 
range ( 1 ow setpoi nt) reactor trip 

Allows raanual block ,pf intennediate 
range reactor trip and intennediate 
range rod stops (C-1) 

Blocks source range reactor trip 
(back-up for P-6) 
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Desi g
nation 

P-10 
cont. 

P-11 

P-12 

P-13 

P-14 

C-1 

SGS-UFSl\R 

TABLE 7.2-2 (Sheet 2 of 3) 

Derivation 

3/4 Neutron flux (power range) 
below setpoint 

2/3 Pressurizer pressure 
below setpoint 

· 2/3 Pressurizer pressure 
above setpoint 

2/4 Tavg below setpoint 

3/4 Tavg above setpoint 

2/2 Turbine impulse chamber 
pressure below setpoint 

2/3 Hi-Hi steam generator 
level above setpoint on any 
steam generator 

1/2 Neutron flux (intermediate 
range) above setpoint 

Function 

Defeats the block of power range 
(low setpoint) reactor trip 

Defeats the block of intermediate 
range reactor trip and intermediate 
range rod stops (C-1) 

Input to P-7 

Allows manual block of safety 
injection actuation on low 
pressurizer pressure signal 
coincident with low pressurizer 
level signal 

Defeats manual block of 
safety injection actuation 

Actuates safety injection and 
steamline isolation on high 
steamline flow. Allows manual block 
of safety injection actuation on 
high steam 1 i ne fl ow 

Blocks st~am dump to all valves 

Allows manual bypass of steam dump 
block for the cooldown valves only 

Defeats the manual block of safety 
injection actuation on high steam 
1 i ne flow 

Defeats the manual bypass of steam 
dump block 

Input to P-7 

Trips all feedwater pumps, isolates 
feedwater and trips turbine 

Blocks automatic and manual 
control rod wi thdrawa 1 

-
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Desig
nation 

C-2 

C-3 

C-4 

C-5 

C-6 

C-7 

C-8 

C-9 

SGS-UFSAR 

TABLE 7. 2-2 (Sheet 3 of 3) 

Derivation 

1/4 Neutron flux (power 
range) above setpoint 

2/4 Overtemperature AT 
above setpoint 

2/4 Overpower AT above 
setpoint 

1/1 Turbine impulse chamber 
pressure below setpoint 

1/2 Turbine impulse chamber 
pressure below setpoint 

1/1 Time derivative (absolute 
value) of turbine impulse 
chamber pressure (decrease only) 
above setpoi nt 

2/3 Turbine auto stop oil pres
sure below setpoint or all 
stop valves closed 

2/3 Turbine auto stop oil pres
sure above setpoint and 1/4 stop 
valves open 

Any Condenser pressure above 
setpoint 

or 
All circulation water pump 
breakers open · 

Function 

Blocks automatic and manual 
control rod withdrawal 

Blocks automatic and manual control 
rod wi thd rawa l 

Actuates turbine runback via load 
reference 

Blocks automatic and manual 
control rod withdrawal 

Starts turbine runback via load 
reference 

Blocks automatic control rod 
withdrawal 

Blocks turbine runback 
via load limit 

Makes steam dump va.lves available 
for either tripping or modulation 

Blocks steam dump control 
via load rejection controller 

Blocks steam dump control 
turbine trip controller 

Blocks steam dump to condenser 
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Al 

Buf 
f • 

F 

FC 

FI 

FLTR 

FS 

FT 

FW 

Hi LTR 

HI PRT 

I /I • ISOL 

LC 

LI 

L-Low 

Lo L 

Lo LRT 

Lo PRT 

L ref 
L/l 
LT 

NC 
NE 
NI 

NM 

NQ 
p 

•• 
SGS-UFSAR 

TABLE 7.2-3 (Sheet 1 of 2) 

LEGEND OF ANALOG SYMBOLS 

- Al a nn 

- Buff er 

- Special Function (such as a pressure cornpensati on 
- unit or lead/lag compensation) 

Amplifier 

Flow controller (off-on unless output signal is shown) 

- Flow Indicator 

- Filter 

- Fl ow Stream 

- Flow Transmitter 

- Fl ow Water 

- High Level Reactor Trip 

- High Pressure Reactor Trip 

- Isolation Current Repeater 

- Isolation (other than I/I) 

- Level Controller (off-on unless output signal is shown) 

- Level Indicator 

- Low Level 

- Low Level 

- Low Level Reactor Trip 

- Low Pressure Reactor Trip 

- Programmed Reference Level 

- Lead/Lag 

- Level Transmitter 

- Nuclear Flux Controller (Bistable) 
- Nuclear Detector 

- Nuclear Flux Indicator 

- Nuclear Modifier 

- · i~ucl ear Power Supply 

- Pressure 
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PC 
PI 

PM 
p 
ref 

PS 

PT 

QM 
R/I 

RT· 

RTD 

s 

SI 

sp 

• T 

TC 

TE 

TI 

TJ 

TM 

TP 

0U, L 

FLTR 

d 
dt 
r 

• 
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TABLE 7.2~3 (Sheet 2 of 2) 

LEGEND OF ANALOG SYMBOLS 

Pressure Controller (off-on unless output signal is shown) 
- Pres sure I ndi ca tor 

- Pressure Modifier 

- Programmed Reference Pressure 

- Power Supply 

- Pressure Transmitter 

- Flux Modifier 

- Resistance to Current Connector 

- Reactor Trip 

- Resistance Temperature Detector 

- Control Channel Transfer Switch (used to maintain auto 
channel during test of the protection channel) 
Safety Injection 

- Set Point 

- Transmitter 

- Temperature Controller 

- Temperature Element 

- Temperature Indicator 

- Test Signal Insertion Jack 

- Temper.a tu re Modifier 

- Test Point 

- Out of core upper or lower ion chamber flux signals 

- Filter 

- Time Rate Change 

- Sum 
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7.J tNGIN££RED SAFC:TY FEATUKES rnsTRU1'1E1HATI01J 

7.3.1 DESCRIPfIO~ 

The Engineered Safety features Systems are actuated by redundant logic . 

and coincidence networks simi 1 ar to those used for reactor.protection~ 

Each network actuates a device ti1at operates the associated Engineered 

Safety Features equipment, motor starters and valve operators. ri1e 

ch~nnels are desiyned to combine redundant sensors, and independent 

circ ui tr;, and coincident trip logic. Wnere possib·le, different but 

related parameter _measurements are utilized. This ensures a safe and 

reliable system in whicl1 a sin::Jle failure will not defeat the intended 

function. The uction initiating sensors are listed in Table 7.3-1. The. 

:::ngineered Safet; Features Instrumentation System actuates (depending on 

the severity of t11e condition) the Safety l nj ecti on System~ Containment 

Isolation, Containment Spray System and the Diesel Generators. 

Availability of control power to tne £n~i neered Safety Features trip 

channels is continuously monitored~ In general, the loss of instrument 
. . ' 

power to tl1e sensors, instruments, or logic .Jevices in the engineered 

safety features instrumentation, plaGes that channel in the trip mode. 

An exception is the containment spra,y initiating channels which require 

·instrument power for actuation. 

The pdssive accumulators of the Emergency Core Cooling System (ECCS) do 

not ·require signal or power sources to perform their functions. The 

actuation of° the .active p_ortion of the Emergency Core Cooling System is 

from signals described in Table 7.2-l. 

Containment spray operation is i ni ti ated uy containment iii gh-Hi gi1 pres
sure. Containment Spray Actuation Signal logic (CSAS) is shown on 

Figure 7. 3-1. The contai rnnent pressure is sensed by four i ndeperident 

pressure detectors \tkli ch are con]j)i ned in a two.-out-of-four logic 

net~1ork. The output sig-·nal provides two ·independent c11annels for 

concai nment spray actuation vi a tile two logic crai ns. Each CSAS channel 

initiates operation of a contairvnent spray pump und associated valving . 

SGS-UFSAR 7.3-1 Revision O 
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In the event of a CSAS, the contafnment spra;y pumps would be operated 

from the normal source of power • . lf this is not available, or sub

sequently becomes unavailable, the power would be supplied by°.the 
emergency diesel ·generators. 

Each spray system i sol.ation valve is opened on a CSAS by a Hi-Hi con

tainment pre-:ssure signal. Containment isolation backup is provided by· 

check valves in the spray system piping. 

The spray pump motor starting circuits and spray valve control circuits 

are provi-ded witn manual control switches in the control room. Each 

pump and isolation valve has test features to permit periodic oper

ability testing of components and c ire ui tr/ with out causing interruption 

of the spray into the containment building. · 

The logic which initiates containment isolation is shown on 

Figur~ 7.3-1. There are four independent containment pressure detec

tors. Three of tile pressure detectors are combined. in .a two-out-of

tiiree logic to provide the signal for containment isolation for 

non-essential process lines if the higi1 pressure set point is reached~ 

This initiates Phase A containment isolation and Safety Injection. All 

four pressure detectors are combined in a two-out-of-four logic to 

provide the Containment Isolation signal for all penetrations (including 

those open to tile containment atmospnere); except those required for 

operation of the £nyi neered Safety Features if. the hi gil-hi gh pressure 

set point is.reached. This initiates Phase B containment isolation, 

steam line isolation and containment spray. 

A table of isolation valve schemes is given in Chapter 6.2. Air 

operated isolation valves ~ill automaticcilly go to their Engineered· 

Safety Features position on loss of control air. 

The design of the control air system precludes the total loss of control 

air to all systems and equipment. The.control air systems are designed 

to provide a re-liable supply of control air during normal and abnonnal 

SGS-UFSAR · 7.3-2 K.evi si on O 
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plant conditions, assumin~ a single fdilure in the syster11. See Section 

9.3 for a detailed description of tne syste.m . 

Isolation Vdlves will be tested when ti1e unit i S off-line. rile power· 

supply to the c ontai nme nt i so 1 at ion· system i s ti1e vi ta 1 e 1ectrica1 sup

ply described in C~apter d •. 

Manual actuation of each channel may t>e accomplished from central con

trol or local switches and· individual valve control s\~itches iocated in 

tl!e control room for isolation valve op.eration. 

t:ach l/alve has test features to permit periodic testing of components 

.and circuitry without causing interruption of the containment isolation 

initidting signal. 

The containment isolation signals provide the means of isolatin!:J the 

various riipes passiny .:i1rougn the containr.1ent walls as required to pre

vent tile release of radioactivity to the outside environment in the 

event of an acciJ~nt. The signals for actuation of the containment 

isolation are given ·in· Table 7.2-1 and Figure 7.3-1. 

7. J. 1.1 Sy stem i.Je sign 

7.3.1.1.1 £ngineered Safety Features Actuation Instrumentation Description 

The Engineered Safety fedtures actuation circuitry and hurdware layout 

are designed to maintain channel isolation up to and including the bis

table operated logic relay similar to that of the reactor protection 

circuitry as discussed in Section 7.2. See Reference (1) for a complete 

description of the instrumentation. 

7.3.1.1.2 Engineered Safety Features and Associated Systems Actuation 

faole 7.2-1 lists the tngineered Safety features and associateJ s1stems 

actuation si9nals ... · 

SGS-UFSAR 7.3-3 Revision O 
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7.3.l.l.3 Engineered Safety Features Vital Fun,ctions 

The engineered safety features actuation system automatically performs 
the following vi ta l functions: 

1. s.tarts operation of the Safety Injection System upon: a) low.pres

surizer pressure .signals; b) ·high containment pressure si ~nal s; c) 

High differential steam pressure between steam lines; or d) high 

steam line flo~ signals with low r avg or low steam line. pressure. 

2... Operates the -containment isolation valves in non-essential process 

lines (Phase A Isolation) upon detection of high containment pres

sure signals. 

3. Starts the Containment Spray System and operates the remaining con

tainment isolation valves (Phase B Isolation) upon detection of 

high-high containment pressure. 

4. Closes ap steam line stop valves on high steam flow coincident with 

low Tavg or low steam pressure or high-high containment pressure· 
signals. 

5. Safety Injection signal will isolate the feedwater lines by closing 

all control valves· (main and bypass valves), trip the main feedwater 

pumps and c.lose the steam generator feedwater inlet stop valves, and 

actuate the auxiliary feedwater system. It also directly trips tile 

turbine.and the reactor. 

7.3.Ll.4 Engineered Safety Features Calibration and Test 

The Engineered .3afety Features actuation channei s are Jesiglied with 

sufficient redundancy to provide the capability for channel calibration 

and test during po\,ier operation. ·c:xcept for containment spray actua

tion, removal of one actuation cnannel for test is accomplished by plac

ing that ci1annel in a tripped mode~ i.e., a two out~of-three matHx 
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logic 0etomes a one-out-of-two maui.x logic. lesting does.not trip the 

system unless a trip condition occurs in a redundant channel . 

~ontainment spray actuation channels (fr,am contcti11ment r>ressurc) are 

tested by removing the channel from service. Si nee 2/4 lo!;JiC is used, 

2/3 logic remains active during testing. 

See Reference 1 for a description of analog and logic testing. 

7.J.i.1.5 reedwater isolation 

Any Safety InjectiOn signal will isolate the raain feedwater lines by 

closing.all control valves, i:ripping the main foeJ\1ater pumps and clo~

i ng the steam generator feedwater inlet stop valves. 

1.3.l.l.6 1~lain Steam .Isolation 

Protection agdinst a steam line break is provided by Safety Injection 

actuation, feedv1ater i soldtion to prevent excessive cooldown of the 

primary side, and main steam i sol ati on to prevent uncontrolled b lowdo\'m 

of more tt1an one steam generator. 1.,losure of all steam line stop valves 

is initiated by high steam flow in 2 of 4 coincident ~~ith either low 

T avg in 2 of 4 loops or low steam pressure in 2 of 4 lines, by 2 of 4 

hign-high containment pressure signals, or by 1 of 1 manual pushbuttons 

per loop. The automatic actuation system is designed to meet tne 

requirements for r1rotective systems as describe.d in sections 7. i.2 and 

7.2.1. 

7.3.1.1.7 indication 

All transmitted signals (flow, pressure, temperature, etc.) which can 

cause actuation of ti1e engineered safet,y feutures are ei cner i ndical:ed 

·or recorded . 
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7. 3.1.1.8 £ngi neered Safety Fec.ttures, Instrumentation 

The following instrumentation ensures monitoring of the effective opera
tion of the Engineered Safety featur~s. 

Contai rment Pressure 

Containment pressure is monitored by four taps, each connected to a 

pressure sensor as shown on figure 7.3-1. .Each sensor provides an ana

log signal to its as.sociated bistables which will trip at present signal 

values. fhese tripped i:>istai.>les iJrovide input to the protection logiC 

circuits which in turn trip the rel~s to actuate the safeguards system. 

Three of the taps each have t\\U 0istables, the first of whicil i.s set to· 

trip at the Hi containment pressure value. when two of the three bis

tables are tripped, the logic circuits produce an 11 S-signal 11 and a 
11
T-signal. 11 The 11 S-signal 11 actuates the Safety Injection System while 

the 11 T-signal 11 initiates Phase A containment isolation. filese first· 

bi stables are normally energized and become de-energized when tripped. 

fhus, a loss of power to two or more channe 1 s wi 11 produce a trip and 

initiate safety injection and containm~nt isol.ation. However, the loss 

of one channel will neither cause nor prevent the above actions. 

The fourth tap ilas only one bi stable associated with its pressure sen

sor. This bistable, along with the second bi stables associat~d \Ji th the 

other t'hree ch anne 1 s, is set to trip dt the Hi-Hi containment pressure . 

valu~. when two of the four ~istables are tripped, the lo~ic circuits 

will initiate the containment spray and steamline isolation, and also 

produce a 11 P-sighal. 11 The 11 P-si9nal 11 initiat.es Phase t3 isolation~ fhe 

bistables in this second set arenormally de-energized and become ener ... 

gi zed when tripped. fhus, a inomentary ·loss of power or voltage dip wi 11 

not cause a spurious trip \rJhich would actuate the Hi"."'Hi contairvnent 

signal. .It should be noted that for containment spray the lo~ic changes 

from 2/4 to 2/3 when a channel is placed on test. 
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C:acil channel is supµ lied wi ch electrical power from one of four indepen

dent Dusses. lilese ousses can Jraw power from the sl:ation 1 s 0cltteries 

througn static inverters; a blackout or momentary. loss of station power 
\Jill not cause an interruption in tile power supplied to the instruments. 

Indicators and al arms are provid2d in the control room to i nfonn tile 

operator of system status and to guide actions taken Jurin~ recovery 

operations. 

Containment Radiation 

There are two detectors, one monitoring containment pc..1rticulate activity 

anJ the otner rnoni tori ng contai riment ::iaseous activity. rli gh radiation 

from either monitor will close containment ventilation isolation 

valves. T.12se two 1nonitors are not part of the safeguards system and 

are not designed to meet the criteria of IEEC:-27Y. 

~efueling ~ater Storage rank Level 

Level i nstrur.1entation on the refueling \'later storage tanK consists of 

t1,,io ci1annels. Jne cnannel µrovides a local anJ remoc.e in.jication of 

level, a nigh level alarm to warn of an overflow condition; and a low 

level alarm. rhe sec0nd Ciianne·1 i)rovides remote inJicution on the con

trol panel, a low level backup alarm, and a low-low level alarm. 

Emergency Core Cuoling Syste111 Pumps LJiscnarge Pressure 

The Ji scharge pressure for each of tr1e Safety Injection pumps and the 

residual hec:t removal pumps is indicated in ti1e control room. 

fhe common di scharg2 header pressure for the cilargi ng pwnps is indicated 
in the control room . 
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Pump Energization 

The status (i.e., motor .opened or closed) of each safeguards pump is 
indicated in.the contror room. 

Valve Position 

A 11 Engineered Safety features remote-operated vcilves have position 

indication on the control board to show valve li1nit position. Air

operated and solenoid-operated valves move in a preferred direction with 

. the loss of air or power. · .~lotor operated valves fail as is upon loss of 

powe.r. 

The position of key valves in. the £Sf systems is also provided in a 

mimic fashion, according tlJ safety function, on a vertical wall-panel in 

the main control room. 

Sump Instrwnentation 

The containment sump instrumentation consists of two level switches 

designed to operate in a post accident environment. fhe level lights· 

housin!:}s are located above any possible flooding level. fhe indicator 

level lights and alarm systems are located in the control room. 

In addition to the above, the following.local instrumentation is avail

ai:> le. 

1. Residual heat removal pumps discharge µressure 

2. K.esidual heat exchanger exit temperatures 

3. Containment spray c.est lines total flow 

4. Safety injection test line pressure and flow 

SGS-UFSAR 7. 3-8 ' 

~ ( . 

Revision 0 
July 2£, 1982 

•• 

• 

• 



• 

• 

• 

/.3.1.1.Y lnstr~nentation useJ Juring Loss-of-Coolant Accident 

Instruments wilicn are designed to function for various periods of time 

following til2 ;.iajor loss-of-coolant accident are t110se which govern the 

operation of Engineered Safety Features. Pressuri ter pressure and 

level, dnd steam generator lev·el sensors are locuted inside tne contain

ment oecalise dn equivalent signal cannot ne obtained from a sensor loca

tion more i sol ateJ from the 1·eactor;. ~tea111 flo~J is also 1neasured ·inside 

tl1e contai nrnent. Pressurizer pressure transmitters u1ay be required to 

actuate £n~ineered Safety features as d result of a loss-of-coolant 

accident. 

It should be ernphasi zed, however, that for the large loss-of-cool ant 

incidents tt1e initi.al suppression of ti1e transient is independent of any 

detection or actuation signal because the water level will be restored 

to the core by ti1e passive accumulator systein. 

The reactor vessel level microprocessor instrumentation system utilizes 

ti1re~ sets of J/p ce 11 s. fhese ce 11 s 111easure tile µressurc droµ from the 

oottom of the redc tor vessel to the top of ti1e reactor vessel, and from 

tile top uf cne reactor vessel to ti1e reactor coolant hoc leg piping. 

fhe differential pressure measurin~ system utilizes cells of differiny 

rang2s to cover different flow oel1avior witn ani...1 witnout pump operation. 

One pair of sensors ~rovide an indication of tne rsactor vessel water 

level aoovc t11e i1ot leg pipe \'1henth~ r2accor coolant pump in the loop 

with the hot leg connection is not operati ny. when the reactor cuolant 

pumps are operating in that loop, t11e i nstrumenc. reading will be off 

scale. 

A second pair of sensors (narrow range) provide an indication of reactor 

vessel water level from the bottom to th2 top of the vess2l when no 

pumps are operating. Hie instrument will also measure the reactor core 

anJ inter~als pressure Jrop, and therefore ~rovide an inJication of che 

relativ~ void content or density of the circulating fluiJ, when only one 
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reactor coolant pump·i s operating. When more than one reactor coolant 

pump is operating; the instrwiient reading will be off scale. 

The third pair of sen~ors (wide range) provide an indiction of reactor 
core, internals, and outlet nozzle pressure drop for any c.ombi nation of 

operating reactor cool ant pumps. Comparison of the measured pressure · 

drop with the nonnal, single phase pressure drop will provide an approx

imate indication of the relative void content or.density of the circula-
. . 

ting fluid. fhi s instrument wi 11 monitor core conditions on a conti nu-

i ng basis. 

To provide tile required ace uracy for water leve 1 measurement, tempera

ture measurem~nts of the reference legs are ~rovided. fhese measure

ments to~ether with the existing reactor coo 1 ant temperature medsure

ments are used to compensate tile d/p transducer outputs for differences 

in system temperature· and reference leg temperature, particularly during 

the cilange in the envi ronrnent inside the c.ontai nment structure following 

an accident. 

All pumps used for Safety Injection and containment spr~ are located 

out~ide the cohtain~ent. ·The operation of the equipment can be verified 

by instrumentation· that. reads in the contro 1 room·. This instrumentation 

wi 11 not be affected by th~ accident. 

Depending upon the magnitude of the loss-of-coolant incident, i nforma- · 

ti on relative .to the µressure of tile Keactor Coolant Sytem will be use

ful to the operator to determine which pumps will be used for recircula

tion in the event of a small break. foe discharge j.)ressure of the char

ging pumps, as read on instrumentation outside the containment, will 

serve this purpose. file contaimrient sump level and refueling ~1ater tank 

instrumentation wi 11 al so provide infonnati on for eval uCiti ng the con- . 

ditions necessary to initiate the recirculation mode· of operation. See 

Ch apter 6 for further details. 

The refueling water storage t.ank level instrumentation provides addi

tion al information to determine the relative size of a reactor cool ant 
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leak. Core recirculation and containment spray recirculation (if neces
sary can be manually initiated before the refueling water storage tank 

is empty. 

Considerations have been give to all the instrumentation and informa

tion that will be necessary for the recovery time following a loss-of

coolant incident. Instrumentation external to.the reactor containment 

such as radioactivity monitoring equipment will not be affected by this 

postulated incident and will be available to the operator. 

7.3.1.1.10 Engineered Safety Features Control 

All equipment required to keep the plant in a safe condition during the 

occurrences of Safety Injection, blackout, or both of these conditions, 

can be powered by three standby ac power systems per unit. The equip

ment is arranged such that safe shutdown can be achieved under all post

ulated abnormal conditions coincident with the loss of one diesel gener

ator. Each unit has a separate and independent electrical system to 

provide power for engineered safeguards systems. 

Each diesel generator is provided with an independent loading control 

system (Reference 2) which initiates the startup and/or loading of the 

diesel generators during the following plant condition: 

1. Safety injection only. 

2. Loss of all outside power (blackout). 

3. Safety injection coincident with loss of all outside power. 

4. Safety injection coincident with undervoltage on the one 4kV vital 

bus. 

During conditions of automatic startup and/or loading for all modes, the 

following criteria have been met in the control system design: 

1. Each vital bus control is independent of the other two. 

2. Manual control of equipment is locked out until the automatic lo,ad-· 

sequencing is complete . 
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3. Safeguard actuation signals cannot be interrupted by any automatic 

device. 

4. Manual initiation of the loading sequence is available to the 
operator. 

5. Off-normal diesel conditions are alarmed in the Control Room. 
6. Safety injection conditions take precedence over all other operating 

modes. 

7. Diesels operating in a TEST mode at the occurrences of a blackout or 

Safety Injection are automatically tripped and reloaded according to 

prevailing conditions. 

8. No sequential loading can occur until the diesel generator ACB is 

closed onto the bus. 

9. Inadvertent tripping of the diesel generator output breaker is 

precluded by locking out the shutdown relay when a safeguard 

initiation signal is present. 

7.3.1.1.10.1 Safety Injection Only 

In this mode of operation, a Safety Injection signal initiates the 

following actions: 

1. Start diesel generator units. 

2. Lockout manual control of equipment circuit breakers until the loads 

are connected. 

3. Connect all required accident loads. 

Since outside power is available during this mode, the equipment not 

affected by the accident remains in service and required safeguards 

equipment is loaded immediately, except for the fan cooler units which 

are started for low-speed operation as soon as they have coasted down 

from normal high speed operation (approximately 15-20 sec.). The diesel 

generators are started automatically so as to be available in the event 

they are subsequently required. They are not automatically connected to 

the vital busses. The operator may shut down the diesels when operation 

of the required equipment has been verified. 
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7.3.1.1.10.2 Blackout Only 

In this mode of operation, undervoltage signals for vital bus are com
bined in a 2/3 logic matrix per bus to develop a blackout loading signal 
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for tl1at bus. fhe ~lackout sig11al and the associated control s1stem 

perfor111 the following functions on each bus: 

1. frip all 4160V and selected 4i..iuV vital bus breakers. 

2. Start the diesel generator. 

3. Lockout manual control of bLls loads until diesel generator loading 

is completed. 

4~ Connect the diesel yenerator to its bus. 

5. Sequence the requireJ blacKout iodds iJrovided tnac an accident ;1as 

not occurred and the diesel generator is ready to accept load. 

l)uring t;lis mode of operation, manual control of inJividual circuit 

breakers is prevented until the automatic loading is completed. After a 

time Jclay has elapsed,ti1e operator can manually reset ti1e loading 

sequence signal and restore manual control of manualo 

7.3.1.1.10.3 Safety injection Plus dlacKout 

This mode of operation differs from that of Safety Injection only in 

that circuit 0reakers of safety equipment cannot be closed uritil·the 

diesel is ready to accept loads. These breakers are then closed sequen

tially. 

The necessary logic required to recognize the existence of this mode is 

comprised of the coincidence of Safety lnjeccion ar11.1.0lac1<0ut si::1nals. 

This signal will trip selected 460V and all 4kV vital bus breakers. 

1•lanual control of tile individual loads is prevented DJ a time delay 

until diesel generator loading is complete. At that time, the loading 
sequence control can be reset anJ capaoi lity for manual control is 
re stored. 

Tne safeguards equipment required during an accident and blackout are 

atuomatically sequenceu to start by the Safeguards Equipment Control 

System (SEC). This is discussed further in Chapter 8. The starting of 
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the containment spray pumps requires a high-high containment pressure 

signal in addition to the $£C actuation signal. fhe contain111ent sj)raj 

pumps will normally start approximately 20 seconds following an 

accident. lf the j)Umps do not start at tile required sequence time, the 

SEC actuation signal ·wi 11 be delayed until the end of the ladding 

·sequence to prevent tne spray pumps from starting Wi1en other equipment 

is required to start. The loss-of-coolant accident (LUCA) break sizes 

analyzed in Chapter b will result in the conti anment hi gh-ili gh pressure 

signal ( 11
P

11 signal) before the SEC actuation signal calls upon the spray 

plimps to start. 13reai< sizes whicil do not result in a 11 P11 signal prior 

to the pump start initiation will result in a peak containment pressure 

at the end of the spray puinp lockout period considerably lower than for 

the situations analyzed in Chapter 15 •. The postulated spray pump delay 

has no adverse effect on tne safety of the plant and is not a 

controlling factor relative to maximum containment pressure design 

analyses. 

Tne topics discussed in rJUth·:ll-0138 were addressed in a meeting with 

USN~C Region 1, Inspection and Enforcement personnel prior to the start-

up of Salem Unit r.Jo. 1. rhe meeting resulted in a modification to the • 

i..UCA Emergency lnstructio.n whi ci1 requires the plant operaci ng personnel 

to restart ~OCA loads in the event of a loss of offsite power subsequent 

to reset of the Safety _Injection. signal. fhi s procedure change is 

applicable to Unit 2 and it adequately addresses tile positions taken by 

the NRG in ~UREG-Ul3d. 

7.3.1.1.10.4 Safety Injection Plus One 4kV Vital Bus Undervoltaye 

In ti1 is mode, the bus undervo ltage signal i s derived from the same group 

of relays which are used for the blackout signal logic matrices. 

t3us undervoltage by ·itself wi 11 not directly cause an1 action to be 

taken in the sequencing of equipment. If an accident were to occur in 

coincidence with a singlcl bus undervoltage condition, the following 

functions are perfonned by the controller: 
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1. Start t~e diesel on the affecteJ bus. 

2. Trip all vital bus equipment breakers • 

3. Sequence the accident lodds when the diesel is readJ for loading. 

4. Lock out manual control of breakers on the affected bus until diesel 

generator loadiny is complete • 

. 7.3.1.1.10.5 rests and Inspections 

fhe emergency power contra 1 system is provided with ineans to: 

1. Check tne operational capability of, each input sensor during reactor 

operation, 

2. Cneck that the loyic combinations of input signals result in proper 

logic outputs or controi syste111 actions for each mode of operation, 

3. Permit any one sensor to be maintained, tested or calibrated duriny 

power operation wi d10ut i ni ti ati ng system action, and 

4. Assure that when tests are completed the system is returned to its 

proper operational state . 

7.3.1.2 uesiyn Bases 

7.3.1.2.l General uesign Criteria: 

Criterion: Protection systems sha 11 be provided for sensi ny accident 

situations and i ni ti ati ng the operation of necessarJ C:ngi

neered Safety Features. 

The Engineered Safety Features instrumentation monitors parameters to 

detect failures and to initiate t::ngineered Safety Features equipment 

operation. 

Tne Engineered Safety Features instrumentation measures temi.>eratures, 

µressures, flows, levels in the reactor coolant syste .. 1, steain syste1n, 

reactor containment and auxi 1 i ary systems. It actuates the £ nyi neered 
Safety features and monitors their operation. Process variables 
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required on a continuous basis for the start-up, operation, and shutdown 

of the unit are indicated or recorded and controlled from the control 

room. The quantity and cypes of process in·strumentation provided ensure 

safe and orderly operation of all systems and processes over the full 

operatiny range of the plant. 

Certain controls and indicators whicn require a m1n1mum of operator 

attention, or are onlJ in use intermittently, are located on local con

trol panels near the equipm~nt to be controlled. Monitoring of the 

al arms of such contra l systems is i->ro'li ded in the control room. Desi ::1n 

criteria for redundancy, separation and diversity are essentially the 

samt! as those used for the protection system, and descrioed in Sections 

7.1, 7.2 and Chapter 8. 

7.j.l.2.2 Environmental Capability 

fhe Engineered Safety features i nstrwnentation equipment inside the 

containment is designed tu operate under thi: accident environment of a 

steam-air mixture and radiation. 

Electrical.equipment for the Engineered Safety Features is located 

inside the containment and in the auxiliary ouilding. Table /.3-~ is a 

listing of the equipment inside the containment which is required for 

post-LOCA operation and indicates how long the equipinent is required to 

function as well as specifyi ny which components require qualification 

testing. 

Failure of the equipment in Taole 7.3-2 after the specified time will 

not increase the severity or consequence of tne accident. fhe reactor 

protection control and instrumentation equipment and electrical equip

ment for C:ngi neered Safe-i:y features located in. tt:le auxiliary bui ldi n~ 

wi 11 operate in a normal ambient environment following a major loss-of
coo l ant ace i dent. 
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7.3.2 SYSTE1~ EVALJAflOi~· 

Redundant instrumentation has been provided for all inputs to tile pro

tective systems anJ. vital control circuits. where \fide process variable 

ranges and precise control are required, bOth wide ranye and n~rrow 

range instrumentation is provi Jed. Instrumentation COHJpon~nts are 

selected from standard commercially available products with proven 

operating reliaoility. The instrument power to electrica.l and electrq

nic instrumentation required for safe and reliable operation is supplied 

from the four instrument uusses which canoe eneryiLe<l from the diesel 

generator sources. 

The engineered safeguards initiation, control and power supply systems 

are designed so that 110 single fault in components, Linits, channels or 

sensors will prevent E ngi nee red Safety features operation. The timing 

of initiation and start-up of the t:ngineered Safot.y features is such as 

to provide conservative protection. 

rhe wirin~ is Jrouped so that no single fault or failure, including 

eitner an open or silorted circuit, will negate Engineered Safety Fea

tures operation. i'Jiring for redundant circuits is t)rocected and routed 

i ndependentlJ so ti1at damage to any one patn wi 11 not prevent the pro

tective action. 

The detailed design incorporates the follo~'ing charactedstics in order 

to counteract fctults resultiny in loss of power: 

1. Redundant components are powered from separate busses; 

2. fl1e 125-volt de and .lb-volt ac power busses used arc discussed in 

detai 1 in Chapter 8; 

3. The 4160-volt and 460-volt systems are discussed in Chapter 8; 

4. fl1e stari:.ing and loading of diesel generators is described in Sec

tion 7.3.1.1.10 . 
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7.J.2.1 Pressurizer Pressure 

Credible accident conditions requiring emergency core cooling would . 

involve low pressurizer pressur~. rhe present design for emeryency core 

cooling is accomplished by the Safety Injection System actuation from 

primary system variables. Actuation is initiated by low pressurizer 

pressure. 

Pressurizer pressure is sensed by fast response pressure transmitters. 

An overall one (li second pressure c~1annel response time, as used, is 

more than adel.juate to cover the response ch aracteri sti cs of the tripping 

c;1 anne ls. 

Instrument delays are small in comparison with the computed lag in pres

surizer pressure, which lags bei1inJ ti1e redctor coolant pressure during 

b lowdown. 

A Safety Injection block switch is provided to permit the primary system 

to be depressuri zed, such as for refueling operations wi tiluut actuation 

of the Safety Injection System. ·This manual block switcn will be inter

locked with pressurizer pressure in such a way that the blocking action 

will automatically be removed as operating pressure is approached. If 

two out of three J)ressure signals are above tllis preset pressure, block

ing action cannot be initiated~ Tl1e block condition will be indicated 

by a status light in t.1e control room. 

7.3.2.2 Motor and Valve Control 

For starting pump and fan motors, tile control relays are energized to 

energize the closing coil on ti1e circuit breaker or the motor starter. 

When motor starters are used the starter operati ll!J coil wi l1 be supplied 

Di power from the Sdr.le source as the subject 111otor. ~hen circuit i.Jrea

kers are used for motor control the circuit breakers close and trip 

Cuil S wi 11 De SUpp lied by power from a 125-VO lt de batterj bus. 
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For valve motor control, the control relay causes the coi 1 on che main 

contactor for the closing circuit to be energized. 

Air actuated containment isolation valves are spri n;;1 loaJed to close 
upon loss of air pressure. 

7.3.t..3 ~anual ~ontrol of ESF 

Manual control of En!:Ji neered Safety Features equipinent from the main 

control console is acl1ieved through the use of a 28V de logic interface 

system. 

The manual control system is comprised of four groups of logic cabinets, 

terminal cabinets, and wirin~ to the main control console. fhe console 

contains the back-lighted push-button stations used to initiate a con

trol action. A momentary contact energizes tile relays in the logic 

cabinets, which in turn cause the desired system action in the primary 

contro 1 c ire ui t ( 115V or 125V). The output contacts of the lOgi c re 1 ay s 

are wired to the terminal cabinets and then out to the field equipment 

control centers. 

Power for logic relays is provided oy the two 2.8V batteries. This is 

the supply voltage which appears across the contacts of t;1e console 

pushbuttons. Wiring ~etween the console and the logic cabinets consists 

of t2f lon insulated pl uy-i n cab le s. 

This system is used to mdnually initiate protection functions such as 

reactor trip, containment isolation, and containment SiJray. IEEE Stan

dard No. 279~1971, Paragraph 4.17 is applicable to these functibns. The 

28V control system meets the re4uirements of l-1arayraµh 4.17. All auto

matic operation of the Engi m~ered Safety features e.quiprnent does not 

require any action in t~e 28V circuitry . 
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7.3.2.4 Testing 

The method of periodic testing of £ngi neered Safety features instrument

ation and control equipment is discussed below •. fhe Engineered Safety 

Features actuator testing is discussed below. 

foe dJ scussions of system testaoi lity in Section 7.2 are appl"icai:>le to 

the sensors, analog circuitry, and logic trains of the Engineered Safety 

Features Actuation System. The fo llowi ny information descrioes those 

.areas in which the testing provisions differ from those for the Reactor 
Trip Sy stem. 

fhe Engineered Safety Features Systems are tested to provide assurance 

that the systems will operate as desiyneJ and will be avdilable to .func

tion properly in the unlikely event of an accident and/or loss of off

site power. fhe testiny program incluJcs: 

1. Prior to initial plant operations, Engineered Safety Features System 

•• 

tests wi 11 be conJucted. • 

2. Subsequent to initial startup, Engineered Safety Features System 

tests will be conductedduring.eaci1 regularly scheduled refueling 
outage. 

3. During on-line. operation of the reactor the Engineered Safe-i:y Fea

tures dnalog anJ logic circuitry will be tested.· In adJition, 

esse11ti ally all of t11e Engineered Safety Features actuators wi 11 be 

tested. fhe remaining fe~' final actuators whose operation is incom

patible with on-line plant operation will be partially tested. 

4. Durin::J nonnal operation t11e op-:raoilit; of testable final actuacion 

devices of the C:ngi neered Safety Features Systems will be tested by 
manual i niti atfon~ 
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Ouri ng reactor operation the basis for tngi neered SafetJ features Actua

tion System acceptability will be the successful completion of the over
lapping t2sts performed on the i<eactorfrip and t11e C:ngineered Safety 

Features Actuat"ion Systems. Analog checks verify operaoility of tile 
sensors. Analog cl1eci<s and tesc verifJ the operabi lit; of the analog 

circuitry from the input of these.circuits up to and including the logic 

input relays. SoliJ state lo~ic testiny checks the digital signal path 

from tne logic input relay contacts throul:Jh the logic matrices and mas

ter relays and performs continuity tests on the coils of che output 

slave relays; final actuator testing operates the output slave relays 

and verifies operabilitJ of those dev.ices \',thici1 require sctfeguards dCtu

ation, and which can be tested without causing planr. upset. A conti

nuity check is performed on the actuators of the unte scau le devices. 

Operation of the final devices ·is confinned by control board indication 

and visual ooservation of the devices. 

Maintenance checks (performed during regularly scheduled refueling out.:. 

ages), such as resistance to ground of signal .cables in rddiation envi

r.onments, are based on qualification test data which identify acceptable 

radiation, thermal, etc. degradation. 

Considered in the design are: 

1. Testing shall minimize the potent:i-al for accidental shutdown of the 

unit or initiation of emerge11c1 core cooling. 

2. Test circuitry s11all be designed to maintain overall reliability of 

the engineered safeguards systems. 

. . 

fhe operation of ti1e engineered safety features includes function of· 

both the Solid State Protection Syste1n lSSPSJ and the Safeguards £~uip

ment Controller (SEC). The test provision for the SSPS is described 

be low • 
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uescription of Initiation Circuitry 

l ni ti ati ng rel ey s are provided for the following systems or functions in 
each of the two trains of the Solid State Protection System: 

a. Safety Injection~ 

b. Containment Isolation Phase A •. 

c. Containment Isolation Phase B. 

d. Containment Sprey. 

e. Containment Ventilation I so 1 atfon. 

f. Main Steam Line Isolation .. 

g. 14ai n F eedwater Line l sol ati on. 

h. Safeguards Equipment Control (one for each diesel-generator unit) • 

. The output of the initiation circuits each consists of a master reley 

\\d1ich drives slave releys for contact multiplication. The logic, 

master, and slave relays are mounted in cabinets desi~nated frain t\ and 

Train B, respectively for the redundant counterparts. The slave_ reley · 

circuits operate some_ circuit b1~eakers, motor operated valves and sole

noid operated valves. 

Actuator Testing. 

After testing of the initiation circuits in the SSPS and SEC has been 

accomplished, the SSPS master rel_eys Can be reset for testing of tl1e 

slave releys and the devices controlled by their contacts. By operation 

of these releys one at a time, all breakers and valves that can be 

operated on line are tested. 

Breakers and valves are assigned to the slave releys such that no 

undesired effect on plant operation can occur. Controls mounted in a 

Solid State Protection Test Panel are used for actuator testin~. S~pa
rate panels are useJ for the A and H frains. A four-position selector 

switch permitting rotation in one direction only is used to test all 

SSPS output relays. Turning tile switch to the first position blocKs 
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those outputs which cannot be tested with. the plant at power. fhi s 

blocl<ing is accomplished by latch-type test relays in the test panel. 

for those outputs where blocking is not required, this position is not 
used. · 

When the swi ten is moved to tile s~cond position, the output re ·1 ay is 
activatad. For tno~e circuits witil no oloci<.ing, the field devices func

tion and are tested. For those circuits that are blocked, the test 
relaj places a built-in 11 press-to-,.tesc 11 indicator ligilt in serie·s with 

the field device. Due to the low current, the field device does not 

operace. ror normally closeJ output rela; contacts, tne test relay 

s.witches a bypass contact around the output relay. contact. Current flow 

is determined by reading the voltage drop across small resistors in 

series with the normal and bypass contacts. (i~aximum drop = l volt. J 

Position 3 resets the output rela_t• The test li:Jhts or r~sistors are 

used to verify contact resetting. final position 4 resets the test'' 

relay. Again, the test lights or resistors verify that che test relay 

has reset. whenever a test switch is out of position 4 or a test relay 

is latched, an SSPS test alarm is activated in the Control R.oom. 

The method of using a fciur-position test switch and liyhts or resistors 
·'. 

for verifying field device continuit; permits testin:J without activating 

the field device and verifi.es that the system has been reset and is in 

the saine state as before testing. Llcpressing the test light lens hoMer 

breaks the normal circuit and makes up a test circuit sucil that the lamp 

canoe checked instantly. 

Administratively, onlj one test switch is operated at a time so only one 

SSPS output relay is tested. 

·During output testing, close communication between the main control room 

operator and the man at. the test panel· is mdi ntai ned. Prior to opera

ting a slave relay the oper-ator in the main control room assures that 
'-

pl ant conditions will pennit operation of the equipment tnat will be 
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actuated by the relay. After the tester i1as actuated a slave relay the 

main control room operator observes ~hat all equipment·has operated 

properly. - Prepared check lists ·are useJ to verify proper operation and 

keep a permanent record of tests. By means of the procedure outline 

above, all equipment actuated bi en:::1i neered safeguard system i ni ti ati on -

circuits (with the following list of exceptions) are operated by the 

test circuitry:· -

1. Feedwater Isolation Valves. 

2. Main Steam Isolation Valves. 

3. Control Air Isolation Valves. 

4. Turbine Trips. 

5. Steam Generator Feedwater Pump turbine Trip. 

6. Steam Generator Feedwater PLmp Stop Valves. 

7. Reactor Coolant Pump Trip. 

8. Auxiliary Feedwater Pumps. 

9. Generator Trip. 

lU. Safety Injection System Valves lSJl, 1SJ2, 1SJ4, 1SJ5, 1SJ12, 1SJ13. 

11. Chemical and volume Control System valves 1CV4u, .1.CV41, 1CV6d, 

1CV69, 1CV116, lCVl84, 1CV7. 

12. Reactor.Coolant Pump Seal and Thermal Barrier Cooling Valves 1CC117, 

1CC118, 1CC131, 1CC136, 1CC187, 1CC190. 

The method described provides capability for checki ny from the process 

signal to the logic cabinets and from there to the individual field 

equipment including all field cabling actually used in the circuitr-y. 

For those devices wi1ose operati'on could have an effect plant stability, 

the procedure provides for checking from the process signal to the logic 

rack and continutiy determination for output cables and field devices, 

ho\\ever, the actuated equipment will be manually initiated as plant 

conditions permit. 

The SEC Units have the following test capability during power operation: 

1. Check the operational capability of each bus undervoltage sensor and 

its input to the loyic. 
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2. Check the operdtional capability of the LJCA signal, 11 S 11
, from the 

SSPS "f oyi cs. 

3. Check that the logic_comoinations of input signals result in proper 
operation of t_he various functions,, including automatic load 

sequencing, without actuation of any motors and a verification of 

the timed loading sequence. 

4. · Check the output relay capability to actuate the driven _equipment. 

fhe SEC Units can also oe ci1ecked for complete system operal:>i litJ from 

sensor to actuated equipment during pl ant shutdowns. 

Ke actor tri µ system and Engfneered Safet1 features actuation system 

response time tests are required by and will be.performed in accordance 

'with the rechnical Specifications. 

7.3.2.5 Containment Flooding Analysis 

The postulated flood level within t;1e containment following a major .loss 

of coolant accident has beerr-de.termined to be elevation 83 1 -1 11 (PSE G 
I/ 

datum). Table 7 .3-3 lists ·an electrical components which are in the 

contai ninent at or below .elevation 83 1 -1 11 and may be subjected to the. 

effects of flooding. fhis list includes both safety related anJ non

safety related components and distinguishes between vital .circuit (Class 

lEJ and non-vital circuit association. In addition there arc some tem

perature elements which were not listed which may become flooded. These 

devices, however, du not µerform a safet1 function, L>ut are used for 

computer or annunciator al arms and wi 11 not have any affect on vital 

circuits or the safe operation of the plant follo\1iny a LUCA. 

Safety Significance 

An analysis has oeen performed on the safety significance of the fai l_ure 

consequences of vital circuits due to postulated floodit1~. Subinerged 

circuit components were exarnined for function and whether the function 

was required for the accident: and performed prior to flooding. fables 

• 7.3-4, 7.3-5, 7.3-6 and 7.3-7 present t11e results in tabular form of the 
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detailed analysis for 125V DC circuits, 115V AC circuits, 230 AC Control 

Center circuits and junction/ter111inal boxes respectivel/. A detailed 

analysis of non-vital circuits is not required since their failure or 

. improper operation wi l ·1 not affect the safetJ functions necessary for a 

LUCA incident. 

fhe analysis demonstrates that the safety functions required for an 

accident will be performed. Containment isolation and accumulator pres

sure monitoring were found to be the major safety functions required and 
" 

were not adversely affected b,y the flooding before the functionswere 

performed. 

Air operated containment isolation valves. were designed to close upon 

loss of power and are signalled to close prior to significant flooding. 

The flooding could cause short circuits, thereby trippin::J the control 

circuit breaker open and assuri n!:J that the safety function is per

formed. Motor operated i sol ati on valves al so perf onn their function 

prior to flooding. 

Indication of isolation valve position has been determined not to be of 

safetj significance because the valves will have performed their func

tion prior to flooding, and the closed status of the valves will be 

indicated oefore flooding can c;:ause a trip of the ci.rcuic oreaKer and 

subsequent loss of the indication. If this occurs, ·alarms are provided 

to indicate loss of the control circuit. The fail-closed circuii:ry 

design assures that loss of power results in valve closure. fhe failure 

of isolation valve indic~tion resultin::J from flooding is therefore con

sidered to be.of no safety significance. 

The accumulator pressure monitoring function wi 11 be available for tile 

five minutes that it is required. The instruments are located a~. 

approximately elevation 82 1 anJ will not become flooded until after they 
·have performed t.heir function. 
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Tne loss or impropet operation of other instrumentation will not affect 

the operator• s response to post accident conditions since they are 
neither required for the accident nor for post accident monitoring. 

Effect on Class 1£ Sources 

Class lE electrical power sources will not be adverse.1y affected·by tne 

flooding of individual electrical circuits because of the circuit pro

tection provided. Ci re ui t protection for those i terns affected by the 

flooding is indicated in the tables for eacn circuit analysis. 

Each 125V LJC circuit is protected by Class 1£, 15 amp circuit breakers 

which will trip open if snort circuits are caused by tiie flooding of 

comp.onents in the containment. Power to t11e entirecircuit would be 

lost. All components on the affecteJ 12!:>V uc circuits, wnetner flouded. 
' or not, were examined to determine if their loss was acceptaole. 

Eaci1 115V AC circuit providing power to the i->rocess yruup racks and 

protection racks is also protected by Class k, lS amp circuit brea

kers. However, in this case the entire circuit will not be lost due to 

flooding of components in part of the circuits. Each individual_ process 

or protection control/indication loop is provided with its own internal. 

power supply with 0.2 amp fuse protection. The develop1nent of faults 

from f looJi ng of components in the loop would blow the fuses and thereby 

isolate that porti.on of the circuit. Other functions powered from that 

particular circuit would not be affected. 

In the analysis of llSV _AC circuits only those devices which would 

become submerged were exami ne<l as to function and need. .Jon-submeryed 

components of tne circuit will not be affected by the flooding. In th.: 

case of sub1ner9eJ devices in the 115V AL circuit it maj be possiule that 

total loss of control power will. not occur, and that some control loops 

would provide anomalous indication or control. T11is has been ex&nined 

and those devices which are required to operate properly do so for the 
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required time period prior to submergence. Once submerged their. func

tions are not -required, and any imi-1roper operation would not be detri

mental to the necessary safety functions followiny a LUCA. 

Each 23uV 1•1otor ~ontrol ~enter circuit is provided witi1 Class 1£ circuit 

breaKers. The control circuit power developed from a 230/lloV transfor

mer is protected by l:i amp fuses. An.1 isolation valves will have per

formed their function prior to i.>ecomi ng submerged. fhe reactor nozzle 

support vent fans are tripped durin~ an accident. fhese power circuits 

are protected during flooding conditions since voltage to the devices is 

removed by open motor starter contacts. 

Design Changes 

During the course of the review two instances were discovered which 

required a redesign to assure that the emergency core cooling systems 

can be operated effectively. They are describe.d below. 

1. Position interlock drcuits for valve lSJ67 and lSJ68, althouyh not 

flooded, were found to be on 125V DC circuits which are affected by 

the flooding of other components. The position interlock circuit of 

1SJ67 was on circuit 13 of the lCCDC distribution cabinet and the 

position interlocK circuit of 1SJ68 was on circuit 13 of the lAAiJC 

di stri buti on cabinet. Coincident flooding of components in portions 

of the circuits could trip the ci rcui i: breakers, thereby losi n9 the · 

i nterloci< capabi 1 i ty for opening 11SJ45 and 12SJ45. The power cir

cui t for the 1SJ67 and l.::iJ68 position interlocks were changed to 

circuits which can not be affected by flooding. 

2. fhe contai rment sump leve 1 i nstrwnents provide oacl<up i ndic ati on for 

initiating the recirculati~n phase of an accident and are above the 

flood level. However two junction boxes, J1Huo and J1H08, used for 

the .routing of the indication circuits were located below the flood 

level. This situation could have caused anomalous indication to the 

operator and possibly affected his response to accident conditions. 

These two junction boxes were raised above the flood level. 

SGS-UFSAR 7.3-28 R.evi si on 0 
July 22, 1982 

• 

• 



• 

• 

• 

In summary, with incorporation of the design changes, the entire analy

sis demonstrates that flooding within the containment will not adversely 

affect the safe operation of the plant following a LOCA even though a 

number of vital circuits and non-vital circuits could be lost. The 

necessary safety functions will be perfonned. 

7.3.2.6 Single Failure of Components 

There are no single electrically operated fluid system components whose 

failure could result in the loss of capability of the Emergency Core 

Cooling System to perfonn its safety function. In order to achieve 

this, design changes were incorporated for certain manually controlled 

electrically operated valves. These changes are illustrated for typical 

valves on Figures 7.3-2 and 7.3-3 and are described below. 

Figure 7.3-2 illustrates the design provided for valves which have 

motive power 11 locked out" at the 230V motor limit switches which provide 

redundant position indication as described in Section 7.6.2. All valves 

with this design are provided with a separate 125V DC supply to pro vi de 

power for control board position indication which would nonnally be 

unavailable due to the 11power lockout." 

Figure 7.3-3 illustrates the design provided for valves whose control 

power can be restored from the control room. The design incorporates a 

switch which isolates the operating coil of the motor starter which 

could cause spurious movement to the undesirable valve position. The 

switch is monitored by a light which would indicate failure of the 

switch to provide isolation, and by a separate light which gives 

positive indication that the motor is "locked out". Similar to the 

other valves previously described, these valves are provided with a 

separate 125V DC supply for control board position indicating lights • 
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7.3.2.7 Electrical Interlocks 

Electrical interlocks are provided in the control circuits of several 

redundant t:merge.ncy Core Coolin~ System valves. Jhese interlocks assure 

that the proper sequence of operations occur when switchi ny to tne 

recirculation phase of d L0CA. The interlocks also serve to prevent 

unacceptable system lineups during normal pl ant operati ans. A 11 of tne 

interlocks use redundant devices to prevent sin~le failures from either 

defeating the ECCS safety function, or the operational restrictions 

duri n~ normal power operation. In addition to ti12 i nterlocK c'ircui try, 

some of the valves are provided with control "power lockout" to meet 

other criteria are descrioed below along wi til an assessment of the 

effects of failures in the circuits. 

Valve 1CV40 and 1CV41 

These valves are located in the normal suction line to the chdrging 

pumps. foe closing of these valves requires opening of either lSJl or 

1SJ2 (charging pump suction lines from the RWST) to assure that the 

cnargi ng pumps do not lose suction. rhe normal operation of the inter

locks requires lSJl or 1SJ2 to be fully open prior to initiating closure 

of tne 1LV40 and 1CV41 valves. 1f ei thcr i nterlocl< were to fail in the 

direction allowing premature closure of lCl/40 or 1CV41 during a LuCA, 

suction to charging pumps would not be lost si nee lSJl and SJ2 would De 

opening at the same time. This simultaneous operation of all four 

valves occurs since 
11
5 11 

signals from the plant protection system would 

be tran~nitted to the valve control circuits simultaneously. 

The devices used to develop the interloci< circuits dre redundant. If 

either interlock were to fail in the direction which would prevent clo

sure of the lCl/40 or 1CV41 valves, the redundant i nterlocK woulu func
tion to close the valves. 
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Valves lli<H4 and ll~H4 

These valves are located in the suction lines to the No. 11 and l~ RHR 

pumps respectively.· The openin~ of eaci1 valve is enab"led by the closed 

condition of its respective containment sump isolation valve (i1SJ44 

interlocks lli<H4 dnJ 12SJ44 i nterloci<s 12KH4). The norma] status of 

11RH4 and 12RH4 is '.'open" and read,y for the injection phase of a LOCA. 

The interlocks are arranged on a 11 Trai n" basis so that no possible 

interconnection of the interlocks can occur. A failure of either inter

lock \\UUld affect only the opening circuit of the i{rl4 valve associated 

with that interlock. The required safety function of the RH4 valves is 

to be closed when i niti ati ng the reci.rculation phase of a LuCA. The 

closure of an Rtl4 v a 1 ve can not be defeated by any failure in the inter-

l ock i ng circuitry (i.e. an openiny permissive from the ::>J44 valve inter

lock \\Uuld not cause automatic opening of KH4 nor would it prevent 

closure of i<H4). 

Valves 11SJ44 and 12SJ44 

These are the containment sump valves which provide suction to the RHK 

pumps during the recirculation phase of a LLlCA. fhe openin~ of eaci1 

valve is enabled by the closure of its respective RH4 valve. The nonnal 

status of these valves is "closed" witi1 control power "locKed out" in 

the control room. Tile purpose of.th.e interlocl< is to assure that spuri

ous opening of the valve will not result in emptying the RWST into the 

containment sump. fhe interlocks are fully independent on a 11 Train11 

basis so t;1at failures could affect only one KdR pumpi nQ pa·ch. "fhe 

required safety function of these valves is to open when initiatiny 

recirculation after the RH4 valves have oeen closed. 

A failure of the interlock in a manner tending to prematurely open an 

SJ44 valve \\UUld have no consequence since tne control po~r is removed. 

from the valve circuit. Tile control power is not restored until the Rtl4 

valve is closed. A failure of the interlock in a manner which would 

prevent openiny the sump valve is acceptable since the other pumpiny 

pat11 would not be affected by chis interlocK. failure. 
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Valves 1SJ67 and lSJ68 

These are the safety injection pump miniflow line valves which allow 

flow back to the RWST. fhe valves are both normall1 open with the 

contra l power 
11 

locked out" in the main contra l room to assure that the 

SI pumps have a flow patn until RCS pressure falls below the shutoff 

head of the pumps. These valves are to be closed when transferring to 

the recirculation pilase of a LUCA. The opening of either valve is 

enabled by the 11 closed 11 condition of valves 11SJ4b and 12SJ45. The 

closi ny of these valves is not interlocked. 

A failure of the interlock circuitry tending to·open the valve would 

have no consequence because the normal position of the valve.is open, 

and it also has control power "locked out. 11 The interlock circuitry 

could not fail in a manner whicil would automatically open the valve or 

prevent its closure. If the interlock were to f ai 1 subsequent to the 

valve's being closed for recirculation, only one of the valves could be 

affected by the failure. The valve affected in this case would not open 

•

!' . ' 

unless the· operator erroneously i ni ti ated an 11 open 11 si gna 1 from the main ., 

control console. Even if this were to occur, the redundant valve would 

remain closed. 

Valves 11CS36 and 12CS36 

These valves are opened in the recirculation pi1ase of a LOCA to provide 

flow to the containment spraJ headers from the i{HR system. fhe normal 

position of the valve is 11 closed 11 and opening requires the opening of 

its associated containment sump valve (11SJ44 interlocks 11CS36 and 

12SJ44 interlocks 12CSJ6J and the closure of either lRHl or 1RH2 (the 

normal rU-IK. cooldown path from the RCSJ. The devices used to develop the 

interlocks are redundant so that any interlock failure would affect only 
one of the CS36 valves. 

Interlock failures tending to prevent opening of the valve can affect 

only one pLmping path; the other patil would provide the safety func

tion. Interlock failures which would tend to open a valve prematurely· 
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are acceptable since such failures alone are not sufficient to open the 

valves {operator action is required in addition to fulfilling the inter

lock requirements). 

_Valves l1SJ45 and 12SJ45 

These valves are used in independent piping loops duriny the recircula

tion phase of a LOCA to provide suction to the high-head pumps from the 

KHR pumps. The required safety function of these valves is to open. 

Each valve's opening circuitry is enabled by ti1e closure of either lfUH 

or 1RH2, the opening of its associated sump valve (11SJ44 interlocks 

11SJ45; 12SJ44 interlocks 12SJ45), and the closure of either 1SJ67 or 

1SJ68. The devices used to develop these interlocks are redundant such 

that any interloc~ failure affects only one valve. 

Interlotk failures tending to prevent openin~ of the valve can affect 

only one pumping path; the other patt1 would provide the safety func

tion. Interlock failures which would tend to open a valve prematurely 

are acceptable si nee such failures alone are not sufficient to open the 

valves (operator action is also required). 

The circuits for valves 1SJ6/ and 1SJ68 which provide the opening inter

lock for valves 11SJ45 and 12SJ45 have peen moved to 125V DC circuits 

not affected by containment flooding followiny a LJCA. 

REFERE~CES FOR SECTION 7.3 

1. Katz, D. N., 11 So1 id State Lo::Jic Protection Sy stem iJescri ption, 11 

WCAP-7488-L (Proprietary), January, 1971 and wCAP- 7672 

(Non-Proprietary), June, 1971. 

2. 11 Safeguards Equipment Control System - Supplementary Documentation, 11 

Salem tfoclear Generating Station, Units 1 and 2, Public Service 

Electric and Gas Company, October 31, 1974. (Instruction Manual, 

K.eli abi lity/Avai labi lity Analysis, Seismic ljualification, Scheiaatic 

ui agrams.) 
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Parameter 

Reactor Coolant Temperature 

Pressurizer Pressure 

Pressurizer Level 

Steam Flow 

Feedwater Flow 

Steam Pressure 

Steam Generator Level 

Reactor Coolant Flow 

Containment Pressure 

Turbine 1st Stage 
Pressure 

*C.B is Control Boa rd · 

SGS-UFSAR 

• • 
TABLE 7. 3-1 

PROCESS INSTRUMENTATION FOR RPS AND ESF ACTUATION 

Transmitter 
Sensors Read-out Power 

B RTD's C.B. Meter Ext. 

4 Transmitters C.B. Meter Ext. 

3 11P Transmitters C.B. Meter Ext. 

B 11P Transmitters C.B. Meter Ext. · 

B 11P Transmitters C.B. Meter Ext. 

12 Transmitters C.B. Meter Ext. 

12 11P Transmitters C.B. Meter Ext. 

12 11P Transmitters C.B. Meter Ext. 

4 Transmitters C.B. Meter Ext. 

2 Transmitters C.B. Meter Ext. 

Prot/Sa fegua rds 
Use -------- _T_ap~s _______ _ 

11 tr~ps! Tavg 
perm1 ss1 ves 

Hi /Lo Pressure 
Trips, SIS 

R. T. 

Mismatch Trip, 
SIS 

Mismatch Trip 

SIS, Steam Line 
Isolation 

Mismatch. Trip 
Low Level Trip 

Low Flow Trip 

SIS ( 3) 
Spray ( 4) 
Cont. Isol. 

Set Point 
Programs and 
Turbine Power 
Pe rmi ssi ve s 

1 each 

3 (Top Level) 
One Shared 

3 (Top Level) 
3 (Bottom Level) 

Pair Each 

Pair Each 

Each 

1 Pair Each 

1 High Pressure 
Shared/Loop 
1 Low Pressure 
Each · 

4 

1 Each 
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TABLE 7.3-2 

• POST-ACCIDENT EQUIPMENT (INSIDE CONTAINMENT) . 
OPERATIONAL AND TESTING REQUIREMENTS 

Equipment Name and Tag Number 

CATEGORY 1 - INSTRUMENTATION 

Pressurizer pressure channels: 
PT-455, 456, 457, 474 

Pressurizer level channels: 
LT-459, 460, 461 

Accumulator pressure channels 
PT-936A,B,C,D, 937A,B,C,D 

Containment sump level channels: 
LT-938, 939 

CATEGORY 2 - VALVES 

Containment Sump isolation valves: 

•

. MOV-8982A,B (11SJ44, 12SJ44) 

umulator isolation valves: 
MOV-8808A,B,C,D (11SJ54, 
12SJ54, 13SJ54, 14SJ54) 

CATEGORY 3 - MISCELLANEOUS ITEMS 

Fan cooler motors 

Safeguard equipment power, control 
control and instrument cable 

• Sb;;>-LlFSAR 

Operati ng 1 

Mode 

Continuous 

Continuous 

During i njec
ti on phase 

Continuous 

Continuous 

Du ri ng i nj ec
t ion phase 

Continuous 

Continuous 

Duration of 
Operation 

1/2 hr (S;I. 
initiation) 

1/2 hr (S.I. 
i ni ti ati on) 

1 hr 

Available to 
1 year 

Within 1/2 hr 
after accident 

1/2 hr 
minimum 

Available for 
1 year 

Available for 
1 year 

.. 

Environmental 
Testing 

Requi reel 

. Re qui red 

Re qui red 

Not re qui red 

Required 

Required 

Required 

Re qui red 
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• TABLE 7.3-3 (Sheet 1 of 2) 

POSTULATED SUBfvERGED ELECTRICAL COMPONENTS IN THE CONTAINt<£NT FOLLOWING A LOCA 

Vi ta 1 Ci re uits 

I. Motor Operated Valves 

1CV284, 1CC187, 1CC190 

II. Panel fvwunted Instruments 

Panel 232 - PT187, LT470, PT472, SV421 
SV422, SV424 

Pdnel 233 - PT93611., PT~37A, LT934A, LT9351\ 
SV229, SV230, SV231, SV232, SV233 

Panel 234 - PT936B, PT937B, LT934B, LT935B, 
SV234, SV235, SV236, SV237, SV238 

Panel 235 - PT936C, PT937C, LT934C, LT935C, 
• SV239, SV240, SV241, SV242, SV243 

Panel 236 - PT9360, PT937D, LT934D, LT935U, 
SV244, SV245, SV246, · SV247, SV248 

Panel 237 - PT188, PT405 

Panel 238 - SV486, SV487, SV4b8, SV489, SV490, 
SV491, SV492, SV493 

Panel 240 - PT183, SV444 

Panel 241 - PT403, PT1b6, PT121, SV115, SV751, 
SV757, SV758, SV772, SV773, SV774, 
SV399, SV397, SV394, SV401, SV518, 
SV519, SV520, SV521, SV498, SV499, 
SV500, SV442, E/P(INT35), E/P(ICV132) 

Panel 245 - SVllu, SVlll, SV116, SV427, SV753, 
SV771 

Panel 246 - SV403 

• 
SGS-UFSAR 

Non-Vital Cireuits 

Panel 231 - PT1004, LT1003 
Panel 232 - FIC616, SV439, SV931 

Panel 233 - SV530 

Panel 234 - SV531 

Panel 235 - SV532 

Panel 236 - SV533 

Panel 237 - FIC613, SV437 

Panel 240 - FIC622 

Panel 241 - FIC619, SV441, SV528, SV526, 
SV523, SV522, SV529, SV527, 
SV525, SV524 

Revision 0 
July 22, l 982 



TABLE 7. 3-3 (Sheet 2 of 2) 

•. POSTULATED SUBMERGED ELECTRICAL COMPONENTS IN THE CONTAINMENT FOLLOWING A LOCA 

Pa:nel s 447 IA through IM - FT4I4, FT4I5, FT4I6, 
· FT424, FT425, FT426, FT434, FT435, 

FT436, FT444, FT445, FT446. 

Panels 247 IA through lD - SV9I2, SV9I3, SV9I4, 
SV9I5 

III. Valve Limit Switches 

Control Valves - 11SJ20, 11SJ27, I2SJ20, 12SJ27, 
12SJ57, I3SJ20, 14SJ20, I4SJ27, 

. 11SJ162~ 1CV2, 1CV3~ ICV5, ICV75J 
1CV77, 1CV79, 1CV131, 1CV132, 1CV134 
ICV277, IPR14, 1WL7, 1PR17, 1SS104, 
1SSI07, lSSIIO, 1SS103 

MotOr Operated Valves - 1CC187, 1CC190, 1CV284 

Dampers - ICBV31, ICBV32, ICBV33, 1CBV34 

~· .Miscellaneous and Local Mounted Instruments 

~ 11-I4 Reactor Nozzle Support Fans, Tri axial 
Accelerometer (Seismic Instrument) 
FIT159A, FIT159B, FIT158A, FIT158B, FIT157A, 
FIT157B, FITI56A, FIT156B, SV506, FD7670, 
FD7672, FD7674, FD7676, TD767I, TD7673 
T07675, TD7677 

V. Terminal/Junction Boxes 

JTll, JT12, JT13, JT14, JT122, JT210, 
JT212, JN140 

• 
SC:iS-UFSAR 

Panels 446 lA through lD - FIC499A, 
FIC499B, FIC499C, FIC499D 

Control Valves - 1RC4, 11SS93, 12SS93, 
l3SS93, 14SS93, 11SS26, 
12SS26, 13SS26, 14SS26 

No. 11 Containment Sump Pump 
No. 12 Containment Sump Pump 
No. 1 Reactor Sump Pump 
No. 11 Reactor Coolant Drain Tank Pump 
No. 12 Reactor Coolant Drain Tank Pump 
FIC166, FIC171, FIC172, Fitl76, LC486, 
LC487, LC488, LC489, LC490 LC491J lC492, 
LC493 

JT420, JT423, JT425, JS7, JS93, JS94, 
JS131, JS132, JS133, JS134, JN31, JN63, 
JN64, JN143, JN616, JN36 

Revision 0 
July 22, 1982 
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TABLE 7 .3-4 (Sheet 1 of 32) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Floodir.g 
Of Components Within The Containment During Post LOCA Conditions 

12sv· DC Distribution Cabinet lAAOC - Circuit o 

SUB~ERGED ELECTRICAL COMPONENTS IN CONTAINf.E:NT 

C<.otnponent 

SV-487 
(Panel 238) 

SV-442 
(Panel 241) 

Limit 51-.itches 
cvo, eve (1CV77l 

Function Accident/Safety Requiremerats 

Coritro1 for valve None 
1CV77 (Charging 
Li rie to Reactor 
Coolant Cold Leg) 

·Control for valve None 
1CV114 (Reactor 
Coolant Pump Seal 
Bypass Flow) 

Position indication None 
circuitry for valve 
1CV77 

NON SUB~ERGED ASSOCIATED ELECTRICAL COMPONENTS 

Component 

Aux. Relays 

33X/1CI 
33YilCI 
33X/5BF 
33Y /SBF 

Limit Switches 
cvo, eve 
(1CV114) 

Function 

Valve position 
indication for 
1CV77 and 1CV114 

Position indication 
circuitry for valve 
1CV114 

Acci der1t/Safety Requirements 

None 

None 

CIRCUIT PROTECTION - ENTIRE 125VDC 

Analysis. 

N/A 

N/A 

N/A 

Analysis 

N/A 

N/A 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKlR 

Results/Effects 

None 

None 

NGne 

Results/Effects 

None 

None 

SGS-UFSAR Revision 0 
July 22, 1982 
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TABLE 7.3-4 (Sheet 2 of 32) 

Safety Evaluafion - El.ectrical Components And Circuits That Are Affecte«i By the FlOoding 
Of Components Within The Containment DiJri ng Post LOCA Conditions 

125V DC D.istribution Cabinet lAADC - Circuit !I 

SUBf/ERGED ELECTRiCAL COMPONENTS IN CONTAINl-ENT 

Coinporient . · 

SV-492 
(Panel 238) . 

Function' 

Cbnt~ol. for val~e 
1CV4 (Containment 
Isolati6n Valve) 

Accident/Safety Requirements 

Valve 1CV4 closes for an ·acci
dent (T signal) solenoid valve 
de:-energizes 

Analysis 

Fail close 
c i re u.i try -
function 
performed _ 
prior to sub
mergence, 
function sti 11 
performed when 
submerged si nee 
breaker will 
trip open 

NON SUBl<ERGED ASSOCIATED ELECTRICAL COMPONENTS 

Component Function. _Accident/Safety Requirements _ A11alysis 

Aux. Relays Valve position None N/A 
33X/LOB indication for 1CV4 
33Y/LOB (Isol. Valve) 

Relay Provides loss of None Breaker trip 
74DC/LOB ·. 125V DC Alarm for due to sub-

1CV4 Control circuit merged com-
ponents wi 11 
alarm loss of 
voltage for 
this circuit 

Aux. Relay Provides indication· None N/A 
43LX/LOB of l oca 1 control 

Local CMG Provide local indica- None. N/A 
Indicating tion of valve posi-
Lights (213) tion, etc. 

Limit Switches Posi.tion indicates None N/A 
cvo, eve (1CV4 l circuitry for valve 

1CV4 (!sol. Valve) 

CIRCUIT PROTECTION - ENTIRE 125 voe 
CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Results/Effects 

Safety functi<in · · 
\'Ii 11 lie per
formed 

Resi.. lts/Etfects 

Norie 

Norae 

None 

None 

. None 

S(;S-UFSAR 
Revisiori O 
July 22, 1982 
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TABLE 7.3-4 (Sheet 3 of 32) 

Electrical Lomponer>ts And Circuits That Are Affected By the Floociir19 
Of Components Within The Containment During Post LOCA Conditions 

125V DC Di.stri butfon Gabi net lAADC - Ci re uit 11 

SUB~ERGED ELECTRICAL COMPONENTS IN CONTAINllfNT 

Component 

SV-110 
(Panel 245) 

SV-111 
(Panel 245) 

SV-427 
(Panel .245) 

Ft.ncti.on 

Control for valve 
12SJ50 (SI Test 
Valves) 

Control for valve 
11SJ50 (SI Test Valves) 

Control for valve 
1SJ123 (Containment 
Isolation Valve) 

Ace i dent/Safety Requirements 

None 

None 

Valve 1SJ123 closes for an 
accident (T signal) solenoid 
valve de-energizes 

NON SUBf.ERGED ASSOCIATED ELECTRICAL COMPONENTS 

Component Function Accider.t/Safety Requirements 

SV-249 Control for valve Valve 1NT32 closes for an acci-
1NT32 (Containment . dent (T signal) solenoid vahe. 
Isolation Valve) de-energizes 

Limit Switches Position indication None 
cvo, eve (1NT32l circuitry .for valve 

1NT32 (!sol. Valve) 

Aux. Relays Valve position None 
33X/1NT32 indication for 1NT32 
33Y/1NT32 and 1SJ123 (!sol. 
33X/1SJ123 Valves) 
33Y/1Sul23 Also 33Y/ ••• aux. 

relays prov{de loss 
of 125V DC control 
voltage or valve out 
of position alann 

N/A 

N/A 

Fail close 
circuitry -

· fi.;ncticr1 per
fonnea prior 
to submergence, 
function sti 11 
perfonned when 
submerged since 
breaker wi 11 
trip open 

Analysis 

Fail close 
circuit oesigr1 
whether breaker 
trips or ~ct due 
to submerged 
components, sole-
noi d wi 11 de-
energize (check 
valve is redu11-
dant !sol. valve) 

Breaker trip uue 
to submerged 
components ~.i 11 
alarm loss of con-
trol voltage or 
valve out Cif 
positirin 

Re sul ts/Effects 

None 

None 

Safety function 
will be per- · 
formed 

Results/Effects 

Safety function 
will be per-
fonned 

None 

NCJne 

. . CIRCUIT PROTECTICJN - ENTIRE 125VDC 
CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT B.REAKER 

SGS-'UFSAR 
Revision 0 
July 22, 1982 
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TABLE 7.3-4 (Sheet 4 of 32) 

Safety Evali..ation - Electrical Components And Circuits That Are Affected By the Flooding 
Of Components Within The Containment During Po!".t LOCA Conditions 

125V DC Distribution Cabinet lAADC "'Circuit 11 

NON SUBf.l:RGED ASSOCIATED ELECTRICAL COMPONENTS ( Cond 't.) 

Component Function . Accident/Safety.Requirements Analysis Results/Effects 

Limit Swi.tche s 
cvo. eve CllsJso 
and 12SJ50) 

Limit Switches 
cvo. eve (1SJ123) 

SGS-UFSAR 

Position indication 
circuitry for valves 
llSJSO and 12SJ50 

Positirin indication 
circuitry for valve 
1SJ123 (Isol. Valve) 

None 

None 

N/A 

N/A 

CIRCUIT PROTECTION - ENTIRE 125VDC 
CIRCUIT·PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Revision 0 
July 22. 1982. 

None 

None 



TABLE 7.3-4 (Sheet 5 of 32) 

Safety Evaluaticn - Electrical Components And Circuits That Are Affectea By t.t.e Flooding 

•

. ·. · Of Components Within The Containment During Post LOCA Conditions 

12oV DC Distribution Cabinet lAAOC - Circuit 12 

SUBtiERGED ELECTRICAL COMPONENTS IN CONTAINr-ENT 

Component 

SV-421 
(Panel .232) 

sv.:506 
( ti!TD. on valve) 

Limit Swi tche·s 
cvo, eve (1PR17l 

Component 

Aux. Relays 
33X/VV 

• 33Y/VV 

, Aux .• Relays 
33X/AV 
33Y/AV 

Alix. Relays 
95/GAX 
96/CIX 

Relay 
74/DC 

Limit Switches 
cvo, eve 
(1PR15) 

Function 

Control for valve 
1PR15 (Pressurizer 
Relief Tank Vent · 
Valve) 

Contrtil for val~e 
1PR17 (Containment 
lsol. Valve) 

Position indication 
c.i re ui try for ·valve 
1PR17 (Isol. Valve) 

Function 

Valve position 
indication for 1PR15 

Valve position 
indication for 1PR17 
(lsol. Valve) 

Associated with auto-
manual circuitry for 
valve 1PR17 

Provides loss of 125V 
DC alarm for circuit 
12 

Position inoication 
circuitry for valve 
1PR15 

Accident/Safety Requirements 

None 

·valve 1PR17 closes for ~n acci
dent (T signal) solenoid valve 
de-energizes 

None 

Accident/Safety Requirements 

None 

Ne;ne 

None 

None 

None 

GIRCUIT PROTECTION - ENTIRE 1<:5VDC 

Ar.alysi s 

N/A _ 

Fail close 
circuitry -
function per
formed prior to 
submergence, · 
function still 

· perfonned·when 
submerged si iic e 
breaker will 
trip open 

N/A 

Analysis 

N/A 

NIA 

N/A 

Breaker trip ~ue 
to submerged 
components 1. i 11 
alarm loss of 
voltage :for this 
c ire uit 

N/A 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Results/Effects 

None 

Safety function 
wi 11 be per
formed 

None 

Results/Effects 

None 

No roe 

None 

Ncr1e 

None 

SGS-UFsAR ·Revision 0 
July 22, 1982 . 
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TABLE 7.3-4 .(Sheet 6 of 32) 

Safety E\laluation - Electrical Components And Circuits That Are Affected By the Flooding 
Of Components Within The Containment During Post LCX:A Conditions 

125V DC Distribution Cabinet lAAOC· - Circµit 13 

SUB1'ERGED ELECTRICAL COMPONENTS IN _CONTAINf.ENT 

Component 

SV-115 
(Panel 241) 

Fu11ction Accident/Safety Requirements Analysis Results/Effects 

Control for valve None 
1SJ63 (SI Accumulator 
Fi 11) 

NON SUBf.ERGED ASSOCIATED ELECTRICAL C01'PONENTS 

Cvmponent 

Aux. Relays 
33X/1SJ63 
33Y /1SJ63 

Fi..ncti on 

Valve position 
indication for 1SJ63 

. Limit.S~1itches Position indication 
cvo, eve (11SJ40) circuitry for valve 

11SJ40 

Aux. Relays 
33X/11SJ40 
33Y /11SJ40 

Limit Switches 
cvo,.cvc 
(1SJ63) 

Valve position 
indication for 11SJ40 

Position indication 
circuitry for valve 
1SJ63 . 

Accident/Safety Requirements 

None 

None 

None 

None 

CIRCUIT PROTECTION - ENTIRE 125VDC 

N/A. 

Analysis 

N/A 

Valve i's J?.osition 
for safety in-

. jection with 
_Eower locked out 

.loss of indication 
wi 11 not affect 
need to operate at 
some time during 
rec i'rc phase of 
accident - .eosi
tion alarm 1n · 
aux. 9nnunci a tor 

'not .affected so 
· that position 

information is 
provided 

Same as above for 
the limit switches 
for valve 11SJ40 · 

N/A 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

SGS-:UFSAR Revision 0 
July 22, 1982 

~'one 

Results/Effects 

None 

None 

None 

None 
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TABLE 7 .3-4 (Sheet 7 of 32) 

SafetyEvaluation - Electrical Components And Circuits That Are Affected By the Flooding 
Of Components Within The Containment During. Post LOCA Conditions 

125V DC Distributiori Cabiroet lAAOC - Circuit 15 

SUBllERGED ELECTRICAL COMPONENTS IN CONTAINllENT. 

Ccimponent Functi.on Accident/Safety Requirements Analysis Results/Effects 

SV-229 Control for valve None 
(P(lnel 233) 11SJ58 (No. ll · 

Accuri1ulator Test Line 
Valve) 

SV-230 Control for valve None 
(Panel 233) 11SJ57 (No. 11 

Accumulator Test Line 
Valve) 

SV-231. Control for valve None 
(Panel 233) 11SJ20 (No. 11 

Accumulator Fi 11 Line 
Valve) 

SV-232 Control for valve None 
(Panel 233) 11SJ27 (No. p 

Accumulator to · 
Reactor Coolant 
Drain Tank) 

SV-233 Control. for valve · None 
(Panel 233) 11SJ93 (No. 11 

Accumulator Nitrogen 
Supply) 

Limit.Switches Position indication None 
cvo, eve (11SJ2o, circuitry for valves 
11SJ27) 

NON SUBllE RGED ASSOCIATED ELECTRICAL COWONENTS 

Component 

Aux. Relays 
33X/11SJ93 
33Y/11SJ93 
33X/11SJ58 
33Y/11SJ58 
33X/11SJ 27 
33Y/11SJl'.7 
33X/11Sv57 
33Y/11SJ57 
33X/11SJ20 
33Y /11SJ20 

Fi..ncti on Accident/Safety Requirements 

Valve position None 
indication for l1SJ93, 
11SJ58, 11SJ27, 
11SJ57, and 11SJ20 

Also 337/ ••• aux. 
relays provide alarm 
either 1 oss of con
trol power or valves 
out of 'position 

CIRCUIT PROTECTION - ENTIRE 125VDC 

Fail close None 
c ire i..itry 

Fail close None 
ci rcu{try 

Fail close None 
circuitry 

Fail close None 
circuitry 

Fail close None 
circuftry 

N/A None. 

Analysis Results/Effects 

Breaker trip None 
due to submerged 
components will 
alarm loss of 
control voltage . 
or valves out of 
position 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

SGS-UFSAR Revision 0 
July 22, 1982 
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TABLE 7.3-4 (Sheet 8 of 32) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Flooaing 
Of Components Within The Containment During Post LOCA Conditions 

125V DC Distribution Cab1net lAADC - Circuit 15 

SUBl'<ERGED ELECTRICAL COMPONENTS IN CONTAINMENT ( Cond' t.) 

.Component 

Aux. Relays 
33X/11SJ54 
33Y/11SJ54 

Li mi t S\oiitche s · 
cvo, eve ( nsJ 58, 
11SJ57 and 
11SJ93) 

Limit Switches 
cvo, eve (11SJ54 
Motor Operated) 

SGS-UFSAR 

Function Accident/Safety Requi reml;!nts Analysis Results/Effects 

Valv~ position indica- None 
ti on for llSJ 54 

Valve 11SJ54 in None 
po~ition for · 

(Motor Operated). safety injection 
with power locked 
out 

Position indication None N/A · None 
circuitry for valves 
11SJ58, 11SJ57 and 
11SJ93 

Position indication None Valve 11SJ54 in None 
circuitry for valve position for 
11SJ54 (Ace. safety injection 
Discharge) with power locked 

out 

CIRCUIT PROTECTION - ENTIRE 125VDC 
CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Revision 0 
July 22, l982 
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TABLE 7.3-4 (Sheet 9 of 32) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Flooding 
· Of Components Within The Containment During Post LOCA Conditions 

125V DC Distributibn Cabinet lAADC - Circuit 29 

SUBflERGED ELECTRICAL COMPONENTS IN CONTAINMENT 

Component 

SV-518 
(Panel 241) 

SV-519 
(Panel 241) 

SV-.520 
(Panel 241) 

SV-521 
(Panel 241) 

Limit Switches 
cvo, eve 11ss110, 
1SS107, 1SS104 
and 1SS103) 

Function . 

Contra 1 for va 1 ve 
lSSllO (Containment 
Isolation Valve) 

Contra 1 for valve 
1SS107 (Containment 
Isolation Val~e) 

Control for valve 
1SS104 (Containment 
Isolation Valve) 

Control for valve 
1SS103 (Containment 
Isolation Valve) 

Position indication 
circuitry for valves 
lSSllO~ 1SS107, 1SS104 
and 1SS103 (Isolation 
Valves) 

Accident/Safety Requirements 

Valve lSSllO closes for an 
accideht (T signal) solenoid 
valve de-energizes 

Valve 1SS107 closed for an 
accident (T signal) solenoid 
valve de-energizes 

Valve 1SS104 closes for an 
accident (T signal) solenoid 
valve de-energizes 

Valve 1SS103 closes for an 
accident (T signal) solenoid 
valve de-energizes 

None 

NON SUBflERl:iED ASSOCIATED ELECTRICAL COMPONENTS 

Component 

Aux. Relays 
33X/l· 
33Y/l 
33X/2 
33Y/2 
33X/3 
33Y/3 
33X/4 
33Y/4 

Function Accident/Safety Requirements· 

Valve position None 
indication for 1SS110, 
1SS107, 1SS104 and 
lSSi03 (Isolation 
Valves) 

Al so for off normal 
alarm or loss of 125V 
DC voltage alarm 

CIRCUIT PROTECTION - EtJTIRE 125VDC 

Analysis 

Fail close 
circuitry -
function per
formed prior to 
submergence, 
function still 
performed when 
submerged since 
breaker wi 11 · 
trip open · 

Results/Effects 

Safety function 
will be per
formed 

Same as above Safety function 
for valve lSSllO will be per-

formed 

Same as above Safety function 
for valve lSSllO will be per

formed 

Same as above Safety function 
for valve lSSllO will be per

formed 

N/A Nohe 

Analysis Results/Effects 

Breaker trip due · None 
due to submerged 
components wi 11 
alarm loss of 
control voltage 
or valve out of 
position 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

SGS-UFSAR Revision 0 
. July 22, 1982 
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TABLE 7.3-4 (Sheet 10 of 32) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Flooding 
Of Components Within The Containment During Post LOCA Condi ti ans 

125V DC Di stri buti on Cabinet lAAOC - Ci re ui t 7 

SUBtvE:RGED ELECTRICAL COMPONENTS IN CONTAINtvE:NT 

Component 

sV-486 
(Panel 238) · 

Limit Switches 
CVO, CVC.(1CV75) 

Function Accident/Safety Requirements 

Contra l for valve None 
1CV75 (Auxiliary Spray 
to Pressurize.r 

Position indication None 
circuitry for valve 
1CV75 

NON SUBf.ERGED ASSOCIATED ELECTRICAL COMPONENTS 

Component 

Aux. Relays 
· 33X/CAS 

33Y/CAS 

Function Accident/Safety Requirements 

Valve position None 
indication for 1CV75 

. CIRCUIT PROTECTION - ENTIRE 125VDC 

Analysis 

NIP. 

