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Inspection Summary: Announced Safety Inspection on July 8 - 12. 1991 (Combined 
Inspection Report Nos. 50-272/91-21and50-311191-21) 

Areas Inspected: Licensee actions in response to the "Programmed Enhancements" described 
in Generic Letter (GL) 88-17, "Loss of Decay Heat Removal." The inspection reviewed 
instrumentation, procedures, Technical Specifications, plant hardware, and plant staff 
awareness as related to reduced reactor coolant system (RCS) inventory operation and general 
operation of the residual heat removal (RHR) system. 

Results: The inspector found that all programmed enhancements described in GL 88-17 were 
implemented at the .Salem Station with the exception of the completion of the modification for 
the permanent RCS level indication and RHR system indication during the 6th (Unit 2) and 
10th (Unit 1) refueling outages (Unresolved Item 50-272/91-21-01, 50-311/91-21-01). In the 
area of training, three commitments were made by the Outage Manager and Training 
Supervisor. This is documented in section 1.4 of this report. 
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DETAILS 

1.0 Review of Licensee Action in Response to Generic Letter (GL) 88-17. Loss of Decay 
Heat Removal (TI 2515/103) 

Loss of residual heat removal (RHR) and the consequences of such a loss are of 
concern to the NRC. Many such events have occurred during Reactor Coolant 
System (RCS) draining, operation in reduced inventory, or mid-loop condition. (A 
reduced inventory condition exists when the RCS water level is lower than a nominal 
three feet below the reactor vessel (RV) flange. A mid-loop condition exists when the 
actual water level is below the top of the hot leg flow area at the junction of the hot 
leg with the RV.) These events often occur when the RCS and containment are both 
open. A loss of core radionuclide inventory under these conditions could lead to a 
release to the environment. 

GL 88-17 informed the licensees of operating pressurized water reactors to respond 
with their plans for the following: 

a. A short-term program entitled "Expeditious Actions," and 

b. A long-term program entitled "Programmed Enhancements." 

The GL stated that the hardware installation and/or modification for the programmed 
enhancements, should be implemented: 

a. either by the end of the first refueling outage that is initiated 18 months or later 
following receipt of the letter 

b. or by the end of the second refueling outage following receipt of this letter, 
whichever occurs first. 

A shutdown for refueling initiated as of the date of receipt of the letter, was counted 
as the first refueling outage, for this purpose. 

Programmed enhancements that do not depend upon hardware changes were to be 
implemented within 18 months of receipt of the letter. Public Service Electric and 
Gas Company provided the following responses: 

Expeditious Actions 
Programmed Enhancements 
Programmed Enhancements Revisions 
Programmed Enhancements Final Revisions 

January 6, 1989 
January 27, 1989 
October 23, 1990 
December 28, 1990 

The NRC staff reviewed the above letters and documented their comments in NRC 
letters dated June 12, 1989, July 5, 1989, and January 24, 1991. 
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The NRC staff reviewed the implementation of the expeditious actions as detailed in 
Inspection Report Nos. 50-272/89-07 and 50-311/89-06. The inspectors found that 
the licensee was prepared to implement all expeditious actions. 

The purpose of this inspection was to assess the adequacy of the licensee's long term 
actions for GL 88-17. The details of this review for each of the programmed 
enhancements are given below. 

1.1 Instrumentation for Mid-loop Operation 

Generic Letter 88-17 recommended at a minimum, to provide the following in the 
Control Room (CR): 

a. two independent RCS level indications, 

b. the capability of continuously monitoring RHR system performance whenever a 
RHR system is being used for cooling the RCS, 

c. at least two independent temperature measurements representative of the core exit 
whenever the Reactor Vessel (RV) head is located on top of the RV, and 

d. visible and audible indications of abnormal conditions in temperature, level, and 
RHR system performance. 

1.1.1 RCS Water Level and RHR System Monitoring 

Licensee response (12/28/90) - RCS Water Level. Salem presently recalibrates two 
independent RCS loop flow transmitters to provide continuous RCS level indication in 
the CR. This arrangement meets the guidance of GL 88-17, and provides the primary 
indication of RCS level during mid-loop operations. Local tygon tubing is a 
redundant and diverse level indicator used to verify the accuracy of the control room 
indicators. LOcal indication is not continuous; field operators periodically valve it in 
to obtain a reading. 

PSE&G intends to measure RCS level by installing differential pressure transmitters 
connected to the RCS sample lines of loops 1 and 3. The other port of both 
transmitters will be connected to the vent line in the pressurizer spray piping. The 
RCS sample lines connect to the hot leg at a point lower than the minimum RCS level 
allowable during mid-loop operation. Transmitter outputs will be connected to the 
Plant Computer (P-250). Display and alarm functions will be provided on the P-250 
CRT located on the control console. 

