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On August 7, 1987 at 0808 hours with reactor power at 30% and a unit shutdown in progress, 
significant oscillations in feedwater and condensate system pressures were observed. A 3A 
feedwater regulating valve (FWRV) lockout was received in addition to high vibration alarms for the 
reactor feedwater pumps (RFP) and the feedwater regulating station. The unit shutdown was caused 
by failure of containment vent valve A03-1601-63 to this Standby Gas Treatment System. 

The piping vibrations caused an instrument line break on the 3C RFP piping and a drain line 
break in the reactor water cleanup (RWCU) system. The reactor was manually scranwned to allow for 
isolation of the leaks. During cooldown, a Group V primary containment isolation occurred which 
resulted in a second reactor scram conditions on low reactor water level at 1029 hours. The vent 
valve failure was attributed to air operator wear and the 3A FWRV lockout was caused by a shorted 
coil on 3A FWRV air supply solenoid valve. Further testing was performed to determine the cause of 
the feedwater oscillations and Group V isolation. The RFP and RWCU piping, and the FWRV air 
operator were repaired. The FWRV solenoid valve was replaced. 

The safety significance was minimal since venting of the containment can b accomplished by 
utilization of the reactor building ventilation system and emergency core cooling systems were 
available. A previous occurrence is documented in LER OS0-249/87-12. 
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Plant and Svstem Identification 

General Electric Boiling Water Reactor - 2527 MWt rated core thermal power. Energy Industry 
Identification System (EIIS) codes are identified in the text as [XX]. 

Event Identification 

Manual reactor scram due to reactor feedwater system '[SJ] oscillations during Unit 3 reduction in 
power to hot shutdown, due to failure of air-operated containment isolation [JM] valve A03-1601-63 
to close during testing. A second reactor ~cram on low reactor water level occurred with the 
reactor in a hot shutdown condition with all control rods inserted, and cooldown in progress. 

A. Conditions Prior to Event 

Unit: 3 
Reactor Mode: N 

Event Date: August 7, 1987 
Mode Name: Run 

Event Time: 
Power Level: 

0816 
30% 

Unit 3 reactor power was being reduced to hot shutdown. Feedwater level control [JBJ was in 
single element control with the 3A feedwater regulating valve (FWRV) [SJ] in the automatic. 
mode regulating reactor water level, and the 36 FWRV in the manual mode of operation 2-3% 
open. The 3A reactor feedwater pump (RFP) [SK] was in operation as were the 3A and 3C 
condensate pumps [SD]. 

B. Event Description 

On August 7, 1987 at approximately 0100 hours, with Dresden Unit 3 operating at 82% rated 
thermal power, Dresden Operating Surveillance (DOS) 1600-12, Monthly Containment Purge System 
Operability Check, was being performed. This surveillance was being performed in accordance with 
Technical Specification (T.S.) 4.7.A.6.c., which requires that ·the valves in the primary 
containment ¥ent [VB] line to the Standby Gas Treatment System (SBGTS) [BH] be actuated monthly to 
verify their operability. At 0130 hours on August 7, 1987, primary containment air-operated valve 
A03-1601-63 failed to close during the surveillance. This valve allows primary containment venting 
to SBGTS. Operations personnel were irrrnediately dispatched to investigate and subsequent attempts 
to close the valve from the Control Room with both operations and maintenance personnel present 
were unsuccessful. The valve was then manually closed. 

In accordance with T.S. 3.7.A.6.c., which requires that the reactor be taken out of power 
operation if the primary containment purge system is inoperable, an orderly shutdown was corrrnenced 
at 0230 hours. T.S. 3.0.A., which applies to such Limiting Conditions for Operation such as 
3.7.A.6.c. which do not list specific time requirements for shutdown, required that hot shutdown 
conditions be achieved within twelve hours and cold shutdown conditions be achieved within 
twenty-four hours thereafter. An Unusual Event was also declared in accordance with Emergency Plan 
Implementing Procedure (EPIP) 200-Tl, Classification of Generating Station Emergency Plan (GSEP) 
Conditions. 
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While reducing unit load at a rate of 100 MWe/hour, repairs and testing of the A03-1601-63 