N/A 

Analysis 

N/A 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT. BREAKER 

Results/Effects 

None 

None 

Results/Effects 

None 

SGS-UFSAR Revision O 
July 22, 1982 
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TABLE 7.3-4 (Sheet 11 of 32) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Floodin!:I 
Of Components Within The Containment During Post LOCA Conditions 

125V DC Di stri buti 011 Gabi net lAADC - Ci re uit 10 

SUBr.ERGED ELECTRICAL COMPONENTS IN CONTA!Nr.ENT 

Component Funeti on ·Ace i derit/Sa.fety Requirements 

Limit Switches Position indication None 
CVO, CVC (1CV132) circuitry for valve 

1CV132 (Excess Let
down HX) 

CIRCUIT PROTECTION - ENTIRE 125VDC 

Analysis 

N/A 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

SGS-UFSC\R. 

Results/Effects 

None· 

Revision 0 
July 22, 1982 
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TABLE 7.3-4 (Sheet 12 of 32) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Flooding 
Of Components Within The Containment During Post LOCA Conditions 

125V DC Distribution Cabinet lAADC - Circuit 11 

SUBKRGED ELECTRICAL COMPONENTS IN CONTAINl-ENT 

Component Function Accident/Safety Requirements Analysis Results/Effects 

SV-244 Control for valve . None 
(Panel 236) 14SJ 93 (No. 14 

Accumulator Nitrogen 
Supply) 

SV-245 Control for valve None 
(Panel 236) 14SJ27 (No. 14 

Accumulator to Reactor 
Coolant Drain Tank) 

SV-246 Control for valve None 
(Panel 236) 14SJ20 (No. 14 

Accumulator Fill Line 
Valve) 

SV-247 Control for valve None 
(Panel 236) i4SJ57 (No. 14 

Accumulator Test Line 
Valve) 

SV-248 Control for valve None 
(Panel 236) 14SJ58 (No. 14 

Accumulator Test Line 
Valve) 

Limit Switches Position indication None 
cvo, eve (14SJ27, circuitry for valves 
14SJ20) 14SJ27 and 14SJ20 

NON SUBl-ERGED ASSOCIATED ELECTRICAL COMPONENTS 

Component 

Aux. Relays 
33X/14S.J93 
33Y /14SJ 93 
33X/14SJ58 
33Y/14SJ58 
33X/14SJ 27 
33Y/14SJ27 
33X/14SJ 57 
33Y I 1.4SJ 57 
33X/14SJ20 
33Y/14SJ20 

Function Accident/Safety Requirements 

Valve position None 
indication for 14SJ 93, 
14SJ58, 14SJ27. 
14SJ57, and 14SJ20 
Al so 33Y/ ••• aux. 
relays provide alarm 
either loss of.con-
trol power or val.ves 
out of position 

CIRCUIT PROTECTION - ENTIRE l 25VDC · 

Fail close None 
ci re uitry 

Fail close None 
circuitry 

Fail close None 
c ire ui try 

Fail close None 
circuitry 

Fail cl o'se None 
circuitry 

N/A None 

Analysis Results/Effects 

Breaker trip None 
due to submerged 
components wi 11 
alarm loss of 

. control voltage 
or· valves out of 
position 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

SGS-UFSll.R Revision 0 
July 22, 1982 



TABLE 7.3-4 (Sheet 13 of 32) 

Safety Evaluation - Electrical Components Ar.d Circuits That Are Affecte6 By the Flooding 
• ·. Of Components Within The Containment During Post LOCA Conditions 

. 125V DC Distribution Cabinet lAADC - Circuit 11 

NON SUBf.ERGED ASSOCIATED ELECTRICAL COMP.ONENTS ( Cond' t.) 

Component 

Aux. Relays 
33X/14SJ54 
33Y /14SJ54 · 

Limit Switches 
cvo, eve (14SJ93, 
14SJ57, 14SJ58) 

Limit Switches 
cvo, eve (14SJ54 
Motor Operated) 

• 

• GS-UFSAR 

Function ·Accident/Safety Requirements Analysis Results/Effects 

Valve position None Valve 14SJ54 in None 
indication for 14SJ54 
(Motor Operated) · 

position for 
safety injection 
with power lGcked 
out 

Position indication None N/A None 
circuitry for valves 
14SJ93, 14SJ57. 14SJ58 

Position indication None Valve 14SJ54 in NGne 
circuitry for. valve position for 
14SJ54 (Acc. safety injection 
Di scliarge) with power lockea 

out 

CIRCUIT PROTECTION - ENTIRE 125VDC 
CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Revision 0 
July 22, 1982 



TABLE 7 .3-4 (Sheet 14 of 32) 

• 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Flooding 
Of Components Within The .Containment During Post LOCA Conditions 

125V DC Distribution Cat..inet lAADC - Circuit 16 

SUBl<E RGED ELECTRICAL COMPONENTS IN CONTAINl<ENT 

Component Function Accident/Safety Requirements 

SV-424 . Control for valve None 
(Panel 232) 1PR14 (Pressurizer 

Relief Tank to Coolant 
Drain Tank Pumps) 

SV-422 Control for valve None 
(Panel £32) 1WR82 (Primary Water 

to Pressurizer Relief 
Tank Spray Header) 

Limit Si.itches Position indication None 
cvo .• eve ( 1PR14 l circuitry for valve 

1PR14 

NON SUB!<ERGED ASSOCIATED ELECTRICAL COMPONENTS 

• 
Component 

SV-423 
(Panel 311) 

SV-505 
(Mounted on 
valve) 

SV-507 
· (Mounted on 

valve) 

Aux. Relays 
33X/PwS 
33Y/PWS 
33X/N2S 
33Y /N2S 
33X/AV 
33Y /AV 

A1..x. Relays 
33X/DV 
33Y/DV 
33X/SV 
33Y/SV 

Function 

Control for valve 
1NT25 (Containment 
Isolation Valve) 

Control for valve 
1NT18 (Lontainment 
Isolation Valve) 

Control for valve 
1WR80 (Containment 
Isolation Valve) 

Valve position 
indication for 
1NT25, 1PR18 and 
lwR80 
(Isolation Valves) 

Valve position 
indication for 1PR14 
and 1WR82 

Accident/Safety Requirements 

Valve 1NT25 closes for accident 
(T signal) solenoid valve 
de-energizes 

Valve 1PR18 closes for an 
accident (T signal) solenoid 
valve de-energizes 

Valve lWR!.JO closes for an 
accident (T signal) solenoid 
valve de-energizes 

None 

None 

CIRCUIT PROTECTION - ENTIRE 125VDC 

Analysis 

N/A 

N/A 

N/A 

Analysis 

Fail close 
circuitry desigr; 
whether breaker 
trip~ or not due 
to submerged 
components sole
noi d wi 11 de
energi ze 

Results/Effects 

None 

None 

None 

Results/Effects 

Safety function 
will tie per
formed 

Similar ana ly sis Safety function 
as above fer wi 11 be per-
SV423 forined 

Similar analysis Safety function 
as above for wi 11 be per-
SV423 · formed 

N/A None 

N/A None 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

• 
SGS-UFSAR Revision O 

July 22, 1982 
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TABLE 7.3-4 (Sheet 15 of 32) 

Safety Evaluation - Electrical Components And lircuits That Are Affected By the Flooding 
Of Components Within The Containment During Post LOCA Conditions 

125V DC Distribution Cabinet lAADC - Lircuit 16 

SUBr-ERGED ELECTRICAL COMPONENTS IN CONTAINf.ENT ( Cond' t.) 

Comeor1ent Function Accident/Safety Requirements Aria lysi s Results/Effects 

Aux. Relay 
33X-l/DV 

Limit Switches 
cvo, eve (1NT25, 
1PR18 and 1WR80) 

Relay 
74/DC 

Limit Switches 
cvo, eve 
( 1WR82) 

SGS-UFSAR 

Interlock with reactor None N/A 
coolant drain tank 
pump control circuit 

P0sition indication Nc.ne N/A 
circuity for valves 
1NT25, 1PR18 and 
1WR80 (Isolation 
Valves) 

Provides loss of 125V None Breaker trip aue 
DC alarm for circuit to submerged com-
16 ponents wi 11 

al arm lass of 
voltage for this 
circuit 

Position indication None N/A 
circuity for valve 
1WR62 

CIRCUIT PROTECTION - ENTIRE 125VDC 
CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Revision 0 
July 22, 1982 

None 
i 

None 

None 

None 
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TABLE 7.3-4 (Sheet 16 of 32) 

Safety Evaluation - Electrical Components Arid Circuits That Are Affected By the Flooding 
Of Components Within The Containment During Post LOCA Conditions 

125V DC Distribution Cabinet lAAOC - Circuit 17 

SUB!v'E RGED ELECTRICAL COMPONENTS IN CONTAINt-ENT 

Component 

SV-234 
(Panel 234) 

SV-235 
(Panel 234) 

SV-236 
(Panel 234) 

SV-237 
(Panel 234) 

SV-238 
(Panel 234) 

Limit Switches 
cvo, eve 
(12SJ57, 12SJ20, 
12SJ27) 

Function Accident/Safety Requirements· 

Control for valve None 
12SJ58 (No. 12 Accumu-
lator Test Line Valve) 

Control for valve None 
12SJ57 (No. 12 Accumu-
lator Test Line Valve) 

Control for valve None 
12SJ20 (No. 12 Accumu-
lator Test Line Valve) 

Control for valve None 
12SJ27 (No. 12 Accumu-
1 ator to Reactor Cool-
and Drain Tank) 

Control for valve None 
12SJ93 (No. 12 Accumu-
lator Nitrogen Supply)_ 

Position indication 
circuitry for valves 
12SJ57, 12SJ 20 and 
12SJ27 

None 

NON SUBM::RGED ASSOCIATED ELECTRICAL COMPONENTS 

Component 

SV-575 
(Panel 311) 

Aux. Relays 
33X/15.i60 
33Y/1SJ60 

Function 

Control for valve 
lSJ 60 (Containment 
Isolation Valve) 

Valve position 
indication for 1SJ60 
also 33Y/1SJ60 pro
vides alann either 
loss of control 
power or valves out 
either loss of con
trol power or valves 
out of position 

Accident/Safety Requirements 

Valve 1SJ60 closes for accident 
(T signal) solenoid valve de
energizes 

None 

CIRCUIT PROTECTION - ENTIRE 125VDC 

Analysis 

Fail. close 
c ire ui try 

Fail close 
circuitry 

Fail close 
circuitry 

Fail close 
circuitry 

N/A 

N/A 

Analysis 

Fail close 
c i re u i try des i 9 n · 
whether breaker 
trips or not aue 
to submerged com
ponents solenoid 
wi 11 de-energize 

Breaker trip due 
to submerged 
components will 
al arm l <iss of 
control power or 
valve out of 
position 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Results/Effects 

None 

None 

None 

None 

None 

None 

Results/Effects 

Safety function 
will be per
fonned 

None 

SGS-UFSAR Revision O 
July 22, 1982 
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TABLE 7.3-4 (Sheet 17 of 32) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Flooding 
Of Components Within The Containment During Post LOCA Conditions 

125V DC Distribution Cabinet lAADC - Circuit 17 

SUBM::RGED ELECTRICAL COMPONENTS IN CONTAINM::NT (Cont'd.) 

Component Function Accident/Safety Requirements Analysis Results/Effects 

Limit Switches 
CVO, eve (1SJ60) 

Aux. Relays 
33X/12SJ54 
33Y/12SJ54 

Aux. Relays 
33X/12SJ93 
33Y/12SJ93 
33X/12SJ 58 
33Y/12SJ58 
33X/12SJ 27 
33Y/12SJ27 
33X/12SJ57 
33Y/12SJ57 
33X/12SJ20 
33Y/12SJ20 

Limit Switches 
cvo, eve (12SJ58 
anci 12SJ93) 

Limit Switches 
cvo, eve (12SJ54 
Motor Operated) 

SGS-UFSAR 

Position indication None N/A 
c ire uitry for valve 
1SJ60 

Valve position None Valve 12SJ54 in 
indication for 12SJ54 position for 
(Motor Operated) safety injection 

with power locked 
out 

Valve position None Breaker trip 
indication for 12SJg3, due to submerged 
12SJ58, 12SJ27' components wi 11 
12SJ 57, and 12SJ 20 alarm loss of 
Also 33Y/ ••• aux. control voltage 
relays provide alarm or valves out of 
either loss of con- position 
trol power or valves 
out of position 

Position indication None N/A 
circuitry for valves 
12SJ58 and 12SJ93 

Position indication None Valve 12SJ54 in 
circuitry for valve position for 
12SJ54 (Acc. safety injection 
Discharge) with power locked 

out 

CIRCUIT PROTECTION - ENTIRE 125VDC 
CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Revision 0 
July 22, .1982 

None 

None 

None 

None 

None 



TABLE 7.3-4 (Sheet 18 of 32) 

• 
Safety Evaluation - Electrical Components And Circuits That Are Affected By the Flooding 

Of Components Within The Containment During Post LOCA Conditions 

• 

125V DC Distribution Cabinet lAADC - Circuit 19 

SUBt-ERGED ELECTRICAL COMPONENTS IN CONTAINt-ENT 

Component 

SV-489 
(Panel 238) 

SV-490 
(Panel 238) 

SV-491 
(Panel 311) 

Limit Switches 
cvo, eve (1cv2 
and 1CV277) 

Limit Switches 
cvo, eve (1CV3l 

Function 

Control for va-l ve 
1CV2 (CVCS Letdown 
Valve) 

Control for valve 
1CV277 (CVCS Letdown 
Valve) 

Control for valve 
1CV3 (Containment 
Isolation Valve) 

Position indication 
circuitry for valves 
1CV2 and 1CV277 

Position indication 
circuitry for valve 
1CV3 (Isol. Valve) 

Accident/Safety Requirements 

None 

None 

Valve 1CV3 closes for accident 
(T signal) solenoid valve de
energ i zes 

None 

None 

Analysis 

N/A 

N/A 

Fail close 
circuitry 
function per
fonned prior to 
submergence, 
function sti 11 
perfonned when 
submerged since 
breaker will trip 
open 

N/A 

N/A 

NON SUBr.t::RGED ASSOCIATED ELECTRICAL COMPONENTS 

Component 

SV-525 
(Panel 311) 

Limit Switches 
cvo, eve 11cvn 

Aux. Relays 
33X/LIC 
33Y /LIC 

Function 

Control for valve 
1CV7 (Containment 
Isolation Valve) 

Position indication 
circuitry for valve 
1CV7 (Isol. Valve) 

Valve position 
indication for 1CV7 
(!sol. Valve) 

Accident/Safety Requirements 

Valve 1CV7 closes for accident 
(T signal) solenoid valve de
energi zes 

None 

None 

CIRCUIT PROTECTION - ENTIRE 125VDC 

Analysis 

Fail close 
circuitry design 
whether breaker 
trips or not due 
to submerged com
ponents solenoid 
will de-energize 

N/A 

N/A 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Results/Effects 

None 

None 

Safety function 
wi 11 be per
formed 

None 

None 

Results/Effects 

Safety function 
wi 11 be per
fonned 

None 

None 

• SGS-UFSAR 
Revision O 
July 22; 1982 
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TABLE 7 .3-4 (Sheet 19 of 32) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Flooding 
Of Components Within The Containment During Post LOCA Conditions 

125V DC Distribution Cabinet lAADC - Circuit 17 

SUBf>ERGED ELECTRICAL COMPONENTS IN CONTA!Nf>ENT (Cont'd.) 

Component Function Accident/Safety Requirements Analysis Results/Effects 

Aux. Relays 
33X/LOA 
33Y /LOA 

Aux. Relays 
43X/LOA 

Local CMC 
Indicating Lights 
(213) 

Relay 
740C/L TV 

Aux. Relays 
33Xl/459 
33X2/459 
33X3/459 
33Y/459 
33Xl/460 
33X2/460 
33X3/460 
33Y/460 

SGS-UFSAR 

Valve posit1on None N/A 
indication for 1CV3 
(!sol. Valve) 

Associated with auto- None N/A 
manual circuitry for 
valve 1CV3 

Provide local indica- None N/A 
tion of valve posi-
ti on, etc. 

Provides loss of None Breaker trip 
125V DC alarm for due to submerged 
circuit 19 components wi 11 

alarm loss of 
voltage for this 
circuit 

Valve position indica- None N/A 
ti on for 1CV2 and 
1CV277 
Al so 33Xl/ ••• 

33X2/ ••• Aux. 
33X3 ••• 

Relays provide open 
interlocks for letdown 
orifice valves 1CV3, 
1CV4 and 1CV5 

CIRCUIT PROTECTION - ENTIRE 125VDC 
CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Revision 0 
July 22, 1982 

None 

None 

None 

None 

None 

' 'i 
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TABLE 7.3-4 (Sheet 20 of 32) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Flooding 
Of Components Within The Containment During Post LOCA Conditions 

125V DC Distribution Cabinet lAADC - Circuit 10 

SUB~ERGED ELECTRICAL COMPONENTS IN CONTAINMENT 

Component 

SV-488 
(Panel 238) 

Limit Switches 
cvo, eve (1CV79l 

Function 

Control for valve 
1CV79 (Charging line 
to reactor coolant 

·cold leg) 

Position indication 
circuitry for valve 
1CV79 

Accident/Safety Requirements Analysis 

None N/A 

None N/A 

NON SUBMERGED ASSOCIATED ELECTRICAL COMPONENTS 

Component 

Aux. Relays 
33X/2CI 
33Y /2C I 

SGS-UFSAR 

Function Accident/Safety Requirements Analysis 

Va 1 ve position None N/A 
indication for 1CV79 

CIRCUIT PROTECTION - ENTIRE 125VDC 
CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Results/Effects 

None 

. None 

Results/Effects 

Revision 0 
July 22, 1982 

None 



TABLE 7.3-4 (Sheet 21 of 32) 

• Safety Evaluation - Electrical Components And Circuits That Are Affected By the Flooding 
Of Components Within The Containment During Post LOCA Conditions 

125V DC Distribution Cabinet lAADC - Circuit 13 

SUBtiERGED ELECTRICAL COMPONENTS IN CONTAINMENT 

Cumponent 

SV-401 
(Panel 241) 

SV-394 
(Panel 241) 

SV-399 
(Panel 241) 

SV-397 
(Panel 241) 

SV-403 
• (Panel 246) 

Limit Switches 
cvo, eve (1WL7l 

Function 

Control for valve 
1WL96 (Containment 
Isolation Valve) 

Control for valve 
1WL16 (Containment 
Isolation Valve) 

Control for valve 
1WL98 (Containment 
Isol°ation Valve) 

Control for valve 
lwL12 (Containment 
Isolation Valve) 

Control for valve 
1WL7 (Reactor Coolant 
Drain Tank Valve) 

Position indication 
circuitry for valve 
1WL7 

Accident/Safety Requireme11ts 

Valve 1WL96 closes for an a'cci
dent (T signal) solenoid valve 
de-energizes 

Valve 1WL16 closed for an 
accident (T signal) solenoid 
valve de-energizes 

Valve 1WL98 closes for an 
accident (T signal) solenoid 
valve de-energizes 

Valve 1WL12 closes for an 
accident (T signal) solenoid 
valve de-energizes 

None 

None 

NON SUB~E RGED ASSOCIATED ELECTRICAL COMPONENTS 

Component 

Aux. Relays 
33X/3 
33Y/3 
33X/4 
33Y/4 
33X/l 
33Y /1 
33X/2 
33Y/2 

Function Accident/Safety Req1.drements 

Va 1 ve position None 
indication for 1WL98, 
1WL12, 1WL96, 1WL16 
( Is o l. Valves) 

CIRCUIT PROTECTION - ENTIRE 125VDC 

Analysis 

Fail close 
circLJitry -
function 
performed 
prior to sub
mergence, 
function still 
performed ~1he n 
submerged sf nc e 
breaker will 
trip open 

Same as above 
for valve 1WL96 

Same as above 
for valve 1WL96 

Same as above 
for valve 1WL96 

N/A 

N/A 

Analysis 

N/A 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

• 

Results/Effects 

Safety function 
wi 11 be per
formed 

Safety function 
wi 11 be per
formed 

Safety function 
wi 11 be per
formed 

Safety function 
wi 11 be per
formed 

None 

None 

Results/Effects 

None 

SGS-UFSAR 
Revision 0 
July 22, 1982 
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TABLE 7.3-4 (Sheet 22 of 32) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Flooding 
Of Components Within The Containment During Post LOCA Conditions. 

125V DC Distribution Cabinet lAADC - Circuit 13 

SUBfvERGED ELECTRICAL COMPONENTS IN CONTAINK:NT (Cond't.) 

Com~onent Function Accident/Safety Reguirements Anal,Ysi s 

Aux. Relay Valve 1WL12 position 
33X/14 Interlock with reactor None N/A 

coolant drain tank 
pumps 

Aux. Relay Valve 1WLg6 isolation Relay de-energizes on accident Fail safe 
95/1 function relay signal to close valve circuitry design 

relay wi 11 de-
energize whether 
breaker trips or 
not due to sub-
merged components 

Aux. Relay Reactor coolant drain None N/A 
95-3 tank sampling control 

via 1WL96 

Relay Provides loss of None Breaker trip 
74/DC 125V DC alarm for due to sub-

circuit 13 merged com-
ponents will 
alarm loss of 
voltage for 
this circuit 

Aux. Relay Valve 1WL12 isolation Relay de-energizes on accident Fail safe 
20/X function relay signal to close valve circuitry design 

relay wi 11 de-
energize whether 
breaker trips or 
not due to sub-
merged components 

Aux. Relay Part of valve 1WL12 None N/A 
20T, 95/2 and auto-manual circuit 
43/LX 

Local Indicating Local position None N/A 
Lights indication for valves 

1WL98, 1WL12, 1WL96 
1WL7 and 1WL16 

Limit Switches Position indication None N/A 
cvo, eve (1WL9Br circuitry for valves 
1WL96, lWLl 2 1WL98, 1WL96, 1WL12 
and 1WL16 and 1WL16 (!sol. 

Valves) 

CIRCUIT PROTECTION - ENTIRE 125VDC 
CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Results/Effects 

None 

Safety function 
will be per-
formed 

None 

None 

Safety function 
wi 11 be per-
formed 

None 

None 

None 

SGS-UFSAR Revision O 
July 22, 1982 
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TABLE 7 .3-4 (Sheet 23 of 32) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Flooding 
Of Components Within The Containment During Post LOCA Conditions 

125V DC Di stri buti on Cabinet lAADC - Ci re ui t 15 

SUB~[RGED ELECTRICAL COMPONENTS IN CONTAINl'ENT 

Component 

SV-493 
(Panel 238) 

SV-498 
(Panel 241) 

SV-499 
(Panel 241) 

SV-500 
(Panel 241) 

Limit Switches 
cvo, eve (1cv134 
1CV131) 

Function 

Control for valve 
1CV5 (Containment 
Isolation Valve) 

Control for valve 
1CV134 (Excess Let-
down HX valve) 

Control for valve 
1CV131 (Excess Let-
down HX valve) 

Control for valve 
1CV278 (Excess Let-
down HX valve) 

Position indication 
circuitry for valves 
1CV134, 1CV131 

Accident/Safety Requirements 

Valve 1CV5 closes for an acci
dent (T signal) solenoid valve 
de-energizes 

None 

None 

None 

None 

Analysis 

.Fail close 
circuitry -
function 
performed 
prior to sub
mergence, 
function still 
performed when 
submerged since 
breaker wil 1 
trip open 

NIA 

N/A 

N/A 

N/A 

NON SUB~ERGED ASSOCIATED ELECTRICAL COMPONENTS 

Aux. Relays Valve position None N/A 
33X/LOC indication for 1CV5 
33Y /LOC (!sol. Valve) 

Aux. Relays Associated with auto- None N/A 
43LX/LOC manual c ire ui try for 

valve 1CV5 

Local CMC Provide local i ndica- None N/A 
Indicating Lights tion of valve posi-
(213) tion, etc. 

CIRCUIT PROTECTION - ENTIRE 125VDC 
CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Results/Effects 

Safety function 
wi 11 be per
formed 

None 

None 

None 

None 

None 

None 

None 

• SGS-UFSAR Revision O 
July22, 1982 
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TABLE 7.3-4 (Sheet 24 of 32) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Floooing 
Of Components Within The Containment During Post LOCA Conditions 

125V DC Distribution Cabinet lAADC - Circuit 15 

SUBf<ERGED ELECTRICAL COMPONENTS IN CONTAINl'ENT ( Cond' t.) 

Coniponent 

Aux. Relays 
33X/ELD 
33Y/ELD 
33X/ELIB 
33Y/ELIB 
33X/ELIA 
33Y/ELIA 

Limit Switches 
cvo, eve (1cv21ai 

Re 1 ay 74DC 

SGS-UFSAR 

Fune ti on 

Valve position 
indication for 
1CV134, 1CV131 
1CV278 

Position indication 
circuitry for valve 
1CV278 . 

Provides loss of 
125V DC alarm 

Ace i dent/Safety Requirements 

None . 

None 

None 

CIRCUIT PROTECTION - ENTIRE 125VDC 

Analysis Results/Effects 

N/A None 

N/A None 

Breaker trip due None 
to submerged com-
ponents wi 11 
alarm loss of 
voltage for this 
circuit 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Revision 0 
July 22, 1982 

.......... : ..... · .. ] 
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TABLE 7.3-4 (Sheet 25 of 32) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Floo<ling 
Of Components Within The Containment During Post LOCA Conditions 

125V DC Di stri buti on Cabinet lAADC "- Circuit 17 

SUBr.ERGED ELECTRICAL COMPONENTS IN CONTAIN!vE:NT 

Com~onent Fune ti on Accident/Safety Reguirements 

SV-239 Control for valve None 
(Panel 235) 13SJ93 (No. 13 

Accumulator Nitrogen 
Supply) 

SV-240 Control for valve None 
(Panel 235) 13SJ27 (No. 13 

Ace umul ator to 
Reactor Coolant Drain 
Tank) 

SV-241 Control for valve None 
(Panel 235) 13SJ20 (No. 13 

Accumulator Fill Line 
Valve) 

SV-242 Control for valve None 
(Panel 235) 13SJ57 (No. 13 

Accumulator Test Line 
Valve) 

SV-243 Control for valve None 
(Panel 235) 13SJ58 (No. 13 

Accumulator Test Line 
Valve) 

Limit Switches Position indication None 
cvo, eve circuitry for valve 
(13SJ20) 13SJ20 

NON SUBM::RGED ASSOCIATED ELECTRICAL COMPONENTS 

Component 

Aux. Relays 
33X/13SJ93 
33Y/13SJ93 
33X/13SJ58 
33Y/13SJ58 
33X/13SJ27 
33Y /13SJ27 
33X/13SJ57 
33Y/13SJ!i7 
33X/13SJ20 
33Y/13SJ20. 

Function Accident/Safety Requirements 

Valve position None 
indication for 13SJ93, 
13SJ58, 13SJ27, 
13SJ57 and 13SJ20 

Also 33Y/ ••• aux. 
relays provide alarm 
either loss of con
trol power or valves 
out of position 

CIRCUIT PROTECTION - ENTIRE 125VDC 

Analysis Results/Effects 

Fail close None 
ci re uitry 

Fail close None 
circuitry 

Fail close None 
circuitry 

Fail close None 
circuitry 

Fail close None 
circuitry 

N/A None 

An.alysis Results/Effects 

Breaker trip due None. 
to submerged 
components will 
alarm loss of con-
trol voltage or 
valve out of 
position 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

SGS-UFSAR 
Revision D 
July 22; 1982 
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TABLE 7.3-4 (Sheet 26 of 32) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By.the Flooding 
Of Components Within Th.e Containment During Post LOCA Conditions 

125V DC Distribution Cabinet lAADC - Circuit 17 

NON SUBlrERGED ASSOCIATED ELECTRICAL COMPONENTS (Cond't.) 

Component 

Aux. Relays 
33X/13SJ54 
33Y/13SJ54 

Limit Switches 
cvo, eve (13SJ93, 
13SJ27' 13SJ57 
and 13SJ58) 

Limit Switches 
cvo, eve (13SJ54 

. Motor Operated) 

Function Accident/Safety Requirements Analysis Results/Effects 

Valve position indica- None Valve 13SJ54 in None 
ti on for 13SJ 54 
(Motor Operated)· 

positi or1 for 
safety injection 
with power locked 
out 

Prisition indication None N/A None 
c·irc uitry for valves 
13SJ93,. 13SJ27 I 
13SJ57 and 13SJ58 

Position indication None Valve 13SJ54 in None 
circuitry for valve position for 
13SJ54 (Acc • safety i nj ectior, 
Discharge) with power locked 

out 

CIRCUIT PROTECTION - ENTIRE 125VDC 
CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

• SGS-UFSAR Revision 0 
July 22, 1982 
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TABLE 7.3-4 (Sheet 27 of 32) 

• 
Safety Evaluation - Electrical Components Arid Circuits That Are Affected By the Flooding 

Of Components Within The Containment During Post LOCA Conditions 

• 

125V DC Distributi_on Cabinet lAADC - Circuit 20 

SUBf.ERGED ELECTRICAL COMPONENTS IN CONTAINMENT 

Component 

SV-116 
(Panel 245) 

Function 

Control for valve 
1SJ19 Acc1.anulator 
Fill Valve) 

Accident/Safety Requirements -

None 

NON SUBf<ERGED ASSOCIATED ELECTRICAL COMPONENTS ' - -

Component 

SV-118 
(Panel 215) 

Limit Switches 
cvo, eve 
(1SJ79) 

Ai..x. Relays 
33X/1SJ79 
33Y /lSJ 79 

Relay 
74/DC 

Aux. Relays 
33X/1SJ 19 
33Y /1SJ19 

hncti on 

Control for valve 
1SJ79 (Boron Injec
tion Tank to Boric) 
Acid Tank) 

Position indication 
circuitry for valve 
1SJ79 

Valve position 
indication for 
1SJ79 

Provides loss of 
125V DC alarm for 
circuit 

Valve position 
indication for 1SJ19 

Accident/Safety Requirements-

Valve closes for an accident 
(i signal) solenoid valve 
de-energizes 

None 

None 

None 

None 

CIRCUIT PROTECTION ~ ENTIRE 125VDC 

Analysis 

N(A 

Analysis 

Fail close 
ci re ui try design 
whether breaker 
trips or not aue 
to submerged com
ponents, solenoid 
will de-energize 

N/A 

N/A 

Breaker trip 
due to sub
merged com
ponents wi 11 
alarm loss of 
voltage for 
this circuit 

N/A 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Results/Effects 

None 

Results/Effects 

Safety function 
will be per
fonned by 
either lSJ 7':J or 
1SJ78 

None 

None 

None 

None 

·---
SGS-UFSAR 

Revision 0 
July 22, 1982 



TABLE 7 .3-4 (Sheet 28 of 32) 

• 

Safety Evaluation.- Electrical Components And Circuits That Are Affected By the Flooding 
. Of Components Within The Containment During Post LOCA Conditions 

• 

• 

125V DC Distribution Cabinet lAAOC - Circuit 17 

NON SUBl>ERGED ASSOCIATED ELECTRICAL COMPONENTS (Cond't.) 

Component 

Limit Switches 
cvo. eve (1SJ3o. 
1SJ40, 1RH26, 
1SJ69J . 

Aux. Relays 
33X/1SJ30 
33Y /1SJ30 
33X/12SJ40 
33Y/12SJ40 
33X/RSTV 
33Y /RSTV 
33X/CLIV 
33Y/CLI V 

Limit Switches 
cvo, eve (1SJ19) 

SGS-UFSAR 

Function 

Position indication 
cireuitry for valves 
1SJ30, 1SJ40, 1RH26 
and lSJ 69 (Motor 
Operated) 

Valve position 
indication for 1SJ30, 
12SJ40, lSJ 69 and 
1RH26 (Motor Operated) 

Position indication 
c ire uitry for valve 
1SJ19 

Accident/Safety Requirements 

None 

None 

None 

CIRCUIT PROTECTION - ENTIRE 125VDC 

·Analysis Results/Effects 

Valves 1SJ30 and 
12SJ40 in position 
for safety injec
tion ~1ith power 
locked out - loss 
of inaication will 
not affect need to 
operate at some. time 
during rec ire phase 
of accident - posi
tion alarm in aux. 
annunciator .not af
fected so that posi~ 
tion information is 
provided 

Same.as above 

N/A 

None 

None 

None 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Revision o 
July .22, 1982 
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• 

• 

TABLE 7.3-4 (Sheet 29 of 32) 

Safety Evaluation - ElectriCal Components And Gircuits That Are Affected By the Flooding 
Of Components Within· The Containment During Post LOCA Conditions 

125V DC.Distribution Cabinet iAAOC - Circuit 17 

SUBf.ERGED ELECTRICAL COMPONENTS IN CONTAINf.ENT 

Component Fur1cti on Accident/Safety Requirements . 

SV-772 Control for valve None 
(Papel 241) 1SJ163 ·(s1 Test 

Valve) 

SV-773 Control for valve None 
(Panel 241) 14SJ162 (SI Test 

Valve) 

SV-774 Control for valve None 
(Panel 241) 13SJ162 (SI Test 

Valve) 

NON SUBf.ERGED ASSCCIATED ELECTRICAL COMPONENTS 

Component 

Aux. Relays 
33X/TLVC 
33Y /TLVC 
33X/TLV3 
33Y/TLV3 

Limit Switches 
cvo, eve (1SJ163, 
13SJ16l: and 
14SJ162) 

Fi;nction 

Valve position 
indication for 
lSJ 163, lSJ 162 
and 14SJ162 
Also 33Y ... aux. 
relays provide off 
normal position 
alarm or loss of 
125V DC control 
voltage 

Position indication 
circuitry for valves 
1SJ163, 13S~l62 and 
14SJ162 

Accident/Safety Requirements 

None 

None 

CIRCUIT PROTECTION - ENTIRE 12oVDC 

Analysis 

N/A (fair close 
circuit) 

N/Jl. (fair close 
circuit) 

N/A (fair close 
circuit) 

Analysi.s 

None 

Breaker trip due 
to submerged 
components will 
alarm loss of 

. control power or 
valve out of 
post ion 

N/A 

· CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Results/Effects 

None 

None 

None 

Res1.1 l ts/Effects 

None 

None 

SGS-UFSAR 
Revision O 
July 22, 1982 

. I 



• 

• 

TABLE 7.3-4 (Sheet 30 of 32) 
. . .· 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the flooding 
. Of Components Within The Containment During Post LOCA Conditions 

125V DC Di stri but ion Cabinet lAADC - Ci re uit 28 

SUBf.ERGED ELECTRICAL COMPONENTS IN CONTAINf.ENT 

Component Function Accident/Safety .Reguirements Analysis 

SV-757 Contr·o l for valve Nqne N/A (fair close 
(Panel 241) 1SJ163 (SI Test circuit) 

Valve) 

SV-771 Control for valve None N/A (fair close 
(Panel 245) 1SJ166 (SI Test. ·circuit) 

Valve) 

SV-751 Control for valve None N/A (fair close 
(Panel 241) lSJ 159 (SI Test circuit) 

Valve) 

SV-758 Control for valve None N/A (fair close 
(Panel 241) 12SJ162 (SI Test circuit) 

Valve) 

SV-753 Control for valve None N/A (fair. close 
(Panel 245) lSJ 158 (SI Test circuit) 

Valve) 

Limit Switches Position indication None N/A 
cvo, eve circuitry for valve 
( l lSJ 162) 11SJ162 

NON SUBflERGED ASSCX:IATED ELECTRICAL COMPONENTS 

Component · 

SV-114 
(Panel 208) 

Limit Switches 
c vo, eve ( 1SJ53l 

Aux. Relays 
33X/1SJ53 
33Y /1SJ53 

Function 

Control for valve 
1SJ53 (Containment 
lsolatio~ Valve) 

Position indication 
circuitry for valve· 
1SJ53 (Isol •. Valve) 

Valve position 
i ndicati ori for 1SJ53 
(Isol. Valve) 

Accident/Safety Reguirements 

Valve 1SJ53 closes for an acci
dent (T signal) solenoia valve 
de-energizes 

None 

None 

CIRCUIT PROTECTION ~ ENTIRE 125VDC 

Analysis 

Fail close 
circuit design 
whether breaker 
trips or not due 
to submerged 
components, sole
noi d wi 11 de
energ i ze 

N/A 

N/A 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

Results/Effects 

None 

None 

None 

None 

None 

None 

Results/Effects 

Safety function 
wi 11 be per
formed 

None 

None 

• SGS-UFsAR • Revision O 
July 22, 1982 . :,.·_ 



TABLE 7.3~4 (Sheet 31 of 32) 

• Safety Evaluation - Electrical Components And Circuits That Are.Affected By the Flooding 
· O.f Components Within The Containment During Post LOCA Condi ti ens 

125V DC Di stri bu ti on Ca bi net lAADC - Ci re ui t 28 

·.NON SUBtiERGED ASSOCIATED ELECTRICAL COMPONENTS (Cond't.) 

• 

• 

Component 

.·Aux. Relays 
33X/ 11SJ162 
33Y I l lSJ 162 
33X/1SJ 166 
33Y/lSJ166 
33X/1SJ 159 
33Y/1SJ159 
33X/12SJ 162 · 

. ,33Y/12SJ162 
33X/1SJ158 
33Y/1SJ158 

Limit Swi tclies 
cvo, eve (1SJ166, 
12SJ159, 12Su162 
and 1SJ158) · 

SGS-UFSAR 

Fune ti on 

Valve position indica-· 
·tion for 1lsJ162, 
1SJ159 12SJ162, . 

· lSJ 166 and lSJ 158 
A·lso 33Y I ... aux. 
relays provide out 
of position alarm 
includes 33Y/ lSJ 53 

Position indication 
circuitry for valves 
1SJ166, 1SJ159, 
12SJ162 and 1SJ158 

Accident/Safety Requirements 

None 

None 

CIRCUIT PROTECTION - ENTIRE 125VDC 

Analysis 

Breaker trip due 
to submerged 
components wi 11 
alarm loss of con
trol voltage or 
valve out of 
position 

N/A 

Results/Effects 

None 

None 

CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

il.evi sion o 
July 22~ 1982 
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• 

• 

TABLE }. 3-4 (Sheet 32 of 32) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By .. the Flooding 
Of Components Within The Containment During Post LOCA Conditions · 

125V .DC Distribution Cabinet lAADC - Circuit 35 

SUBt-ERGED ELECTRICAL COMPONENTS IN CONTAINt-ENT 

Component 

SV-444 
(Panel 240) 

Function 

Control. for valve 
14CV104 (RC P Seal 
Leak Off) 

Accident/Safety Requirements 

None 

Analysis 

N/A 

NON SUBt-ERGED ASSOCIATED ELECTRICAL COMPONENTS 

Component Function Accident/Safety Requirements Analysis 

sV-443 Control for valve None N/A 
·(Panel 355) 14WR62.(Standpipe 

Supply) 

Limit Switches Position indication None N/A 
CVO, CVC'(l4WR62, circuitry for valve 
14CV104) 14WRb2 and 14CV104 

. Aux • Rel ay s Valve position None N/A 
33X/SSV 'indication for 
33Y /SSV 14CV104 and 14WRb2 
33X/SLV 
33Y/SLV 

CIRCUIT PROTECTION - ENTIRE 125VDC . 
CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 

SGS-UFSAR 

Results/Effects 

None 

Results/Effects 

None 

None 

None 

Revision 0 
July 22, 1982 



TABLE 7 .3-5 (Sheet 1 of 8) 

. Safety Evaluation -

• SUB1'ERGED ELECTRICAL 

Submerged Electrical Components in the Containment During Post LOCA Condi ti ans 

Comf!onent 

PT-936A 
(Panel 233) 

LT-934A 
·(Panel £33) 

PT-937B 
(Panel 234) 

LT-935B 
(Panel 234) 

.PT-188 
(Panel 237) 

FIT-15911 
(Local) 

FIT-1598 
(Local) 

• s6s:..uFSAR 

115V AC Vital Instrument Bus lA - Circuit 19 , 

COMPONENTS IN CONTAINMENT 

Control Gr. Accident/Safety 
Fune ti on Affiliation Requirements Analysis Results/Effects 

Accumulator Process Gr. 1 kequired during injec- Instrument wi 11 Safety function 
Pressure Rack 21 tion phase for up to 5 function for the wi 11 be perfonried 
No. 11 minutes following an required time 

accident period prior to any 
flooding - Panel 233 
is located at El. 78" 
with the instrument 
approx. 4' up from 
the bottom 

Accumulator Process Gr. 1 . None N/A None 
Level No. 11 Rack 21 

Ace umul a tor Process Gr. 1 Required di.iring injec- Instrumer.t 1.ill Safety function 
Pressure Rack 21 tion phase for up to 5 function for the wi 11 be pe rfonned 
No. 12 minutes following an ·required time 

accident period. prior to 
any flooding -
Panel 234 is located 
at El.78' with the 
instrument approx. 
4' up from the 
bottom 

Accumulator Process Gr. 1 None N/A None 
Level No. 12 Rack 21 

No. 11 Reactor Process Gr. 1 None N/A None 
Coolant Rack 21 
Pl.imp Seal 
Water Diff. 
Pressure 

No. 11 Reactor Process Gr. 1 None N/A None 
Coolant Rack 21 
Pump Seal 
Leak off 
Flow 

t-<o. 11 Reactor Process Gr. 1 None N/A N/A 
Coolant Rack 21 
Pump Seal 
Leak off 
Flow 

CIRCUIT PROTECTION - ENTIRE 115V AC CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER. 
INDIVIDUAL PROCESS/PROTECTION CONTROL AND INDICATION LOOPS PROVIDED WITH THEIR OWN 
INTERNAL POWER SUP.PLIES AND O.t: AMP FUSE PROTECTION 

Revision o 
July 22, 1982 



TABLE 7.3-5 (Sheet 2 of 8) 

Safety Evaluation - Submerged Electrical Components in the Contai nmerot Duri ny Post LOCA Conditions 
115V AC Vital Instrument Bus lA .- Circuit 20 

• SUBl<ERGED ELECTRICAL COMPONENTS IN CONTAINr.t:NT 

Component Fune ti on 

Pr:-405 . Reactor 
(Panel 237) . Coolant 

Pressure 

PT414 
(Panel 447-
lA) 

ff-424 
(Panel 447-
10) 

FT-434 
(Panel 447-
lG) . 

No. 11 Reactor 
Coolant· 
Loop Flow 

No. 12 Reactor 
.ecol ant 
Loop Fl ow 

No. 13 Reactor 
Coolant 
Loop Flow 

Control Gr. 
Affj li at1 on 

Protection 
Channel I 
~ack 4 · 

Protection 
Channel I 
Rack 3 

Protection 
Channel I 
Rack 3 

Protection 
Channel I 
Rack 3 

Accident/Safety 
Requirements 

Provides Interlock for 
Valve 1RH2 - not 

·required for. an 
accident 

Provides input to re
actor trip logic, not 
required for Jong term 
accident conditions 

Provides input to re-· 
actor trip logic, not. 
required for long term 
accident conditions 

Provides input to re
actor trip logic, not 
required for long term 
accident conditions 

Analysis 

Valve 1RH2 is 
closed and the loss 
of PT405 will not 
affect equipment 
required for the 
accident 

Results/Effects 

None 

Instrument is provided None - Safety func
tor loss of flow pro- 'tion is performed 
tection. Reactor will 
trip on safety injec~ 
tion signal.for a loss 
of coolant accident. 
The loss of the instru-
ment due to flooding 
is acceptable. 

Same analysis as for 
· FT-414 above 

Same analysis as 
. for FT-414 above 

None - Safety func
tion is performed 

None - Safety func
tion is perf.orined 

FT-444 No. 14 Reactor 
• (Panel 447- coolant 

lK Loop Flow 

ProtectiOn 
Channel I 
Rack 3 

Provides input to re
act.or trip logic, not 
required for long term 
accident conditicins 

Same analysis as for 
for FT-414 above 

None - Safety func
tion.is performea 

• SGS-UFSAR 

CIRCUIT PROTECTION - ENTIRE 115 V AC CIRCUIT. PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 
INDIVIDUAL PROCESS/PROTECTION CONTROL AND INDICATION LOOPS PROVIDED WITH THEIR OWN 
INTERNAL POWER SUPPLIE~ AND 0.2 AMP FUSE PROTECTION . . 

Revision O 
July 22~ 1982 



TA8LE_7.3-5 (Sheet 3 of 8) 

Safety Evaluation - Submerged Electrical Components in the Containment During Post LCiC.A Conditions 
• 115V AC Vital Instrument Bus 18 - Circuit 15 

Bf.ERGED ELECTRICAL COMPONENTS IN CONTAIN1'£NT 

ComEonent 

PT-472 
(Panel 232) 

L T-47u 
(Panel 232 

PT-187 
(Panel 232) 

PT-937A 
(Panel 233) 

LT-935A 
(Parie1 233) 

PT-9368 
(Panel 234) 

• 
LT-~348 
(Panel 234) 

PT-121 
(Panel 241) 

E/P Conver-
ter (Panel 
241) 

F IT-1581\ 
(Local 

FIT.,.158\ 
(Local) 

• .;,GS-UFSAR 

Control Gr. Accident/Safety 
Function Affiliation Regui rements Analysis Results/Effects 

Pressurizer Process Gr. 2 None N/A None 
Relief Tank Rack 20 
Pressure 

Pressurizer Process Gr. 2 None N/A, None 
Relief Tank Rack 20 
Level 

No. i2 Reactor Process Gr. 2 None N/A None 
Coolant Seal Rack 16 
Water Diff. 
Pressure 

Accumulator Process C:ir. 2 Required during injec- Instrumer1t will func- Safety funct"ion will 
Pressure Rack 16 tion phase for up to tion for the required be performed 

.No. 11 5 minutes following an time period prior 
accident to flooding - Pane 1 

233 is located at · 
El.78' with the in-
strument approx. 4··· 
up from the bottom 

Accumulator Process Gr. 2 None N/A None 
Level No. 11 Rack 16 

Accumulator Process Gr. 2 Required during Instrument will Safety f~nction will 
Pressure Rack 16 injection phase for function for the be perfoniled 
No. 12 up to 5 minutes fo 1- required time 

lowing an.accident period prior to 
flooding - Panel 234 
is located at El.78' 
with the instrument 
.approx. 4' up from 
the bottom 

Ace umul a tor Process Gr. 2 None N/A None 
Level No. 12 Rack 16 

Excess Let-· Process Gr. 2 None N/A None 
down Pressure Rack 16 

Control for Process Gr. 2 None N/A None 
Valve 1CV132 Rack 16 

No. 12 Reactor Process Gr. 2 None N/A None 
Coolant Pump Rack 16 
Sea 1 Leak off 
Flow 

No. 12 Reactor Process Gr. 2 None N/A None 
Coolant Pump Rack. 16 
Sea 1 Leak off 
Flow 

CIRCUIT PROTECTION - ENTIRE 115 V AC CIRCUIT PROTECTED BY CLASS lE i5 AMP LIRCUH BREAKER 
INDIVIDUAL PROCESS/PROTECTION CONTROL AND INDICATION LOOPS PROVIDED WITH THEIR OWN 
INTERNAL POllER SUPPLIES AND 0.2 AMP FUSE PROTECTION 

Revision 0 . 
July 22, 1982 



TABLE 7.3-5 (Sheet 4 of 8) 

Safety Evaluation - Submerged Electrical 

• 

115V AC Vital 

Bl'-ERGED.ELECTRICAL COMPONENTS IN CONTAINf.fNT 

Components in the Lontai nment During Post LOCA Conditions 
Instrument Bus lB - Circujt 16 

Component · 

PT-403 
(Panel 241) 

PT-415 
(Panel 447-
18) 

FT-425 
(Panel 447-
lE) 

FT-435 
(Panel 447-
lH) 

·-445 
ane l 447-

• SGS-UFSl\R 

Function 

Reactor 
Coolant 
Pressure 

t~o. 11 Reactor 
Coolant 
Loop Flow 

No •. 12 Reactor 
Coolant 
Loop Flow 

No. 13 Reactor 
Coolant 
Loop Flow 

No •. 14 Reactor 
Coolant 
Loop Flow 

Control Gr. 
Affiliation 

Progecti on . 
Channel II 
Rack 6 

Protection 
Channel I I 
Rack 7 

Protection 
Channel II 
Rack 7 

Protection 
Channel I I 
Rack 7 

Protection 
Channel II 
Rack 7 

Accident/Safety 
Requirements 

Provide interlock for 
Valve lRHl - not re-· 
quired for an accident 

Provides input to re
actor trip logic, not 
required for long term 
acc.i dent conditions 

Provides input to re
actor trip logic, not 
required for long term 
accident conditions 

Provides input to re
actor trip logic, not 
required for long term 
accident conditions 

Provides input to re
actor trip logic, not 
required for long term 
accider.t conditions. 

·Analysis 

Valve lRHi is 
closed and the loss 
of PT403 wi 11 not 
affect equipment 
required for the , 
accident 

Instrument is provided 
for loss of flow pro
tection. A reactor 
trip will .be initiated 
by a safety injection 
signal for the loss of 
coolant accident. The 
loss of the instrument 
due to flooding 
acceptable 

Same analysis as 
for FT-415 above 

Same analysis as 
for FT ,.:415 above 

Same analysis as 
for FT~4lo above 

Results/Effects 

None 

None - Safety f unc
ti on is performed 

None - Safety func
tion is performed 

No~e - Safety func
tion is performed 

None - Safety func
ti or. ·i.s performed 

CIRCUIT PROTECTION - ENTIRE 115 V AC CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 
INDIVIDUAL PROCESS/PROTECTION CONTROL AND INDICATION LOOPS PROVIDED WITH THEiR OWN 
INTERNAL POWER SUPPLIES AND 0.2 AMP FUSE PROTECTION 

Revision 0 
July 22, 1982 



TABLE 7 .3-5 (Sheet 5 of 8) 

Safety Evaluation - Submerged El ectriCa l Components in the Containment During Post LOCA Londitions 
115V AC Vital Instrument Bus lC - Circuit 12 

.BMERGED ELECTRICAL COMPONENTS IN CONTAINMENT .. 

Component Fune ti on 

PT-936C Accumulator. 
(Panel 235) Pressure 

No. 13 

LT-934C Accumulator 
(Panel <::35) Level No. 13 

PT-!:i37D Ace umu la tor 
. (Panel 236) Pressure 

No. 14 

LT-935D Accumulator 
(Panel 236) Level No. 14 

PT-186 No. 13 Reactor 
.anel_ 241) Cool ant Pump 

Seal Water 
·Diff. pressure 

F IT-i57A No. 13 Reactor 
(Local) Coolant Pump 

Seal Leak off 
Flow 

FIT-157B f-.lu. 13 Reactor 
(Local Coolant Pump 

Sea 1 Leak off 
Flow 

Control Gr. 
Affiliation 

Process Gr. 3 
Rack 24 · 

Process Gr. 3 
Rack 24 

Process Gr. 3 
Rack 24 

Process Gr.f 3 
Rackf 24 

Process Gr. 3 
Rack 24 

Process Gr. 3 
Rack 24 

Process Gr. 3 
Rack 24 

Ace i dent/Safety 
Requirements 

Required during i njec
ti on phase for up to 5 
minutes following an 
accident 

None 

Required during injec-
tion phase for up to 
5 minutes following 
an accident 

None 

None 

None · 

None 

Analysis 

lnstrument wi 11 
function for the 
required time 
period prior to any 
flooding - Panel 235 
is located at El .78' 
with the instrument 
approx. 4' up from 
the bottom 

N/A 

Instrument wi 11 
function for the 
required time 
period prior to any 
flooding - Panel 236 
is located at El.78' 
with the instrument 
approx. 4' up from 
the bottom 

N/A 

N/A 

N/A 

N/A 

Results/Effects 

Safety function will 
be performed 

None 

Safety function will 
be perfonned 

None 

None 

None 

CIRCUIT PROTECTION - ENTIRE 115 V AC CIRCUIT PROTECTED BY CLASS lE 15 A~P CIRCUIT BREAKER 
INDIVIDUAL PRCX:ESS/PROTECTION CONTROL AND INDICATION LOOPS PROVIDED WITH THEIR OWN 

• SGS-UFSAR 

INTERNAL POii.ER SUPPLIES AND 0.2 AMP FUSE PROTECTION -

Revision 0 
July 22, 1982 



TABLE 7 .3'-5 (Sheet 6 of 8) 

Safety Evaluation - Submerged Electrical 

• 

115V AC Vital 

Bf>ERGED ELECTRICAL COMPONENTS IN CONTAINf>ENT 

Components in the Lontai nment Di..ri ng Post LOCA Condi ti ans 
Instrument Bus lC - Circuit 13 

Coril~one nt 

FT-416 
(Panel 447-
lC) 

FT-426 
(Panel 447-
lF) 

FT-436 
(Panel 447-
lJ) 

FT-446 
(Panel 447-
lM) 

• 

• .;GS-UFSAR 

Control Gr. Accident/Safety 
Fune ti on Affiliation Requirements Analysis Results/Effects 

·No. 11 Reactor Protection Provides input to Instrument is pro- None - Safety func-
Coolarit Loop Channel III reactor trip logic, not vided for loss of tion is performed 
Flow Rack 12 required for long term flow protection. 

accident conditions A reactor trip will 
be initiated by a 
safety i nj ecti on 
signal for the loss 
of coolant accident. 
The loss of the instru-
ment due to flooding 
is acceptable 

No. 12 Reactor Protection Provides input to Same analysis as None - ·Safety func-
Cool ant Loop Cahnne l I II reactor trip logic, not FT-:416 above ti on is performed 
Flow Rack 12 required for long term 

accident conditions 

No. 13 Reactor Protection Provides input to Same analysis as None - Safety func-
C0olant Loop Channel III reactor trip logic, not FT-416 ti on is performed 

· Flow Rack 12 required for long term 
ace i dent c onditi ans 

No. 14 Reactor Protection Provides input to Same analysis as None - Safety func-
Cool ant Loop Channel III reactor trip logic, not FT.:.416 ti on is performed 
Flow Rack 12 .required for long term 

accident conditions 

CIRCUIT PROTECTION - ENTIRE 115 V AC CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER 
INDIVIDUAL PROCESS/PROTECTION CONTROL AND INDICATION LOOPS PROVIDED WITH THEIR OWN 
INTERNAL POWER SUPPLIES AND 0.2 AMP FUSE PROTECTION 

Revision 0 
July 22, 1982 



TABLE 7.3-5 (Sheet J of 8) 

Safety Evaluation - Submerged Electrical Components in the Containment During Post LOCA Conditions 
115V AC Vital Instrument Bus lD - Circuit 7 

.SUBlwERGED ELECTRICAL COMPONENTS IN CONTAINlwENT 

Control Gr. Ace i dent/Safety 
Comeonent Fune ti on Affiliation Requirements Analysis Results/Effects 

PT-937C Ace umulator Process Gr. 4 Re qui red during i nj ec- Instrumerit will Safety function will 
(Panel 235) Pressure Rack 28 ti on phase for up to function for the be performed· 

No. 13 5 minutes following an required time 
accident period prior to 

flooding - Panel 235 
is located at El.78' 
with the instrument 
approx. 4' up from 
the bottom 

LT-935C Accumulator Process Gr. 4 None .N/A None 
(Panel 235) Level No. 13 Rack 28 

PT-9360 Accumulator Process Gr. 4 Required during i r1jec- Instrument wi 11 Safety function will 
(Panel 236) Pressure Rack 28 ti on phase .for up to function for the be performed 

No. 14 5 minutes following an required time 
accident period prior to 

flooding - Panel 236 
is located at El.78' 
with the instrument 
approx. 4' up from 
the bottom 

LT-934D Accumulator Process Gr. 4 None N/A None 
(Panel 236) Level No. 14 Rack 27 

PT -183 No. 14 Reactor Process Gr. 4 None N/A None 
.(Panel 240) Coolant Pump Rack 27 

Seal Water 
Diff. Pressure 

E/P Converter Control for Process Gr. 4 None N/A None 
(Panel 241) 

· F IT-15&. 
(Loe al 

F IT-1568 
(Local 

• .:>GS-UFSAR 

Valve INT35 Rack 28 

No. 14 Reactor Process Gr. 4 None N/A 
Coolant Rack 28 
Pump Seal 
Leakoff Fl ow 

No. 14 Reactor Process Gr. 4 None N/A 
Coolant Pump 
Seal Leakoff 
Flow 

CIRCUIT PROTECTION - ENTIRE 115 V AC LIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT EsREAKER 
INDIVIDUAL PROCESS/PROTECTION CONTROL AND INDICATION LOOPS PROVIDED WITH THEIR OWN 
INTERNAL POI\£ R SUP PLIES AND 0 .2 AMP FUSE PROTECTION . 

Revi si ori 0 
July 22, 1982 

None 

None 



TABLE 7.3-5 (Sheet 8 of 8) 

Safety Evaluation - Submerged Electrical Components in the Containment Durin~ Post LOCA londitions 

• 

115V AC Vital Instrument Bus 10 - Circuit 7 

SUBr.ERGED ELECTRICAL COMPONENTS IN CONTAINr.ENT 

• 

• 

Component 

Tri axial 
Accelero
meter 

SGS-UFSAR 

Function 
Control Gr. 
Affiliation 

Accident/Safety 
Requirements Analysis Results/Effects 

Seismic In.
s trume nti on 

N/A None N/A 

CIRCUIT PROTECTION - ENTikE 115V AC CIRCUIT PROTECTED BY CLASS lE 15 AMP CIRCUIT BREAKER. 

ONLY THE SEISMIC INSTRU~ENTATION SYSTE~I IS CONNECTED TO THIS CIRCUIT • 

RevisionO 
1July 22, 1982 

None 



• 
TABLE 7.3-6 (Sheet 1 of 7) 

Safety Evaluation - Electrical Components Ar,d Circuits That Are Affected By the Flooding 
Of Components Within The Containment During Post LOCA Conditions 

230V AC Vital Control Center lA Ventilation - Circuit Section 1D 

SUBl<ERGED ELECTRIC COMPONENTS IN CONTAINl<ENT 

Component 

SV-!:112 
(Panel 247-lA) 

FD-7670 
(Local l 

TD-7671 
(Local) 

No. 11 Reactor 
Nozzle Support 
Fan 

Limit Switch 
CDO for Damper 
1CBV34 

Function Accident/Safety Requirements 

Control for None 
Darner 1CBV34 
(No. 11 Reactor 
Nozzle Support 
Fan) 

Low Flow Alarm None 
for No. 11 Reactor 
Support Vent 
System 

f-ti Temperature None 
Alarm for No. 11 
Reactor Support 
Vent System 

Nozzle Support None 
Vent System 

Position Indication None 
Circuitry for 
Damper 

Analysis Results/Effects 

N/A None 

N/A None 

N/A None 

N/A None 

N/A None 

•

NON SUBl<ERGED ASSOCISTED ELECTRICAL COMPONENTS 

Component Function Accident/Safety Requirements Analysis Results/Effects 

• 

Aux. Relays 
33X 
63X 
23X 

Aux. Relays 
6X, 3X, 6Y and 
Starter Relay 
Relay 6 

Relay 74/AC 

SGS-UFSAR 

Alarm Circuitry 
for Damper Posi
tion, Low Air 
Flow, Hi Air 
Temperature for 
No. 11 Reactor 
Nozzle Support 
Vent System 

Fan and Damper 
Operation 
Control 

Provides Loss of 
115V AC Control 
Voltage for No. 11 
Circuit 

None 

None 

None 

N/A 

N/A 

230V Breaker/ 
Contra 1 c ire ui t 
fuse trip oue to 
submerged compo
nents will alarm 
loss of control 
voltage for this 
circuit 

None 

None 

CIRCUIT PROTECTION - MOTOR CONTROL CENTER CIRCUIT PROVIDED WITH f>IANUAL CLASS lE CIRCUIT BREAKER. 
VENT FAN MOTOR PO!tER CIRCUIT PROTECTED BY OPEN MOTOR STARTER CONTACTOR. CONTROL CIRCUIT 
(DEVELOPED FROM A 130/115V TRANSFORl<ER) rs PROTECTED BY 15 AMP FUSES • 

Revision 0 
July 22, 1982 

I 



• 
TABLE 7.3-6 (Sheet 2 of 7) 

Safety Evaluation - Electrical Components And Circuit~ That Are Affected By the Flooding 
Of Components Within The Containment During Post LOCA Conditions 

230V AC Vital Control Center 18 Ventilation - Circuit Section 1D 

SUBrvERGED ELECTRIC COMPONENTS IN CONTAINt<ENT 

Component 

SV-913 
(Panel 247-lA) 

FD-7672 
(Local) 

TD-7673 
(Local) 

No. 12 Reactor 
Nozzle Support 
Fan 

Limit Switch 
COO for 
Damper lCBV 32 

Function 

Control for 
Damper 1CBV32) 
(No. 12 Reactor 
Nozzle Support 
Fan) 

Low Flow Alann 
for No. 12 Reactor 
Support Vent 
System 

Hi Temperature 
Alarm for No. 12 
Reactor Support 
Vent System 

Nozzle Support 
Vent System 

Position Indi
cation Ci re uitry 
for Damper 

Accident/Safety Requirements 

None 

None 

None 

None 

None 

Analysi ~ 

N/A 

~/A 

N/A 

N/A 

N/A 

l<esul ts/Effects 

None 

None 

None 

None 

None 

NON SUBi"ERGED ASSOCIATED ELECTRICAL COMPONENTS 

~ 
Aux. Relays 
33X 
63X 
23X 

Ai.x. Relays 
6X, JX, 6Y, and 
Starter 
Relay 6 

Relay 74/AC 

• .)GS-UFSAR 

Function 

Alarm Circuitry 
for liamper Posi
tion, Low Air 
Flow, Hi Air 
Temperature for 
No. 12 Reactor 
Nozzle Support 
Vent System 

Fan and Damper 
Operation 
Control 

Provides Loss of 
115V AC 
Voltage for No. 12 
Fan Control 
Circuit 

Accident/Safety Requirements 

None 

None 

None 

Analysis 

N/A 

N/A 

230V Breaker/ 
Control circuit 
fuse trip due to 
submerged compo
nets wi 11 a"larm 
loss of control 
voltage for this 
circuit 

Results/Effects 

None 

None 

CIRCUIT PROTECTION - MOTOR CONTROL CENTER CIRCUIT PROV~DED WITH Mll.NUAL CLASS lE CIRCUIT BREAKER. 
VENT FAN MOTOR POhER CIRCUIT PROTECTED BY uPEN MOTOR STARTER CONTACTOR. CONTROL .CIRCUIT 
(DEVELOPED FROM A 230/115V TRANSFORi"ER) IS PROTECTED BY 15 AMP FUSES • 

Revision O 
July 22, 1982 



TABLE 7.3-6 (Sheet 3 of 7) 

• Safety Evaluation - Electrical Components And Circuits That Are Affected By the Flooding 
Of Components Within The Containment During Post LOCA Conditions 

230V AC Vital Control Center lC Ventilation - Circuit Section lA 

SUBl<ERGED ELECTRIC COMPONENTS IN CONTAINMENT 

Component Function Accident/Safety Requirements 

SV-914 
(Panel 247-lA) 

FD-7674 
(Local) 

TD-7675 
(Local) 

No. 13 Reactor 
Nozzle Support 
Fan 

Limit Switch 
CDO for 
Damper 1CBV33 

Control for 
Damper 1CBV33) 
(No. 13 Reactor 
Nozzle Support 
Fan) 

Low FlowAlann 
for No. 13 Reactor 
Support Vent 
System 

Hi Temperature 
Alarm for No. 13 
Reactor Support 
Vent System 

Nozzle Support 
Vent System 

Position Indi
cation Circuitry 
for Damper 

NON SUBMERGED ASSOCIATED ELECTRICAL COMPONENTS 

None 

None 

None 

None 

None 

~ Function Accident/Safety Requirements 

Aux. Relays Alarm Circuitry None 
33X for Damper Posi-
63X tion, Low Air 
23X Flow, Hi Air 

Temperature for 
No. 13 Reactor 
Nozzle Support 
Vent System 

Aux. Relays 
6X, 3X, 6Y, and 
Starter 
Relay 6 

Relay 74/AC 

Fan and Damper 
Operation 
Control 

Provides Loss of 
115V AC 
Voltage for No. 13 
Fan Control 
Circuit 

None 

None 

Analysis 

N/A 

N/A 

. N/A 

N/A 

N/A 

Analysis 

N/A 

N/A 

230V Breaker/ 
Control circuit 
f~se trip due to 
submerged compo
nets will al ann 
loss of control 
voltage for this 
circuit 

Results/Effects 

None 

None 

None 

None 

None 

Results/Effects 

None 

None 

CIRCUIT PROTECTION - MOTOR CONTROL CENTER CIRCUIT PROVIDED WITH MANUAL CLASS IE CIRCUIT BREAKER. 
VENT FAN MOTOR POl..ER CIRCUIT PROTECTED BY OPEN MOTOR STARTER CONTACTOR. CONTROL CIRCUIT 
(DEVELOPED FROM A 230/115V TRANSFORMER) IS PROTECTED BY 15 AMP FUSES • 

• 
SGS-UFSAR 

Revision 0 
July 22, 1982 



• 
TABLE 7.3-6 (Sheet 4 of 7) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Flooding 
Of Components Within The £ontainment During Post LOCA Conditions 

230V AC Vital Control Center lC Ventilatior1 - Circuit Section 2A 

SUBtvERGED ELECTRIC COMPONENTS IN CONTAINtv£NT 

Component 

SV-915 
(Panel 247-lA) 

FD-7676 
(Local) 

TD-7677 
(Local) 

No. 14 Reactor 
Nozzle Support 
Fan 

Limit Switch 
COO for 
Damper iCBV31 

Fune ti on 

Control for 
uamper 1CBV31) 
(No. 14 Reactor 
Nozzle Support 
Fan) 

Low Flow Alarm 
for No. 14 Reactor 
Support Vent 
System 

Hi Temperature 
Alarm for No. 14 
Reactor Support 
Vent System 

Nozzle Support 
Vent System 

Position Indi
cation Circuitry 
for Damper 

Ace i dent/Safety Requirements Analysis Results/Effects 

None N/A None 

None N/A None 

None N/A None 

None N/A None 

. None N/A None 

NON SUBtv£RGED ASSOCIATED ELECTRICAL COMPONENTS 

~ 
Aux. Relays 
33X 
63X 
23X 

Aux. Relays 
6X, 3X, 6Y, and 
Starter 
Relay 6 

Relay 74/AC 

• 
SGS-UFSAR 

Fune ti on 

Alarm Circuitry 
for Damper Posi
tion, Low Air 
Flow, Hi Air 
Temperature for 
No. 14 Reactor 
Nozzle Support 
Vent System 

Fan and Damper 
Operation 
Control 

Provides Loss of 
115V AC 
Voltage for No. 14 
Fan Control 
Circuit 

Accident/Safety Requirements 

None 

None 

None 

Analysis 

N/A · 

N/A 

230V Breaker/ 
Control circuit 
f~se trip o~e to 
submerged compo
nets will alarm 
loss of control 
voltage for this 
circuit 

Results/Effects 

None 

None 

CIRCUIT PROTECTION - MOTOR CONTROL CENTER CIRCUIT PROVIDED WITH MANUAL CLASS lE CIRCUIT BREAKER. 
VENT FAN MOTOR POWER CIRCUIT PROTECTED BY OPEN MOTOR STARTER CONTACTOR. CONTROL CIRCUIT 
(DEVELOPED FROM A 230/115V TRANSFORJl£R) IS PROTECTED BY 15 AMP FUSES • 

Revision 0 
July 22, 1982 
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• 
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TABLE 7.3-6 (Sheet 5 of 7) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Flooding 
Of Components Within The Containment During Post LOCA Conditions 

230V AC Vital Control Center lA East Valves - Circuit Section 4I 

SUBMERGED ELECTRIC COMPONENTS IN CONTAINMENT 

Component 

1CC190 
(Motor operated) 

Limit and 
Torque 
Switches 
for Valve 
1CC190 

Function 

Reactor Coolant 
Pump Thermal 
Barri er Compo
nent Cooling 
Water Return 
(Containment · 
Isolation Valve) 

Control and 
position indi
cations for 
valve lCC190 

Accident/Safety Requirements 

Valve closes for an accident 
(P signal l 

Control portion of function 
needed till valve operates as 
required 

Analysis 

Valve closes on 
signal prior to 
valve becoming 
submerged ( l oc
ated at approx. 
El. 79') 

Same analysis as 
above for the 
valve itself 

R"esul ts/Effects 

Safety function wil 
be performed 

Safety function wi 1 
be performed 

NON SUBMERGED ASSOCIATED ELECTRICAL COMPONENTS 

Component 

Aux. Relays 
33X 
33Y 

Relay 74AC/TBV 

·Aux. Relays 
9X/0, 9X/C 
and starter 
9/0 9/C 

Function 

Valve position 
indicationf for 
1CC190 

Pro vi des loss of 
115V AC control 
voltage for 
1CC190 control 
circuit 

Valve Opera ti on 
Control 

Accident/Safety Requirements 

None 

None 

Needed till valve operates 
as required 

Analysis 

N/A 

230 Breaker/ 
Control circuit 
fuse trip due to 
submerge compo
nents will alarm 
loss of control 
voltage for this 
circuit 

Will operate as 
required 

Results/Effects 

None 

None 

Safety function wil 
be performed 

CIRCUIT PROTECTION - MOTOR CONTROL CENTER CIRCUIT PROVIDED WITH MANUAL CLASS lE CIRCUIT BREAKER. 
VENT FAN MOTOR POWER CIRCUIT PROTECTED BY OPEN MOTOR STARTER CONTACTOR. CONTROL CIRCUIT 
(DEVELOPED FROM A 230/115V TRANSFORMER) IS PROTECTED BY 15 AMP FUSES • 

SGS-UFSAR Revision 0 
July 22, 1982 
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TABLE 7.3-6 (Sheet 6 of 7) 

Safety Evaluation - Electrical Components And Circuits That Are Affected By the Flooding 
Of Components Within The Containment During Post LOCA Conditions 

230V AC Vital Control Center lA East Valves - Circuit Section 5E 

SUBMERGED ELECTRIC COMPONENTS IN CONTAINMENT 

Component 

1CC187 
(Motor operated) 

Limit and 
Torque 
Switches 
for Valve 
1CC187 

Function 

Reactor Coolant 
Pump Component 
Cooling Water 
Return (Con
tainment Iso
lation Valve) 

Control and 
position i ndi -
cations for 
valve 1CC187 

Accident/Safety Requirements 

Valve closes for an·accident 
(P signal) 

Control portion· of function 
needed till valve operates as 
required 

Analysis 

Valve closes on 
signal prior to 
valve becoming 
submerged ( l oc
ated at approx. 
El. 79') 

Same analysis as 
above for the 
valve itself 

Results/Effects 

Safety function wi 1 
be performed 

Safety function wi 1 
·· be performed 

NON SUBMERGED ASSOCIATED ELECTRICAL COMPONENTS 

Component 

Aux. Relays 
33X/14B 
33Y/14B 

Relay 74AC/14B 

Aux. Relays 
9X/0, 9X/C 
and starter 
9/0 9/C 

Function 

Valve position 
indicationf for 
1CC187 

Pro vi des 1 oss of 
115V AC control 
voltage for 
1CC187 control 
circuit 

Valve Op~ration 
Control 

Accident/Safety Requirements 

None 

None 

Needed till valve operates 
as required 

Analysis 

N/A 

230 Breaker/ 
Control circuit 
fuse trip due to 
submerge compo
nents will alarm 
loss of control 
voltage for this 
circuit 

Wi 11 operate as 
required 

Results/Effects 

None 

None 

Safety function wi1 
be· performed 

CIRCUIT PROTECTION - MOTOR CONTROL CENTER CIRCUIT PROVIDED WITH MANUAL CLASS lE CIRCUIT.BREAKER. 
VENT FAN MOTOR POWER CIRCUIT PROTECTED BY OPEN MOTOR STARTER CONTACTOR. CONTROL CIRCUIT' 
(DEVELOPED FROM A 230/115V TRANSFORMER) IS PROTECTED BY 15 AMP FUSES • 

SGS-UFSAR Revision 0 
July 22, 1982 
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TABLE 7.3-6 (Sheet 7 of 7) 

Safety Evaluation - Electrical· Components And Circuits That Are Affected By the Flooding 
Of Components Within The Containment During Post LOCA Conditions 

230V AC Vital Control Center lB East Valves - Circuit Section SA 

SUBMERGED ELECTRIC COMPONENTS IN CONTAINMENT 

Component 

1CC284 
(Motor operated) 

Limit and 
Torque 
Switches 
for Valve 
1cns4 

·Function 

Reactor Coolant 
Pump Seal Water 
Return (Con
tainment Iso-
1 ation Valve) 

Control. and 
position indi
cations for 
valve 1CC184 

Accident/Safety Requirements 

Valve closes for an accident 
( P signal) 

Control portion of function 
needed till valve operates as 
required 

Analysis 

Valve close·s on 
signal prior to 
valve becoming 
submerged · (1 oc
ated at approx. 
El.79') 

Same analysis as 
above for the . 
valve itself 

Results/Effects 

Safety funetion wi' 
be performed 

Safety function wil 
be performed 

NON SUBMERGED ASSOCIATED ELECTRICAL COMPONENTS 

Component 

Aux. Relays 
33X/SWB 
33Y/SWB 

Relay 74AC/SWB 

Aux. Relays 
9X/O, 9X/C 
and starter 
9/0 9/C 

Function 

Valve position 
indicationf for 
1CC284 

Provides 1 oss of 
115V AC control 
voltage for 
1CB284 control 
circuit 

Valve Operation 
Control 

Accident/Safety Requirements 

None 

None 

Needed till valve operates 
as required 

Analysis 

N/A 

230 Breaker/ 
Control circuit 
fuse trip due to 
submerge compo
nents will alarm 
1 oss of control 
voltage for this 

.circuit 

Will operate as 
required 

Results/Effects 

None 

None 

Safety function wi 
be performed 

CIRCUIT PROTECTION - MOTOR CONTROL CENTER CIRCUIT PROVIDED WITH MANUAL CLASS lE CIRCUIT BREAKER. 
VENT FAN MOTOR POWER CIRCUIT PROTECTED BY OPEN MOTOR STARTER CONTACTOR. CONTROL CIRCUIT . 
(DEVELOPED FROM A 230/llSV TRANSFORMER) IS PROTECTED BY 15 AMP FUSES. 

• SGS-UFSC\R Revision O 
July 22, 1982 
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CIRCUIT PROTECTION - .REFER TO DC CIRCUIT ANALYSIS TABLES Q6. 28-2.1 THROUGH Q6. 28-2. 21 

Revision O 
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7.4 SYSTEMS REQUIRED FOR SAFE SHUTDOWN 

The process of attaining safe shutdown in accord~nce with Branch Tech
nical Position RSB 5-1 is described in Section 5.5. Equipment for 

attaining safe shutdown from outside the Control Room is discussed in· 

the following sections; 

7.4. l HOT SHUTDOWN OUTSIDE THE CONTROL ROOM 

The. probability of the Control Room becoming inaccessible as a result of 

any cause is considered extremely smdll. If the operator must leave the 

Control Room, however, operating procedures require that he trip the 

reactor and turbine generator prior to leaving, thus ensuring control at 

the hot shutdown control stations. If necessary, the required trips can 

be accomplished at locations outside the Control Roolil. 

The reactor unit can be maintained in a hot shutdown condition from the 

hot shutdown control stations. The following control features are 

provided: 

1. Core residual heat removal 

2. Boration of the Reactor Coolant System 

3. Pressurizer level and pressure control 

4. Containment fan cooler operation 

These functions re qui re the operation of auxiliary feedwater pumps, 

charging pumps, boric acid transfer pumps, service water pumps and con

tainment fan cooler units. Appropr1ate process instrumertation such as 

pressurizer pressure and level, steam generator pressure and level, 

component cooling flow and service water pressure are provided. This· 

equipment is sufficient to safely r.iaintain the unit in a hot shutdmm 

condition for an extended period of time. 

SGS-FSAR 7 .4-1 Revision 0 
July 22, 1982 



7.4.2 COLD SHUTDOWN OUTSIDE THE CONTROL ROOM 

There is no reason to assume any significant damage to equipment in the 
Control Room area nor is there any reason to believe that access to the 
Control Room could not be regained during the extended period of hot 
shutdown. However, we believe the plant design does not preclude the 
possibility of bringing the reactor to a cold shutdown condition from 
outside the Control Room. On a long tenn basis (a week or more) an 
assessment of plant conditions could be made and methods established for 
making physical changes to instrumentation and control equipment as 
necessary to pennit cold shutdown. The systems and equipment which 

would be utilized to attain cold shutdown, assuming no significant dam-· 
age to equipment in the Control Room area, are given below: 

Process Systems 

1. Heat removal - natural or forced circulation (reactor cool ant pumps) 

a. Controlled steam release and feedwater supply 
b. Residual Heat Removal System 

2. Boration capability 

3. Nuclear Instrument System 

a. Source range and intennediate range 

4. Reactor cool ant inventory control 

a. Charging and letdown 

5. Pressurizer pressure control 

a •. Heaters 

SGS-UFSAR 7.4-2 Revi si.on 0 
July 22,. 1982 
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b. Spray 
c. Rel i e f val ve s 

6. Control air service 

Equipment 

l. Reactor coolant pump 

2. Auxiliary feedwater pumps. 
3. Boric acid transfer pumps 
4. Charging pumps 
5. Service water pumps 
6. Containment fan coolers 
7. Control Room air conditioning 
8. Component cooling pumps 

9. Residual heat removal pumps 
lo. Certain motor control center and switchgear sections 

Instrumentation 

l. Pressurizer 

a. Level indicators 
b. Pressure indicators 

2. Steam Generators 

a. Level indicators 

b. Pressure indicators 

3. Reactor coolant wide range temperature indicators 

4. Reactor coolant wide range pressure indicators 

SGS-UFSAR 7.4-3 Revision 0 
July 22, 1982 



5. Source range indication 

6. Intermediate range indication 

7. Component cooling water temperature indication 

8. Reactor coolant pump instrumentation 

9. Residual' heat removal system instrumentation 

10. Radiation monitors 

Controls 

Controls are required for all Equipment listed above, and also the 
following: 

1. Steam dump control (for atmospheric relief valve and condenser steam 
dump valve) 

2. Feedwater supply 

3. ~anual control of residual heat removal throttle valves 

4. Make-up of reactor coolant shrinkage by manual control of charging 

5. Pressurizer heater on/off controls 

6. Pressurizer relief valves 

7. Pressurizer auxiliary spray open/close control 

8. Reactor coolant pump oil lift pump 

SGS-UFSAR 7.4-4 Revision 0 
July 22, 1982 
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9. Open/close switch control of letdown isolation valve 

10. Safeguards controls 

a. Defeat Safety Injection System automatic operation 

SGS-UFSAR 7.4-5 Revision 0 
July 22, 1982 · 
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7 .5 SAFETY RELATED DISPLAY INSTRUfv£NTATION 

7.5. l DESCRIPTION 

Table 7.5-1 lists the major process parameters available to the operator 
' ' 

. to enable him to perform re qui red manual functions and to determine the 

effect of manual actions taken following a reactor trip due to opera

tional occurences or accident conditions discussed in Chapter 15. The 

table lists the readouts required to maintain the plant in a hot shut

down condition or to proceed to cold shutdown within the limits of the 

Technical Specifications. Reactivity control after operation al occur

rences will be maintained by administrative sampling of the reactor 

coolant for boron to insure that the concentration is sufficient to 

maintain the reactor subcritical. 

As shown in the table sufficient duplication of information is pro

vided. The information is part of the operational monitoring of the 

plant which is under surveillance by the operator during normal plant 

operation. This is functionally arranged on the control board to pro

vide the operator with timely and pertinent information on plant con

ditions. Comparisons between duplicate information channels or between 

functionally related channels will enable the operator to readily ident"'.' 

ify a maJfunction in a particular channel. 

The information system that provides the signals to the indicators and/ 

or recorders listed in the table is described in Section 7.2, with the 

exceptions of the refueling water storage tank level and the steam 

generator wide range water level. The refueling water storage tank 

level is indicated and alarmed by two independent single channel 

systems. Each steam generator water level (wide range) is indicated by 

independent single chanriel systems and recorded by a single channel 

system. No automatic protection or control functions are provided by 

these devices. The remaining signals are obtained through isolation 

amplifiers from the protection channels • 
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This allows the automatic protection system to function independently of 
any failure of the non-protection equipment and provides the most reli
able means of obtaining the information. 

There is no basis for assuming that the occurence of an accident itself 
degrades the display system. Therefore, the status and reliability of 
the information is known to the operator before, during, and after the 

accident. 

The design criteria used in the display system are listed below: 

1. Range and accuracy requirements are determined through the 

analyses of postulated occurences as described in Chapter 15. 
The display meets the following requirements: 

· a. The range of the readouts extend over the maximum 

expected range of the variable being measured .. 

b. The combined indicated accuracies are within the errors 
assumed in the safety analyses.· 

2. Power for the display instruments is obtained from the 115 V 
power system described in Chapter 8. 

3. Those channel$ which have been determined to provide useful 

information in charting the course of events are recorded. 

Table 7.5-2 lists the indications available to the operator to monitor 
i 

significant pl ant parameters during normal opera ti on. 

7. 5. 2 BYPASS INDICATION·. 

The Containment Spray System is a typical Engineered Safety Features 
(ESF) system which incorporates status indications. The spray pumps and 
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the system motor-operat~d valves have open/close lights .on the main 

control console pu~hbutton stations and loss of control voltage al arms 

in the auxiliary alarm system. The spray additive tank valve, 1CS14, 

al so has an "off-normal posi ti on 11 al arm on the overhead annunciator. 

Any equipment taken out of service for maintenance or other purposes is 

under the administrative control of the plant operating personnel, which 

includes logging of unavailable equipment and covering the control sta

tion with a plastic cover. 

Bypasses of the Solid State Protection System outputs associated with 

the spray system are described below. 

In general, if any analog channel in the ESF actuation system is taken· 

out of service for any reason, the channel is placed in the tripped 

mode, and a channel trip status light is lit in the control room. In 

·addition, an alarm will sound and an associated annunciator panel light 

wi 11 be 1 it. This holds true for the containment pressure channel asso

ciated with Safety Injection and steam line isolation functions.· .The 

channel bistable output relays associated with the containment spray 

function are not tripped, to reduce the possibility of inadvertent actu

ation~ but are bypassed for test and maintenance purposes. An alarm 

indicating a bypassed condition is provided for each channel. 

The plant design includes one, or a combination, of the following indi

cations to show the operator the status of plant systems and to high

light the existence of an incorrect configuration: 

1. Indication lights (red-open and green-closed) at the push-button 

control station for valves. 

2. A separate monitor light i ndi ca ti on grouped with lights for other 

devices having a similar function such that the lights.in the group 

are all on or are all off to provide for quick operator evaluation 
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of systems status during the inj~ction or recirculation mode of a 
Loss-of-Coolant A~cident (LOCA). 

3. Auxiliary annunciation redundant to the above indications which 
serve to alert the operator of the improper state, relative to plant 
conditions, of a critical device (pump, valve, etc.). 

By looking at equipment status indications, and operator can determine 
if components in the ESF systems have been isolated or bypassed •. 