RCS level measurement instrumentation is a permanent installation. This replaces the 
current method of recalibrating RCS flow transmitters to monitor RCS level during 
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mid-loop operation. Figure 1 (of the licensee response) provides a conceptual drawing 
of the new transmitter installation. 

PSE&G plans to fully implement these changes by the end of the 6th refueling outage 
for Unit 2 (fall of 1991) and the 10th refueling outage for Unit 1 (spring of 1992). 

Inspection findings. The current RCS level instrumentation, CR indication, and 
alarms, were inspected, documented in Inspection Report Nos. 50-272/89-07 and 50-
272/89-06, and found to meet the GL expeditious actions. As stated above, the new 
level modification, will provide for a permanent level indication and will be completed 
before the end of the next Salem Units 1 and 2 outages. 

Licensee response (12/28/90) - RHR System Monitoring. RHR system monitoring 
includes several parameters: RHR pump suction pressure/discharge pressure/motor 
amps, RHR flow and RCS level. Most of these parameters are presently displayed in 
the Salem control room; although not in one concise location. 

PSE&G intends to utilize the P-250 Plant Computer for this monitoring function. The 
P-250 currently monitors RCS temperature and RHR pump discharge flow. RCS level 
and RHR pump suction pressure/discharge pressure/motor current will be added to this 
system. 

RHR pump discharge pressure and motor current are presently displayed on the 
control room console. These data points will be routed to the Plant Computer. RCS 
level and RHR pump suction pressure signals will originate from transmitters not 
currently installed. RCS level instrumentation was discussed above. RHR pump 
suction pressure will be provided by a transmitter connected to the RHR pump suction 
line. 

Figure 2 (of the licensee response) provides a conceptual drawing of the new 
transmitter installation. The licensee plans to disconnect this transmitter from the RCS 
during plant operation. Display and alarm functions will be provided on the P-250 
CRT. 

PSE&G plans to fully implement these changes by the end of the 6th refueling outage 
for Unit 2 (fall 1991) and the 10th refueling outage for Unit 1 (spring of 1992) . 
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Inspection findings. The inspector observed the following: 

RHRP discharge flow - displayed on CR console and displayed on P-250. Alarms in 
the back of the CR, P-250 screen shows RHR alarm and typewriter prints out the 
specific alarm. 

RHRP motor amps - displayed on CR console; no alarms 

RHRP discharge pressure - displayed on CR c·onsole, audible alarm on panel for 
discharge pressure high. 

RHRP suction pressure - Currently no display and no alarm. 

As stated above, PSE&G plans to add displays for RHR pump suction 
pressure/discharge pressure/motor current that will be added to the P-250 plant 
computer system, by the end to the 6th (Unit 2) and 10th (Unit 1) refueling outages. 

These item will remain unresolved pending the installation of the permanent level 
indication, completion of the computer displays for the RHR system indicators and 
completion of any associated procedure revisions (Unresolved Item 50-272/91-21-01, 
50-311/91-21-01). 

1.1.2 Core Exit Temperature 

Licensee response (1/27/89). Salem utilizes bottom mounted instrumentation to 
monitor the core exit temperature. There are 58 bottom mounted thermocouples, 
which are normally removed prior to mid-loop operation. PSE&G has established 
administrative controls to ensure that at least two of the thermocouples are maintained 
operable when in a reduced inventory condition. These thermocouples provide a 
continuous temperature indication to the plant process computer CRT, which is 
available for the operators direct use in the control room. 

Inspection findings. The core exit instrumentation, indication, and alarms, were 
verified to meet the requirements of the GL expeditious actions in inspection report 
nos 50-272/89-07 and 50-311/89-06. The requirements of the GL programmed 
enhancements were also met during that inspection. The only change made since that 
inspection report was the temperature alarm setpoint which was set at 200 °P and is 
now set at 140 °P due to engineering analysis. 

1.2 Procedures 

GL 88-17 recommended procedures and controls to cover both normal and off-normal 
operation during reduced inventory operation and the establishment of the basis for 
entry into a reduced inventory condition. These procedures were to cover operation 
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of the NSSS, the containment, and supporting systems under conditions for which 
cooling would normally be provided by RHR systems. 

Licensee response (1127/89). (a) The RCS drain down procedure (OI II-1.3.6) 
provides guidance on operation of the NSSS, the containment and supporting systems 
under reduced RCS inventory. This procedure is generally reviewed prior to entering 
an outage for any revisions necessitated from prior experience or other regulatory 
requirements. This procedure provides initial conditions for containment closure 
conditions, availability of ECCS equipment ano associated flow paths, and RHR 
support systems such as component cooling and nuclear service water systems. 