valve continued per Work Requests #67758 and 67771. At approximately 0500 hours, the reactor 
recirculation pumps [ADJ had been reduced to minimum speed, reducing unit load to 444 MWe. At this 
time, both the 3A and 3B FWRVs [SJ] were in service and approximately 15-17r. open with the 3B FWRV 
in manual control and the 3A FWRV in automatic single-element control mode. In this mode, the 3A 
FWRV was being controlled by a reactor water level [JBJ input signal. At this reduced power level, 
the reactor operator decided to close the 3B FWRV and to continue to use the 3A FWRV in 
single-element automatic control. When the 3B FWRV was closed to less than 2r. open, indication of 
pressure oscillations in the reactor feedwater pump [SJ] discharge, and condensate booster pump 
discharge and suction lines were observed. The reactor operator then reopened the 3B FWRV to 2-3r., 
at which point the oscillations dampened. During manipulations of the 3B FWRV, the 3A FWRV 
compensated for feedwater flow. Load continued to be reduced with the 3A FWRV in the 
single-element automatic mode. 

At 0655 hours on August 7, 1987, the load drop was secured at 297 MWe in order to perform· 
testing of the A03-1601-63 valve. At 0741 hours, the 3C RFP was secured and the 3B 
condensate/booster pump was secured at 0744 hours. This is normal procedure during shutdown due to 
reduced feedwater flow requirements at reduced power levels. The Unit 3 Operating Engineer (OE), 
Shift Supervisor, and maintenance personnel were in the reactor building [NG] to observe operation 
of the A03-1601-63 valve, which is located near the Reactor Water Cleanup (RWCU) [CE] system valve 
gallery. The Assistant Superintendent of Operations (ASO)_ was in the Control Room performing 
routine reviews of plant status with the Control Room personnel. The 3A RFP was running at a flow 
of approximately 2.7 E 6 LB/HR. Condensate pumps 3A and 3C were also in service. 

At approximately 0808 hours, the reactor operator began to observe significant oscillations in 
feedwater and condensate system pressures. A 3A FWRV lockout and loss of air alarm was received, 
in addition to 3A and 3C RFP high vibration and feedwater regulating station high vibration 
alarms. Reactor water level was observed to be increasing; however, the reactor operator 
stabilized reactor water level at +54 inches by isolating the 3A FWRV. A one-half primary 
containment Group I isolation alarm was then received, although no indications of an actual Group I 
initiating signal were present. The Station Control Room Engineer (SCRE) reset the half Group I 
alarm but it came in again and would not reset. Alarms for high 3A RFP flow and high RFP discharge 
pressure were also received. Reactor water level began to decrease and the reactor operator then 
reopened the 3A FWRV isolation valve and stabilized reactor water level at +30 inches above 
instrument zero. 

The following RWCU alarms were received at 0810 hours: cleanup.filter sludge tank high level, 
A and Bleak detection [BDJ, and RWCU pump trip. At 0812:25, the RWCU M01201-1 and M01201-2 
containment isolation valves automatically closed, although no RWCU isolation alarm was received. 
The reactor operator then closed the RWCU M01201-7 return line isolation valve to complete the RWCU 
system isolation. The Unit 3 OE, still in the reactor building, called the Control Room to report" 
that he was observing vibration in the RWCU valve gallery area. The ASO left the Control Room and 
reported back to the Shift Engineer (SE) at approximately 0816 hours that he had observed a steam 
leak in the vicinity of the feedwater pump room. The Unit 3 OE also reported indications of 
leakage coming from the RWCU system. The ASO recommended to the SE that the reactor be manually 
scrammed. Because of the reported leakage, the SE concurred and ordered the reactor operator to 
manually scram the reactor. The manual scram was initiated at 0816:14. 
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The ASO again called the Control Room to request that an announcement be made for all 
personnel to remain clear of the Reactor and Turbine [NM] Buildings. Tours of the area by the 
Shift Supervisor, Unit 3 OE, ASO, and the Station Manager indicated the leakage.was coming from a 
broken instrument tap located on the 3C RFP discharge header (1/2" instrument line for feedwater 
flow transmitter 3-614C) and a broken 111 RWCU drain line (line no. 3-1246-1"-A). At 0817 hours, 
all RFPs were secured and at 0833 hours, the condensate system was secured. 
taken to isolate leakage from the broken lines. The control rod drive (CRD) 
reactor vessel water makeup. At 0850 hours, the main steam isolation valves 

These actions were 
system [AA] supplied 
(MSIVs) [SB] were 

closed to maintain the reactor vessel inventory, and the isolation condenser [BL] was initiated at 
0916 hours to control reactor pressure and cooldown rate. ~ 

Reactor pressure and level at this time were 951 psig and 60 inches, respectively. Because of 
the high reactor water level, the decision was made to secure the CRD pump in order to keep reactor 
water level within the normal operating range (+60 to -60") of the narrow range reactor level 
instrumentation [IG]. Both reactor pressure and water level then decreased steadily. At 0929 
hours, these parameters were at approximately 779 psig and 52 inches, respectively and vessel 
makeup via the CRD system was reinitiated. 