The following alarms have been provided in the Control Room to indicate 
test of bypass for ESF systems: 

Spray channel comparator tripped (4 alarms) 
Spray channel comparator on test (4 alarms) 
Solid state protection Train A trouble 
Solid state protection Train B trouble 
Solid state protection Train A on test 
Solid state protection Train B on test 
Reactor protection channel on test (4 al arms) 
Nuclear instrument channel on test 
Rod position indication on test 
Safeguards equipment control systems on test (3 alarms) 
NIS loss of detector of compensation voltage (5 alarms) 
NIS source range high flux at shutdown blocked 
NIS source and intermediate range trip bypass 
Diesel generator urgent trouble (3 alarms) 
Diesel generator fuel oil day tank trouble 
4Kv vital bus alarms (18 alarms) 

The following lights on the status panel indicate bypass conditions: 

Source range trip blocked ( 2 lights) 
Source range Trai.ns A and B trip blocked 
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Intermediate range trip blocked ( 2 1 i ghts) 

Intermediate range trip A and B trip blocked 

Power range (low setpoint) trains A and B trip blocked 

Stea.mline isolation Trains A and B safety injection blocked 

Safety injection blocked Trains A and B 

Automatic Safety Injection blocked 

Overpower rod stop manual bypass (4 lights) 

Steam duinp block T average bypass 

The system has been designed to meet the intent of IEEE-279, Paragraph 

4.12; .that is, bypasses are removed automatically when permissive condi

tions are not met. 

7.5.3 EVALUATION 

An evaluation of the Sal em Unit No. 2 instrumentation systems to deter~ 

mine its degree of compliance with Regulatory Gui de 1. 97 has been com

pleted. Si nee the Sal em design bases for instrument systems were devel -

oped and approved by the NRC si gni fi cantl y prior to the issuance of this 

guide, the evaluation was based on cdmpliance with the overall intent of 

the guide. 

Demonstration of compl i a nee with the intent of the Regulatory Gui de 

required that any specific differences between the Sal em design bases 

and those of the Regulatory Guide be identified. The identification of 

these differences are specified in Section 7.5.3.1. 

The key el.ements of the overall evaluation can be summarized as follows: 

1. 

2. 

Compliance of existing systems and instrumentation is based upon 

meeting the intent of the Regulatory Guide. 

Compliance of new equipment is based upon application of the Regula

tory Guide to the extent that existing design can acconnnodate the 

change without compromising the existing system. 
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3. Previous commitments to modify existing equipment or. to add new 
equipment were considered (e.g. NUREG-0588 and ·NUREG-0737.) in the 
context of those commitments which pre-date Regulatory Guide 1.97. 

The results of this evaluation have· been classified into five basic 
types of 11 compl i ance 1 evel s". These coinpl i ance 1 evel s have been 
selected to illustrate the resolution actions planned for the equipment 
to demonstrate the overall pl ant compliance with Regulatory Gui de 1. 97. 
This information is included in Section 7.5.3.2 and 7.5.3.3. 

7.5.3.l Identification of Design Basis Differences From Regulatory Guide 

1.97 

To establish a baseline set of criteria for this evaluation, the Regula
tory Guide 1.97 recommendations have been reviewed for similarity to the 
Salem plant design bases. In those instances where the Salem bases 
agree with the Regulatory Guide 1.97, no differences are listed below. 
For those cases which involve differences, a compari~on is provided 
below to demonstrate that the intent of the guide is adequately achieved. 

1. The Salem plant design bases were effectively established prior to 
issuance of the Regulatory Gui des referenced in Regulatory Gui de 
1. 97. Al though the Sal em pl ant conforms to the intent of the Regu-
1 atory Guides, strict compliance has not been required. In many 
cases, the Guides have been revised to incorporate subsequent revi
sions of referenced standards; and in some cases, the Guides are not 
applicable to the previously approved design (e.g., Regulatory Guide 
1.75). 

For the purpose of compliance with Regulatory·Guide 1.97, the Salem 
design will conform with the intent of the referenced Guides and 
Standards to the same extent as specified in previous responses to 
the NRC on the subject documents. 
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2. Regulatory Guide 1.89 - 11 Qualification of Class IE Equipment for 

Nuclear Power Pl ant 11
• The Sal em pl ant review basis is NUREG-0588, 

Category II for existing instrumentation and NUREG-0588, Category I 

(i.e., IEEE 323-74) for new equipment. Evaluations for equipment in 

harsh environments have been completed. Evaluations for noncon-:

trolled benign environments will be completed' per NRC established 

schedules. 

Recorders~ indicators, and other instrumentation located in con

trolled benign environments such as the Control Room, have been 

considered as meeting· the intent of Regulatory Gui de 1. 97, pending 

the completion of the NU REG 0588 benign environment review. 

3. Regulatory Guide 1.100 - "Seismic Qualification of Electric Equip

ment for Nuclear Power Plants 11
• The Salem plant review basis is 

IEEE 344-71, for existing equipment and IEEE 344-74, for new equip

.ment • 

4. Regulatory Guide 1.75 - "Physical Independence of Electric Sys

tems". The Sal em pl ant electric systems do not conform to the 

recommendation in Regulatory Guide 1.75, since this was not an 

original design criterion. New equipment will be integrated into 

our existing separation provisions. The Salem separation criteria· 

has been approved by the the NRC staff as described in Safety Evalu

ation Report, Supplement No. 4, Section 8. 4. 5. 

5. Regulatory Gui de 1. 32 - 11 Cri teri a for Safety-Related Electric Pat1er 

Systems for Nuclear Power Pl ants. The Sal em pl ant review basis is 

IEEE 308-71, "Class IE Electric Systems for Nuclear Pat1er Generating 

Stations 11 
• 
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6. Quality Assurance: Regulatory Guides 

a. Regulatory Guide 1.28, "Quality Assurance Program Requirements 

(Design and Construction)" Revision 2, dated February, 1979. 

The Sal em pl ant review basis is Safety Gui de 28, which endorses 
ANSI 45.2.1 of 1971. 

b. Regulatory Guide 1.38, Revision 2, dated May, 1977, "Quality 

Assurance Requirements for Packaging, Shipping, Receiving, Stor

age, and Handling of Items for Water-Cooled Nuclear Power 

Plants". The Salem plant review basis is Regulatory .Guide 1.38, 

Revision 1, dated October, 1976. 

c. Regulatory Gui de 1.64, dated June, 1976, 11 Qual i ty Assurance 

Requirements for the Design of Nuclear Power Plants". The Salem 

plant review basis is Regulatory Guide 1.64, Revision 0, dated 
October, 1973. 

d. Regulatory Gui de 1.123, dated July 7, 1977, 11 Qual ity Assurance 

Requirements for Control of Procurement of Items and Services 
for Nuclear Power Plants". The Salem plant review basis is ANSI 
45.2.13, of 1976. 

e. Regulatory Guide 1.144, Revision 1, dated September, 1980 

"Auditing of Quality Assurance Programs for Nuclear Power 

Pl ants". The Sal em pl ant review basis is ANSI 45. 2.12, Draft 4, 

Re vision 2. 

f •. Regulatory Guide 1.146, dated August 1980, "Qualification of 

Quality Assurance Program Audit Personnel for Nuclear PCM er 

Plants". The Salem plant review basis does not include a com

mitment to Regulatory Guide 1.146. 
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7. Unique Identification: The instruments are not specifically identi

fied on the control panels as those intended for use under accident 
conditions. The instrumentation on the control panels in the Salem 
Control Room is presently grouped on a functional basis. Additional 
markings could add confusion to a control panel layout that was 
favorably revie.-.red during the NRC 11 Human Factors Review of the Salem 
No. 2 Unit Control Room 11 in March of 1980. 

s. Regulatory Guide 1.118 - 11 Periodic Testing of Electric Power and 

Protection Systems 11
• The Regulatory Guide invokes the requirements 

of IEEE 338-1975, which is applicable to protection for Regulatory 

Gui de 1. 97, is not considered to be pa rt of the protection system 
and does not require all of the testing specified in IEEE-338. The 
plant equipment being used for compliance-with Regulatory Guide 1.97 
has been designed to incorporate testing capabilities as discussed 
in Chapter 7.2. Testing frequencies will be in accordance with the 
applicable Technical Specifications • 

9. Type 11A11 Variabies (Plant Specific) 

The definition of Type 11 A11 Variables given by Regulatory Guide 1.97, 

Paragraph 1.1 is: 

11 Those variables to be monitored that provide the primary informa
tion required to permit the control room operators to take the 
specified manually controlled actions for which no automatic control 
is provided and that are required for safety systems to accomplish 

their safety functions for design basis events. 11 

The Salem Emergency Operating Procedures were reviewed to determine 

which Regulatory Guide 1.97, Type 11 A11 parameters are required using 
the fol.lowing baseline interpretation of Regulatory Guide 1.97, 

Paragraph 1.1. 

SGS-UFSAR 7. 5-9 Revision 0 
July 22, 1982 



The operating procedures specify certain operator verification of 
automatic actions, and if the automatic actions have not been per
formed (presumably due to system failure), the operator is required 
to manually perform those actions. The parameter selection does not 
include either the verification step or the manual backup action. 

The parameter selection includes those required for operator actions 
needed for system functioning where no automatic signal/system 
exists. 

i.Jhere important, the manual Type 11 A11 operator actions must be moni
tored to assure that the action has been performed. This monitoring 
of Type 11 A11 operation is performed by 11 Type 811 variables as defined 
by Regulatory Guide 1.97. 

In reviewing the Emergency Operating Procedures, the event 11 end 
point 11 for parameter selection is a stable hot condition for all 
events except LOCA 1 s (large or small) that cannot be isolated. The 
end point for LOCA 1s that cannot be isolated is a cold depressuriied 
condition. 

See Table 7.5-3 for an index of Class 11A11 Variables. 

7.5.3.2 Regulatory Guide 1.97 Compliance Levels 

The evaluation revealed varying degrees of compliance with Regulatory 
Guide 1.97 which were classified into five 11 compliance levels 11

• These 
classifications evolved from consideration of the design bases, existing 
NRC commitments and specific new changes, where possible, to meet the 
Regulatory Guide. The overall results of this effort are summarized in 
Table 7.5-4. Table 7.5-5 provides justification for regulatory guide 
non-conformances. The Regulatory Guide 1.97 variables will be displayed 
on the Safety Parameter Display System (SPDS). SPDS monitors are 
located in the TSC and EOF. Additional information is contained in a 
letter from E. A. Liden to S. Varga dated September 21, 1983. 
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The description of_ each "compliance level" is provided below: 

1. Items in Compliance 

The items categorized under this heading meet the PSE&G design basis 
as outlined in Section 7.5.3.1. 

2. Items Where Design Precludes Compliance 

The items cateyorized under this heading are presently installed, 
but by nature of the present design, may not meet the recommenda
tions in the Guide such as environmental and seismic qualifica
tions. These items are generic to Westinghouse plants. 

3. Items Which Are Being Replaced/Added 

The items categorized under this heading deviate from one or rnore 
recommendations in the Guide. These items will be replaced with 
devices modified to meet the appropriate recommendations. Replace
ment/Installation/Modification for each item will be made to: 

a. Meet requirements imposed by other documents such as NUREG-0588 
and NUREG-0737. 

b. Meet the recommendations of Regulatory Guide 1.97. 

4. Items \4hich Are Not Being Replaced 

The items categorized under this heading are presently installed, 
but deviate fro111 one or more recommendations of the Guide. This is 
based on: 

a. Devices located in non-harsh environment, that require qualifi
cation review in accordance with NUREG-0588 for benign environ
ments which will be completed by June 30, 1982 • 
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b. Devices located in a harsh environment that are not utilized in 
accident emergency instructions for operators to maintain plant 
safety. 

c. Devices currently meeting Technial Specification requirements 
but the specified ranges do not meet the recommendations in 
Regulatory Guide 1.97. 

5. Items Not Part of Salem Design 

The items categorized under this heading are not part of the Salem 
design and are not being installed. Alternate capabilities are 
available which meet or will meet our requirements and provide ade
quate information for maintenance of plant safety. An example is 
meteorological conditions. PSEG has 24 hour contact with Wilmington 
Airport and a written agreement to obtain information on 
meteorological conditions. 

7.5.3.3 Planned Actions 

Compliance Level 

No action planned. The instrumentation in this compliance 
the intent of Regulatory Guide l.97 in accordance with the 
specified in Section 7.5.3.l. 

Compliance Level 2 

level meets 
criteria 

No equipment replacement planned at this time pending resolution of 
generic problems. 

Compliance Level 3a 

Instruments are being replaced or upgraded as a result of prior commit
ments related to NUREG-0588 and NUREG 0737. The devices will comply 
with Regulatory Guide l.97 in accordance with the criteria specified in 
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Section 7.5.3.1 by the dates specified in previous correspondence to the 

NRC staff. 

Compliance Level 3b 

' . . . 

Instruments will be upgraded to meet Regulatory. Gui de 1. 97 in accordance 

with the c ri teri a specified in Sec ti on 7. 5. 3.J by 6/1/83 • 

. Compliance Level 4a 

· The equipment wi 11 be evaluated in accordance with the requirements of · 

.the NUREG-0588 benign environment review, and appropriate actions wi 11 

be taken where required. 

Compliance Level 4b 

No action planned. The importance of the device is deemed to be 

relatively Tow or insignificant • 

Compliance Level .4c · 

The existing devices comply with Technical. Spedfication. Requirements 

and should not b~ modified. 

Compliance. Level 5 

No action planned. Other provisions exist which riegate the need for the 

· instr~mentation. 

All i terns currently planned to rerilai n unchanged have been evaluated for 

. potential effects on pl ant safety. This evalt.iati on concludes that plant 

safety is npt affected by the lack of.compliance to Regulatory Guide 

1. 97 • 
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Parameter 

OPERATIONAL 'ocCURRENCES 

l. T cold or T hot 

(measured, wide 
range) 

2. Pressurizer water 
level 

3. System pressure 

4. Containment 
pressure 

. 5. Steam line 
. pressure 

SGS-UFSAR 

• TABLE 7.5-1(Sheet1 of 4) · 

MAIN CONTROL ROOM INDICATORS AND/OR RECORDERS AVAILABLE TO THE OPERATOR 

Channels 
Available 

1 T hot 

1 T cold 
per loop 

3 

2 

4 . 

3/Loop 

Range 

0-700"F 

Entire 
distance 
between taps 
(475"/H20) 

0-3000 psig 

0-115 % of 
design 
pressure. 
(-5 to +55 psig) 

0-1200 psi g · 

Accuracy 

2:4 % of full range 

+ 3.5 % of 6P 
at 2250 psia 

+ 4%~f Full·Range 

+ 3.5 %of Full 
Scale 

+ 4 % of Full Scale 

Indicator/ 
Recorder 

All channels are 
recorded 

All three channels.· 
. indicated; one 

channel is 
·selected for 
recording 

Indicated .and 
recorded 

· All four are 

indic.ated; two 
are also.recorded 

All channels are 
indicated 

•• 
Purpose 

Ensure maintenance of proper 
cooldowri rate and to ensure 
maintenance of proper re.lation:: .· 
.ship between system pressure and 
temperature NOTT .considerations. 

Ensure· Maintenance. of proper 
reactor cool ant inventory .. 

Ensure• maintenance of proper 
relationship between system 
pressure and temperature for NOTT 

considerations. 

·Monitor contairment conditions 
to indicate need for potential 
safeguards actuation. 

Monitor steam generator 
temperature conditions during hot 
shutdown and cooldown, and for 
use in recovery from steam . 
generator tube ruptures. 
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Parameter 

OPERATIONAL OCCURRENCES 

6. Steam generator 

water level 

(wide range) 

7. Steam· generator 

water level 

(narrow range) 

ACCIDENT CONDITIONS 

1. Containment 

pressure 

2. Refueling water 

storage_ tank 

water· 1 evel 

3. Steam generator 

water level 

(narrow range) 

SGS-UFSAR 

• TABLE 7.5-1 (Sheet 2 of 4) 

MAIN CONTROL ROOM INDICATORS AND/OR RECORDERS AVAILABLE TO THE OPERATOR 

Channels 

Avai 1 able 

!/Steam 

generator 

3/Steam 

generator 

4 

2 

2 

3/Steam 

generator 

Range 

+ 7 to -41 feet 

from nominal 

ful 1 load water 

level 

+ 7 to -5 feet 

from nominal 

full 1 oad 

water level 

0-1153 of 

design pressure 

(-5 to +55 psig) 

.. (-5 to +180 psig) 

0-1003 of span 

(48 ft./H 20) 

+7 to -2 feet 

from nominal full 

1 oad 1 evel 

Accuracy 

+ 53 1 evel span 

(cold) 

+ 43 of 1 evel 

span (hot) 

+ - 10% of ful 1 span 

+ . ' 
.'.-3% of level span 

.:!:.103 of level 

-span 

Indicator/ 

Recorder 

Al 1 channels 

recorded 

All channels 

indicated; t~e 

channels used for 

control are 

recorded 

All four are 

indicated; two 

are also recorded 

Both a re recorded 

Both are 

indicated and 

alarmed 

All- channels 

indicated; the 

channels used 

for control are 

recorded 

• 
Purpose 

Ensure maintenance of reactor 

heat sink. 

·Ensure maintenance of reactor 

heat sink 

Monitor post-LOCA containment 

conditions 

Ensure that water is flowing 

to the safety injection system 

after a LOCA and determine when 

to shift from injection to 

recirculation mode • 

· Detect steam generator tube 

rupture; monitor steam generator 

water 1 evel following a steam 

line break •. 
· Revi s-ion o 
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Parameter 

ACCIDENT CONDITIONS. 

4. Steam generator 

water level 

(wide range·) 

5. Steam line 

pressure 

6. Pressurizer water 

level 

7. Containment 

hydrogen level 

8. Containment 

.area monitors 

(high range l 

SGS-UFSAR 

• TABLE 7;5-1 (Sheet 3 of 4) 

MAIN CONTROL ROOM INDICATORS AND/OR RECORDERS AVAILABLE TO THE OPERATOR 

Channels Indicator/ 
Available Range Accuracy Recorder 

l/Steam +7 ··to -41 feet 2:.103 of level All channels are 

generator from nominal span recorded 

full 1 oad 

level 

3/Steam 0-1200 psig .:!:.s3 of full All channels 

line seal e are indicated· 

3 Entire Di stance Indicate the All three indicated 

between taps 1 evel is some- and one is for 
(475"/H20) where between recording 

O and 100 of 

span 

2 0-10% 2% of full Both channels are 

vol seal e recorded 

2 1-107 R/hr Both channels are 

recorded 

• 
Purpose 

Detect steam generator tube 

rupture; monitor steam 

generator water 1 evel 

following a steam line break • 

Monitor steam line pressures 

following steam generator tube 

rupture or steam line break. 

Indicate that coolant 

inventory restored in 

pressurizer following 
. cooldown after steam gen-

erator tube rupture or .steam .1 i m 

break. 

NUREG 0737 

NUREG 0737 
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Parameter 

ACCIDENT CONDITIONS (cont'd) 

9. Reactor vessel level 

10. Containment liquid level 

_,.!.. .... 

SGS-UFSAR 
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MAIN CONTROL ROOM INDICATORS AND/OR RECORDERS AVAILABLE TO Tl:IE OPERATOR 

Channels 

Available 

2 

4 

2 

Range 

Hot leg - top 

of R.V. 

Bottom ~ top of· 

R.V. 

Accuracy 

6 % without RCPs 

running 

Indicator/ 

Recorder 

Both channels are 

recorded 

• 
Purpose 

Detect inadequate core cooling 

·Revision 0 
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Parameter 

. NUCLEAR INSTRUMENTATION 

1. Source Range 

a. Count rate 

b. Startup rate 

2. Intennediate Range 

a. Flux level 

SGS-UFSAR 

• TABLE 7.5-2 (Sheet 1 of 9) 

MAIN CONTROL ROOM INDICATORS AND/OR RECORDERS AVAILABLE TO THE OPERATOR 

MONITOR SIGNIFICANT PLANT PARAMETERS DURING NORMAL OPERATION 

No. of· 

Channels 

Available 

2 

2 

2 

Range 

1 to 106 counts/ 

sec. 

-1.0 to 5.0 

decades/min. 

' 10-ll-10-3 

AMPS 

Accuracy 

!:_7% of the 

linear full 

scale analog 

voltage 

!:_7 % of the 

linear full 

scale analog 

voltage 

!:_7 % of the 

linear full 

scale analog 

voltage and~% 
of the linear 

full scale vol~ 

tage in the range 
of 10-4 to 10-3 

amps 

lndi ca tor/ 

Recorder 

Both channels 

indicated. ~f ther 

·may be selected 

for recording. 

Both channels 
indicated.· 

Both chan.nel s 

indicated. Either 

may be selected for 

recording using the 

· recorder in Item 1 

above. 

• 
Notes 

One two-pen recorder is used 

to record any of the a nuclear 

channels ( 2 source range. 2 

intennedi ate range and 4 power 

range) 

Revi. si o.n 0 
July 22, 1982 



• 
Parameter 

NUCLEAR INSTRUMENTATION 
b. Startup rate 

3. Power Range 
a. Uncalibrated ion. 

chamber current· 
(top and bottom 
uncompensated 
ion chambers l 

b. Calibrated ion 
chamber currerit 
(top and bottom 
uncompe_nsated 
ion chambers) 

SGS-UFSAR 

• TABLE 7.5-2 (Sheet 2 of 9) . 

MAIN CONTROL ROOM INDICATORS AND/OR RECORDERS AVAILABL.E TO THE OPERATOR 
MONITOR SIGNIFICANT PLANT PARAMETERS -DURING NORMAL OPERATION 

No~ of · 
Channels 
Available 

2 
decades/min. 

4 

Range 

-1.0 to. 5 .O 
full deal e analog 

0 to 120 % of 
full power 

. current 

0-120 % of full 
power 

Accuracy 

!1 %of the linear 
indicated. 

+ -1 % of full power 

+ . 
-2 % of full power 

Indicator/ 
Recorder 

Both channels 

All 8current 
signals indicated. 

A11·a current signals 
recorded (four 2 pen 
recorders). 
Recorder 1 - upper 

currents for two 
diagonally opposed 

Recorder 2 - opposed 
currents for remain
ing detectors. 

Recorder 3 - lower 
currents for two 

• 
Notes 

Revision o 
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Parameter 

c. Upper· and Lower 
ion Chamber 

· current dif
ference 

. d. Average flux of 
the top and bot
tom 

e. Average flux of 
the top and bot
tom ion chambe.rs 
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• TABLE 7.5-2 (Sheet 3 of 9) 

MAIN CONTROL ROOM INDICATORS AND/OR RECORDERS AVAILABLE TO THE OPERATOR 
MONITOR SIGNIFICANT PLANT PARAMETERS DURING NORMAL OPERATION. 

No. of 
Channels 
Available 

4 

4 

4 

Range 

-50 to +50 % 

O to 120 % of 
full power 

0 to 200 % of 
full power 

Accuracy 

~%of full 
power 

~%of full 
power for· 
indication 
.!.z % for 
recording 

.!.z % of fu 11 

power to 120 . 
+6 % of ful 1 

. power to 200 ~ 

I ndi.cator/ 
Recorder 

diagonally opposed 
detectors.· 

Recorder 4 - lowei 
currents for remain
ing detectors. 

Diagonally opposed 
channels may be selec
ted for recording at 
the same time using 
recorder in item 1. 

.All 4 channel~ indi
cated. Any. 2 of the. 
four channels may be 
recorded using record
er in item 1 above. 

All 4 channels 
recorded. 

• 
Notes 

Revision O 
J u·ly 22:, 1982 



• 
Parameter 

f. Flux difference 
of the top and 
bottom ion 
chambers 

REACTOR COOLANT SYSTEM 

1. T average 
(measured) 

(measured) 

a. f c.old or 
hot 

(measured, 
wide range) 

3. Overpower tiT 
Setpoi nt 

4. Overtemperature 
tiT Setpoint 

SGS-UFSAR 

• TABLE 7.5-2 (Sheet 4 of 9) 

MAIN CONTROL ROOM INDICATORS AND/OR RECORDERS AVAILABLE TO THE OPERATOR 
MONITOR SIGNIFICANT PLANT PARAMETERS DURING NORMAL OPERATION 

No. of 
Channels 
Available 

4 

1/Loop 

1/Loop 

l""T hot and 
l-T cold per 

loop 

1/Loop 

1/Loop 

Range 

-30 to +30 % 

540 -615°F 

O to 150 of 
full power tiT 

0 - 700° 

0-75°F 

0-75°F 

Accu.racy 

.!_4 % 

+4 OF 

.!_4 % of full 
power tiT 

.!_4 % 

+4 % of full power 
tiT 

+4 %of full power 
tiT 

Indicator/ 
Recorder 

All 4 channels 
indicated. 

All channels 
indicated. 

All channels indicated • 
One channel is selected 
for recording . 

Both channel~ recorded. 

All channels indicated. 
One channel is selected 
for recording. 

All channels indicated. 
One channel is selected 
for recording. 

• 
Notes 

Revision o 
July 22~ 1982 



• 
Parameter 

5. Pressurizer 
Pressure 

6. Pressurizer 
Level 

7. Primary Coolant 
Flow 

8. System Pressure 

REACTOR CONTROL.SYSTEM 

1. Demanded rod speed 

2. Auctioneered 
T average 

SGS-UFSAR 

• TABLE 7.5-2 (Sheet 5 of 9) 

MAIN CONTROL ROOM INDICATORS AND/OR RECORDERS AVAILABLE TO THE OPERATOR 
MONITOR SIGNIFICANT PLANT PARAMETERS DURING NORMAL OPERATION 

No. of 
Channels 
Available 

4 

3 

3/Loop 

2 

1 

Range 

1700 to 2500 
psig 

Entire di stance 
between taps 
0-100 % 

0 to 120 %of 
rated fl ow 

0 .., 3000 psig. 

O to 100 %of 
rated speed 

540° to 615"F 

Accuracy 

.!.2a psi 

.!.J. 5 %of 

level at·2250 psia 

Repeatability of 
+4 %of fu 11 fl ow 

+4 % 

+2 % 

+4"F 

Indicator/ 
Recorder 

All channels indi
cated. One channel 
is selected for 
recording . 
All channels indi
cated. One channel 
is selected for 
recording. 

All channels indi
cated. 

All channels indi
cated and recorded. 

The one channel is 
indicated. 

The one channel 

is recorded. 

• 
Notes 

Two pen recorder used, 
·second pen records 
reference level signal 

_ Any one of the T avg -

channels into the 
auctioneer may be bypassed. 

- Revision 0 
July 22; 1982 



• 
Parameter 

3 • Treference 

4. Control rod 
Position 

a. Number.of steps 
of demanded rod 
wi thdrawl 

b. Demanded posi.
tion of the 
part length 
rod bank. 

c. Full and part 
length rod. 
measured 
position 

SGS-UFSAR 

TABLE" (Sheet 6 of 9) 

MAIN CONTROL ROOM INDICATORS AND/OR RECORDERS AVAILABLE TO THE OPERATOR 
MONITOR SIGNIFICANT PLANT PARAMETERS DURING. NORMAL OPERATION 

No. of 
Channels 
Available 

1 

1/group 

l 

Range 

0 to 230 steps 

O to 230 steps 

Accuracy 

+4uF 

+ 1 step 

+ 1 step 

Indicator/ 
Recorder 

The one channel is 
recorded .. 

Each . group is 
indicated during 
rod motion.· 

The bank is indi
cated during rod 
motion. 

1 for 

each 
rod 

O to 228 steps 2:_4 steps at 
full accuracy 
2:_8 steps at 
1/2 accuracy 

Each rod position is 
I 

indicated. 

• 
Notes 

If system not available, 
borate and sample 
accordingly 

These signals are used 
in conjunction with the 
measured position signals 
(4c) to detect deviation of 
any individual rod from the 
demanded position. A devi
ation will actuate an alarm 
and annunciator. 

Revision 0 
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• 
Parameter 

5. Control rod 
bank demanded 
position 

CONTAINMENT .SYSTEM 
Containment 
pressure 

SGS-UFSAR 

• TABLE 7.5-2 (Sheet 7 of 9) 

MAIN CONTROL ROOM INDICATORS AND/OR RECORDERS AVAILABLE TO THE OPERATOR 
MONITOR SIGNIFICANT PLANT PARAMETERS DURING NORMAL OPERATION 

No. of 
Channels 
Available 

4 

4 

Range 

0 to 230 steps 

0 - 115 of 
design pressure 
(-5 to +55 psig) 

Accuracy 

+2.5 % of total 
travel 

+3 % 

I ndi ca tor/ 
Recorder 

All 4 control rod 
bank positions are 
recorded along with 
the low-low limit 
alarm for each bank. 

All 4 channels 
indicated and 2 are 
a 1 so recorded. 

• 
Notes 

1. One channel for each 
control bank. 

2. An alarm and annunciator 
is actuated when the 
last rod control bank 
to be withdrawn reaches 
the withdrawal limit, 

. when any rod control 
bank reaches the low 
inse~ti~n limit and when 

. any rod control bank 
reaches the low-low 
i riserti on 1 imi t 

Revision u 
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• 
Parameter 

FEEDWATER AND STEAM SYSTEMS 
1. Auxiliary feed

water flow 

2. Steam generator 
level (narrow range) 

3. Steam generator 
level (wide range) 

4. Progrannned steam 
generator level 
signal 

5. Main feedwater 
flow 

6. Magnitude of 
signal controlling 
main and bypass 
feedwater control 
valves 

SGS-UFSAR 

TABLE ~ (Sheet 8 of 9) 

MAIN CONTROL ROOM INDICATORS AND/OR RECORDERS AVAILABLE TO THE OPERATOR 
MONITOR SIGNIFICANT PLANT PARAMETERS DURING NORMAL OPERATION 

No. of 
Channels 
Available 

l/Steam 
line 

3/Steam 
generator 

l/Steam 
generator 

l/Steam 
generator 

2/Steam 
generator 

l/main 
l/bypass 

Range 

0-250000 PPH 

+7 to -5 feet 
from nominal 
full load level 

+ 7 to -41 feet 
from nominal 

+7 to -5 feet 

0 to 120% of 
maximum calcu-
1 ated fl ow 

0 to 100% of 
valve opening 

Accuracy 

+4 % of P 
level (hot) 

+5%of level 
(cold) 

+4 

+5 % 

+1.5 % 

Indicator/ 
Recorder 

All channels indi
cated. 

All channels indi
cated. The channels 
used for control are 
recorded. 

All channels 
recorded. 

All channels indicated. 

All channels indicated. 
The channels used for 
control are recorded. 

A 11 channels 
indicated. 

• 
Notes 

One channel to measure the 
flow to each steam generator 

1. One channel for each 
main and bypass feed
water control valve 

2. OPEN/SHUT indication is 
provided in the control 
room for each main and 
bypass feedwater control 

valve. 

Revision 0 
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• 
Parameter 

7. Steam flow 

8. Steam line 
pressure 

9. Steam dump 
modulated signal 

10. Turbine impulse 
chamber pressure 

SGS-UFSAR 

• TABLE 7.5-2 (Sheet 9 of 9) 

MAIN CONTROL ROOM INDICATORS ANO/OR RECORDERS AVAILABLE TO THE OPERATOR 
MONITOR SIGNIFICANT PLANT PARAMETERS DURING NORMAL OPERATION 

No. of 
Channels 
Available 

2/Steam 
generator 

3/Loop 

1 

2 

Range 

O to 120% of 
miximum· calcu-
lated fl ow 

O to 1300 psig 

0 - 85 % max. 
calculated steam 
flow 

0 to 120% of max. 
calculated 
turbine 1 oad 

Accuracy 

+5.5 % 

+4% 

+1.5 % 

+3.5 % 

Indicator/ 
Recorder 

All channels indica
ted. The channels 
used for control are 
recorded. 

All channels indicated 
and 1 is recorded. 

The one channel is 
indicated 

Both channels 
indicated. 

• 
Notes 

OPEN/SHUT indication is 
provided in the control 
room for each steam dump 
valve. 

OPEN/SHUT i ndi ca ti on is 
provided in the control 
room for each turbine stop 
valve 

Revision o 
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TABLE 7 .5-3 

INDEX TYPE 11 A 11 VARIABLES 

Variable Descriptibn 

Reactor Coolant System Hot Leg 
Water Temperature 

Reactor Cool ant Pres sure 

Degrees of Sub cool i ng 

·Containment Pressure 

Effluent Radioactivity 
Noble Gas Effluent from Condenser 
Air Removal System Exhaust 

Refueling Water storage Tank Level 

Pressurizer Level 

Steam Generator Pressure 

Auxi 1 i a ry Feedwate r Fl ow 

Auxiliary Feedwater Storage Tank Level 

(Condensate Storage Tank) 

Steam Generator Radiation 

·- . 

SGS-UFSAR 

Variable Reference No .. 

5 

6 

9 

. 11 

16 

27 

30 

36 

39 

40 

73 

Re-vision 0 
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Variable 
-Ref. No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

SGS-UFSAR 

TABLE 7.5-4 (Sheet 1 of 6) 

SUMMO.RY OF INSTRUr.ENTATION COMPLIANCE WITH 
REGULATORY GUIDE 1.97 

Neutron Flux 

Variable 
Description 

(Source Range, Intennediate range, 
Power range) - Monitors 

' / 
Control Rod Position 

RCS Soluble Boron Concentration 

RCS Cold Leg Water Temperature 
- RTD 1 s 
- Indication 

RCS Hot Leg Water Temperature 
- RTD 1 s 
- Indication 

RCS Pressure ~ Transmitters 

Core Exit Temperature - Themocouples 

Coolant Level in Reactor 

Degrees of Subcooling - Display 
(inputs - See variable Ref. No. 6 and 7) 

. Containment Sump Water Level -
Transmitters 

Containment Pressure 
(narrow and wide range) - Transmitters 

Containment Isolation Valve Position 
(excluding check valves) - Limit Switches 

Radioactivity Concentration or Radiation 
Level in Circulating Primary Coolant 

\. 

_ Comp l i ance 
Level 

2· 

1 

1 

3a 
3b 

3a 
3b 

3a 

2 

1 

1 

3a 

3a 

3a 

5 

Revision _O __ _ 
July .22~ 1982 



• 

• 

•• 

Variable 

Ref. No. 

14 

15 

16 

17 . 

18 

19 

19A 

20 

21 

22 

23 

24 

25 

26 

SGS-UFSAR 

TABLE 7.5-4 (Sheet 2 of 6) 

SUMML\RY OF INSTRUIVENTATION COMPLIANCE WITH 

REGULATORY GUIDE 1.97 

Variable 

Description 

Analysis of Primary Cool ant 
(Gamma Spectrum) 

Containment Area Radiation - Monitors 

Effluent Radioactivity - Noble Gas· 
Effluent f ram Condenser Air Removal 
System Exhaust - Monitors 

Containment Hydrogen Concentration -
Analyzers 

Containment Effluent Radioactivity 
Nobles Gases from Identified Release 
Points - Monitors 

Ra di ati on Exposure Rate 
(Electrical Penetration Area) - Monitor 

Radiation Exposure Rate . 
(Fuel Handling Building and Penetration 
Area) - Monitors · 

RHR System Fl ow - Transmitters 

RHR Heat Exchanger Outlet Tempera tu re -
Thennocoupl es 

Accumulator Tank Level and Pressure -
- Transmitters 
- Tran smi tte r Range 

Accumulator Isolation Valve Position 

Boric Acid Charging Flow - Transmitters 

Fl ow in 1-tPI System - Transmitters 

Flow in LPI System - Transmitters 

Compliance 

Level 

5 

3a 

3a 

3a 

3b 

3b 

4a 

3a 

4b 

3b 
4c 

1 

3a 

3a 

Re vision 0 
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Variable 

Ref. No. 

27 

28 

29 

30 

. 31 

32 

33 

34 

35 

36 

37 

38 

39 

SGS-UFSl\R 

TABLE 7.5-4 (Sheet 3 of 6) 

SUMW\RY OF INSTRU~NTATION COMPLIANCE WITH 

REGULATORY GUIDE 1.97. 

Variable 

De scri pti on 

Refueling Water Storage Tank Level 
and Low Level Ala.rm - Transmitters· 

- Transmitter R~nge 

Reactor Cool ant Pump Status 

Primary System Safety Relief Valve 
Positions (including PORV and code 
valves} or Fl ow through or Pressure 
in Relief Valve Lines 

Pressurizer Level - Transmitters 
- Transmitter Range 

Pressurizer Heater Status 
(Current) - Heaters 

Quench Tank Level 
(Pressurizer Relief Tank) - Transmitter 

Range 

Quench Tank Temperature 
(Pressurizer Relief Tank) - Transmitter 

Range 

Q.Jench Tank Pressure . 
(Pressurizer Relief Tank) - · 

Steam Generator Level - Transmitters 

Steam Generator Pressure - Transmitters 

Safety/Relief Valve Positions or 
Main Steam Flow - Transmitters 

Main Feedwater Flow 

Auxi.1 iar.>-~ Feedwater Fl ow - Transmitters 

·Comp 1 i ance 

Level 

3a 
4c 

1 

1 

3a 
4c 

2 

4c 

3b 

1 

3a 

3a 

· 3a 

1 

· 3a 

Revi si.on 0 
Jul.{22, 1982 



TABLE 7.5-4 (Sheet 4 of 6) 

• SUMMARY OF INSTRUMENTATION COMPLIANCE WITH 
REGULATORY GUIDE 1.97 

Variable Variable Compliance 
Ref. No. Description Level 

40 Condensate Storage Tank Water Level 
(Auxiliary Feedwater Storage Tank) 
- Transmitters 4a 

41· Containment Spray Flow 5 

41A Containment Spray Flow Additive Rate 
- Transmitters 3a 

42 Heat Removal by the Containment Fan 
Heat Removal System - Transmitters 3a 

43 Contai"nment Atmosphere Temperature 4b 
. 

44 Containment. Sump Water Temperature 5 

• 45 CVCS Makeup Flow-in - Transmitters 3a 

46 Letdown Flow - Transmitters 3b 

4.7 Volume Control Tank Level - Transmitters 4a 

48 Component Cooling Water Temperature to 
ESF System ~ Transmitters 4a 

49 Component Cooling Water Flow to ESF 
·system - Transmitters 4b 

50 High-Level Radioactive Liquid Tank 
Level - Indication 3b 

51 Radioactive Gas Holdup Tank Pressure-
Indication 3"b 

52 Emergency Ventilation Damper Position 
Control Room Damper Limit Switches 4a 

52a Emergency Ventilation Damper Position -
Auxiliary Bldg. Damper Limit Switches 4a 

• SGS/UFSAR 
Revision 4 
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Variable 
Ref. No. 

52B 

53 

53A 

54 

55 

56 

57 

58 

59 

60A 

60B 

61 

62 

63 

SGS-UFSAR 
l600Q:l 

TABLE 7.5-4 (Sheet 5 of G) 

SUMt1ARY OF INSTRUMENTATION COMPLIANCE WITH 
REGULATORY GUIDE 1.97 

Variable 
Description 

Emergency Ventilation Damper Position -
Fuel Handling Bldg. 

Status of Standby Power 

Status of Control Air 

Containment or Purge Effluent 

Reactor Shield Building Annulus Effluent 

Auxiliary Building Effluent 

Condenser Air Removal System Exhaust 

Common Plant Vent or Multi-Purpose Vent 
Discharging any of above releases -
Monitor 

Vent from Steam Generator Safety Relief 
Valves or Atmospheric Dump Valves -
Monitors 

All other identified Release Points 
(Decontamination Bldg.) - Monitor 

All other identified Release Points 
(Auxiliary Feed Pump Turbine Exhaust) -
Monitor 

All Identified Plant Release Points -
Monitor (Particulates and Halogens) 

Radiation Exposure Meters 

Airborne radiohalogens and particulates 
. (portable sampling with onsite analysis 

capability) 

Compliance 
Level 

4a 

1 

l 

N/A 

N/A 

N/A 

N/A 

3a 

5, 

3b 

5 

3a 

5 

1 

Revis i'on 3 
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Variable 
Ref. No. 

64 

65 

66 

67 

68 

G9 

70 

71 

72 

73 

SGS-UFSAR 
l600Q:l 

TABLE 7.5-4 (Sheet 6 of 6) 

SUMMARY OF INSTRUMENTATION COMPLIANCE WITH 

REGULATORY GUIDE l.97 

Variable 
Description 

Plant and Environs Radiation -
Instrument Range 

Plant and Environs Radioactivity 

Wind Direction 

Wind Speed 

Estimation of Atmospheric Stability 

Primary Coolant (Grab sample) 

Containment Air (Grab sample) 

Containment Sump (Grab sample) 

Effluent Radioactivity - Noble Gases -
Monitor 

Stearn Generator Blow-down Radiation -
Monitor 

Compliance 
Level 

4c 

l 

1 

l 

l 

l 

1 

1 

3a 

5 

Revision 3 
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TABLE 7.5.-5 (Sheet l of 4) 

JUSTIFICATION FOR NON-CONFORMANCE TO REGULATORY GUIDE 1.97 

Variable 
Reference No. 

SGS-UFSAR 
1600Q:l 

4 

5 

13 

14 

24 

27 

35 

39 

40 

Justification 

Isolation devices are not provided for these 
variables. However, these variables will be 
on the safety parameter display system and 
class lE multiplexors will have qualified 
isolation devices. 

Sarne as 4 

There is radiation monitoring on the letdown 
line; however, during an accident this line 
is isolated. The back-up or alternate means 
of measuring this variable is the Post 
Accident Sampling System • 

The Post Accident Sampling System obviates the 
need for this variable. 

Same as 4 

Same as 4 

Sarne as 4 

Sarne as 4 

Same as 4 

Revisi.on 3 
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TABLE 7.5-5 (Sheet 2 of 4) 

JUSTIFICATION FOR NON-CONFORMANCE TO REGULATORY GUIDE 1.97 

Variable 
Reference No. 

SGS-UFSAR 
1600Q: 1 

41 

42 

44 

45 

46 

Justification 

An alternate means of determining the 
containment spray flow is the spray additive 
tank flow rate, which is available (refer to 
Variable Code #41a). The spray additive tank 
flow rate is the flow of liquid which is 
educted to the suction of the containment 
spray pumps. The eduction is accomplished by 
recirculating the containment spray liquid 
from the discharge to the suction of the 
containment spray pumps. Indication of the 
spray additive flow provides confirmation of 
containment spray pumps operation. 

Sarne as 4 

The containment sump temperature indication is 
not required in Safety Guide 1, "Net Positive 
Suction Head for Emergency Core Cooling and 
Containment Heat Removal System Pumps". 
PSE&G's Emergency Core Cooling and Containment 
Heat Removal System pumps, specifically the 
Residual Heat Removal pumps which take suction 
from the containment sump when the refueling 
water storage tank is empty, were designed to 
meet the criteria in Safety Guide 1. 

Same as 4 

Sarne as 4 

Revision 3' 
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TABLE 7.5-5 (Sheet 3 of 4) 

JUSTIFICATION FOR NON-CONFORMANCE TO REGULATORY GUIDE 1.97 

Variable 
Reference No. 

SGS-UFSAR 
1600Q: 1 

47 

49 

59 

GOB 

62 

Justification 

Same as 4 

Sarne as 4 

The steam generator safety relief valves and 
the atmospheric dump valves are located on the 
main steam line, upstream of the main steam 
stop valve. A radiation monitor is installed 
on the main steam line of each steam generator 
also upstream of the main steam stop valve. 
This monitor will therefore give an indication 
of the level of radiation in the steam from 
the vents if the steam generator safety relief 
valves or the atmospheric dump valves should 
open. 

The steam supply to the auxiliary feed pump is 
taken from the main steam line of #11 (21) and 
#13 (23) steam generators, upstream of the 
main steam stop valves. A radiation monitor 
is installed on the main steam line of each 
steam generator also upstream of the main 
steam stop valve. If the auxiliary feed pump 
is in operation, this monitor will therefore 
give an indication of the level of radiation 
in the exhaust. 

This variable was deleted in Revision 3 of 
Reg. Guide 1.97 • 

Revis ion 3 ' 
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TABLE 7.5-5 (Sheet 4 of 4) 

JUSTIFICATION FOR NON-CONFORMANCE TO REGULATORY GUIDE 1.97 

Variable 
Reference No. 

SGS-UFSAR 
1600Q: l 

73 

Justification 

This variable does not meet the requirements 
of Regulatory Guide 1.97 in the area of 
environmental qualification for Units 1 and 2, 
and seismic qualification for Unit 1. A 
monitor, however, which is located on the main 
steam line of each steam generator, upstream 
of the main steam valve, does provide adequate 
indication of the blowdown radiation level. 
The main steam monitors meet the requirements 
of Regulatory Guide 1.97 • 

Revision 3 
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7.6 ALL OTHER INSTRUMENTATION REQUIRED FOR SAFETY 

7.6.l RESIDUAL HEAT REMOVAL ISOLATION VALVES 

There are two motor operated isolation valves (lRHl and 1RH2), in series, 
in the single letdown line connecting the low pressure Residual Heat 
Removal (RHR) System to the high pressure Reactor Coolant System. ·lRHl is 
the upstream valve (closest to the Reactor Coolant System) and 1RH2 is the 
downstream valve. 

The position indication provided for these valves consists of ''open-closed" 
indication on the m~in control console. j 

The control system consists of the following: 

1. lRHl is interlocked with a pressure control signal derived from a 
pressure transmitter to prevent its opening whenever the Reactor 
Coolant System pressure is greater than the RHR System design 
pressure • 

2. The pressure transmitter used in (1) is connected to the reactor 
coolant loop which contains the.RHR suction line. The pressure 
transmitter is connected into RHR suction line inside the containment. 

3. The control for valves lRHl and 1RH2 is administratively locked to 
prevent inadvertent- manual opening. 

4. A second pressure channel is provided as a pressure control signal to 
interlock valve 1RH2 located adjacent to the RHR System. This will be 
used to prevent its opening whenever the reactor coolant pressure is 
greater than the RHR system design pressure • 

SGS/UFSAR 7.6-1 Revision 4 
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5. This 1RH2 associated pressure transmitter is connected by a separate 

connection into the RHR suction line·inside the containment. There
fore, the RHR suction line will contain two separate connections, 

one for each pressure transmitter. 

6. Both valves lRHl and 1RH2 will automatically close if they have not 

al ready been manually closed before the reactor cool ant pressure 

reaches a selected fraction of RHR design pressure. 

The interlocks and closure devices are designed to conform to IEEE 279. 

7.6.2 ACCUMULATOR ISOLATION VALVES 

Po si ti on indication and al arm circuits for the motor-operated valves, 

located between the accumulator tanks and the primary cooling system, 

are oesigned to provide assurance that these valves will be open when 

required. These valves are nonnally open and under administrative con

trol with the motive power for the valves locked out during normal power 

operation. Redundant and independent information is provided in the 

control room to indicate when any one valve is not in the fully open 

position. 

Valve status (fully open or fully closed) is indicated on the main con-

·trol board via backlighted pushbuttons. These status lights are act

uated by 1 imit switches on the va.1 ve motor operator. In addition, an 

alarm is provided.on the overhead annunciator system in the event the 

valve is not in the fully open position. 

Another independent means of detennining that the valve is not in its 

proper position is provided through the auxiliary alann message indicat

ing when the valve is not in the fully open position. This indication 

and al arm is derived from a separate valve stem 1 imit switch and is 

energized from an independent power supply from that used for the over

head annunciator. 

SGS-UFSAR 7.6-2 Revision O 
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I. 

A Safety Injection signal also automati~ally initiates the opening of 

these valves. 

The valve stat.us and alann provisions are shown functionally on Figure 

7 .6-1. 

7~6.3 PRESSURIZER OVERPRESSURE PROTECTION SYSTEM (POPS) 

7 • 6 • 3 .1 Desi g n Bases 

The POPS instrumentation measures Reactor Cool ant System Pressure and 

temperature. It initiates opening of pressurizer releif valves during 

pressure transients which could occur when the Reactor Coolant System is 

·below 312°F. The equipment used to open the relief valves is designed 

to esentially the same criteria as that used in the design for the Pro

tection System described in Section 7.2. 

Design Criterion: Credit for Operator Action 

Criterion: No credit can be taken for operator actiOn until 10 minutes· 
after the operator is aware that·a pressure transient is in 
progress. 

The POPS requires no operator action other than to arm the system prior 

to entry into a water-solid condition during startup_, or prior to reach

i ng 312°F during shutdown from power. All protective action is per

forined automatically. 

Design. Criterion: Single Fa i 1 ure Criteria 

Criterion: The pressure protection system should be designed to protect 
the vessel given a single failure that initiates the pres
sure transient. In this area, redundant or diverse pressure 
protection systems would be considered as. meeting the single· 

SGS-UFSAR 

failure criteria. · 
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The POPS inc.orporates redundancy and separation of pressure ·trans-: 
mitters, logic, and valves in a channelized system. Single failures 
within the POPS will not defeat the safety function. Single failures 
which are capable of initiating a pressure transient cannot cause fail
ures in the POPS which would render it unable to provide protection. 

Design Criterion: Testability 

Criterion: The equipment design should include some provision for test
ing on a schedule consistent with the frequency that the 
system is used for pressure protection. 

The POPS design provides for testing of the analog circuitry any time 

the RHR suction valves for the Reactor Coolant System a~e closed. The 
relief valves can be tested prior to entry into a water-solid condition 
by use of the POPS functional test pushbutton. The POPS is designed to 
function during the relatively infrequent occurrences of potential low 
temperature pressure transients, therefore periodic testing of the sys
tem during power operation is not planned. 

Design Criterion: Seismic Design and IEEE 279 Criteria 

Criterion: Ideally, the pressure protection system should meet both 
seismic Category 1 and IEEE-279 criteria. The basic: object
ive, however, is that the system should not be vulnerable to 
an event which both causes a pressure transient and causes a 
failure of equipment needed to tenninate the transient. 

The POPS design meets seismic Category 1 criteria for all equipment 
required to open the relief valves. The instrumentation and actuating 
circuitry meet the applicable requirements of IEEE 279-1971. 

7.6.3.2 System Design and Operation 

The POPS is a two-train system which uses separate and independent pres
sure transmitters to open two pressurizer relief valves if Reactor 
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Coolant System pressure exceeds a preset value of 375 psi. This auto

matic action takes place provided the system has been armed by placing 

two key-locked pushbuttons in the "ON" position. The system is required 

to be armed whenever the Reactor Coolant System is below 312°F. 

Each relief valve is actuated by its own logic output relay which is 

energized by a bistable device. The bistable is energized if Reactor 

Coolant System pressure exceeds the setpoint. Existing pressure sensors 

are used to develop the signal for valve actuation. These are the same 

sensors which provide automatic closing of the RHR suction paths at 600 

psi. 

The operation of the PUPS is governed by two administratively con

trolled, keyl ocked pushbuttons which perform three functions. When the 

Reactor Cool ant System temperature is 1 ess than 312°F, the system is 

armed by depressing the "ON" pushbutton for each POPS train. This 

action opens the motor operated valves upstream of the relief valves, 

and provides an alarm permissive to indicate that the POPS is armed 

should temperature increase above 312°F. In this mode of operation, the 

relief valve will automatically open if Reactor Coolant System pressure 

exceeds 375 psi. Actuation of the relief valve is al armed in the Con

tra l Room. 

When Reactor Cool ant System temperature is above 312°F, the "OFF" push

button for each POPS train is depressed. This action removes the open

ing permissive from the relief valve, rE:moves the opening signal from 

its associated motor operated valve, and provides an alarm input to 

indicate that the system is disarmed should Reactor Coolant System 

temperature fall below 312°F. 

If either relief valve is opened by the POPS, it will remain open until 

the system pressure falls below 375 psi. 
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A testing provision in the POPS circuitry allows for test opening of the 
relief valves prior to use of the system below 312°F. The 11 TEST" push
button, when depressed, will operate the relief valve provided that the 
associated motor operated valve is closed. Other portions of the POPS 
can be tested in a manner similar to other protection system functions. 

The existing power operated relief valves (PORV's) are utilized for 
overpressure protection at low temperature in the No. l and No. 2 Units. 

7.6.3.3 Design Evaluation 

The POPS is designed as a "protection grade 11 system in accordance with 

the appli~able portions of IEEE 279-1971. The use of proven devices 
provides assurance that the system is compatible with other protection 

system equipment. The use of administrative controls to arm the POPS is 
considered aceptable due to the expected infrequent need for over
pressure protection at low temperature. 

The POPS relief valves protect the RCS from pressure transients which 
could exceed the limits of Appendix G to lOCFR Part 50 when one or more 
RCS cold leg temperature is at or below 312°F. Either POPS has adequate 
relieving capacity to protect the RCS from overpressurization as a 
result of the limiting heat input or mass input cases: (1) the start of 
an idle Reactor Coolant Pump (RCP) with the secondary water temperature 
of the steam generator less than or equal to 50°F above RCS cold leg 

temperature or (2) the start of a safety injection pump and its 
injection into the water solid RCS~ A number of provisions for 
prevention of pressure transients below P-7 (when the RCS temperature is 
below 312°F) presently exists in the Technical Specifications. 
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In order to cause an unwanted reli.ef valve opening at normal operating 
pressures, an operator would have to erroneously arm the POPS system. This 
would require bypassing the administrative control of the key associated 
with the keylocked pushbutton station. Another potential way to initiate a 
relief would be an unlikely short-circuit of a relay contact in the relief 
valve control circuit. This latter case however is also true of the 
previous circuitry for the relief valves. 

Spurious opening of the relief valve at pressures below normal operations 
pressure could be caused by an unlikely failure of a pressure transmitter 
in the "high" direction. Such valve openings would result in a 11 low 
pressure" coolant inventory reduction similar to that associated with a 
"true" signal for relief valve operation. This type of incident could be 
readily terminated by the operator and poses no threat to the safety of the 
plant. 

The effects of various failures have been considered in the POPS design. 
These failures included "loss of station power." Failures within the POPS 
cannot cause a loss of protective function due to the dual train design, 
and failures capable of causing an overpressurization cannot cause failures 
within the POPS or prevent operation of the system. 

The "loss of air" situation is accounted for by provision of an air. 
accumulator for each relief valve. The accumulators are sized to provide 
control air for up to 100 cycles of valve opening and closing. The 
accumulators are designed to seismic Category I requirements. The air 
accumulators are provided with an alarm for low air pressure. The 
accumulator design precludes a total loss of control air to the relief 

·valves. 

A "loss of station power" will have no effect on the POPS ·since the 
protection logic power is provided by inverters and control power for the 
relief valves originates at the batteries • 
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7.6.4 FEEDWATER PUMP TURBINE TRIPS 

There are two steam generator feedpumps and turbines. Each has its own 
trip sensing scheme which actuates a turbine trip for any of the follow
ing conditions: 

1. Low feedpump suction pressure 
2. High turbine exhaust temperature 
3. Loss of vacuum at turbine exhaust 
4. Excessive thrust beartiny wear 
5. Low lube oil pressure 
6. Low oil reservoir level 
7. Over speed trip-electrical sensor and detector 
8. Over speed trip-mechanical (internal to turbine) 
9. Safety injection or hiyh-high level in any steam generator 
10. Manual trip lever at turbine 
11. Remote manual trip switch 

Automatic trip of either feedwater pump turbine will activate a separate 
audible and visual alarm in the Control Room. 
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7.7 CONTROL SYSTEMS NOT REQUIRED FOR SAFETY 

·The nuclear steam systems controls for the Salem Nuclear Plant and the 
D. C. Cook Plant are functionally the same. 

7.7.1 DESIGN BASIS 

7.7.1.1 Reactor Control System 

The Reactor Automatic Control System is designed to reduce nuclear plant 
transients for the design load perturbations, so that reactor trips will 
not occur for these load changes. 

Overall reactivity control is achieved by the combination of chemical 
shim and Kod Cluster Control Assemblies (RCCA). Long-term regulation of 
core reactivity is accomplished by adjusting the concentration of boric 

acid in the reactor coolant. Short-term reactivity control for power 
changes is accomplished by moving RCCA 1 s. 

The function of the reactor control system is to provide automatic 
control of the RCCA 1 s during power operation of the reactor. The system 
used input singnal s including neutron flux, coolant temperature, and 
turbine load. The Chemical and Volume Control System (CVCS)(Chapter 9) 

supplements the reactor control system by the addition and removal of 
varying amounts of boric acid solution. 

There is no provision for a direct continuous visual display of primary 

coolant boron concentation. When the reactor is critical, the best 
indication of reactivity status in the core is the position of the 
control group in relation to power and average coolant temperature. 
There is a direct relationship between control rod position and power 
and it is this relationship which established the lower insertion limit 
calculated by the rod insertion limit monitor. There are two alarm 
setpoints to alert the operator to take corrective action in the event a 
control group approaches or reaches its lower limit. 
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Any unexpected change in the position of the control group under 
automatic control, or a change in coolant temperature under manual 
control provides a direct and immediate indication of a change in the 
reactivity status of the reactor. In addition, periodic samples are 
taken for detennination of the coolant boron concentration. The vari
&tion in concentration during core life provides a further check on the 
reactivity status of the reactor including core depletion. 

The reactor control system is designed to enable the reactor to follow 
load changes automatically when the output is above approximately 15 

percent of nominal power. Control rod positioning may be performed 
automatically when plant output is above this value, and manually at any 
time. 

The operator is able to select any single bank of rods for manual 
operation. This is accomplished with a multiposition·switch so that he 
may not select more than one bank. He may also select automatic or· 
manual reactor control, in which case the control banks can be moved .1 
only in their nonnal sequence with some overlap as one bank reaches its 

full withdrawal position and the next bank begins to withdraw. 

The system enables the nuclear unit to accept a step load increase of 10 

percent and a ramp increase of 5 percent per minute within the load 
range of 15 percent to 100 percent without reactor trip subject to 
possible xenon limitations. Similar step and ramp load reductions are 
possible within the range of 100 percent to 15 percent of nominal 
power. The steam dump system pennits the plant to accept an addition 40 

percent load reduction without reactor or turbine trip. 

The control system is capable of restoring coolant average temperature 
to within the programmed temperature deadband, following a scheduled or 

unexpected change in load. 
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The pressurizer water level is programmed to be a function ·of the 
auctioneered coolant average temperature. This is to minimize the 
requirements on the Chemical and Volume Control and Waste Disposal 
System resulting from coolant density changes during loading and 
unloading from full power to zero power. 

Following a reactor and turbine trip, sensible heat stored in the 

reactor coolant is removed without actuating the steam generator safety 
valves by means of controlled steam dump to the condenser and by injec
tion of auxiliary feedwater into the steam gener~tors. Reactor Coolant 
System temperature is reduced to the no load condition. This no load 
coolant temperature is maintained by steam dump to the condensers which 
removes residual heat. 

7.7.1.2 Operating Control Stations 

The Salem Nuclear Generating Station has a separate control room for 
each unit, as shown on Figure 1.2-2. The Control Rooms, located in the 
Auxiliary Building, are physically separated by a hallway from where 
operations may be observed through glass windows. The i nfonnati on pre-. 
sented in this section pertains to both Control Rooms, although only one 
is described. 

Each unit is equipped with a separate control room which contains those 
controls and instrumentation necessary for operation of that unit under 

nonnal and abnonnal conditions. The control room is continuously occu
pied by the operating personnel under all operating conditions. Equip
ment in this area had been designed to minimize the possibility of a 
condition which could lead to inaccessibility or evacuation. 

Control ro6m shielding and ventilation are designed such that the occu
pants of the room sha 11 not receive doses in excess of 5 rem to the 
whole body, or its equivalent to any part of the body, during the course 
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of a loss-of-coolant accident. This includes doses received during 
ingress and egress. The Control Room Air Conditioning System is 
described in Chapter 9~ 

The Control Room is designed to be continuously occupied by qualified 
operating personnel under all operating and Design Basis Accident (DBA) 
conditions. Both control rooms share a number of separate communication 
systems. One system consists of direct dialing telephones. Another 
independent communication system is a party line and voice paging system 
which provides the primary means of communication between plant opera
ti ens personnel throughout the station. Battery operated portable two
way transceivers are provided for special purposes. There is a separate 
system interconnecting the containment building, control room and re

fueling area. These systems are.energized from inverter powered buses. 

The capability to bring the reactor to a hot shutdown condition is pro
vided at locations outside the Control Room. The majority of equipment 
for this condition is located in the auxiliary feedwater pump area. 

7.7.2 SYSTEM DESIGN 

Two independent control systems, of different principles provide 
redundancy of reac ti vi ty con .. t:ro 1. One of the two reactivity contro 1 

systems employs RCCA's to regulate the position of the neutron absorbers 
within the reactor core. The other reactivity control system employs 
the eves to regulate the concentration of boric acid solution neutron 
absorber in the Reactor Coolant System. These systems are described in 
Chapters 3 and 9, respectively. 

The reactor control system is designed to provide stable system control 

over the full range of automatic operation throughout core life without 
requiring operator adjustment of setpoints other than nonnal calibration • 
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A simplified block diagram of the reactor control system is shown in 

Figure 7.l-1. The reactor control system controls the reactor coolant 
average temperature by regulation of control rod bank position. The 

system is. capable of restoring reactor cool ant average temperature to 
the progr~lliJled value follm'ling a change in load. The programmed coolant 

average temperature increases linerly from zero power to the full power 
condition. 

The reactor control system will also initially compensate for reactivity 

changes caused by fuel depletion and/or xenon transients. Long-term 

compensation for these two effects is periodically made by adjustment of 

the boron conc~ntration to return the contro 1 rod bank to its nonna 1 
operating range .. 

The reactor cool ant 1 oop average temperatures are detenni ned from hot. 

leg and cold leg measurements in each reactor cool~nt loop. The error 

between the programmed average temperature and the highest of the 

measured average temperatures from each of the reactor coolant loops 

constitutes the primary control signal as shown on Figure 7.7-1. An 

additional control input signal is derived from the reactor power vs. 

turbine load mismatch signal. This additional control input signal 

improves system perfonnance iJy enhancing response and reducing tr.ms
; ents peaks. From these input signals, the rod di rec ti on command 

si gna 1 s are derived. The rod speed .command si gna 1 varies over the 

cGrresponding ran~e of 3.75 to 45 inches per minute depending on the 
magnitude and the rate of change of the input signals. fhe rod di rec

ti on command signal is determined by the positive or negative value of 

the tempera tu re difference si gna 1. . The rod speed and rod di rec ti on 

command signals are fed to the rod control system. 

7.7.2.1 Rod Cluster Control Assembly Arrangements 

There are 53 Rod Cluster Control Assemblies (RCCA 1 s) divided into four 
shutdown banks of 24 RCCA 1 s and four control banks of 29 RCCA 1 s. The 
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control banks are the only rods that can be maniplulated under automatic 
control. The control rods are divided into groups to obtain smaller 
incremental reactivity changes per step. All RCCA 1 s in a group are 
electrically paralleled to move simultaneously. There is individual 
position indication for each RCCA. 

7.7.2.2 Rod Control 

For a complete description of rod control and position indication 

systems, see References 1 and 2. 

7.7.2.2.1 Control Bank Rod Insertion Monitor 

The purpose of the control bank rod insertion monitor is to give warning 

to the operator of a decrease in shutdown margin. Since the amount of 
shutdown reactivity required for the design shutdown margin following a 
reactor trip increases with increasing power, the allowable rod inser
tion limits must be decreased with increasing power. Two parameters 
which are proportional to power are used as inputs to the insertion 
monitor. These are the AT between the hot leg and the cold leg, which 
is a direct function of reactor power, and Tavg' which is programmed 
as a function of power. The rod insertion monitor uses these parameters 

for each control rod bank as follows: 

where ZLL =maximum pennissible insertion limit for affected 
control bank 

(AT)auct = Highest AT for all four loops 

(Tavg>auct = Highest Tavg of all three loops 

A,B,C =constants chosen to maintain ZLL ~actual limit based 
on physics calculations 
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The actual control rod bank position (Z) is compared to ZLL as follows: 

If Z - ZLL 2_ D a low alann is actuated 

If Z - ZLL 2_ E a low-low alann is actuated 

Since the highest values of Tavg and fiT are chosen by the auc
tioneering unit, a conservatively high representation of power is used 
in the insertion limit calculation. 

Actuation of the low alarm alerts the operator of an approach to a 

reduced shutdown reactivity situation. Administrative procedures 
require the operator to add boron following nonnal procedures with the 
Chemical and Volume Control System. Actuation of the low-low alann 
requires the operator to initiate emergency boration procedures. The 
value for "E" is chosen to account for all instrumentation errors so 
that the low-low alarm would nonnally be actuated before the insertion 
limit is reached. The value for 11 0 11 is chosen to allow the operator to 
follow normal boration procedures. Figure 7.7-2 shows a schematic 
representation of the control rod insertion monitor. In addition to the 

rod insertion monitor for the control banks, an alarm system is provided 

to warn the operator if any shutdown RCC leaves the fully withdrawn 
position. 

7.7.2.2.2 Rod Deviation Alarm 

The demand and actual rod position signals are displayed on the control 
console. They are also monitored by the plant computer which provides a 
visual printout and an audible alarm whenever an individual rod position 
signal deviates from the bank demand signal by a preset limit. Figure 
7.7-3 is a block diagram of the rod deviation comparator and alarm 

system. The design criterion for this system is that the alarm be 
actuated before rod deviation, which would allow the core design hot 
channel factors to be exceeded, with appropriate allowance for 
instrument error. 
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7.7.2.3 Plant Control System Interlocks 

7.7.2.3.1 Rod Stops 

Rod stops are provided to prevent abnormal power conditions which could 

result from excessive control rod withdrawal initiated by either a 
control system malfunction or operator violation of administrative 
procedures. 

Rod stops are given in Table 7.7-1. 

7.7.2.3.2 Automatic Turbine Load Runback 

Automatic turbine load runback is initiated by an approach to an over
power or overtemperature condition. This wi 11 preven·t high power oper
a ti on which might lead to an overpower or an overtemperature ~T trip. 

Turbine load reference reduction is initiated by either an over
temperature or overpower ~T signal in two of four loops. 

7.7.2.4 Pressurizer Pressure Control 

The reactor coolant system pressure is maintained at constant value by 
using either the heaters (in the water region) or the spray (in the 
steam region of the pressurizer). The electrical immersion heaters are 

located near the bottom of the pressurizer. A portion of the heater 
groups are proportional heaters which are used to control small pressure 
variations. These variations are due to heat losses, including heat 
losses due to a small continuous spray. ·The remaining (backup) heaters 
are turned on when the pressurizer pressure controller signal is below a 
given value. 

The spray nozzles are located on the top of the pressurizer. Spray is 
initiated when the pressure cont roll er signal is above a given set 
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point. The spray rate increases proportionally with increasing pressure 
until it reaches a maximum va 1 ue. Steam condensed by the spray reduces the 
pressurizer pressure. A small continuous spray is normally maintained to 
reduce thermal stresses and thermal shock and to help maintain uniform 
water chemistry and temperature in the pressurizer. 

Two power relief valves limit system pressure for large load reduction 
transients •. 

Spring-loaded safety valves limit system pressure should a complete loss of 
load occur without direct reactor trip or turbine bypass. 

7.7.2.5 Pressurizer Level Control 

The water inventory in the Reactor Coolant System is maintained by the 
Chemical and Volume Control System. During normal plant operation, the 
pressurizer level is controlled by the charging-flow controller which 
controls the positive displacement charging-pump speed to product the flow 
demanded by the pressurizer-level controller. The pressurizer water level 
is programmed as a function of coolant average temperature. The 
pressurizer water level decreases as.the ioad is reduced from full load. 
This is the result of coolant contraction following programmed coolant 
temperature reduction from full power to low power. The programmed level 
is designed to match as nearly as possible the level changes resulting from 
the coolant temperature changes. To· permit manual control of pressurizer 
level during startup and shutdown operations, the charging flow can be 
manually regulated from the main control room. 

7.7.2.6 Steam Generator Water Level Control 

Each steam generator is equipped with a three-element feedwater con
troller (see Figure 7.2-7} which maintains a programmed water level as a 
function of load on the secondary side of the steam generator. The 
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three-element feedwater controller regulates the feedwater valve by 
continuously comparing the feedwater flow signal; the water level signal 
and the pressure compensated steam flow signal. The steam.generators . 
are operated in parallel. 

Continued delivery of feedwater to the steam generators is required as a 
sink for the heat stored and generated in the reactor coolant following 
a reactor trip and .turbine trip. An override sig~al closes the feed
water· valves when the average coolant temperature is below a given 
tempera tu re. 

Following a turbine trip, the feedwater regulating valves are closed at 
approximately a un_iform rate, decreasing fl ow. to a low percent of full 
flow at .about one minute after the trip. This provides an optimum heat 
sink. Subsequently, the operator remotely controls the valves to main

tain steam generator water level. Manual override of the feedwater 
control system is available at all times. 

7.7.2.7 Steam Dump Control 

The steam dump system is designed.to relieve steam from the steam 
generators to the condenser to reduce the sensible heat in the primary 
system in the event of load reduction not exceeding 50 percent. 

The bypass system can accommodate 40 percent of full load flow, which, 
in conjunction with the 10 percent load follow capability of the reactor 
contr.ol system, enables the Nuclear Steam Supply System to accept a 50 

percent load rejection from full load without reactor trip. All steam 
dump steam flows to the main condenser via the bypass lines. 

When a load rejection occurs, if the difference between the required 
temperature set point of the Reactor Coola.nt System and-the actual 
average temperature exceeds a predetermined amount, a signal will 
actuate the load rejection steam dump controller.. 
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• This circuit prevents a large increase in reactor coolant temperature 
following a large, sudden load decrease. The error signal is a dif

ference between the lead/lag compensate auctioneered Tavg and the 

reference Tavg and is based on turbine impulse chamber pressure. 

• 

• 

The Tavg signal is the same as that used in the Reactor Coolant 
System. The lead/lag compensation for the Tavg signal is to 
compensate for lags in the plant thermal response and in valve 
positioning. Following a sudden load decrease, Tref is immediately 
decreased and Tavg tends to increase, thus generating an immediate 
demand signal for steam dump. Since control rods are available in this 

situation steam dump terminates as the error comes within the maneu~ 

vering capability of the control rods. 

The steam dump flow reduces proportionally as the control rods act to 
reduce the average coolant temperature. The artificial load is there
fore removed as the coolant average temperature is restored to its 
programmed equilibrium value. 

The purpose of the Steam Dump System is to reduce Reactor Coolant System 

transients following a substantial turbine load reduction by bypassing 

main steam directly to the condenser, thereby rnaintai-ning an artificial 

load on the steam generators. The control rod system can then reduce 

the reactor temperature to a new equilibrium value without causing 

overtemperature and/or overpressure conditions. 

The dump valves are modulated by the reactor coolant average temperature 
si~nal. The required number of steam dump valves can be tripped quickly 
to stroke full open or modulate, depending upon the magnitude of the 

temperature error signal resulting from loss of load. 

Following a reactor and turbine trip, decay heat and sensible heat 
stored in the reactor coolant are removed without actudting the steam 
generator safety valves by means of controlled steam dump to the 
condenser and by i nj ec ti on of feedwater to the steam generators. 
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Following a turbine trip, as monitored by the turbine trip signal, the 
load rejection steam dump controller is defeated and the Turbine Trip 
Steam Dump controller becomes active. Since control rods are not 
a va i 1ab1 e in this situation the demand si gna 1 is the er.ror si gna 1 
between the lead/lag compensated auctioneered Tavg and the no load 
reference Tavg· When the error signal exceeds a predetermined set 
point the dump valves are tripped open in a prescribed sequence. As the 
error signal reduces in magnitude indicating that the Reactor Coolant 

System Tavg is being reduced toward the reference no-load value, the 
dump valves are modulated by the plant trip controller to regulate the 

rate of removal of decay heat and thus gradually establish the equili
brium hot shutdown condition. 

The error signal determines whether a group of valves is to be tripped 
open or modulated open. In either case, they are modulated when the 
error is below the trip-open set points. 

7.7.2.8 Incore Instrumentation 

The in-core instrumentation is designed to yield information on the 

neutron flux distribution and fuel assembly outlet temperatures at 
selected core locations. Using the information thus obtained, it is 
possible to confirm the reactor core design parameters. 

7.7.2.9 Operating Control Stations 

The Control Room provides the necessary controls and indication to 

start, operate and shutdown the unit with sufficient redundant infor
mation displays and alann indications to ensure safe and reliable 
operation under all normal and abnormal conditions. 

The most important unit controls are located on the control console, 
which is of free-standing, horse-shoe shaped design, constructed of 
steel. The front horizontal portion contains the most fr~quently used 
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operating controls while the rear vertical portion contains less fre
quently used controls and indication •. Controls and indicators are 
functionally grouped on a system basis to facilitate safe, reliable 
operation of the unit during transients as well as normal operation. 
Those systems requiring more frequent operator .attention are located in 
the central area, while less frequently used controls are located on 

either side. 

Most of the console instruments consist of plug-in, back-lighted push
button stations and vertical seal e indicators. Operator action consists 
of a momentary push of a button. The lights in the buttons are used for 
status, information and alarm indication. 

Alarms are provided in the Control Room to alert the operator of 
abnormal plant conditions. The alarm displays are located either on a 
console pushbutton control station, where corrective action would be 

taken, or on the overhead annunciator. An alarm signal causes a back

lighted push-button to flash and the console audible alan11 to sound 
until acknowledged by the operator. Upon clearing of an alarm 
condition, the console audible ringback is sounded. Other alarms are 
displayed on an annunciator panel located overhead above the console. 
This panel consists of illuminated windows and separate audible alarm 
and ringback tones. Two first-out annunciator panels indicate, by means 
of red and white lights, the first reactor or turbine trip to occur. 

A comprehensive status panel, employing the same type of illuminated 

windows as the console, indicates the condition of trip channels and 

alarms. By means of a 11mimic bus 11 arrangement, the interaction of trip 
conditions and permissives can be quickly analyzed. Diesel generator 
automatic load sequencing, critical valve status and other important 
infonnation are also clearly displayed. 

A computer is employed to assist the operator and to monitor the unit. 
Selected parameter trends can be recorded while alarm conditions are . 
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indicated to the operator~ The computer output consists of a video 
display mounted on the console and logging typewriters located at the 
computer output terminal on the other side of the room. The video 
display and logging typewriters are independent devices. 

Vertical panels.form the walls of the Control ~oom and contain controls 
for systems which require only occasional operator attention as well as 
miscellaneous recorders and indicators. 

Reliability and ease of service has been designed into the Control 
Room. The majority of the console instruments are plug-in modules. In 
the unlikely case that a pushbutton st~tion or indicator on the console 

malfunctions, it can be readily removed and replaced from the front of 
the console. No access to the inside of the console is needed. 
Relamping can also be quickly accomplished from the front of the 
pushbutton. 

All pushbutton stations, the.fire protection display panel, the overhead 
annunciator and the status panel contain at least two lamps at each 
point for increased reliability. Low voltage {28V de) control is 
utilized for the console pushbutton stations. A relay logic system 
performs the required switching and memory functions and provides the 
interface between the 28V de and the control voltage (125V de or llSV 
ac) for the equipment. 

The Relay Room and Control Equipment Room contain equipment used for 
signal conditioning, circuit switching and logic operations. The wiring 
between the console and equipment cabinets in these rooms makes use of 
plug-in cables which reduces the exposure of terminations. Normal 
servicing of devices in the console requires no access to the inside of 
the console. 

For ease of servicing and maintenance, much of the· equipment in the 
Relay Room and Control Equipment Room is designed for plug-in module 
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type construction. Relays are heavy duty plug-in units. All components 
are carefully chosen and conservatively rated. 

The Control Room, Relay Room, Control Equipment Room and Computer Room 
are air conditioned to mai~tain a clean~ temperature-controlled 

environment. 

Reliable sources of control power, as described in Chapter 8, are pro

vided to ensure continual operation of contro1s and instrume~tation. 
Emergency lighting is provided in the Control Room, Control Equipment 
Room and Relay Room as well as other parts of the station. 

7.7.2.10 Plant Alarm and Annunciator Systems 

The alarm and annunciator systems for this plant consist of three major 

areas of alarm indication. They are: 

1. The overhead annunciator • 

2. The auxiliary annunciator (sequential data operations record). 

3. The control console alarm system. 

These systems serve to indicate and/or record all abnormal or al arm 
conditions to be brought to the operators immediate attention inside the 

Control Room. 

Each system is discussed below independently; however, mention is made 

when there is redundancy of alarm indication. 

The Overhead Annunciator System 

This system is comprised of seven cabinets containing all the power 
supplies, relays, terminals, hardware and logic to actuate ten groups of 
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48 - 211 x 311 backlighted windows for a system total capacity of 480 

alarms. The ten displays are located in a dropped ceiling fascia above 

the control console for easy viewing by the control operator. 

The various p~ant alarms are grouped into systems or related areas, and 

situated above the console sec ti on containing the associated system 

control pushbuttons an4_indicators. 

The ten displays of the Overhead Annunciator System do not represent ten 

specific alarm groupings b·ut ten 48-point alann window displays. Each 

48-point display contains various plant alarms, however, alarms which 

are common to a system or of a related nature are grouped together 

within a display. There may be several such groupings on a display, see 

Table 7.7-2. 

Most of the assigned inputs to the Auxiliary Alann System contain status 

information for safety-related equipment. foi s i nfonnati on can be con

sidered a backup to the other annunciator systems provided. 

. . 
Since indication and alarm systems are not part of the plant protection 

system, and failures within these systems cannot affect the operation of 

the protection system, there is no reason to impose limiting conditions 

for operation on the alann systems. Alarm systems cannot be considered 

as pa rt of a safety-related system, si nee they perform no function in 

the acutation of safety-related equipment. Limiting conditions for 

operation are imposed on the plant protection systems and equipment to 

assure the safe operation of the unit. 

One display serves as first-out indication and is divided into two 

separate and independent systems. These are "Reactor Trip Fi rst-Out 11 

and "Turbine Trip First-Out". 

There are two pushb~ttons, located on the control console, which the 

operator uses to acknowledge all alanns except the "first-out" 
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• indication. Two key operated switches are provided to acknowledge 

firstout indication. A test switch is located on the main console for 

• 

• 

· periodic testing. of the entire system. 

The Overhead Ann~nciator System is powered by two separate 115V ac, 60 

Hz supplies. Each supply is connected to an isolation transformer which 

in turn feeds redundant power supplies. Each display section has a 

normal and back-up power supply which are diode actioneered to an iso• 

lated bus. The output of each power supply is monitored to alarm on 

loss of potential. 

Loss of either the normal or the backup ac will initiate a loss of power 

alarm on this system and also a back-up alarm on the auxiliary 

annunciator. System ground detection is provided for an annunciation 

·upon grounding of any alarm point. 

The alarm logic is a solid state design for high reliability. Each 

alarm point can be selected to actuate from a normally open or nonnally 

closed initiating contact or by the application or removal of 115V ac or 

125V de. A contact change ol state or change in voltage level indl~ 

cates an alarm condition until it returns to its normal condition. 

The remotely located annunciator logic cabinets are connected by plug-in 

ca bl es to the overhead display uni ts. When an a la rm condition exists, 

28V de is applied to the corresponding display window lamps and audible 

speaker driver. 

The test switch on the contro·l console simulates an alarm condition into 

the input logic of every alarm point. Through the operation of the test 

switch and acknowledge pushbutton, the operator can observe the opera

bility of all alarms simultaneously at any time and detect any abnor

malities. Operation of the test function does not effect the normal 

opera ti on of the annunc:i a tor· system. The· system test is conducted once 

.per shift • 
i 
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The Auxiliary Alann System 

The Auxiliary Alann System is a sequential data-operations recorder 
system used primarily for alarming and recording the loss of control 
circuits' potential and the off-nonnal position of valves. This system 

consists of four remote cabinets containing all the input terminals, 

input logic, sequential memory, control logic, magnetic drum, relays, 
power supplies, clock, and hardware necessary to output alann conditions 
to a .Printer located in ·the Control Room. 

The system capacity is 960 inputs. Each input is provided with relays 
to provide electrical isolation. Nonnal conditions involve the appli
cation of 125V de to an alarm point or a closed contact, v1ith the loss 
of 125V de or contact opening causing an alarm condition. 

An alarm is printed out on the printer as follows: 

1. The time of the event in hours, minutes, seconds, and milliseconds. 

2. A four digit number identifying the input causing the printout. 

3. Alann Status - an A, N, T, or S to indicate the event is an Alann, 
return to Nonnal, Test of Summary print. 

4. Legends - up to 47 characters of storage is provided to label the 

event. 

Up to 20 rapid events can be sequenced. The time of the occurrence is 
stored until the alann is printed. This system will scan each input 
once every 1.4 milliseconds. 

This system is powered by two separate 115V ac supplies and redundant de 
power supplies. Loss of either 115V ac feed or de power supply results 
in an alann being initiated internal to the system as well as to the 
Overhead Annunciator Sy stem. 
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A ground detection unit is supplied which will detect chassis or earth 

ground either the positive or negative side of the alarm potential power 

supply. An alarm on the Ov~rhead Annunciator system also indicates when 

the Auxiliary System is printing~ 

A test button is provided on the printer which initiates a test print 

and checks one input circuit plus the serial, or common circuitry of the 

system. The same test can be i ni ti ated automatically every hour. 

Actual events will take priority over the te.st function. 

An alarm summary request can be initiated on demand by the operator to 

obtain a summary printout of all events currently in the 11 alann 11 

status. New events occurring during an alarm sum111ary printout have 

priority and ~Jill interrupt the alarm summary. Upon completion of the 

printing of new events, the alann summary will resume printing. 

To facilitate operation of the plant, certain alanns are located on 

pushbutton control satations on the control console. These alarms are 

located to facilitate irilmedi ate corrective action and are actuated by 

either the process control systems or the plant motor controls. 

An alarm signal causes a back-lighted pushbutton to flash and the 

console audible alanri to sound until acknowledged by the operator. 

Acknowled~ement of an alarm condition causes the audible signals to be 

silenced and the alarm pushbutton to remain lit. When the alann con

dition is cleared, the console audible rinb-back signal sounds and the 

back-lighted pushbutton flashes:again. Acknowl~dgement silences the 

audible signal and turns off the back-lighted pushbutton. 

To facilitate the location of any pushbutton in alarm, the control 

console is divided into six sections, referred to as Audible Alarm 

Groups. Each group or console sec ti on has a bullseye indication 1 i ght 

at the top to direct the operators attention to that specific section of 
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the control console containing the pushbutton in alann. ·One cabinet 
contains the tenninals, power supply and six outputs to actuate each 
individual Group Audible Alann indicating light and audible signal. 

The process control systems provide alanns via four separate and 
independent alann interface cabinets, one per process control group, 
each containing all the necessary input tenninals, alarm logic, power 
supplies, and hardware to actuate the associated console alarms. The 
alarm cabinets are connected to the pushbutton stations via plug-in 
cables. 

Each alann cabinet is powered by two 115V ac, 60 Hz feeds, which feed 

redundant de power supplies. The outputs of both power supplies are 
diuode auctioneered to a common bus. Each ac feed and de potential is 

monitored and will actuate an alarm on the auxiliary annunciator sysem 
upon loss of voltage. 

The alarm logic is entirely solid state design for increa.sed relia
bility. Each alarm point can be actuated from either a normally closed 
initiating contact or by the application or removal of 115V ac or 125 

de. A contact change of state or change in voltage level indicates an 

ala.rm condition until it returns to its normal state. Alarm contacts 
are monitored by internally supplied i25V de. 

The pl ant motor control systems provide for numerous al arms from various 
plant systems. These alanns are initiated by field contacts which are 
monitored by the internal relay logic of the system to actuate the 
associated pushbutton alan11. These alarms are either of the ring-back 
type as previously described or of the non-ring-back type. 

This system is supplied from 115V ac, 125V de and 28V de sources. There 

are no internal power supplies. Each 28V de control circuit is 
protected by the use of independent breakers. 
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7.7.3 SYSTEM DESIGN EVALUATION 

7.7.3.1 Unit Stability 

The Rod Control System is designed to limit the amplitude and the fre

quency of continuous oscillation of coolant average temperature about 

the control system setpoint within acceptable values. Continuous oscil-

1 ati on can be inducted by the introduction of a feedback control loop 

with an effective loop gain which is either too lar~e or too small with 

respect to the process transient response, i .e, instability induced by 
the control system itself. Because stability is more difficult to 
maintain at low power under automatic control, no provision is made to 
provide automatic control below 15 percent of full power. 