(b) The operation of the NSSS with reduced RCS inventory under loss of RHR 
conditions is covered by abnormal operating procedure AOP-RHR-2. This 
procedure provides guidance on containment closure, NSSS monitoring, gravity 
feed and ECCS makeup, containment evacuation, RHR restoration, decay heat 
load, establishment of secondary side heat removal and feed and bleed operation 
of the RCS. Appropriate training has been conducted on this procedure. 
Procedure changes and training on these changes are implemented on a continuing 
basis as Salem specific and industry experience is obtained and as new 
information is developed by the Westinghouse Owners Group (WOG). 

(c) Salem management is fully involved during outage conditions, especially reduced 
inventory conditions. The outage managers provide extensive coverage as the 
Shift Outage Managers and conduct outage meetings three times a day. These 
outage meetings are used to provide updates on work in progress and provide 
necessary direction to outage personnel on critical issues. During reduced 
inventory conditions these meetings are also used to emphasize and stress reduced 
inventory precautions and to communicate the possible emergency actions that 
could be required of them. Additionally the Shift Supervisors review with the 
outage Containment Coordinators all jobs with potential impact on RHR 
operation. The Shift Supervisors exercise control over all jobs in process during 
reduced inventory conditions and have been trained on the loss of RHR concerns 
including the Diablo Canyon incident. 

Salem administratively assures that the time from shutdown prior to reduced RCS 
inventory is at least 72 hours. RCS makeup equipment is aligned and available as 
required by the procedures. Administrative controls also are used to control 
various other jobs on primary systems to minimize the potential for loss of RHR. 

Salem normal procedures, abnormal procedures and administrative controls have 
been reviewed and revised to ensure that reduced inventory concerns and controls 
are addressed. PSE&G is participating in Westinghouse Owners Group activities 
and will implement appropriate improvements that are identified in the industry 
effort. 
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Inspection findings. The inspector reviewed the following procedures for both Unit 1 
and Unit 2: 

OP-II-1.3.6 Draining the Reactor Coolant System (Ul-Rev 15), (U2-Rev 8) 

AOP-CONT-2 Containment Closure on Loss of RHR (Ul-Rev 1), (U2-Rev 0) 

AOP-RHR-1 Loss of RHR Cooling (Ul-Rev 2), (U2-Rev 2) 

AOP-RHR-2 Loss of RHR Cooling - RCS Level Below Elev. 101 ft (Ul-Rev 2), 
(U2-Rev 1) 

For each of the above procedures, the inspector verified that the precautions, 
limitations and entry conditions to MLOs were technically adequate and met the 
recommendations of GL 88-17. 

1. 3 Analyses 

GL 88-17 recommended analyses to provide a basis for procedures, instrumentation 
installation and response, and equipment/NSSS interactions and response. A complete 
understanding of NSSS behavior under shutdown operation was indicated to be the 
objective. 

Licensee response (10/23/90). PSE&G previously committed to creating an 
Engineering Standard to supplement the Westinghouse Owners Group (WOG) analysis 
documented in WCAP-11916. This standard would have been the basis for Salem 
procedures, instrumentation, equipment and NSSS interactions. 

PSE&G contracted with Westinghouse to develop a Salem specific mid-loop analysis 
report. The WOG subsequently issued Abnormal Response Guidelines (ARG-1), to 
assist utilities in creating WCAP based recovery procedures for loss of decay heat 
removal. WCAP-11916, WOG ARG-1 and the Salem specific report presently 
provide our mid-loop operation basis. 

PSE&G has decided to forego an Engineering Standard and maintain all mid-loop 
related analyses as stand alone documents. These stand alone documents will be 
references in the RHR system Configuration Baseline Document. PSE&G plans to 
update these documents when a final design direction is determined for RCS level 
indication and continuous RHR monitoring, and as additioncil industry experience 
develops. 
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Inspection findings. The inspector reviewed a Westinghouse Electric Corporation 
Engineering Analysis PSE-90-557, "Salem Mid-loop Analysis," dated March 19, 
1990. 

The analysis provided best estimate calculations of the time to reach saturation, the 
· boiloff rate, the RCS pressurization rate assuming no vent paths, the minimum vent 
size required to prevent pressurization, the estimated time to core uncovery as a 
function of time after shutdown following a loss of RHR cooling while operating at 
mid-loop conditions, time to reach 200 °F, vortex/air entrainment prevention, and 
steam generator condensation effect. 