By 1008 hours, reactor pressure had decreased below 600 psig, which bypassed an existing low 
condenser vacuum scram signal [SH]. Since this had been the only remaining scram signal, the 
reactor operator reset the scram. Resetting the scram automatically diverted a portion of the CRD 
system flow from vessel makeup to recharging the accumulators. This reduced vessel makeup via the 
CRD system to 40 gpm .. As the scram was reset, reactor level oscillations were noticed by the 
reactor operator. The reactor operator observed that during at least two adjustments made to the 
position of isolation condenser condensate return valve M03-1301-3 to control the cooldown rate, he 
observed double valve indication at the end of his open adjustment. When the operator looked away, 
performed another duty for a short period of time, and returned to the M03-1301-3 control switch, 
he then noticed the M03-1301-3 valve indicated full open contrary to the position he had left the 
valve at. Immediately prior to 1029 hours, the operator observed that his cooldown rate was 
slightly higher than desired and made two small closing adjustments to valve M0-1301-3. At the end 
of these closure manipulations, the operator walked over to the 903-4 panel for a period of about 
30 seconds to observe the vessel shell and flange temperature recorders. 

At this time, the isolation condenser high flow Group V primary containment isolation ~larm 
annunciated, the isolation condenser isolation valves closed, and reactor water level began to 
decrease. After evaluating the condition, the operator elected to reset the isolation and attempt 
to prevent the continued l.evel decrease by throttling open the M03-1301-3 valve. The reactor 
subsequently received an automatic scram signal on low reactor water level, which occurs at>/= +8 
inches above instrument zero(>/= 144 inches above the top of active fuel) in accordance with 
Technical Specification Table 3.1.1. The operator then responded to the scram in accordance with 
Dresden General Procedure (DGP) 2-3, Reactor Scram Procedure. Cold shutdown conditions were 
achieved at 1225 hours. The isolation condenser was secured at 1235 hours and the shutdown cooling 
system was put on at 1240 hours. 

F 2 6 



LIC~ EVENT REPORT CLER! TEXT CONTINUATIO~ 
FACILITY NAME (1) DOCKET NUMBER (2) LER NUMBER C6l Page !3) 

Dresden Nuclear Power Station 
Unit 3 

Year ~~~ Sequential ~~~ 
N mb r 

Revision 
N mb r 

Text 
A team of Technical Staff engineers was assembled to perform a walkdown inspection of the 

feedwater and condensate piping systems. This inspection included checks for support damage, 
insulation damage, damage to attached or adjacent components, and evidence of piping system 
movement. Results of this inspection were compiled, reviewed, and submitted to a team of engineers 
assembled on-site from the Commonwealth Edison Company (CECo) Boiling Water Reactor (BWR) 
Engineering Department and Sargent & Lundy (S&L). Further inspections of damaged components were 
then performed by the BWR Engineering Department and S&L personnel with assistance from the 
Technical Staff engineers. Repair plans were then formulated. An inspection was also performed on 

.the 3A FWRV. 

C. Cause of Event 

This report is being submitted to comply with 10 CFR 50.73(a)(2)(iv) which requires the 
reporting of any event or condition that resulted in manual or automatic actuation of an Engineered 
Safety Feature [JE], including the Reactor Protection System; and 10 CFR 50.73(a)(2)(i)(B) which 
requires the reporting of any operation or condition prohibited by the plant's Technical 
Specifications. 