The control system is designed to operate as a stable system over the 

full range of automatic control throughout core life • 

7.7.3.2 Step Load Changes Without Steam Dump 

A typical power control requirement is to restore equilibrium con

ditions, without a trip, following ·a plus or minus 10 percent step 
change in 1 oad demand, over the 15 to 100 percent power range for 
automatic control. The design must necessarily be based on conservative 
conditions and a greater transient capability is expected for actual 

operating condi"ti ans. A load demand ~reater than ful 1 power is prohi

bited by the turbine control load limit devices . 

. The function of the control system is to minimize the reactor coolant 

average temperature deviation during the transient within a given value 

and to restore average temperature to the programmed s2tpoint within a 
given time. Excessive pressurizer pressure Variations are prevented by 

using spray and heaters in the pressurizer . 
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The margin between over-temperature 8T set point and the measured 8T is 
of primary concern for the step load changes. This margin is influenced 
by nuclear flux, pressurizer pressure, reactor coolant temperature, and 
temperature rise across the core. 

7.7.3.3 · Loadirig and Unlo~ding 

Ramp loading and unloading of 5 percent/minute can be accepted over the 

15 to 100 percent power range under automatic control without tripping 
the plant. The function of the control system is to maintain the 

coolant average temperature and pressure as functions of turbine
generator load. The minimum control rod speed provides a sufficient 
reactivity insertion rate to compensate for the reactivity changes 
resulting from the moderator and fuel temperature changes. 

The coolant average temperature increases during loading and causes a 
continuous insurge to the pressurizer as a result of coolant expansion. 
The sprays limit the resulting pressure increase. Conversely, as the 
coolant average temperature is decreasing during unloading, there is a 
continuous outsurge from the pressurizer resulting from coolant con

traction. The heaters limit the resulting system pressure decrease. 
The pressurizer level is programmed such that the water level is above 
the set point at which the heaters cut out during the loading and 
unloading transients. The primary concern during loading is to limit 
the overshoot in average coolant temperature and to provide sufficient 
margin in the overtemperature 8T setpoint. 

The automatic load controls are designed to safely adjust the unit 
generation to match load requirements within the limits of the unit 
capability and licensed rating. 
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7.7.3.4 Loss of Load With Steam Dump 

The Reactor Control System is designed to accept load reduction not 
exceeding 50 percent for which no reactor trip or turbine trip should be· 
actuated. 

The autolilatic steam dump system is able to accommodate this abnormal 

load rejection and to reduce the effects of the transient imposed upon 
the Reactor Coolant System. The reactor power is reducd at a rate 
consistent with the capability of the Rod Control System. Reduction of 
the reactor power is automatic down to 15 percent of f~ll power. The 
steam dump flb\>I reduction is as fast as RCCA's are capable of inserting 
negatave reactivity. 

The pressurizer power operated relief valves might be actuated for the. 

most adverse conditions, e.g., the most negative Doppler coefficient, 
and the minimum incremental rod worth. The relief capacity of the power 
operated relief valves is sized large enough to limit the system 

! 

pressure to prevent actuation of high pressure reactor trip for the 
above conditions. 

7.7.3.5 Turbine-Generator Trip With Reactor Trip 

Whenever the turbine-generator unit trips at an operating level above 10 

percent power, the reactor also trips. The unit is operated with a 

programmed average temperature as a function of load, with the full load 

average temperature significantly greater than the saturation temper

ature corresponding to the steam generator pressure at the safety valve 
setpoi nt. The thermal capacity of the Reactor Cool ant System is greater· 
than that of the secondary system, and because the full load average 
temperature is greater than the no load steam temperature, a heat sink 
is required to remove heat stored in the reactor coolant to prevsnt 
actuation of steam generator safety valves for a trip from full power • 
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This heat sink is provided by the combination of controlled release of 
steam to the condenser and by makeup of cold feedwater to the steam 
. 

generators. 

The steam dump system is controlled from the reactor coolant average 
temperature signal whose setpoint values are reset upon trip to the no 
load v~l ue. Actuation of th~ steam dump must be rapid to prevent 
actuation of the steam generator safety valves. With the dump valves 
open the average coolant temperature starts to reduce quickly to the no 
load set point. A direct feedback of temperature acts to proportionally 
close the valves to minimize the total amount of steam which is bypassed. 

Following the turbine trip, the steam voids in the steam generator will 
collapse and the fully opened feedwater valves will provide sufficient 
feedwater flow to restore water level in the downcomer.· The feedwater 
flow is cut off when the average coolant temperature decreases below a 
given temperature value or when the steam generator water level reaches 

• 

a g i ve n high le ve 1 • • 

Additional feedwater makeup is then controlled manually to restore and 
maintain steam generator water level while assuring that the reactor 
coolant temperature is at the desired value. Heat removal is maintained. 

by the steam header pressure controller (manually selected) which 
controls the amount of·steam flow to the condensers. This controller 
operates a portion of the same steam dump valves to the condensers which 
are used during the initial transient following turbine and reactor trip. 

The pressurizer pressure and level fall rapidly during the transient 
because of cool ant contraction. The pressurizer water 1 evel is pro
grammed so that the level following the turbine and reactor trip is 
above the low level safety injection setpoint. If heaters become 
uncovered following the trip, the Chemical and Volume Control System 

will provide fuli charging flow to restore water level in the pres-
surizer. 
norma 1. 

SGS-UFSAR 

Heaters are then turned on to restore pressurizer pressure to 
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7.7.3.6 Incore Instrumentation 

The in-core instrumentation system consists of thennocouples, positioned 
to measure fuel assembly coolant outlet temperature at preselected 
locations; and flux thimbles, which run the length of selected fuel 
assemblies to permit measurement of the neutron flux distribution within 
the reactor core. The design calls for 65 thennocoupl es and 58 flux 

thimbles. The high pressure seals for the thenilocouples and flux 

thimbles are shown on Figure 7.7-5. 

The data obtained from the in-core temperature and flux distribution 

instrumentation system, in conjunction with previously detennined 
analytical information, can be used to determine the fission power 
distribution in the core at any time throughout core life. This method 
is more accurate than using calculational techniques alone. Once the 

fission power distribution has been established, the maximum power, 

output is primarily determined by thermal power distribution and the 
thennal and hydraulic limitation which determine the maximum core 

capability. 

The in-core instrumentation provides infonnation which may be used to 

calculate the coolant enthalpy distribution: the fuel burnup dis
tribution; and to estimate the coolant flow distribution. 

Goth radial and azimuthal symmetry of power distributions may be 
eva 1 uated by comparing the detector and thennocoupl e inf onnati on from 

one quadrant with similar data obtained from the other three quadrants. 

7.7.3.6.1 Thennocouples 

Chromel-alumel thennocouples are threaded into guide tubes that pene

trate the reactor vessel head through seal assemblies, and tenninate at 
the exit flow end of the fuel assemblies. The thennocouples are 
enclosed in stainless steel sheaths within the guide tubes to facilitate 
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replacement when necessary. Thennocouple readings are monitored by the 
computer with backup readout provided by a precision indicator with 
manual point selection. Infonnation from the incore instrumentation is 
a vai 1 able even if the comp~ter is not j n service .. The support of the 
thermocouple guide tubes in the upper core support assembly is described 
in Chapter 3. 

7.7.3.6.2 Moveable Miniature Neutron.Flux Detectors 

Miniature neutron flux detectors, remotely positioned in the core, 
provide remote readout for flux mapping. The basic system for the 
insertion of these detectors is shown in Figures 7. 7-4 and 7. 7-6. 

Retractable thimbles, into which the miniature detectors are driven, are 

pushed into the reactor core through conduits that extend from the 
bottom of the reactor vessel down through the concrete shield area, then 

to a thimble seal table. 

The thimbles are closed at the leadi·ng ends, are dry inside, and serve 

as the pressure barrier between the reactor water pressure and the 
atmosphere. Mechanical seals uetween the retractable thimbles and the 
conduits are provided at the seal line. 

During reactor operation, the retractable thimbles are stationary. They 

are extracted downward from the core during refueling to avoid inter

ference within the core. ·A space above the seal line. is provided for 

the retraction opera ti on.· 

f he drive system for the insertion of the mini a tu re detectors consists 
of six combinations of drive assemblies, five-path rotary transfer 
devices, and ten-path rotary transfer devices, as shown in Figure 
7.7-u. fhe drive system pusned hollow. helical-wrap drive cables··into 
the core. Miniature detectors are attached to the leading ends of the 
cables and small diameter sheathed coaxial cables threaded through the 

hollow centers back to the ends of the drive cables. iach drive 
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assembly consists of a gear motor which pushes a helical-wrap drive 
cable and detector through a selective thimble path by means of a 

special drive box which includes a storage device that accommodates the 
total drive cable length. Further infonnation on mechanical design and 

support is provided in Chapter 3. 

The control and readout system provides means to rapidly traverse the 

miniature neutron detectors to and from the reactor core at seventy-two 

feet per minute, and to traverse the reactor core at twelve feet per 

minute, while plotting the thermal neutron flux versus detector 

position. The control system consists of two sections: one physically 

·mounted with the drive units, and the other contained in the control 
room. Limit switches in each tubing run provide signals to the path 
display to indicate tile active detector path durin~ the flux mapping 
operation. Each gear box drives an encoder for position indication; 
One five-path group path selector is provided for each drive unit to 

route the detector into one of the flux thimble groups or to storage. A 

ten-path rotary transfer assembly is used to route a detector into any 

one of up to ten selectable thimbles. Manually operated isolation 

valves on each thimble allow free passage of the detector and drive 

cable when open. When closed, these valves prevent steam leakage from. 

the core in case of a thimble rupture. Provision is made to separately 

route each detector into a common flux thimble to permit cross cali

bration of the detectors. 

The Control Room contains the necessary equipment for control, position 

indication and flux recording. Panels are provided to indicate the 
position of the detectors, and for plotting the flux level versus the 
detector position. Additional panels are provided for such features as 

drive motor controls, core path selector switches, plotting and gain 

controls. A 11 flux-mapping 11 operation consists of selecting (by panel 

switches) flux thimbles in given fuel assemblies at various core loca
tions. The detectors are driven to the to~ of the core and stopped 
automatically. An x-y plot (position vs. flux level) is initiated with 
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the slow withdrawal of the detectors through the core from top to a 
point below the bottom. In a similar manner, other core locations are 
selected and plotted. 

Each detector provides axial flux distribution data along the center of 

a fuel assembly. Various radial positions of detectors are then com
pared to obtain a flux map for a region of the core. 

The thimbles are distrubuted nearly uniformly over the core, with about 
the same number of thimbles in each quadrant. The number and location 
of these thimbles have been chosen to permit measurment of local to 
average peaking factors to an accuracy of + 10 percent (95 percent 
confidence). Measured nuclear peaking factors will then be increased by 
10 percent to allow for possible instrument error. The DNB ratio cal
culated with the measured hot channel factor will be compared to the DNB 
ratio calculated from the design nuclear hot channel factors. If the 

• 

measured power peaking is larger than expected, reduced power capability • 
will be indicated. 

This unit wi 11 have the capabi 1 i ty for using fixed in-core detectors, if 
required. 

7.7.3.7 Operating Control Systems 

7.7.3.7.1 Control Room Availability 

The Control Room is designed to be available at all times. Safe 
occupancJ of the Control Room during an abnonnal condition is provided 
in the design of the Auxiliary Building. Adequate shieldin~, ven
tilation and air conditioning are used to maintain the environment 
within established limits (see Section 9.4). 

To limit the possibility and potential magnitude of a fire in the 
Control Room, Relay Room or Control Equipment ~oom, many precautions are • 
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taken. l\lon-combustible materials are used in construction. Control 
Room furnishings are of metal construction. The control console and 

side panels are made of steel. Combustible supplies, such as records, 
logs, procedures, manuals, etc., are limited to the number required for 
station operation. All areas of the Control, Relay and Control Equip
ment Rooms are readily accessible. Portable fire extinguishers and 
breathing apparatus are provided. The Control Room is occupied at all 
times by an operator who has been trained in fire fighting techniques. 
Detectors sensitive to smoke and combustion are installed in the Control 
Room, control console, ventilation plenum and throughout the Relay and 

Control Equipment Rooms. Fire detection alarms are provided in the 

Control Room with indication of the detector zone actuated. Further 

description of the fire protection provisions is given in Section 9.5. 

The probability of the Control Room becoming inaccessible as a result of 
any cause is considered extremely small. If the operator must leave the 
Control Room, however, operating procedures require that he trip the 
reactor and turbine generator prior to leaving, thus ensuring control at 
the Hot Shutdown Control Stations. If necessary, the required trips can 

be accomplished at locations outside the Control Room. 

7.7.3.7.2 Control Room Evaluation 

The Control Room is designed to provide the operator with the controls, 

indications and alarms necessary to control the unit during nonnal or 
abnormal conditions. It is also designed for continuous occupancy, but 
provisions are made to attain and maintain hot shutdown from outside the 
control room. 

7.7.3.8 Secondary System Design Evaluation 

All equipment is designed with highly reliable components. Maximum use 
is made of solid state components in the electronic instruments; spring 
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loaded diaphragm control valves are employed to fail safe on loss of air 

or power. 

All instrumentation and control, \'ktere possible, is installed outside of 

the contail'lllent structure and in locations accessible for inspection and 

maintenance. Automatic control instruments in selected systems are 

provided with uackup manual control. Alarms are provided to warn of 

abnormal conditions. 

REFERENCES FOR SECTION 7.7 

1.---Blanchard, A., Kat.z:, D.N., "Solid State Rod Control System - Full 

Length, 11 WCAP-9012-L (Proprietary), January, 1970 and WCAP-7778 

( lfon-Propri etary). 

2. Blanchard, A., "Rod Position_ 1"1onitoring 11 WCAP-7571, rilarc11, 1971. 
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Rod ·stop 

1. Nuclear 
Overpower 

2. High AT 

3. Low Power 

TABLE 7. 7-1 
ROD STOPS. 

Actuation Signal 

1/4 high power range 
nuclear flux or 1/2 
high intennediate range 
nuclear flux 

2/4 overpower AT or 2/4 

overtemperature AT 

Low turbine impulses 
Pressure 

Rod Motion 
To.Be Blocked 

Automatic and Manual 
Withdrawal 

Automatic and Manual 

Withdrawal 

Automatic Withdrawal 

Actuation of rod stop No. 2 above is accompanied by the initiation of 
turbine load reference reduction • 
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TABLE 7.7-2 (1 of 2) 
OVERHEAD ANNUNCIATOR GROUPINGS 

The alarm groupings are as follows: 

DISPLAY A 
General Alanns - including overhead annunciator power failure, fire 
protection, battery and de control bus, and Auxiliary Alarm System 

Alanns. 

DISPLAY B 
Test Al arms 
Miscellaneous - including Radiation Monitoring, Fresh 

Water and Heating Steam Service Water. 

DISPLAY C 
Containment 
Auxiliary Cooling 

Reactor Coolant Pumps 
Turbine Auxiliary Cooling 

Chemical and Volume Control 

DISPLAY D 

Waste Disposal 
Reactor Coolant System Leak Detection 
Safety Injection 
Nuclear Instrumentation 

DISPLAY E 
Rod Control 

Reactor Coolant System 
Main Steam 
Circulating Water 
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DISPLAY F 

TABLE 7.7-2 (2 of 2) 
OVERHEAD ANNUNCIATOR GROUPINGS 

Reactor Trip First Out 
Turbine Trip First Out 

DISPLAY G 
Turbine and Condenser 
Generator 
Unit Protection 

DISPLAY H 
Main Transfonner 
Auxiliary Transformer 
Station Power Transformer 11 and 12 
Station Power Transformer 1 and 2 

DISPLAY J 

4 kV System 
13 kV System 

DISPLAY K 
13 kV System 
500 kV System 
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8.0 - ELECTRIC POWER 

8.1 INTRODUCTION 

8.1.1 UTILITY GRID SYSTEM AND INTERCONNECTIONS 

Each unit generates electric power at 25 kV which is fed through an 

isolated phase bus to the main transformer bank where it is stepped up 

to 500 kV and delivered to the switching station. The 500 kV switching 

station design incorporates a breaker-and-a-half scheme for high 

reliability and is connected to three 500 kV transmission lines. Two 

transmission lines go north, via separate right-of-way, to two of 

PSE&G 1 s major switching stations, New Freedom and Deans. The New 

Freedom Switching Station is solidly connected to the PSE&G 230-kV bulk 

power system via three 500/230-kV autotransformers. Deans Switching 

Station is also connected to the PSE&G 230-kV bulk power system via 

three autotransformers but in addition, it is connected to the PJM 

500-kV interconnected system. The third transmission line serves as a 

tie line to the adjacent Hope Creek 500-kV switchyard which is also 

integrated into the PJM 500-kV interconnected system. 

8.1.2 ONSITE POWER SYSTEMS 

The Onsite Power System for each unit consists of the main generator, 

the auxiliary power and station power transformers, the diesel 

generators, the group and vital bus sections and their related 

distribution systems. The 4160 volt vital buses, which feed safeguards 

equipment, are energized by either station power transformer served by 

the 13 kV ring bus. Preferred power is supplied to the 13 kV ring bus 

by two sources from the switchyard and also by an onsite 40 MW gas 

turbine generator . 
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Safeguards loads are divided among the vital buses in three independent 

load groups, each of these load groups is provided with a diesel gener-

ator which serves as a standby power supply in the event that the 

pre-ferred source is unavailable. 

Each unit has a 125 VDC power system to provide power to safeguards 

loads. This system also supplies power through inverters to the 115 

VAC instrument buses. In addition, each unit is provided with a 250 

voe power system and a 28 voe control system. 

8.1. 3 SAFEGUARDS LOADS 

Safeguards loads are identified on the following figures: 

Load Group 

4160 VAC 

460 VAC 

230 VAe 
28 voe 

125 voe 

8.1.4 DESIGN BASES 

8.1.4.1 General 

Figure No. 

8.3-4 

8.3-4 

8.3-5 

8.3-6 

8.3-7 

The plant has been designed to be capable of being safely shut down 

from full power in the event of the loss of all offsite power sources. 

Redundant and independent onsite power sources are provided to insure 

the availability of the necessary power for shutdown systems. Total 

loss of all onsite and offsite AC power~js not a design basis event. 
·h~~:;:~~. 
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1. The di stri buti on system for each unit and the network interconnections 

are designed, fabricated, and erected with sufficient independence, 

redundancy, capacity, and testaMlity to provide reliable power to unit 
auxiliaries during startup, operation and shutdown. The Class lE por
tion of the distribution system of each unit is designed to r.ieet the 

intent of "IEEE No. 308, Criteria for Class lE Electric Systems for 
Nuclear Power Generating Stations". 

• 

• 

Onsite electrical systems and components vital to plant safety, in

cluding the emergency diesel generators, are designed so that their 

integrity is not impaired by a design basis earthquake, high winds, 

floods or disturbances on the electrical system. Power, co.ntrol and 

instrument cabling, motors and other electrical equipment required for 

operation of the engineered safety features are suitably protected 

against the effects of either a nuclear system accident or of severe 

external enviromental phenomena in order to assure a high degree of 

confidence in the opera hi l i ty of such components in the event their use 

is required. Considerations which reflect the above requirements and 

which have been incorporated in the electrical system are evidenced by 

the following: 

1. The enclosures for motors and electrical switchgear suit the local 

conditions and are designed in accordance with speci fi cations issued 

by the National Electrical Manufacturers Association (NEMA}. All 

electrical equipment operates within its rated limits. 

2. All switchgear is of netal-clad construction. The 4160 V and 460 v
switchgear control power is taken from the station 125 V DC 

sources. Each breaker cubicle is separated fron the adjacent 

cubicle by metal barriers and each bus section is physically 

separated from all others. Vital switchgear, unit substations, and 

SGS-UFSAR 8.1-3 Revision 0 
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motor control centers are confined to Seismic Category I areas. 
Separation of redundant power equipment has been maintained through
out the plant. This equipment is coordinated electrically to permit 
safe operation under nonnal, overload, and short circuit conditions. 

The station batteries.and associated chargers are in separate rooms 

within a Seismic Category I structure. 

3. Adequate communications systems are provided for station operating 

personnel which include a page and party line communication system, 

a direct dial telephone system with Telephone Company central office 

tie lines, and a system of portable transceivers with fixed 
repeaters. Sound-powered phones are also provided. 

8. 1. 4. 2 Cab 1 i n g 

Further information for protection circuits is presented in Chapter 7. 

8. 1.4. 1.2 Cable Ratings 

"Power Cable Ampacity11
, AIEE Pub. No. 5-135-1/IPCEA pub. No P-46-426 has 

been explicitly used as the criteria to determine allowable cable 
ratings as appropriate for tray, conduit and raceway applications. A 
further derating factor of 0.90 has been used for sizing cable for addi
tional conservatism. 

Power and control cable insulation selection was based on an optimum 
combination of insulation, fire resistance, and non-propagation quali
ties. Appropriate instrumentation cable~ are shielded to minimize in
duced voltage and magnetic interference. 

8. 1.4.2.2 Fire Protection 

SGS-UFSAR 8. 1-4 Revision: O 
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In areas where safety-related cables are installed, the following fire 
protection and/or detection is provided: 

1 •. Electrical Switchgear Rooms and Penetfation Areas - ionization type 
products of combustion detectors, manually operated C02 total flooding 
systems~ 

2. Relay Room (cable spreading rooms) - ionization type products of 
combustion detectors and independent Halon 1301 fire extinguishing 
system which is actuated either automatically upon receipt of a 
coincident signal from both zones of the cross zone fire·detection 
system, or manually by either operati.on of a remote pull station or by 
depressing the STRIKE button on the Halon system control panel. 

3. Control Room - ionizadon type products of combustion detectors and 
manual fire alarm pull-stations. 

4. Diesel Generator Compartments - rate of rise thermostats and automatic 
C02 total flooding systems • 

At all fire barrier walls, floors, and ceilings, fire stops are provided 
for all openings through which cables pass. A fire detection system is 
installed in critical areas throughout the station. Additional information 
regarding fire protection is presented in Section 9.5.1. 

8.1.4.2.3 · Marking 

The cable identification system provides distinctive markings in order to 
readilJ enable detection of any violation of the i~dependence criteria, by 
visual inspection. It provides that a cablemark channel (for such non
safety related cables that run with safety-related cables), be applied to 
each cable as it is installed. The locations for these tags are: (1) at 
each end; (2) in the vicinity of each traymark of the.route; (3) both sides 
of penetrations of walls, etc.; and (4) at the entrance and exit of all 
conduit or duct runs. Installation conformance to design criteria is 
assured by quality control surveillance during installation and separate 
audits performed after installation as indicated in Section 8.1.4.2.6 • 
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To facilitate installation audits by others, colored tape is employed to 

offer further evidence of conformance to the independence criteria. The 

colored tape is applied, during installation, adjacent to the cablemark 
tags indicated above and will serve for construction conformance pur

poses only. The tape is a different solid color for each of the four 
safety related channels and the same four colors striped for the associ
ated non-safety related channels (when non-safety related cables are run 
with safety related cables, as noted in Section 8. 1.4.2.4). 

Cable identifications consist of a series of alphanumeric digits associ

ating with its system, origin, or function. Safety related cables, and 

non-safety related cables which are run with safety~related cables, are 

suffixed by a 11
-

11 and a letter indicating channel. These cables must 

follow the rules for routing described below. 

Identifying Mark No. 

1A4D-A 
(Power Cab le) 

1RMS48-GT 
(Control Cable) 

Examples 
Digits (s) 

l 

A 

4 

D 

. -A 

1 

RMS 
48 
-G 

T 

Significance 

Unit No. 
Bus designation 

Breaker Position 

Voltage Level 

Safety Related Channel A 

Unit No •. 
Radiation Monitoring System 

Sequential Designation 
Non-Safety Related Channel G 
Digital Signal 

Each cable tray run has its own five digit identification number. This 

number defines the unit number, building, elevation, and general area. 

This number will also appear on cable schematics and on cable and con
duit schedules. Safety-related trays are color coded to distinguish the 
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safety from the non-safety related cable trays. In addition, all wire
ways containing safety related cables are distinctly identified as such • 

8. 1.4.2.4 Separation In-Plant 

The routing of control, instrumentation, and power cables is such as to 
minimize their vulnerability to damage. Power and control cables are 

distributed from the switchgear and control areas by means of rigid 
metal conduits or ladder type cable trays. 

Three separate trays are provided for 4160 V, 460 V and 230 V power, 
control and instrumentation cables. 4160 V power cables are limited to 
a single layer, 460 V power cables are limited to two layers and 230 V 
power, control and instrumentation trays are not filled above t.he side 
rails. 

Four independent protection channels, A, B, C and Dare provided.· In 
general, the design criteria· is a mini mum .vertical and horizontal 

spacing between redundant trays of 18 11 and 12", respectively, with ad
ditional design conservatism as indicated below. Vertical tiers and 

crossing of redundant trays are generally avoided. When redundant trays 
cross each other at less than 18", a fire resistant blanket is provided 
on the top of the lower trays, extending a minimum of 24 inches beyond 
each side of the crossover. Dissimilar channel designated safety re
lated trays are color coded at crossover points. 

There are 3 instances in the Salem Units where 460 V power cable trays 
run beneath control cable trays in a vertical tier. These instances do 

not involve cables from different safety related channels. The Salem 
tray design criteria is such that cable trays are arranged in order of 
ascending voltage except where it is not possible to do so. In these 
cases a fire resistant barrier has been provided in the upper tray • 
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Extensive flame tests performed.on the cables proved that the combina
tion of cable construction and minimum spacings used is adequate to 

. prevent propagation of fire. 

Even though the tests have proved the 18" vertical spacing as acceptable 
when redundant cables are involved, an additional fire resistant blanket 
is provided for each tier (except bottom tier) in the control room, 
relay room and all other congested areas where the vertical spacing is 
18 11 or less. The blanket is a fire resistant type and will prevent 
propagation of fire. 

' In general, the ordinal arrangement of trays is higher voltage trays on 
top with control cable trays.at the bottom. 

The safety-related cables are physically separated in accordance with 
channel designations, A, B, C and D; non-safety related cables are 
routed, if necessary, in trays containing safety-related cables as 
follows: 

E with B 
F II c 
G 

H 

II 

II 

D 

A 

Where E, F, G and Hare the non-safety related cables. 

The grouping of penetrations in the electrical penetration area and the 
selection of conductors for each penetration follows the criteria 
established for the separation of redundant cables and provides for the 
implementation of these criteria for the cables approaching and leaving 
the area. 

Written design and installation procedures are established to assure 

that non-safety related cables only run with one safety-related channel • 
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8.1.4.2.5 Separation in Control Areas and Components 

The control boards, panels and relay racks have been designed to provide 
independance and separation necessary to fulfill the single failure 
requirement of IEEE 279 11 Criteria for Protection System for Nuclear 
Power Generating Stations 11

• 

Control Console 

The control console is a free standing unit that is totally enclosed 

including a dropped floor with a steel bottom plate. All cables 
entering the console pass through sealing bushings installed in the 

steel bottom plate on six-inch centers. Up to eight cables may pass 
through a numbered sealing bushing; however, only cables of the same 
separation designation are permitted in a single bushing. Safety 
related and non-safety related cables may be assigned to the same 
bushing in accordance with the criteria stated above. 

Once in the console, cables are assigned to a four-section cable lattice 

arrangement with supports which have a minimum center to center distance 

of 1-7/8 inches and are two inches high. Cables go through the lattice 

to the plug-in instruments. The lattice is assigned separation designa

tions and is also divided horizontally into a numbered grid system. 
Each cable is assigned a separation designation, a bushing, and a 
lattice position number. Therefore, the location and path of each cable 
in the console is individually defined. Installed cables are fastened 

to the lattice supports. 

The plug-in cables terminate at the rear of the console-mounted equip
ment. All pushbutton stations and vertical indicators plug into 
indentical steel housings which have a rear-mounted receptacle for the 
plug-in cable • 

SGS-UFSAR 8. 1-9 Revision: O 
July 22, 1982 



The steel housings provide physical separation for aqjacent push~utton 

stations or indicators. There are no exposed temi nations associated 

with the control stations and indicators· 

Each pushbutton station has functions associated with one separation 

designation. The minimum center-to-center di stance b~tweep the double 

barriered control station housings is 1-1/2 inches and is based on the 

use of low voltage controls and special teflon insulated plug-in 

cables. This minimum distance occurs at the entrance to plug-in modules 

containing tenninations which (Ire enclosed in a steel housing. From th~ 

modules, the cables are separated in the lattice system described above 

which provides for specific routing of the cables to the floor bush-

; ngs. Redundant cables are 11 fanned out 11 from the modules to achi'eve a 

greater separation as soon as practical; however, the separation is 

never less than 1-1/2 inches, center to center. Safety related wiring 

other than the plug-in cables is run in conduit. 

The reactor trip swithces' wiring is not of plug-in cable construction. 

Reactor trip wiring is run in conduit (using two separate paths for the 

two trains} from the entrance to the console up to the s\'ritches. Wiring 

for redundant functions is separated by using the front and rear decks 

of the multi-deck S\'.'itch. 

Each circuit in the 28 VDC logic system is protected by circuit breakers 

of 0.5 to 2.0 amps. Current overload tests have been perfonried on the 

multi-conductor plug-in cable based upon the calculated current which 

would occur if the circuit protection failed to interrupt a short 

circuit due to failures in the pushbutton control stations. These tests 

showed that a fault occurring in a pushbutton control station coµld not 
cause a fire in the console space. 

Within the console, color coding is used to identify the cables and 

connectors associated with each of the four safety and non-safety 
related channels. 
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• 
Panels and Racks 

Redundant safety-related components/wiring are generally located in 
physically separated panels or racks. For those exceptions where 
redundant components/wiring are located in the same panel, and are 
required for completion of a protection action then the components' 
design, the materials and the wiring arrangement are such that the 
possibility of propagation of an electrical failure/fire from one 
separation group to the redundant one is minimized. Color coding is 

used to identify panels and racks containing sensors and logic for 
reactor protection and safeguards actuation. 

8.1.4.2.6 Quality Assurance 

In addition to the specifications and drawings, documents are prepared 
to identify the requirements for implementation of the design and con
struction criteria. These documents are prepared or approved by the 
responsible engineer and are further reviewed and approved by the re-

• sponsible supervisory engineering personnel prior to their release. 

• 

The following procedures are established to verify that the cable 
installation is in accordance with the applicable criteria: 

1. Each cable has a "pulling card" which shows the cable number, 

segregation code and cable routing. The foreman of each crew 
installing the cable signs each card, certifying that the cable has 
been installed as specified. 

2. The Field Quality Control Group's surveillance of the field in
stalled cable assures proper identification and routing. 

3. Random audits are performed by Nuclear Operations Quality Assurance 

on the cable system to insure that they have been installed as 
specified • 
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8.1.5 PENETRATIONS 

Electrical penetrations comply with IEEE-317-1971. A fuse is placed in 

series with the primary interrupting device for select electrical pene
tration circuits. This provides a second level of overcurrent protection 
for the respective penetration assembly where deemed necessary. 
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8.2 OFFSITE POWER SYSTEM 

8.2.l DESCRIPTION 

Each unit generates electric power at 25 kV which is fed through an 
isolated phase bus to the main transformer bank where it is stepped up to 
500 kV and delivered to the switching station. The 500 kV switching 
station design incorporates a breaker-and-a-half scheme for high 
reliability and is connected to three 500 kV transmission lines. Two 
transmission lines go north via separate rights-of-way to two of PSE&G 1 s 
major switching stations, New Freedom and Deans. The New Freedom Switching 
Station is solidly connected to the PSE&G 230. kV bulk power system via 
three 500/230 kV autotransformers. Deans Switching Station is also 
connected to the PSE&G 230 kV bulk power system via three autotransformers 
but in addition, it is connected to the PJM 500 kV interconnected system. 

The third transmission line serves as a tie line to the adjacent .Hope Creek 
500 kV Switchyard which is also integrated into the PHM 500 kV 
inter.connected sys tern~ A 11 three 500 kV power l i nes are available for 
either or both units. 

Site transmission lines are routed as shown on Figure 8.2-1. A one-line 
diagram of the 500 kV switching station electrical system is shown on 
Figure 8.2-2. 

There are no present plans to incorporate automatic load dispatching for 
the Salem units. 

8.2.2 ANALYSIS 

Reliability considerations to minimize the possibility of power failure due 
to faults in the network interconnections and the associated switching are 
as follows: 

1. Each of the three transmission lines takes a separate route to its 
destination • 
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2. The breaker-and-a-half switching scheme in the 500 kV switching 
station. 

3. Primary and backup relaying systems have been provided for each 
circuit along with circuit breaker failure protection. 

4. Two independent DC circuits are provided for each 500 kV breaker from 
the two independent and separate sources of DC control power which are 
supplied to the 500 kV switchyard from the station batteries. Loss of 
either DC source will not prevent connection of the station auxiliary 
power system to a 500 kV source. 

System network performance has been analyzed and evaluated on a computer 
model for critical three-phase faults cleared by primary relay protection. 
The.Salem nuclear units are stable for the following postulated conditions: 

a. Loss of One Salem Nuclear Unit 

For the loss of one of the two Salem nuclear units (i.e., a 
fault in the generator or in its step-up transformer), the 

·remaining Salem nuclear unit is stable. From the stability 
standpoint, the loss of a Salem unit is less severe than the 
loss of the most critical line as described below. 

b. Loss of Largest Generating Unit on the Grid 

The largest generators on the system are the Salem units. 
Therefore, the results of 11 a11 above apply. 

c. Loss of the Most Critical Transmission Line 

SGS/UFSAR 

There are three 500 kV transmission outlets from Salem 
Generating Station, one to New Freedom Switching Station, 
one to Deans Switching Station and one to the adjacent Hope 
Creek 500 kV Switchyard. 
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For stability analysis purposes, a three-phase·fault at Salem 
was simulated on each of the three 500-kV circuits. A fault on 
the Salem-Hope Creek 500-kV line is the most critical line 
fault in evaluating ~alem stability. For a fault on this line, 
the Salem units will remain stable. 

The above considerations minimize the possibility of loss of more than one 
offsite power source. In the event of a loss of all offsite power sources, 
the engineered safeguards systems will be supplied from the standby AC 
power supply (see Section 8.3.1.5). 

The following material addresses the hypothetical station blackout in 
accordance with NRC Generic Letter 81-04. In general, no credible 
mechanism has been identified which would lead to a total loss of onsite 
and offsite AC power. The plant and system conditions following a 
hypothetical blackout are many and varied. For this reason it is not 
possible to address questions such as the time to restore offsite power, 
the procedure for restoring offsite .and the procedure for restoring onsite 
power. As noted in this chapter generally, co~siderable redundancy is 
included in both the onsite and offsite power systems to prevent a loss of 
AC power. The actions necessary and equipment available to maintain core 

.cooling (with only DC power available) include the following: 

The turbin~ driven auxiliary feedwater pump would be utilized for heat 
removal along with the steam atmospheric relief valves or steam safety 
relief valves. The turbine driven pump requires DC power to be operational 
and is not dependent on component cooling. The steam atmospheric relief 
valves can be manually operated via handwheels. The steam safety relief 
valves are pressure actuated, spring control valves. Required 
instrumentation is powered by vi,tal instrument bus inverters from 
batteries • 
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s·tartup testing of Unit 2 included maintenance of natural circulation 

conditions without AC power. The startup tests indicated that the plant 
can be maintained in a safe condition for a limited time during a total 
loss of AC power. This includes operation without ventilation system 
fans. 

Emergency lighting is provided. throughout various areas of the plant 
where operator action may be required. In a~diti on, 8 hour battery pack 
lights have been provided in selected areas of the plant as part of the 
fire protection progran. Sufficient lighting exists for postulated loss 
of AC power events. No action is required for these.lights to be opera

tional. 
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8.3 ONSITE POWER SYSTEM 

The description in this section is on a unit basis. Unit 1 and Unit 2 
are identical in configuration and differ only in nomenclature. 

The Distribution System for each unit consists of the various auxiliary 
electrical systems designed to provide reliable electrical power during 
all modes of operation and shutdown conditions. The systems have been 
designed with sufficient power sources, redundant buses, and re qui red 
switching to provide reliable electrical power. 

A one-line diagram of the station's electrical distribution system i~ 
shown on Figure 8.3-1, which indicates that power to supply the station 

electrical requirements is available via the Station Power Transfon:iers 
and the Auxiliary Power Transfon:ier. 

The Offsite Power System in combination with the onsite distribution has 

been shown by analysis and test to possess sufficient capacity and capa
bility to automatically start and subsequently operate all safety loads 

within their voltage ratings for anticipated transients ~nd accidents. 
The worst sustained under-voltage condition in the distribution system 

was found to occur with a severely degraded 500 kV off site system simul -
taneous with a concurrent LOCA on Unit 2 and Unit trip on Unit l (or 
vice versa). This under-voltage condition results from the automatic 
transfer of the group buses.from the auxiliary power transforr.lers to the 

station power transfon!ler and the automatic start of the required vital 
bus loads. The 4160 V undervoltage protection system is described in 

Section 8.3.1.2. 

8.3.l AC POWER 
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8.3.1.1 Station Power and Auxiliary Power Transformers 

The 500-13 kV Station Power Transformers are connected to different bus 
sections of the 500 kV Switching Station as indicated in Figure 8.2-2. 
Each has the capacity to start both units at the same time. 

The 13 kV ring bus arrangement is shown in Figure 8.3-2. Sectionalizing 
breakers in this ring bus are normally open and each 500-13 kV transformer 
feeds two (one for each unit) 13-4 ·kv Station Power Transformers. This 
arrangement assures a continuous preferred power supply to each unit in the 
event one 500-13 kV transformer should become inoperable. 

If ~ne of the 500-13 kV transformers is out of service, the 1~ kV ring bus 
breakers can be closed and the remaining 500-13 kV transformer can supply 
the four 13-4 kV transformers for the two units. 

Each 13-4 kV Station Power Transformer connects to a pair of group buses 
and to the three vital. buses. 

The 25-4-4 kV Auxiliary Power Transformer primary side is connected to the 
generator isolated phase bus. Each of the two 4 kV se,condary windings is 
connected to two 4160 V group buses • 

. 8.3.1.2 4160 Volt System 

The 4160 V system is divided into four group bus sections and three vital 
bus sections as shown in Figures 8.3-3A and B. 

-
The group buses feed plant auxiliaries other than engineered safeguards 
equipment.- The group buses are energized by the 13-4 kV Station Power 
Transformers during start-up. After the generator is synchronized to 
the 500 kV system, the group buses are manually transferred to the 
25-4-4 kV Auxiliary Power Transformer. Should a unit trip, each 4160 V 
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group bus automatically transfers from the Auxiliary Power Transformer 
source to the Station Power Transformer ~ource. 

The vital buses are fed directly from either Station Power Transformer 
(13-4 kV)~ During normal operation, two of the vital buses are supplied 
from one Station Power Transformer and the third rrom the other Station 
Power Transformer. The in-feed breakers on each vital bus from the two 
Station Power Transformers are electrically interlocked to prevent 
paralleling both sources through a vital bus. These in-feed breakers 
provide means for transferring between sources in the event of an 
interruption of power from one source. Control power for each of the three 
4160 V vital buses is provided by a normal feed from one battery and an 
emergency feed from another battery through two manually-operated, 
mechanically-interlocked molded case circuit breakers. Each 4 kV vital bus 
provides power to a 460 volt and 230 volt bus. There are no inter
connections between the redundant 460 or 230 volt vital buses. 

The group and vital bus arrangements are shown in Figures 8.3-3A and B, 
8.3-4 and 8.3-4A • 

In the following discussion, component numbers for Unit No. 1 are used. 
The functional description applies to Unit No. 2 as well. 

The 4 kV vital buses are normally energized from either No. 11 or No. 12 
station power transformer through in-feed breakers llASD or 12ASD. In the 
event the normal source to a 4 kV bus becomes unavailable, that bus can be 

' ' 

automatically transferred to its alternate source, provided the following 
conditions are met (assume No. 11 transformer is the normal source): 

lA bus differential or over.load relays have not operated. 
Voltage on the bus is below a predetermined value. 
llASD breaker is open. 
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· lADD breaker {diesel-generator) is open. 

No. 12 station power transfomer is energized. 
SEC bus undervoltage relay has not operated. 

In the event all offsite po\o'er is lost, the standby diesel~generators 

are· automatically started and the nomal in-feed breakers to each 4 kV 
vital bus are opened. When the diesel-generator is up to speed and 

v~ltage, its generator breaker is closed to energize that 4 kV bus. An 
interloCk from the diesel-generator breaker prevents closure of either 

in-feed breaker to that bus, thereby preventing any interconnection 

between redundent 4 kV buses •. 

The above controls and interlocks are in confonnance with the provisions 

of Regulatory Guide 1.6. 

Undervoltage protection on the 4160 V vital buses is provided in two 

levels as described below. 

The first level uses undervoltage relays to sense the loss of offsite 

.power. These relays monitor the 4160 V vital buses. When the voltage 

on these buses drops below. 70 percent of its rated voltage, the under

voltage. relays drop out. The drop-out action of the relays isolates the 

buses from the offsite sources, starts the emergency diesel generator, 

initiates load shedding, and pennits closure of the diesel generator 
breakers. 

The second level of undervoltage·protection is comprised of two sets of 

relays: a set for undervoltage 11 transfer'0 and a set for 
di esel.-generator "blackout" signals. 

The second level undervoltage protection relays react instantaneously 

when the voltage drops below the setpoint of 91 percent of rated 

voltage. There is al so an external timer with adjustable time delay. 

The time delay of the second level undervoltage "transfer" relay is 10.5 
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seconds \'1hen the output of the station power transformers is below 91 

percent of the rated voltage. 

The second level undervol tage 11 bl ackout" relays consist of three under

vol tage relays per unit and one relay for each of the three 4160 V vital 

buses. The time delay of the 11 blackout11 relays is 13 seconds when the 

voltage on the affected bus (or buses) is below 91 percent of rated 

voltage. The output from the tiraer in each bus energizes three auxil-

-iary relays. One auxiliary relay output fro1:1 each bus is combined in a 

two-out-of-three matrix with its redundant counterpa·rt fror;1 the other 

two buses. One of the three two-out-of-three matrices thus fonned is 

assigned to each emergency bus. The output from the two-out-of-three 

1:1atrices signifies that an undervoltage·condition has occurred on at 

least two buses. This intelligence is input to each of the three in

dependent safeguards equipment controllers which act to disconnect the 

offsite power source frora the emergency buses. 

When an undervoltage condition at a 4160 V vital bus (or buses) persists 

below 91 percent of the rated voltage for at 1 east 10. 5 seconds, the 

affected bus ~or buses) is automatically transferred to the alternate 

source by the action of the vital bus "transfer" relay. The vital bus 

"transfer" relays allow the affected bus (or buses) to be transferred to 

the remaining station power transformer before the bus "blackout" relays 

are actuated. If the supply voltage to the vital buses falls below 91 

percent of the rated voltage and a transfer is not accomplished, the 

second level "blackout" relays will provide a signal to start the diesel 

generators~ 

In order to pennit reactor cool ant pump startup, a "Defeat Second Level 

Undervoltage" override is provided in the Control Roora. This override 

remains in effect for approximately two minutes following actuation. 
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8.3.1.3 460 and 230 Volt Systems 

The 460 V auxiliary system feeds most motors from 20 to 300 hp. The 230 V 
system feeds smaller loads and, for convenience of operation, a few motors 
larger than.15 hp. The 4160 V system feeds the 460 V and 230 V systems via 
4160-460 V and 4160-240 V transformers. 

The 460 V and 230 V vital bus systems are divided into three bus sections 
which correlate to their respective 4160 V vital buses~ 

8.3.1.4 115 V AC Instrumentation Power 

Four (4) 115 VAC vital instrument buses derive power from individual 
uninterruptable power system inverters (UPS) to form redundant,"channels for 
reactor.control and protection instrumentation and safety related 
equipment. Each vital instrument bus UPS inverter has an automatic 
transfer switch to divert its vital instrument bus load to an emergency AC 
source on an associated UPS malfunction. This emergency s·ource, which 
supplies 132/120 VAC regulated power through an auto-transformer and 
solatron arrangement, is supplied from a 230 VAC vital MCC by 
administrative control of a normally open circuit brea.ker. 

The DC input power to a vital instrument bus inverter is normally provided 
by an AC/DC converter which is in turn supplied from a 230 VAC vital MCC. 
Each vital instrument bus UPS has an auctioneer unit to divert its inverter 
load to a 125 VDC station battery on an associated AC/DC converter 
malfunction. 

Table 8.3-3 depicts channel designations for each vital instrument bus 
power feed. The 115 VAC control power system for Units 1 and 2 is 
illustrat~d in Figure 8.3-5. 

8.3.1.5 Standby Power Supplies 

The standby AC power source consists of three automatically starting diesel 
generators. Ea~h diesel-generator set supplies power to one 4160 V vital 
bus in the event of a loss of off-site power. The system is shown on 
Figure 8.3-1. 
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The nameplate continuous rating of the diesel-generator units is 2600 

kW, 900 rpm, 4160 V, 3 phase, 60 cycles. The units are sized to handle 

the 1 oads necessary for a desi gri basis 1 ass-of-cool ant accident coi nci
dent with the loss of all a·ffsite power. The diesel-generators are 

desfgned to be ready to acc.ept load within ten seconds after receipt of 
a signal to start. 

The·diesel-generator units are located in the auxiliary building at 

elevation 100 ft. Within the building the diesel-genera~ors are 

isolated from each other and from other equipment in the area hy fire 

walls and fire doors. An automatic co2 fire protection system is 

installed for the protection of the diesel-generator equipment • 

. Separate detE!ctors are located in each compartment so that only the area 

containing the fire is blanketed. 

The two 30,000 gallon fuel-oil storage tanks are located below the 

diesels at elevation 84. Each diesel-generator has its own fuel oil day 

tank with a 550 gallon capacity. The tank is mounted above the unit for 

gravity feed of fuel at startup. Each diesel-generator unit has its own 

lube-oil jacket cooling, ventilation and dual air starting system. 

Cooling water is supplied by the Service Water System. 
.•, 

Any two of the diesel-generators and their associated vital buses can 

supply sufficient power for operation of the required safeguards equip

ment for a design basis loss-of-coolant accident coincident with a loss 

of off site power. Sufficient redundancy is provided in the safety 

features and their assignment to the vital buses so that failure to 

energize any one vital bus does not prevent operation of the required 
minimum safety equipment. 

In addition to the emergency diesel-generators, there is a gas turbine 

generator installed at the site. This unit is rated at approximately 

40 MW and is nonnal ly used for peaking purposes • 
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The gas turbine unit is connected to the auxiliary electrical system 
such that it can be paralleled with the nonnal source of plant start-up 
or standby power. 

Figure 8.3-2 shows the gas turbine connection to the 13 kV ring bus 
system. 

8.3.1.5.l Diesel-Generator Capacity and Loading 

Each diesel-generator unit is rated as follows: 

Continuous 
2000 hr. 
30 r.ii nute 

2600 kW 
2750 kW 
3100 kW 

A detailed and conservative loading study has been perfonned for the 

diesel-generator units using the conditions of a design basis loss-of
coolant accident coincident with a blackout (blackout loads are sig
nificantly less than the loads postulated). Results of the study 
indicate the r.iaxiraura load to be 2750 kW for a maximum of about 30 
minutes duration at which tir.ie the changeover to recirculation is 
cor.1pleted. The tir.ie period beyond 30 minutes, however, is characterized 
by a load no greater than 2600 kW. Tables 8.3-1 and 8.3-2 indicate the 
loads connected during various conditions (LOCA and Blackout, Blackout 
only). 

In addition to prototype tests conducted in the manufacturer 1 s plant, 
testing has been performed at the station to simulate the various modes 
of loading. These tests verified that the specified diesel-generator 
load acceptance criteria have been met. 
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The diesel-generators have the capability to attain rated speed and 

voltage within 10 seconds after receipt of the start signal, and to 
accept load in the sequence shown in Table 8.3-1. The loading control 
system wi 11 automatically energize the required loads within 35 seconds. 

The Safeguards Equipment Control (SEC) System, which controls the load

ing of the diesel-generators, is described in Chapter 7. Control power 

for the controller in each train (A, B and C) is supplied from the 115 

VAC i nstrur.ient bus in that train. 

8.3.1.5.2 Diesel-Generator Control and Trip Functions 

The diesel~generators are started automatically by the safety injection 

signal or indication of a loss of all offsite power to the 4160 V vital 

buses. The latter signal, detennined using 2/3 logic, initiates the 

loading sequence for each vital bus. The loading sequence trips the 

vital bus in-feed breakers and al 1 r.iotor feeder breakers, closes the 

diesel-generator breaker after the unit comes up to rated speed and 

voltage, and connects the re qui red safeguard loads in a predetenni ned 

sequence. The loading sequence logic for each vital bus is separate and 

independent of that for the other buses. The diesel-generator loading 

sequences under er.iergency conditions are discussed in Chapter 7. 

Following an automatic start (by lass of nonnal auxiliary power or by an 

accident signal), the following autor.tatic protective devices are in 

service during emergency startup and operation of the diesel-generator: 

1. Shutdown the diesel-generator and trip the D/G breaker due to: 

a. Mee ha ni cal 

l ) Engine overspeed 

2} Lube oil pressure low 
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b. Electrical 

1) Generator differential current relays 

2. Trip the diesel-generator breaker only due to: 

a. Electrical 

1) 4 kV Bus differential 

Manual diesel-generator control is provided as follows: 

1. On the local diesel-generator control panels: 

Diesel-generator "START - STOP" selector switch, "EftERGENCY STOP" 

pushbutton, "LOCK-OUT" switch (key operated), 11AUTO-Ml\NUAL 11 mode 
· selector switch. 

Diesel-generator breaker "TRIP - CLOSE" selector switch 

Generator voltage "RAISE - LOWE R11 control switch 

Speed "RAISE - LOW::R" control switch 

Regulator 11 Ml\NUAL - AUTO" switch 

Diesel unit trip relay "RESET" 

Fuel transfer pump "OFF - AUTO - RUN" selector switch, 11 REGULAR -
BACKUP" selector switch 

Starting air compressor "OFF - AUTO - RUN" selector switch 
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Turbo air compressor 11 0FF - AUTO - RUN 11 selector sHitch 

2. In the control roor.i: 

Diesel-generator 11 START - STOP 11 pushbuttons, 11 CLOSE - TRI P11 push

buttons. 

Following a r.ianual start, the following autor;iatic protective devices are 

in service during startup and operation of the diesel-generator: 

1. Shutdown the diesel-generator and trip its 4 kV circuit breaker due. 

to: 

a. Mechanical 

l) Engine overspeed 

2) Lube oil pressure 1 ow 

3) Jacket water teraperature high 

4) Lube oil temperature high 

5) Engine overcrank 

b. Electrical 

1) Generator differential current relays 

2) loss of generator excitation 

3) Diesel-generator breaker failure protection 

2. Trip the diesel-generator breaker only due to: 

a. Electrical 

1) Overcurreht relay 

2) Reverse power Relay 

Elir.iination of trips could cause damage to the diesel-generators if a 

trip condition were to occur . 
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8.3.1.5.3 Diesel-Generator Instrumentation 

To facilitate control and adjustment of the diesel-generators, the fol
lowing instrumentation and alanns are provided. 

1. Controls on the local diesel-generator control panels: 

Generator Ammeter (with phase selector switch), Wattmeter, 
Voltmeter (with phase selector switch), Frequency Meter, 
Varmeter, Field Ar.lmeter, Field Voltmeter, Synchroscope, 
Synchronizing Lights, Synchro scope Switch, 4 kV bus voltmeter 
(with phase selector switch) Diesel generator running time meter, 
RPM meter 

Jacket water pressure gauge 
Raw water pressure gauge 
Fuel oil header pressure gauge 
Fuel oil transfer pump pressure gauge 
Air manifold pressure gauge 
Starting air pressure at engine (Duplex Gauge) 
Starting air tank pressure (Duplex Gauge) 
Turbo air tank pressure (two Duplex Gauges) 

Jacket ~ater heat exchanger diff. pressure (Duplex Gauge) 
Lube oil filter diff. pressure (Duplex Gauge) 
Lube oil 
Fuel oi 1 
Fuel oil 

Lube oil 
Lube oil 
Lube oil 

SGS-UFSAR 

strainer diff. pressure (Duplex Gauge) 
primary filter diff. pressure (Duplex Gauge) 
secondary filter diff. pressure (Duplex Gauge) 

header pressure 
pur.ip discharge pressure 
heat exchanger differential pressure 
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2. Controls in the control room: 

Diesel generator voltage, frequency, watts, amps. 

3. Alanns local to the diesel-generator: 

Cooling water temperature low 

Cooling water temperature high 

Jacket water temperature high 

Jacket water heater failure 

Lube oil temperature high 

Lube oil heater failure 

Fuel oil day tank level low 

Expansion tank level high 

Crankcase level high/low 

Engine lube oil header pressure low 

Generator vi brat ion high 

Engine vibration high 

Fail to start (overcrank) 

Diesel-generator tripped· 

Generator negative phase sequence 

Fuel oil day tank level high 

Pre-lube pump failure 

Crankcase blower failure 

Exciter regulator on nanual control 

Diesel-generator locked out (for maintenance) 

D.C. control voltage failure-A single alan:l to 

include the following: 

Loss of DC power to the engine control 

Loss of DC power to the generator field 

Loss of DC power to the unit trip circuit 

Loss of DC power to the local alam syster.i 
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Air receiver No. 1 pressure low 
Air receiver No. 2 pressure low 
Generator breaker trip 
Generator field ground 
Expansion tank level low 
Generator overspeed 
Generator overvoltage 
Generator loss of PT secondary 

voltage 
Generator ground fault 

Turbo air receivers low pressure 

4. Alarms in the control room: 

Diesel-generator trouble (a common alarm which will be actuated by 
the operation of any of the above local alarms}. 

Diesel-generator urgent trouble a single alarm to include the fol
lowing: 

Jacket water temperatrue high 
Lube oil temperature high 

Engine lube oil heater pressure low 
Air receiver pressure low 
Pre-lube pump failure 
Generator ground fault 

Turbo air receivers low pressure 

Fuel oil day tank level trouble (a common alarm for all three unit 
day tanks}. 

Loss of DC power to the engine control, generator field, trip 
circuits. 

Diesel-generator in Local-Manual control mode, failure to start, 
emergency trip, locked out. 
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•• Generator breaker spring charger failure, breaker trip • 

8.3.1.5.4 Diesel-generator Support Systems 

Diesel-generator support systems are described in the following sections: 

Fuel Storage and Transfer System 
Jacket Water Cooling System 
Starting Air System 
Lube Oil System 

8.3.l.6 Tests and Inspections 

Section 9.5.4 
Section 9.5.5 
Section 9.5.6 
Section 9.5.7 

Periodic tests will be conducted to insure proper operation of electri
cal features necessary for plant safety. Tests will be conducted to 
identify and correct electrical or mechanical deficiencies before they 
result in a system failure. 

• Tests will be conduct~d periodically to verify the starting of the 
diesel-generators on loss of voltage to the 4160 V vital buses and their 
ability to carry load. 

•• 

The standby AC power sources (diesel-generators} are automatically 
started and connected to the vital buses in the event the nonnal offsite 
sources become unavailable. The standby diesel-generators are auto
matically started by either a safety injection signal or a 2 out of 3 
undervoltage signal derived from undervoltage relays located on the 
three 4 kV vital buses. Testability of each of these signals is pro
vided. The Solid State Protection System (SSP} test cabinet is used to 
check the continuity of the SSP output relay contact, the field \-!iring, 
and the Safeguards Equipment Controls (SEC} input relay without actually 
operating the SEC unit • 
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The undervoltage relays can be tested by operating test switches to 
simulate a single bus undervoltage condition. During the test mode an 
alan:i is actuated in the Control Room signifying that diesel-generator 
automatic start is defeated. 

Since the SEC units are completely independent of each other, the SSP 
test cabinets are used to provide independent output signals fror.i both 
SSP trains to the three SEC units. Buffer relays are used'on each vital 
bus undervoltage sensor to supply independent signals to each SEC unit. 

Thus, complete channel independence is maintained. 

The SEC units are completely redundant. Both SSP trains feed each SEC; 
a failure of an SSP.train will not negate safeguards operation. Failure 
of a bus undervoltage relay to operate will not negate safeguards opera
tion since a 2/3 undervoltage logic is used to sense blackout condi
tions. If only one bus experiences undervoltage, and the sensor on that 
bus fails to recognize the condition, only that bus will not be loaded; 
the remaining buses will supply power to the required amount of 
safeguards equipment. 

The diesel-generators can be started and loaded during power operation. 
As discussed above, the 4 kV bus undervoltage relays can also be tested 
during power operation. The complete operation of detecting the loss of 
normal power. sources, starting of the standby power sources and connect
ing these sources to the vital buses can be accomplished during plant 

shutdown. 

These design provisions satisfy GDC-18. 

8.3.2 DC POWER 
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8.3.2. l 250, 125 and 28 Volt Systems 

Separate 125 V and 250 V DC sources supply power for operation of 
switchgear, annunciators, vi.tal instrument buses, inverters, emergency 
lighting, communications, and turbine generator emergency auxiliaries. 
Three independent 125 V DC sources provide power to the engineered 
safety features. Figures 8.3-6, 8.3-7, and 8.3-8 illustrate the 28 V, 
125 V, and 250 V DC systems, respectively. Safety-related loads are 
identified by the use of the symbols A, B, C, Don the feeders~ 

As shown in Figure 8.3-7, three 125 V batteries are provided for each 
unit to supply an independent source of control power for each of the 
three 4160 V and 460 V vital buses and for the 125 V distribution 

cabinets. A backup source of control power for each of these buses is 
provided via manually operated, mechanically interlocked breakers under 
adminstrative control. 

The DC systems provide a continuous source of power for operation of 
circuit breakers, valve controls, inverters, etc. No initiation or 
control is required to connect the batteries to the DC buses. 

8.3.2.2 Batteries 

The battery system includes one 250 V, three 125 V and two 28 V bat
teries~ static battery chargers for each battery and a ground detection 

system and undervoltage alann relay for each bus. 

The batteries are mounted on corrosion resistant, seismically designed 
steel racks in separately ventilated and isolated areas. The 250 V, 125 
V and 28 V batteries are rated 1200, 2320 and 800 ampere hours respect
ively at the 8 hour rate of discharge • 
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Each charger maintains a floating charge on its associated battery, and 
is capable of supplying the required equalizing charge when necessary. 
Each 125 V and 28 V battery system (one battery, two chargers and one 
switchgear unit) has a. ground detection system, undervoltage alann relay 
and DC voltmeters and ammeters. Each charger is equipped with an AC 
failure relay. Loss of AC input and/or DC output is annunciated in the 
Contra l Room. 

Each battery is connected directly to its associated switchgear through 

protective fuses. The DC distribution switchgear consists of metal-clad 
structures, each with an ungrounded main bus, and 2 pole air circuit 

breakers. 

During normal operation, the DC load is fed from the battery chargers 
with the batteries floating on the system. Upon loss of DC power from a 
battery charger, the DC load is drawn from the batteries. The batteries 
are sized for two hours of operation after a loss of AC power, based 
upon the required operation of the DC emergency equipment. If all off
si te power is lost, the battery chargers are energized from the 
emergency diesel-generators and resume their function automatically. 

8. 3. 2. 3 Battery Monitoring 

Two chargers, each capable of 100 percent nonnal load, are provided for 
each 28 V and 125 V DC battery. Each normal charging source supplies 
the continuous DC loads and maintains a float charge on the battery to 
insure the capability of each battery to deliver its emergency DC 
requirements. The 28 V and 125 V chargers are fed from the vital AC 
buses. Each 28 V and 125 V battery is fed from two separate vital 
buses. One charger is under administrative control to assure that the 
230 V AC busses will not become interconnected. 
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One 250 V DC charger is provided due to the nature of the 250 V DC 
loads, with a provision to tie in the other unit's 250 V charger, if 
needed. 

Each of the 6 batteries per unit is continuously monitored in the 
control room for voltage and discharge current. Listed below are al 1 

the monitoring devices associated with each battery. A brief descrip
tion of the function of each device and its location is given. 

Battery Voltmeter - Monitors DC bus voltage with continuous readout in 
control room. 

Battey Load Ammeter - Monitors discharge current with continuous readout 

in control room. 

Ground Detectors - Monitors leakage from positive and negative buses to 
station ground with continuous readout in control room. In addition, 
1 ocal ground detection circuit is provided adjacent to each charger for 
test purposes. 

Undervoltage Alarm - Monitors each DC bus and alarms in control room 

when bus voltage drop below a preset value. 

Charger Voltmeter - Monitors charger output voltage at charger cabinet. 

Charger Failure Alarm - Monitors AC input to charger and alarns in 
control room upon loss of input voltage to either both 125 DC or both 28 

V DC chargers. The 250 volt and 125 volt DC chargers also have an over
voltage alarm in the control room should the bus voltage rise above a 
preset value. 

D-C Distribution Cabinet Undervoltage Alarm - Each 28 V and 125 V DC 
distribution cabinet is provided with an undervoltage relay which 
monitors bus voltage and alarms in the control room • 
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Blown Fuse Alarm - Each battery fuse is monitored to alarm in the 
control room if the fuse should blow. 

Protection against overcharging is provided within the charger itself 
which is a constant voltage-current limited device. 

Surveillance requirements are set forth in the Technical Specifications. 

The general cleanliness of battery, float charge, cell cracks, 

electrolyte leakage, ventilation equipment, cell to cell connections, 
etc., are periodically inspected to assure good service and long battery 

life. Thus, degradation can be monitored and rectified during surveil
lance and testing program. 
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• TABLE 8. 3-1 
DIESEL GENERATOR LOADING SEQUENCE 

FOR ACCIDENT PLUS BLACKOUT 

Diesel A Diesel B 
Load Elapsed Load Elapsed 
(BHP.) Time* (BHP) Time* 

(sec) (sec) 

230 V Vital Buses 185kW 0 166kW 0 
Centrifugal Charging Pumps 625 l 
Safety Injection Pumps 390 
RHR Pumps 425 5 425 5 

Containment Spray Pumps 390 9 
Service Water Pumps 1000 13 1000 9 
Alternate Pump (If Failure) 18 14 
Containment Fan Coolers (Low Speed) l 03 22 206 18 
Auxiliary Feedwater Pump 600 26 600 22 
Control Room Air Conditioning (Chillers) 75 30 75 26 
Emergency Control Air Compressor 
Auxiliary Building Supply and Exhaust Fans 60 30 l 00 26 
Electrical Equipment Rooms (El, 84, 64) - 25 30 25 26 

Ventilation (Main Supply Fans) 

Pressurizer Heaters 

TOTALS (HP/KW) 3068/2731 3056/2702 

Diesel C 
Load Elapsed 
(BHP) Time* 

(sec) 

2l 5kW 0 
625 
390 5 

390 9 
l 000 13 

18 
206 22 

75 26 
125 25 
l 00 26 

25 26 

207 kW 

2936/2652 

The component cooling pumps and Hydrogen Recombi ners are manually energized during the re-
ci rcul ati on phase only after prior reduction of the diesel load by manual shutdown of equip
ment not required for the recirculation phase. Prior to closing the vital bus breaker supply
ing the pressurizer backup heaters, the operator shall verify that the additional load will 
not exceed the 2000 hour rating (2760 kW) of the diesel-generator. 

*Elapsed time from diesel-generator breaker closure 
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• TABLE 8.3-2 
DIESEL GENERATOR LOADING SEQUENCE 

FOR BLACKOUT 

Diesel A Diesel B Diesel C 
Load Elapsed Load Elapsed Load Elapsed 
(BHP) Time* (BHP) Time* (BHP) Time* 

(sec) (sec) (sec) --

230 V Vital Buses 195kW 0 182kW 0 232kW 0 
Centrifugal Charging PUmps 625 l 625 l 
Component Cooling Water Pumps 300 l 300 5 300 5 
Auxiliary Feedwater Pumps 600 5 600 9 
Service Water Pump 1000 9 1000 13 1000 9 
Alternate Pump (If Failure) 14 18 14 
Emergency Control Air Compressor 125 18 
Control Room Air Conditioning (Chillers) 75 20 75 20 75 20 
Auxiliary Building Supply and Exhaust Fans 60 .20 100 20 100 20 
Electrical Equipment Rooms (El, 84, 64) 25 20 25 20 25 20 

Ventilation (Main Supply Fans) 
Reactor Shield Vent Fans 10 20 10 20 
Reactor Nozzle Support Vent Fans 10 20 10 20 20 20 
Pressurizer Heaters 207 kW 

TOTAL (HP/KW) 2080/1922 2745/2461 2270/2117 

The reciprocating charging pump, containment fan cooler units and other equipment will be 
manually energized as required only.after prior reduction of diesel load by manual shutdown of 
equipment not required for long-tenn operation. Prior to closing the vital bus breaker 
supplying the pressurizer backup heaters, the operator shall verify that the additional load 
will not exceed the 2000 hour rating (2760 kW) of the diesel-generator. 

*Elapsed time from diesel-generator breaker cl.osure. 
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No. lA Vital 
Nao lB Vital 
No. lC Vital 
No • 1D Vita 1 
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TABLE 8.3-3 

DIFFERENT FEEDS TO THE VITAL INSTRUMENT SUSSES 

Battery Feed 
to pwr supply 

Bus A 
Bus B 
Bus c 
Bus B 

230V CC Feed 
to pwr supply 

A 
B 
c 
B 

230V CC Feed 
(Emerg. Feed) 

A 
B 
c 
A 
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9. 0 AUXILIARY SYSTEMS 

The Aux i 1 i ary Systems a re supporting systems re qui red for safe opera ti on 

and servicing of the Reactor and the Reactor Cool ant System and Engine

e red Safeguards Systems . 
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9.1 FUEL STORAGE AND HANDLING 

The Fuel Handling and Storage System provides a safe, effective means of 

storing, transporting and handling fuel from the time it reaches the 

plant in an unirradiated condition until it leaves the plant after 

post-irradiation cooling. Each unit has a completely independent Fuel 

Handling and Storage System. The following description is for unit one 

with the second unit having an identical system. 

The system is designed to minimize the possibility of mishandling or of 

mal-operations that could cause fuel damage and potential fission product 
release. 

9.1.1 NEW FUEL STORAGE 

9.1.1.1 Design Bases 

The new fuel assemblies are received and stored dry in racks in the new 

fuel storage area, located in the Fuel Handling Building (see Figure 

9.1-1). New fuel is delivered to the reactor by lowering it into the 

transfer pool and taking it through the transfer system. The new fuel 

storage area is sized for storage of the fuel assemblies and control 

rods normally associated with the replacement of one-third of a core. 

9.1.1.2 Safety Evaluation 

The new fuel storage racks have been designed in accordance with the 

1963 AISC Code. Seismic loads as well as dead load of fuel assemblies 

are considered in the design. 

The new fuel storage racks are designed so that it is impossible to 

insert the assemblies in other than the prescribed locations. The 21 

inch nominal spacing between fuel assemblies will maintain a subcritical 

array even if the pool is flooded with unborated demineralized water . 
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Adequate shutdown margin is maintained for 17 x 17 fuel with 4.5 w/o 

enrichment. A potential optimum moderation condition is precluded in 

the new fuel storage area by the following design features. 

1. The fuel handling building has no fire fighting hose stations, 

2. The fuel handling building has no installed aqueous fire suppression 

systems (e.g., sprinklers, fog, or sprays), 
3. New fuel is covered with a protective metal plate during storage 

which prevents the introduction of low density water into the fuel 

racks from above. 

The only accessible fire fighting hoses available for use in the new 

fuel storage area are connected to hose stations in the auxiliary 

building will be equipped with straight-stream nozzles. 

9.1.2 SPENT FUEL STORAGE 

The spent fuel storage pool is the storage space for irradiated spent 

fuel from the Reactor. This pool is not required for any plant 

safety-related function. 

9.1.2.1 Design Bases 

The spent fuel storage racks are designed in a subcritical array such 

that keff is limited to a value of less than or equal to 0.95 even if 

the pool is flooded with demineralized water. The spent fuel racks are 

built to ensure a nominal 10.5 inch center-to-center distance between 

fuel assemblies stored in the racks. The storage capacity is limited 

to 1170 spent fuel assemblies, which will cover a period of 18 years, 

assuming that one-third of the core is replaced annually. The reactor 

cavity, refueling canal and spent fuel storage pool are reinforced 

concrete structures with seam-welded stainless steel plate liners. These 

Seismic Category I structures are designed to withstand the anticipated 

earthquake loadings and to prevent liner leakage even in the event the 

reinforced concrete develops cracks. 
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Design criteria for spent fuel storage racks assure conformance with 
recognized codes and applicable regulatory guides, as follows: 

1. The spent fue·l storage rack design is based on the requirements of 

the ASME Boiler and Pressure Vessel Code, Section III, Sub-section 
WF, Class III linear supports. 

2. Regulatory Guide 1.13 - The design conforms with Guide, except that 
high radiation instrumentation does not actuate the filtration 
system. 

3. Regulatory Guide 1.29 - The spent .fuel storage racks are designed as 
Seismic Category I Structures. 

4. Regulatory Guide 1.92 - Seismic load combinations of vibrational 

modes and three orthogonal component motions (two horizontal and 

one vertical) meets the provisions of the Regulatory Guide. 

5. Design loads and load combinations meet the requirements of the 

Standard Review Plan, Section 3.8.4, Structural Design Criteria 

for Seismic Category -I Structures Outside Containment and ASME 
Section III NF-3400 . 

9.1.2.2 System Description 

A stainless steel lined spent fuel storage pool is provided for on site 

storage of spent fuel assemblies until they are shipped to a reprocessfog 

facility.· Sufficient space is available to hold approximately 6 cores 

and the depth is sufficient to provide a minimum shielding depth over 

the top of the stored fuel of 10 feet of water. The pool is designed to 

prevent inadvertent drainage below a water elevation of 124 feet 

8 inches. Storage racks located in the pool are physi~ally arranged 

such that the assemblies are always maintained in a subcritical 

condition. Adjacent to the spent fuel pool and separated by a structural 

wall is the transfer pool. The transfer pool serves to facilitate I 
the fuel transfer operation between the fuel handling building and 
containment. It is also the pool where the spent fuel cask is placed 
for shipment. The cask is handled by the cask handling crane which is 
prevented by structural restraint from moving over the spent fuel pool . 
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The high density (poison) spent fuel racks construction. is shown in 
Figure 9.1-2. The design utilizes a stiffened module base and an upper 
box structure con?isting of plate diaphragms and a top grid. The storage . 
module is constructed of stainless steel,.mostly Type 304. The vertical 
loads are carried by module base. Horizontal seismic loads are carried 
to the module base through the plate diaphragms. Tipping is prevented 
by interconnection of adjacent racks by a bolted connection at the top 
grid level_-

The design. of the spent fuel storage cells is illustrated in Figure 

9.1-3. Each cell is a square cross-section formed from an inner shroud 

of stainless steel, a center sheet of aluminum clad boron carbide (84C), 

and an outer shroud of stainless steel. This cell acts as storage space 

and provides 

spent fuel. 

flared guide 

sufficient neutron absorption to allow close spacing of 

The fuel weight is carried directly on the module base. 

and transition section is provided at the top of each 

storage cell. This transition is designed to assure ease of entry and 

to preclude fuel assembly hang-up and damage. Swelling of the inner 

stainless steel shroud has been observed in a number of the spent fuel 

storage cells. The swelling is the result of hydrogen gas buildup 

from the corrosion of the aluminum in the Boral Poison Plates. 

The gas buildup has bowed or swollen the cells, thereby reducing 

the inner cell dimension. An ongoing program to monitor the 

condition of the spent fuel storage cells is being conducted. 

The hydrogen gas will be vented from the swollen cells to allow the 

shroud to return to some position closer to the original. This 

may allow the cell to be returned to service as an available 

spent fuel storage location. The hydrogen gas is radiologically 

stable and does not present a personnel hazard. The insignificant 

volume of gas released will not increase the hydrogen concentration 

in the area into the explosive range. 

A 

This·condition was reviewed by the NRC in Supplement 4 of NUREG 0517, 

Safety Evaluation Report, Salem Generating Station Unit 2, April 1980. 

It was concluded that the minor degradation of the Boral Poison Plates 

resulting from the corrosion of the aluminum would not preclude 
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the spent fuel storage cells from performing their intended· 

function . 

After a sufficient decay period the fuel may be removed from storage and 
loaded into a shipping cask for removal from the site. 

9.1.2.3 Design Evaluation 

Borated water is used to fill the spent fuel storage pool at a concen

tration to match that used in the reactor cavity and refueling canal 

during refueling operations. The fuel is stored in a vertical array 

with sufficient center-to-center distance between assemblies to assure 

keff ~ Q.95 even if unborated water is used to fill the pool. (Based 

on 17 x 17 fuel with 4.05 w/o enrichment) .. 

The spent fuel storage pool is provided with a Spent Fuel Cooling System 

which is discussed in Section 9.1.3. The system maintains pool temp

erature below approximately 120°F . 

The design of the Fuel Handling Building is such that it is physically 

impossible for a load greater than 5 tons to be carried over the spent 

fuel pool. This is a result of both the physical arrangement of the 

Fuel Handling Building and limits on the fuel handling crane. Admin

istrative controls prohibit loads greater than that of a fuel assembly 

to travel over the spent fuel pool. The maximum height at which a 

fuel assembly can be carried is restricted by limit switches on the 

crane to 15 inches over the top of the spent fuel racks. The spent 

fuel racks have been designed to absorb the energy released by a fuel 

assembly dropping from 15 inches above them. 

The Spent Fuel Storage Pool and New Fuel Storage Pit are outside the area 

over which the fuel cask may travel by design (travel restricted by a limit 

stop switch). The Cask Handling Crane travels only over the Truck Bay, 

Decontamination Pit and Fuel Transfer Pool, as indicated in Figure 9.1-1 . 
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Gamma radiation is continuously monitored in the Fuel Handling Building. A 

high level signal is alarmed locally and is annuciated in the Control Rooms . 

All fuel and waste storage facilities are contained and equipment designed 

so that accidental releases of radioactivity directly to the atmosphere are 

monitored and will not exceed the guidelines of lOCFRlOO. 

A controlled ventilation system removes gaseous radioactivity from the 

atmosphere in fuel and waste treating areas of the fuel handling and. 

auxiliary buildings and discharges it to the atmosphere via the plant 

vent. Radiation monitors are in continuous service in these areas to 

actuate high-activity alarms in the Control Rooms. 

9.1.3 SPENT FUEL POOL COOLING SYSTEM 

9.1.3.1 Design Bases 

The following description is for one unit with the second unit having an 

identical system. 

The Spent Fuel Pool Cooling System is designed to remove from the spent fuel 

pool the heat generated by stored spent fuel elements. The system serves 

the spent fuel pool which is located in the fuel handling building adjacent 

to the containment building. A secondary function is to clarify and purify 

spent fuel pool, transfer pool, and refueling water. The system design 

considers the possibility that during the life of the plant it will become 

necessary to totally unload a reactor at the time when spent fuel is in the 

fuel pool. 

The system design incorporates redundant active components. System piping 

• 

is arranged so that failure of any pipeline does not drain the spent fuel • 

pool below the top of the stored fuel elements. 
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The spent fuel pool water is normally limited to 120°F except in for the 

unloading of a full core, in which case temperature is limited to 150°F with 

one pump in operation. Boron concentration in the pool fluid is maintained 

at a minimum of 2,000 ppm. 

9.1.3.2 System Description 

The schematic diagram for the Spent Fuel Pool Cooling System is shown on 

Figures 9.1-4A and B. The Spent Fuel Pool Cooling System consists of three 

subsystems, the cooling system, the purification system, and the skimmer 

system. 

Austenitic stainless steel piping is used in the Spent Fuel Pool Cooling 

System. All piping and components of the system are designed to the 

applicable codes and standards listed in Table 9.1-1. 

The cooling loop consists of the spent fuel pool pumps and the spent fuel 

pool heat exchanger. The purification loop consists of the spent fuel pool 

pump, the spent fuel pool filter, the spent fuel pool demineralizer, the 

refueling water purification pump, and the refueling water purification 

filter. The skimmer loop consists of the skimmer pump, strainer, and 

filter. 

During the heat removal operation, fuel pool water flows from the spent fuel 

pool to a spent fuel pool pump suction, and is pumped through the tube side 

of the heat exchanger and is returned to the pool. The suction line, which 

is protected by a strainer, is located at an elevation four feet below the 

pool normal water level, while the return line terminates in the pool at an 

elevation approximately six feet above the top of the fuel assemblies. If 

the spent fuel pool pump fails, the second pump supplies 100 percent backup . 
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The Spent Fuel Pool Cooling System has. its maximum duty during the refueling 

operation when the decay heat from the spent fuel is the highest. The 

system is normally placed in operation prior to the transfer of any fuel and 
is continued in operation as long as required to maintain temperature at the 

required level and water purity. 

Piping and valves are installed which allow the Unit 1 and 2 heat exchangers 

to be cross connected. During normal plant operation, the heat exchangers 

operate independently to meet the cooling requirements of the individual 

units. However, during unusual circumstances, (e.g.: complete core unload 

in one unit) both heat exchangers may be used in parallel to minimize the 

temperature rise in the spent fuel pool. The cross connect also allows 

one heat exchanger to be used to alternatively cool the spent fuel 

pools in both units during times when one heat exchanger is out for 

maintenance. 

• 

While the heat removal operation is in process, a portion of the spent fuel 

pool water, 100 gpm, may be diverted through the spent fuel pool • 

demineralizer and spent fuel pool filter to maintain spent fuel pool water 

clarity and purity. Transfer canal water may also be circulated through the 

same demineralizer and filter. This is accomplished by having the gate 

between the transfer pool and the spent fuel pool removed. This 

purification loop is sufficient for removing fission products and other 

contaminants which may be introduced jf a leaking fuel assembly is 

transferred to the spent fuel pool. 

The demineralizer may be isolated, by manual valves, from the heat removal 

portion of the Spent Fuel Pool Cooling System. By so doing, it may be used 

together with the refueling water purification filter to clean and purify 

the refueling water while spent fuel .pool heat removal operations proceed. 

Connections are provided to the isolated loop such that the refueling water 

may be pumped from either the refueling water storage tank or the refueling 

cavity, through the demineralizer and filter, and discharged to either the 

refueling cavity or the refueling water storage tank. 
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To further assist in maintaining spent fuel pool water clarHy, the water 
surface is cleaned by a skimmer loop. This system consists of two skimmers, 
a skimmer pump, a strainer and a filter. Water is removed from the surface 
by the skimmer, pumped through the strainer and filter, and returned to the 
pool surface at three locations remote to the ~kimmers. 

The spent fuel pool is initially filled with water that is at the same boron 

concentration as that in the refueling water storage tank. This may be 

accomplished by filling the pool with water from plant sources. Boron may 

then be added to the pool from the Chemical and Volume Control System. 

Borated water from the plant sources may be supplied from the refueling 

water storage tank via the refueling water purification pump connection, or 

by placing a temporary line from the boric acid blender, located in the 
Chemical and Volume Control System, directly into the pool. Demineralized 

water is also added to the pool for makeup purposes by a connection in the 

recirculation return line . 

The pool water may be separated from the water in the transfer pool by a 

sluice gate. The gate is installed so that the transfer pool may be drained 

for maintenance on the fuel transfer equipment. The draining is 

accomplished by pumping transfer pool water into the spent fuel pool with a 

portable pump. · The excess water from the spent fuel pool is directed to a 

holdup tank in the.Chemical and Volume Control System or to the 

decontamination for temporary storage. 

An evaluation has been performed to determine the capability of the Spent 

Fuel Cooling System to provide the cooling capacity required for both the 

annual discharge of 65 fuel assemblies and for ~ full core discharge of 193 

fuel assemblies into the spent fuel pool after 15 years accumulation of 
spent fuel. ANS Standard 5.1 was used for decay heat load calculations. It 

has been determined that the Spent Fuel Cooling System can provide the 
necessary cooling for the normal annual discharge as early as 100 hours 
after reactor shutdown. A full core discharge can be accomplished with an 
appropriate time delay after reactor shutdown, which is dependent on the 
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number of regions stored in the spent fuel pool at the time. For example, 

it has been calculated that with one pump running at design capacity and 

with 150 hours of decay heat (after reactor_shutdown) at the 18th refueling, 

the maximum spent fuel pool outlet water temperature will be 134°F. For the 

full core addition to the spent fuel pool that fills the pool (15 prior 

annual refuelings), the required decay cooling time in the reactor vessel 

that will be needed to keep the pool water temperature below 150°F with only 

one pump running will be approximately 570 hours (24 days after reactor 
shutdown). 

Provisions have been made for the addition of an additional heat exchanger, 

should this be required in the future. 

Spent Fuel Pool Cooling System component design data are listed in Table 

9.1-2. The following is a description of each component utilized in the 

Spent Fuel Cooling System: 

Spent Fuel Pool Heat Exchanger 

The spent fuel pool heat exchanger is of the shell and U-tube type with the 

tubes welded to the tube sheet. Component cooling water circulates through 

the shell, and spent fuel pool water circulates through the tubes. The 

tubes are austenitic stainless steel and the shell is carbon steel. 

Spent Fuel Pool Pumps 

The spent fuel pool pumps circulate water in the Spent Fuel Pool Cooling 

System. All wetted surfaces of the pumps are austenitic stainless steel, or 

equivalent corrosion resistant material. The pumps are operated manually 

from a local station. 
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• 
Spent Fuel Pool Filter 

The spent fuel pool filter removes particulate matter larger than 5 microns 
from the spent fuel pool water. The filter cartridge is of synthetic fiber 
and vessel shell is austenitic stainless steel. 

Spent Fuel Pool Strainer 

A stainless steel strainer is located at the inlet of the spent fuel pool 

cooling suction line for removal of relatively large particles which might 
otherwise clog the spent fuel pool demineralizer. 

Spent Fuel Pool Demineralizer 

• The demineralizer is sized to pass 100 gpm of the loop circulation flow to 
provide adequate purification of the fuel pool water for unrestricted access 

to the working area and to maintain optical clarity. 

• 

Refueling Water Purification Pump 

The refueling water purification pump circulates water in a lpop between the 

refueling water storage tank and the spent fuel pool demineralizer and the 

refueling water purification filter. All wetted surfaces of the pump are 

austenitic stainless steel. The pump is operated manually from a local 
station. 

Refueling Water Purification Filter 
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The refueling water purification filter removes particulate matter larger 
than 5 microns from the refueling water purification flow. 

Spent Fuel Pool Cooling System Valves 

Manual stop valves are used to isolate e~uipment and lines and manual 
throttle valves provide flow control. Valves in contact with spent fuel 

pool water are austenitic stainless steel or equivalent corrosion resistant 

material. 

Spent Fuel Pool Cooling System Piping 

All p1p1ng in contact with spent fuel pool water is austenitic stainless 

steel. The piping is welded except where flanged connections are used to 

facilitate maintenance. 

Spent Fuel Pool Skimmers 

Two spent fuel pool skimmers are provided to remove water ,from the surface 

of the spent fuel pool. The skimmer heads are manually positioned to take 

water from any elevation from the water surface to four inches below the 

surface. The ~levation of the skimmers head can be manually adjusted over a 

total range of two feet. 

Spent Fuel Pool Skimmer Pump 

The spent fuel pool skimmer pump circulates surface water through a 

strainer, a filter, and returns it to the pool. 
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Spent Fuel Pool Skimmer Strainer 

The spent fuel pool skimmer strainer is designed to remove debris from the 
skimmer process flow. 

Spent Fuel Pool Skimmer Filter 

The spent fuel pool skimmer filter is. designed to remove insoluble particles 

which are not removed by the strainer. 

9.1.3.3 Design Evaluation 

The most serious failure of this system would be complete loss of water .in 
the spent fuel pool. To protect against this possibility·, the spent fuel 

pool cooling suction connection enters near the normal water level so that 

the pool cannot be gravity-drained. The cooling water return lines contain 

anti-siphon holes to prevent the possibility of gravity draining the pool. 

There are no drains or permanently connected systems to the spent fuel pool 

(Seismic Class I) which, in the event of failure, could cause loss of 

coolant from the pool that would uncover the fuel. Also, provisions have 

been made to supply makeup to the spent fuel pool as noted below. 

The rate of pool heatup with cooling interrupted for 1/3 of the core removed 

for refueling is approximately 6°F per hour at 150 hours after shutdown. 