The inspector found the engineering analysis to adequately address the concerns of 
mid-loop operation. 

The inspector further verified that the results of the above analysis are being used in 
the mid loop operating procedures. For example, RHR flow rate -vs- RCS level 
curve is shown as figure 2 of Operating Procedure (OP) II-1.3.6, "Draining the 
Reactor Coolant System," and time after shutdown -vs- time to reach saturation is 
shown as figure 2 of AOP RHR-1, "Loss of RHR Cooling." The inspector found that 
the licensee's actions were consistent with the licensee's commitment to GL 88-17. 

1.4 RCS Perturbations 

The GL 88-17 recommended in the expeditious actions that the licensee implement 
procedures and administrative controls that generally avoid operations that deliberately 
or knowingly lead to perturbations to the RCS and/or to systems that are necessary to 
maintain the RCS in a stable and controlled condition while the RCS is in a reduced 
inventory condition. The NRC reviewed the licensees actions with regard to the 
above in Inspection Report Nos. 50-272/89-07 and 50-311/89-06 and found that the 
licensee had implemented procedures and administrative controls to preclude 
operations that would lead to perturbations in the RCS. 

The GL also recommended in the programmed enhancements that the licensee 
reexamine the expeditious action regarding RCS perturbations and to refine operations 
as necessary to reasonably minimize the likelihood of loss of RHR. 

Licensee response (1127/89). To reduce the perturbations to RCS during RHR 
operation with reduced RCS inventory, the jobs are screened for the potential impact 
and likelihood of loss of RHR either from intentional or unintentional actions of 
various personnel. A supervisory letter to emphasize the critical importance of decay 
heat removal is issued every outage to all personnel who may have potential to cause 
the loss of RHR. All supervisors are reminded of the need to assure continued safe 
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operation of RHR and avoid perturbations which could cause the loss of RHR during 
the outage meetings, which take place everyday, while the plant is in a reduced 
inventory condition. 

Inspection findings. The inspector verified that the licensee has implemented 
administrative controls, as stated above, to avoid operations that cause RCS 
perturbations. At the time of this inspection, the Salem Station was in power 
operation. The inspectors review in this area was confined to discussions with 
operators who had performed these RIOs. 

In the supervisory letter, "Salem Primary Systems Loss of Decay Heat Removal," 
dated February 8, 1991, it states that the manipulation of valves or other plant 
components shall be by authorized personnel only. This includes the reactor 
operators, the equipment operators (EOs), and the instrumentation and control (l&C) 
technicians. The inspector interviewed several reactor operators and equipment 
operators to assess their knowledge of Reduced Inventory Operations (RIO) and the 
training received. The reactor operators were knowledgeable in their procedures and 
in the subject of RIO, and received training during their Continuing Training Program 
and just prior to RIOs. 

The inspector spoke with one of the Outage Managers, who is responsible for 
deciding who will receive training just prior to RIOs. He stated that currently the 
licensed operators and shift supervisors were required to attend the operators training 
and the shift managers, shift coordinators, and all first line supervisors doing work 
inside the biosheild, were required to attend the managers training. The inspector 
expressed concern with the fact that the EOs and the I&C technicians were not 
included in the required, prior-to-RIOs training. The Outage Manager agreed to 
requiring the EOs that do work on the primary side to attend the operators training 
and the I&C technicians to attend the managers training. 

After further review of the licensed operator and EO training, the inspector found the 
prior-to-RIOs training adequate except for the lack of past industry events covered in 
the training. The inspector also found a lack of RIOs training in the Continuing 
Training Program for the EOs. The Training Supervisor agreed to ensuring RIOs 
will be included in the EO Continuing Training Program and to ensuring that the 
prior-to-RIOs training will indicate past events . 



• 

10 

1.5 RCS Inventory Addition 

GL 88-17 recommended the following: 

a) Provide adequate operating, operable, and/or available equipment of high 
reliability for cooling the RCS and for avoiding a loss of RCS cooling. 

b) Maintain sufficient existing equipment in an operable or available status so as to 
mitigate loss of RHR or loss of RCS inventory should they occur. This should 
include at least one high pressure injection pump and one other system. The 
water addition rate provided by each equipment should be at least sufficient to 
keep the core covered. 

c) Provide adequate equipment for personnel communications that involve activities 
related to the RCS of systems necessary to maintain the RCS in a stable and 
controlled condition. 