Due to the complexity of this event, no single root cause was determined as being 
responsible. Instead, eight individual events were identified as being contributing factors. Each 
of these events, outlined as follows, will be individually discussed in this report. Three of the 
events listed - failure of primary containment vent to SBGTS valve A03-1601-63, Unit 3 reactor 
manual scram due to feedwater piping oscillations, and Unit 3 reactor low reactor water level scram 
resulting from an unanticipated isolation condenser Group V isolation - are considered of greater 
significance as they are required to be reported in accordance with 10 CFR 50.73(a)(2)(i)(B) and 10 
CFR 50.73(a)(2)(iv). The eight individual events and a summary of their root cause investigation 
are as follows: 

1. Feedwater Piping Oscillation (Probable Causes) 

Immediately following the August 7, 1987 Unit 3 feedwater transient event, an 
investigative team was formed by the CECo BWR Engineering Department to determine the 
root cause of piping oscillations, and to make recommendations as to the methods of 
precluding further transients from occurring. This investigative team (composed of 
members of the CECo Engineering Services Section of the Production Services Department, 
consultants from Signals and Safeguards, Inc., S&L personnel, and the CECo BWR 
Engineering Group) identified several potential areas of the feedwater system design 
which warranted investigation. Among these areas were system hydraulic and hydro-dynamic 
design, feedwater pump design, feedwater regulating valve characteristics, actuator 
design and operation, station operating procedures, piping support system, feedwater 
level control system, feedwater/condensate recirculation flow system, and potential 
interaction effects between various combinations of the above. These areas were 
investigated to determine their specific design attributes, testing and performance 
requirements, recent maintenance history, design change history, impact of operating 
procedures, and actual operating data where possible. 
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Due to the lack ~f process data available, the root cause of the feedwater piping 

oscillations could not be determined. However, in performing the investigation, several 
potentially significant findings were revealed. 

a. During the last Unit 3 refueling outage, the feedwater level control system had been changed 
·from an analog electronic control system to a digital electronic control system. 

b. Within the one-year period preceding the 1987 feedwater transient event, the "A'' reactor feed 

·pump rotating element (shaft/first and second stage impeller assembly) had been replaced with 
a spare rotating element. 

c. The point of operation (in terms of percent power, percent throttle flow, and percent pump 
capacity) during which the feedwater transient event was experienced is a relatively unstable 
operating point. 

d. The feedwater regulating valve design implemented on Dresden Unit 3 has been outdated by 
current technology. The operation of the similar feedwater regulating valves at Dresden and 
several other plants has not been optimal. Instabilities in flow through the valve body have 
been noted, and instances of actuator failures over the years have been noted. In addition, 
similar valves in operation have experienced stem fatigue, and ultimate failure. The 
valve/actuator combination has been subject to failure due to vibration caused by hydraulic 
instabilities and mechanical coupling to vibrating equipment. 

e. Within the last year, policy changes regarding strict adherence to operating procedures were 
put into effect. A review of the station operating procedures did not reveal procedural steps 
that describe/define power level actions to be taken regarding condensate/feedwater system 
operation to support the feedwater hydraulic system as it is currently designed. 

The significance of these findings with respect to determining the probable root cause of the 
pipe oscillations are explained below. 

a. Feedwater Control System Replacement 

The fact that the control system was changed from analog to digital is not, in itself, 
considered to be a significant contributor to the transient occurrences at this time. In 
fact, the digital design actually provides for many improvements in operability and 
maintainability of the level control system. Both the old analog design an~ ,the new digital 
design were able to provide level control from 0.01. through 100.01. throttle flow 
requirements. Design features of the digital design provide for better flexibility in tuning 
the system, and, coupled with a diagnostic system which is currently being designed, the 
digital system will .provide more complete information to the Instrument Maintenance (IM) 
Department to determine potential problems associated with its performance. 

The· potential problem areas concerning the control system replacement may be in the interface 
with the portions of the old system logic which were not changed. 
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b. Rotating Element Replacement 

The replacement of the 3A feedwater pump rotating element was made to minimize seal leakage. 
Implementation of this change-out was accomplished in mid-1986 .. Since the rotor is quite 
large, the Dresden Maintenance Shop did not have a dynamic balancing machine large enough to 
acconmodate this rotor. As such, it was only statically balanced and aligned in place. All 
records available indicate that the correct impeller design was actually installed. 
"Snapshot" vibration curves of the 3A feedwater pump had been obtained prior to the 8/7/87 
transient. Analysis of these curves revealed high amplitudes at the (5) vane-pass frequency, 
nominal frequency, and high frequencies coupled from the gear box. 