The rate of heatup for a full core at the end of an operating cycle plus the 

1/3 core removed at the previous refueling is approximately 12°F per hour 

with cooling interrupted. An interruption in the operation of the spent 
fuel cooling system for an extended period is not considered to be a 

credible occurrence. Maintenance will be scheduled when the decay heat 
loads are light. Two fully redundant, spent fuel pool pumps are provided, 

each receiving power from individual vital bus sections. As noted below, a 
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number of makeup water sources are availabl~~arid are capable of providing 
emergency cooling. 

The use of the cross connect is controlled by appropriate procedures. 

Four manual values, two per unit, have to be opened to cross connect 

the heat exchangers. Prior to placing both heat exchangers in 
parallel to minimize the temperature transient for a full core 

unload, the heat load in the spent fuel pool to be isolated, 

is evaluated to ensure it can tolerate the temporary loss of cooling. 

Similarly, before taking one heat exchanger out of service for 

maintenance, the heat loads in both spent fuel pools are evaluated 

to verify that the remaining heat exchanger can, in an alternating 

fashion, be used to cool both spent fuel pools. 

Water loss from the spent fuel pool due to the accidental opening of a 

sluice gate when the transfer pool is empty will not occur due to the 

redundancy in the sluice gates. Two sluice gates separate the spent fuel 

pool from the transfer pool. 

A heavy load handling accident would not result in water leakage severe 

enough to uncover the spent fuel. The maximum load carried over the spent 

fuel pool is that of a fuel assembly, however, it is not possible to drop a 

fuel assembly on the spent fuel pool liner plate. In addition, integrity of 

the spent fuel pool will not be breached due to a fuel cask drop in the fuel 

transfer pool since each of the pool structures are separate and distinct. 

Pool water level indication is provided by individual high and low water 

level alarms. The alarms are actuated by deviation from normal water level 

(el. 128 1 -811
) of plus or minus 6 inches. The alarms are annunciated in the 

fuel handling building at the spent fuel pool and in the Control Room. 
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Annunciation of an alarm will be confirmed by visually checking the spent 

fuel pool water level. Alarms may be expected to occur occasionally due to 

gradual changes in pool water temperature and surface evaporation. If 
needed, makeup will be added. Alarms occurring with unusual frequency or 

for reasons not readily apparent will be further investigated. Frequent 

inspections will also be made of the fuel handling building sump, and, 

through annunciators provided in the Control Room, the running frequency of 

the sump pump will be observed. 

The normal source of makeup water to the spent fuel pool is the 

demineralized water system which distributes water from two 500,000 gallon 

demineralized water tanks. The tanks and the distribution system do not 

have seismic classification. Makeup· is also available from the primary 

water storage tank via the Primary Water Makeup Pumps (Seismic Class II) and 

from the Chemical and Volume Control System Hold-up Tanks via the Hold-up 

Tank Recirculation Pump (Seismic Class II) . 

Valves have been installed on the existing 6-inch spare nozzles on both 

refueling water storage tanks (350,000 gallons each). These tanks are 

Class I (seismic). A portable pump, with appropriate suction and discharge 

connections and hose, will be provided with the capability to deliver. 

approximately 100 gpm makeup water flow from one of the refueling water 

storage tanks directly to the spent fuel pool. Assuming the maximum 

heat load in the pool, and inability to provide makeup from normal 

sources, the quantity of water stored in one refueling water storage 

tank would provide a period of ap.proximately 100 hours in which 

emergency repairs to the spent fuel pool cooling system could be made, 

without significant loss of water level in the spent fuel pool. The 

valves installed on the refueling water storage tanks will be locked, 

closed and capped, and will be under administrative control. The 

portable pump and hose will also be under"administrative control to 

ensure constant and timely availal;>ility . 

Up to 100 gallons per minute of makeup is also available from the refueling 

water storage tank via the refueling water purification loop. 
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If a leaking fuel assembly is stored in the spent fuel pool, a small 

quantity of fission products may enter the cooling water. Fission products 
and other contaminants are removed by the spent fuel pool purification loop. 

A failure analyses of system pumps, heat exchangers and valves is presented 
in Table 9.1-3. 

The spent fuel pool water is normally limited to 120°F except in unusual 

circumstances as previously described. Boron concentration in the pool 
fluid is maintained at a minimum of 2,000 ppm. 

9.1.3.4 Test and Inspections 

The active components of the system are in continuous use during normal 

plant operation and no additional periodic tests are required. Periodic 

visual inspections and preventative maintenance are conducted following 
normal industrial practice. 

9.1.4 FUEL HANDLING SYSTEM 

The fuel handling system consists of equipment and structures utilized for 

handling new and spent fuel assemblies in a safe manner during refueling and 
fuel transfer operations. The fuel handling system is shown in. 
Figure 9.1-5. 
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The design of the Fuel Handling System confonns to the recommendations 

of Regulatory Guide 1.13. 

The fuel handling system components are not generally designed to Class 

I (seismic) requirements because they do not fit within the definition 

of Class I (seismic) structures. Those components are designed to Class 

III requirements. The spent fuel racks, spent fuel pool and spent fuel 

pool bridge structure, however, are designed to Class I (seismic) 

requirements. Other components of the fuel handling system are not 

required to operate following a design basis seismic event. 

9.1.4.1 System Design and Operation 

9.1.4.1.1 System Description 

The Reactor is refueled with equipment designed to handle the spent fuel 

under water from the time it leaves the Reactor until it is placed in a 

cask for shipment from the site. Underwater transfer of spent fuel 

provides an effective, economic and transparent radiation shield, as 

well as a reliable cooling medium for removal of decay heat. Boric acid 

is added to the water to ensure subcri ti ca 1 co ndi ti on s during refueling. 

In the reactor cavity, fuel is removed from the reactor vessel, trans

ferred through the water and placed in the fuel transfer system by a 

manipulator crane. In the spent fuel pool, fuel is removed from the 

transfer system and placed in storage racks with a long manual tool 

suspended from the fuel handling crane. 

9.1.4.1.2 Refueling Operation 

The refueling operation follows a detailed procedure which provides a 

safe, efficient refueling operation. The following significant points 

a re assured by t Ile refueling procedure: 
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l. The refuel1ng water and the reactor coolant will contain approx1-
mately 2,000 ppm boron. The concentration together with the control 

rods is sufficient to keep the core approximately 5 percent Ak/k 

subcritical during the refueling operations. It is also sufficient 

to maintain the core subcritical if all of the rod cluster control 
(RCC) assemblies were removed from the core. 

2. The water level in the refueling canal will be high enough to keep 

the radiation levels within acceptable ~imits when the fuel assem-. 

blies are being removed from the core. This water also provides 

adequate cooling for the fuel assemblies during transfer operations. 

While one unit is being refueled, there will be no restrictions on the 

operation of the other unit. Refueling of one unit will not affect the 
safety aspects of the other unit. 

9.1.4.1.3 Refueling Procedure 

Preparation 

1. The reactor is shut down, borated to refueling concentration, and 

cooled to ambient conditions. 

2. A radiation survey is made and the containment is entered. 

3. The control r6d drive mechanism (CROM) missile shield is removed to 
storage. 

4. CROM cables and cooling air ducts are disconnected and removed to 

storage. 

5. Reactor vessel flange area head insulation and instrument leads are 
removed. 
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6. The in-core instrumentation thirnbl e guides are disconnected at the 

seal table and extracted downward through the bottom of the reactor 
vessel. 

7. The reactor vessel head nuts are loosened with the hydraulic 
tensioner. 

8. The reactor vessel head studs are removed to storage. 

9. The canal drain holes are plugged and the fuel transfer tube flange 

is removed. 

10. The reactor vessel cavity seal is installed and inflated. 

11. Checkout of the fuel transfer device and manipulator crane is 
started. 

12. Guide studs are installed in three holes and the remainder of the 

stud holes are plugged • 

13. Final preparation of underwater 1 i ghts and tools is made. Chec~out 

of manipulator crane and Fuel Transfer System is completed. 

14. The reactor vessel head is unseated and raised one foot with the 

polar crane. 

15. The reactor cavity is filled with water to the vessel flange. 

16. The reactor vessel head is slowly lifted while the water is pumped 

into the reactor cavity. The water level and vessel head are raised 

,simultaneously keeping the water level just below the head. 

17. The reactor vessel head is taken to the storage pedestal • 
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18. The control rod drive. st1afts are unlatched. 

19. The reactor vessel i nternalS 1 i fti ng rig is lowered into position by 
the polar crane and latched to the support plate. 

20. The reactor vessel internals are lifted out of the vessel and placed 

in the underwater storage rack. 

21. The core is now ready ·for refueling. 

Refueling 

The refueling sequence is now started with the mani pu·! ator crane. The 

sequence for fuel asseiilblies i.n non-control positions is as follows:. 

1. Spent .fuel is removed from the center region of the core and placed 

into the Fuel Transfer :::iystem for removal to the spent fuel pool. 

• 

2. . Partially spent fuel is transferred from the ·j ntermedi ate region of • 

the core to the vacated positions in the center region. 

3. Partially spent fuel is transferred from the outer region of the 

core to vacated positions ·( n the intermediate region. 

4. New fuel assembli.es ar(~ broug~1t in from the spent fuel pool through 

the transfer system and 'ioaded into the .outer region. · 

5. Whenever new fuel is added t'o the reactor core, a reciprocal curve 

of source. neutron mul tiplitation is recorded to verify tile sub-

cr:i tical ity of ti1e.core. 

fhe refueling sequence is modified for fuel assemblies containing (RCC) 

elements, as required. If a transfer of the RCC elements between fuel 

assemblies is required, the assemblies are taken to the.RCC change fix

ture to exc~ange the RCC elements from one assembly to another. Such an 
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exchange is required whenever a spent fuel assembly containing a RCC 

element is removed from the core and whenever a fuel assembly is placed 

in or taken out of a control position during refueling rearrangement. 

Reactor Reassembly 

1. The fuel transfer car is parked and the fuel transfer tube isolation 
valve closed. 

2. The reactor vessel internals package is picked up by the polar crane 

and replaced in the vessel. The reactor vessel internals' lifting 

rig is removed to storage. 

3. The full-length control rod drive shafts are relatched to the RCC 

elements. 

4. The manipulator crane is parked • 

5. The old seal ri nys are removed from the reactor vessel head, the 

grooves cleaned and new rings installed. 

6. The reactor vessel head is picked up by the plant crane and posi

tioned over the reactor vessel. 

7. The reactor vessel head is slowly lowered as the water level is 

1 owe red •. 

8. When the reactor vessel head is about one foot above the flange, the 

reactor cavity is completely drained and the flange surface is 
manually c 1 eaned. 

9. The reactor vessel head is seated . 
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· 10. Tl1e guide studs are removed to their storage rack. fhestud hole 

plugs a re removed. 

11. fhe head studs are replaced and retorqued. 

12. The canal drai.n holes are unplugged and the fuel transfer tube 

flange is replaced. 

13. The reactor vessel to cavity seal ring is vented and removed . 

. 14. £lectrica·l leads and cooling air ducts are reconnected to the CRDM 1 s. 

15. Vessel head insulation and instrumentation leads are replaced. 

In-core flux thimbles are inserted back into tore a-rea. 

16. A hyd_rostatic test is ·performed on the reactor vessel. 

17. Control rod drives are checked. 

18. The CROM mi.ssile shield is picked up with the plant crane and 

replaced. 

19. t:quipment access door is closed and sealed. 

20. Pre-operational tests are performed. 

9.1.4. l.4 Major Structures Re qui red for Refueling 

React'o r Cavity 

The·reactor cavity is a reinforced concrete structure that forms a pool 

above the reactor when it is filled with borated water for refueling. 
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The cavity is filled to a depth that limits the radiation at the surface 

of the water to 2.5 mn/hr during those brief periods when a fuel 

assembly·; s transferred over the reactor vessel flange. 

The reactor vessel flange is sealed to the bottom of the reactor cavity 

by an inflatable seal ring which prevents leakage of refueling water 

from the cavity. This seal is installed and inflated after reactor 

cooldown but prior to flooding the cavity for refueling operations. 

The cavity is 1 arge enough to pro vi de storage space for the reactor 

upper and lower internals, the control cluster drive shafts, and mi scel-

1 aneous refueling tools. 

The floor and sides of the reactor cavity are lined with stainless steel. 

Refueling Canal 

The refueling·canal is a passageway extending from the reactor cavity to 

the inside surface of the reactor containment~ The canal is formed by 

two.concrete shielding walls which extend upward to.the same elevation 

as the reactor cavity. The floor of the canal is at a lower ~levation 

than the reactor cavity to provide the greater depth required for the 

fuel transfer upending device and the control cluster changing fixture 

located in the canal. The transfer tube enters the reactor containment 

and protrudes through the end of the canal. Canal wall and floor 

linings are similar to the reactor cavity. 

Decontamination Facilities 

A decontamination pit located in the fuel handling area has been pro

vided for the decontamination of spent fuel shipping casks prior to 

their loading on trucks for shipment to a reprocessing facility • 
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~ew Fuel Storage Pit 

A dry pit with storage racks having a safe geometry is provided in the 

fuel handling area for storage of approximately 1/3 of a core. This pit 

is located outside of the area over which a spent fuel shipping cask may 
travel. 

9.1.4.1.5 i-1ajor ~quipment Required for Refueling 

K.eactor Vessel Stud fensioner 

The stud tensioner is a hydraulically operated (oil as the working 

fluid) device provided to permit preloading and unloading of the reactor 

vessel closure studs at cold shutdown conditions. Stud tensioners were 

chosen in order to minimize the time required for the tensioning or 

unloading operations·. Three tensi.oners are provided and they are 

applied simultaneously to three studs 120° apart. One hydraulic pumping 

unit operates the tensioners which are hydraulically connected in paral

lel. The studs are tensioned to their operational load in two steps to 

prevent high stresses in.the flange region and unequal loadings in the 

studs. Relief valves are provided on each tensioner to prevent over

tensioning of the studs due to excessive pressure. Charts indicating 

the stud elongation and load for a given oil pressure are included in 

the tensioner operating instructions. In addition, micrometers are 

provided to measure the elongation of the studs after tensioning. 

Reactor Vessel Head Lifting Rig 

The reactor vessel head and 1 i fti ng rig are shown On Figure 9.1-6. 

The three vertical legs and platfonn assembly are pennanently attached 

to the reactor vessel t1ead lifting lugs. The sling assembly is attached 

to the three vertical legs and is used when installing and removing the 

reactor vessel head. The total estimated weight of the reactor vessel 

head with lifting rig is 150 tons. 
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During plant operations, the sling assembly is removed and the three 

vertical legs and platfonn assembly remain attached to the reactor ves

sel head. 

The maximum drop height of the reactor vessel head is 63 feet, which is 

the limit of travel of the polar crane hook with the reactor vessel head 

and lifting rig attached. 

Load bearing members are not stressed to greater than 1/5 the ultimate 

strength when subjected to the static 1 oad of the assembled reactor 

vessel head. All primary load bearing members are constructed with 

material purchased to ASTM Standards. All welding and non-destructive 

testing of the head 1 i_fti ng rig is in accordance with approved Westing

house Process Specification and ASME Boiler and Pressure Vessel Codes. 

The following loading data apply to the reactor vessel head lifting rig. 

1. fhe design load rating for the head lifting rig "is 215 tons. 

2. Pre-operational load tests for the head lifting rig is the actual 

weight of the assembled reactor vessel head and is done at the plant 

site, followed by non-destructive testing of key load pearing areas. 

3. The maximum operating load for the head lifting rig is 155 tons. 

4. The head lifting rig is pennanently attached to the reactor vessel 

head and is not removed during the 1 if e of the facility. Therefore, 

load testing prior to lifting the head is not f easi bl e. 

Missle Shield Structure Lifting Rig 

The mi ssi 1 e shield structure above the reactor vessel and its handling 

fixture are shown in Figures 9.1-7 and 9.1-8 respectively . 
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The missile shield structure is a 17'-0 x 17'-0 x l'-0 concrete slab 

\/ith a one inch steel plate on the bottom face. The structure, along 
with the attached fans, plenum chamber and ducts, weighs about 42 tons. 

The missile shield lifting rig is a four-legged structural frame device 
which connects the polar crane hook to the missile shield structure for 

handling operations. It is connected by means of pins and clevises to 
the missile shield structure. The lifting rig will be proof tested to 
125 percent of its operating load of approximately 42 tons. 

The maximum drop height of the missile shield is 64 feet, which is the 

limit of travel of the polar crane hook with the missile shield struc
ture and lifting rig attached. 

Reactor Internals Lifting Rig 

The internals lifting rig is a 3-legged structural frame device which 

connects the main crane hook to the upper or lower internals package for 
handling operations. It connects to the internals flanges by means of 

screw threads. The internals lifting rig is shown in Figure 9.1-9. 

The maximum drop height of the core barrel assembly is 69 feet, which is 

the limit of travel of the polar crane hook with the upper core barrel 
assembly and lifting rig attached. 

Load bearing members of the rig are not stressed to greater than 1/5 of 

the ultimate strength when subjected to the static weight of the rig and 

the lower internals package. All primary load bearing members are con

structed with materials purchased to ASTM Standards. All welding and 
non-destructive testing is done in accordance with approved Westinghouse 

Design Specifications or the ASME Boiler and Pressure Vessel Codes. 
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The following loading data apply to the reactor internals lifting rig: 

1. Pre-operational load tests for the internals lifting rig is the actual 
weight of the lower internals (estimated at 171 tons with lifting rig), 
followed by non-destructive testing of key load bearing areas. 

2. The maximum operating load for the internals lifting rig is approxi
mately 171 tons. 

3. The Westinghouse NES operating instructions for the lifting rig 
include non-destructive testing of key areas prior to lifting as a 
routine precaution. 

Manipulator Crane 

The manipulator crane is a rectilinear bridge and trolley crane with a 
vertical mast extending down into the refueling water. The bridge spans 
the reactor cavity and runs on rails set into the floor along the edge 
of the reactor cavity. The bridge and trolley motions are used to posi
tion the vertical mast over a fuel assembly in the core. 

A long tube with a pneumatic gripper on the end is lowered down from the 
mast to grip the fuel assembly. The gripper tube is long enough so the 

upper end is still contained in the mast when the gripper end contacts 
the fuel. A winch mounted on the trolley raises the gripper tube and 
fuel assembly up into the mast tube. The fuel, while inside the mast 
tube, is transported to its new position. 

All controls for the manipulator crane are mounted on a console on the 
trolley. The bridge is positioned on a coordinate system laid out on 
one rail. The electrical readout system on the console indicates the 
position of the bridge. With the aid of a scale the trolley is posi
tioned on the bridge structure. The scale is read directly by the 
operator at the console. The drives for the bridge, trolley and winch 
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are variable speed, including a separate inching control on the winch. 
Electrical interlocks and limit switches on the bridge and trolley 
·drives protect the equipment. In an emergency, the bridge, trolley and 
winch can be operated manually using a handwheel on the motor shaft. 

In addition to the travel limit switches on the bridge and trolley 
drives, the following safety features are incorporated in the system: 

1. Bridge, trolley, and winch drives are mutually interlocked to pre
vent simultaneous operation of any two drives. 

2. Bridge and trolley main motor drive operation is prevented except 
when the GRIPPER TUBE UP position switch is actuated. 

3. The engage and disengage solenoid valves in the air line to the gripper 
are de-energized except when zero suspended weight is indicated by a 
force gage. A back-up protection for this interlock is the mechanical 
weight actuated lock in the gripper prevents operation of the gripper 
under load even if air pressure is applied to the operating cylinder. 

4. Hoist drive circuit in the up direction is opened when the GRIPPER 
IS DISENGAGED OR when the EXCESSIVE SUSPENDED WEIGtT switch is 
actuated by a loading in excess of 110 percent of a fuel assembly 
weight. Fuel loading procedures require close observance of the 
load cell readout and stopping crane motion on predetermined load 
differentials during fuel assembly movement in the core. 

5. Hoist drive circuit in either direction is operated only when either 
the OPEN and CLOSED indicating switch or the gripper is actuated. 

6. Bridge and trolley drives are interlocked in the direction of the 
transfer system so that the bridge is prevented from traveling 
beyond the core area unless the trolley is aligned with the 
refueling canal centerline. The trolley drive is locked out when 
the bridge is moved beyond the edge of the core. 
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Suitable restraints are provided between the bridge and trolley struc

tures and their respective rails to prevent derailing due to the design 

basis earthquake. The manipulator crane is designed to prevent disen

gagement of a fuel assembly from the gripper under the design basis 

earthquake. 

Fuel Handling Crane 

The fuel handling crane is a semi-gantry type crane used to transport 

new or spent fue 1 assemblies between their shipping container, storage 

racks and upending device. Fuel assemblies are handled by means of a 

special tool suspended from the crane hook. When handling spent fuel 

the hook travel and tool length are designed to limit the maximum lift 

of a fuel assembly to a safe shielding depth. 

The fuel handling crane is a separate structure from the spent fuel pool 

bridge, although they can be coupled together to enable the two to 

·travel as a single unit. The fuel handling crane and its components are 

designed as Class I (seismic). The crane components are designed to 

remain intact during a design basis seismic event. 

Fuel Transfer System 

The Fuel Transfer System, shown in Figure 9.1-5, is an electrically 

driven underwater conveyor car that runs on tracks extending from the 

refueling canal through the transfer tube a·nd into the transfer pool. 

The conveyor car receives a fuel assembly in the vertical position from 

the manipulator crane. The fuel assembly is 1 owered to a horizontal 

position for passage through the tube, and then is raised to a vertical 

position in the transfer pool. 

During plant operation the conveyor car is stored in the refueling 

canal. A blind flange is bolted on the transfer tube to seal the 

reactor containment. A valve seals the transfer tube on the fuel 

building side • 
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Cask Handling Crane 

The cask handling crane is a bridge and trolley crane used to: 1) 

transfer new fuel containers from the truck bay to the laydown area near 

the new fuel storage area and 2) mov_e spent fuel shipping casks from the 

transfer pool to the decontamination pit and to the truck bay. 

The arrangement of the fuel handling area limits the drop height from 

the cask handling crane to 30 feet, except over the truck bay area. 

Administrative control will limit the lift of the cask handling crane to 

30 feet or 1 ess above the area of the true k bay. 

Jhe main hoist is driven by an electric motor connected to the hoist 

gearing which drives drum pinion that in turn meshes with the gear 

attached to end of the cable drum. Each end of the hoist cable is 

attached to end of the cable drum with wire rope anchor. There is suf

ficient grooving on the drum to accommodate all of the cable that is 

required to make the specified lifts. The cable passes from the drum to 

the center sheaves of the block and then around sheaves mounted on the 

trolley frame, returning to the block and back to the trolley frame 

until a total of 12 parts of cable support the block. 

The load block is equipped with a hook having a bearing to pennit it to 

revolve under load and so arranged that it can swing a vertical plane. 

The cable is all one piece so that each part is subjected to approxi

mately an equal load. The cable was selected to have a strength more 

than five time greater than the load which would be applied with the 

rated load attached to the crane hook. 

The hoist motor is equipped with two independent braking systems to 

assure safety and accuracy of control. One braking system is electri

cal, arranged to release when power is applied to the motor and to set 

and stop the motor and load when power is applied to the motor and to 
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set and stop the motor and load when power i .s turned off or is inter

rupted for any reason~· ·The second braking system is mechanical and is 

interposed in the mechanism between the motor pinion and the hoist 

drum. This mechanical load brake wi 11 sustain the rated load at rest, 

independent of any other brake, and requires power to lower a load. 

i. i ther brake is capable of stopping and ·holding the rated load in any 

position. 

The driving equipment is selected to lift the rated load and overcome 

the friction of the gears, ropes, sheaves, and the like without exce

eding the rated torque of the motor. A motor of this type is capable of 

exerting approximately 250 percent of its rated torque for acceleration, 

and also provides a good margin for reliable crane operation. 

In addition to the nonnal five step, plane, reversion controls with 

Cl ass 92 (Continuous duty) resistors, t.he hoist is equipped with a 

separate clutch-connected micro-drive motor making a drive system known 

as 11 Inc hi ng11 
• 

The hoist is equipped with one paddle-operated counter-weight type upper 

limit switch, one screw type upper limit switch, and one screw type 

lower limit switch; all to prevent hook overtravel. 

The following load data apply to the Cask Handling Crane: 

Design Load 

Rating - Tons Test Max. Operating Life Test 

(5 to 1 S.F.) Load - Tons Load - Tons Load - Tons 

110 138 110 138 

The design of gearing, shafting, cables, and keys is based on the loads 

that are applied to each particular part with a factor of safety of at 

1 east 5, based on the average ultimate strength of the materials • 
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The applicable codes and standards for the Cask Handling Crane are the 

following: 

Federal: 

Safety Code for Overhead and Gantr,y Cranes, USA Standard B 30.2. 0 -

19 6 7 ( ifo w AN SI B 3U • 2. 0 - 19 6 7) 

New Jersey: 

New Jersey Administrative Code, Title 12, Chapter 148, Overhead and 

Gantry Cranes 

Other: 

i 1 ectri c Overhead Crane Institute Specifi ca ti on rfo. 61 (Now super

seded by Crane Manufacturers Association of America Specification 

No. 70) 

One or more of these codes and standards cover the design, fabrication, 

installation, and testing of the cranes. The hooks, cables, hoists, 

trolleys, and bridges are tested afte.r erection to a minimum of 125 

percent of their design load rating and thereby testing the supporting 

structure and rails. 

Po 1 ar Gantry Crane (Containment Crane) 

The polar gantry crane was fabricated by Whiting Corporation. C:arth

quake analysis was perfonned by using the Jet Propulsion Laboratory 

Structural Analysis Computer Program lfo. SL-5780 as modified by the 

Illinois Institute of Technology Research Institute. Floor response 

spectrum at the crane rai 1 level was supplied by Conrad Associates. A 

critical damping factor of 1 percent was used. The maximum stresses 

induced from the Design Basis C:arthquake do not exceed 90 perce_nt of the 

yield strength of the materials used in each gantry crane member. 
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Rail lugs and stops, which are used to prevent the gantry from over

turning or rolling during earthquake motion are designed to withstand 

the vertical and horizontal earthquake exci.tations simultaneously as 

well as overturning or rolling. Heavy anc_hor bolts, rail clamps and 

rail lugs are provided to withstand the uplift force and prevent the 

crane from being dislodged. 

In terms of detailed description the polar crane is the same-as the cask 

handling crane with the following exceptions: 

1. 16 parts of cable support the block 

2. The two independent braking systems are both electric and described 

with the addition of eddy-current brakes for control braking 

3~ Class 162 resistors 

The codes and standards identified for the cask handling crane also 

apply to the polar crane. 

The following load data apply to the polar crane: 

Design Load 

Rating - Tons 

(5 to 1 S.F.) 

230 (460 )* 

Test 

Load - Tons 

500 

Max. Operating 

Load - Tons 

230 (460 )* 

*Special reeving required for 460 tons. 

Life Test 

Load - Tons 

288 

The design of gearing, shafting, cables, and keys is based on the loads 

that are applied to each particular part with a factor of safety of at 

least 5, based on the average ultimate strength of the materials. There 

are two i n_dependent braking systems, each capable of stopping and 

holding the rated load at any position . 
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Admi ni strati ve controls sha 11 be in effect during handling of objects 

over an op ended reactor vessel. 

Rod Cluster Contra 1 ( RCC) Changing Fixture 

RCC elements dre transferred from one fuel assembly to another by means 

of the RCC changing fixture. Five major subassemblies comprise the 

changing fixture including: (1) frame and track structure, (2) car

riage, (3) guide tube, (4) gripper, and (5} drive mechanism. The car

riage is a movable container supported by the frame and track struc

ture. The tracks provide a guide for the four flanged carriage wheels 

and allow horizontal movement of the carriage during changing opera

tions. Positioning stops on both the carriage and frame locate each of 

the three carriage compartments directly below the guide tube. Two of 

these compartments are designed to hold individual fuel assemblies while 

the third is made to support a single RCC element. Situated above the 

carriage and mounted on the refueling canal wall is the guide tube. 

This assembly pro vi des for the guidance and proper orientation of the 

gripper and RCC element as they are being raised or lowered. The 

gripper is pneumatically _actuated mechanism responsible for engaging the 

RCC element. It has two flexure fingers which can be inserted into the 

top of the RCC element when air pressure is applied to the gripper 

piston. Normally the fingers are locked in a radially extended posi

tion. Mounted on the operating deck is the drive mechanism assembly. 

Its components include: (1) manual carriage drive mechanism, (2} 

revolving stop operating handle, (3) pneumatic selector valve for 

actuating the gripper piston, and (4) electric hoist for elevation con

trol of the gripper. The RCC change fixture is located in the contain

ment and, si nee it is not in the proximity of the spent fuel pool, there 

is no likelihood of its dropping or falling and damaging stored fuel. 

Spent Fuel Ship~iny Cask 

The specific cask to be used at Salem for spent fuel shipment has not 

been selected. The largest cask that can be used is approximately 88" 
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in diameter, 204.5 11 long and weighs approximately 200,000 lbs. when 

1 oaded • 

9.1.4.2 Design Evaluation 

Gamma radiation levels in the containment and fuel storage areas are 

continuously monitored. These monitors provide an audible alarm at the 

initiating detector indicating an unsafe condition. During reactor 

vessel head removal and while loading and unloading fuel from the 

Reactor, the boron concentration is maintained at not 1 ess than that 

required to shut down the core to a keff = 0.95. This shutdown margin 

is sufficient to maintain keff 0.99, even if all control rods are 

withdrawn from the core. 

Adequate shielding for radiation is pro~ded during reactor refueling by 

conducting all spent fuel transfer and storage operations under water. 

This permits visual control of the operation at all times while main

taining low radiation levels, less than 2.5 mr/hr. for periodic occu

pancy of the area by operating personnel. Pool water 1 evel is moni

tored, and water removed from the pool must be pumped out since there 

a re no gravity drains. 

Direct communication between the Control Room and the refueling cavity 

manipulator crane is available whenever changes in core geometry are 

taking p 1 ace. 

This provision allows the Control Room operator to i nfonn the manipula

tor operator of any impending unsafe condition detected from the main 

control board indicators during fuel movement. 

Detailed i nstructi ans are available for use by refueling personnel. 

These instructions, safety limits and conditions and the design of the 

fuel handling equipment incorµorating built-in interlocks and safety 

features, provide .assurance that no incidents occur during the refueling 

operations that result in a hazard to public health and safety. 
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When core geometry is being changed, core subcritical neutron flux is · 
continuously monitored by at least two neutron monitors, each with 
continuous visual indication and one with audible indication in the 
containment. When core geometry is not being changed, at least one neutron 
flux monitor is in service. This permits maintenance of the instrumentation. 
Normally a 11 high flux at shutdown 11 condition will cause the containment 
evacuation horn to sound. During shutdown, and while welding is in progress 
inside containment, automatic sounding of the containment evacuation horn is 
defeated. Instead, the control room operator evaluates high flux at shutdown 
alarms. If produced by welding (a spike is seen on the source range 
recorders) no action is taken. If no spike is seen, the operator will assume 
that high radiation exists and will manually sound the containment 

evacuation horn . 
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At least one residual heat removal pump is operable. The residual heat 
removal pump is used to maintain a unifonn boron concentration. When 
changes in core geometry are taking place, one charging pump capable of 
injecting borated water· to the reactor coolant is available at all times. 

When the Emergency Core Cooling or Containment Spray Systems are speci
fied to be operable, the refueling water storage tank contains not less 
than the minimum required to permit circulation after the loss-of-cool
ant accident and has a boron concentration of not less than refueling 
concentration requirements. 

The refueling water storage tank capacity is 400,000 gallons. For the 
initia'l fuel loading, a shutdown keff of 0.09 or less is required. This 
is obtained by using refueling water with a boron concentration of 2000 
ppm. 

Cold shutdown can always be achieved because the remainder of the first 
core and subsequent cores are less reactive than the initial fuel 
loading, and because the refueling conditions are required to be main
tained whenever the reactor is critical. Analysis of loss-of-coolant 
incidents shows that the quantity of water in storage is sufficient for 
limiting core temperatures and containment pressure following any 
incident. 

9.1.4.3 Analysis of Load-Drop Accident~ 

The physical limitations on maximum drop height are set by the limit of 
travel of the polar crane hook; however, no components are lifted to a 
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height greater than that necessary for manueverability during handling 
operations~ For the worst case postulated, that of dropping the 150 ton 
reactor vessel head onto the reactor vessel, a drop height of 28 1-6 11 was 
assumed. The total impact load was calculated to be 54 x 106 lbs., or 
13.5 x 106 lbs. acting on each reactor vessel support. 

Using this load, the maximum stress at the nozzle-to-shell juncture 
occurs on the outlet nozzle and is 45,500 psi. This compares favorably 
with the allowable stress of 80,000 psi (faulted condition). The maxi
mum calculated direct shear stress on the nozzles is 10,400 psi, which 
is less than the allowable stress of 33,600 psi (faulted condition). 
The shear stress calculated by driving the nozzle support pad through 
the nozzles is 20,000 psi, which is less than the yield stress of 44,500 
psi. 

All stresses are within those allowable and, therefore, the structural 
integrity of the nozzle and nozzle supports should be maintained. 

No reduction in dynamic load was taken due to the damping effect of the 
• head falling through 26 feet of water. 

• 

It is very unlikely that the dropping of the reactor vessel head would 
disrupt the flow of coolant to and from the reactor vessel and refueling 
canal. 

Some local yielding of the nozzles (supports) may occur which could 
cause relative displacement between the vessel seal ledge and concrete 
seal support ring which could cause ~eal failure. However, loss of 
refueling water above the seal has no safety significance, since no fuel 
handling is in progress during reactor vessel head handling operations. 

During the postulated drop of the reactor vessel head or upper core 
barrel assembly to the reactor vessel some fuel rods may fail with sub
sequent release of the fission gases. The radiation monitoring system, 
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however, will detect the released radioactive gas and immediately iso-

1 ate the reactor containment. 

No heavy loads are handled over equipment required for the safe shutdown 

of the plant during the movement of fuel from the reactor cavity to the 

spent fuel pool or vice versa, or the movement of a cask. The handling 

of fuel is al 1 within the reactor cavity, fuel transfer canal and spent 

fuel pool. The cask is moved within certain areas of the fuel handling 

building. No equipment required for safe shutdown is located in any of 

these areas. 

The physical arrangement of the Fuel Handling Building is such that the 

transfer pool is separated from the spent fuel pool. Tile cask can 

travel only over the transfer pool. For this reason, no analysis of 

cask drop in the transfer pool was required, nor was any perfonned. 

9.1. 4 .4 Tes ts and In spec ti ons 

Prior to initial fueling, preoperational check outs of the fuel handling 

equipment were perfonned to ensure proper perfonnance of the fuel 

handling equipment and to familiarize plant operating personnel with 

operation of the equipment. 

Prior to subsequent refueling operations, the equipment is inspected for 

operability and certain components, such as the fuel transfer car and 

manipulator crane, are operated to ensure reliable performance prior to 

moving irradiated fuel. 
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9.1~5 Control of Heavy Loads 

A list of overhead handling systems from which heavy loads can be dropped, 
resulting in damage to safety-related equipment, is given in Table 9.1-4. 
Compliance of these systems with the requirements of NUREG-0612, "Control 
of Heavy Loads at Nuclear Power Plants, 11 are evaluated in detail in 
References 1 and 2. These evaluations considered the following factors: 

1. Load paths and the location of safety-related components. 
2. Measures to ensure heavy load are moved within safe pathways. 
3. Written procedures for heavy load handling. 
4. Procedures for inspection, testing, maintenance and (crane) operator 

training. 
5. Verification of crane design against the guidelines of industry 

standards such as CMAA-7o(3) and ANSI 830.2-76(4). 

As a result of the initial study(l), lifting devices are being more ~iearly 
marked to indicate lift capacity and to distinguish monorail lifting and 
non-lifting devices. As a r~sult of the follo~-up study( 2) PSE&G considers 
the entire program on the evaluation of heavy loads to be complete. 

Section 9.1.5 References 

1. Quadrex Corporation, Six-Month Response for Control of Heavy Loads, 
Units 1 and 2, Salem Nuclear Station, December 17, 1981. 

2. Quadrex Corporation, Nine-Month Response for Control of Heavy Loads, 
Salem Nuclear Station Units 1 and 2, February 11, 1985. 

3. Crane Manufacturers Association of America, Specification for Electric r 
Overhead Traveling Cranes, CMAA-70, 1970. 

4. American National Standards Institute, American National Standard for 
Overhead and Gantry Cranes, ANSI 830.2.0, 1976 • 
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TABLE 9.1-1 

SPENT FUEL POOL COOLING SYSTEM CODE REQUIREMENTS 

Spent fuel pool heat exchanger, Tube Si de 

Shell Side 

Spent fuel pool filter 

Spent fuel pool demineralizer 

Refueling water purification filter 

Spent fuel pool piping 

Spent fuel pool cooling pump 

Spent fuel pool valves 

Used for design 

AS~E I I I, Cl ass C 

ASME VII I 

ASME I I I, Cl ass C 

ASME II I, Cl ass C 

AS'1E I II, Cl ass C 

ANSI 831.1.0* 

ANSI 831. 7** 

ASME III, Class C 

ASA Bl 6. 5 or MSS-SP-66 

* 
** For piping not supplied by the NSSS supplier, material inspection, 

fabrication and quality control conform to ANSI 831.7. Where not 
possible to comply with ANSI 831.7, the requirements of ASME 
III-1971, which incorporated ANSI 831. 7, were adhered to • 
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TABLE 9.1-2 (Sheet 1 of 3) 

SPENT FUEL POOL COOLING SYSTEM COMPONENT DESIGN DATA 

Spent fuel pool heat exchanger 
Number · 
Design heat transfer, Btu/hr. 

Design pressure, psi~ 
Design temperature, F 
Design fl ow rate, 1 b/ hr. 
Design inlet temperature, °F 
Design outlet temperature, °F 
Fluid 

Material 

Spent fuel pool pump 
Number 
Design pressure, psi~ 
Design temperature, F 
Design flow rate, gpm 
Minimum developed head, ft. 
Temperature of pumped fluid, °F 
Fluid 

NPSH, ft. 
Material 

Spent fuel pool skimmer pump 
Number 
Design pressure, psig 
Design temperature, °F 
Design flow rate, gpm 
Minimum developed head, ft. 
Temperature of pumped fluid, °F 
Fluid . 
NPSH, ft. 
Material 

SGS-UFSAR 

Shel 1 

150 
200 
1.49 x 106 
95 

. 103 
Component 
Cooling 
water 
Carbon Steel 

1 
11. 94 x 106 

Tube 

150 
200 
1.14 x 106 
120 
109.5 
Spent fuel pool water 
(borated demineral ized 
water) 
Stainless steel 

2 
150 
200 

. 2300 
125 
80 - 150 
Spent fuel pool water 
(borated demin. water) 
15 
Austenitic Stainless 
Steel 

1 
50 
200 
100 
50 
75 - 150 
Spent fuel pool water 
15 
Austenitic Stainless 
Steel 
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TABLE 9.1-2 (Sheet 2 of 3) 

SPENT FUEL POOL COOLING SYSTEM COMPONENT DESIGN DATA 

Refueling water purification pump 
Number 
Design pressure, psig 
Design temperature, °F 
Design flow, gpm . 
Minimum developed head, ft. 
Temperature of pumped fluid, °F 
Fluid 

NPSH 
Material 

Spent fuel pool demineralizer 
Number 
Type 
Vessel design pressure, psig Internal - psig 

External - psi g 
Vessel ciesign temperature, °F · 
Design flow rate, gpm Maximum 
Minimum D/F 
Normal fl ow, gpm 
Nonna l operating temperature, °F 
Normal operating pressure, psig · 
Resin type 

Spent fuel pool filter 
Number 
Type 

Internal design pressure, psig 
Design temperature, °F 
Rated flow, gpm 
Filtration requirement 

Spent fuel pool skimmer filter 
Number 
Type 

Internal design pressure, psi g 
Design temperature, °F 
Rated fl ow, gpm 
Filtration requirement 

SGS-UFSAR 

1 
150 
200 
100 
200 
40 - 140 
Borated reactor· 
coolant 
15 
Austenitic Stainless 
Steel 

1 
Flushable 
200 
15 
250 
100 
10 
100 
120 
Approximately 50 
anion and cation 

1 
Replaceable (Cage 
Assembly) 
200 
250 
Norn. 100, Max. 150 
98 percent retention 
of particles above 5 
micron 

1 
Replaceable (Cage 
Assembly) 
200 
250 
150 . 
98 percent retention 
of pa rt i cl es above 5 
micron 
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TABLE 9.1-2 (Sheet 3 of 3) 

SPENT FUEL POOL COOLING SYSTEM COMPONENT DESIGN DATA 

Refueling water purification filter 
Number 
Type 
Internal design pressure, psig 
Desi g n tempera tu re , °F 
Rated fl ow, gpm 
Filtration requirement 

Spent fuel pool strainer 
Number 
Design fl ow, gpm 

. Fluid 

Spent fuel pool skimmer strainer 
Number 
Type 
Rated fl ow, gpm 
Design pressure, psi 
Design temperature, °F 

Spent fuel pool skinuners 
Number · 
Fl ow per unit, gpm 
Manual adjustment, ft 

SGS-UFSAR 

1 
Cage assembly 
200 
250 
150 
98 percent retention 
of particles above 5 
micron 

1 
2300 
Borated demineralized 
water 

1 
Basket 

. 100 

. 50 
200 

2 
50 
2 
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TABLE 9.1-3 

SPENT FUEL POOL COOLING SYSTEM MALFUNCTION ANALYSIS 

1. 

2. 

3. 

4. 

5. 

6. 

Component 

Spent fuel pool 
pump 

Spent fuel pool 
pump 

Spent fuel pool 
pump 

Spent fuel pool 
pump 

Spent fuel pool 
heat exchanger 

Spent fuel pool 
skimmer pump 

SGS-.UFSAR 

Malfunction 

Rupture of a 
pump casing 

Pump stops 
running and 
cannot be restarted 

Manual valve 
on pump suction 
or discharge is 
closed 

Suction strainer 
plugs 

Tube or shell 
rupture 

Pump stops 
running and 
cannot be 
restarted 

Comments and Consequences 

The casing and shell are designed 
for 150 psi and 200°F which 
exceeds maximum operating condi
tions. The pump is inspectable 
and is located in the auxiliary 
building protected against 
credible accidents. Rupture is 
not considered credible. (Al so 
see no. 2 below). 

The remaining full capacity pump 
can be brought into operation. 

This is prevented by prestartup 
and operational checks. 

Strainer is cleaned and flow 
restored. 

Rupture is considered increciible 
because of low operating pressure. 

Spent fuel assemblies continue 
to be cooled by spent fuel pool 
pump. Pool water may become 
slightly murky possibly decreasing 
visual observations until pump is 
restored to service. Fuel pool 
water is clarified to some extent 
by bypassing spent fuel pool ·water 
through spent fuel pool deminera-
1 izer • 
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OVERHEAD HANDLING SYSTEMS 

Descri tion 

Polar Gantry Cranes 
w1 th Equf pment Hatch 
Jib 

SGS-UFSAR 

Rated 
Ca acity (ton) 

230 Main (each) 
35 Aux (each) 

Location 

Containment 
Building 
Elevation 130' 

Containment 
Building 
Elevation 130' 

Containment 
Building 
Elevation 130' 

Containment 
Building 
Elevation 130' 

Containment 
Building 
Elevation 130' 

Containment 
Building 
Elevation 130' 

Containment 
· Building 

Elevation 130' 

• 
TABLE 9.1-4 

OVERHEAD HANDLING SYSTEMS 

HEAVY LOAD 

Descri tfon Wei ht (lb) 

Upper Internals 147,750 
w/Liftfng Rig 

Lower Internals 341,500 
w/Li ftf ng Rf g (no fuel) 

Reactor Vessel Head 165,500 
w/Li fti ng Rig 

Missile Shield 54,000 
w/CRDM Fans & 
Seismic Restraints 

Box Guides (Mi ss11 e 40,000 
Shield) 

Bottom Block 12,700 

Rack of 9 Studs 6,940 
w/Nuts & Washers 

Access Stairway 4,000 

Drop Height 
(ft) 

10 

10 

30 

80 

80 

80 

30 

40 

• 
(Sheet 1 of 5) 

Safety Related Equipment/Components 
Involved in Dro ed Lift 

Reactor Vessel, Primary System 
Piping, Fuel fn Reactor Vessel 

Revision 1 
July 22, 1983 



• 
OVERHEAD HANDLING SYSTEMS 

Rated 
Descri tion Ca acity (ton) Location 

Containment 
Building 
Elevation 130' 

Containment 
Building 
Elevation 130' 

Containment 
Building 
Elevation 130' 

Polar Crane Jib Containment 
Building 
Elevation 130' 

Mobile Cherry 12.5 Containment 
Pickers (2) 15 Bu fl ding 

Elevation 130' 

Demi nera 1i zer & 6 Auxiliary 
Ion Exchanger Bu fl ding 
Service Monorail Elevation 122' 

Filter Handlf ng 
Systems 

1. Spent Fuel Pit 4 Auxiliary 
Filter Monorail Building 

Elevation 100' 

SGS-UFSAR 

• 
TABLE 9.1-4 (Continued) 

HEAVY LOAD 

Descri tion Wei ht (lb) 

RCP Motor Access 18,000 
Plugs 

RCP Motor 77,000 

RCP Motor Flywheel 13,200 

Equipment Hatch 14,000 

Reactor Head Studs 6,399 
(9) 

Lead Filled Plugs 10,000 

Concrete Floor Plugs 5,000 

Filter & Filter Bell 3,500 

Drop Height 
(ft) 

1 

30 

23 

3 

30 

7 

1 

·7 

• 
(Sheet 2 of 5) 

Safety Related Equipment/Components 
Involved in Dro ed Lift 

eve system control cables running in 
Trays 1A418, 1A420; 2A418, 2A420, 
Drawing 205841. 

Seal water heat exchanger & associ-
ated piping, some nearby safety-
related cables (not directly below 
the dropped lift). 

Revision 1 
July 22, 1983 



• 
OVERHEAD HANDLING SYSTEMS 

Rated 
Descri tion Ca acity (ton) Location 

2. Reactor Coolant 4 Auxiliary 
Ion Exchanger & Building 
Filter Underhung Elevation 100' 
Bridge Crane 

3. Refueling Water 4 Auxilf ary 
Purification & Building 
Concentrate Filter Elevation 100' 
Monorail 

4. Seal Water Injection 4 Auxiliary 
& Return Filter Buil df ng 
Monorails Elevation 84' 

So11 d Radwaste 20 Auxiliary 
Overhead Crane Building 

Elevation 100' 

Auxilf ary 3,300# Auxiliary 
Feedwater Pumps Building 
Monorails Elevation 84' 

SGS-UFSAR 

• 
TABLE 9.1-4 (Continued) 

HEAVY LOAD 

Descri tion Wei ht ( 1 b) 

Filter & Filter Bell 3,500 

Filter & Filter Bell 3,500 

Filter & Filter Bell 3,500 

Large Casks 25,000 max 

Hittman Casks 
(Loaded Waste Cask) 

48,000 max 

Motor Driven Pump 4,400 
Motor 

Turbine Driven Pump 3,300 

• 
(Sheet 3 of 5) 

Drop Height 
(ft) 

7 

7 

7 

14 

14 

3 

3 

Safety Related Equipment/Components 
Involved in Oro ed Lift 

lB & 2B Motor Control Center & asso-
ciated Cable Trays, Filters Inside 
the bell. 

Refueling Water Purfffcatfon & Con-
centrate Filter, possible load swing 
fnto liquid waste. Component cooling 
heat exchanger and piping on the 
elevation below. 

Waste gas compressor package, cable 
trays on the elevation below. 

Numerous pieces of safe shutdown 
equipment at Elevation 84', such as 
containment spray pumps 12 & 22, 
charging pump 23, associated pfpfng 
and electric cables. 

Redundant Afr Supply 

Redundant Afr Supply 

Revision 1 
July 22, 1983 



• 
OVERHEAD HANDLING SYSTEMS 

Rated 
Descrf tfon Ca acfty (ton) Location 

Charging Pump 4,900# Auxf 1 f ary 
Monorails Bufldfng 

Elevation 84' 

Component Cooling 3,200# Auxil f ary 
Pump Monorails Bufldfng 

Elevation 84' 

Safety Injection 2,600# Auxiliary 
Pump Monorails Building 

Elevation 84' 

Contaf nment Spray Auxflf ary 
Pump Monorails Bufldfng 

Elevation 84' 

Monora fl Serving 4,300# Auxiliary 
Elevation 55' and Building 
Elevation 45' Elevation 55' 

18T Grove 18 Outside 
Crane (194) Auxfl iary 

Building 

SGS-UFSAR 

• 
TABLE 9.1-4 (Continued) 

HEAVY LOAD 

Drop Height 
Descrf tion Wef ht (lb) (ft) 

Centr. Charging 7,500 3 
Pump Casing 

Recfp. Charging 11,800 3 
Pump Casing 

Component Cooling 2,650 3 
Pump Motor 

Safety Inj ectfon 2,450 3 
Pump Motor 

Containment Spray 4,000 3 
Pump Motor 

Residual Heat Removal 3,950 15 
Pump Motor 

Access Plug 8,000 

• 
(Sheet 4 of 5) 

Safety Related Equipment/Components 
Involved fn Oro ed Lift 

Associated CVC pfpfng and waste 
decon. tanks on the elevation below. 

There may be occasion to lf ft over 
operable component cooling pump fn 
the case of pumps 12 & 13. Waste 
holdup tanks, monitor tanks, vital 
cable trays, and service water 
pfpfng on elevation below. 

Safety Injection pump & pfpfng. 

Associated containment spray pfpfng. 
Chemical Volume Control (CVC) System 
and service water piping and vital 
cable trays on the elevation below. 

Residual 
pi pf ng. 

heat removal pump and 

Revision 1 
July 22, 1983 

_ _J 
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OVERHEAD HANDLING SYSTEMS 

Rated 
Descri tion Ca acfty (ton) . Location 

Cask Handling 110 Main Fuel Hand11 ng 
Overhead Crane 3 Aux Building 

Elevation 130' 

Service Water 5 Service Water 
Strainers Monorails Intake Structure 

above Structure Q 

SOT Grove 80 Intake Structure 
Crane (193) and and Outside Yard 
900 Series American 225 
Crawler Crane 

900 Series American 225 Intake Structure 
Crawler Crane and Outside Yard 

SGS-UFSAR 

• 
TABLE 9.1-4 (Continued) 

HEAVY LOAD 

Descri tion Wei ht (lb) 

Spent Fuel Cask 200,000 
w/Spent Fuel 

Bottom Block 4,200 

Service Water 6,000 
Strainer 

Service Water Concrete 12,000 
Cover Plug 

Service Water Pump 12,000 

Service Water Pump 13,200 
Motor 

Traveling Screens 17,325 

Fish Gate 3,000 

• 
(Sheet 5 of 5) 

Drop Height 
. (ft) 

32 

32 

12 

1 

1 in the 
yard 

1 in the 
yard 

12 

12 

Safety Related Equipment/Components 
Involved in Oro ed Lift 

Spent fuel in cask, transfer pool 
liner. 

Transfer pool liner. 

Service water piping and header. 
Intake bays pump suctions on 
elevation below. 

Revision 1 
July 22, 1983 
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High Density Poison Spent Fuel Storage Module 
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9.2 WATER SYSTEMS 

9.2.l SERVICE WATER SYSTEM 

9.2.1.1 Design Basis 

The Service Water Sys~em is designed to supply an adequate supply of 
cooling water ~o the reactor safeguard .and auxiliary equipment under all 
credible seismic, flood, drought, and storm conditions •. Coolant flow is 
divided into two portions, namely, the Nuclear Area and the Turbine 
Generator Area. These are illustrated on Figures 9.2-lA and B and 9.2-2, 
respectively. The following equipment is supplied with Service Water: 

1. Reactor Containment Building 
a. Reactor containment fan cooler units. 

2. Auxiliary Building 
a. Component cooling heat exchangers 
b • 

c. 
Diesel generator units 
Chiller condensers 

d. Steam generator blowdown system 
e. Auxiliary equipment lube oil coolers 
f. Auxiliary equipment room coolers 

3. Turbine Generator B~ilding 
a. Steam generator feed pump coolers 
b. Station air compressor units 
c. Vacuum pump seal water coolers 
d. Turbine lube oil coolers 
e. Turbine auxiliary cooling water heat exchangers 
f. Condensate pump motor bearing coolers 
g. Heater drain pump motor bearing coolers 
h. Bleed steam coil pump lube oil coolers 
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4. Pump Intake Str~cture 

a. Traveling screen backwash 

b. Service water pump bearing Lubrication 
c. Service water pump motor bearing coolers 
d. Sump pump bearing lubrication 
e. Sodium hypochlorite dilution water 

9.2.1.2 System Description & Operation 

Each unit is equipped with six vertical turbine-type pumps which provide 

strained Delaware River ~ater to the plant before discharging via the 
circulating water outlet piping. The pumps for both units are installed 

in an enclosea intake structure which features four independent pump room 
compartments containing three pump units each. Each group of three pumps 
is valved into on.e of two independent, ful 1-sized, supply headers per 
unit, which are situated in alternating compartments of the intake struc
ture. A double-valved, normally open, interconnection between the two 
pump headers is provided to permit the continued operation of the system 

with any combination of pumps in the event of a supply 1 ine outage. Each 
supply line to the nuclear services portion of the Service Water System 
normally feeds one unit, or approximately 1/2 of the total nuclear area 
requirement. In addition, each line is valved at all terminations and 
provided with double-valved interconnections to permit the removal of 
either supply line from service without affecting plant operations. 
Recirculatie.n control (to enable smooth multiple combination pump 
operation) is provided for each pump room compartment. Pump discharge is 

recirculated back to the pump intakes through a valve serving the three 
pumps within each compartment. These valves are modulated by service 

water pressure measured within the comm.on manifold connecting the 
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discharge of the three pumps within each compartment. Pump requirements 

on a per unit basis for various plant conditions are outlined as follows: 

Pl ant Conditions 
1. Normal Operation 

2. Loss-of-Coolant Accident 
a. Safety Injection Phase 
b. Recirculation Phase 

No. of Pumps 
4 

( 1 ) Minimum recirculation requirements can be met with two pumps . 
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Eme.rgency diesel generators are provided to power three pumps during a 
failure of normal power supply. The total system requirements during 
various modes of plant operation are listed on Table 9.2-1 which lists the 
required pumping requirements based on a maximum river temperature of 8SOF._ I 
The reactor containment fan cooler (RCFC) units are supplied by individual 
lines from the containment area service water header. Each inlet and 
discharge line penetrating the containment wall i~ provided with a 
remotely-operated, automatically controlled shut-off valve. This provision 
allows each fan cooler to be isolated on an individual basis from outside 
the containment area. 

The diesel generators can be provided with service water for. cooling from 
either nuclear supply header through connections located upstream of the 
Auxiliary Building tie valves. Each nuclear header connection to the 
diesel generator coolers is provided with a normally open motor operated 
isolation valve inside the Auxiliary Building, as indicated in Figures 
9.2-lA and B. Either of the motor operated isolation valves can be closed 

. by the operator from the Control Room. Downstream of the motor operated 
isolation valves, each service water supply ~e~der connection to each 
diesel generator cooler is provided with a ·check valve and a normally open 
maintenance valve which is operated by a reach rod from the diesel 
generator compartment. 

Rupture of the service water. supply pipe downstream of the check valve 
will cut off cooling water to .the affected diesel generator cooler. The 
affected diesel generator will alarm a high jacket water and high lube 
oil temperature condition to the Control Room approximately three minutes 
after loss of cooling water. The control room operator can temporarily 
close one of the motor operated isolation valves to reduce service water 
leakage to the compartment while maintaining service water .supply to the 
two other diesel generators. The service water flow control valve to one 
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of the t\10 cor.ipor,er;t cooling treat exchar1gers can be closed fror.1 the cou

ponent cooling heat exchanger control par.el and the service \'iater r.iai n

ter.aLce valve to the affected diesel generator cooler can be closed 11ith 

the reach rod. The affected diesel generator can then be unloaded ar,d 

shut dO\m. All valve operators and controls that are not in the Cor:trol 

Ruor.1 car. be readily reacf,ed fror.i the control roor.i by operati rig persor1r:e 1 

through corridors and stairvays ir. the Auxiliary Building. 

Failure of one of the nuclear supply headers dowr1strear.i of the tie valves 

in the Auxiliary Buildir.g \:ill 1iot interrupt the supply of service \:ater 

to the equipr.1ent required to operate follo\1i ng a loss-of-coolar;t 

accident: Ee.ch of the t\110 service \later loops provides service \tater to 

one cor.1ponent coolir.g heat exchanger, one charging pur.ip lube oil cooler, 

one safety injection pur.ip lube oil cooler and three cor:tailir.ier;t far, 

cooler units. 

The service \1ater pur.1ps are of the vertical, r.iulti'stage, turbi 1,e type 

each rated at 10,875 gpr.i and 240 ft. head and are directly driven by 1000 

HP induction r.10tors powered fror.i the plant vital buses. The pur.1ps for 

each unit are r.1ounted in tl!O individual de\1aterabl e cells of the intake 

structure \-:i th three pur.ips to a eel 1. The intake structure, shc.i\iTi i r. 

Figure 9.2-3, is physically apart fror.i the turbine condenser circulating 

\:ater pur.1p intake. The pur.ips are arranged to afford adequate subr.ierger.ce 

during the lo\-1est credible \1ater level elevation of 76.0 ft. The r.iotors 

are protected fror.i flooding to an elevation of 1~1.0 ft. by the water

tight pur.1p roor.1 cor.1partr.ients Hhich contain sur.1p pur.1ps. Autor.1atic travel

ing \;ater screens are provided at each intake cell und cor.ibine \/ith full 

depth trash racks to filter debris fror.1 the incoJiling flo\1. A r.1obile 

r.iechar.ica.l trash rake unit is provided to r.1ai ntai t: ur1obstructed pa'ssage

\-Jay sat the trash racks. T\':o-foot Hide fish escape passages are located 

abreast of the traveling screens to r.iinir.1ize the en~rapr.ient c.if fish i1; 

the ir.dividual intake cells. Organic buildup in the pur.ips, piping and 

heat exchangers is prevented by ueans of i njectirig sodiur.i hypochlorite at 
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the suction of each pump. Each pump discharges to an automatic, self
cleaning strainer and check valve prior to entering the compartment supply 
header. 

The Service Water System Intake Structure. is located about 200 yards from 
·the Delaware River shipping channels. It is expected that shipping will 

not approach the intake since the channel is marked by buoys and lights. 
Due to the large distance between the intake and the shipping channel, 
vessels, which may be adrift, can be secured, anchored, or grounded before 
coming into the vicinity of the intake. In the event that small unattended 
barges do drift into the vicinity of the intake, marine dock bumpers have 
been installed to prevent damage to the structure. 

The six service water pumps for each unit are arranged in groups of 3 pumps 
each, and each group of pumps for one unit are installed in alternate 
watertight compartments inside the intake structure, as indicated in 
Figures 9.2-lA and B. Each Service Water Pump is r"ecessed approximately 5.0 
feet from the river face of the intake. Based on the above, damage or 
blockage to two adjacent compartments of the intake can occur without 
cutting off the supply of service water to each unit. 

In the event that an oil spill occurs in the vicinity of the Service Water 
Intake, floating oil spill booms installed. in the two end cell fish escape 
passages opening to the river prevent oil from entering the intake at any 
river water level above 81 feet. A curtain wall at elevation 81' extending 
across the entire inta~e structure, except in the fish escape passages 
prevents any oil from entering the intake at any river level above this 
elevation. Lowest recorded river water level is 83 1 -l. The vertical 
turbine type Service Water Pumps take suction at elevation 71'-3, which is 
below the minimum credible river water level of 76'. Based on the above, 
oil floating on the river surface will not be drawn into the pumps. Should 
the river water level drop below elevation 81 1 with water borne oil 
present, the plant would be shut down • 
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The Service IJater System is designed for Class I (seismic) conditions 
except for the turbine area service water piping outside of the service 
water intake structure, which is of n6n-Class I (seismic) design. The 
Class I (seismic} service water piping inside the service water intake 
structure \'/h~ch supplies the turbine area is provided vlith two motor 
operated valves, SW-20 and SW-26, in series, to isolate the non-Class I 

(seismic} portion of the system upon receipt of a safety injection signal 
or a blackout. The two motor operated valves in series are pciwered from 
separate vital buses to ensure isolation of the non-Class I (seismic} 
portion of the Service Water System. 

The hypochlorite system piping inside the service water intake structure 
is designed for Class II (seismic) conditions, but ·the pipe supports are 
designed to Class I (seismic) criteria. 

The separated redundant service water lines between the service water 
pumps and the No. 1 Unit Component Cooling Heat Exchangers are not 
located in open trenches as such, but rather are constructed of rein
forced concrete pipe completely buried in the.ground. Thus, in effect, 
they are located in "separate trenches 11

• The principal SUP.Ply line 
piping runs are separated by about 13 feet. This separation, in conjunc
tion with the depth at which they have been buried, makes these lines 
essent1ally invulnerable to damage from a single postulated event. 

The above discussion also applies to the service water piping to the No. 

2 Unit Component Cooling Heat Exchangers except for one section of piping 
·runnin_g along the west side of the Auxiliary Building. Though not 
buried, this piping is located within a 4 1 -6 11 thick reinforced concrete 
pipe tunnel. The redundant supply lines within the tunnel are separated 
by a 3 1 thick reinforced concrete wall, again precluding coincident 
failure due to a single event. 

Status is displayed and control of each servfce water pump is available 
on the main control panel so that an operator can determine if an 
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abnormal number of pumps are operating. Status and control of all ser

vice water system isolation valves and motor operated header block and 
~ tie valves is also available to the opertor in the control room. The 

motor operated valve operators complete their closing or opening cycle in 
one minute while the containment isolation valves can close in 10 seconds. 

• 

• 

The rupture of a large pipe will be indicated to the operator by 
decreasing pump distance header pressure shown on the main control 
panel. If outside power is available, low pump header pressure will 
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autor.10.tical ly start a backup service \1ater pur.ip. If pur.1p discharge 

header pressure contir.ues to fall, low lo\'1 pressure is alarr.1ed to the 

r.wi n control roor.1. 

Ir. tl1e event that a pipe rupture occurs in a \oratertight pur.1p co.r.ipartr:ient 

in the service \1ater i 11take structure, v.ihi ch is beyond the capacity of 

the lCJO gpr.i sur.1p pur.ip, high sur.ip level for the affected cor.1partr.1ent \Jill 

be alamed to the control roor.1. The control roor.i operator can rer.wtely 

close the tie valves and header block valves at the i11take structure to 

isolate the effected cor.1partr.1ent and rer.iotely start the rer.iainitrg pur.1ps 

in the other pi.;r.ip cor.1partr.ient to perr.iit ati orderly plant shutdo\-m. 

In the event that a r.iai n yard supply header is ruptured, the affected 

header can be isolated by the cor;trol roor.i operator Hho car: al so open the 

tie valves at the Auxiliary Buildir1g. Rupture of a header pipe for No. 2 

Ur.it in the pipe tur,nel can also be detected by high level to the control 

rooLl alarLl fror.i the suDps each containing 200 gpr.i puaps. The control 

roar.a operator can detemine the affected header by rer.iotely closing the 

iritake tie valves and observing \-Jhich pur.1p header is affetted by 10\<1 lo\o: 

pressure. One the rupture yard header is isolated the i r:take tie valves 

can be opened and all service \'Jater pur.1ps r.1ade available. 

Service \,ater piping in the Auxiliary Buildirig is for the r.iost part 

accessible during operation for inspection by the operators. 

I11 th-e event that a pipe rupture occurs i r. the service \:ater piping 

inside the contai nr.ierit, the differerice bet1t1ee n fl oHs enteri r;g and 1 ea vi r.g 

the cor;taimer.t \dll be sensed and alarr.ied to th.e control roor.1. High 

level al arr.is in the contai 11r.ient sur.ip and the fari cooler drain pot \o;il 1 

al so be transr.iitted to the control roor.i. The control roor.1 operator car. 

rer.1otely close the contairir.ient isolatior1 valves to isolate the leaking 

fan cooler ur,it. 
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In the event that radiation is detected at one of the service water out

let from the containment, the condition is alarmed in the Control Room. 
The final decision to isolate. the coils is based on plant conditions, 
analyses and indications. 

The service water flow through the containQent fan cooler units is indi

cated on the control console along with a differnetial flow.measurement 

which alarms under flow mismatch conditions. A flow mismatch could occur 

due to a leak in the fan cooler unit in the containm,ent area. 

A temperature detector monitors the fan cooler outlet temperature, which 

is indicated on the control console; high water temperature could be an 

indication of inadequate flou. 

The service water flow through the component cooling heat exchanger,J s 

maintained at 10,000 gpm by means of a control valve. The va~ve is 

controlled by an indicating controller QOUnted in an instrument panel 

which is located in the Auxiliary Building in the vicinity of the heat 

exchanger. In addition, a flow transmitter alarms a service water high 

flow condition on the overhead annunciator in the Control Room. 

Material inspection, fabrication and quality control conform to Al~SI_;, 

B31.7. Where not possible to comple with ANSI B~l. 7, the requirements 

of ASME III-1971, which incorporated ANSI 831.7, were adhered to. 

Radiographs of Nuclear t.;lass III cement lined pipe were difficult to 

interpret. The 1970 addenda to 831.7 allowed 100 percent magnetic 

particle inspection in lieu of random radiography. This provision was 

also incorporated into Section III, 1971 Edition. The Service Water 

System contains Nuclear Class III cement lined pipe for which this alter

nate inspection method Has utilized. 

The use of a later code was restricted to inspection and did not involve 

any requirements from Section III such as material, stress calculations, 
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etc., that \IOUld modify our original design. Consequently, other 

requirements from a later Cude would not be applicable. Therefore, it is 

believed that the integrity of field Helds has not been compromised and 

that we have complied wi tl1 our commitment to use ANS 1:331. 7 wherever 

possiole. 

9.2. 1.3 Design Evaluation 

The Service Water System is designed to remain operable under each of the 

following conditions: 

1. Any one pump failure and one pump under maintenance. 

2. One main supply header failure. 

3. Loss-of-coolant accident coincident with loss of offsite power and 

subsequent 4KV vital bus fuilure. 

The r.ii nimurn engineered safeyuards equipment re qui red to safely shut down 

the unit Hi 11 not be limited by any of these failures. 

9.2.1.4. Tests and Inspections 

The system 11as hydrostatically tested prior to station operation. All 

active cor.iponents (valve·s, pumps and controls) were functionally tested 

prior to startup. Survei 11 ance requirements for i nse·rvi ce inspection and 

testing of components is in accordance with the Technical Sepcifica

tions. 

9.2.2 COMPONENT COOLING SYSTEM 

An independent Component Cooling System, shown in Figure 9.2-4 is pro

vided for each unit. All inforr.1ation in this section refers to one 

unit. Unit No. 2 is a sir.1ilar design. 
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9.2.2.1 Design Bases 

The system is des i gn·ed to remove residual and sensible heat from the 
Reactor Coolant System, via the Residual Heat Removal System during plant 
shutdown, cool the spent fuel pool water and the letdown flow to the 
Chemical Volume and Control System during power operation and provide 
cooling to dissipate waste heat from various primary plant components. 

Active system components which are considered vital to the cooling function 
are redundant. Redundancy of components in the Component Cooling System, 
when provided, does not degrade the performance or reliability of any 
sys tern which the Component Cool in g Sys tern serves. Any s i n·g le active or 
passive failure in the system will not prevent the system from performing 
its design function. 

The system design provides means for detection of radioactivity entering 
the system from the Reactor Coolant System and its associated auxiliary· 
systems and includes provisions for isolation of system components • 

The design of the Component Cooling System is based on a max·imum service 
water supply temperature of ssoF. It has been noted that during 
exceptionally hot weather and rare tide conditions, the service water 
temperature has exceeded 850F (going as high as 9QOF). An analysis 
performed on the system based on a temperature of 9QOF indicates that the 
heat removal requirements during worst case conditions (LOCA) will still be 
met. Therefore, if the 850F design temperature is exceeded, ther~ will be 
no affect on safety and no further action will be required by operating 

, personnel. This temperature places no limitation on normal plant operation 
and affects only the time required fQr plant cooldown and the number of 
component-cooling heat exchangers in us~ during the various plant 
operations. 

9.2.2.2 ·Codes and Classifications 

All piping and components of the Component Cooling System will be designed 
to the applicable codes and standards listed in Table 9.2-2. Component 
cooling water contains a corrosion inhibitor to protect the carbon steel 
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9.2.2.3 System Description 

-The System consists of three cor.1ponent cooling pumps, two component 
cooling heat exchangers, a component cooling surge tank, cooling lines to 
various components being cooled, and associated piping, valves, and 

i nstrumentdti on. The cor.1ponent coo 1 ant flows from the pumps, through the 

shell side of the component cooling heat exchangers, shell and tube type, 

or through the component cooling water side of the component cooling heat 

exchangers, plate type, through the components being cooled, and back to 

the pumps. The surge tdnk is connected to the suction side of the com

ponent cooling puraps. Makeup water is supplied to the loop near the 

surge tank. 

During nomal full poHer operation, one or two component cooling pumps 

and one cor.iponent cooling heat exchanger accommodate the heat removal 

1 oads. The standby pump and the sta1.1dby heat exchanger provide backup 

during nonnal operation. Operation of all component cooling pumps and 

•• 

both component cooling heat exchangers is required for removing residual • 

and sensible heat during a nonnal plant shutdown. Fa"ilure of one of 

these components increases the time required for shutdown but does not 

affect the safe operation of the plant. 

In the event of a .loss-of-coolant accident, one pump and one heat 

exchanger are capable of fulfilling system requirements. rhree mai11 

cooling headers are provided: two isolai.Jle headers which supply cooling 

Hater to essential safety equipment, and one header which supplies cool

ing water to the other plant auxiliaries. With this arrangement, long

term cooling of the Engineered Safety Features under accident condi"tions 

is assured considering an active colilponent failure or the developr.ient of 

excessive leakage in one header in the Component Cooling System. Cooling 

water for the component cooling heat exchangers is supplied from the 

Service Water System insuring a continuous source of cooling under all 

conditions. 
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Cor.iponent cooling is provided for the follm!i ng heat sources: 

. . . 

1. Residual heat exchangers 

2. Reactor coolant pur.ip r.1otor bearing oil coolers and themal barriers 

3. Letdown heat exchanger 

4. Excess l etdmm heat exchanger 

5. Seal \Jater heat exchanger 

6.· Spent fuel pool heat exchanger 

7. Sar.iple heat exchangers (Unit #1 Cor.1por1ent Coolirig Syster.1 serves the 

sar.Jpl e heat exchangers for both uni ts.) 

8. · Boric acid evaporator condenser and condensate cooler 

9. Cooling for residual heat removal, safety injection, and chargi rig 

pur.ips 

10. Waste disposal syster.i components 

Design flow rates under various conditions are tabulated in Table 9.2-3. 

All components served are arranged in three r.1ain headers with parallel 

flow circuits fror.i each header. Cooling \1ater is norr.ially available to 

all cor.1ponents served by the system, even though one or more of the cor.i

ponents r.iay be isolated. Motor operated valves are used to provide the 

residual heat exchangers ~1ith cooling water should it becor.ie necessary to 

place these cor.iponents in service under loss-of-coolant accident condi

tions. At the reactor coolant pur.ip, cor.iponent cooling water rer.ioves heat 

fror.i toth the r.iotor bearing oil and the thermal barrier. 

The Component Cooling System is considered an Engineered Safeguards 

System, since it is required for post-accident rer.1oval of decay heat fror.i 

the reactor. For that reason, it is designed to meet the single active 

or passive failure criteria. T\10 cor.1pletely i r1dependent, parallel trains 

are available, each consisting of one pur.ip and one component cooling heat 

exchanger. A third pump is available as a standby. Each train ir1cludes 

50 percent of the equipr.ient which r.iust be cooled in a post-accident 

situation. Th·e surge tank is al so separated into t\·10 parts by a baffle, 
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thereby essentially providing separate surge volur.ie for each of the t\'JO 

trains. Durir;g norr.1al operation, the t\10 trains are interconriected, but 

\1hen an acciderit occurs, r.iotor operated valves are available to establish 

the t\;o separate cooling trains \lithin a short period of tir.ie. Each of 

these cooli r.g trains provides cooli r.g \later to one of the t\-10 residual 

heat removal trafr.s. 

Si nee the heat is transferred fror.i the cor.iponent cooling water to the 

service water, the Component Cooling Systera serves as an interraediate 

syster.i between the Reactor Coolant and the Service Water Syster.is arid 

insures that any leakage of radioactive fluid fror.i the cor.iponents being 

cooled is contained \dthir, the plant. The surge tar1k accor.ir.iodates 

expansion, contraction, and in-leakage of 'rJater and insures a continuous 

cor.1ponent coolir.g \1ater supply ur.til a leaking cooling line car. be i so

lated. Radiation r.ionitors are provided on the cor.iponent cooling heat 

exchanger discharge 1 i nes. The r:ionitors actuate alarr.1s and close the 

surge tank vent valve when the radiation level reaches a preset level 

above the riorr.ial background. 

water cher.1i stry control of the Cor.1por;ent Cool i r:g Syster.1 is accor.1pl i shed 

by cher.1ical additions to the surge ta11k and by addition of der.1ineralized 

Hater to the syster.i through t\10 1 i nes connected to the suction header of 

the pur.ips. 

The operation of the syster.1 is r.ionitored with the follo\1i ng i ristrur.1er.ta

tion: 

1. Ter:iperature detectors in their.let and outlet lines for each coo

ponent cool i 11g heat exchanger. 

2. Pressure detectors on the pur.ip discharge headers. 

3. A ter.iperature indicator in the outlet line fror.i each heat exchanger . 
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4. 

5. 

A radiation monitor in each component cooling heat exchanger dis
charge line • 

A level indicator and alarm on each side of the surge tank. 

9.2.2.4 Components 

Component Cooling System component design data are listed in Table 
9.2-4 • 
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9.2.2.4.l Component Cooling Heat Exchangers 

~ Two component cooling heat exchangers are provided for 
each unit. Unit No. 1 has one tube and shell type heat exchanger and one 
plate-type heat exchanger; Unit No. 2 has two(2) tube and shell-type heat 
exchangers. Service water circulates through the cold side while 
component cooling water circulates through the hot side. 

Each component-cooling heat exchanger is designed to remove one-half of 
the heat load occuring at 20 hours after plant shutdown. Each heat 
exchanger is also capable of removing one-half of the maximum heat 
removal load occurring when the Residual Heat Removal System is first 
placed in operation during a plant cooldown operation. The heat removal 
load during normal full-pow_er operation is transferred by one component
cool ing heat exchanger with the additional exchanger providing 100 
percent standby capacity. 

The provision of two component-cooling heat exchangers assures that heat
removal capacity is only partially lost if one exchanger fails or becomes 

~, inoperative, and allows maintenance or replacement of one exchanger while 
the other unit is in service. 

9.2.2.4.2 Component Cooling Pumps 

The three component cooling pumps which circulate component cooling water 
through the Component Cooling System are horizontal, centrifugal units of 

SGS-UFSAR 

06 l 3Q: l 

9.2-15 Revision 3 
July 22, 1984 



star;darci corn:1ercial construction. The pur.ip r.1otors receive electric power 

froLl the 4160 volt vital buses. 

The cor.1por.er.t-cuolirig tlo\: requirer.ier.t durir.g full-pO\:er operation is 

1.orT.1ally r.1et tiy operation (Jf t\-10 cor.1ponent-cooli rig pur.ips; the third pur.ip 

provides ~tar.dby capacity. Ourir.g plant cooldo\''n all three pur.ips are 

operated arid each pur.1p circulates or.e-thi rd of the total Cor.iponent cool

; r.g f 1 OL 

!1.£'..~.4.3 Cor.ipor.ent Cooling Surge Tonk 

The surge tank, in addition to the piping connections, has a flanged 

operii rig at the tup for additior1s of cher.iical corrosion i r.hibitor to the 

Cor.1por.ent Cooling Syster.i. For the purpose of hor.1ogenizi ng this cher.iical 

\lith the rest of the syster:i, a recirculation line fror.i the pur.1p discharge 

i s provided. 

N(Jrr.ic:11y the tank is open to the atr:iosphere, but if high radiation is 

detected i r. the recirculating syster:i the vent line is autor.1atically 

closed.· The tar.k is connected to the syster:i by h:o lines, both equipped 

\:ith locked-open valves. 

The tt:.r;k lldS ar1 ir1terr.al baffle divider to provide two separate surge 

volur.1es. This arrar1ger.1ent provides redundancy for a passive failure 

durir.g recirculc:tion follmiing a loss of coolant acciderit. 

9.2.2.4.4 Valves 

Si r.ce the cor.iponer.t coolir.g \1ater is not norr.1ally radioactive, special 

features to prever.t leakage fror.i the valves to the atr.iosphere are not 

provided. Self-actuated spring loaded relief valves are provided for 

lines and cor.iponents that could be pressurized to their design pressure 

by i r.1proper (Jperati ori or r.ia lfur;cti or .• 
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9.2.2.4.5 Piping 

All Compor1ent Cooling Syster.i piping is carbon steel \':ith \1elded joints 

and connections except at cor.iponents which might require rer.ioval for 

r.iai ntenance. The piping is of carbori steel si nee the cool arit contains a 
corrosion i nhi bi tor. 

9.2.2.5 Design Evaluation 

9o2o2.5.l Availability and Reliability 

Inside the containr.ient, r.iost of the piping, valves, and i nstrur.1entatior. 

are located outside the crane wall at an elevation above the water level 

in the bottor.i of the containment at post accident conditions. In this 

location the portions of the .system within the containment are protected 

agains.t credible r.1issiles and from flooding during post accident opera'

tions. This location al so provides radiation shielding \'Jhich perr.iits 

r.iai ntenance and inspection to be performed during power operation. (The 

exceptions are the cooling lines for the reactor coolant pumps which are 

isolated follo\'1ing a postulated loss-of-coolant accident). 

The cor.1ponent cooli rig pur.1ps~ heat exchar1gers, and associated valves, 

piping and instrur.ientation are located outside of the containment ar.d~are 

therefore available for maintenance and inspection during power opera:(. 

ti on. Replacer.1ent of a pur.ip or heat exchanger is practicable \1hile the 

other cor.iponents are in service. Sufficient cooling capacity is provided 

to fulfill all syster.i requirements under normal and accident conditior.s. 

Adequate safety r.iargins are included in the size and number of cor.1por1ents 

to preclude the possibility of a cor.iponent r.ialfunction adversely affect-

; ng operation of safeguards equipment. 

Power is supplied to each of the component cooling pur.ips fror.t separate 
. ' . . . 

4160 volt buses. These buses are norr.ially supplied fror.i separate diesel 

generators in the event of 1 oss of off;_si te power. Upon pO\!er f ai 1 ure 
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coincident with a loss-of-coolant accident, the cor.iponent cooling pur.ips 

are r.1anually loaded on the vital buses. During a loss-of-coolant 

accident not coincident with loss of.off-site power, the diesels will 

start but \'ti 11 riot be loaded and power to the cor.iponer.t cooling \1ater · 

pur.1p s i s not interrupted. 

9.~.2.6 Leakage Provisions 

Tu r:iiriir.iize the possibility of leakage fror.i piping, valves, and equip-·· 

r.ient, \'1elded construction is used wherever possible. The cor.iponent cool

ing \Jater could becor.1e contar.ii nated \'!ith radioactive water due to one of 

the following conditions~ 

1. A leak in any heat exchanger tube in the Cher.Ii cal and Volur.1e Cor1-

trol Syster.i, Sar.iplirig Syster.1, Residual Heat Rer.ioval Syster.i, or Spent 

Fuel Pool Cooling System or a cooling coil for the therr.1al barri'er 

cooler on a reactor coolant pur.ip. 

2. A leak in the residual heat exchangers follt:n1ing an a·ccident. (Tube 

or coil leaks in cor.i~onents being cooled are detected by radiation 

r.10nitors 1 ocated on the component cooling heat exchar1ger outlet 

headers.) 

The relief valves on the cooling \1ater lines dowr1strear.1 of the sar.iple, 

letdow~. excess letdown, seal water, spent fuel pool and ~esidual heat 

exchangers are sized to relieve the volur.1etric exparisiori occurring 'it the 

exchariger shel 1 side is isolated and high ter.iperature coolant flows 

through the tube side. The set pressure equals the design pressure of 

the shell side of the heat exchangers. 

The relief valve on the cor.iponent coolir1g surge tank is sized to relieve 

the r.1axir.1ur.i flow rate .of water \1hich enters the surge tank followi rig a 

rupture ofa reactor coolant pur.1p thermal barrier cooling coil.. Th.e set 

pressure is less ·thari the design ·pressure bf the co·r.1por1ent cooling surge 
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tank. The discharge of this valve is directed to the Haste holdup tank . 

The relief valve on the plar1t auxiliaries header is sized to relieve the 

volur.1etric expansion from all components on that header should it be 

isolated fror.i the surg·e tank. 

9.2.2.7 Ir.cide11t Control 

The portion of the Cooponent Cooling Syster.i located i·nside the contain

ment can be isolated following a loss-of-coolant accident. The lines to 

and fror.i the excess letdown heat exchanger are isolated in phase A i sola

tion and the lines to and from the reactor coolant pumps in phase B. The 

cooling ~1ater supply line to the reactor coolant punps contai r.s a check 

valve inside and renote operated valves outside the containment wall. 

Each return line fror.i the pumps has remote operated valves inside and 

outside the containment wall. The cooling water supply line to the 

excess 1 etdo~m heat exchanger contains a check valve inside the cor.tai n

nent wall arid both supply and return lines have valves outside the con

tai li!Jent wall which car1 close automatically to isolate that portion of 

the system. Except for the norr.1ally closed nakeup line and equipnent 

vent and drain lines, there are no direct connections beb1een the cooling 

water and other systeras. The equipment vent and drain lines outside the 

containment have nanual valves Hhich are 1.orr:1ally closed unless the 

equipnent is being vented or drai r1ed for mai ritenance or repair 

operations. 

The Cor.1poner1t Cooling Systen instrunentation provides the required 

signals for safe, reliable, and efficient operation and control of the 

system. All alams are located in the control roor.i . 
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9.2.2.8 Reactor Coolant Pur.1p/Motor Cooling 

9.2.2.8.1 Description 

Cur.1ponent coolir.g Hater is provided to the reactor coolant pur.ip themal 

barrier heat exchanger, as \'1ell as to the upper arid lower r.iotor bearing 

oil coolers. 111 additior;, seal injection flow is supplied to the pur.ips 

from the cher.iical and volur.1e control syster.i. These cooling supplies are 

discussed i r1 the foll O\'!i ng paragraphs ar.d ere sho\'m scher.iatically i ri 

Figure 9.2-5. 

Tile therr.ial barrie.r is a \1elded assembly consisting of a flanged cylir1-

drical shell, a series of concentric stainless steel cans, a heat 

exchanger coil assembly, and three flanged water connections. 

Cor.1pone11t cooling \>later enters the then-.ial barrie.r through a flanged 

connection or. the themal barrier flange (See Figure 9.2.6). The coolirig 

\later flohs through the inside of the coiled stair.less steel tubing iii 

the heat exchar1ger and exits through another flanged connection on the 

therr.101 barrier flange. 

During r1orr.ial operation, the thermal barrier 1 imits the heat transfer 

fror.1 the reactor coolant to the pur.ip internals. If a loss of seal 

injection tlo\>1 should occur, the heat exchanger in the theroal barrier 

asser.ibly cools the reactor coolant before it enters the radial bearing 

and the shaft seal area. Conversely, if a loss of cor.ipor.er1t coolit;g 

\o.'ater to the 'then.1al barrier heat exchanger should occur, the seal injec

tion flo\1 is sufficier.t to prevent dar.iage to the seals. 

The upper beari r.g asser.1bly contains an oi 1-cool ded pi voted-pad radi a 1 

guide bearing (upper guide bearing), as we.11 as a double acting uil

cooled Kingsbury-type thrust bearing (see Figure 9.2.7. The thrust 
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beari r.g shoes a re positioned above and be 1 o\'1 a c or.n:ion runner to accor.rr.10-

date thrust in both directions. The shoes are mounted on equalizing 

pads, ~1hich distribute the thrust load equally to all the shoes. 

The oi 1 is circulated through and cooled by cor.iporient cooling water in an 

external oil-to-Hater shell and tube heat exchanger (oil cooler). 