Licensee response. (a) The required makeup equipment at Salem are the high head 
charging/safety injection pump (C/SI), intermediate head safety injection pump, 
interconnecting piping, and gravity feed makeup from Refueling Water Storage Tank 
(RWST). All services such as motor and control power, control air, ventilation, and 
pump bearing cooling water are assured for the equipment required during the loss of 
RHR event. At Salem, one C/SI pump is operable and one SI pump is available, but 
tagged, for shift supervisor. Adequate RWST level is maintained to ensure gravity 
makeup capability. 

(b) Service Water (ultimate heat sink) and component cooling water equipment 
maintenance is scheduled such that required equipment is available. If no makeup 
to the RCS is assumed during the initial loss of RHR event, the RCS would start 
boiling. If no vent is provided on the RCS hot leg side, two SGs with their 
secondary side filled will be available. The steam would be condensed in the SGs 
and RCS inventory would be lost only through the small size vents on the reactor 
head and the PORVs. The condensation in the SGs will continue until the 
secondary side of the SGs starts boiling. It is expected that the operators would 
establish a secondary side flow path by initiating SG blowdown or opening the 
PORVs (steam side), and thus, significantly delay core uncovery. 

During loss of RHR or loss of RCS inventory, Salem procedures assure the 
operability or availability of one C/SI pump and one SI pump. The C/SI pump 
provides 550 gpm and the SI pump provides 650 gpm with RCS vented or at 
relatively low pressure. The maximum expected boil-off rate at 72 hours from 
shutdown is approximately 90 gpm. Consequently, the RCS level will be 
recovered quickly even if a portion of the makeup is lost through RCS opening. 
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(c) Salem provides several telephones inside containment during outages in addition 
to a page system. Containment coordinators and shift managers assure adequate 
coverage of supervision in the containment during outages with radio 
communications. Radios are also stored in the control room area and are 
available to the operators. 

Inspection findings. The licensee's commitment to the Generic Letter expeditious 
actions was verified in Inspection Report Nos. 50-272/89-07 and 50-311/89-06. The 
inspector verified the licensee's commitment, as stated above, and found it to be 
consistent with the applicable recommendations of Generic Letter 88-17. 

1. 6 Technical Specifications 

The GL 88-17 recommended that the Technical Specifications that restrict or limit the 
safety benefit of the actions identified in GL 88-17 should have been identified and 
appropriate changes submitted to NRC for approval. 

Licensee response (1/27/89). Salem is processing a Technical Specification (TS) 
change to the RHR flow rate from 3000 gpm to a variable flow rate that is based on 
the decay heat rate which is determined as a function of time from shutdown. 

Another TS change will delete the auto-closure feature on the RHR pump suction 
valves. This should preclude loss of the RHR pumps due to momentary bus power 
loss or pressure instrument failures. 

Inspection findings. On January 30, 1990, the Commission issued Amendment Nos. 
109 and 87 to Salem Units 1 and 2, in response to their application regarding the 
RHR flow rate, dated September 11, 1989. On January 17, 1990, the Commission 
issued Amendment Nos. 107 and 84 to Salem Units 1 and 2, in response to their 
application regarding the RHR auto-close feature, dated September 28, 1989. The 
inspector had no further questions. 

1. 7 QA Involvement 

The Salem Station QA personnel were found to be knowledgeable of RIOs concerns. 
They receive training prior to entering RIOs and are instructed to be aware of those 
types of concerns while looking at surveillances. However, the station QA does not 
do a formal review of MLOs. The inspector observed that during the last MLOs, 
neither the Salem Station QA, Onsite Safety Review, Off site Safety Review, or the 
QA Programs and Audits group conducted an independent review. 
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2.0 Exit Meeting 

At the conclusion of the site inspection, on July 12, 1991, an exit interview was 
conducted with the licensee's senior site representatives (denoted in Appendix A) to 
discuss the results and conclusions of this inspection. 

At no time during this inspection was written material provided to the licensee by the 
inspector. Based on the NRC Region 1 review of this report and the discussions held 
with the licensee representatives during this inspection, it was determined that this 
report does not contain information subject to 10CFR2. 790 restrictions . 



APPENDIX A 

Persons Contacted 

Public Service Electric and Gas 

* 
* 
* 

* 
* 
* 

L. Curran, Operations Engineer 
J. Lloyd, Training Supervisor 
M. Morroni, Technical Manager 
P. Ott, Technical Engineer 
V. Polizzi, Operations Manager 
B. Preston, Salem Projects Manager 
W. Schultz, Quality Assurance Manager 
E. Villar, Licensing Engineer 
C. Vondra, General Manager 
J. Webster, Outage Manager 

U.S. Nuclear Regulatory Commission 

* 
* 

* 

S. Barr, Resident Inspector 
S. Pindale, Resident Inspector 

Denotes presence at exit meeting held on July 8 - 12, 1991. 