The lower guide bearing is a pivoted-pad radial bearing, sir.iilar to the 

upper guide bearing. 

The entire lower guide bearing asser.1bly is located in the lo\'Jer oil 

resevoir, Hhich contains an integral oil-to-water coil type heat 

exchanger (See Figure 9. 't!.-7). 

As discussed above, component cooling water is provided to the reactor 

coolant pump thennal barrier heat exchanger, as well as to the upper and 

lower r:10tor bearing oil coolers. Should a loss of cor.rponent cooling 

water to the reactor coolant pur.1ps occur, the Chemical and Volur.ie Control 

System cor.tinues to provide seal i njectic.iri flo\'1 to the reactor coolar.t 

pur.ips; the seal injection flow is sufficient to prevent damage to the 

seal with a loss of therr.ial barrier cooling. Ho\o1ever, the loss of cor:1-

poner1t cooling water to the motor bearing oil coolers \'Jill result in an 

increase in oil temperature and a corresponding rise in r.iotor bearing 

metal temperature. It has been demonstrated by testing, discussed belo\1, 

that the reactor coolant pumps will incur r.o dar.iage as a result of a 

component cooling water flow interruption of ten minutes. 

T\10 reactor coolant pur.lp r.1otors have been tested with i nterruped cor.1po

nent cooling water these tests were conducted at the Westinghouse Electro 

Mechanical Division. In both bases, the reactor coolant pur.1ps were oper

ated to a chi eve 11 hot 11 (2230 psi a, 552 °F) equi l i bri ur.i conditions. After 

the bearing temperatures stablized, the cooling water flow to the upper 

and lower r.lotor bearing oil coolers was tenninated and bearing (upper 

thrust, lower thrust, upper guide and l o\oter guide) ter.1peratures \/ere 
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r.ior1itored. A bearing r.1etal ter.1perature of 185°F was established as the 

r.iaxir.iur.i test ter.iperature. When that ter.1perature \oias reached, the coo,l i ng • 

water fl ow \oJa s restored. 

In both tests, the upper thrust bearing exhibited the lir.iitir;g ter.iper.:.. 

atures. Figure 9.2.8 shows the upper thrust bearing ter.iperature versus 

tir.ie. In both cases, 185°F \o1as reached in approxir.iately ten r.iinutes. 

The r.1axir.rnra test teraperature of 18b°F is al so the suggested alarr.i set-

poi nt ter.iperature and the suggested trip ter.1perature is 195 °F. It should 

be noted that the raelting point of the babbitt bearing r.ietal exceeds 

400°F. The i r.forr.iati on presented above constitutes the basis of the RCP 

qualification for ten r.iinute operation without coraponent cooling. water. 

with no resultant dar.iage. 

9.2.2.8.2 Operating Procedures 

PSE and G uperatirig Procedures for Saler.i Uriit 1 and 2 have bee11 revised 

to address the loss of cor.iponent cooling \oiater to the reactor coolar1t 

pur.1ps in sufficient detail to cover the concerns expressed. Upon a 10\1 

.cor.1poner.t cooling flo\o1 alarr.i to any reactor coolant pur.ip, the operator 

will trip the reactor arid reactor coolant pur.1ps \dthin five r.iinutes if 

fl ow cannot be restored to the reactor cool ant pur.ips. This action \:ill 

be perf orr.1ed prior to the r.10tor bearing reaching its design operati rig 

ter.1perature. 

9.2.2.b.3 Ar1alysis· of Sir.iultarieous Multiple Pur.ip Seizure Probability 

As discussed above, a loss of cor.1ponent cooling water to the raotor 

bearing oil coolers \o1ill result ir; an increase.ir, cJil ter.iperature and a 

corresponding rise in tiotor beari r.g ter.iperature. Westinghouse contends 

that the 1 oss of cor.iponent cooling l!ater to the react()r coola11t pur.1ps 

will not result in an instantaneous seizure of bio pumps sir.iultaneously 

is not a credible ultir.iate consequence. 
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Instead, it is Westinghouse's technical opinion that a r.10re realistic 

ultimate cor1sequence ~1ill be an abbreviated coastdO\m. If a 1 ir;1iti rig 

condition of the babbitt metal is considered, an increasing coefficient 

of frictiOti, as Well as ar. i f';Creasing retarding torque i S expected. 

However, in view of the large rotational inertia of the pump/motor 

assembly, Westinghouse r.iai r1tai r.s that an instantaneous seizure \;i 11 not 

result. 

Because an initial seizure is not expected, it is not possible to define 

a precjse point in tir.ie at \Jhich a sequential seizure would be antici

pated. Therefore, for the purpose of defining the tir.ie expected between 

sequential seizures, the follo1t1ing discussion is presented in tems of 

··equenti al occurrences of reaching a "hi gh"beari ng ter.1perature. As 

discussed above, the upper thrust bearing exhibits the limiting tempera

ture. Therefore, an upper thrust bearing ter.iperature of 240°F has been 

chosen arbitrarily as the -"high temperature. It should be noted tht the 

use of this value does not ir.iply pump seizure at this ter.iperature . 

Variables affecting the steady state operating temperature of the 

bearings include the fol lowi rig: 

1. Surface finish of the bearing and runner 

2. Bearing (and oil pumping mechanism) clearances 

3. Inlet temperature of water to heat exchanger (oil cooler) 

4. Condition of oil-to-~1ater heat exchanger (oil cooler), i.e., extent 

of foul i 11g 

5. Co ridi tion of oil 

6. Ar.lount of oil in oil pot 

7. Oil temperature 
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These variables \>JOuld be expected to i r1teract concurrently i r1 a r.1anr1er 

which individualizes the perforr.iance of the bearings during actual steady_ •. 

state plant operation. In order to quantify the resultar1t variatiori in · 

perforr.1ance," Westinghouse has collected data fror:i an operating four-loop 

pl ar;t. This data der.ionstrates that the upper thrust bearings operate at 

different steady state ter.iperatures, (i.e., 128°F, 13.2°F, 135°F, ar;d 

145°F.) 

Using these actual steady state operating values (A-128°F, B-132°F, 

C-135°F, D-145°F) and assuming a conservative 5°F/r:iinute lir.ear heatup 

rate after a loss of component cooli11g water sequential occurrences of 

reaching the "high" bearing ter.iperature could be expected at the tir.1e 

ir1tervals tabulated below: (See Figures 9.2-9 and !:1.2-10) 

Seque nti a 1 

Motors 

A and B 

B and C 

C and D 

A and C 

B and D 

A and D 

Operating 

Ter.iperature 

4 

3 

10 

7 

13 

17 

Time 

Interval 
(OF) (r.1i nutes) 

0.85 

0.65 

2.875 

1.5 

2.525 

3.375 

To sur.marize, two bearings sequentially reaching a ter:iperature of 240°F 

could. be expected a a r:ii nir:iur.t tine interval of 0.6b r.1i nutes and at a 

r.iaxir.iur.i tir.ie interval of 3.375 minutes. 

Westinghouse has obtained r.1otor bearing heatup data, as discussed 

previously. These test data show actual values of bearing ter.iperatures 

follo\'1ing a loss of cor.iponent coolir;g \'!ater. The test data presented ir. 

Figure 9.2-8 \'Jill be exar.iined relative to the above discussion. The test 

ruris, \'1hich \.'ere perfomed at different tir:ies using different r.1otors, 
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der.10nstrate similar heatup rates. This fact supports the assumption of 

i deratical 1 i near heatup rates r.iade in the previous discussion. In addi

tion, the average heatup rates evidenced in the test data are less than 

3.3°F/r.1inute, \1hich substantiates the use of 5°F/r.1inute as a conservative 

value. The actual test data, although limited, is supportive of the 

assumptions posed in defining the tir.ie intervals tabulated above. 

In conclusion, Westinghouse contends that a single or r.iultiple pur.ip 

seizure as the result of a loss of cor.iponent cooling \1ater to the reactor 

coolant pur.1ps is not a credible evento However~ in our judgr.ient and 

based on the above discussion, two reactor coolant pur.1p r.10tor upper 

thrust bearings could sequentially reach a 11 hi gh 11 bearing ter.iperature of 

240°F at a r.li nir.lUr:i tir.ie interval of O. 65 r.1i nutes (or approxir.iately 40 

seconds). 

9 .• 2.2.8.4 Definition of core danage and pressure transients as a result 

of two seqwuenti a 1 locked rotors 

Chapter 15 presents the analysis of a single reactor coolarit pur.ip locked 

rotor. It should be pointed out that the analysis assumes an instan

taneous seizure of a reactor coolant pur.lp rotor on a non-r.1echanistis 

basi s. 

As discussed above, Westinghouse contends that a postulated r.iechanistic 

instantaneous seizure of a pur.ip rotor due to a loss of cor.iponent cooling 

water to the reactor coolant pur.ip will not occur and is not a credible 

event. 

However, in response to the NRC 1 s request, the results of a second 

non-r.iechanistic instantaneous seizure occurring at 40 seconds (defined 

previously) after a first non-r.1echani sti c i r.stantaneous seizure have beeri 

evaluated. Although an FSAR approach was utilized to evaluate this 

situation, Westinghouse does not recognize a postulated r.1echani sti c 
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instantaneous locked rotor as a credible consequence of the loss of 

cor.1poner.t cooling \'1ater to the reactor cool ant pur.1ps. · 

Assur.1i ng that a second pur.1p seizure occurs 40 se·cond s after a first pur.ip 

seizure, no noticeable change is seen iri the Reactor Coolant Syster.1 pres

sure and the clad ter.iperature transients. Furtherr.iore, even if the tir.ie 

interval beb1een the sequential seizures is reduced to 10 secor;ds, no 

noticeable change is seen in the Reactor Coolant Syster.i pressure and the 

clad ter.iperature transients. 

The hypothetical seizure of orie reactor coolant pur.ip results i r1 a 10\1 

flow reactor trip approxir.iately one second after the initial of the 

everit. As Ci result of the fast reactor trip and the consequential 

decrease in core heat flux, the reactor coolant syster.1 pressure and the 

clad teraperature reach the peak values at about 2.5 seconds and then 

start to decrease. 

Because the core has been shut down, at 40 seconds, or ever. 1 U secor1ds, 

after a pur.ip seizure, the Reactor Coolant Syster.i pressure and the clad 

ter.iperature transients have decreased to a point at \'1hich a second pur.1p 

seizure results in no noticeable change in the transients. 

9.2.£'..b.5 Single Failure Criteria Related to Electrical Po\1er 

Requi rer.1erits 

Ari audit of the electrical design.involved in the redundar.t supp lie$ of 

cooli rig \1ater to the reactor coolant pur.ip seals has been perforr.ied to 

verify the ability of control arid r.iotive poHer sources to r.1eet the single 

failure criterion. 

The result of this audit shows that there are no credible single electri

cal failures capable of causing a total loss of cooling \'1ater to ar1y 

reactor coolant pump. The equipr.1elit and cor;trol s analyzed are the fol

lo\'1i ng (Unit No. 1 nur.1bers are used - Unit No. 2 analysis is identical) . 
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eves 

Isolation valves ICV116 and ICV284 

RCP Seal Leakoff Vdlves CV104 (11-14) 

. Component Coo 1 i ng 

Cooling water supply valves ICC117. and IC118 

Bedring Wdter return valves ICC136 and ICC187 

Thennal barier water return valves ICC131 and ICC190 

All the valves identified except the CV104 valves are 230 V.A.C. motor 

operated valves. The CV104 valves are 125 voe solenoid operated valves. 

The CV104 valves have been .designed to fail into the open position upon 

loss of control power or air. Each valve control circuit has been 

dssigned to d separate control grouping \Jhich insures physical separation 

of all involved control devices. All credible failures result in a11 open 

valve. An individual valve 11 hot-short 11 could potentially cause a loss of 

seal water flm·1 to only one pur11p. Such d failure could not cause the 

coincident las~ of component cooling flow. 

The motor-operated ·valves perfonn the safety function of contai nr.ient 

isolation, and are separated among the three vital 230V AC busses. All 

of these valves are nomally open and remain open unless signalled to 

close oy containment isolation logic. One half of the co1:iponent cooling 

valves would close upon receipt of a containment isolation signal (phase 

B) from protection Train A. The other half would close upon the same 

signal from Train B. The Chemical and Volume Control System valves would 

be cl.)sed upon receipt of contairn.1ent isolation (phase A) signals fror.i 

their respective protection Trains. There are no credible failures cap

able of causing both of these events to coincide. A desiyn basis loss

of-coolant accident would result in closure of a11 'ldlves to comply vlith 

containment isolation criterirl. 
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piping. All motive power and control circuits have been analyzed for 
potential failures. The results of this analysis indicate that no credible 
failure mechanism can cause loss of all cooling flow to the reactor coolant 
pumps. 

9.2.2.9 Malfunction Analysis 

The malfunction analysis of pumps, heat exchangers, and valves is presented 
in Table 9.1-5. 

9.2.2.10 Tests and Inspections 

Active components of the Component Cooling Sys.tern are either in continuous 
or intermittent use during normal plant operation. Surveillance 
requirements for in service inspection and testing of components is in 
accordance with the Technical Specifications. 

9.2.3 DEMINERALIZED WATER MAKE-UP SYSTEM 

• 

Make-up water required for the high purity water systems in the station is • 
produced from three trains of fully automatic ion exchange demineralizers. 

·A vacuum degasifier is also provided to remove any dissolved or evolved 
gases from the water. The plant is designed to produce a maximum of 650 
gpm of demineralized water with two demineralizer trains in service. Water 
from wells on the station property is used a~ make-up to the demineralizer 
system. Two 500,000 gallon outdoor demineralized water storage tanks are 
provided. The demineralized water make-up system is shown in Figures 
9. 2-llA and B. 

9.2.4 POTABLE WATER SYSTEMS 

The potable water systems use a combination of deep ground water (sub
surface) wells as the supply source in sufficient capacity for all of the 
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plant requirer.ients which includes potable, process r:iake-up, fire protec

tion, and sanitary uses . 

Three fresh \1ater \Je 11 s, located in the Mt. Laure 1-Wenonah f orr.iation 

(approx. 300 1 deep) and one fresh water \le 11, located in the upper 

Raritan formation (approx. 800 1 deep) supply through \1ell pur:ips a total 

of 1000 gpm of fresh ·water to two 350,000-gallons of water are reserved 

for fire protection use, or the auxiliary feedwater syster.i and the upper 

50,000 gallons (hereafter referred to as 11plant 11 water) are used for 

potable, sanitary, arid process r.iake-up purposes. The plant Hater is 

pur.1ped fror.1 the storage tanks to the plant 1 s process \'Jater equipment 

through a.n 8-inch main, and to all sanitary and potable \1ater equipr.1ent 

through a 4-inch main by a constant pressure pur.iping syster.i consisting of 

three autoraatically-operated pumps and or.e r.ianual star1dby pur.ip \Jhich 

maintain a constant 70 psig discharge pressure. 

If, for some reason, the fresh water syster.is fail to operate,_ it \Ii 11 riot 

affect any safety related equipr.ient on a short term basis as each of the 

safety related syster.1s store sufficient quantities of \:ater to enable 

that syster.i to perform its functions. 

The following design criteria prevent any radioactivity source ir1 the 

plant from contaminating the potable water syster.i: 

1. Each fresh water supply well is approxir.iately 300 feet deep (or r.iore) 

and has two ir.ipervious clay fornations between the ground surface and 

the source of water supply. Also, the \1ells are double cased and 

cer.1ent grouted from the bottom of the gravel pack to grade which 

prevents seepage of surf ace Haters. The source of water is thereby 

protected fror.i any outside contar.ii nation. 

2. The fresh \1ater system does not enter any radioactive area nor does 

it supply any radioactive equipr.ient, directly or indirectly • 
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3. The water supplies to potentially radioactive areas, such as the 

"hot" r.1achine shop arid the oonitorir;g area, and the der.1ineralizers, 

are protected fror.i contar.iination by the use of backflo~t pre.venters, 

of the type approved by the Ne\'1 Jersey ·departme.nt of Heal th, on a 11 

such pipelines. 

4. The water storage tanks are enclosed arid are £50 feet fror.1 <.:ny poter1-

tial radioactive building. 
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TABLE 9.2-1 

SERVICE WATER SYSTEM FLOWS AND HEAT LOADS (PER UNIT) 

Mode of Operation 

Normal Blackout Injection Recirculation 
Start-up Normal Shutdown No Accident Phase Phase 

No. of pumps required 4 4 3 2(4) 2(4) 3 

Flow reguired for services, gpm 

Service Water Intake 2,736 1,486 777 768 1,720 2,280 
Turbine Services 15,857(1) 26,613 3,754 0 0 0 
Nuclear Services 21,924 13,798 21,570. 16,885 12,450 30,600 

Total Flow (5) 40,517 41,897 26,101 21,013 14,170 32,880 

Estimated Heat Loads, Btu/hr x 106 

Turbine Services 71.7 117 .85 17.34 14.28 0 0 
Nuclear Services 123.18 58.92 279.26(3) 66.62 389.6 422.5 

Total Estimated Heat Load 194.88 176.77 296.60 ao.9o 389.6 422.5 

Notes: 
(1) Remove one of two component cooling heat exchangers from service prior to feeding service water to 

second Turbine Auxiliaries Cooling System heat exchanger. 

(3) First four hours following shutdown 

(4) Assume only two diesel generators running 

(5) At service water temperature of 850F. 
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TABLE 9.2-2 

COMPONENT COOLING SYSTEM CODE REQUIREMENTS 

Component Cooling Heat Exchangers {Shell/Tube Type) ASME Sect. VIII 

Component .Cooling Heat Exchangers (Plate Type) ASME Sect. II I 
Cl ass 3 

Component Cooling Surge Tank ASME Sect. VIll 

Component Cooling Loop Piping ANSI b31.l.O* 

Component Cooling Valves ANSI 831.7** 

*Used for design 

**For piping not supplied by the NSSS supplier, material inspection, 
fabrication and quality control conform to ANSI 831.7. Where not 
possible to comply with ANSI 831.7, the requirements of ASME III-1971, 
which incorporated ANSI 831.7, were adhered to • 
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TABLE 9.2-3 

COMPONENT COOLING SYSTEM 
MIN !MUM FLOW REQUIREMENTS - ONE UNIT 

(GPM) 

Loss of Coolant 

Waste evap. distillate cooler 
Boric Acid evap. distillate cooler 
Residual heat exchangers 
Reactor coolant pumps 
Seal water heat exchanger 
Sample heat exchangers (both units) 
Letdown heat exchanger 
Spent fuel pool heat exchanger 
Residual heat removal pumps 
Safety injection pumps 
Charging pump (Reciprocating) 
Waste evap. condenser 
Boric acid evap. condenser 
Vent Condenser 
Waste gas compressors 
Excess letdown heat exchanger 

TOfAL 
Number of pumps required 
Number of pumps in service 
Number of pumps installed 
Pump capacity (ea) = 4,600 gpm 
Pump head 200 ft. TOH 

*Based on refueling shutdown 

SGS-UFSAR 

Nonnal 

150 
600 

780 
210 
220 (max) 

1,000 
3,000 

20 
40 

100 
600 

1,240 
56 
40 

230 
8,286 

2 
2 
3 

Accident 
( Reci rcul at ion 

Phase) 

4,000 

20 
40 

4,060 
1 
1 

Cool down 

150 

10,000 
780 
210 
220 (max) 
300 

-* 
20 
40 

100 
600 

40 

12,460 
3 
3 
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TABLE 9.2-4 (Sheet 1 of 2) 

COMPONENT COOLING SYSTEM 
COMPONENT DESIGN DATA 

Component Cooling Pumps 
Quantity 
Type 
Rated capacity, gpm 
Rated head, ft H2 0 
Design pressure, psig 
Design temperature, °F 
Available NPSH, ft 
Material 

3 
Horizontal Centrifugal 

4600 
200 
150 
200 
25 

Carbon steel 

Component Cooling Heat Exchangers (Shell and Tube Type) 
Number 
Design heat transfer, Btu/hr 

Design 
Design 
Design 
Design 
Design 
Fluid 

pressure, psig 
temperature, °F 
fl ow rate, 1 b/hr 
inlet temperature, °F 
outlet temperature, °F 

*Material 

Shell 
ISO 
200 
3.41 x 
107.9 
95 

1Q6 

Component 
cooling water 

2 
44.2 x 106 

Tube 
150 
200 
4.99 x 106 · 

85 
93.9 
Service Water 

Carbon steel 90-10 copper-nickel 
alloy for No. 21. 
Titanium for No. 22 
and No. 11. 

*At the conclusion of the Unit 2 third outage, all tube material 
will be titanium . 
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TABLE 9.2-4 (Sheet 2 of 2) 

COMPONENT COOLING SYSTEM 
COMPONENT DESIGN DATA 

Component Cooling Heat Exchanger (Plate Type) 

Number l (a) 

Design Heat Transfer, 
BTU/hr 

44. 2 x 106 

Component Cooling 
Water Side 

Service Water 
Side 

Design Pressure, psig 
Design Temperature, °F 
Design Flow Rate, lbs/hr 
Design Inlet Temperature, °F 
Design Outlet Temperature, °F 
Material 

Component Cooling Surge Tank 

Number 
Type 
Design pressure: Internal, psig 

External, psig 

Design temperature, °F 
Normal Operating pressure, psig 
Total volume, gal 
Normal water volume, gal. 
Fluid 
Material 

150 150 
200 200 

106 
c. 

4.6 x 5.26 x 10° 

107 .9 85 
95 97 
Titanium ... Titanium 

1 

Horizontal, with divider plate 
100 
Vacuum breaker provided 
200 
Atmospheric 
2000 

1000 
Component cooling water 
Carbon Steel 

(a) Unit 1 has one shell and tube type and one plate type heat exchanger. Unit.2 
has two shell and tube type heat exchangers . 
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l. Component cooling water 
pumps 

2. Component cooling water 
pumps 

3. Component cooling water 
pumps 

4. Component cooling water 
pump 

5. Component cooling heat 
exchanger 

6. Component cooling heat 
exchanger vent or drain 
valve 

• 
TABLE 9.2-5 

COMPONENT COOLING SYSTEM - MALFUNCTION ANALYSIS 

Mal f unction 

Rupture of pump casing 

Pump fails to start 

Manual valve on a pump 
suction line closed 

Stop valve on discharge 
line closed or check 
valve sticks closed 

Tube or shell rupture 

Left open 

Comments and Consequences 

The casing and shell are designed for 150 psi and 
2000F which exceeds maximum operating conditions. 
Pump is inspectable and protected against credible 
missiles. Rupture is not considered credible. 

One operating pump will supply sufficient flow. 
Redundancy is sufficient to provide ample flow for any 
condition. 

This will be prevented by prestartup and operational 
checks. Further, during normal operation, each pump 
will be checked on a periodic basis which would show 
that a valve was closed. 

Stop valve will be checked open by prestartup and 
operational checks. The stop valve and the check 
valve will be checked by periodic operation of the 
pumps during normal operation. 

Rupture is considered incredible because of low 
operating pressures. 

This will be prevented by prestartup and operational 
checks. During normal operation such a situation 
would be readily assessed by observation of level 
in the component cooling surge tank. 
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9.3 PROCESS AUXILIARIES 

9.3.1 COMPRESSED AIR SYSTEM 

,!he Compressed Air System provides the station with a reliable supply of 
clean, oil free air which is directed to various locations for services as 

required. The system is illustrated on Figures 9.3-lA and B. 

9.3.1.1 Design Bases 

The system provides a reliable supply of clean, oil free, dry air at 

temperatures and pressures suitable for use as control air and for 

containment penetration cooling; as well as for miscellaneous services and 

maintenance. 

The Compressed Air System is designed such that any single failure will not 

result in loss of function. 

9.3.1.2 System Description 

9.3.1.2.1 General 

The Compressed Air System is supplied by three motor driven, oil free, 
centrifugal compressors which draw air from the atmosphere. The intakes of 

the air compressors are located to avoid drawing in toxic or corrosive 
gases. Each compressor has a capacity of 4000 scfm at 110 psig discharge 

pressure. Two compressors are operated to satisfy the normal requirements 

of station air and control air for both units as well as to supply 
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containment penetration cooling air for both units .. A third compressor 
serves as standby, Each compressor is furnished with a 1000 hp motor, 
intake filter-silencer, blow-off silencer and total closure controls, 
intercoolers, aftercooler, and moisture separator. The compressors 
discharge into two independent service air headers, with an air receiver 
tied to each header. 

The station air header for each unit is supplied from either of the two 

service air headers. This station air header provides operating and service 

requirements at various locations. 

The containment penetration cooling system for each unit is furnished with 

two supply lines. The normal supply is taken from the station air header 

and the backup supply from either of the two service air headers. 

9.3.1.2.2 Control Air 

The control air system for each unit consists of a dual header arrangement 

as shown on Figures 9.3-2A and B. This control air for each unit is 

supplied through two distinct parallel paths. One path is supplied from the 
{ 

unit one station air system and the other is supplied from the unit two 

station air system. Control air for the safety related portions is 

automatically backed up by an emergency control air compressor. Control air 

is fed from the station air system through heatless, desiccant type air 

dryers. 

The dual station service air headers are fed by three 100 percent capacity 

air compressors, any one of which can supply the total service and control 
air requirements for both units. 
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In addition to the normal air supply from the service air headers, each 
system has an emergency control air compressor complete with its own dryer 

and accessories to supply the safety related headers. The emergency control 

air for either system may be directed to supply air for the opposite system 

through a valved connection. Each emergency control air compressor motor is 

energized from the standby ac power supply. The emergency control air 

system is designated Class I (seismic) and is located in a Class I (seismic) 

structure. 

Each emergency control air compressor has a capacity of 500 scfm at 110 psig 

and is driven by a 125 hp motor. Accessory equipment includes an 
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independent heatless desiccant type air dryer, intake filter, silencer, 
intercooler, aftercooler, moisture separator, inlet control valve, relief 
valve and automatic condensate trap and drain. The emergency control air 
compressors with teflon piston rings and stainless steel cylinder liners. 
Cooling of the emergency cont"rol air compressors is provided from the 
safety-related chilled water system. In the event that the chilled water 
system is not available, the service water system serves as a backup. 

Operational or test data that verify the functional reliability of the 
emergency control air compressors were not initially available although 
stress analysis calculations by the manufacturer indicated that the 
compressor could withstand both operational and seismic loadings 

simultaneously. 

The parallel control air headers for each unit include air receivers of 
sufficient capacity to dampen pressure surges and act as a momentary 
reservoir of air to permit switching of air supply sources without cycling 
the system., 

9.3.1.3 Design Evaluation 

Reserve air storage of sufficient capacity to minimize pressure fluctuation 
is provided by means of air receivers in each control air header. 

The control air system is designed to supply the required air during normal 
and abnormal conditions. Any single component failure will not result in a 
loss of function. A total loss of control air to all systems and equipment 
is therefore not considered credible. 

Redundant safety-related air users are provided with independent single air 
supplies from the control air header system. The redundant system 
instruments have control air supplied from independent air headers. 

Separate and redundant headers, backed up by emergency control air 
compressors energized from the standby power system and preservation of 
header independence assure that air is available during normal as well 
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as abnormal plant conditions. A single failure within the system would 
not result in total loss of air supply to redundant equipment. The 
following are failures considered and the resultant action. 

Failure 

Loss of a station air 
compressor 

Loss of all station 
air compressors 

Loss of off-site 
power and emergency· 
compressor fails to 
start 

Action 

The spare ~ir compressor automatically 
supplies the total requirements for both 
units. 

Each emergency control air compressor, 
energized from its standby a~c power 
supply, will supply all control air 
requirements for its safety related headers. 

Emergency air receivers on each control 
air header supply enough capacity to 
maintain heade~ pressure. The second 
emergency air compressor can provide the 
safety related control air requirements for 
both units. 

9.3.1.4 Tests and Inspections 

Prior to plant oper~tion, the compressed air system was inspected and 
tested to verify correct installation and operation. During plant 
operation the system is in operation on a Gontinuous basis, except for 
the emergency control air compressors which can be tested to verify 
automatic starting and operabilit¥. 
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9.3.1.5 Instrumentation and Control 

9.3.1.5.1 Station Air Compressors 

The compressor control circuits are designed to protect the compressor 
against the following hazards: 

1. Low oil pressure 

2. High air temperature 

3. Low/High oil temperature 

4." Low cooling water pressure 

5. Excessive vibratiori 

9.3.1.5.2 Control Air 

The Emergency Control Air Compressors may be operated in three modes: 

1. Remote manual operation from the Control Room, 

2. Local manual operation from the "Hot Shut-down panel, or 

3. Automatic start-stop operation 

Normally, the emergency air compressors are in the automatic mode. The 

compressor motors are started by either tripping of all three station 
air compressors or decay of control air header pressure below 85 psig, 
as sensed by a pressure switch in the respective control air header. 
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9.3.2 SAMPLING SYSTEM 

9.3.2.1 Design Bases 

The sampling system provides a means for obtaining. fluid and gas samples 
for laboratory analysis of chemistry and radiochemistry conditions of the 
Reactor Coolant an~ other systems. The system is designed to permit the 
taking of samples. during· reactor operations and during cooldown without· 
requiring access to the containment. The system has no emergency function, 
nor is it required to take action to prevent an emergency condition. In 
the event of a loss-of-coolant accident, the system is isolated at the 
containment boundary. 

• 

Sampling system discharge flows are limited under normal and anticipated 
fault conditions (malfunctions or failure) to preclude any fission product 
release beyond the 10CFR20 11mit. Adequate safety features are provided to 
protect laboratory personnel and prevent the spread of contamination from 
the sampling room when samples are being drawn. Each unit has an identical 
sampling system and only the boron analyzer is shared between units. The 
description contained herein is equally applicable to either unit. • 

System component code requirements are given in Table 9.3-1. 

9.3.2.2 System Description 

9.3.2.2.1 General 

The Sampling System, shown in Figures 9.3-3A and B, provides the represen- I 
tative samples for laboratory analysis. Analysis results provide guidance 
in t,he operation of the· Reactor Coo 1 ant, Residua 1 Heat Remova 1, Component· 
Cooling, Chemical and Volume Control, Main Steam, and Steam Generator 
Slowdown Systems. Analysis shows both chemical and radiochemical condi
tions. Typical information obtained includes reactor coolant boron and 
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chloride concentrations, fission product radi oacti vi ty level, hydrogen, 

• oxygen, and fission gas content, conductivity, pH, corrosion product 

concentration, and chemical additive concentration. The information is 

used in regulating boron concentration adjustments, evaluating fuel 

element integrity and mixed bed demineralizer performance, and regu

lating additions of corrosion controlling chemicals to the systems. The 

Sampling System is designed to be operated manually, on an intermittent 

basis except for steam generator blowdown which is continuously 

analyzed. Samples can be withdrawn under conditions ranging from full 

power to cold shutdown. 

• 

• 

Samples are drawn from the following locatioris: 

Inside Containment 

1. The pressurizer steam space 

2. The pressurizer liquid space 

3. Hot legs of reactor coolant loops 1 and 3 

4. The Safety Injection System accumulators 

5. Steam generator blowdown 

Outside Containment 

1. The mixed bed demineralizer inlet header 

2. The mixed bed deminerali zer outlet header 

3. Each Residual Heat Removal System heat exchanger outlet 

4. The volume control tank gas space 
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5. Main Steam 

Local sample connections are provided at various locations-outside the 
containment. These connections are shown on the respective flow 
diagrams and are not considered part of the Sampling Syst.em. 

Samples originating from locations within the containment flow through 
lines to the sampling room in the auxiliary building. Each line is 
equipped with a manual isolation valve close to the source; a remote, 
air-operated valve immediately downstream of the isolation valve; con
tainment boundary isolation/trip valves located inside and outside the 
containment, except for blowdown sample lines which have an isolation/ 

trip valve outside the containment only. Manual _valves are located 
inside the sampling room for component isolation, sample flow control. 

and routing-. High temperature sample lines also contain a sample heat 
exchanger. 

In addition the high-pressure reactor coolant sample line contains suf
ficient length to provide at least a 60-second sample transit time with
; n the containment. An additional 20-second transit time from the reac
tor containment to the sampling hood is provided by the sampling line. 
This allows for decay of the short-lived isotope, N-16, to a level that 
permits normal access to the sampling room. 

All sample lines, whether originating from locations outside the con
tainment or inside, are provided with manual isolation valves. The 

Residual Heat Removal System also has a remote, air-operated sampling 
va 1 ve. 

Samples are drawn in an enclosed room with controlled ventilation and 
drainage to confine the spillage of radioactivity. The sample flows are 
limited to preclude the release of radioactivity above 10CFR20 limits in 
the event of a system failure. 
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9.3.2.2.2 . Operation 

Sampling. System equipment is located inside the auxiliary building with 
most of it in the sampling room_. All sample lines from inside the 
containment have remotely operable valves. 

Reactor coolant loop liquid, pressurizer liquid, pressurizer steam and 
steam generator blowdown samples originate inside the containment and flow 
through separate sample lines to the sampling room. A delay is provided by 
the length of the reactor c.oolant sample lines to provide sufficient 
elapsed time for N-16 decay. The samples pass through the containment to 
the auxiliary building, and into the sampl-ing room, _where they are cooled 
(pressurizer steam samples condensed and cooled) in the sample heat 
exchangers. The sample stream pressure is reduced by a manual throttling 
valve located downstream of each sample pressure vessel. The sample stream 
is purged to the volume control tank in the Chemical and Volume Control 
System until sufficient volume has passed to permit .collection of a 
representative sample. After sufficient purging, the sample pressure 
vessel. is isolated for laboratory analysis of the contents or degassed, 
depending on the analysis required. 

Alternately, these liquid samples may be collected by bypassing the sample 
pressure vessels. After sufficient volume has passed to .the volume control 
tank to permit collection of a representative sample, a portion of the 
sample flow is diverted to the sample sink where the sample is collected. 

Samples from the accumulators in the Safety Injection System pass through 
the containment, to the auxiliary building, and into the sampling room. 
The sample stream is purged to the volume control tank in the Chemical and 
Volume Control System until sufficient volume has passed to permit 
collection of a representative sample. After sufficient purging, samples 
are obtained by diverting a portion of the flow to the sample sink • 
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The reactor coolant samples originating from the.Residual Heat Removal 

System have remote operated, nonnally closed air operated sampling 

valves located close to the sample sources. The sample lines from these 

sources are conne.cted to the sample Hnes coming from the reactor cool

ant loops at a point upstream of the sample heat exchanger. Samples 

from this source can be collected either in the sample pressure· vessel 

or at the sample sink as with reactor coolant loop samples. 

Liquid samples originating a.t the Chemical and Volume Control System 

letdown line at the mixed bed deminer~lizer inlet and outlet headers are 

purged directly to the volume control tank. Samples are obtained by 

diverting a port1on of the flow to the sample sink. If the pressure is 

low in the letdown line, the purge flow is directed to the Waste 

Disposal System. 

The sample line from the ga_s space of the volume control tank delivers 

gas samples to the volume control tank sample pressure vessel in the 

sampling room. Purge flow for these samples is discharged to the vent 

header in the Waste Disposal System. 

The steam generator .bl owdown samples originate from locations inside the 

containment, flowing through lines to the sampling area in the Auxiliary 

Building. E~ch line is equipped with a manual valve close to the 

source, a remote air operated valve downstream of the manual valve, an 

automatic containment boundary isolation valve located outside the con

tainment and manual valves located inside the sampling area for compo

nent isolation, flow control and routing. These sample lines also con

tain a sample heat exchanger for cooling. A blowdown sample from each 

steam generator is reduced in pressure and is continuously monitored for 

radioactivity level, pH and conductivity. 

The steam generator samples originate from locations outside the con

tainment, flowing through lines to the sampling area in the Auxiliary 

Building. Each line is provided with a manual valve close to the source 
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and manual valves. located inside the.sampling area for component isolation 
and flow control. These sample lines also conta·in a sample heat exchanger 
for condensing and cooling. 

The sample sink, which is located in the sampling room, contains a drain 
line to the Waste Disposal System. 

9.3.2.2.3 Components 

.A summary of principal component data is given in Table 9.3-2. 

Sample Heat Exchangers 

Eleven sample heat exchangers are installed in the system. Each heat 
exchanger is designed to cool the sample flow to a maximum of 1270F before 
the sample reaches the sample vessel or sample sink. 

The sample heat exchangers are of the shell and coil tube type. Sample 
flow circulates through the tube side, while component cooling water 
circulates through the shell. The tubes and other surfaces in contact with 
sample flow are austenitic stainless steel while the shell is carbon steel. 
The inlet and outlet tube sides have soGket-welded joints for connections 
to th~ high pressure sample lines. 

Sample Pressure. Vessel 

The sample vessel is designed to receive liquid or gas samples at Reactor 
Coolant System design pressure and temperature. The sample vessel is sized 
to contain sufficient gas to perform a radiochemical analysis· on the volume 
control tank gas space constituents or sufficient reactor coolant for 
dissolved hydrogen and fission gas analyses • 
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Integral isolation valves are furnished ·with the sample vessel. 

Sample Sink 

The sample sink is located in a hobded enclosure which is equipped with an 
exhaust ventilator. The work area around the sink and the enclosure is 

· large enough for sample collection and storage for radiation monitoring 
equipment. The sink perimeter has a raised edge to contain any spilled 
liquid. The enclosure is penetrated by sample lines and by a demineralized 
water line, all of which discharge into the sink~· 

Piping and Fittings 

All liquid and gas sample lines are austenitic .stainless steel tubing and 
are designed for high pressure service. Lines are so located as to protect 
them from accidental damage during routine operation and maintenance. 

Valves 

• 

Stop valves within the containment are remotely operated from the sampling • 
room. They are used to isolate all sampling poi.nts. and to route sample 
fluid flow. The remotely operated isolation valve used for sampling from 
the Residual Heat Removal System is provided so that the operator does not 
have to' enter a possibly high radiation area following a loss-of-coolant 
accident. 

·Stop valves are provided for component isolation and flow path control at 
all Sampling System locations which are normally accessible. A check valve 
in the sample line prevents accidental overpressurization of the Residual 
Heat Removal System by preventing back flow from the Reactor Coolant 
System, should both the air-operated sample valves ·be open. 
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Two isolation valves are provided, one inside and one outside the con
tainment on all sample lines leaving the containment except for the 
steam generator blowdown lines which have one isolation valve outside 
the containment on each line.· The .valve t.rip closed upon actuation of 

the containment isolation signal. 

All valves in the system are constructed of austenitic stainless steel 
or equivalent corrosion resistant material. 

9.3.2.3 System Evaluation 

The sampling system is not required to function during an emergency, nor 
is it re qui red· to taken action to prevent any emerg.ency condition. 

Samples are collected under a hood provided with a vent to the bui 1 di .ng 
exhaust ventilation system. Liquid leakage in the sample sink is col~ 
lected in the sink and drained to the Waste Disposal System. Any leak
age from the system inside of the containment (i.e., valve stem leakage} 

is collected in the containment sump. 

The sampling. room and the sample hood are ventilated to reduce the 
potential for airborne radioactive exposure of operating personnel. 

Sufficient length is provided in the reactor coolant sample line to 
reduce personnel exposure from short-lived radionuclides. Shielding is 
prpvided as necessary to reduce personnel exposures. The Operating 

Procedures wi 11 specify the precautions to be observed when purging and 

drawing samples. 

The system is designed to be operated on an interinittent basis under 
administrative control except for steam generator blowdown sampling 
which is a continuous operation. The system is normally closed with no 

flow, except for the steam generator blowdown samples. Sample lines 
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penetrating the containment are equipped with remote-operated isolation 
valves which close on receipt of a containment isolation signal. 

In the event of a loss-of-coolant accident, the malfunctions or failures 
presented in Table 9.3-3 could occur without loss of integrity of the 
containment. 

9.3.2.4 Tests and Inspection 

System operation is verified by normal, periodic collection of samples. 

9.3.2.5 Instrumentation and Control 

Local instrumentation is provided to permit manual control of sampling 
operations and to ensure that the samples are at suitable temperatures and 
pressures before diverting flow to the sample sink. 

9.3.3 EQUIPMENT AND FLOOR DRAINAGE SYSTEM 

9.3.3.l Design Bases 

Equipment and floor drains are provided to .drain radioactivitY, contaminated 
water into sumps for transfer to the Liquid Waste Disposal System (See 
Section 11.2). In many cases equipment drainage is provided by permanently 
installed lines which eliminate (or reduce) surface and airborne 
contamination. Permanently piped equipment vents are also provided to 
enable various mechanical components to be vented to the respective 
building ventilation system ·to preclude the direct release of potentially 
radioactive gases to the building atmosphere. 

9'.3.3. 2 System Description 

The Contaminated Equipment Vents and Drains flow diagrams are shown in 
Figures 9.3-4A and B and 9.3-5A and B. 
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All liquid drains originating in the. Containmerit and Auxiliary Buildings 
are considered potentially radioactive and are therefore drained to the 
Liquid Waste Disposal System. The drain connections on nearly ali 
components.within these areas are permanently piped to the equipment dr~in 
system. Exception~ include the Component Cooling System and.certain 
portfons of the Chemical and Volume Control System containing 12 percent 
boric acid. Hose connections are provided where it is impractical to have 
a permanently piped drain in which case equipment drains can be temporarily 
connected by hose to a local floor drain. These provisions eliminate or 
reduce the possibility of inadvertently allowing radioactive drains to 
contaminate concrete floor areas and the building atmosphere. 

In the Auxiliary Building the floor drains. at Elevations 84, 100 and 122 
are piped to the waste holdup tanks. Elevation 64 drains are piped to the 
waste holdup tanks via the auxiliary building sump tanks and sump tank 
pumps~· All drains below the elevation of the auxiliary building sump tank 
drain to the waste holdup tank via the auxiliary buildings.ump and the 
auxiliary building sump pump • 

A floor drain, 4 inches in diameter, in the .immediate vicinity of each 
charcoal filter bank, directs the drainage or deluge water to the waste 
holdup tan~s, either directly or via sump pumps. The drain piping system 
is welded, Schedule 10, ASTM A312, Grade TP 304 or TP 304 L stainless steel 
pipe having certificates of compliance. The entire drainage system is 
tested in accordance with ANSI B31.l-1967. 

In the containment building all equipment drains to the Waste Disposal 
System from the containment sump. 

In the Fuel Handling Building the equ1pment drains are ·piped to the Waste 
Disposal System via a fuel handling area sump • 
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With the exception of Nuclear Steam Supply System tanks that are 

blanketed with nitrogen, all tanks containing potentially contaminated 

waste are pennanently vented to the suction side of the auxiliary build

ing exhaust fans. This insures that the tanks are maintained at a 

slight negative pressure to eliminate the possiblity of introducing 

airborne contamination tot.he auxiliary building atmosphere. 

9.3.4 Cl-EMICAL AND VOLUt-iE CONTROL SYSTEM 

The Chemical and Volume Control System is used·to a) adjust the con-

' centration of boric acid, i.e., the chemical neutron absorber for 

reactivity control, b) maintain the proper water inventory in the 

Reactor Coolant System, c) provide the required seal water flow for the 

reactor cool ant pump shaft. seals, d) process reactor cool ant 1 etdown for 

reuse of boric acid and reactor makeup water, e) main~ain the proper 

concentration of corrosion inhibiting chemicals in the reactor coolant, 

f) maintain the reactor coolant activiti.es to within design limits, and 

g) provide borated water for safety injection. The system is also used 

to fi 11 and hydrostatic ally test the Reactor Cool ant System. 

During nonnal operation, this system also has provisions for supplying 

the following chemicals: 

L Regenerant chemicals to the evaporator condensate and deborati ng 

demi ni nera 1 i zers. 

2. Hydrogen to the volume control tank. 

3. Nitrogen as required for purging the volume control tank. 

4. Hydrazine and lithium hydroxide as required via the chemical mixing 

tank to the charging pumps suctibn. 
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9.3.4.1 Design Bases 

9.3.4.1.1 Redundancy of Reactivity Control 

Two independent reactivity control system, preferably of different 
principles, shall be provided. 

In addition to the reactivity control achieved by the rod cluster 

control assemblies as detailed in Chapters 7 and 4, reactivity control 
is provided by the Chemical and Volume Control System which regulates 

the concentration of boric acid solution neutron absorber in the Reactor 
Coolant System. 

9.3.4.1.2 Reactivity Hold-Down Capability 

The reactivity control systems provided shall be capable of making the 

core subcritical under credible accident conditions with appropriate · 

margins for contingencies and limiting any subsequent return to power 
• sue h that there wi 11 be no undue risk to the heal th and safety of the 

public. 

• 

Nonnal reactivity shutdown capability is provided by control rods with 
boric acid injection used to compensate for the long tenn xenon decay 
transient and for plant cooldown. Any time that the plant is at power, 
the quantity of boric acid retained in the boric acid tanks and ready 
for injection always exceeds that quantity required for the normal cold 

shutdown. This quantity always exceeds the quantity of boric acid 
required to bring the reactor to hot shutdown and to compensate for 

subsequent xenon decay. 

The system is designed to allow for concurrent mixing and subsequent 
injection of bo'ric acid solution. Thus the Chemical and Volume Control 

System provides extended reactivity hold-down capability • 
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9.3.4.1.3 Reactivity Hot Shutdown Capability 

The reactivity control systems provided shall be capable of making and 

holding the core subcritical from any hot standby or hot operating 

condition. 

The reactivity control systems provided are capable of making and 

holding the core subcritical for any hot standby or hot operating 

condition, including those resulting from power changes. 

The chemical shim control serves to provide hot shutdown for the reactor 

as backup to the rod cluster control assemblies. 

9.3.4.1.4 Reactivity Shutdown Capability 

The reactivity control systems provided shall be capable of making the 

core subcritical under credible accident conditions with appropriate 

margins for contingencies and limiting any subsequent return to power 

such that there will be no undue risk to the health and safety of the 

public. 

The sizing of the Chemical and Volume Control System components and 

redundance of its components and flow paths determines the Chemical and 

Volume Control System reactor shutdown capability. 

The boric acid solution is transferred from the boric acid tanks by 

boric acid transfer pumps to the suction of the charging pumps which 

inject boric acid into the Reactor Coolant system. Any charging pump 

·and any boric acid transfer pump can be operated from diesel generator 

power on loss of primary power. 

On the basis of the above, the injection of boric acid is shown to 

afford backup shutdown reactivity capability, independent of control rod 

SGS-UFSAR 9.3-18 Revision 0 
July 22, 1982 

• 

• 

• 



• 

• 

clusters which normally serve this function in the short term situa

tion. Shutdown for long terms and reduced temperature conditions can be 

accomplished with boric acid injection using redundant components. 

9.3.4.1.5 Codes and Classifications 

All pressure retaining components (or compartments of components) of the 

Chemical and Volume Control System which are exposed to reactor coolant 

comply with the following codes: 

1. System pressure vessels - ASr-£ Boiler and Pressure Vessel Code, 

Section III, Class C. 

2. System valves, fittings and piping - ANSI B31.1 (for design). For 

piping not supplied by the NSSS supplier, material inspections, 

fabrication and quality control conform to ANSI B31.7. Where not 

possible to comply with ANSI B31. 7, the requirements of ASt<f. 

III-1971, which incorporated ANSI B31.7, were adhered to • 

System integrity is assured by conformance to applicable codes listed in 

Table 9.3-4, and by the use of austenitic stainless steel or other 

corrosion resistant materials in contract with both reactor coolant.and 

boric acid sol uti ans. 

The regenerative heat exchanger and the tube side of the excess letdown 

heat exchanger are designed as ASfv£ III, Class C. This designation is 

based on the following considerations: 

1. Each exchanger can be isolated from the Reactor Coolant System. 

2. Each is locatea inside the reactor containment, and 

3. Both exchangers are protected by a missile barrier. 
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Accordingly, the designation of "Class C" for these exchangers is 
justifiable and does not lead to any public hazard. 

9.3.4.2 System Design and Operation 

The Chemical and Volume Control System shown in Figures 9.3-6A and B, 
9.3-7A and B, and 9.3-8A and B provides a means for injection of soluble 
neutron adsorber in the form of boric acid solution, chemical additions for 
corrosion control and reactor coolant cleanup and degasification. This 
system also provides a means to. add makeup water to the Reactor Coolant 
System, reprocesses water letdown from the Reactor Coolant System, provide 
seal water injection to the reactor coolant pump seals, and fill and 
hydrostatically test the Rea~tor Coolant System. 

System components whose design pressure and ·temperature are less than the 
Reactor Coolant System design limits are provided with overpressure 
protective devices. 

• 

System discharge from overpressu're protective devices and system leakages • 
are directed to closed systems. Effluents removed from _such closed systems 
are monitored and discharged under controlled conditions. 

System design enables post-operational hydrostatic testing to test pressure 
required by the codes listed in.Table 9.3-4. 

9.3.4.2.1 System Description 

During plant operation, reactor coolant flows through the letdown line from 
one of the reactor coolant loop cold legs on the suction side of the 

. reactor coolant pump and is returned through the charging· line to the 
cold leg of another loop. An alternate return path is provided to the 
cold leg of a different loop. (See Figures 9.3-6A and B.) An excess · \ 
letdown line is ·also provided as an alternate in case the normal letdown 
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• ci.rcuit is inoperative or it can be used to supplement maximum letdown 

during fi na·l stages of heatup. 

Each of the Chemical and Volume Control System connections to the 

Reactor Coolant System has an isolation valve. In addition, a check 

valve is located downstream of each charging line isolation valve. 

Reactor coolant entering the Chemical and Volume Control System flows 

through the shell side of the regenerative heat exchanger where its 

temperature is reduced. The coolant then flows through a letdown ori

fice which red.uces the coolant pressure. The cooled, low pressure water 

leaves the reactor containment and enters the auxiliary building where 

it undergoes a second temperature reduction in the tube side of the 

letdown heat exchanger followed by a second pressure reduction by the 

low pressure letdown valve. After passing through one of the mixed bed 

demineralizers, where ionic impurities are removed, coolant flows 

through the reactor coolant filter and enters the volume control tank 

through a spray nozzie. 

• Hydrogen is automatically supplied, as.determined by pressure control, 

to the vapor space in the volume control tank, which is predominantly 

filled with hydrogen and water vapor. The t]ydrogei1 within the tank is, 

in turn, the supply source to the reactor coolant. Fission gases are 

removed from the system by venting the volume control tank to the Waste 

Disposal System prior to a cold or refueling shutdown. 

• 

To enter the Reactor Coolant System the coolant flows from the volume 

control ~ank to the charging pumps which raise the. pressure above that 

in the Reactor Coolant System. The coolant then enters the containment, 

passes through the tube side of the regenerative heat exchangers, and 

returns to the Reactor Coolant System. A portion of the high pressure 

charging flow is filtered and injected into the reactor coolant pumps 

between the pump impeller and the shaft seal so that the seals are not 

exposed to particulate matter in the reactor coolant. Part of the flow 

cools the lower radial bearing and enters the Reactor Coolant System 
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through a labyrinth seal on the pump's shaft. The remainder, which is 
the shaft seal leakage flow, is filtered, cooled in the seal water heat 
exchanger and returned to the suction of the charging pumps. An alter
nate path provides means for returning seal water to the volume control 
tank. 

Coolant injected through the reactor coolant pump labyrinth seals joins 

with the reactor cool ant. An equal amount of reactor cool ant returns to 

the volume control tank by the normal letdown flow path through the 
regenerative heat exchanger. When the normal letdown route is not in 

service, this reactor coolant letdown returns to the suction of the 

charging pumps through the excess letdown and seal water heat exchangers. 

The cation bed demineralizer, located downstream of the mixed bed demin

eralizers, is used intermittently to control cesium activity in the 
coolant and also to remove excess lithium which is formed from the slO 

(n, a) Li 7 reaction. 

Boric acid is dissolved in hot water in the batching tank to a concen
tration of approximately twelve weight percent. The batching tank is 

jacketed to permit heating of the batching tank solution with low pres
sure steam. One of two boric acid transfer pumps is used to transfer 
the batch to the boric acid tanks. Small quantities of boric acid 

solution are metered from the discharge of an operating boric acid 

transfer pump for blending with the water supplied to makeup for normal 

leakage, or ·for increasing the reactor coolant boron concentration 
during normal operation. E 1 ectri c· immersion heaters maintain the 

temperature of the solution in the boric acid tanks high enough to 
prevent p~ecipitation. 

During plant startup, normal operation, load reductions and shutdowns, 
liquid effluents containing boric acid flow from the Reactor Coolant 
System through the letdown line and are collected in the holdup tanks or 
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the Volume Control Tank. As liquid enters the holdup tanks, the nitro-

• gen cover gas is di sp 1 aced to the gas decay tanks in the Waste Disposal 

System through the waste vent header. The concentration of boric acid 

in the holdup tanks varies throughout core life from the refueling 

concentration to.essentially zero at the end of the core cycle. A 

recirculation pump is provided to transfer liquid from one holdup tank 

to another. 

• 

• 

Liquid effluent in the holdup tanks is processed.through a recycle pro

cessing train. This liquid is pumped by the gas stripper feed pumps 

through the evaporator feed ion exchangers which primarily remove 

lithium and long-lived cesium. The liquid then flows through the ion 

exchanger filter, and into the gas stripper sectioh of the combined 
-

boric acid evaporator-gas stripper package where dissolved gases are 

removed from the liquid. These gases are vented to the Gaseous Waste 

Disposal System. 

The liquid effluent from the gas stripper section enters the boric acid 

evaporator. 

The vapor produced in the boric acid evaporator leaves the evaporator 

condenser and is pumped through a condensate cooler where the distillate 

is cool~d to the operating temperature of the evaporator distillate 

demineralizers. After non-volatile evaporator carry over is removed by 

one of the two evaporator distillate demineralizers, the distillate then 

flows through the distillate filter and accumulates in one of the two 

monitor tanks. The evaporator bottoms left behind in the boric acid 

evaporator are concentrated to approximately twelve weight percent boric 

acid. 

Subsequent handling of the condensate is dependent on the results of 

sample analysis of the monitor tank contents. Discharge from the moni

tor tanks may be pumped by either of the two monitor tank drain pumps to 
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the primary water storage tank, recycled through the evaporator distil

late demi nerl i zers, returned to the holdup tanks for reproces~i ng in the 

evaporator train or, if the sample 

indicates sufficiently low levels, 

environment vi a the Waste Disposal 

' 
analysis of the monit~r tank contents 

the contents may be di scharg~d to the 

Sy stem (Chapter 11). 

Boric acid evaporator bottoms are discharged through a concentrates 

filter to the concentrates holding tank. Solutions collected in the 

concentrates holding tank are sampled, and if analysis indicates that it 

meets specifications for use as boric acid makeup, it is then pumped by 

one of two shared concentrates holding tank transfer pumps to the boric 

acid tanks. Otherwise, concentrates are returned to the holdup tanki 

for reprocessing by the evaporator train. 

The concentrated solution can al so be pumped from the evaporator to the 

Waste Disposal System waste evaporator for additional reprocessing 

before being placed in containers. These containers can then be stored 

at the plant site for ultimate shipment off-site for disposal. 

The deborati ng demi neral i zers can be used intermittently to remove boron 

from the reactor coolant near the end of core life when boron concen

tration is 1 ow. When the deborati ng demi nera 1 i zers are in opera ti on, 

the letdown stream passes through the mixed bed demineralizers and.then 

through th~ d.eborating demineralizers and into the volume control tank 

after passing through the reactor coolant filter. 

During plant cooldown when the residual heat removal loop is operating 

and the letdown orifices are not in service, a flow path is provided to 

remove fission products, corrosion products and other impurities. A 

portion of the flow leaving the residual heat exchangers passes through 

the 1 etdown heat exchanger, mi xe.d bed demi neral i zers, reactor cool ant 

filter and volume control tank .. The fluid is then pumped via the 

charging pump through the tube side of the regenerative heat exchanger 

into the Reactor Coolant System. 
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9.3.4.2.2 Expected Operating Conditions 

Tables 9.3-5 and 9.3-6 list the system performance requirements and data 
for individual system components respectively. 

9.3.4.2.3. Reactor Coolant Activity Concentration 

The parameters used in the calculation of the reactor coolant fission 
product inventory, including the expected coolant cleanup flow rate and 
the demineralizer effectiveness, are presented with the results of the 
calculations in Appendix I. In these calculations the defective fuel 
rods are assumed to be present at core loading uniformly distributed 
throughout the core. The fission product escape rate coefficients are 
therefore based upon an average fuel temperature. 

Tritium is produced in the reactor from ternary fission in the fuel, 
irradiation of boron in the burnable poison rods (during initial fuel 
cycle only), irradiation of boron in the control rods, and irradiation 

• of boron, lithium and deuterium in the coolant. 

• 

9.3.4.2.4 Reactor Makeup Control Modes 

The reactor makeup control is designed to operate from the Control Room 
by manually pre-selecting makeup compositon to the charging pump suction 
header or the volume control tank in order to maintain the desired 
operating fluid inventory in the volume control tank and to adjust the 

reactor cool ant boron concentration for reactivity control. The opera

tor can stop the makeup operation at any time in any operating mode by 
remotely closing the makeup stop valves or depressing the makeup mode 
selector stop pushbutton. 

Makeup water to the Reactor Coolant System is provided by the Chemical 
and Volume Control System from the following sources: 
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1. The primary water storage tank, which provides water for dilution 
when the reactor cool ant boron concentration is to be reduced. 

2. The boric acid tanks, which supply concentrated boric acid solution 
when the reactor coolant boron concentration is to be increased. 

3. The refueling water storage tank which supplies borated water for 
emergency makeup. 

4. The chemical mixing tank, which is used to inject small quantities 

of solution when additions of hydrazine of pH control chemical 
(Li70H) are necessary. 

Makeup for normal plant leakage is regulated by the reactor makeup 
control which is set by the operator to blend water from the primary 
water storage tank with concentrated boric acid to match the reactor 

coolant boron concentration. Makeup is added automatically if the 
volume control tank level falls below a preset point. 

Automatic Makeup 

The 11 automatic makeup" mode of operation of the reactor primary water 

makeup control provides boric acid solution present to match the boron 
I 

concentration in the Reactor Coolant System. The automatic makeup 

compensates for minor leakage of reactor coolant without causing signi
ficant changes in the coolant boron concentration. 

The operator sets the following equipment in the automatic position: 

1. Either primary water makeup pump. 

2. Either boric acid transfer pump. 

3. Boric acid flow control valve. 

SGS-UFSAR 9.3-26 Revision O 
July 22, 1982 

• 

• 

• 



• 
4. Primary water flow control valve • 

5. Charging suction makeup valve. 

6. Makeup mode selector. 

By depressing the start pushbutton of the makeup mode selector, the 

following actions occur when a low level signal is received from the 

volume control tank: 

1. The boric acid transfer pump is switched to high ·speed and the 

primary water makeup pump is switched on. 

2. The boric acid flow control valve is switched to its respective. flow 

controller. 

3. The primary water flow control valve is unblocked. 

• 4. The charging suction makeup valve is open. 

• 

The flow controllers then blend the makeup stream according to the pre

sent concentration. Makeup addition to either the charging pump suet.ion 

header or the spray line to the volume control tank causes the water 

level in the volume control tank to rise. After the level in the volume 

control tank is restored, the primary water flow control valve closes, 

the .boric acid transfer pump is returned to low speed operation, the 

boric acid flow control valve returns to the full open position and the 

charging suction makeup valve closes. 

Dilution 

The 11 dilute 11 mode of operation permits the addition of a pre-selected 

quantity of reactor primary water makeup at a pre-selected flow rate to 
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the Reactor Coolant System. The operator sets the following equipment 

in the automatic position: 

1. Either primary water makeup pump. 

2. The primary water flow control valve. 

3. The volume control tank makeup valve. 

He then selects the setpoint for the primary water makeup flow rate and 

the total quantity of makeup water desired on the primary water flow 

register. By depressing the 11 dilute 11 and start pushbuttons on the 

makeup mode selector, the following actions are .initiated: 

1. The primary water makeup pump is switched on. 

2. The primary water flow control valve is unblocked. 

3. The boric acid flow control valve is closed if it is in the 

automatic position. 

4. The volume control tank makeup valve is opened. 

This provides a regulated supply of unborated primary water to the 

volume control tank which subsequently goes to the charging pump suction 

header. When the preset quantity of primary water makeup has been 

added, the primary water fl ow register causes the primary water ·makeup 

pump to stop, the primary water flow control valve to close, and the 

volume control tank makeup valve to close. 

The volume control tank level is controlled by a three way valve which 

normally modulates flow between the volume control tank a.nd the hold-up 

tanks with a level controller. In the event the level becomes abnor

mally high, the entire flow is diverted to the hold-up tanks. 
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Alternate Dilution 

The· 11 alternate dilute 11 mode of operation provides a more rapid reduction 

of boric acid concentration than the 11 dilute 11 mode. This is accom

_plished by opening both the charging suction makeup valve and the volume 

control tank makeup valve. The operation is the same as described for 

the 11 dil ute" mode except the operator must "have the charging suction 

makeup valve in the automatic position in addition to the equipment 

listed for the 11 dilute 11 mode, and he must depress the "alternate dilute 11 

pushbutton of the makeup mode selector instead of the 11 dilute 11 push

button. 

Boration 

The 11 borate 11 mode of operation permits the addition of a pre-selected 

quantity of concentrated boric acid solution at a pre-selected flow rate 

to the Reactor Coolant System. The operator sets the following equip

ment in the automatic _position: 

1. Either boric acid transfer pump. 

2. The charging suction makeup valve. 

3. The boric acid control valve. 

He then selects the setpoint for the concentrated boric acid flow rate 

and the total quantity of concentrated boric acid desired on the boric 

acid flow register. By depressing the 11 borate 11 and start pushbuttons of 

the makeup mode selector the following actions are initiated: 

1. The. boric acid transfer pump is switched to high speed. 

2. The boric acid flow control valve is switched to its respective flow 

controller • 
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3. The charging suction makeup valve is opened. 

This provides a regulated supply of twelve weight percent boric acid 

solution to the charging pump suction header. The total quantity added 

in most cases will be so small that it will have only a minor effect on 

the volume control tank level. When the present quantity of 

concentrated boric acid solution has been added, the boric acid flow 

register causes the boric acid transfer pump to return to low speed 

operation and closes the charging suction makeup valve and returns the 

boric acid flow control valve to the full open position. In the event 

of a volume control tank low-low level signal, the suction of the 

charging pumps is automatically aligned to take suction from the 

refueling water storage tank. 

The maximum rate of boration of the primary system with the 75 gpm 

discharge of a boric acid transfer pump directed to the charging pump 

suction is 24.0 ppm/minute, which compensates for a cooldown rate of 

6°F/minute at the end of core life when the moderator temperature 

coefficient is most negative. 

The maximum rate of boration with the two centrifugal charging pumps 

delivering water from the refueling water storage tank at a concen

tration of 2000 ppm boron is 9 ppm/minute. This compensates for a 

cooldown rate of 2°F/minute at the end of core life when the moderator 

temperature coeffi c.i ent is most negative. By comparison, normal 

cooldown rates are about 0.8°F/minute. 

Deviation of reactor primary water makeup flow rate from the control set 

point and deviation of concentrated boric acid flow rate from the con

trol set point are alarmed on the main control board. 
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9.3.4.2.5 Charging Pump Control 

Positive Displacement Charging Pump 

The positive displacement charging pump has a variable sp_eed drive and 

supplies charging flow to the Reactor Coolant System. 

The speed of this pump can be controlled manually, or automatically by 

pressurizer level. During load changes the pressurizer level set point 

varies automatically with Tavg, compensating partially for the expan

sion or contraction of reactor coolant associated with T avg changes. 

Charging pump speed will not change rapidly with pressurizer level 

controller. If the pressurizer level increases, the speed of the pump 

decreases; conversely, if the level decreases, the speed increases. If 

the positive displacement charging pump reaches the high speed limit,, it 

becomes necessary to place a centrifugal pump in operation to provide 

the higher flow capacity • 

To ensure that the charging pump flow is always sufficient to meet the 

seal water flow requirements of the reactor coolant pumps, the pump has 

a low-speed stop which prevents pump flow lower than the specified 

minimum. 

Centrifugal Charging Pumps 

The centrifugal pumps are constant speed pumps with flow control accom

plished by a modulating valve in the pump discharge line. When the 

positive displacement pump is in operation, this control valve is in the 

wide open position. 

A flow transmitter on the charging line upstream of the regenerative 

heat exchanger transmits a signal to a controller which regulates a 

modulating valve. in the charging line to maintain a preset charging 

flow. A pressurizer water level error signal resets the charging flow 
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set point to take corrective action. The response of the charging line 
modulating valve to changes in the flow control signal is normally 
maintained slow to reduce charging flow fluctuations due to short tenn 
pressurizer level transients. 

9.3.4.2.6 Components 

A summary of principal component data is given in Table 9.3-6. 

Regenerative Heat Exchanger 

The regenerative heat exchanger is designed to recover heat from the 
letdown flow by reheating the charging flow, to eliminate reactivity 
effects due to insertion of cold water, and to reduce thermal shock on 
the charging penetrations into the reactor-coolant-loop piping. 

The design also considers the limit of difference in temperature which 
occurs during periods when letdown flow exceeds charging flow by a 
greater margin than at normal letdown conditions. 

The letdown stream flows through the shell of the regenerative heat 
exchanger and the charging stream flows through the tubes. The unit is 

made of austenitic stainless steel, and is of all welde.d construction. 
It is a multi-shell U tube type heat exchanger using three shells. 

Letdown OrHi ces 

One of the three letdown orifices controls flow of the·letdown stream 

during nonnal operation and reduces the pressure to a value compatible 
with the letdown heat exchanger design. Two of the letdown orifices are . 
designed to pass normal letdown flow. The third orifice is designed to 
be used in conjunction with one normal letdown flow orifice to maintain 
maximum purification flow at normal Reactor Coolant System operating 
pressure. The orifices are placed in and taken out of service by remote 
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manual operation of their re spec ti ve i-sol ati on valves. The standby 

orifice may·:be.,,used in parallel with the nonnally operating orifice in 

orde:ritO ,inc:rease letdown flow when the Reactor Coolant System pressure 

is below norinal. Thi s·''arrangement pro vi des a full standby capacity for 

controli·of,:letdown'flo'\'/F Each orifice is an austenitic pipe containing 

a bored corrosion and erosion resistant insert. 

Letdown Heat Exchanger 

T,he·letdown heat·exchanger cools the letdown stream to the operating 

temperature.of the mixed bed demineralizers. Reactor coolant flows 

thrdligh the :tube side of the exchanger while component cooling water 

flow~ .. thr.ough the shell. The letdown stream outlet temperature is 

a!..rtqmati:cally controlled by a temperature control valve in the component 

cboling water outlet stream. The unit is a multiple-tube-pass heat 

exchanger. All surfaces in contact with the reactor coolant are 

austenitic stainless steel, and the shell is carbon steel • 

Mixed Bed Demineralizers 

Two flushable mixed bed demineralizers assist in maintaining reactor 

coolant purity. A Li 7 cation resin bed and a hydroxyl fonn anion 

resin are charged into the demineralizers. Both fonns of resin remove 

fission and corrosion products. The resin bed is designed to reduce 

concentration of ionic isotopes in the purification stream except for 

cesium, yttrium and molybdenum, by a minimum factor of 10. The anion 

resin rapidly converts in service to a borate fonn and thereafter does 

not remove boron from the reactor coolant. 

Each demineralizer is sized to accommodate the maximum letdown flow. 

One demineralizer serves as a standby unit for use if the operating 

demineralizer becomes exhausted during operation • 
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The demineralizer vessels are provided with suitable connections to 

facilitate resin replacement when required. The vessels are equipped 

with a resin retention screen. Each demineralizer has sufficient 

capacity for approximately one core cycle with one percent defective 
fuel rods. 

Cation Bed Demineralizer 

A flushable cation resin bed in the hydrogen form is located downstream 

of the mixed bed demineralizers and is used intermittently to control 

the concentration of Li 7 which builds up in the coolant from the BlO 

(n, a) Li 7 reaction. The demineralizer also has sufficient capacity 
. . 

to maintain the cesium-137 concentration in the coolant below 1.0 µc/cc 

with 1 percent defective fuel. The demineralizer is used intermittently 
to control cesium. 

The demineralizer vessel is provided with suitable connections to faci

litate resin replacement when required. The vessei is equipped with 

resin retention screens. The cation bed demineralizer has sufficient 

capacity for approximat~ly one core cycle with one percent defective 
fuel rods. 

Resin Fill Tank 

The resin fill tank is mobile and is used to charge fresh resin to the 

demineralizers. The line from the conical bottom of the tank is fitted 

with a valve and a flexible hose. spool piec·e that may be connected to 

any one of the demineralizer fill lines. The demineralizer water and 

resin slurry can then be sliced into the demineralizer by opening the 
va 1 ve. 
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Reactor Coolant Filter 

The filter collects resin fines and particulates from the letdown 
stream. The vessel is provided with connections for draining and 
venting. The nominal flow capacity of the filter is equal to the maxi
mum purification flow rate. Disposable synthetic filter elements in a 
cage assembly are used. 

Volume Control Tank 

The volume control tank is an operating surge volume compensating in 
part for reactor coolant releases from the Reactor Coolant System as a 
result of level changes. The volume control tank also acts as a head 
tank for the charging pumps and a reservoir for the leakage from the 
reactor coolant pump controlled leakage seal. Overpressure of hydrogen 
gas is maintained in the volume control tank to control the hydrogen 
concentration in the reactor coolant at 25 to,35 cc per kg of water 
( STP) • 

A spray nozzle is located inside the tank on the inlet line from the 
reactor coolant filter. This spray nozzle provides intimate contact to 
equilibriate the gas and liquid phases. A remotely operated vent valve 
discharging to the Waste Disposal Sy stem permits remova 1 of gaseous 
fission products which are stripped from the reactor coolant and col
lected in the tank. 

Charging Pumps 

Three charging pumps are provided for injection coolant into the Reactor 
Coolant System. Two are centrifugal pumps and the third is a positive 
displacement pump equipped with variable speed drive. All parts in 
contact with the reactor cool ant are fabricated of austeni tic stainless 
steel or other material of adequate corrosion resistance. The centri
fugal pump packing glands and positive displacement pump stuffing box 
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are provided with leakoffs to collect reactor coolant before it can leak 

to the outside atmosphere. Pump leakage is piped to the drain header 

for disposal. The pump design prevents lubricating oil from contami

nating the charging flow. The integral discharge valves on the· positive 

displacement pump act as check valves. 

The positive displacement pump is designed to provide the full charging 

flow and the reactor coolant pump seal water supply during nonnal seal 

leakage and nonnal letdown. The centrifugal pumps have a higher flow 

capacity and are used during periods of maximum letdown or purification 

fl ow. Each pump is dei sgned to pro vi de rated fl ow against a pressure 

equal to the sum of the Reactor Coolant System nonnal maximum pressure 

(existing when the pressurizer power operated relief valve is operating) 

and the piping, va 1 ve and equipment pressure 1 asses at the design 

charging flows. Vibration dampers are installed on the suction and 

discharge of the positive displacement pumps. 

The positive displacement charging pump is used to hydrotest the Reactor 

Cool ant System. 

Under normal conditions, either the positive displacement charging pump 

or a centrifugal charging pump will take suction from the volume control 

tank and discharge to the nonnal charging and reactor coolant pump seal 

water injection paths. If the positive displacement pump is not used, 

one of the centrifugal charging pumps is opera~ed. The flow paths 

remain the same but flow control is accomplished by a modulating valve 

on the discharge side of the centrifugal pumps. For periods when maxi

mum letdown or purification flow is required, a centrifugal pump is 

operated to pro vi de the necessary fl ow. The centrifugal charging pumps 

also serve as safety injection pumps in the Emergency Core Cooling 

System (Chapter 6). 
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Chemical Mixing Tank 

The primary use of the chemical mixing tank is in the preparation of 
caustic solutions for pH control and hYdrazine for oxygen scavenging. 

The capacity of the chemical mixing tank is determined by the quantity 
of 35 percent hydrazine solution necessary to increase the hydrazine 
concentration in the reactor coolant by 10 ppm. This capacity is more 
than sufficient to prepare solution of pH control chemical for the 
Reactor Coolant System. 

Excess Letdown Heat Exchanger 

The excess letdown heat exchanger cools an amount of reactor coolant 
letdown equal to the nominal injection rate through the reactor coolant 
pump labyrinth seal, if letdown through the nonnal letdown path is not 
usable. The unit is designed to reduce the letdown stream temperature 
from the cold leg temperature to 195°F. The letdown stream flows 

through the tube side and component cooling water is circulated through 
the shell side. All surfaces in contact with the reactor coolant are 
austenitic stainless steel and the shell is carbon steel. All tube 
joints are welded. 

Seal Water Heat Exchanger 

The seal water heat exchanger removes heat from several sources; the 
reactor coolant pump seal water returning to the volume control tank, 
the reactor coolant discharge from the excess letdown heat exchanger and 
the centrifugal charging pump by-pass flow. Reactor coolant flows 
through the tubes and component cooling water is circulated through the 

stJell side. The tubes are welded to the tube sheet to prevent leakage 
in either direction and undesirable contamination of the reactor coolant 
or component cooling water. A 11 surf aces in contact with reactor 
coolant are austenitic stainless steel and the shell is carbon steel • 
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The unit is designed to cool the excess letdown flow, the pump seal 

water flow and the centrifugal charging pump by-pass flow to the 

temperature normally maintained in the volume control tank. 

Seal Water Filter 

This filter collects particulates from the reactor coolant pump seal 

water return and from the excess letdown heat exchanger flow. The 

filter is designed to pass the sum of the excess letdown flow and the 

maximum design leakage from the reactor coolant pump seals. The vessel 

is provided with connec~ions for draining and venting. Disposable 

synthetic filter elements in a cage assembly are used. 

Seal Water Injection Filters 

The filter collects particulates from the reactor coolant pump seal 

water inlet. Two filters are provided in parallel, each sized for the 

maximum design pump seal flow rate. The vessel is provided with connec

tions for draining and venting. Disposable synthetic filter elements in 

a cage assembly are used. 

Boric Acid Filter 

The boric acid filter collects particulates from the boric acid solution 

being pumped to the charging pump suction line or boric acid blender. 

The filter is. designed to pass the design flow of two boric acid 

transfer pumps operating simultaneously. The filter elements are 

disposable synthetic cartridges in a cage assembly. Provisions are 

included for venting and draining the filter. 

Boric Acid Tanks 

The boric acid tanks, taken together, hold enough boric acid for cold 

shutdown and refueling without the need for mixing additional boric acid 
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solution. Each tank holds 8000 gallons of boric acid solution at a 
concentration of 11-1/2 to 13 percent by weight (20,000 ppm to 22,500 

ppm). Approximately 5100 gallons of this solution are required to meet 
cold shutdown requirements with the most reactive RCCA not inserted and 
about twice this amount is required to achieve refueling concentration 
of 2000 ppm. Therefore, about 15,000 gallons of boric acid are required 
for both evolutions, which is less than the 16,000 gallon combined 
volume of the two boric acid tanks. The Technical Specifications state 
the minimum amount of boric acid required to be available. It is likely 
that additional boric acid solution would be prepared following either 
of these evolutions (cold shutdown or refueling shutdown). 

Periodic manual sampling and corrective action, if necessary, insures 
that these limits are maintained. As a consequence, measured amounts of 
boric acid solution can be delivered to the reactor coolant to control 
the chemical poi son concentration. The combination overflow and 
breather vent connection has _a water 1 oop seal to minimize vapor 
discharge during storage of ~he solution • 

Bate hi ng Tank 

The batching tank is sized to hold one week's makeup supply of boric 

acid solution for transfer to the boric acid tanks. The basis for 
makeup is an arbitrary reactor coolant leakage of 1/2 gpm at beginning 
of core life. The tank may al so be used for sol_ution storage. 

A local sampling point is provided for verifying the solution concen
tration prior to transferring it to the boric acid tank or for draining 
the tank. The tank is provided with an agitator to improve mixing 
during batching operations. The tank is provided with a steam jacket 
for heating the boric acid solution to 165°F • 
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Boric Acid Tank Heaters 

Each of two electric immersion heaters in each boric acid tank is. 

designed to maintain the temperature of the boric acid solution at 165°F 

with ambient air temperature of 40°F, thus ensuring a temperature in 

excess of the solubility limit (for 12 percent boric acid solution, this 

is approximately 130°F}. The heaters are sheathed in austenitic 

stainless steel. 

Boric Acid Transfer Pumps 

Two horizontal, centrifugal, two speed pumps with mechanical seals are 

supplied. Normally one pump is aligned with one boric acid tank and 

runs continuously at low speed to provide recirculation of the boric 

acid system, boric acid tank, and boron injection tank in the Safety 

Injection System. The second pump is aligned with the second boric acid 

tank and is then considered as a standby pump, with service being trans

ferred as operation requires. This second pump al so intermittently 

ci~ulates fluid through the second tank. Manual or automatic initia

tion of the Reactor Coolant Makeup System will activate the running pump 

to the higher speed to provide normal makeup of boric acid solution as 

required. For emergency boration, supplying of boric acid solution to 

the suction of the charging pump can be accomplished by manually 

choosing either fast or slow speed and actuating either or both pumps. 

The transfer pumps al so function to transfer boric acid solution from 

the batching tank to the boric acid tanks. 

The design capacity of each pump is equal to the normal letdown flow 

with the capacity of both pumps being equivalent to the normal design 

capacity of one centrifugal charging pump. The design discharge pres

sure is sufficient to overcome any pressures which may exist in the 

suction manifold of the charging pumps (volume control tank relief valve 

setting}. In addition to the automatic actuation by the makeup control 

system, and manual actuation from the main control .board, these pumps 

may al so be controlled locally. 
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The pumps are heat traced to prevent crystallization of the boric acid 

solution. All parts in contact with the solution are of austenitic 

stainless steel. Connections are provided to enable the use of these 

pumps to flush the equipment and piping with primary water. 

Each boric acid transfer pumps is powered by a separate 460 V. vital bus 

which is capable of being supplied by the associated diesel generator in 

the event of loss of off-site power. 

Each boric acid transfer pump can pump from either boric acid _tank. 

Operator action to place the plant in a cold shutdown·condition with one 

boric acid tank unavailable would consist merely of using the other tank. 

Boric Acid Blender 

The boric acid blender promotes thorough mixing of boric acid solution 

and primary water makeup for the reactor coolant makeup circuit. The 

blender consists of a conventional pipe fitted with a perforated tube 

insert. The blender decreases the pipe length required to homogenize 

the mixture for taking a representative local sample. 

Holdup Tanks 

Three holdup tanks contain radioactive liquid which enters the tanks 

from the letdown line.· The liquid is released from the Reactor Coolant 

System during startup, shutdowns, load cha·nges and from boron dilution 

to compensate for burnup. The contents of one tank are normally being 

processed by the gas stripper boric acid evaporator packages while 

another tank is being filled. The third tank is available for storage 

as required. 

The total liquid storage capacity of the three holdup tanks is equal to 

two Reactor Coolant System volumes. The tanks are constructed of aus

tenitic _stainless steel. The cover gas used in these tanks is nitrogen • 
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Holdup Tank Recirculation Pump 

The recirculation pump is used to mix the contents of a holdup tank for 
sampling or to transfer the contents of a holdup tank to another holdup 
tank. The wetted surface of this pump is constructed of austenitic 
stainless steel. 

Gas Stripper Feed Pumps 

The two gas stripper feed pumps supply feed to the gas stripper-boric 

acid evaporator train from the holdup tanks. The capacity of each pump 
is equal to the capacity of a gas stripper-evaporator. The non-opera
ting pump is a standby and is available for operation in the event the 
operating pump malfunctions. These canned centrifugal pumps are 
constructed of austenitic stainless steel. 

Evaporator Fee(! Ion Exchangers 

Four flushable evaporator feed ion exchangers remove cations (primarily 
cesium and lithium) from the holdup tank effluent. 

The design flow rate is eq~al to the gas stripper-boric acid evaporator 

processing rate. The demineralizer vessels are contructed of austenitic 
stainless steel and are provided with suitable connections to facilitate 

resin replacement when required. The vessels are equipped with resin 
retention screens. 

Ion Exchanger Filters · 

These filters collect resin fines and particulates from the evaporator 
feed ion exchangers. The vessels are made of austenitic stainless steel 
and are provided with connections for draining and venting. Disposable 
synthetic filter eiements in a cage assembly are used. The maximum 
design flow capacity is equal to the boric acid evaporator flow rate. 
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Gas Stripp~r - Boric Acid Evaporator Package 

One gas stripper-boric acid evaporator package is provided. The package 
will process 30 gpm of dilute radioactive boric acid and produce distil
late and approximately 12 weight percent of concentrated boric acid, 
both stripped of the radioactive gases. Radioactive gas stripping is 

achieved by passing heated feed through packed towers employing strip
ping steam which removes nitrogen, hydrogen and fission gases from the 
feed and is designed to reduce the influent gas concentration by a 
factor of 105. 

After stripping, the feed enters the evaporator where it is evaporated 

by a submerged steam tube bundle. The vapors leaving the boiling pool 
are stripped of entrained liquid and volatile boron by passing through 

an absorption tower •. Pure vapors a re then condensed in the condenser 
section and pumped from the system. When the desired concentration is 
reached in the boiling pool, the concentrates are pumped from the 
system. The solids decontamination factor between the condensate and 
bottoms is approximately 106. All evaporator equipment is constructed 
of austenitic stainless steel. 

A boric acid solution is fed from the holdup tanks through the ion 
exchangers to the gas stripper evaporator packages at a temperature of 
50 to 130°F. The feed then passes through a heat exchanger where con

densing steam raises its temperature to about 215°F. The feed then 
passes into the top of the stripping column. Radioactive and other 

gases are stripped off as the feed passes over the packing in the 
tower. After stripping, the feed is introduced into the evaporator as 
make-up. Radioactive gases and other non-condensabl es are discharged 
from the system into the waste disposal vent header. 

Heating for the evaporator is provided by steam in a submerged tube. 
bundle. Steam to the feed pre-heater is taken from the same system. A 
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constant vapor pressure is maintained in the evaporator by a pressure 
control valve on the steam supply line. 

A cooling water supply for condensing the distillate is passed through a 
tube bundle in the condenser. 

Some of the distillate produced 
absorption tower. This reduces 
carryover to less than 10 ppm. 

in the evaporator passes through the 
ionic carryover and volatile boron 

Condensed distillate is pumped from the 
system by a distillate pump. Conductivity measurement causes an auto

matic dump system to return contaminated distillate to the evaporator. 
Distillate is cooled to 120°F by passing through the distillate cooler 
heat exchanger. 

The concentration of boric acid is detennined by sampling and chemical 
analysis. The boric acid concentrates pump continuously draws a con
centrated solution from the evaporator and through use of hand valves 
the operator can either return the_concentrates to the evaporator or 

pump it to the concentrates holding tank. A concentrate sample con

nection is provided at the discharge of the boric acid concentrates pump. 

The operating output of the system can be adjusted by manual (board 

mounted control) positioning of the distillate condenser flow control 
valve. Adjustment of cooling water flow controls the temperature/pres
sure of condensing distillate in the vapor section of the evaporator. 
Vapor temperature automatically controls steam input to the submerged 
tube heating bundle. Thus when the operator manually increases cooling 
water flow. the vapor temperature is lowered and the steam flow control 
valve automatically opens to compensate and maintain vapor temperature 
at the set point. When equilibrium is again reached, the overall 
operating output of the system is increased. Other control circuits 
such as concentrate level, feed temperature, distillate _level, etc., 
will automatically follow the system conditions and maintain their set 
point. 
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In case of a low evaporator level, caused by feed failure, etc. an alann 
will sound; the operator can open a manual distillate return valve which 
will return all distillate produced to the evaporator. This coupled 
with manual return of the blowdown will stop any loss of liquid or vapor 
from the system until level is returned to nonnal. 

A low temperature in the evaporator, caused by failure of the automatic 
steam control valve, etc., would sound an alann on the panel and the 
operator can open a manual steam bypass valve to raise the temperature. 

All lines and miscellaneous equipment in the system containing con
centrated boric acid are electric heat traced to prevent boric acid 
precipitation at low temperatures. Figure 9.3-_ shows two lines 
discharging from the Boric Acid Evaporator. The· lines which is heat 
traced transfers the evaporator bottoms to the Concentrates Holding 
Tank. This line is heat traced due to high boron concentrates ( 21000 ' 

ppm). The line which is not heat traced is used. as the strippi'ng medium 
in the Gas Stripper. The line runs from the evaporator overhead (steam) 
and enters the bottom of the packed stripping column of the Gas 
Stripper. The steam contains low boron concentrates (approximately 100 

ppm). Heat tracing is therefore not necessary. 

The batching tank has a steam jacket to heat the boric acid solution. 
The source of steam heating for the batching tank is from the house 
heating boilers and/or one of the main turbines, either of which has a 
capacity of 140,000 lbs/hr. The batching tank steam jacket requires 

only 150 lbs/hr. The design, materials, testing and inspection of the 
batching tank are in accordance with the ASr.E Boiler and Pressure Vessel 

Code, Section VIII. 

Evaporator Di sti 1 late Demi neral i zers 

Two anion demineralizers remove any boric acid contained in the evapor
ator distillate. Hydroxyl based ion-exchange resin is used to produce 

SGS-UFSAR 9.3-45 Revision 0 
~~~x_22~-- _19~~-

,, 
.; . 



evaporator distillate of high purity by releasing a hydroxyl ion when a 
borate ion is absorbed. Facilities are provided for regeneration of the 
.resin. When regeneration is no longer feasible, the resin is flushed to 
the spent resin storage tank. Each demineralizer is sized for a flow 
rate equal to the evaporator fl ow rate. The demi neral i zer vessel is 
made of all-welded austenitic stainless steel, and is equipped with a 
resin retention screen. 

Distillate Filter 

The filter collects resin fines and particulates from the boric acid 

evaporator condensate stream. The vessel is made of austenitic stain

less steel, and is provided with connections for draining and venting. 
Disposable synthetic filter. elements in a cage assembly are used. The 
design flow capacity of the filter is equal to the total installed gas 
stripper-boric acid evaporator flow rate. 

Monitor Tanks 

Two monitor tanks pennit continuous operation of the evaporator train. 

When one tank is filled, the contents are analyzed and either repro

cessed, discharged to the Waste Disposal System or pumped to the primary 
water storage tank. 

Each of the tanks has sufficient capacity to hold the condensate pro
duced during 12 hours of operation from an evaporator at full output. 

The tanks are fitted with a nylon, rubber-coated membrane to prevent 
absorption of oxygen by the water stored in the tank. The portion of 
the tank above the membrane is vented to the auxiliary building 
atmo sphere. 
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Monitor Tank Pumps 

Two monitor tank pumps discharge water from the monitor tanks. Each 

pump is sized to empty a monitor tank is approximately 3 hours. _The 

pumps are constructed of austenitic stainless steel. 

Deborating Demineralizers 

When required, two anion demineralizers remove boric acid from the 

Reactor Coolant System fluid. The demineralizers are provided for use 

near the end of a core cycle, but can be used at any time when boron 

concentration is low. Hydroxyl based ion-exchange resin is used to 

reduce Reactor Cool ant System boron concentration by releasing hyroxyl 

ion when a borate ion is absorbed. Facilities are provided for regen

eration. When regeneration is no longer feasible, the resin is flushed 

to the spent resin stora_ge tank. 

Each demineralizer is sized to remove the quantity of boric acid that 

must be removed from the Reactor Coolant System to maintain full power 

operation near the end of core life should the holdup tanks be full. 

Concentrates Filter 

A disposable synthetic cartridge type filter removes particulates from 

the evaporator concentrates. Design flow capacity of the filter can 

accomodate the total installed boric acid evaporator capacity. The 

vessel is provided with connections for draining and venting. Dispos

able synthetic filter elements in a cage assembly are used. 

Concentrates Holding Tank 

The concentrates holding tank is sized to hold approximately the produc

tion of concentrates from one batch from the evaporator. The tank is 

supplied with an electrical heater which prevents boric acid precipita

tion • 
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Concentrates Holding Tank Transfer Pump 

Two holding tank transfer pumps discharge boric acid solution from the 
concentrates holding tank to the boric acid tanks. The canned centri
fugal pumps are sized to approximately match the capacity of the boric 
acid evaporator concentrates pumps·or to pump out the contents of the 
tank in approximately 1 hour. The wetted surfaces are constructed of 
austenitic stainless steel. 

Electrical Heat Tracing 

Electrical heat tracing is installed under the insulation on all piping, 
valves, line-mounted instrumentation, and components nonnally containing 
concentrated boric acid solution. The heat tracing is designed to pre
vent boric acid precipitation due. to cooling, by compensating for heat 
loss. The heat tracing is considered to be a vital load and is operable 
from the diesel generators. 

Exceptions are: 

1. Lines which may occasionally transport concentrated boric acid but 
are subsequently flushed with reactor coolant or other liquid of low 
boric acid concentration during nonnal operation. 

2. The boric acid tanks which are provided with immersion heaters. 

3. The batching tank which is provided with a steam heated jacket. 

4. The concentrates holding tank, which is provided with an immersion 
heater. 

Power failures in the heat tracing system can be detected. by: 

SGS-UFSAR 9.3-48 Revision 0 
July 22, 1982 

• 

• 

• 



• 

• 

• 

1. Loss of AC power failure alarm in each distribution panel, if power 
source to the distribution panel fails. This alarm is indicated in 
the control room. 

2. Low temperature, high temperature and loss of a normal heating circuit 
are alarmed in the control room. Alarm indication remains until 
corrective action has b~en completed. 

Each heat traced pipe has duplicate heat tracing cable. Each cable is fed 
from separate sou.rces which are connected to the vita'l bus system. In the 
event of a loss of all off-site power, the diesel generators will supply 
the power requirements for the heat tracing system. 

Lines which are provided with heat tracings are shown in Figures 9.3-4A and I 
B, 9.3-5A and B,·and 9.3-6A·and B. 

Valves 

Valves that perform a modulating function are equipped with two sets of 
packing and an intermediate leakoff connection that discharges to the Waste 
Disposal System. Valves are normally installed such that, when closed, 
pressure is not on the packing. Basic material of construction is 
stainless steel for all valves. 

Isolation valves are provided for all connections to the Reactor Coolant 
System. Lines entering the reactor containment also have check valves 
inside the containment to prevent reverse flow from.the containment. 

Relief valves are provided for lines and components that might be 
pressurized above design pressure by improper operation or component. 
malfunction. Pressure relief for the tuhe side of the regenerative heat 
exchanger is provided by a locked open valve and a 250 psi spring loaded 
check valve bypassing the charging isolation valves • 
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Piping 

All Chemical and V_olume Control System piping handling radioactive 

liquid is austenitic stainless steel. All piping joints and connections 

are welded, except where flanged connections are required to facilitate 

equipment removal for maintenance and hydrostatic testing. 

Primary Water Storage Tank 

The· tank is provided with a high level alarm and the overflow line is 

piped to the diked area around the No. 13 Chemical. and Volume Control 

holdup tank~ from where any overflow can be pumped to the Liquid Waste 

Disposal System. The overflow.line includes a collection p.ot which is. 

also provided with a high level alarm. Both alarms are indicated in the 

control room. 

9.3.4.3 System Design Evaluation 

9.3.4.3.1 Availability and Reliability 

A high degree of functional reliability is !lSSured in the Chemical and 

Volume Control System by providing standby components where performance 

is vital to safety and by assuring fail-safe response to the most pro

bable mode of failure •. Special provisions include duplicate heat 

trai:ing with alarm protection of lines, valves, and components normally 

containing concentrated boric acid and required for boric acid control. 

The Chemical and Volume Control System has three high pressure charging 

pumps, which ·are capable of supplying the required reactor coolant pump 

seal and makeup flow. 

Aside from those components that are al so part of the Emergency Core 

Cooling System (Chapter 6), the Chemical and Volume Control System is 

not required to function during a loss-of-coolant accident. 
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The generation of a safety injection signal automatically closes the 
motor-operated valvesirl"the·outlet line of the volume control tank and 
in the normal charging:line thus isolating the Chemical and Volume 
Control System from the safety injection path. The letdown line and 
reactor coolant pump seal water return line are isolated at the contain
ment boundary by a valve which automatically closes as a result of high 
containment pressure caused by a loss-of-coolant accident. The centri
fugal charging pumps are also automatically started and commence pumping 
into the Reactor Coolant System immediately. 

9.3.4.3.2 Control of Tritium 

The Chemical and Volume Control System is also used to control the con
centration of tritium in the Reactor Coolant System. Essentially all of 
the tritium is in chemical combination with oxygen as a form of water. 
Therefore, any leakage of coolant to the containment atmosphere carries 
tritium in the same proportion as it exists in the coolant. Thus, the 
1eve1 of tritium in the containment atmosphere, when it is sealed from 
outside air ventilation, is a function of tritium level in the reactor 
coolant, the dew point temperature of the air, and the presence of leak
age other than reactor cool ant as a source of moisture in the contain

ment air. 

There are two major considerations with regard to the presence of 

tritium in the reactor coolant: 

1. Possible plant personnel hazard during access to the containment 
must be limited. Leakage of reactor coolant during operation with a 
closed containment causes an accumulation of tritium in the con
tainment atmosphere. 

2. Undue public hazard due to release of tritium ·to the plant environ

ment must be avoided • 
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Both of these criteria are met in this plant. The concentration of 

tritium in the reactor coolant is maintained at a level which precludes 
personnel hazard during access to the containment. This can be achieved 
by discharging part of the di sti 11 ate from the primary water recovery 
process to the Waste Disposal System (Chapter 11). 

Essentially all of the tritium in the reactor coolant will eventually be 

released via the Radwaste System (Chapter 11) to the plant discharge 

stream. In the plant discharge stream, the tritium (and other liquid 

radwastes) is mixed with the plant effluent water flow. 

9.3.4.3.3 Leakage Provisions 

Quality control of the material and installation of the ·chemical and 

Volume Control System valves and piping which are designated for radio
active service is provided, in order to essentially .eliminate leakage to 

the atmosphere. 

The components designated for radi,oacti ve service are provided with 

welded connections to prevent leakage to the atmosphere. However, 

flanged connectfons are provided on each charging pump sue ti on and dis

charge, on each boric acid pump suction and discharge, on the relief 

valves inlet and outlet, on three-way valves and on the flow meters to 

pennit removal for maintenance. 

The positive displacement charging pump stuffing box is provided with a 

leakoff to collect reactor coolant before it can leak to the atmo

sphere. All valves which are larger than 2 inches and which are desig

nated for radioactive service at an operating flui.d temperature nonnally 

above 212°F .are provided with a stuffing box and lantern leakoff connec

tions. All control valves are either provided with stuffing box and 

leakoff connections or are totally enc 1 osed. Leakage to the. atmosphere 
is essentially zero for these valves. 
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Diaphragm valves are provided where the operating pressure is 200 psi or 

below and the operating temperature is 200°F or below. Leakage to the 

atmosphere is essentially zero for these valves. 

9.3.4.3.4 Incident Control 

T_he letdown line and the reactor coolant pumps seal water return line 

penetrate the reactor containment. The letdown line contains three 

air-operated va 1 ves inside the reactor containment and one air-operated 

valve outside the reactor containment which are automatically closed by 

the containment isolation signal. The reactor coolant pumps seal water 

return line contains one motor-operated isolation valve outside the 

reactor containment and one motor-operated valve inside the containment 

which are automatically closed by the containment isolation signal. 

The four seal water injection lines to the reactor coolant pumps and the 

charging line are inflow lines penetrating the reactor containment. 

Each line contains a check valve inside the reactor containment to pro

vide isolation of the reactor containment should a break occur in these 

1 i nes outside the reactor containment. 

In the event of an accidental release of a radioactivity in the area 

housing the Chemical and Volume Control System, personnel safety equip

ment is available and will be used to protect operating personnel. For 

example, equipment such as respirators, appropriate protective clothing, 

and radiation survey meters would be used to guard against inhalation of 

possible airborne activity, personnel contaimnination, and exposure to 

possibly high radiation levels. Immediately after the accidental 

release of a radioacti"ve source, entry into the building housing the 

Chemical and Volume Control System will be through an access control 

point under the supervision of health physics trained personnel. The 

required equipment, outlined above, will be available in the vicinity of 

the control point. This area also contains a monitoring and clothing 
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change area, a personnel decontamination washroom and showers, and a 
first aid room. 

Radiation levels outside of a shielded compartment where such a release 
has occurred will not be severly affected. The dose rates outside the 
shield wall could rise from 2.5 MR/hr to approximately 4.0 MR/hr until 
cleanup procedures have been initiated. This higher dose rate is based 
on a leak large enough to result in all inner compartment surfaces being 

covered with radioactive liquid, and that the excess liquid that drains 
from the surfaces runs into the floor drains. The liquid activity is 

assumed to be that associated with 1 percent failed fuel. If the excess 
liquid did not flow into the floor drains and was contained within the 
compartment, the dose rate outside the shield wall could rise to approx
imately 25 MR/hr. 

If a demineralizer ruptured releasing all its resin into the shielded 
compartment, the dose rates outside the compartment would not be 
significantly affected since each demineralizer tank is in a cell which 
is completely isolated from personnel and separated from the operating 
aisle by a valve gallery shield wall. Further, no credit for the 

thickness of the demineralizer wall was taken in the design of the 
concrete shield wall. 

9.3.4.3.5 Malfunction Analysis 

To evaluate system safety, failures .or malfunctions were ·assumed con
current with a loss-of-coolant accident, and the consequences analyzed, 
see Table 9.3-7 and Chapter 15. 

If a rupture takes place between the reactor coolant loop and the first 
isolation valve or check valve, an uncontrolled loss of reactor coolant 
occurs. The analysis of the loss-of-coolant accident is discussed in 
Chapter 15. 
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Should a rupture occur in the Chemical and Volume Control System outside 
the containment, or at any point beyond the first check valve or 
remotely operated isolation valve, actuation of the valve would limit 
the release of coolant and assure continued functioning of the nonnal 
means of heat dissipation from the core •. For the general case of rup
ture in the eves outside the containment, the largest source of radio
active gases and fluid subject to release is the contents of the volume 
control tank. The consequences of such a release are considered in 
Chapter 15. 

When the reactor is subcritical, i.e., during cold or hot shutdown, 
refueling and approach to criticality, the relative reactivity status 
(neutron source multiplication) is continuously monitored and indicated 

by BF 3 counters and count rate indicators. Any appreciable increase 
in the neutron source multiplication, including that caused by the 
maximum physical boron dilution rate, is slow enough to give ample time 

to start corrective action (boron dilution stop and emergency boron 
injection) to prevent t.he core from becoming critical. This case is 
analyzed in Chapter 15. 

At least two separate and independent flow paths are available for 
reactor coolant boration; i.e., the charging line, or the reactor 
coolant pumps labyrinths. The malfunction or failure of one component 
does not result in the inability to borate the Reactor Coolant System. 
An alternate flow path is always available for emergency boration of the 
reactor coolant. As backup to the boration system, the operator can 

align the refueling water storage tank outlet to the suction of the 
c ha rg i ng pump s. 

Boration during operation to compensate for power changes will be indi
cated to the operator from a combination of two sources: (a) the con
trol rod movement and (b) the flow indicator in the boric acid transfer 
pump discharge line. When the emergency boration path is used, four 
indications to the operator are available. The primary indication is a 
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flow indicator in the emergency boration line~ The charging line flow 

indicator will indicate boric acid flow since the charging pump suction 

is aligned to the boric acid transfer pump suction for this mode of 

operation. The change in boric acid tank level and control rod motion 

are other indications of boric acid injection. 

On loss of seal injection water to the reactor coolant pump seals, seal 

water flow may be reestablished by manually rerouting the flow or 

starting a standby charging pump. Even if the seal water injection flow 

is not reestablished, the plant can be operated indefinitely since the 

thermal barrier cooler has sufficient capacity to cool the reactor 

coolant flow which would pass through the thermal barrier cooler and 

seal leakoff from the pump volume. 

It can be concluded that proper consideration has been given to station 

safety in the design of the system. 

9.3.4.3.6 Galvanic Corrosion 

The only types of materials which are in contact with each other in 

borated water are stainless steels, Inconel, Stellite valve materiars 

and Zircaloy fuel element cladding. Those materials have been shown to 

exhibit only an insignificant degree of galvanic corrosion when coupled 

to each other. 

For example, the galvanic corrosion of Inconel versus 304 stainless 

steel resulting from high temperature tests (575°F} in lithiated, boric 

acid solution was found to be less than -20.9 mg/dm2 for the test 

period of 9 days. Further galvanic corrosion would be trivial since the 

cell currents at the conclusion of the tests were approaching polari~' 

zation. ·zircaloy versus 304 stainless steel was shown to polarize at. 

180°F in lithiated, boric acid solution in less than 8 days with a total 

galvanic attack of -3,0 gm/dm2• Stellite versus 304 stainless steel 
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was polarized in 7 days at 575°F in lithiated boric acid solution. The 
• total galvanic corrosion for this couple was -0.97 gm/dm2. 

• 

• 

As can be seen from the tests, the effects of galvanic corrosion are 
insignificant to systems containing borated water. 

9.3.4.4 Tests and Inspections 

Those portions of the Chemical and Volume Control System associated with 
the Emergency Core Cooling System wi 11 be subject to the same type of 

inspections required for those systems as outlined in Chapter 6. 
Special tests and inspections for the remainder of the Chemical and 
Volume Control System are not required because the system is in daily 
operation. Routine maintenance during refueling can be performed on 
system components. 

The contents of the Boric Acid Tanks will be sampled at least once per 
week to assure re qui red boric acid concentrations • 

9.3.5 FAILED FUEL DETECTION SYSTEM 

9.3.5.1 Design Basis 

The gross failed fuel detection system consists of equipment designed to 
indicate gross fuel failure by monitoring the delayed neutron activity 
in the reactor coolant. 

9.3.5.2 System Description 

The gross failed fuel detector is connected to the hot leg of a primary 
coolant loop (Figure 9.3-9). The coolant sample passes through a cooler 
and then into a coil encompassing a neutron detector and moderator, then 
to a connection upstream of the mixed bed demineralizers after which it 
flows back into the volume control tank. The delay time depends on the 
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length of tubing used. A transmitting flo\\meter is installed for 
periodic checks of the flow rate. A sensor monitors the sample cooler 
outlet temperature. 

Figure 9.3-10 shows the block diagram of the gross failed fuel detector 
channel. The detector, preamp, sample coolers·, ·and associated flow 
indication are located outside the containment. The signal processing 
equipment and readout are mounted in a rack located in the control room. 

The delayed neutron signal of the detector is displayed on a recorder 
located in the rack. The response time for the gross failed fuel 
detector is on the order of 60 seconds. 

9.3.5.3 Safety Evaluation 

The gross failed fuel detection system does not perform a safety related 

function, and is not designed to satisfy any specific safety criteria. 
As shown on Figure 9.3-9, the gross failed fuel detector is outside of 
the containment and is installed in the primary coolant hot leg sample 
line. It is isolated from the containment by means of the sample system 
isolation valves. The safety evaluation of the sampling system, 
including the isolation valve, is discussed in Section 9.3 .• 2. 

A confinnatory radiochemical analysis for failed fuel in the primary 

system would be perfonned and would require approximately 1-1/2 hours of 
sampling, preparation, counting and calculations. In the event that 
personnel to perform analysis is not on site, an additional 2 hours will 
be required for notification and travel time. 

The system measures gamma radiation in a continuously flowing sample of 
primary coolant. It is designed to monitor the coolant for gross gamma 
activity and specific nucl ides simultaneously. This is accomplished by 
using a common gamma scintillation detector coupled to two ratemeters. 
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In addition to continuous indication of the reactor coolant activity, 
abnonnal conditions are al anned in the Control Room. 

The detector is capable of measuring up to 1 x u)7 cpm. Provision is 
made for desensitizing the system by two or more decades to compensate 
for pennanent activity buildup resulting from long-term normal opera
tion. This is accomplished by insertion of a lead spacer between the 
-sensitive end of the detector and the sample line. 

In addition to using separate ratemeters for monitoring the gross gamma 

and 11 31 , a separate recorder and an associated ratiometer which 
records and indicates the ratio of iodine to gross gamma at all times is 
provided. Changes in activity in the letdown sample line from any cause 
other than failed fuel will result in proportionate changes in· the 
1131 and gross gamma readings. A rise in activity caused by a fuel 
failure would result in a proportionately greater rise in the 1131 

than in the gross gamma. Therefore, the ratio between the readings of 
the two ratemeters (I131 and gamma) would remain constant, except 

• after a fuel failure. 

• 

With the plant operating with reactor coolant activity corresponding to 
one percent failed fuel, the concentration of all isotopes in the cool

ant will be about 226 uCi/cc. 

Assuming that 11 gross11 fuel failure has occurred, the action that would 
be taken is a function of both the magnitude of reactor coolant activity 
and the rate of change. For the case where activity is higher than 
previous values, but below Technical Specification limits, the following 
action would be taken: 

1. Increase purification flow to maximum. 

2. Calculate coolant activity in uCi/cc and new E if greater than 
predetermined change in activity has occurred • 
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3. Increase sampling frequency to a minimum of once per day until 
trends are clearly established. 

4. If coolant activity is increasing and approaching Technical Specifi

cation limits, reduce power and attempt to establish equilibrium. 

5. Verify reactor power distribution to assure that rod patterns and 

flux shapes are within normal values. 

In the event that cool ant activity is increasing rapidly to the Tee h

nical Specification limit or has reached that limit, the plant would be 

shut down and cooled to 500°F or less. 

The above actions would be initiated promptly, following confirmatory 

radiochemical analysis. Most of these actions can be initiated upon 

receipt of the failed fuel alarm, except for trending, which will 

re qui re several samples. 

In the event the failed fuel monitoring system is inoperable, the gross 

radioiodine analysis of the reactor coolant system will be increased to 

5 days per week with not longer than 72 hours between sampling intervals. 

9.3.5.4 Tests and Inspection 

The gross failed fuel detection system is equipped with a test oscil

lator in the pre-amplifier and a test oscillator in the electronics 

drawer, each of which can be used to test the proper operation of the 

signa~ processing circuitry. 

9.3~5.5 Instrument Applications 

Instrumentation associated with the gross failed fuel detection system 

is described in Section 9.3.5.2. 
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9.3.6 POST-ACCIDENT SAMPLING SYSTEM 

9.3.6.l Design Basis 

The function al and des.i gn requirements for the Post-Accident Sampling 
System are containe_d in NUREG-0737 Item II.B.3 and in Regulatory Guide 
1..97. The seismic design and quality group classification of the sampling 
lines and components· conforms to the classification of the system to which_ 
each sampling line is connected. Seismic design is not required for 
components and piping downstream of the second isolation valve in the Post
Accident Sampling System. 

The Post Accident Sampling System (PASS) provides. the capability to obtain, 
under accident conditions, a containment air grab sample, reactor coolant. 
grab sample (diluted and undiluted) and to perform various analyses using 
in- line instrumentation. Grab samples are used. to determine isotopic 
concentrations of reactor coolant and containment air, boron concentration 
of reactor coolant and hydrogen concentration containment·air. The in-·line 
instrumentation provides analysis of dis~olved hydrogen~ dissolved oxygen, 
chlorides, conductivity and pH for reactor coolant. Acquisition and 
analysis of these samples can be performed in a manner which limits 
radiation exposure to personnel _to 5 rem/year whole body and 75 rem/year to 
the extremities. 

9.3.6.2 System Description 

Sample Lines and Sample Points 

Two redundant sample loops -are utilized per unit (two separate channels). 
Reactor coolant sample lines connect into the 11, 13, 21, and 23 hot legs. 
Sample return lines are routed to the containment sump. 
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Containment atmosphere samples are tied into the Radiation Monitoring 

System sample supply lines. Samples ~re returned to containment. 

Sampling lines inside containment and the containment isolation valves 
are designed to Nuclear Class II, Seismic Class I requirements. 
Sampling lines downstream of the second containment isolation valve are 

designed to Nuclear Class III, Seismic Class I requirements. 

Sample lines are designed to minimize crud traps and dead legs. The 
lines are separated to provide assurance that a single pipe break will 
not render both loops inoperative. 

Heat tracing of the containment air sample lines is provided from the 
penetration area to the sample room to minimize iodine plateout. Heat 
tracin.g is not required for 1 ines inside containment or the sample 

return lines. 

Penetrations are cooled with compressed air to limit the temperature of 
the containment wa11 surrounding the penetrations from exceeding 150°F. 

Shielding is provided on the Unit 1 sampling lines where the lines cross 
the access corridors on the 100 Ft. elevation of the Auxiliary 
Building. All other sampling lines pass through shielded areas of the 
Auxiliary Building. Where feasible, lines are run along floors to 

facilitate the use of lead blankets should the need arise. 

Analysis Equipment 

The following sampling system equipment processes the reactor coolant 

and containment air samples. 
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The Liquid Sa111pling Panel (LSP) routes reactor coolant samples to the 

•. Chemical Analysis Panel (CAP) for on-line gas and liquid analysis. 

• 

• 
L 

The LSP also captures gases stripped from pressurized reactor coolant 
for isotopic analysis; depressurized, reactor coolant for boron and 
isotopic analysis; and depressurized, diluted reactor coolant for boron 
and isotopic analysis. 

The CAP provides the capability for on-line determination of the pH, 
specific 
sample. 
hydrogen 

conductivity, oxygen content, and chloride content of a liquid 
In addition, the gas chro~atograph permits determination of the 
content of the gas stripped from the reactor coolant. 

The Containment Air Sampling Panel (CASP) collects grab samples. 

The CASP Control Panel is used to select, start and monitor the CASP 
sample exercises. Once the operator has started the CASP, a programmer 
automatically performs the exercise • 

.. 
Both the CASP Control Panel and the CAP Monitor Panel are separated from 
the LSP, CASP, and CAP by shielding to minimize operator exposure while 
operating the equipment. 

The shielding in the panels limits the maximum dose from the panel to an 
operator per sampling exercise to 100 rnrem. 

Analytical equipment for isotopic-~nalysis is located in the Counting 
Room on the 100 Ft elevation on the Unit 2 side of the Auxiliary 
Building. Sample preparation and boron analysis equipment are located 
in the Chemistry Lab on the 100 Ft elevation on the Unit l side of the 

Auxiliary Building. This equipment serves both Units 1 and 2 • 

SGS-UFSAR 

0853Q:l 

9.3-63 Revision 3 
July 22, 1984 



The sampling room cooler maintains an environment that is satisfactory 
for both personnel and equipment operation. 

Analysis equipment is not seismically qualified. 

Interfaces 

Piping connections to other fluid systen~ are designed consistent with 

the safety class and seismic category of the interfacing system. In 
particular interfaces with non-seismic portions are designed in such a 
way that failure of non-seismic portions of the Post-Accident Sampling 
System will not degrade the interfacing system performance. 

Ten gallons per minute of component cooling water is supplied to the 
sample cooler rack to cool reactor coolant samples. 

Redundant control air is provided for pneumatic operation of the 
containment isolation valves. 

Demineralized water is provided for flushing the sample lines and 
analysis equipment after a sampling operation. 

Nitrogen is provided for purging the containment air sampling lines and 
for the nitrogen-operated eductor which induces the flow of air from the 
containment to the CASP and back to containment. 

9.3.6.3 Design Evaluation 

Electric power is supplied from the lE vi.tal bus. Heat tracing is 
supplied with redundant power. Consequently the Post-Accident Sampling 
System is expected to remain operable during accidents concurrent with 
loss of offsite power. The Post-Accident Sampling System is not 
designed to operate following certain single failures, e.g., failure of 

sampling analysis equipment. 
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REFERENCES FOR SECTION 9.3.4 

l. Sammarone,D. G., "The Galvanic Behavior of Materials in Reactor 

Coolants," WCAP 1844, August, 1961 • 
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TABLE 9.3-1 

SAMPLING SYSTEM CODE REQUIRE~NTS 

Primary sample heat exchanger 

Sample pressure vessels 

Piping ar.d Valves 

Steam generator blowdown sample 

and steam sample heat 

exchangers 

AS~ I 11*, Cl ass C, tube side 

ASME VI 11, shell side 

ASME 111*, Cl ass C 

ANSI 831.l.O** 

ANSI 831. 7*** 

ASME 111*, Class c, tube side 

AS~E VII I, shell side 

* ASfv'E Ill .. Ar.1erican Society of Mechanical Engineers, Boiler and 
Pressure Vessel Code, Section 111,.Nuclear Vessels. 

** ANSI ·B3l. l .O - Code for Power Piping, used for design. 

***For pipfng not supplied by the NSSS supplier, material inspection, 
fabrication and quality control conforr.i to ANSI 831.7. Where riot 
possible to comply with ANSI 831.7, the requirements of.ASME 
III-1971, which incorporated ANSI 831.7, were adhered to • 
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TABLE 9.3-2 (Sheet l of 2) 

SAMPLING SYSTEM COWONENTS 

Primary Syster.i Sampling Heat Exchanger 

General 

Number 3 

Type Shell and coiled tube 

Design pressure, psig 

Design ter.iperature, OF 

Design flow, gpr.i 

Ter.iperature, i n, OF 

Ter.iperature, out, OF 

Material 

Fluid 

Stear.i Generator Blowdown Sampling 
Heat Exchanger 

General 

Nur.1ber 

Type 

Design pressure, psi g 

Design ter.iperature, OF 

Design flow, gpr.i 

Ter;1perature, i n, OF 

Ter.iperature, out, Of 

SGS-UFSAR 

Shell Tube 

150 2485 

350 680 

14. l .42 

95 652.7 (r.iax.) 

125 12 7 ( r.1ax. ) 

Carbon steel Austeniti c 
Stainless Steel 

Component Sample 
cooling water 

8 

Shell and coiled tube 

150 

650 

6 

95 

125 

1500 

550 

0.40 

550 ( r.rnx.) 

127 (r;1ax.) 

Revision O 
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• 
Material 

Fluid 

Sample Pressure Vessels 

Number, total 

Volume, ml. 

Design pressure, psig 

Design temperature, OF 

• Material 

Piping 

Design pressure, psig 

Design temperature, OF 

• SGS/UFSAR 

TABLE 9.3-2 (Sheet 2 of 2) 

SAMPLING SYSTEM COMPONENTS 

Shell 

Carbon steel 

Component 
cooling water 

1 

75 

2485 

680 

Tube 

Austenitic 
Stainless Steel 

Sample 

Austenitic Stainless Steel 

2485· 

680 

Revision 4 
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TABLE 9.3-3 

W\LFUNCTION ANALYSIS OF SAfvPLING SYSTEM 

Cor.iponent 

Pressurizer Sar.iple 

Lines or Reactor 
Coolant Sample Lines 

Any of the above 

Sample Lines 

Sar.iple Heat Exchangers 

SGS-UFSAR 

Malfunction 

or Failure 

An isolation valve 

fails to close or1 
containment isolation 

signal 

Br~ak i n line down

strear.i of isolation 

valves 

Loss of cooling water 

Co r1sequence 

The second isolation 

val ve c l o se s o n 
co nta i nme n t i sol at io n 

signal r.iaintaining 
containment integrity 

Isolation valves close 

on c ontai nr.ient 

isolation signal 

Sar.iple lines car. be 
i sol ate d at the 
contai nr;·1ent. Cooling 

of sar.ip l e s i s not 
required 

Revision 0 
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TA~LE 9.3-4 

CHEMICAL AND VOLUME CONTROL SYSTEi4 CODE RE~ IREMEIJTS 

Regenerative heat exchanger 

Letdown heat exchanger 

Mixed bed demineralizers 

Reactor coolant filter 

Volume control tank· 

Seal water heat exchanger 

Excess letdown heat exchanger 

Cation bed demineralizer 

Seal water injection filters 

Boric acid _filter 

Evaporator condensate demineralizers 

Concentrates filter 

Evaporator feed ion exchangers 

Ion exchanger filter 

Conde~sate filter 

Piping and valves 

ASME III*, Class C 

ASME· III, Class C, Tube Side, 
ASME VlII, Shell Side 

ASi"1E II I, Cl ass C 

ASME I II , C 1 ass C 

ASME III, Class C 

ASME III, Class C, Tube Side, 
ASME VIII, Shell Side 

ASME III, Class C, Tube Side, 
ASME VIII, Shell Side 

ASME III, Class C 

ASME III, Class C 

ASME III, Class C 

ASME II I' Cl ass ·c 

ASME III, Class C 

ASME I II., Cl ass C 

ASME II I, Cl ass C 

ASME III, Class C 

ANSI B31.l** 
ANSI B31. 7*** 

* ASME III - American Society of Mechanical Engineers, Boiler and 
Pressure Vessel Code, Section III, Nuclear Vessels. 

** ANSI B31.1 - Code for Power Piping, used for design. 

*** For piping not supplieq by the NSSS supplier, material inspection, 
fabrication, and quality control confonn to ANSI B31.7. Where not 
possible to comply with ANSI B31.7, the requirements of ASME 
III-1971, which incorporated ANSI B31.7, were adhered to • 

SGS-UFSAR Revision 0 
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General 

TABLE 9.3-5 

CHEMICAL AND VOLU~ CONTROL SY.STEM 

DESIGN PARAMETERS 

Plant design life, years 

Seal water supply 

Nonnal, gpm 

Maximum, gpm 

Seal water return 

Normal, gpm 

Maximum, gpm 

Letdown fl ow: 

Nonnal, gpm 

Minimum, gpm 

Maximum, gpm 

Charging fl ow: 

Nonnal, gpm 

Minimum, gpm 

Maximum, gpm 

fl ow rate: 

fl ow rates: 

Temperature of letdown reactor coolant 
entering system, °F 

Centrifugal pump miniflow, gpm 

Temperature of charging fl ow directed to 
. Reactor Coolant System, °F · 

Temperature of effluent directed to 
holdup tanks, °F 

40 

32 

113 

12 

93 

75 

45 
120 

55 
25 

100 

547 

60 (each) 

495 

127 

(volumetric flow rates in gpm are based upon 130°F and 2350 psig) 

SGS-UFSAR Revision 0 
July 22, 1982 
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TABLE 9.3-6 (Sheet 1 of 17) 

PRINCIPAL COMPONENT DATA SUMMARY 

Regenerative Heat Exchanger 

Number 1 

Heat transfer rate at design conditions, Btu/hr 10.28 x 106 

Shell Side 

Design pressure, psfg 

Design temperature, °F 
Fluid 
Material of construction 

Fl ow, lb/hr 
Inlet temperature, °F 
Outlet temperature, °F 

Tube Side 

Design pressure, psig 
Design temperature, °F 
Fluid 
Material of construction 

Fl ow, lb/hr 

Inlet temperature, °F 
Outlet temperature, °F 

2485 

650 
Borated reactor coolant 
Austenitic stainless steel 

Nonnal 
(Desiyn) 
37,050 
555 
298 

2735 
650 

Maximum 
Purification 
59,280 
555 
294 

Borated reactor coolant 
Austenitic stainless steel 

Nonnal Maximum 
(Design) Purification 
27,170 49,400 

130 130 
495 466 

tieatue 
59,280 
547 

369 

Heatue 
29,640 

130 
520 

SGS-UFSAR Revision 0 
July 22, 1982 
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Letdown Orifice 

Design pressure, psig 
Design temperature, °F 

TABLE 9.3-6 (Sheet 2 of 17) 

2485 
650 
2185 
290 

Nonnal operating inlet pressure, psig 
Nonnal operating temperature, °F 

Material of construction Austenitic stainless steel 

!~umber 

Design flow, lb/hr 
Differential pressure at design flow, psi~ 

Letdown Heat Exchanger 

Number 
Heat transfer rate at design conditions 
(heatup), Btu/hr 

Shell Si de 

150 

250 

45 gpm 
1 

22,230 
1900 

1 

14.8 x 106 

Design pressure, psig 
Design temperature, °F 
Fluid 

Material of construction 

Component cooling water 

Carbon steel 

Fl ow, lb/hr 

Inlet temperature, °F 
Outlet temperature, °F 

SGS-UFSAR 

Nonnal 

203,000 

95 
125 

Heatup 
(Design) 

492,000 

95 
125 

75 gpm 
2 

27 ,050 . 

1900 

Maximum 
Purification 

320,000 

95 
125 

Revision O 
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TABLE 9.3-6 (Sheet 3 of 17) 

Tube Side 

Design pressure, psig 
Design temperature, °F 
Fluid 
Material of construction 

Flow, lb/hr 
Inlet temperature, °F 
Outlet temperature, °F· 

Mixed Bed Demineralizers 

Number 
Type 
Vessel design pressure: 

Internal, psig 
External, psig 

Vessel design temperature, °F 
Resin volume, each, ft3 

Vessel volume, each, ft3 

Design flow rate, gpm 
Minimum decontamination factor 
Normal operating temperature, °F 
Normal operating pressure, psig 
Resin type 
Material of construction· 

SGS-UFSAR 

600 
400 

Borated reactor coolant 
Austenitic stainless steel 

Normal 

37 ,050 
290 

127 

Heatup 
(Oesign) 

59,280 
380 (max.) 

127 

2 

·Flushable 

200 
15 
250 

30 

43 
120 
10 

127 
150 

Maximum 
Purification 

59,280 
380 (max.) 

127 

·Cation and anion 
Austenitic stainless steel 

Revision O 
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TABLE 9.3-6 . (Sheet 4 of 17) 

Resin Fill Tank 

Number 
Capacity, ft3 

Design pressure 
Design temperature, °F 
Nonnal operating temperature 
Material of construction 

Reactor Coolant Filter 

Number 
Type 
Design pressure, psig 
Design temperature, °F 
Fl ow rate: 

Nominal, gpm 

Maximum, gpm 

Retention of 25 micron particles 
Material of construction 

Volume Control Tank 

Number 
Internal volume, ft3 

Design pressure: 

Internal, psig 
External, psig 

Design tempera tu' re, °F 

Operating pressure range, psi g 

Nonnal operating pressure, psig 
Spray nozzle flow (maximum), gpm 
Material of construction 

SGS-UFSAR 

1 

8 

Atmospheric 
200 
Ambient 

Austenitic stainless steel 

1 

Cage assembly 
200 
250 

120 

150 
98 percent 

Austenitic stainless steel 

1 

400 

75 

15 
250 
0 - 60 

15 
120 
Austenitic stainless steel 

Revision 0 
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TABLE 9.3-6 (Sheet 5 of 17) 

Centrifugal Charging Pumps 

Number 
Type 

Design pressure, psig 
Design temperature, °F 

Shutoff head, psi 
Normal suction temperature, °F 
Design flowrate, gpm 
Design head, ft 
Required NPSH at 150 gpm, ft 
Material 

Positive Displacement Charging Pump 

Number 

2 

Hor1zontal centrifugal 
2800 
300 

2670 
127 
150 
5800 
10 
Austenitic stainless steel 

1 

Type 
Design head, ft 

Positive displacement with variable speed drive 
5800 

Design temperature, °F 
Design pressure, psig 
Design flow rate*, gpm 
Suction temperature, °F 
Discharge pressure at 130°F, psig 
Material of construction 

Maximum operating.pressure, psia 

* At 130°F, 2500 psig 

SGS-UFSAR 

250 
3200 
98 
127 
2500 
Austenitic stainless steel 
3125 

Revision 0 
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TABLE 9.3-6 (Sheet 6 of 17) 

Chemical Mixing Tank 

Number 1 
Capacity, gal 5 
Design pressure, psig 150 
Design temperature, OF 200 
Normal operating temperature Ambient 
Material of construction Austenitic stainless steel 

Boric Acid Tank 

lfomber 2 

Capacity (each), gal 8000 
Design pressure Atmospheric 
Design temperature, °F 250 

Normal operating temperature, OF 150 - 170 
Material of construction Austenitic stainless steel 

Boric Acid Tank Electric Immersion Heater 

~Jumber (two per ta.nk) 
Heat transfer rate, each, KW 

Material of construction 

4 

7.5 

Austenitic stainless steel ~heath 

Batching Tank and Batching Tank Heater Jacket 

Number 
Type 
Capacity, gal 
Design pressure 
Design temperature, °F 
Steam temperature, °F 

SGS-UFSAR 

1 

Cylindrical with steam panel coils 
400 

Atmospheric 
300 

250 

Revision 0 
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TABLE 9.3-6 (Sheet 7 of 17) 

Batching Tank and Batching Tank Heater Jacket (continued) 

Initial ambient temperature, °F 32 
Final fluid temperature, °F 165 

Heatup time, hrs -3 

Tank material of construction Austenitic stainless steel 

Panel coils, material of construction Carbon steel 

Batching Tank Agitator 

Number 
Fluid handled, boric acid, wt percent 
Service 
Tank volume, gal 
Operating temperature, °F 

Operating pressure 
Material of construction 

Excess Letdown Heat Exchanger 

Number 
Heat transfer rate at design 
conditions, Btu/hr 

Design pressure, psig 
Design temperature, °F 

Design flow rate, lb/hr 

Inlet tempera tu re, °F 

Outlet temperature, °F · 

Fluid 

Material of construction 

SGS-UFSAR 

1 

12 

Continuous 
400 

165 

Atmospheric 
Austenitic stainless steel 

1 

6 4.61 x 10 

Shel 1 Si de. 
150 

250 

115,000 

95 

.135 
Component 

rube Si de 

2485 

u5o 
12,380 

545 

195 
Borated 

cooling water reactor coolant 
Austenitic 

Carbon Steel stainless 
steel 

Revision O 
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TABLE 9.3-6 .(Sheet 8 of 17) • Seal Water Heat £xchanger 

!~umber 

Heat transfer rate at design 
conditions, Btu/hr 

Design pressure, psig 
Design temperature, °F · 
Design flow rate, lb/hr 
Design operating inlet temperature, °F 
Design operating· outlet temperature, °F 
Fluid 

Material of construction 

• Seal Water Filter 

• 

Number 
Type 

Design pressure, psig 
Design temperature, °F 

Maxi mum fl ow rate, gpm 

Retention of 25 mitron particles 

Vessel material of construction 

SGS-UFSAR · 

1 

2.49 x 106 

Shell Side Tube Side 
150 150 

250 250 

~,~6 lW,WO 

95 143 

120 127 

Component Borated 

cooling water reactor coolant 
Carbon steel Austenitic 

1 

Cage assembly 
200 

250 

325 

98 percent 

stainless steel 

Austenitic stainless steel 

Revision 0 
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TABLE 9.3-4 (Sheet Y of 17) 

Boric Aci~ Filter 

Number 
Type 
Design pressure, psig 
Design temperature, °F 
Design flow, gpm 

Retention of 25 micron particles 

Vessel material of construction 

Boric Acid Transfer Pump 

Number 
Type 

Design flow rate, each, gpm 
Design pressure, psig 
Design discharge head, ft 
Design temperature, °F 

Temperature of pumped fluid, °F 
Required NPSH at 75 gpm, ft 
Material of construction 

Boric Acid Blender 

Number 
Desi~n pressure, psig 
Design temperature, 0 f 

~aterial of construction 

SGS-UFSAR 

1 

Cage assembly 
zoo 
250 

150 

98 percent 
Austenitic stainless steel 

2 

Two-speed horizontal centrifugal 
75 
150 

235 

250 

170 

6 

Austenitic stainless steel 

1 

150 
250 

Austenitic stainiess steel 

Revision 0 
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TABLE 9.3-6 (Sheet 10 of 17) 

Cation Bed Demineralizer 

Number 
Type 

Vessel design pressure: 
Internal, psig 
External, psig 

Vessel design temperature, °F 
Normal operating temperature, °F 
Nonnal operating pressure, psig 
Design flow, gpm 
Resin type 
Material of constructiori 

Chemical Mixing Tank Orifice 

Number 
Design pressure, psig 
Design temperature, °F 
Design flow, gpm 
Material of construction 

Boric Acid Tank Orifice 

Number 

Design pressure, psig 
Design temperature, °F 
Design flow, gpm 
Material of construction 

SGS-UFSAR 

1 

Flushable 

200 

15 

250 

127 
150 

75 
Cation 
Austenitic stainless steel 

1 

150 

200 

2 

Austenitic stainless steel 

2 

150 

200 

3 

Austenitic stainless steel 

Revision 0 
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TABLE 9.3-6 (Sheet 11 of 17) 

Deborating Demineralizers 

Number 
Type 
Vessel design pressure: 

Internal, psig 

External, psig · 
Vessel design temperature, °F 
Normal flow, gpm 

Normal operating temperature, °F 

tJonnal operating pressure, psig 
Resin type 

2 

Regenerabl e 

200 

15 
250 

127 
127 

150 

Anion 
Material of construction Austenitic stainless .steel 

Seal Injection Filters 

Number 
Design pressure, psig 
Design temperature, °F 
Design flow, gpm 

2 

2735 

200 

80 

Pa rt i cl e retention 
Fluid 

98 percent above 5 micron 
Reactor coolant containing up to 5 percent boric acid 

Material of construction, vessel Austenitic stainless steel 
Type Disposable synthetic cartridge, cage assembly 

No. 1 Seal By-Pass Orifice 

Number 4 

Design pressure, psig 2485 
Design temperature, °F · 250 

Design flow, gpm 1.0 

Differential pressure at design flow, psi 300 

SGS-UFSAR Revision O 
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TABLE 9.3-6 (Sheet 12 of 17) 

Holdup Tanks 

Number 
Design temperature,· °F 
Design pressure, psig 
Volume, each, ft3 

Normal operating pressure, psig 
Normal operating temperature, °F 

·Material of construction 

Recirculation Pump 

Number 
Type 
Design flow, gpm 
Design head, ft 

Design pressure, psig , 
Design temperature, °F 
Normal operating temperature, °F 
Material of construction 

Gas Stripper Feed Pumps 

Number 

Type 

Design fl ow, gpm 
Design head (TOH), ft 
Design pressure, psi g 
Design temperature, °F 
Normal fluid temperature, OF 

Material of construction 

SGS-UFSAR 

3 

200 

15 

8,500 

3 

130 

Austenitic stainless steel 

1 

Centrifugal 
500 

100 

75 
200 

115 

Austenitic stainless steel 

2 

Canned 
30 

320 

150 

200 

115 

Austenitic stainless steel 

Revision 0 
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TABLE 9.3-6 (Sheet 13 of 17) 

Gas Stripper and Evaporator Package Unit 

Number of Units 
Design flow/unit; gas stripper feed, gpm 

Evaporator condensate, gpm 
Evaporator concentrates (batch flow}, gpm 
Decontamination factors (design}: 

Gas stripper 
Evaporator 

Concentration of concentrates, boric acid, 

wt percent 
Concentration of distillate 

Material of construction 

Evaporator Distillate Demineralizers 

Number 
Type 
Design temperature, °F 

Design pressure: 
Internal, psig 

External, psig 
Design flow, gpm 
Normal operating pressure, psig 
Normal operating tempera tu re, °F 

Resin type 
Material of construction 

SGS-UFSAR 

1 

30 

30 

40 

Approx. 105 (for gas} 
Approx. 106 (for liquid} 

12 

<10 ppm boron as H3Bo3 
<0.1 ppm oxygen 
Conductivity <2.0 µmhos/cm 

· pH = 6.0 to 8.0 

Austenitic stainless steel 

2 

Regenerable 
250 

200 

15 

30 

50 

130 

Anion 
Austenitic stainless steel 

Revision 0 
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Monitor Tanks 

Number 
Type 
Volume, each, gal 
Design pressure 

TABLE 9.3-6 (Sheet 14 of 17) 

2 

Diaphragm 
21,600 
Atmospheric 
150 Design temperature, °F 

Material of construction Stainless steel 

Monitor Tank Pumps 

Number 
Type 
Design flow, gpm 
Design head, ft 

2 

Centrifugal 
150 

200 
150 

200 

Design pressure, psig 
Design temperature, °F 
Material of construction 
NPSH, ft 

Austenitic stainless steel 
15 

Evaporator Feed Ion Exchangers 

Number 4 
Type · Flushable 
Design temperature, °F 250 

Design pressure: 

Internal, psig 200 

External, psig 15 

Minimum decontamination factor for ions removed 10 

Design flow, gpm 30 

Normal operating temperature, °F 130 

Normal operating pressure, psig 75 

Resin type Cation 
Material of construction Austenitic stainless steel 

SGS-UFSAR Revision 0 
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TABLE 9.3-6 (Sheet 15 of 17) 

Concentrates Filter 

Number 
Type 

Design pressure, psig 
Design tempera tu re, °F 

Design flow rate, gpm 
Retention for 25 micron particles 
Material of construction (~essel) 

Concentrates Holding Tank 

Number 
Type 

Volume, gal 
Design pressure 
Design temperature, °F 
Normal operating temperature, °F 
Material of construction 

Concentrates Holding Tank Transfer Pump 

Number 
Type 

Design flow rate, gpm 
Design head, ft 
Design temperature, °F 

. Design pressure, psi'g 
Required NPSH at 40 gpm, ft 
Material of construction 

SGS-UFSAR 

1 

Cage type 
200 

250 

35 

98 percent 
Austenitic stainless steel 

1 

Cylindrical, heated 
·1000 

. Atmospheric 
250 

150 

Austenitic stainless steel 

2 
Centrifugal canned 

40 
150 

250 

100 

8 
Austenit1c stainless steel 

Revision 0 
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TABLE 9.3-6 (Sheet 16 of 17) •• Concentrates Holding Tank Electric Heater 

Number 
Heat transfer rate, KW 
Material of construction 

Ion Exchanger Filter 

Number 

Type 
Design pressure, psig 

Design temperature, °F 
Design flow rate, gpm 
Retention of 25 micron particles 

·Material of construction 

• Distillate Filter 

• 

Number 
Type 
Design pressure, psig 
Design temperature, °F 

Design flow rate, gpm 
Retention of 25 micron particles 

Material of construction 

SGS-UFSAR 

1 

3.0 

Austenitic stainless steel 

1 

Cage assembly 
200 

250 

35 

98 percent 
Austenitic stainless steel 

1 

Cage assembly 
200 

250 

35 

98 percent 
Austenitic stainless steel 

Revision 0 
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TABLE 

Fluid 
Relief Valves No. Discharged 

Letdown line (HP} 1 Water-Steam 
Mixture 

Seal water return line 1 Water 

Charging pump's 1 Water 
discharge 

Letdown line. (LP} 1 Water 

Volume control tank 1 Hydrogen, 
nitrogen, or 

Y" water 

Boric acid batch 1 Steam 
tank heater 

Holdup tanks 3 Nitrogen, 
water 

! SGS-UFSAR 

• 
9.3-6 (Sheet 17 of 17) 

Fluid Inlet Set 
Temperature Pressure 
OF psig 

385. (max.} 600 

150 150 

130 2735 

127 200 

. 130 . 75 

250 20 

130 12 

• 
. Back Pressure, psi g Capacity 
··Constant 

3 

3 

15 

15 

3 

0 

3 

Buildup· gpm 

50 

50 

75 

1.2 

12 

0 

3 

98,000 lb/hr 

225 

100 

200 

350 

320 lb/hr 

. 235 

Revision 0 
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Component 

a) Letdown Line 

PSE/PNJ 

TABLE 9.3-7 

FAILURE ANALYSIS OF THE CHEMICAL 
AND VOLUME CONTROL. SYSTEM 

Failure 

Rupture in the 
line inside the 
reactor containment 

Comments and Consequences 

The two remote air-operated val ve s 
located near the main coolant loop 
are closed on low pressurizer 
level to prevent supplementary 
loss of coolant through the let
down line rupture. The contain
ment isolation valves in the 
letdown line are automatically 
closed by the containment isola
tion signal. The closute of these 
valves prevents any leakage of the 
reactor containment atmosphere 
outside the reactor containment. 

b) Normal and See above. The check valves 1 ocated near the 
main coolant loops prevent supple
mentary loss of coolant through 
the line and isolate the Reactor 
Coolant System from the rupture. 
The check valve located at the 
boundary of the reactor contain
ment prevents any leakage of the 
reactor containment atmosphere 
outside the reactor containment. 

Alternate 
Charging Line 

c) Seal .water 
Return Line · 

SGS-UFSAR 

See above. 

The two motor-operated valves 
outside the containment are 
automatically closed by the 
containment isolation signal. 

The motor-operated isolation valves 
located inside and outside the 
containment are automatically 
closed by the containment isola
.tion signal.. The closure of these 
valves prevents any leakage of the 
reactor containment atmosphere 
outside the reactor containment • 
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9.4 HEATING, VENTILATION AND AIR CONDITIONING SYSTEMS 

9.4.1 CONTROL AREA AIR CONDITIONING SYSTEM-

9.4.1.1 Design Basis 

The Control Area Air Conditioning System .(CAACS) is designed to maintain 
room temperatures within limits required for operation, maintenance and 

testing of pl ant controls. and uninterrupted safe occupancy during post

acci dent conditions. 

The CAACS m~i ntai ns a temperature of 76°F dry bulb and a maximum of· 50 

percent relative humidity. The design is based on outside temperatures 

ranging from 0°F winter dry bulb to 95°F summer dry bulb and 78°F summer 

wet bulb. The system operates during normal or emergency conditions a.s 

required. 

The Control Room is protected from infiltration of air from other rooms 

in the contro 1 area and the entire control area is protected from i nfil

tration of fire, smoke or airborne radioactivity from. other areas of the 

.Auxiliary Building by minimum·leakage penetrations, weather stripped 

doors, absence of outside windows and maintenance of a positive air 

pressure in the rooms during normal operation. 

CAACS equipment is designed to Class I (seismic) criteria and will 

therefore remain operable during a design basis seismic event coincident 

with a loss-of-coolant acccident. The Control Room is therefore 
available at all times to permit attaining and maintaining a. safe 

· shutdown of the reactor from there • 
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9.4.1.2 System Description 

9.4.1.2.1 General Description 

The control area for each unit consists of the unit Control Room, adjacent 
offices, a data logging room, a control equipment room and a toilet area on 
elevation 122 1 -0 11

• Normal access to the control area is attained through 
the Auxiliary and Service Buildings. The control area is enclosed in a 
Class I (seismic) structure. The air conditioning equipment for each 
control area is housed in an equipment room adjacent to its respective. 
control room. 1he CAACS is shown in Figures 9.4-lA and B. 

The CAACS consists of a filter enclosure equipped with medium and low 
efficienty filters, three vane-axial fans (one ~tandby), a multi-zone coil 
unit with three cooling coils and one heating coil, air distribution ducts 
and electrically or pneumatically operated dampers (with manual backup 
operators). 

Since the Control Room is to be occupied continuously under all operating 
conditions, a portion of the CAACS, designated the Emergency Air 
Conditioning System (EACS), supplies cooled HEPA and charcoal filtered air 
to the Control Room (the Control Room and adjacent offices for Unit 1 and 
only the Control Room for Unit 2) and the corridor between the Unit 1 and 
unit 2 Control Room upon actuation of the safeguards systems. The EACS 
consists of a filter enclosure equipped with low efficiency, HEPA and 
charcoal filters, a cooling coil, two vane-axial fans (one standby), supply 
and return ducts to the Control Room, and electrically or pneumatically 
operated dampers (with manual backup operators). 

The multi-zone fan unit cooling coils are supplied with chilled water 
from a chilled water system, its condensers and pumps. The condensers 
are cooled from the Service Water System. All equipment has ample 
capacity to cool the above areas. The air conditioning equipment is 
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designed to Class I (seismic) criteria and can be energized from the 
Standby AC Power Supply. 

The dampers in the CAACS are pneumatically controlled and have position 
indication in the Control Room. The dampers required to operate during 
abnonnal conditions are designed to fail in the preferred position upon 
loss of control air or power. These dampers receive actuating signals 
from the Solid State Protection System and the Radiation Monitoring 
System. All vital dampers can also be operated manually at the damper. 

Control power for the dampers is taken from the station 125V d-c sys

tem. Redundance is provided where required to insure proper system 

op~ration in the everit of a single failure of a damper or power supply. 

9.4.1.2.2 System Operation 

Two CAACS fans are normally operated, with the third serving as a 
spare. The EACS is isolated during nonnal operation. The CAACS 
normally operates with varying amounts of outside air according to the 
season, but means are provided to enable the operator to select one of 

the following modes of operation: 
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Mode 

1 

2 

3a 

3b 

4 

Condition 

Normal 

Fire in 
Control Area 

Safeguards 

Actuation 

Fire Outside 

Safeguards 

Actuation 

Air Path 

Mixture of outside air and recirculated 
air to maintain design temperature 
conditions. EACS is isolated. 

Manual Action - Supply all outside air 
and exhaust all return air to the out

side. EACS is isolated. 

Automatic Action - Outside air supply 
shut off; all control room air recircu-. 
1 ated through EACS; remainder of control 
area air recirculated through CAACS. 

Manua 1 Action - Same as 3a. 

Manual Action - Mixture of 4 percent 

outside air supply and 96 percent control 

room return air recirculated through 

EACS; remainder of control area air 
recirculated through CAACS. 

Smoke and combustibles detection devices located in the air conditioning 
unit ducts provide warning so that steps can be taken to minimize any 
hazard by operating the system in the proper mode. 

Radiation detectors with alarms in the Control Room provide warning of 

abnormal radiation levels which may affect the Control Room environ
ment. High radiation will automatically initiate Mode 3A operation of 

the CAACS. Recirculation of air in the Control Room can be maintained 
until tlie radiation source is isolated and safe conditions a-re restored. 
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When operating in mode 3, the carbon dioxide buildup with all outside air 
makeup shut.off (and no in-leakage) will not exceed the allowable 
concentration of 1 percent by volume in 10 hours, assuming there are 20 
persons in the Control Room. After 10 hours of operation in this mod~, the 
EACS will be operated in mode 4 for one hour to reduce the carbon dioxide 
concentration in the Control Room air to normal levels. 

In the event of a loss-of-coolant accident in either unit the CAACS for 
each unit will automatically shift to operating mode 3. The operator can 

-
manually change operating modes as required. 

The ductwork and all contained equipment is of Class I (seismic) 
construction, except for the secondary men's room, janitor's closet and 
corridor subsystem. 

9.4.1.3 . Design Evaluation · 

The control areas and their respective air conditioning equipment rooms are 
directly adjacent to each other in the east end of the Auxiliary Building, 
a seismic Class I structure. All other areas in the vicinity of the 
control area, such as the remainder of the Auxiliary Building, Service 
Building and Turbine Building are ventilated by systems which are 
completely independent of the CAACS, thus fire or smoke generated in such 
other areas would not impair the integrity or accessibility of the Control 
Room. The CAACS (including the EACS) is an excess capacity system with 
four isolable cooling coils, three 50 percent capacity chillers, two 100 
percent capacity chilled water pumps, three 50 percent and two 100 percent 
capacity fans provided for each control area. 

Damper operators are spring-loaded to their fail-safe positions. This, 
together with redundant dampers (A* and C* on Figure 9.4-1) on outside air 
intake and discharge ducts, assures isolation of the Control Room from the 
outside environment. Manual operators are also provided for backup . 
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F cti lure of tl1e otller damp er s to operate as desired ~1ou l d have no i mH1e

di ate effect on the Control Koom environment. fhe position indicators 

would alert t:1e operator, who would then correctly position the dampers 

with the manual operators provideJ. 

9. 4.1. 4 ie sts and Inspections 

The systems are inspected, tested and balanced upon installation. Nor

mal operation serves as a continuot.;s c11eck on system operation. The 

EACS equipmeht is tes~ed afie~ installation and periodically during tne 

life of the plant. Automatic ·initiation of operation mode 3 and EACS 

operation is verified Ju.ring testing of tfle safegudrds systems. 

9. 4. 2 AUX I dAK. Y B Lil LU I r.IG VEN TI LAT ION S YSTEi~ 

9.4.2.l uesign Bases· 

The Auxiliary Building Ventilation System is designed for long-term 

continuous operation to provide consistent levels of temperature, 

cleanliness, and negative pressure within ti1e building. Standby 

equipment is included in the system to assure the m.aintenance of design 

conditions witnin ti1e building and thus precluJe the uncontrolled 

release of raJioactivity to the environs. Containment purging, however, 

is an intermittent operation performed in accordance with the require

ments of 10CFR2U. lhe standby equipment in the Auxiliary 8uilding is 

available to purge tile containment during normal power operation, normal 

reactor shutdown, and the last stages of pose- loss-of-coo 1 ant accident 

cleanup. 

Tht:: total capacity of fans and filters, including stan<lby equipment:, is 

designeJ for tile maximum required ventilation rate. fhat is, total 

capacity is based on summertime ventilation of the Auxiliary Building 

during normed pov1er operation (approximately 45,00U cfm) concurrent witn 

ti'le maximum containment purge rate of U.8 air changes per 11our 

1apµroximately 3~,000 cfm). This oµeratiny mode is designed to limit 
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the average temperature of. the Auxiliary Building to 105°F or less, and 
to allow personnel access to the containment within 2 to 6 hours after a 
normal reactor shutdown. 

Tiie Auxiliary Building Ventilation System is designed to maintain a 
year-round range of temperature within the Auxiliary Bui 1 ding of 60 -
105°F. Hot water coils in the supply air.units are designed to provide 
60°F air to the Auxiliary Building in winter and no less than 45°F air 

to the Containment Bui 1 ding. The design basis outdoor temperature is 
0°F (winter), and 95°F (summer). Both values satisfy more than 99 

percent of the conditions experienced at the site area annually. 

A standby, 21,400 cfm capacity charcoal filter is included in the 
exhaust air system to remove gaseous radioactivity, especially iodine, 

from the exhaust effluent. This filter is designed to absorb at least 
90 percent of the elemental and methyl iodines contacted at rated flow. 

The charcoal filter is capable of treating 1) all the effluent from 
areas served having the highest potential for radioactive contamination 

during any loss-of-coolant accident, 2) all the effluent from the 
remainder of the Auxiliary Building up to 53 percent of the design 
maximum ventilation rate, and 3) all of the effuent from the containment 
purging operation up to 43 percent of the design maximum rate. With 
regard to item (2), the charcoal filter could not be subjected to 100 
percent humidity conditions because of the dilution effects of drier air 
from such places as the pipe penetration area (4000 cfm), pipe chase 
(2000 cfm), normal operating charging pump room (500 cfm), and the spent 

resin pump and storage rooms (400 cfm). On this basis, it has been 
calculated that the charcoal filter would be subjected to no more than 

75 percent RH when the residual heat removal, safety injection and 
charging pump areas (or any combination of areas totaling 13,400 cfm of 
ventilation air) are at saturated conditions. This result does not take 
credit for any moisture condensation that would occur in the. sheet metal 
ducts and filter enclosures, nor for any excess room cooler capacity 
above design values. We therefore anticipate no loss of charcoal filter 
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efficiency during a loss-of-coolant accident. Each of these three 

capabilities is separate and independent, not coincident, and al ways 

preceded by HEPA filtration. 

Individual room coolers, in conjunction with the once-through ventila

tion air, are designed to limit the ambient temperature at the vital 

pumping equipment to the following values: 

Residual Heat Removal, Component Cooling, 

Auxiliary· Feedwater, Positive Displacement 

Charging Pump 

Containment Spray Pumps 

Safety Injection, Centrifugal Charging Pump 

110°F 

115°F 

120°F 

These temperatures help to assure long-term and reliable operation of 

the pumps, motors, controls and instrumentation and accessability to 

this equipment for maintenance as required. 

The fan-filter units in the Auxiliary Building Ventilation System and 

their controls are designed to seismic Cl ass I criteria. They can be 

powered from the Standby AC Power Supply during a. loss of off-site 

power. The distribution ductwork.for the system is designed to seismic 

Class II criteria. Room coolers are seismic Class I and powered from 

the Standby AC Power System. 

The design arrangement of the HEPA and charcoal filter exhaust unit5 -

provides various filtering modes for ventilating the Auxiliary Building 

continuously ilnd purying the containment intermittently. In order to 

purge the containment, standby equipment must be available. 

All the filtering modes are designed to satisfy the requirements of 

norrnal power operation, normal reactor shutdown, refueling, 

1 oss-of-c oo l ant accident, post-1 oss-of-coo l ant ace i dent cleanup and any 

minor contamination problems. The functional capabilities of the 

filtering modes are: 
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• 1. HEPA filtration of the effluent from the emergency equipment area in 
·the Auxiliary Building at the design maximum flow rat'e. 

2. Same as 1 above, but with charcoal filtration. 

3·. HEPA filtration of.the effluent from the remainder of the Auxiliary 
Building at the design maximum flow rate. 

4. HEPA and charcoal filtration for the remainder of the Auxiliary 
Building, but at 67 percent of the design maximum flow rate. 

5.. HEPA filtration of the effluent purged from th.e. containment at the 

design maximum purge rate. 

6. HEPA filtration of the purged containment effluent at 63 percent of 
the design maximum purge rate. 

7. HEPA and charcoal filtration of the purged containment effluent at 43 
• percent of the des.i gn maximum purge rate. 

• 

9.4.2.2 System Description 

9.4.2.2.1 General Description 

The Auxiliary Building Ventilation System is a once'-through heating and 
ventilating system for each unit, with no connection or sharing between 
units, except for the drumming and boiling area and the auxiliary 
building elevator shaft. The Auxiliary Building Ventilation System is 
shown in Figures 9.4-2A and B. The Control Room and its associated areas 
are provided with a separate heating, ventilating and air conditioning 
system as described in Section 9.4.1. Ventilation of the diesel generator 
area and Fuel Handling Building are described in Section 9.4.3 and 
9.4.5. The post-accident sampling room is located in the Unit 2 
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Auxiliary Building and is served by the Unit 2 Auxiliary Building Venti

lation system. A local booster fan is provided for exhausting air from 

the post-accident sampling room. 

The auxiliary L>uilding is a multi-1 evel compartmented structure con

taining the auxiliary nuclear equipment and systems required for the 

normal, shutdown and emergency modes of unit operation. Tlte Auxiliary 

Building·ventflation System operates continuously during these modes of 

operation to perform the following functions: 

1. Pro vi de satisfactory ambient temperatures wi thf n the building. 

2. Direct air flow within the building always from the clean areas to 

the heat ~roducing, contaminated, or potentially contaminated areas. 

3. Control the release of particulate and gaseous contamination from 

the building in accordance with 10CFR20 limits. 

4. Purge the containment bu·ilding at selected intervals, u-tilizing the 

standby fan and filter equipment as required. 

Tlie Auxiliary ~uilding Ventilation System is comprised of supply anci 

exhaust air systems and a network of individual room coolers. The 

supply air system consists of two 100 percent capacity fan-filter units, 

hot water heating coils, control"s, instrumentation and di stri buti on 

ductwork. The exhaust air system consists of three 50 percent capacity 

fans, thr_ee HEPA filter units, one standby charcoal filter unit, 

controls, instrumentation and distribution ductwork. The room coolers 

are packaged fan cooler units supplied with service water and mounted 

1 ocally near vital pumping equipment (Residual Heat Removal, Safety 

Injection, Component Cooling, Auxiliary Feed, Charging, and Containment 

Spray Pumps). 
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Supply air taken from o'utdoors is delivered primarily to the clean 
aisles and walkways although some air is supplied directly to the 
Residual Heat Removal pump pits at the base of the building. Exhaust 
air is extracted from each room and compartment, and delivered to the 
unit vent along side the containment buildi_ng. The unit vent effluent 
is continually monitored for radioactivity. 'The room coolers recir
culate air around the equipment in the room when required. One branch 
of the exhaust ductwork is used exclusively for those rooms and compart
ments that would have the highest potential for radioactivity during 
loss-of-coolant accident in the containment (Residual Heat Removal, 
Safety Injection and Charging Pump rooms; Main Pipe Chase; Spent Resin 
Rooms; and the Containment Piping Penetration Area). In the event of 
su~h an accident, an increased rate of exhaust air flow is effected 
through this branch ductwork. 

The Auxiliary Building Ventilation System maintains the building at a 
slight negative pressure with respect to outdoors. This is performed 
continuously whether or not standby fan and filter capability is being 
used for containment purging. 

The starting, stopping, and mode of operation of the system is manually 
controlled from the Control Room. After being placed in operation, the 
system automatically maintains building temperature and pressure within 
satisfactory limits. System performance and building conditions are 
monitored from the Control Room. 

9.4.2.2.2 System Operation 

Automatic controls are provided to maintain the building wi.thi n the 
design values of pressure and temperature. A temperature controller 
modulates total fan capacity between 2/3 and ful 1 as the average 

building temperature varies from 60°F in winter to 105°F in summer. 
Simultaneously, a differential pressure controller maintains the 
building at a nonnal 0.1-inch w.g. neg.ative pressure. This temperature 
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and pressure control for the auxiliary building continues to operate 
even when containment purging is required. 

In the event of a lass-of-cool ant accident, any purging of the contain
ment is automatically terminated (isolation valves closed} and the 
auxiliary building ventilation equipment continues to operate in its 
normal mode. That is: 

1. One of the two supply air units modulates filtered air to the 
building in response to building· exhaust air temperatures. 

2. Two of the three HEPA filter units and exhaust fans modulate filter 
effluent to the plant vent in response to building negative pressure. 

The Control Room operator will activate the charcoal filter to the 
effluent emanating from the potentially radioactive safeguard areas 
during the recirculation phase. This is accomplished by actuating con
trols in the control room. Activation of the charcoal filter is con
firmed by Control Room indication which indicates that the necessary air 
diversion dampers are in the correct position. If proper· opera ti on is 
not indicated within a few seconds, the dampers can ·be manually posi
tioned. 

The following operations occur automatically: 

1. Equipment room increased flowrate exhaust air dampers open for the 
Residual Heat Removal, containment spray, charging, and safety 
injection pumps. 

2. Room coolers energize to operate continuously at full capacity in 
response to the above-normal ambient temperatures that develop as 
the Residual Heat Removal, containment spray, charging, safety 
injection, component cooling, and auxiliary feedwater pumps are 
started. However, in the event that vital power is being provided 
by the diesel-generators, the room coolers for the Residual Heat 
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Removal, charging, and containment spray pumps will be delayed for 
up to 20 minutes. 

3. Containment purging is tenninated. 

Thereafter, operator action is required only if trouble or failure 
alarms sound in the Control Room: 

1. The standby supply air unit can be energized if the operating unit 

signals low air flow, high or low supply air temperature, or a break 
in the hot water heating coi 1. 

2. The standby HEPA·filter exhaust unit can be placed in service if 

either of the other two operating units experience high differential 
pressure. In this event, the charcoal filter can be repositioned 
simultaneously with another HEPA filter unit if necessary. 

3. The standby exhaust fan can be energized if either of the other two 
operating fans experience low air flow. 

The damper at the outlet of the charcoal filter will actually consist of 
two individual operating sections, each with redundant operators. 
Damper blades are designed to fail safe (open) in the event that control 
air or electric control power is lost. In adoition, each damper section 
can be manually positioned to the required position. 

9.4.2.3 Design Evaluation 

The Auxiliary Building Ventilation System can maintain design conditions 
in the Auxiliary Bui~ding with one of the two 100 percent capacity fari
filter supply air .units, two of the three 50 percent capacity exhaust 
fans, and two of the three HEPA filter exhaust air units operating. The 
charcoal filter exhaust air unit is normally at standby. Exhaust fans 
take suction from a common plenum at the outlet side of the HEPA and 
charcoal filter units, which permits changes in the exhaust filter 
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operating mode without affecting fan operation and vice versa. The 

system is normally operated from the Control Room. 

Supply air to the Auxiliary Building and to the containment is filtered 

at an efficiency of 80 percent. This high quality filtration signifi

cantly reduces the inventory of particulates that could become contami

nated and lessens the loading on the more vital exhaust air filters. 

All exhaust air from the Auxiliary Building and Containment is processed 

through HEPA filters which remove at least 99 percent of all particles 

0.3 microns and larger in size. 

In the event of a loss-of-coolant accident, any purging of the contain

ment is terminated automatically (isolation valves close) and no change 

is required in the operating mode in effect for the auxiliary building. 

However, if there is indication of excessive radiation levels in··the 

Auxiliary Building, the charcoal filter can be placed in one of the two 

effluent paths as required. 

During any 1oss-of-coo1 ant accident, the effluent path most affected by 

the loss-of-coolant accident handles a flow rate greater than normal 

because the ventilation rate for the Residual Heat Removal,. Safety 

Injection and Charging Pump Rooms is increased. Also, the room coolers 

for pumps 1 isted in Section 9.4.2.1 are automatically energized (the fan 

motor starts and a service water supply valve opens) to operate at full 

capacity continuously. In the event that the temperature in a pump room 

exceeds its specified upper limit, an alarm is sounded in the control 

room. A failure mode and effects analysis is presented in Sec ti on 

9.4.2.2.2. 

In general, ventilation air is supplied to·the areas having the least 

potential for contamination and exhausted from the areas.of potentially 

higher contamination. Those areas having the potential for the greatest 

contamination are exhausted at a higher rate during a loss-of-coolant 
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accident than during normal power operation. The entire Auxiliary 
Building is designed to be at a slight negative pressure continuously 
with respect to the outdoors. These design considerations satisfy the 
basic criterion for preventing the uncontrolled release of radioactivity. 

Standby fan and filter capacity is included in the Auxiliary Building 

Ventilation System to assure that the design pressure, temperatures and 
air flow patterns for the building are controlled continuously for main
tenance, testing or in the event of an active component failure. Even 
if there is a failure when all components are energized for containment 
purying, the Auxiliary Building can be maintained at a negative pressure 
automatically with up to 70 percent of the design maximum ventil.ation 
rate. The system, therefore, provides a ~d.de range of available capa
city. Similarly, because of the standby equipment, the system arrange

ment provides numerous filtering modes. This flexibility in capacity 
,: 

and mode ensures that the system can maintain the Auxiliary Building at 
satisfactory conditions • 

Rigorous filtration of the supply air from outdoors is designed to mini
mize the inventory of airborne particulates within the Auxiliary Build
ing and the containment. This reduces the potential hazard of irradia
ted particles being transported throughout the building and reduces the 
loading on the exhaust f i 1 ters. The HEPA type exhaust filters, in turn, 

continuously minimize the release of particulate radioactivity to the 

environment while the standby charcoal filter is available to adsorb 

gaseous containination. The design capability of a 3-part high level 

filtration train ensures that all exhausted emissions from the Auxiliary 
Building and the containment are within the requirements of 10CFR20. 

The design exhaust flow from each local area within the Auxiliary Build
ing is based on the heat generated in the area, or six air changes per 
hour, whichever is the greatef requirements . 

SGS-UFSAR 9 .4-15 Revision 0 
July 22, 1982 



Availability of the Auxiliary Building supply and exhaust ventilation 

equipment is ensured by connection to the Standby AC Power Supply. 

The room coolers located near v-ital pumping equipment are single capa-· 

city units. The total capacity of the room cooler(s) in a given area, 

in conjunction with the exhaust air flow rate, is designed to limit the 

area temperature to the design values even if all pumping equipment in 

the area is operated continuously. 

9.4.L.4 Tests and Inspections 

All components of the Auxiliary Building Ventilation System are subjec

ted to a test and inspection program. This program is similar to that 

described for the Containment Ventilation System (Section 9.4.4), except 

the resistance to loss-of-coolant accident pressure and temperature 

transients is not applicable to the Auxiliary Building equipment. 

9.4.3 \FUEL HANDLING AREA VENTILATION 

9 • 4 • 3 • 1 De s i g n Ba se s 

Tile ventilation system is designed to exhaust the spent fuel pool ~rea 

at 60 air changes an hour within a 10 foot height above the pool during 

design conditions for spent fuel storage. Out of a system operating 

capacity of 20,000 cfm, 15,000 cfm is exhausted from the spent fuel pool 

area (i0,000 of which is extracted right at the pool surface) and the 

remaining 5,000 cfm of system capacity ventilates other parts of the 

building. 

Because of the potential for radioactive teleases from th~ spent fuel~ 

defectiv~ fuel cladding or a fuel handling mishap, the building is main

tained at a slight negative pressure_ to assure in-leakage of air rather 

than out-leakage. 
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The total capacity of the ventilation system is designed to maintain the 
building between 6QOF and lOSOF. Although there is no direct control of 
the humidity in the building, and there can be instances of 100 percent 
relative hu~idity around the spent fuel pool when the outdoor air is damp, 
the relative humidity under design conditions is expected to be less than 
70 percent. 

The exhaust filter units, fans and controls are designed to Class I 
(seismic) criteria. The discharge ductwork from the fuel handling area to 
the plant vent is a·lso designed to Class I (seismic) criteria. The supply 
air equipment is served by the normal AG power system only, whereas ~he 

exhaust air equipment can be energized from the standby.AC power system in 
the event of a loss of offsite. power. 

9.4.3.2 System Description 

9.4.3.2.1 General Description 

The fuel handling area is a structure separate from other unit structures. 
and is provided with its own venti-1 ation system. This system is a once-· 
through filtered air system that continuously "'.entilates the normal 
operating areas (fuel pools, decontamination pit, electri.cal equipment room 
and .sump tunnel), and also ventilates the shipping bay when fuel casks are 
being loaded or unloaded. The shipping bay, at all other.times, is 

' 
exhausted to the outdoors by a standard wall type vent fan as required. 
The Fuel Handling Area Ventilation System is shown in Figure~ 9.4-3A and B. I 

The ventilation system consists of the following equipment: 

1. One 100 percent capacity supply air unit with particulate filters at 
about 80 percent cleaning efficiency and a heating coil for winter
time tempering of the supply air.· 
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2. Two 50 percent capacity exhaust fans. 

3. One 100 percent capacity HEPA filter exhaust unit with one 100 per

cent capacity HEPA-and-charcoal filter exhaust unit available for 
standby. 

4. Controls and instrumentation. 

5. Distribution ductwork. 

All.exhaust effluent is diverted to the standby I-EPA-and-charcoal 

exhaust unit in the event that radioactivity levels within the building 

become excessive. Control of· the system and surveillance of building 

conditions are accomplished from the Control Room. Air is distributed 

with overhead ducts for supply and exhaust, as well as embedded exhaust 

ducts around. the spent fuel pool. 

Supply air enters the bu-i l ding at the cask storage area, flows through 

the building to the spent fuel pool area, and is exhausted to the unit 

vent where the total plant effluent. is continually monitored for 

radioactivity. The ventilation system maintains the building under a 

slight negative pressure, and exhausts the heat and humidity emitted 

from the spent fuel pool. 

9.4.3.2.2 System Operation 

Nonnally the supply air unit, both exhaust fans and the I-EPA exhaust 

filter unit operate continuously. A temperature control modulates the 

total quantity of ventilation air from 100 percent capacity to 2/3 capa

city as the building temperature varies between 105°F and 60°F. A dif

ferential pressure controller maintains a 0.1-i nc h w. g. negative pres-

. sure in the building. When the building temperature reduces to 60°F, 

the heating coil and controls at the supply air unit are energized to 

maintain the building at approximately 60°F. 
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In the event that a local radiation monitor detects excessive radio
activity in the building ~nd ala~s in the Control Room, the operator 
can divert the building effluent from the HEPA exhaust unit to the 
standby !£PA-and-charcoal exhaust unit. 

Additional alanns in the Control Room will signal adverse operating 
conditions: low or high supply air temperature, low air flow from the 
supply or exhaust fans, clogged HEPA filters and insufficient negative 
pressure in the building. 

9.4.3.3 Design Evaluation 

The heating and ventilating of the fuel handling area is based on out
door design conditions of 0°F in winter, 93°F dry bulb and 79°F wet bulb 
in summer. These values satisfy 99 percent of the weather conditions 
experienced annually at the Salem site and offer a high degree of 
assurance that satisfactory temperature conditions will be maintained • 

Directing the air flow from areas of least contamination to areas of 
higher contamination is accomplished in two ways. First, the building 
is maintained at a negative pressure such that outdoor air leaks into 
the building rather than building air leaking out. Secondly, air flo• 
within the building is from the cask storage area to the spent fuel pool 
area. 

Efficient filtration of the supply air minimizes the inventory of air
borne particulates within the building. This reduces the rate of dirt 
buildup on the I-EPA filter exhaust units and extends their useful life. 
Whereas the supply air filters can be replaced easily and safely as 
re qui red, the 1£ PA exhaust filters are potentially rad1oacti ve and less 
maintenance is desirable. 

The heat, humidity and potential radioactivity in the building is con
fined to the spent fuel pool area. Seventy-five percent of the building 
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exhaust occurs in that area, and the 60 air changes per hour over the 
pool is a rapid exhaust rate. Two-thirds of this exhaust rate takes 
place just inches above the pool water through numerous, high velocity 
(2000 fpm) exhaust ports spaced around the pool periphery. These ports 
act to vacuum the surface of the pool and effect early capture of pool 
emissions. 

The exhaust portion of the ventilation system includes two 100 percent 
capacity filter units, two 50 percent fans and redundant ·sources of 
electrical power. The system can sustain a failure of an active 
component without losing the capability of maintaining the building 
under negative pressure and of filtering all the effluent. 

The charcoal filter train is nonnally at standby and is inspected and 
tested periodically for availability, especially prior to refueling. 
This administrative control will assure the preparedness of the filter 
train and clogging of the train during the relatively short period of 
refueling or during a fuel handling accident is not anticipated. 

An analysis was made of the heat loading on the filters if all the 
iodines released, using Safety Gui de No. 25 assumptions, were absorbed 
on the filters. The resultant heat loading was approximately 1 Btu/hr. 
Hence, overheating is not expected to occur due to radi oi odi ne loading. 

The exhaust ductwork and exhaust fan-filter units leading from the fuel 
handling structure to the plant vent are seismic Class I design. 
Exposed d'uctwork along the walls within the structure is seismic Class 

II. The supply air unit, located below the fuel handling operating 
floor, is of non-seismic standard construction. 

In the event of a seismic disturbance or a fuel handling accident that 
causes the failure of non-Class I equipment, the primary function of the 
ventilation system will still be mainta1ned. That is, the seismic Class 
I portion of the exhaust system will continue to operate, creating a 
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negative pressure within the structure, and pass the exhaust through HEPA 
and charcoal filters. There would be no increase in building differential 
pressure and, therefore, radioactivity would be contained within the 
,building. 

9.4.3.4 Tests and Inspections 

All components of the Fuel Handling Area Ventilation System are subjected· 
to a program of tests and inspections. This prqgr~m is similar to that 
described for the Containment Ventilation System (Section 9.4.4.5) except 
that resistance to loss-of-coolant accident pressure and temperature 
transients is not applicable to the Fuel Handling Area. 

CONTAINMENT VENTILATION SYSTEM 

9.4.4.l Design Bases 

Containment ventilation is sub-divided into a number of independently 
controlled systems which perform specific functions for the containment 
during normal power generation, the design basis loss-of-coolant accident 
and a loss of offsite power. The systems are the following: 

1. Containment Fan Cooler System 
2. Containment Iodine Removal System 
3. Rod Drive Ventilation System 
4. Reactor Nozzle Support Ventilation System 
5. Reactor Shield Ventilation System 
6. Pressure - Vacuum Relief System 
7. Containment Purge System 

The Containment Ventilation flow diagram is shown in Figures 9.4-4A and B. I 
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Except for the Pressure - Vacuum Relief System and the Containment Purge 
System, both of which connect the containment atmosphere to the environ
ment at controlled intervals, all systems are of the recirculation type; 
completely contained within the containment, which have sufficient 
redundanc_y to perform their required functions. 

9.4.4.1.1 Fan Cooler System 

The Containment Fan Cooler System is an engineered safeguard that is 

designed to operate during nonnal power generation and 11 bl ackout 11 situa

tions as well as during the design basis loss-of-coolant accident. The 
system is described in detail in Section 6.2.2.2. 

This system removes heat from the containment atmosphere to limit the 
average temperature to 120°F during normal power operation, shutdown 
conditions and blackout situations. 

9.4.4.1.2 Iodine Removal System (Internal Cleanup) 

Two iodine removal units are provided within the containment. Each unit 

is designed to remove gaseous iodine and particulate radioactivity from 
the containment atmosphere as required to minimize airborne activity 
concentrations for containment access during nonnal operation. 

9.4.4.1.~ Rod Drive Ventilation System 

Four 1/3 capacity ventilation fans remove heat continuously from the 

control rod drive mechanism shroud during normal power operation. The 

air flow rate is sufficient to maintain a satisfactory ambient tempera
ture around the electro-magnetic positioning coils of the rod drive 
mechanisms. 
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9.4.4.1.4 Reactor Nozzle Support Ventilation System 

The four reactor nozzle supports a re cooled by two sets of two fans. 
Each pair of full capacity fans cools two of the four nozzle supports. 
This system operates during normal power operation to assure that con
crete surfaces in contact with the structural steel supports do not 
exceed the design temperature of 150°F. The fans are powered from the 
Standby AC Power System to cool the concrete during a loss of offsite 
power. 

9.4.4.1.5 Reactor Shield Ventilation System 

Two 100 percent capacity fans provide continuous ventilation for the 

reactor cavity to assure that the ambient temperature within the shield 

and around the neutron monitoring instrumentation cables does not exceed 
the design value of 135°F during normal power operation. The fans are 
powered from the Standby AC Power System to provide reactor cavity cool
ing during a loss of offsite power • 

The air delivered by the reactor shield ventilation system is exhausted 
primarily through the reactor nozzle support ventilation system, with 
the balance of the air forced up and out of the cavity. 

9.4.4.1.6 Pressure-Vacuum Relief System 

The Pressure-Vacuum Relief System is a normally isolated system which 

can be used during power and hot standby operations as required to main
tain containment pressure in the range of -1.b to +0.3 psig. One 
exhaust effluent filter unit and one supply air filter unit are connec
ted to a common penetration to relieve containment pressure or vacuum 
during normal power operation. The supply air filter unit can be 
manually energized in the event of a negative pressure in the contain

ment. The exhaust filter unit can be manually energized for pressure 
relief if the containment pressure exceeds the ambient pressure. All 
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exhaust is directed to the plant vent where it is monitored to assure 
that releases-to the environment are within the limits specified in 
10CFR20. The design pressure differentials inherently provide the 
motive power to restore the containment to an equillbrium pressure, and 
so no fan power is provided in the system. 

9.4.4.1.7 Containment Purge System 

The Containment Purge System is normally isolated. One supply air 
penetration and one exhaust penetration are provided for purging the 

containment atmosphere during normal power operation and normal plant 
shutdown. These purging modes are designed to perform the following 
functions: 

1. Refresh the containment atmosphere as required to maintain doses to 
operating personnel within acceptable limits during in-service and 
shutdown maintenance and/or inspections. 

2. Minimize the accumulation in containment of any long-lived radio
isotopes, such as tritium, which may be produced as a result of 
normal power operation. 

All exhaust is directed to the pl~nt vent where it is monitored to 
assure that releases to the environment are within the limits specified 
in 1UCFR20. One pair of supply and exhaust fans and filters is normally 
available in the Auxiliary Building Ventilation System to perform the 
containment purging functions. 

9.4.4.2 System Description 

9.4.4.2.1 Fan Cooler Units 

The information is presented in Section 6.2.2.2. 

/ 
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9.4.4.2.2 Purging System . 

The containment purying system is a normally closed, deactivated system 
that is manually energized as required to perform the functions des

cribed in Section 9.4.4.1. The supply and exhaust air equipment used 

for the various purging modes are the standby ·fan and filter units 

installed in the Auxiliary Building Ventilation System. 

Purging air is supplied by one 35,000 cfm unit consisting of fan and 
motor, hot water heating coi 1, 80 percent efficiency filters, shut-off 
dampers, controls and instrumentation and a supply duct. The heating 
coil is designed to temper the air during winter to 60°F maximum. A low 

limit temperature alarm is provided in the. control room to alert the 

operator in the event the supply air temperature approaches the freezing 

point. Two pneumatically operated, quick-closing, butterfly type 

isolation valves are installed in series, one on each side of the 

containment wall. Each valve is designed to withstand the 47 psig, 
271 °F atmosphere following a design basis loss-of-cool ant accident and 

to close automatically on a safety injection signal or on a high 
radiation signal from the radiation monitoring devices discussed in 
Chapter 11. The filters remove most of the atmospheric dust and di rt 
that would otherwise enter the containment. 

Purging air is exhausted by energizing the 35,000 cfm capacity standby 

exhaust fan and a standby HEPA filter unit which are normally available 

in the auxiliary building ventilation system. Operation of the standby 

fan in addition to two other 35,000 cfm exhaust fans provides the dual 

capability of purging the containment and exhausting the auxiliary 

building. The output of each exhaust fan is controlled such that the 
rate of containment purging' can be varied from .57 to 0.80 air changes 
per hour as required, while maintaining the auxiliary building at design 
conditions. The HEPA.filters remove 99 percent of particles 0.3 microns 

and lat11er from the containment exhaust and are preceded by roughing 

filters to prolong the life of the HEPA filters • 
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A 24,000 cfm capacity charcoal filter unit on standby in the Auxiliary 
. Building Ventilation System can be placed in series with the containment 
purgin~ HEPA filter exhaust unit. The charcoal filter is designed to 
absorb gaseous contaminants, particularly iodine, and when in use will 
afford a purging rate of 0.57 air changes per hour. During a reactor 
shutdown period when a different HEPA filter exhaust unit is available 
in the auxiliary building system for containment purging, but without 
the dharcoal filter, the purging rate can be increased to 0.80 air 
changes per hour. 

Tile purging exhaust duct that penetrates the containment is provided 
with two isolation valves in series as described previously in this 
section for the purging supply duct. 

The exhaust air is combined with the Auxiliary Building exhaust air and 
directed to the plant vent where the total flow is monitored for radia
tion. 

All penetrations, exhaust equipment and exhaust ductwork are designed to 
Class I (seismic) criteria. All supply equip.ment and supply ductwork 
are Class II (seismic) design. Purging system compliance with Branch 
Technical position CSB 6-4 is discussed in Section 9.4.4.3.2. 

9.4.4.2.3 Pressure - Vacuum Relief System 

The pressure-vacuum relief system is a normally closed deactivated sys
tem that is manually energized as.required to equalize the containment 
with outdoor pressure during normal power operation. The system is 
designed for 2400 cfm capacity. 

The exhaust air (pressure relief) filter unit consists of roughing, HEPA 
and charcoal filters, shut off dampers, backdraft preventer, and a water 
spray fire protection system for the charcoal filters. 
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The HEPA filters are designed to collect not less than 99 percent of 
particles 0.3 microns and laryer, while the charcoal filters are 
designed to absorb not less than 90 percent of gaseous iodine. 

The supply air (vacuum relief) filter unit consists of 80 percent effi
ciency filters, shut off damper and a backdraft preventer. The filters 
remove most of the atmosphere dust and dirt that would otherwise enter 
the containment. 

The common duct from the containment to the supply and exhaust air fil
ter units is provided with two isolation valves in series, one on each 
side of the containment wall. 

Ttie supply air filter unit is of standard construction. The exhaust air 
unit and all ductwork are designed and constructed to seismic Class I 
criteria. Pre'ssure-Vacuum Relief System Compliance with branch 

Technical Position CSB 6-4 is discussed in Section. 9.4.4.3.2. 

9.4.4.2.4 Containment Iodine Removal System (Internal Cleanup) 

The containment iodine removal system consists of two .fan and filter 
units located on Elevation 100 of the containment building outside the 
polar crane wal 1. Either of the units can be manually energized depen
ding upon the need to reduce the level of particulate and gaseous radio
activity. The level of activity within: the containment can be continu
ally monitored by gaseous and particulate air monitors •. Neither unit is 

required to be operated during a design basis loss-of-coolant accident. 

Each 8,000 cfm capacity iodine removal unit is comprise~ of a single
speed fan, roughing, HEPA and charcoal filters, shut off dampers, and a 
water spray fire protection system for the charcoal filters. The HEPA 
filters are designed to collect 99 percent of particles 0.3 microns and 
laY11er, while the charcoal filters are designed to adsorb 90 percent of 
the gaseous iodine. Source air to each iodine removal unit is supplied 
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through a duct connected to the large duct header of the fan cooler 

system. 

All equipment and materials comprising the containment iodine removal 

system are designed and constructed to satisfy Class II seismic criteria.· 

9.4.4.2.5 Control Rod Drive Cooling 

Control rod drive cooling is performed by the rod drive ventilation 

system, which consists of four one-third capacity fans connected to the 

control rod drive cooling shroud by ducts. Three of the four 23,000 cfm 

. fans operate during nonnal power operation to remove 2.6 x 106 Btu/hr 

from the control rod drive mechanism and discharge the heat above opera

ting floor (Elevation 130). This heat is then removed from the contain

ment by the cooling coils in the fan cooler system. 

The rod drive ventilation fans are located above the reactor head shield 

at Elevation 130. All the fans and ducts are designed and constructed 

.to be removed for refueling activities and to satisfy Class II seismic 

criteria. Each fan is monitored for vibration and a control room alann 

is provided. 

9.4.4.2.6 Reactor Vessel Cooling 

Cooling of the reactor vessel is perfonned by the reactor shield venti

lation system in conjunction with the reactor nozzle support ventilation 

system. Both systems can be powered by the Standby AC Power System, and 

are designed to Class II seismic criteria. 

The reactor shield ventilation system consists of two 100 percent capa

city 18,000 cfm fans located outside the polar crane wall at elevation 

100, each with its own duct system. The fans draw filtered, cooled air 

from the large duct header of the fan cool er system and deliver it to 

the neutron monitoring instrumentation cable space under the reactor. 

The system is designed to maintain the cable space at 135°F or less, 

. SGS-UFSAR 
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provide 16,000 cfm through the annular space around the reactor to the 
nozzle support ventilation system, and provide 2,000 cfm upward to the 
reactor head. 

Tile reactor nozzle support ventilation system consists of two identical 
sub-systems, each comprised of two 8,000 cfm fans (one spare} connected 
to common ductwork embedded in the reactor shield to cool two of the 
four reactor nozzle supports. The system draws air from the annular 

space around the reactor and through each of the nozzle supports to 
maintain the concrete bearing surfaces at 150°F or less. ·source·air is 

supplied to the annulus by the reactor shield ventilation system. All 

fans are located outside the reactor shield on floor 'Elevation 81 and 
discharge in the vicinity of the steam generators. 

9.4.4.2.7 Penetrations 

Each ventilation duct penetration in the containment building is 
equipped with two pneumatically operated, quick closing, butterfly type 

isolation valves in series, one on each side of tile containment wall. 
Each isolation valve is part of a sealed penetration assembly, designed 

to Class I seismic criteria, to withstand the 47 psig, 271°F, saturated 

steam-air mixture resulting from a design basis l·o~s-of-coolant·acci

dent. Complete closure of at least one valve in.each pair satisfies tile 
containment isolation criteria. 

All ventilation isolation valves that require remote-manual actuation to 
open are of the fail closed type. The valve operator is a dual acting, 
piston type, pneumatic operator, controlled by a solenoid type air sup
ply valve. 

In the event of a los.s of control air pressure and/or electric control 
power, a spring assembly integral with each isolation valve is designed 
to return the valve to the closed position • 
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Each ventilation isolation valve is equipped with a pennanently bonded 
rubber seat for the butterfly disc, and 1 ow 1 eakage bushings on the 
butterfly shaft. This construction limits leakage from each valve to 
5.0 cc per hour per inch of valve diameter when subjected to 47 psig 
saturated steam in the closed position. 

9.4.4.2.8 Instrumentation and Control 

Instrumentation and controls for starting, stoppin~ and monitoring the 
perfonnance of the Containment Ventilation System are 1 ocated in the 
Control Room. Additional instrumentation is also provided locally for 
inspection, test and maintenance. 

The instrumentation and controls provided in the Control Room includes 
the following: 

1. STAkT and STOP pushbuttons for fans and fan coolers. 

2. Low air flow alanns. 

3. OPEN-CLOSE indication for the air control dampers in each fan 
cooler. (The normal positioning of the dampers is interlocked with 

the starting of the fan at its higher speed, while the post-accident 
positioning of the dampers and the lower fan speed are interlocked 
with a safety injection signal.) 

4. High differential air pressure alanns for filters. 

5. High temperature a 1 arms for the fan cool er motor bearings and wind
ings, air leaving each fan cooler, air discharged from the control 
rod ari ve mechanisms and reactor nozzle supports, ambient air a round 
the neutron monitoring instrumentation cables, and the·ambient air 
at numerous locations throughout the containment. 
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6 . Control equipment to manually select ventilation filtration paths 

and service water isolation valve position indicating li~hts. 

(Ventilation duct isolation valves are interlocked to close auto

matically on a safety injection signal or in the event of a high 

radiation signal from the containment. Service water isolation 

valves close automatically in the event of high radiation in their 

respective lines.) 

7. Service water temperature and flow indication and flow differential 

mismatch alarms at cooling coils. 

8. Fire alarms to signal any ignition of a charcoal filter bank. (The 

ignition detection automatically actuates a water deluge system for 

the affected charcoal filter.) 

9. High radiation alarms for service water leaving the fan coolers. 

These monitors are located outside the containment. 

10. An o'verhead annunciator alarm is received whenever containment 

ventilation isolation is reset in the presence of an isolation actu

ation signal. 

The instrumentation provided locally includes the following: 

1. Manometers for indication of pressure drop across each bank of HEPA 

and charcoal filters, and each bank of roughi!Jg filters. outside the 
\--

containment. 

2. Position indicators for each air control damper, water control 

valve, and isolation valve. 

3. Pressure test-taps or gages in service water lines to each water 

cooled fan motor in the fan cooler safeguard system. 
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9.4.4.3 Design Evaluation 

9.4.4.3.1 General 

During the final design review of Unit No. 2· the NRC requested verifi ca

tion that adequate torque was available to shut isolation valves in the 

Containment Vacuum Relief and Purge System. Public Service evaluated 

this matter based on a conservatively assumed differential pressure of 

60 psi, and it was determined that the actuator torque values were not 

sufficient to move the valves from the full open {90°) position to the 

closed position (0). With a differential pressure of between 18 to 24 

psi, whl°ch is the calculated actual differential, the actuator torque 

values were.marginal. Corrective actfon was therefore taken as follows: 

1. For the 36
11 

purge valves, administrative controls were implemented 

to keep the valves closed in all operating modes except cold shut

down and refueling. 

• 

2. The 10
11 

valves were modified by the vendor. The modification con- ., 

sisted of reworking the actuator and a realignment of the actuator 

and valve shaft such that the full open position will correspond to 

60° open instead of the original 90° open. This significantly 

reduced the required closing torque with a 60 psi differential to a 

value well below the available actuator torque. The new required 

closing torque with a 60 psi differential is 4,572 in-lbs., whereas 

the actuator torque available is 9,100 in-lbs., {spring force only, 

with no air assist). 

Detailed valve information is contained in correspondence dated February 

18, 1982 {Liden to Varga). 

The Containment Fan Cooler System is required to remove approximately 

8 x 10
6 

Btu per hour during normal power operation. The design opera

ting cap.acity of the system is greater than 12 x 106 Btu per hour. A 

50 percent operating margin of 4 x 106 Btu per hour is ample capacity 

to account for miscellaneous loads during normal conditions. Additional 

evaluation is presented in Section 6.2.2.2. 
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The design of all the other mechanical ventilation systems within the 
containment (iodine rem.oval, reactor shield ventilation, reactor nozzle 
support ventilation, and control rod drive ventilation) includes at least 
one standby unit with its own power, controls and instrumentation. 
Physical separation and redundancy of the power and control sources 
enhances the.reliability of these systems. The failure of a single 
component or unit, therefore, will not prevent these systems from 
performing their design function. Additionally, the design operating 
capacity of the reactor shield, reactor nozzle, and rod drive ventilation 
systems exceeds the minimum performance requirements • 

. Ventilation ductwork penetrating the containment consists of two 36 inch 
· diameter ducts for containment purging and one 10 inch diameter duct for 

containment pressure-vacuum relief. Redundant isolation valves in each 
duct, one inside and one outside the containment, assure the closing of at 
least one of each pair of v~lves to prevent the release of radioactivity 
from the containment environment~ Each of the isolation valves is designed 
to withstand the effects of any loss-of-coolant accident. Failure of a 
single component or unit will not prevent these isolation valves from 
performing their function. 

The control rod drive mechanism (CROM), reactor vessel supports and the 
out-of-core nuclear instrumentation are provided cooling air by separate, 
independently .contra l led ventilation systems. They are the rod drive 
ventilation system (Section 9.4.4.2.12), reactor nozzle support ventilation 
system and the reactor shield ventilation s.ystem (Section 9.4.4.2.13). 

Loss of cooling air to the CRDM's, the vessel supports, or the nuclear 
instrumentation will be detected via high air temperature alarms and/or 
low air flow alarms for the respective ventilation systems serving this 
equipment. Temperature and flow instrumentation is provided for each of 
the ventilation systems as shown in Figure 9.4-4A and B. An alarm is ·I 
annunciated in the control room on indication of low air flow or high air 
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temperature for an individual vent fan unit .of the ventilation systems. 

The operation of the vent fan uni.ts (start-stop) is also monitored in 
the control room. 

The CROM coils have a design operating temperature of 392°F. Should 

this temperature be exceeded over a period of time, the life of the 

mechanism coils woul.d be affected. The. reactor vessel support concrete 

surfaces have a design operating temperature of 150°F. The out-of-core 

nuclear instrumentation and cabling have a design operating temperature 

of 135°F. The containment ventilation systems have been designed with 

spare capacity fans, physical separation, and redundant power and con

trol sources so that a single component or unit failure will not affect 

the operation of these systems and ensure that these design temperatures 
are not exceeded. 

An average ambient temperature of 120°F in the containment i.s maintained 

by the contai rment fan coolers. 

4 rod drive vent fans operating 

CRDM's at approximately 160°F. 

Under these normal conditions, 3 of the 

wi 11 maintain the temperature of the 

The reactor vessel supports will have 

sufficient cooling air from 2 of the 4 reacto_r nozzle support fans (l 

. from each pair)' so that the design temperature of 150°F is not 

exceeded. The operation of 1 of the 2 reactor shield vent fans will· 

keep the out-of-core instrumentation below the design operating tempera

ture of 135°F. The temperature alarms' will annunciate when the normal 

operating temperatures are exceeded • 

. The ventilation system alarms will warn the operatorif the cooling air 

for the. CROM 1 s, reactor vessel . supports or the out-of-core i nstrumenta

tion areas has exceeded the temperature limits or do not have sufficient 

cooling air flow. The operator will then manually actuate the spare fan 

units for the. affected system. These actions should restore normal 

cooling air flow and temperatures to the above mentioned equipment and 

areas and return the alarmed condition to normal. 
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It is considered highly unlikely that a complete loss of cooling air 

from the containment ventilation systems would occur because of the 

system design and use of multiple fans. In the unlikely event that high 

temperature and/or low air flow alarms are annunciated and the spare 

capacity fans and coolers are incapable of supplying the required venti

lation to maintain uesign conditions, the plant will be shut dow11 to 

prevent equipment damage and to effect repairs to the ventilation sys

tems. 

9.4.4.J.~ Conformance to Branch Technical Position CSB 6-4 

This section addresses confonnance of Containment Purge and the Pres

sure-Vacuum Relief Systems to Branch Technical Position CSB 6-4. The 

item numbers below correspond to the numbering employed in Section 5 of 

CSB 6-4. 

la. The IJUt1Je and pressure-vacuum relief line isolation valves were 

purchased, manufactured and factory tested prior to the issuance 

of the NRC Branch Technical Position MEB-2, "Pump crnd Valve Oper

ability Assurance Program". The appropriate design, environmental 

and leakage parameters were adequately specified for these isola

tion valves. The valves have undergone testing to verify leak 

tightness and operability during seismic events. The appropriate 

quality documentation was provided for the valves. The valves 

will ue tested periodically for operability and leakage in accor-

. dance with the Technical Specifications. Although not specifi

cally referenced, the design and testing of the purge and pres

sure-vacuum relief isolation valves meet the intent of Branch 

T~chnical Position CSB b-4. 

lb. Each unit has two purge 1 ines and one pressure-vacuum relief line 

penetrating the containment • 
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le. The purge vent lines are 36 inches in diameter and the pressure

vacuum relief line is 10 inches in diameter. The 36 inch lines, 
however, are not used for routine station operation. The 
op er ability of the l 011 pressure/vacuum relief valves was assessed 
with respect to the stresses induced by the valve-to-operator 
interfacing hardware under operating loads during a LOCA. This 
analysis deu1onstrates that the 10 11 pressure/vacuum relief valves 
(VC5 and VC6) will operate in the event of a LOCA. ·Technical 
Specifications allow the valves, normally rnaintained shut in MODES 
l, 2, 3, and 4, to be intermittently opened under administrative 
control for safety purposes during all applicable modes of 
operation. The accident analysis (see item 5a, below) yields 
doses well within lOCFRlOO guidelines. 

ld. The isolation valves and control system provisions for isolation 
meet the appr.opriate safety-related criteria consistent \'lith con
tainment isolation. Containment purge system isolation is actu
ated by Phase A and high radiation signals. 

le. Instrumentation and control systems are independent and actuated 
by diverse parameters. 

lf. The purge and pressure-vacuum relief isolation valves are designed 
to close within 2 seconds. The valves were tested at the factory 
and will be tested periodically in accordance with the Technical 
Specifications. Total isolation time, including the 2 second 
valve closure, will not exceed 5 seconds if initiated by a high 
containment pressure signal (based on a design basis double ended 
cold leg rupture). Isolation time will not exceed 10 seconds if 
initiated by a high containment radiation signal. Isolation is· 
also initiated by a safety injection signal. 

lg. To ensure isolation valve closure, the design, which includes the 

type, location, orientation, and configuration of valves and 
piping/ducting of the penetration and ventilation system, 
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considers the potential problem of debris becoming entrained in 

the escaping air and steam. Where the containment purge and pres
sure-vacuum relief penetrations are not connected directly to a 
filtered ventilation system and are terminated in the free con
tainment atmosphere, the openings are faced down to preclude 
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debris from entering the system. All the valves are either con

tainea \dthin the piping/duct lines or have a 1-i nch expanded 
metal mesh basket around them. 

2. The Containment Purge System is not intended for humidity and 

temperature contra l within the containment, but was designed to 

perform the functions previously described. 

3. The Containment Ventilation System utilizes fan coolers for tem

perature and humidity control. The Iodine Removal System'( inter

nal cleanup) is used to remove gaseous iodine and particulate 

activity from the containment atmosphere. 

4. The isolation valves are testable for operability and leakage in 

accordance with the Technical Specifications. 

5a • The do.se analysis for a loss-of-coolant accident during 

containment purge is presented in Chapter 15. This analysis 

utilizes very conservative assumptions, including an iodine 

spike. The analysis results in doses well within lOCFRlOO 
guideline values. 

5b. The system design includes provisions to protect structures and 

safety-related equipment. All equipment necessary to perform 

automatic isolation of the containment purge and pressure-vacuum 

relief lines is external to the containment (except the inboard 

isolation valves) and would not be affected by a loss-of-coolant 
accident. 

5c. The analysis of a double-ended pipe rupture (see Chapter 15) indi.,;. 

cates less than 0.2 percent of the Reactor Coolant System mass 

would be released from the containment prior to isolation. This 
will not adversely affect Emergency Core Cooling System 
performance . 
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5d. The allowable leak rate is specified in the Technical Specifica
tions. 

Based on the above, it is concluded that the design of the Containment 
Purge and Pressure-Vacuum Relief Systems satisfies the requirements of 
BTP CSB 6-4. 

9.4.4.4 Tests and Inspections 

All components of the containment ventilation system are subjected to a 
test and inspection program. The performance of uni ti zed equiplllent, 
such as fans, filters, cooling coils, isolation valves, dampers, etc., 
is verified through manufacturers' tests and inspections. The perfor

mance of field-erected sections, such as filter enclosures and duct 
work, is verified mainly through post-erect·ion tests and inspections. 
After installation, all unitized equipment and field-erected sections 
are inspected, tested and adjusted to assure performance of their design 
function. During plant operation, periodic tests and inspections are 
performed to ensure the integrity and performance of all components. 
All components are inspected when delivered to the site to assure com
pliance with specifications. 

All components of the containment fan cooler system are designed to 

withstand normal and loss-of-coolant accident conditions without loss of 
function. When it is impractical to subject components to full scale 

testing, conservative calculations and/or prototype tests are perfonned 

to demonstrate capability to resist loss-of-coolant accident and seismic 
effects. 

The pressure-vacuum relief system for the containment building is expec
ted to be used intermittently during normal operations. When energized, 

the system will operate for at least 15 minutes to relieve a 0.3 psi 
positive pressure or 1.5 psi negative pressure in the containment. 
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Station personnel can read local manometers at the equipment during system 
startup to see if filter pressure drops are approaching thejr design 
limits. Also, a sample of the charcoal filter will be available in the 
pressure relief unit for removal and testing to determine the efficiency of 
the charcoal filter. 

9.4.5 DIESEL GENERATOR AREA VENTILATION 

9.4.5.1 Design Bases 

The ventilation systems are designed to limit the temperature of each room 
to llOOF in the summer with ~quipment in the room operating. The unit 
heaters are designed to limit the temperature in the rooms to 600F minimum 
in the winter. This range of room temperature (60 to UOOF) is an adequate 
environment for reliable operation and maintenance of the diesel generator, 
their controls and instrumentation. 

The ventilation capacity for each diesel generator compartment (20,000 cfm) 
and Control Room (1200 cfm) is based on the waste heat re1eased to the 

·space. The v~nti.lation capacity for the fuel oil storage area (2800 cfm) 
provides 5 air changes per hour. 

The ventilation equipment and controls for the diesel generato~ 

compartments and control rooms can be powered from the Standby AC Power 
System and is designed to seismic Class I criteria. The fuel oil storage 
area ventilation is powered by the normal ac power system and is designed 
to seismic Class II criteria. 

9.4.5.2 System Description 

9.4.5.2.1 General Description 

Th~ Diesel Generator Area Ventilation System is shown in Figures 9.4-5A and I 
B. The diesel generator area for each plant consists of three diesel 
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generator compartments, three diesel generator control rooms and a fuel • 
oil storage area. Each of these spaces is provided with an independent, 

once-through ventilation system. The use of independent systems 

enhances the effectiveness of the carbon dioxide flooding system in the 

event of a fire, permitting selective flooding into a yiven space witt1-

out affecting other spaces. In the event carbon dioxide is delivered to 

a space, the ventilation for that space is automatically ~erminated. 

·The diesel generator area ventilation systems are designed to start 

automatically and limit the maximum room temperature when the diesel 

generators are opera.ting~ Provisions are ava.ilable to permit starting 

or testing individual systems during nonnal plant conditions when the 

diesel generators are not running. 

Th~ ventilation system for -the fuel storage area normally operates 

continuously to avoid concentrating oil fumes in the area. A local 

ON-OFF switch is provided. 

The .ventilation sy~tem for each of the spaces consists of (1) an e.xhaust 

fan discharging to the outdoors and (2) a supply air duct which supplies 

outdoor air to· the room. 

Loca.l unit heaters assure an adequate minimum temperature in the spaces 

during cold weather. 

9.4.5.2.2 System Operation 

Normally the fuel oil stbrage area ventilation system is the only system 

that operates continuously. · The diesel generator and control room 

systems a re normally operated in an automatic mode. They are energized 

only when diesel generators are started. These ventilation systems can 

be started independently of the diesels, however, for testing and 

maintenance. 
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The ventilation system for a 11 spaces operate similarly. The single 

speed exhaust fan discharges to the outdoors, and supply air from the 

outdoors is modulated by room temperature to provide the aesign room 

temperature. When a system is shut down, its exhaust fan stops and the 

supply air uamper returns by spring action to the closed position. 

Each system will automatically shut down if carbon dioxide fire 

protection flooding is initiated for the space. 

If the ambient temperature in a diesel generator compartment or control 

room exceeds ll0°F or goes below 40°F, the condition is alarroed in the 

Unit Control Room. 

9.4.5.J Design Evaluation 

The heating and ventilating of the diesel generator area is predicated 

on outdoor temperature limits of 0°F in winter and 95 °F in sununer. For 

the Salem site, these values satisfy more than 99 percent of the con,

ditions experienced annually. There is, therefor~. a conservative 

margin in the heating and ventilating systems to assure that the desiyn 

temperatures for the spaces can be maintained. Heaters are provided on 

the after cooler, in the lube oil system and in the jacket water system 

to assure each diesel generator is maintained at a temperature at which 

it can be started in lU seconds. This conditions is satisfied for an 

outside temperature of 0°F and an inside ambient temperature of 40°F. 

The ventilation systems for the diesel generator a re as a re independent, 

physically separated and powered from separate sources. Each system is 

provided with its own controls. 

In the event of a fire in one space, the ventilation system for that 

space is automatically de-energized and does not feed air to the fire. 

The other diesel generators are available with full ventilation • 
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9.4.5.4 Tests and Inspections 

All equipment and components of the diesel generator area ventilation 
systems are subject to a program of tests and inspections. 

9.4.6 SWITCH GEAR ROOM VENTILATION SYSTEM 

9.4.6.l Design Basis and Criteria 

The switch gear ventilation system is designed for continuous op~ration to 
maintain safe levels of temperature and cleanliness in.the rooms served. 
Standby equipment is included. in the system to .assure the maintenance of 
these design conditions. The system is seismic Class I. The ventilation 
system is designed to maintain a year-round range of temperatures between 
65 - l050f within the areas served. 

9.4.6.2 System Description 

9.4.6.2.1 General Description 

A separate ventilation system is provided for eac~ unit's switch gear rooms 
which are located on Elevation 84 and 64 of the Auxiliary Bui-lding. The 
ventilation system consists of a supply air roll filter and enclosure, 
supply air fans, exhaust.fans, recirculation duct, supply and exhaust ducts 
a·nd control dampers. Most of the equipment is located. in the penetration 
areas at Elevation 100 of each unit. It also venti.lates the electrical 
penetration areas located at Elevation 78 'and the switch gear ventilation 
equipment room. All ventilated areas and equipment are. enclosed in seismic 
Class I structures. The switch gear ventilation system is shown on Figures 
9.4-6A and B. 

9.4.6.2.2 System Operation · 

The ventilation system for each unit consists of the following equipment: 
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One 100 percent capacity supply-air filtering unit having 70 - 82 

percent ASHRAE Weight Arrestance efficiency to filter the outside 

and recirculated air. 

Three 50 percent capacity fans to supply filtered air through supply 

ducts to the various areas. 

3. Six return (or exhaust) air fans to exhaust air out of the switch 

gear rooms. 

4. Two exhaust fans for the ventilation equipment room and penetration 

area (Elevation 100) and electrical penetration area (Elevation 78). 

5. Three recirculation cooling units serve the north (mechanical) 

penetration area at Elevation 100, each consisting of a filter, 

cooling coil and fan. 

6. Control and instrumentation. 

• 7. Distribution ductwork and dampers for the supply air, exhaust air or 

• 

recirculation air. 

Nonnally two of the three supply fans are operated, with the third as a 

standby. Modulating dampers in the recirculation duct and the fresh air 

inlet duct control in the supply air temperature and thus maintain 

design air flow. 

The three fans on Elevation 84 and three fans on Elevation 64 operate to 

exhaust the switch gear rooms to the return duct. 

The exhaust from the ventilation equipment room and the penetration 

areas (Elevation 100 and Elevation 78) is directed to the return duct by 

two vane-axial fans connected in parallel. 

If operation of the co2 fire protection system for one of these areas 

is initiated, a damper in the duct supplying air to that area is 

closed. However, the exhaust fans from that particul.ar affected area 
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continue to run, permitting the air displaced by the co2 to escape. 
All other areas served by the ventilating system continue to operate as 
usual except that the main recirculating dampers close and the system 
supplies 100 percent fresh air. This prevents the tripping of other 
smoke detectors by recirculated smoky air. It also provides a means for 
purging smoke from the fire area as soon as air supply is re-established. 

9.4.6.3 Design Evaluation 

The ventilation equipment for the switch year roo_ms, equipment rooms, 

and electrical penetration area is enclosed in a seismic Class I 

structure. The equipment room is directly accessible from the relay 

room of the control area. All other areas in the vicinity of the switch 
gear rooms are ventilated by systems which are completely independent of 
the switch gear ventilation system and thus fire and smoke generated in 
such other areas would not impair the integrity or accessibility of the 
switch gear rooms. 

9.4.6.4 Tests and Inspections 

The systems are inspected, tested and balanced upon installation. 

Nonnal operation serves as a continuous check on system operation. 

Operation of the c.tampers associated with initiation of the co
2 

fire 
protection system can be checked periodically. 

9.4.7 SERVICE WATER INTAKE STRUCTURE VENTILATION 

9.4.7.1 Design Bases 

The ventilation systems are designed to limit the temperature of each 
compartment and/or control room to ll0°F during ambient conditions of 
95°F with all equipment operating. The unit heaters are designed to 
limit the temperature in the areas to 60°F minimum in the winter during 
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ambient condition of 0°F. This range of room temperature (60 to ll0°F) 

is an adequate environment for reliable operation and maintenance of the 

service water pumps, their controls and instrumentation. 

The ventilation capacity for each service water intake structure 

compartment and control room is based on the calculated waste heat 

released. 

The exhaust fans (12,000 and 32,000 cfm capacity} and their controls and 

instrumentation are designed to Class I {seismic) criteria and can be 

powered from the Standby AC Power System. The air intake penthouse, 

supply and exhaust dampers are of nonseismic construction. 

9.4.7.2 System Description 

9.4.7.2.1 General Description . ''.. 

The service water intake stru~ture (SWIS) for both units consists of 

four service water intake compartments, each with its own control room. 

Each of these compartments is provided with an independent, once-through 

ventilation system. 

The service water intake structure venti.lation systems are desi9nedto 

start automatically and limit the maximum room temperature when the 

service water pumps are operating. 

The ventilation system for each compartment consists of an outside air 

intake penthouse, power operated intake and exhaust dampers and two 

exhaust fans discharging to the outdoors. 

Local unit heaters assure an adequate minimum temperature in the spaces 

during cold weather when no pumps are in operation . 
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9.4. 7.2 .2 System Operation 

The service water intake structure ventilating systems operate autO

matically in response to compartment and/or Control Room temperatures. 
' ' 

Tlie ventilation systems operate as follows: On a small rise in tem

perature, the smaller of two exhaust fans starts and discharges to the 
outdoors. The· supply air from the outdoors is modulated by room ther-

mostats to ·provide the design compartment or control room temperature. 

On a greater rise in temperature, the larger fan starts, its intake 

damper opens and more air is induced to flow through the compartments. 

When a system is shut down, its exhaust fans stop and the supply and 

exhaust air dampers return by spring action to their closed positions. 

If the ambient temperature in compartments or control rooms exceeds 

ll0°F or goes below 40°F, the condition is alarmed in the Control Room. 

9.4.7.3 Uesign Evaluation 

Tl1e heating and ventilating of the service water intake structure area 

is predic~ted on outdoo~ temperature limits of 0°F in winter and 95°F in 

summer. For the Salem site, these values satisfy more than 99 percent 

of the conditions experienced annually. This is, therefore, a conser

vative margin in the heating and ventilating systems to assure that the 

design temperatures for the spaces can be maintained. 

The ventilation systems for the service water intake structure com

partment use two fans which are physically separated and powered from 

separate sources. Each system is provided with its own controls, can be 

started manually or automatically, and can be tested independently to 

assure its availability. Failure of the non-seismic ventilating 

equipment (dampers and intake penthouse} would not interfere with the 

ability of the exhaust fans to perform their design function. The 

dampers fail open or loss of air or electric power. 
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9.4.7.4 Tests and Inspections 

The system is inspected and tested upon installation. Normal operation 
serves as a continuous check on system operation . 
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9.5 OTHtR AUXILIARY SYSTEMS 

9.~.i FIRE PROTECTION SYSTEM 

9. 5. 1.1 Design [3a s i s 

He Fire Protection Systems are designed to achieve the following 

objectives: 

1. Provide automatic extinguishing capability using water spray, carbon 

dioxide or foam wherever lubricating oil or diesel fuel is stored o.r 

used. 

2. Provide manually operated extinguishing equipment, either· water or 

chemical , throughout the station. 

3. Provide detection equipment in areas and locations w·here. combustible 

material is concentrated and a fire would not be detected sooner by 

other means, and automatic protection is not provided.;. 

4. Provide standard automatic sprinkler systems in all areas where 

hazardous materials are stored. 

c. Comply with the Standards of the National Fire Protection 

As soci ati on. 

6. Indicate to station personnel the location of a fire. 

7. Pro vi de protection for structures, systems, and components impo r

tant to safety so that a fire will not prevent the safe shutdown of 

-the plant • 
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The following Standards of the National Fire Protection Association (NFPA) 
have been used as guidance in the design of the Fire Protection System: 

1. NFPA 10 for selection of type, the number, and the location of 
portable fire extinguishers, throughout the Station. 

2. NFPA 11 for design of the fixed foam system for the bulk fuel oil 
storage tank. 

3. NFPA 12 for design of the carbon dioxide systems. 

4. NFPA 13 and NFPA 15 for design of sprinkler and water spray systems. 

5. NFPA 20 for the design of the Fire Pump House and piping and selection 
of the Fire Pump. (The pump manufacturer also certified compliance 
with the same standard in the design and manufacture of the pumps.) 

6. NFPA 12A for Halon Suppression Systems. 

Where NFPA standards were not explicit, Nuclear Mutual Limited (NML) was 
considered to be the authority having jurisdiction and their 
interpretations were used. 

The components, piping, and pump house for the FPS are designed to Class 
III (seismic) standards. 

9.5.1.2 System Description 

9.5.1.2.1 Water Supply Distribution System 

The water supply consists of four deep wells and two storage tanks which 
provide a source for two fire pumps which discharge into an underground 
distribution system and interior headers. The Water Supply Distribution 
System Fire Protection Diagram is .shown in Figure 9.5-1. 
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Two deep wells have tested capacities of 200 gpm with a 30 hp pump. One 
deep well (No. 5) has a tested capacity of 800 gpm. The No. 6 deep well 
has a tested capacity of 600 gpm. .The pumps discharge into a header which 
is piped to the two storage tanks. Each Fresh Water Storage Tank has a 
capacity of 360,000 gallons of which 50,000 gallons is available for 
process use, and the remainder is reserved for fire protection. The tanks 
are interconnected by valved, 16 in. cement lined steel piping arranged so 
that either fire pump can take suction from either or both tanks. The 
tanks are of steel con~truction and pad mounted at grade. They are 
equipped with thermostatically controlled heaters and automatic level 
controls which are monitored in the Control Room. 

Each of the two fire pumps discharge separately through 12 inch piping to 
an underground distributidn header which encircles the station. One 6 inch 
and four 8 inch connections from the underground distribution main enter 
the Turbine and A.uxiliary Buildings to ·supply an 8 inch header at the 
perimeter of the Turbine-Generator area at Elevation 88 feet and a 6 inch 
header thro~gh the center of the Auxiliary Building at Elevation 95 feet 
(approx.). The pipe is sectionalized by.valves which permit the use of 
selected lengths in the event any section of piping is damaged. 

The piping is cement lined carbon steel. The sections of pipe that are 
buried in the ground are coated with "X-Tru-Coat" for corrosion protection. 

The 12 inch underground header also supplies five hydrants spaced.at 
approximately 400 feet. Each hydrant is provided with a hose house 
containing 250 feet of 2-1/2 inch Underwriter-approved hose, appropriate 
accessories and a maintenance shut-off valve. 

The 8 inch inside header at elevation B8 feet supplies 18 standpipes 
located throughout the Turbine-Generator area and Service: Building. A 
six inch header running through the Auxiliary Building, fed from each end, 
supplies five standpipes in the Auxiliary Building and four inch lines to 
two standpipes in each containment. Valved connections with hose reels, 
nozzles and hose are provided on these standpipes at various levels so that 
all parts of the above areas are within reach of a hose stream • 
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If a section of distribution piping is not available, or damaged so that 
the most direct t".Oute of water from fire pumps is obstructed, there are 29 • 
sectional control valves which provide one or more alternate paths to the 
fir·e. All interior control valves are monitored as to position. The 
distribution piping is all Schedule 40 steel, cement lined or coal tar 
lined, with welded steel fittings. No cast iron pipe or fittings are used. 

Flow ·occurring anywhere in the Fire Prot_ection System to the Auxiliary 
Building or the Containment areas will be alarmed on the Control Room 
overhead annunciator. During an actual fire this water flow alarm will be 
accompanied· by a coded fire alarm· over the station PA System, a fire alarm 
on the· Control Ro~m Overhead Annunciator, and a zone indicating light on 
the Control_ Room Recorder Panel 1RP5. Thus, if the water flow. al arm occurs 
subsequently to, or simultaneously with a station fire alarm, a pi'pe break 

. in the FPS is not considered; however, if the water flow alarm occurs with 
no corresponding station fire alarms, this is considered to be an 
indication of a possible pipe break in that area. The operator may then 
close the Auxiliary Building or Containment isolation valves remotely from 
the Control Room. 

Each of .the two fire pumps. has a rated discharge of 2500 gpm at 135 psi or 
3000 gpm at 125 psi. Each pump is driven by a 282 hp diesel engine mo.unted 
on a structural steel base and controlled by a combined manual and 
automatic panel. A pressure of 105-125 psig is maintained on the ~ntire 
water distribution system by a 5 _hp electric centrifugal booster pump. 
When a water demand reduces the normal pressure to 100 psig, one pump will 
start automatically and run until manually shut off. If one pump is unable 
to maintain pressure, the second pump will start when the pressure drops to 
70 psig. If one fire pump fails to operat~, the second pum~ is started 
automatically and' is capable of supplying the maximum credible demand. 

Fuel for each fire pump is supplied from an.8 hour day tank located in the 
Pump House. The 20,000 barrel fuel oil storage tank supplies fuel to the 
day tanks. It is protected by a mechanical foam system with a fixed 
discharge cone mounted in the tank. The system is supplied from a foam 
generator located in an adjacent enclosure. The system is manually 
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operated, with the isolation valve monitored for open position. The system 
is under pressure at all times and ptisitive operation is assured as long as 
the distribution piping is pressurized by the fire pumps. This system is 

I. 

backed up by hose· 1 i nes from hydrants in the yard. 

9.5.1.2.1.1 Water Protected Facilities and Areas 

The following components of the lubricating oil systems are protected by 
water spray deluge sprinkler systems: 

1. Turbine 1 ubri cati ng oil makeup tank. 

2. Turbine lubricating oil storage tank. 

3. Turbine lubricating oil reservoir, coolers and conditioner. 

4. Seal oil unit • 

5. Feedwater pump turbine lubricating oil coolers and tank. 

· 6. Turbine and inboard generator bearing housings. 

7. Station air compressors. 

8. Reactor coolant pump lubricating·oil systems. 

The Generator Main Transformer banks, 25-4 kV Auxiliary Power Transformers 
and 13-4 kV Station Power Transformers are also protected by water deluge 
sprinkler systems. ,'! 

Automatic recycling water spray deluge systems are provided for the 
following charcoal filter banks:. ci' 

,. 

1. Control room emergency air condi.ti oni ng system. 

2. Auxiliary building exhaust - emergency filter bank . 
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3. Containment pressure-vacuum relief system. 

4. Fuel handling ventilation system. 

5. Iodine removal system (internal cleanup). 

These systems operate on detection of a fire and shut down when the 
charcoal is cooled .. They will restart if the fire re-ignites. These 
deluge. systems have redundant operating solenoid valves;. either of which 
will operate the system. 

Automatic wet pipe sprinkler systems are provided for areas under the 
Turbine Generator where lubrjcating oil might spill or drip from pipe 
leaks. These systems extend from below Elevation 140 feet to below 
Elevation 100 feet at the sides and ends of the Turbine Generator. 

·Wet pipe systems are also provided for the Fire Pump House, Heating Boiler 
House and the Auxiliary and Service Building storage areas. 

All systems are provided with alarms in the Control Room which sound any 
time a system operates. All principal gate valves used to shut off these 
systems are locked in their normal positions and are monitored in the 
Control Room. 

No flooding is anti'cipated because the calculated discharge at any point of 
the Fire Protection System is well below the drainage capacity. 

In Containment there are two (2) deluge water spray systems; one for the 
charcoal filter banks; the other for the oil lubrication systems of the 
reactor,coolant pumps. Accidental flooding of the Containment; due to 
rupture of the water supply, is prevented b~_Class I (seismic) valves 
located inside and outside the. containment wall. The water used for fire 
fighting in the Auxiliary and Containment buildings may become 
radioactively contaminated. In these areas, the largest charcoal filter 
bank deluge system discharges 100 gallons per minute and is arranged to 
shut off one minute after the fire detector resets. A floor drain, _4 
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inches in diameter, in the immediate vicinity of each charcoal filter bank, 
directs the drainage or deluge water to the waste hold-up tanks, ~ither 

directly or via sump pumps. The drain piping system is welded, Schedule 
10, ASTM A312, Grade TP 304 or TP 304 L stainless steel pipe having 
certificates of compliance. The entire drainage system is tested in 
accordance with ANSI 831.1-1967. 

The reactor co?lant pump deluge systems discharges 100 gpm and must be shut 
off manually. The discharge from these systems is directed to two 275 
gallon reactor coolant pump oil drain tanks that are designed to act as oil 
skimming tanks. These tanks retain the oil and allow the water to drain to 
the containment sumps. From there it is pumped by one of two 100 gpm sump 
pumps to one of two 25,000 gallon waste holdup tanks. Assuming that a tank 
is half full when a system starts to operate, it would take two hours for 
the tank to be filled. The sump pump discharge can then be diverted to the 
other holdup tank, or the supply can be shut off remotely at the 
containment wall • 

Water suppression is provided for the charging pumps. Redundant Water 
Suppression Systems are provided for the auxiliary f eedwater pumps. 

9.5.1.2.1.2 Water Protected Facilities Detection Systems 

All deluge systems (except those in charcoal filter banks) are actuated by 
a detection system using fusible pilot line sprinkler heads. These are 
used alternately with thermostatically operated releases in some locations. 
Except for the reactor coolant pump oil lift pump fire protection which is 
an interior system·and is air operated, all the pilot lines are water 
operated on interior systems and air operated on exterior systems. The 
operation of any sprinkler or thermostat releases the water or air pressure 

.and trips the deluge valve. 

Automatic wet pipe sprinklers are actuated by individually fused heads. 

In charcoal filter banks, timed recycling deluge systems are used in order 
to minimize total water discharge. Continuous thermistor strip fire 
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detection tubing is used in these systems and is self-resetting when the 
heat source is removed. When the thermistor strip resets, the valve • 
resets, stopping water discharge after a present minimum time. If the fire 
re-ignites, the system will operate again •. A manual control can override 
automatic operation if necessary. 

The charcoal filter fire detection and water spray actuation circuits are 
supervised by zone and a trouble alarm will occur if there is a malfunction 
in a circuit. Each charcoal filter is assigned to a separate zone and 
therefore, a failure of a circu.it in one zone will not affect the operation 
of .tha fire provisions for the charcoal filters in other zones •. 

The arrangement of the charcoal filter banks offers easy access for manual 
fire fighting in the event that deluge water sho~ld be unavailable. Self~ 

contained breathing apparatus is also readily available. 

9.5.1.2.1.3 Manual Fire Protection (Water) 

Manual fire protection equipment is provided for the following areas and 
facilities: 

1. Hydrants and fire hose are available in the yard surrounding the plant 
for use on any equipment, and as back-up for the water spray systems 
on transformers, sprinkler systems in the Pump House and Heating 
Boil er House and the foam system on the Bulk. Fue 1 Qi 1 Storage Tank. 
These hydrants are accessible at all-times. 

2. The manually-controlled foam system on the Bulk Fuel Oil Storage Tank 
is located ih the yard, away from all buiidings and is accessible at 
all times. 

3. The manually-operated hose stations located in all levels of the 
Turbine-Generator Area are accessible at all times to back up the 
protected equipment and to provide fire protection for any temporarily 
located combustible material in areas which normally contain no 
combustibles. 
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4. ·The manually-operated hose stations in the Service Building are 
accessible at all times to provide back-up for this area. 

The manually-operated hose stations in the Auxiliary Building are 
accessible for back-up of the automatic sprinklers in the Bali.ng and 
Storage areas and for protection against fire in any packing materials, 
etc. not normally present in this building. 

There are manually-operated. hose stations in the containment. These can be 
used for back-up for deluge systems in the Charcoal Filter Banks and the 
oil systems of the reactor coolant pumps. There a.re no other combustibles· 
normally present in the containment. 

9.5.1.2.2 · Carbon Dioxide Supply Distributi.on System 

Carbon dioxide for each section of the· Auxiliary Building is stored in a 10 
ton refrigerated storage tank located near the diesel oil storage tanks at 
Elevation 84 feet. One 750 lb. tank is provided for the generator exciter 
enclosure on each unit. The Bulk C02 storage capacity is sufficient to 
flood the largest zone twice. A diesel compartment or a diesel fuel 
storage room could be flooded 4 or more times. 

The operating and design pressures of the C02 storage tanks in the FPS are 
300 psi and 363 psi, respectively •. The C02 storage tanks have ~ultiple 
safety devices: In the event of failure of the refrigeration compressors, 
an alarm sounds wh·en the tank pressure rises to 325 psi. A bl.eeder 
relieves the pressure ·when it rises to 341 psi, causing the tank to self
refrigerate by boiling off and will lose its charge intermittently for a 

. number of days until the charg'e. is exhausted. If the pressure continues to 
rise beyond the capacity of the bleeder valve a safety valve (one of two} 
wi 11 open at 357 psi. A 1 ow pressure al arm is received at 290 psi. The 
storage tanks are designed and constructed in accordance with the ASME 
Unfired Pressure Vessel Code. 

Diesel oil storage tanks are protected from any C02 tank missiles by 
reinforced concrete walls 2 feet thick and the transfer pumps are protected 
by 1 foot thick walls. 
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A 4 ton tank, used for generator purging, is not connected to any fire 
protection system. This tank also also has a design/operating pressure of • 
363/300 psi. 

A 2 ton tank is provided for fire protection in the structure housing the 
gas turbine unit. 

9.5.1.2.2.1 Carbon Dioxide Protected Facilities 

Automatic C02 systems are installed in the diesel-generator rooms, diesel 
fuel tank rooms, fuel transfer pump rooms and the generator· exciter 
enclosures. Each of these spaces is provided with an independent, once-. . 

. through ventilation system. The use of independent systems enhances the 
effectiveness of the carbon dioxide flooding system in the event of a fire, 
permitting selective flooding i~to a given space without affecting other 
spaces. In the event carbon dioxide is .delivered to a.space, the 
ventilation for that space is automatically terminated. 

The three diesel generators, three diesel engine controJ rooms and two 
· diesel fuel tanks and their pumping units for each unit are in compartments 
separated by fire walls. Each engine compartment and its associated 
control room are on a common fire zone and have a separate line and 
actuating valve from the carbon dioxide supply. 

The exciter housing on each unit houses the end bearing of the generator 
·and is protected by a small carbon dioxide supply unit located below it at 
Elevation 120 feet. 

Manual C02 systems are installed in the switchgear room and electrical 
penetration areas and activation of C02 discharge is by positive action 
valves. Notification of fire in these rooms is by combustion products 
detectors installed in supervised circuits. Failure in the circuit results 
in notification of trouble. Hose and hand chemical extinguishers are 
provided for backup. 
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Carbon dioxide is dispersed into protected areas with wide diffuser 
nozzles. The velocity of the C02 exiting the nozzles is low, even in near 
proximity to the nozzle. Nozzles are located alcing the ceiling or several 
feet below the ceiling, well above the equipment being protected. Thus, 
the effect of C02 impinging.upon the equipment is negligible. In addition, 
electrical equipment is located in cabinets further protecting the 
internals from any direct C02 impingement. 

9.5.1.2.l.2 Carbon Dioxide Protected Facilities Detection Systems 

" Electrically operated thermal rate-of-rise thermostats are used to actuate 
the total flooding cay-ban dioxide systems in the ccimpartments housing the 
diesel generators, their control rooms and fuel tanks. The thermostats are 
wired on a supervised circuit. The exciter enclosures are similarly 
protected. The rate-of-rise element is backed up by a fixed temperature 
element. Failure of the circuit results in notification of trouble.· 
Failure ·af the automatically operated C02 valves leaves manual operation 
possible. Manual C02 operation is backed up by hand-held chemical 
extinguishers and hose. 

All C02 protected areas are monitored by ionization type combustioD product 
detectors. These detectors alarm in the Control Room, but do not actuate 
the carbon dioxide system. 

9.5.1.2.3 Halon 1301 Supply Distribution System 

The Halon 1301 Fire Extinguisher Systems provide an effective and reliable 
. means of extinguishing fires in the Relay Rooms of Units No. 1 and No. 2 

while minimizing the effect on equipment and hazard to personnel. 

Each Relay Room has an independent extinguishing system capable of total 
discharge· of either main or reserve charges of fire extinguishing agent 
within approximately ten seconds of activation. The main and reserve 
charges are of equal size and each consists of eight Halon cylinders, 
divided equally into an east and west bank. Discharge of the selected 
charg~ results in an initial Halon 1301 concentration of 7% by ~olume. The 
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reserve charge is provided to supplement the main charge for the purpose of 
maintaining a minimum Halon concentration of 5% over a minimum time period 
of twenty minutes. The time-concentration capability provides a 
considerable margin of safety in extinguishing difficult electrical fires 
-in the. Re 1 ay Rooms. 

The Halon systems are designed to be activated either automatically or 
manually. Automatic actuation occurs upon receipt of a coincident signal 
from both zones of a. cross~zone Fire Detection System. Manual actuation is 
accomplished by using the remote pull station, located near the Relay Room 
entrance from the Service Building (Elevation 113 ft. or 100 ft.), or by 
utilizing the STRIKE button on the front cover of the Halon control panel, 
located in the corridor between Relay Rooms (Elevation 100 ft.). Also, 
individual discharge of each Halon cylinder, located in the corridor 

between Relay·Rooms (Elevation 100 ft.),. can be affected by depressing the 
pushbutton on the actuator of the cylinder discharge.valves. 

Primary components of the Halon 1301 systems are the main and reserve Halon 
storage cylinders with discharge valves and actuators, Halon discharge 
nozzles, and interconnecting piping. Control panels, housing and nitrogen 
actuation cartridges. are 1 ocated near the storage cylinders in the corridor 
between tbe .Relay Rooms (Elevation 100 ft.). Piping between the control 
panels and the cylinder val~e actuators carries the_pneumatic signal ihat 
discharges the.cylinders. Sample stations (one for each Relay Room) 
located in this same corridor provide the capability to withdraw room air 
samples for measurement of Halon concentration following system discharge. 

9.5.1.2.3.l Halon 1301 Protected Facilities 

The Halon 1301 is installed within the Relay Rooms for Units No. 1 and 

No. 2. 

9.5.1.2.3.2 Halon 1301 Protected Facilities Detection Systems 

The Halon System is activated by a contact from the cross-zone Fire 
Detection System process·ed through the Fi re_ Protection System ·1 ogi c· 
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cabinets. Upon receipt of coincident signals from both zones of the 
detection system, nitrogen actuation gas is r~leased from cartridges 
located within the Halon control panels. The nitrogen pressure actuates 
the Halon cylinder discharge valves and allows Halon to discharge. from the 
cylinders and out through the nozzles located within the Relay Rooms. The 
determination of which charge, main or reserve, is released, is made by the 
position of the MAIN/RESERVE ~witch located near the Halon control panel. 
A pressure switch located in the nitrogen piping leading to the Halon 
cylinder discharge valves provides a signal, upon Halon system actuation, 
to close air conditionin-g·dampers lCAA-31, lCAA-32, lCAA-33, lCAA-34,. lCAF-
202, and lCAF-203, for No. 1 Unit and 2CAA-31, 2CAA-32, 2CAA-33, 2CAA-34, 
2CAF-202, an~ 2CAF-203 for No. 2 Unit, thereby isolating the Relay Room to 
prevent outleakage of discharging Halon gas. This pressure switch signal 
is also used to shut down the battery exhaust fan and to illuminate the 
warning signs at each entrance to the Relay Room and the 11 C02/HALON 
DISCHARGE" light on the Fire Protection System Panel. 

9.5.1.2.4 Fire Separation and Detection Features 

Where possible, equipment is separated to prevent a single fire from 
·damaging both trains of redundant equipment. For example, the two Residual 
Heat Removal pumps are in separate concrete enclosed rooms so that a fire 
in one room cannot progress beyond the room boundary. Also, the two motor 
driven auxiliary feedwater pumps are totally separated from the steam 
turbine driven auxiliary feedwater pump. 

Smoke detectors are placed throughout the plant as required by fire hazards 
analysis. For example, smoke detectors are in the area of power feeds to 
the redun.dant diesel generators; also in the Control Room, and the Relay 
Room. 

9.5.1.2.5 Control Room Area Fire Safety Features 

In order to minimize the potential of fire in the Control Room, Relay Room 
or other electrical equipment rooms, the following safety features are 
provided: 
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1. Ionization type smoke detectors are located in the Relay Room, Control 
Room Console and Control Room ceiling void space. Also, all 
peripheral rooms within the control room complex (within the 3 hr. 
fire rated walls) have automatic smoke detectors. 

2. The Control Room Console· is of steel constructio.n and contains low 
voltage (28 Volt de) control modules, primarily. 

3. Fire-resistant, flame retardant cable of teflon or ethylene-propylene 
rubber, jacketed with neoprene, are employed in the Control Room 
console. 

4. The Control Room is protected from infiltration of air from other 
rooms in the control area and the entire control area is protected 
from infiltration of fire, smoke or airborne radioactivity from other 
areas of the Auxiliary Building by minimum leakage penetration~, 
weather stripped doors, absence of outside windows and maintenance of 
a positive air pressure in the rooms during normal operation. 

5. Smoke and combustibles det~ction devices located in the air 
conditioning unit. ducts provide warning so that steps can be taken to 

· minimize any hazard by operating the system in the proper mode. 

6. Control areas contain a minimum amount of combustible material. 
Physical separation of the equipment and redundant cable paths 
minimize damage in the unlikel.Y event of a fire. Cabling provisions 
related to fire protection are further discussed in Chapter 8. 

9.5.1.2.6 Structure Fire Protection 

The plant is,,constructed entirely of noncombustible materials. Floors and 
walls are reinforced concrete and columns are structural steel. Suspended 
ceilings are noncombustible and suspended by steel hangars. 

The two units are separated by a 3-hour rated fire wall. (except between the 
control rooms on elevation 122') and the two containment structures are 172 
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feet apart on their nearest point. Other areas separated by 3-hour rated 
fire walls are: 

1. Administration and Service Buildings from Turbine Generator area. 

2. Service Building from Auxiliary Building. 

3. Auxiliary Buildirig from Containment. 

4. Fuel Handling Building from Containment. 

5. Diesel Generator rooms from each other and from Auxiliary Building. 

Walls rated at 2-hours separate the Turbine-Generator Area from the main 
and auxiliary transformers, and the indivi.dual transformers. 

The house heating boiler house is protected by sprinklers. It is 33 feet 
from the fire protection and domestic water storage tanks and 240 feet from 
the turbine generator area. 

The bulk fuel oil storage tank is 290 feet from the nearest facility and. 
the demineralized water tanks, and. 400 feet from the turbine generator 
area. 

9.5.1.2.7 Reactor Coolant Pump Oil Drain Tank 

A seismicall¥ qualified lube oil collection system is provided to drain 
reactor coolant pump lube oil to a contained location away from the pump. 
Thus, accumulations of oil near the Reactor Coolant. System pressure 
boundary, with the consequent fire hazard, is prevented. 

9.5.1.2.8 Fire Protection System Power Supply 

1. Fixed Water Spray Fire Protection Systems: 115 Volt AC, backed up by 
static inverters • 
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2. Ionization Detection System: 115 Volt AC, backed up static inverters. 

3. Carbon Dioxide Storage Tank Refrigeration Compressor: 10 ton capacity 
unit, 460 Volt AC. 

4. Carbon Dioxide Storage Tank Refrigeration Compressor: 750 lb. 
capacity unit, 115 Volt AC inverter backed up by 230 Volt AC vital bus 
with step down transformer. 

5. Control Room Annunciators: 115 Volt AC, backed up by static 
inverters. 

6. Carbon Dioxide Flooding Control Systems: 115 Volt·AC inverter backed 
u~ by 230 Volt AC vital bus with step down transformer.· 

9.5.1.3 Design Evaluation 

A reliable water supply of 600,000 gallons is provided and piped to ~11 
levels of all buildings, with the supply lines sectionalized by valves for 
isolation in the event of damage to any section of the line. The 
components, piping, and pump house for the Fire Protection System (FPS) are 
designed to Class III (seismic) standards •. Water spray systems are 
provided at high-hazard locations, with hand hoses available at all other 
points. 

Operation of the FPS does not cause flooding in any Class I (seismic) 
structure, system or component because the calculated 'discharge of any 
FPS system is well below the capacity of the drainage facilities 
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available. In the Containment, t.here are two types of deluge water 

spray systems; one for the charcoal filter banks and the other for the 

Reactor Coolant Pump. System operation is indicated in the control 

room. Any one of the systems in the containment discharges no more than 

100 gpm, which is accomodated by the drainage system. Accidental 

flooding of the containment due to rupture of the water supply is 

prevent by. Class I (seismic} valves located inside and.outside the 

containment wall. 

In addition to the hand hoses available throughout, an adequate comple

ment of wheeled and hand held ex ti ngui she rs a re provided, both carbon 

dioxide and dry chemical, as applicable. 

In areas where carbon dioxide flooding systems are installed, warning 

signs are placed.at entrances, and self-contained breathing equipment is 

readily available • 

The actuation valves in water spray deluge systems a re operated by 

venting either air or water from the top of the valve operator through a 

detector head, thus providing a reliable means of operation. 

Water spray deluge systems, except the recycling systems on the charcoal 

filters, are equipped with means to operate the system on failure or 

damage to the actuating system~ In the event of failure of a· deluge 

valve, an alarm is initiated and the fire can be attacked manually with 

hoses. 

The recycling deluge systems on the charcoal filters have reduntant 

operating solenoid valves, either of which will operate the system. 

Failure of both valves to operate is extremely improbable but if such 

should occur, the activating system alarm will aiert personnel so that 

the fire can be attacked manually with hoses • 
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Water spray deluge systems in the Turbine-Generator Building have 

surrounding adjacent wet pipe sprinkler systems which will operate to 

preveri t the spread of fire. 

Detection systems are provided in conjunction with the protection and in 

areas where no automatic protection is provided. The station buildings 

and grounds are divided into fire protection zones with each zone 

equipped with fire detectors and/or manual fire alarm stations. Coded 

fire alarms will 5ound over the public.: address system upon detection of 

a fire or a pulled fire alarm to alert station personnel. The operator 

will also have zone indication alarms available in the C.ontrol Room. 

The separate detection circuits provided for each fire protection zone 

are supervised and will alann in the Control Room in the event of detec

tion circuit malfunction. The failure of a detection circuit will not 

affect the detection circuits of other zones. ·All areas are equipped 

with manually-actuated fire alarm stations in addition to the automatic 

detectors. Malfunction of a manual fire alarm station circuit may 

actuate a fire alarm signal in the control room. 

A failure in the audible alarm circuitry will cause inoperability of the 

coded fire alarm signals which are heard on the public address system. 

However, zone indication will still be available to the operator in the 

Control Room. Conversely, loss of zone indication alarms in the Control 

Room will not affect the coded fire alann signals. 

The station fire brigade will receive periodic instruction in fire

fighting techniques and fire drills will be held periodically. The fire 

brigade will have portable radios with necessary repeater stations to 

assist in communications. Manual access for fire fighting is provided 

by exhaust ventilation systems which provide for smoke and heat removal. 
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9.5.1.4 Compliance With 10CFR50 Appendix R 

Appendix R to 10CFR50 requires certain features to be backfitted into 
the FPS, even if the FPS had been previously approved by the NRG. The 

Salem FPS was approved in the Fi re Protection Safety Evaluation Report 
dated November 20, 1979. The provisions of Appendix R which apply to 
Salem are the following: 

1. Fi re Protection of Safe Shutdown Capability (Appendix R III.G). 

2. Emergency Lighting (Appendix R III.J). 

3. Oil Collection System for Reactor Coolant Pump (Appendix R III.O). 

Public Service has complied with these requirements as noted in the 
following sections. 

9.5.1.4.1 Fire Protection for Safe Shutdown 

In order to determine that the Salem Plant's safe shutdown capability is 

protected from fire, an analysis was performed and documented in a 

report titled "Safe Shutdown and Interaction Analyses" dated September 

1981 and in a report supplement dated June 1982. As well as documenting 

the evaluation of the fire protection features, the report al so 

documented a number of design changes which would be made in order to 

enhance safe shutdown capability. These changes include installing fire 

barriers and radiant energy shields, where appropriate, to provide 

separation of the safe shutdown redundant trains where required. 

Another design change provides alternate shutdown capability. This 

includes procedural measures and installation of new instrumentation to 

monitor plant shutdown from outside the relay room and control room. 
Separate power supplies and signal conditioners are also installed 
exclusively for the alternate shutdown capability. 
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In a letter dated March 19, 1981, concerning compliance with fire 

protection bac kfi t i terns, PSEG requested four exemptions from the 

requirements of lOCFRSO, Appendix R, Section III.G. One of these 

requests regarding fire protection for the auxiliary feedwater pump room 

was later withdrawn. The following requests were approved in a 

commission order dated September 16, 1982: 

1. Use of fire doors and/or fire dampers rated for 1-1/2 hours rather 

than a three hour fire barrier as required by .Item III.G.2a. 

2. Substitution of portable fire extinguishers for a fixed fire 

suppression system in the control room area as required by Item 

III.G.3. 

The final exemption request is for the use of one hour fire barriers in 

some areas without an automatic fire suppression system as re qui red by 

Item III.G.2c. To support this request, a (final) report entitled, 
11 Fi re Protection Program - Area by Area Analyses to Support Exemption 

Request, 11 was submitted by letter dated April 29, 1982. Supplemental 

infonnation was submitted by letter dated November 1, 1982 • 
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In a letter dated March 19, 1981, concerning compliance with fire 
protection backfit items, PSEG requested four exemptions from the 
requirements of lOCFRSO, Appendix R, Section III.G. One of these 

requests regarding fire protection for the auxiliary feedwater pump room 
was later withdrawn. The following requests were approved in a 
commission order dated September 15, 1982: 

1. Use of fire doors and/or fire dampers rated for 1-1/2 hours rather 
than a three hour fire barrier as required by Item III.G.2a. 

2. Substitution of portable fire extinguishers for a fixed fire 

suppression system in the control room area as required by Item 
III.G.3. 

The final exemption request is for the use of one hour fire barriers in 
some areas without an automatic fire suppression system as required by 
Item III.G.2c. To support this request, a (final) report entitled, 

"Fire Protection Program - Area by Area Analyses to Support Exemption 
Request, 11 was sub~itted by letter dated April 29~ 1982. Supplemental 
information was submitted by letter dated November 1, 19~2. This 
exemption request was approved in a Commission letter dated June 17, 
1983. 

In Generic Letter 83-33 the NRC Staff took an interpretation of 
Appendix R which deviated significantly from the definitions used by 

PSEG up to that point. Plant-specific definitions used by PSEG had been 
developed following the criteria used by the Staff in their earlier 
review of the Salem fire protection program. As a result, additional 
exemptions were requested in a letter dated January 31, 1984, (Liden to 
Varga). The requested exemptions are of the following general types and 
seek relief from the explicit wording of Appendix R as interpreted in 
Generic Letter 33-33: 

A. Use of area wide automatic suppression and/or detection system. 

B. Certain area boundaries not 3-hour rated • 
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C. Less than 20 foot sep~ration between major pumps. 

D. Use of manually-actuated suppression system. 

E. One hour barriers and/or extent of cubicle separation 
between co~ponents. 

Durin~ January 1934 the NRC Staff and its consultants performed a 
cornprehensive inspection of Unit 1 to assess compliance with 

Appendix R. In a letter dated January 27, 1984 (Liden to Varga) PSEG 
responded to concerns identified by the review team and concluded that 

none represented a significant degradation of the fire protection 
program. 
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9.5.1.4.2 Emergency Lighting 

The required _features are described in Section 9.5.3. 

9. 5.1.4.3 Reactor Coolant Pump Oi 1 Collection System 

The required features are described in Section 9.5.1.2. 

9.5.1.5 Tests and Inspections 

All open head deluge systems are tested manually and automatically at 

full flow when installed. Systems are tested annually thereafter, with 

every valve being tripped at 1 east once. 

Fire pumps are initially tested at rated capacity and 150 percent of 

rated capacity with flow monitored at discharge nozzles and calibrated 

orifice meters simultaneously. Subsequent tests are performed -with 

'water recirculating to the tanks rather than discharging outside. Fi re 

pumps are tested weekly, using recording gages to monitor the operation. 

Carbon dioxide systems are tested at full flow at installation. Tank 

levels are monitored in the Control Room. 

All of the fire detection systems are of the supervised circuit type. 

In this way a continuous check is made of the operability of all 

circuits. 

9.5.2 COMMUNICATIONS SYSTEM 

The plant communications systems provide an effective means to coordin

ate activities during conditions of normal operation, maintenance -and 

accidents • 
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9.5.2.1 Page-Party System 

The Page-Party system is a completely transistorized voice communication 

system which is capable of operation in extreme environmental conditions 

such as dust, moisture, heat and noise. The system consists of two 

separate and independently wired communication channels are provided for 

page and party. 

The page channel is connected to all plant loudspeakers and may"be used 

to call personnel or issue plantwide instructions. Also~ a multi-tone 

generator pro vi des procedural and a 1 ann signals which can be broadcast 

throughout the plant. Examples of such signals are start and stop 

whistles, lunch, fire, and radiation alert. The page channel can also 

be used for direct communication between individual personnel at separ

ate handset 1 ocations, however, this conversation will be heard over all 

unsilenced speakers. 

The party 1 ine is used to carry on conversations which can be heard by 

anyone picking up a heandset. While the party line is in used others 

can utilize the page channel. Simultaneous conversations can take 

place, one on each channel. 

Closed channel communication is provided between fuel 1 oading areas 

(Reactor Containment, Fuel Handling Building and Control Room} by means 

of separately wired page and party line connected between these l oca

tions for closed circuit communications. 

Power for the communication system is 120 volt A. C., inverted from a 

D. C. source. This is to insure the continuous availability of plant 

wide communications during a power failure and to provide uninterrupt

abl e communications with the Newark Load Dispatcher. If the inverter 

fails, power will be derived from a 230 V AC vital bus. 
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9.5.2.2 Telephone System 

Three telephones are located in each Control Room. Two of them are 

direct lines to the Load Dispatcher and the other is a house phone. 

Direct lines are also provided in the Aministration Building Conference 

Room and tie in directly to the New Jersey Bell Telephone Company. 

·These lines are for emergency use and insure communications between the 

Conference Room and the Telephone Company. 

In addition, an interface amplified assembly is provided to pennit the 

Newark Load Dispatcher to transmit voice instructions directly over the 

station page line, via a telephone link to the plant. 

9.5.2.3 Closed Circuit Television System 

A closed circuit TV system provides intennittant television monitoring 

of equipment inside containment. Portable underwatr television equip

ment is provided for the .Fuel Handling Building and for scanning the 

inside of large vessels~ 

Iach containment building has three television cameras mounted on the 

containment liner, 120 degrees apart, at an elevation of approximately 

20b feet. Each containment camera has a zoom lens and a pan and tilt 

control unit. Each containment camera is provided with a 14 inch 

television monitor in the Control Room. Below each television monitor 

there is a control panel for operating the television camera, the zoom 

lens and the pan and tilt unit. Al so, adjacent to the T. V. monitors 

there is a switch for turning the lights in the containment on and off. 

Underwater equipment consists of four underwater cameras each with its 

own zoom lens, pan and tilt unit and 9 inch monitor. Two sets of 

portable lights a re provided for underwater i 11 umi nation. Monitors and 

camera controls are mounted on a movable T. V. table 
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Video tape recorders are provided with any of the T. V. cameras. 

9.5.2.4 Radio Repeater System 

A system of portable transceivers and fixed repeaters is provided for· 
the fire briga.de. 

9.5.3 LIGHTING SYSTEM 

The lighting system provides necessary illumination for day-to-day plant 

operation and adequate illumination for safe shutdown and personnel 

safety. 

9.5.3.1 Emergency Lighting 

Power for emergency lighting within the plant is distributed by Lighting 

Distribution Panels (LOP) lELD and lELC (2ELD and 2ELC for Unit 2). LOP 

!ELD ( 2ELD for Unit 2) contains two separate di stri buti on buses. One 

bus within LOP !ELD (2ELD) is supplied either from Lighting Inverter 11 

(21) or from 2309 volt AC vital bus lA (2A) through a lighting trans

former. A bus transfer switch in the output of inverter 11(21) auto

matically switches from the inverter output to AC vital bus lA (2A) if a 

loss of inverter output power is sensed. Lighting Inverter 11(21) is 

powered by battery lA (2A). The second bus within LOP !ELD (2ELD) is 

supplied in a similar manner from Lighting Inverter 12 (22), 230 volt AC 

vital bus lB (28), battery 1B (28) and a bus transfer switch. LOP lELC · 

(2ELC} is powered from lighting inverter 13 (23) and 230 volt AC vital 

bus 1B (28), with automatic switchover accomplished by a bus transfer 

switch in the same way as described above. Inverter 13 (23) receives 

power from an auctioneering rectifier circuit which is powered from 

battery lA {2A} or 230 volt AC vital bus lC (2C}. 

Areas of the plant requiring operator access for safe shutdown are 

provided with self-contained emergency lights. These units are battery 

powered and have an 8 hour capacity. The battery supports are designed 

to withstand seismic forces. 
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9.5.3.2 Normal Lighting 

Power for nonnal lighting within the plant is distributed through 12 
lighting distribution panels (LDP) and 61 lighting panel boards (LP). 
Normal lighting LDPs in the main plant receive power from 4 KV buses lH 
and lF (2H and 2F for Unit 2) and substations lHL and lFL (2HL and 2FL 
for Unit 2). One Lighting Panelboard in the reactor area of each unit 
is cross fed from the opposite unit substation (lFL for Unit 2 and 2FL 
for Unit 1). Most of the LPs are fed from LDPs; however, LPs serving 
the following areas receive power from local motor control centers: 
Service Water Intake Area, Circulating Water Intake Area, Fire Pump 
House, Heating Boiler House, Guardhouse and Guardhouse Extension. 

In most area where mercury vapor or fluorescent l i ght1 ng is used, such 
as in the Turbine Building and Auxiliary Building, lighting is switched 
directly from the LP's. However, in the Reactor Containments, Fuel 
Handling Areas, Service Building, and Administration Building, speci"al 
switching arrangements have been provided. 

Containment Area Lighting is controlled by lighting contractors located 
on Elevation 64 in the Auxiliary Building. These contractors can be 
switched from personnel hatches and from the Control Rooms. Remote 
switching is provided because of the i naccessi bi l ity of the Containment 
Areas while the Reactors are in operation and the occasional need for 
closed circuit TV surveillance. 

Lighting in Fuel Handling Areas (which are normally unoccupied) is 
controlled from a panel located in the electrical equipment room on 
Elevation 100. Lighting for building access is controlled from switches 
located near the equipment room doors and at the door on Elevation 130 
entering staircase No. 10 (No. 1 Unit) and staircase No. 11 (No. 2 Unit). 

Conventional commericial building switching arrangements are employed in 
office and laboratory areas such as those located in the Administration 
and Service Buildings • 
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9.5.4 DIESEL GENERATOR FUEL STORAGE AND TRANSFER SYSTEM 

The diesel fuel oil system stores and supplies the diesel generators 
with No. 2 diesel fuel. The system flow diagram is shown in Figure 

9.5-2, and also includes other portions of the fuel oil system. The 
diesel generator fuel oil system is Seismic Class 1. 

The 30,000 gallon Fuel Oil Storage tanks per unit are the source of fuel 

oil supply for the diesel generators. These tanks can be filled from 

the 20,000 barrel Fuel. Oil Storage tank or via the emergency truck con.:.. 

nection provided in the diesel generator area. Each 30,000 gallon fuel 

oil storage tank can supply one diesel with enough oil to run it for 
se ve n days at fu 11 l oad • 

Each diesel draws fuel from its own 550 gal. diesel day tank located 
above the engine on the 120 ft. elevation of the Auxiliary Building. 

Day tanks are accessible only by ladder from the diesel engine room. 

Two fuel oil transfer pumps per unit are used to transfer fuel oil to 

the diesel day tanks from four 30 ,000 gal. storage tanks· 1 ocated on the 

84 feet level of the Auxiliary Building. Each of the fuel oil transfer 

pumps·has a REGULAR-BACKUP selector switch and an OFF-AUTO-MAN selector 

switch.· Level switches in·each day tank start one of the two fuel 

transfer pumps when oil level in any day tank falls below one-third 

full. The transfer pump continues to operate until all three day tanks 

are full. Should the transfer pump fail to operate and lev.el drops to 

one-fourth capacity, another level switch will give a 11 FUEL OIL DAY TANK 

LEVEL LOW
11 

a 1 ann and start the backup fuel transfer pumps. Should the 
pump fail to shut off when all tanks are full or should oil in one tank 

reach the tank overflow, a level switch wi 11 stop the transfer pump and 
give a "Fuel Oil Day Tank Level High" alann. A gage glass is also 
installed on the side of each day tank. 
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Fuel oil is supplied by gravity to the engine mounted fuel oil booser 

pump by two parallel· 1 ines whfch join at the inlet to the primary duplex 

filter. The pump discharges 5 gpm at 40 to 45 psi and a relief valve on 

the discharge will bypass fuel to the inlet of the pump if pressure 

exceeds 75 psia. From the pump the fuel is filtered again by the 

secondary duplex filter and is supplied to the individual fuel oil 

injection pumps. A pressure regulator maintains fuel oil pressure in 

the engine fuel oil header. The regulator diverts oil to the day tank 

if header pressure exceeds 45 psi. 

Local pressure gages are provided to read pressure drop across the 

primary and secondary filters, fuel oil header pressure, and both fuel 

transfer pump discharges. 

Measures have been taken to satisfy the intent of the fuel oil quality, 

asurance requirements of Regulatory Guide 1.137, Position C.2.b. In 

addition to classifying diesel fuel as a safety-related material within 

the Salem quality assurance program, the following procedural require

ments have been specified: 

1. A fuel oil sample is taken from each truck delivering fuel oil to 

Salem, except when several trucks·arrive at once, a minimum of 1 in 

. 4 trucks is sampled. 

2. All newly received fuel oil is pumped into the 20 ,000 barrel Fuel 

Oil Storage Tank. Fuel Oil in third tank is sampled at least once 

every 30 days. 

3. Fuel oil in each of the four 30,000 gallon Diesel Fuel Oil Storage 

Tanks is sampled as required by the Salem Technical Specifications. 

4. All fuel oil samples taken in items 1-3 above are sent to an inde

pendent laboratory within 48 hours of the time the sample was· 

taken. The analysis performed by the laboratory will be consistent 
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with Regulatory Guide 1.137 and the analysis report is submitted to the 

Salem Station within 30 days of receipt of the sample at the 

laboratory. If reports indicate that fuel oil quality is not within 

acceptable limits, appropriate action will be taken to restore it to 

within acceptable limits. 

5. Fuel oil deliveries, samples taken and related analysis reports will 

be logged at the station. 

9.5.5 DIESEL GENERATOR JACKET WATER COOLING SYSTEM 

The jacket cooling water system controls the operating temperature of 

the diesel engine by removing diesel engine heat. The jacket water 

cooling system is Seismic Class 1. 

Thw engine driven jacket water pump circulates cooling water through the 

engine manifold and turbocharger, to a 3-way thennostatically controlled 

• 

valve. The 3-way valve is set to maintain engine water temperature at • 

170°F. If water temperature sensed at the suction to the jacket water 

pump is high, the valve automatically directs the system water through 

the jacket water heat exchanger where it is cooled by the Service Water 

System. If the water temperature is 1 ow, the valve automatically 

bypasses the jacket water heat exchanger. Temperature switches are 

provided at the manifold outlet to give a "Jacket Water High Tempera-

ture:" alarm if water temperature exceeds 175°F and to trip the diesel 

if water temperature exceeds l 95°F. 

Make-up water to the jacket cooling water system is supl ied to the 

expansion tank from the station demineralized water system. Control of 

the make-up water flow is provided by a ball-float valve-mounted inside 

the expansion tank. A gage glass and a level switch for an "Expansion 

Tank and a level switch for an "Expansion Tank Hi-Lo Level" alarm are 

provided. 
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Immersion heaters are installed in the engine water manifold to maintain 

water temperature near 120°F. The heaters are controlled by a tempera

ture switch ti.at erie~izes the heaters when water temperature drops 

below 90°F and deenergizes the heaters when the temperature exceeds 

12U°F. A second temperature switch gives a "Jacket Water Heater 

Failure" alarm if the water temperature falls below 80°F or exceeds 

130°F with the diesels in a shut-down conditions. The jacket water 

system is also supplied with an after-cooler heater. This 2 Kw thenno

statically controlled heater maintains water temperature in after-cooler 

piping when engines are not in operation. 

9.!.i.L uIESEL Gl:.NERATOI< STARTING AIR SYSTEM 

The starting air system supplied compressed air to the diesel engine air 

starting motors. Tile starting air system is seismic class 1. 

The starting air system for each diesel generator consists of two motor 

driven air compressors and two starting air receiver tanks. Each 
... 

receiver is sized to hold sufficient air for three cold diesel starts. 

Compressors are designed for automatic unloading at start-up and can 

operate either in the manual mode or in the automatic mode with unload

ing controlled by air pressure in the receiver tanks. 

A pressure switch located at the compressor disctiarge starts the com

pressor when receiver air pressure falls below 225 psig and stops the 

compressor when pressure reaches 250 psig. The discharge line is pro

tected by a relief valve set at 275 psi and the receivers are protected 

by relief valves set at 260 psi. 

Each diesel generator is equipped with four air start motors all of 

which in an emergency can be supplied by a single receiver In additon, 

receivers are interconnected so that they can be filled by either or 

both compressors. If necessary, the diesel can be started by any two 

r.iotors . 
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Air from the receivers is fed through regulator valves, which reduce 

pressure to 150 psig, to the air system solenoid valves. At the initia
tion of a start, ti1e solenoid valves open, supplying air to the ruotors. 
The air supply is shut off after ignition has been sensed by pressure 
switches located on the discharge of the jacket water pump. 

Testing provisions include the capability to test, individually, the 
air-start solenoid valves and the turbo-boost solenoid valves. 

Low pressure in the air receivers is sensed by pressure switches mounted 
on the starting air header and an 11 Air Receiver Pressure Low: alarm is 
generated at 90 psig. 

9.5.7 DIESEL GENERATOR LUBE OIL SYSTEM 

The lubricating ?il system circulates, cools and filters lubricating oil 

for each diesel generator engine. An engine-driven lube oil pump takes 

suction from the lube oil sump tank in the engine and discharges through 
the lube oil filter to a 3-'v'JaY thermostatically controlled valve. The 
3-way valve is designed to maintain the lube oil temperature at about 
l80°F. If lube oil temperature is higher than 180°F, the valve auto

matically directs the lube oil through the lube oil heat exchanger where 

it is cooled by the Service Water System. If lube oil temperature is 
lower than l80°F, the valve automatically by-passes the lube oil 
cooler. A temperature switch, at the discharge of the engine driven 
lube oil pump gives a 11 LUBE OIL HIGH TEMPERATURP alarm if oil tempera
ture exceeds 190°F and trips the engine if oil temperature exceeds 205°F. 

From the 3-way valve, lube oil passes through a duplex strainer before 
reentering the engine and supercharger·. Once the lube oil has completed 
its path through the engine, it is collected in the lube oil sump tank. 

A reli~f valve on the discharge of the main lube oil pump is designed to 
protect the pump in case of a line restriction by .relieving oil to the 
engine if discharge pressure exceeds 130 psi. 
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A motor-driven pre-lube pump provides backup to the main shaft driven 
pump. A pressure switch located in the main engine lube oil inlet 
header energizes the pre-lube pump if header pressure falls below 60 
psi. An add it ion al pressure switch gives a 11 Lm~ ENGINE LUBE OIL HEADER 
PRESSURE 11 alarm. If the pre-start pump malfunctions and pressure 
continues to fall, two parallel pressure switches trip the engine if 
either senses that oil pressure has dropped below 40 psi. 

The primary purpose of the pre-start lube pump ·is to circulate lube oil 

through the system after the diesel has been shutdown to cool off the 
oil. Another function of the pre-lube purnp is to provide oil pressure 

during periodic testing of the diesel. This permits oil to coat the 
critical parts of the engine prior to starting, thus reducing wear. 
When the diesel is started, the pre-lube pump automatically cuts out as 
soon as the engine boosts the lube oil pressure to its normal operating 
pressure. 

Lube oil heaters are supplied to maintain lube oil temperature at 120°F 

for easier starting when engines are in standby condition. A tempera
ture switch located at the inlet to the lube oil filter energizes the 
heater when lube oil temperature drops below 90°F and shuts off when 
lube oil temperature rises above 120°F. An additional temperature 

switch gives a "Lube Oil Heater Failure" alarm if lube oil temperature 
falls below 80°F or rises above 130°F. 

Two level switches provide an alarm when crankcase oil level falls to a 

low level or rises to a high level • 
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