c. Hydraulic Operation 

Analysis of the latest available pump curves revealed that at the 25-20% power condition where 
feedwater transients have been experienced, both the reactor feed pumps and the 
condensate/condensate booster pumps are operating in conditions where low flow through the 
pump could result in the development of cavitation. When Dresden was designed in the late 
1960's, system designers believed that minimum flow conditions for a centrifugal pump are 
approximately 10% of pump capacity at the best efficiency point. Consequently, the minimum 
flow recirculation lines for the feed pumps and the condensate booster pumps are only sized 
and designed to handle approximately 10-15% of the maximum flow through the pump. In the 
early 1970's, pump manufacturers were made aware that in nuclear plants, unlike fossil plants, 
the unit is routinely operated at low capacity for up to several hours at a time. The 
manufact~rers conducted studies and tests to determine what would be considered the minimum 
safe continuous operating flow through a pump, rather than minimum (temporar.y condition) 
flows. It was determined that minimum flow conditions actually correspond to 25-35% flow, 
rather than 10-15% flow, dependent on the design of the pump. At Dresden Unit 3, the 
feedwater pumps and condensate booster pumps are required to operate for more than four hours 
at flow conditions less than 20% of pump capacity. The setpoints (and line sizing) for the 
minimum flow recirculation path for these pumps are designed for beginning recirculation af 
less than 10% flow requirements. Continuous operation under these conditions for sustained 
periods of time can lead to cavitation and permanent damage to the pumps. Such cavitation 
would be observable on suction and discharge pressure gauges for the pumps, in the form of 
large swings in pressure. Pump cavitation could be a contributing cause of the piping 
oscillations. 

d. Feedwater Regulating Valve Design 

The design of both the feedwater regulating valve and its actuator are not ideal for low flow 
conditions. The investigative team determined from plant design documents that the specified 
duty conditions given to the valve manufacturer are not the duty conditions currently 
evidenced by the operating data. The maximum differential pressure and flow conditions across 
the valve at low flow conditions are higher than those originally specified. In addition, 
operating experience at other plants has revealed flow instability problems. Finally, at low 
flow conditions (and low stem lift conditions in the valve), the forces on the valve plug are 
quite large, acting in the upward direction. This would have the effect of "fighting'' the 
actuator piston pressure. 

In addition, the operation of the pneumatic controls on the valve actuator are susceptible to 
vibration conditions. The pneumatic controls are comprised of spring and diaphragm 
combinations that are sensitive to vibration and could cause eventual valve lock-out on low 
air pressure. 
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e. Ooerating Procedures 

A review of the operating procedures performed in conjunction with a review of the system 
design has shown that the existing operating procedures could be enhanced with more definitive 
statements addressing the specific operating requirements for each feedwater regulating valve, 
and at what point should condensate booster and reactor feed pump recirculation modes be 
initiated. In addition, more definitive steps could be investigated to allow low flow or 
shutdown operation with a feedwater regulating valve in automatic mode, with a second 
feedwater regulating valve in automatic mode, but at a lower level setpoint. This would 
facilitate a backup system in case of lock-out under decreasing level conditions. 

A similar feedwater transient occurred on Unit 3 on July 11, 1987 (LER 87-12/50-249). During 
the July 11 event, feedwater piping oscillations were large enough to damage piping insulation. 
The circumstances surrounding the two feedwater transient events were similar. Both events 
occurred during a period where the reactor was being shut down using control rods, while passing 
through the 251.-201. power condition. Both events occurred while the "A" RFP was running in 
conjunction with the ''A" FWRV controlling reactor water level in the automatic mode. Both events 
were immediately preceded by the receipt of high vibration alarms originating from the reactor feed 
pump area and the feedwater regulating valve area. Strip chart recordings made during both events 
revealed that the transient consisted of a sudden increase in feedwater flow, with a corresponding 
sudden rise in reactor water level. Both events were accompanied by pressure swings as indicated 
on the condensate booster pump suction and discharge pressure indicators, and feedwater pump 
suction pressure indicators. 

Due to the similarity of both events and the signifi.cance of the findings revealed during the 
root cause investigation, it has been postulated that the feedwater piping oscillations could have 
been induced by turbulent flow created by the 3A RFP. The turbulence created by the pump could 
have been induced by an imbalanced impeller while operating in an unstable region of the pump head 
curve. The turbulent condition could have been aggravated by the oscillation of the 3A FWRV. The 
FWRV oscillation was most likely the result of instabilities created in the valve under low flow 
conditions creating forces on the valve plug that lifted the plug fighting against the valve 
actuator piston. Finally, a contributing potential cause to the transient could have been the lack 
of existing procedures to guide operating personnel. Operating procedures could be enhanced with 
more definite statements addressing specific operating instructions for each feedwater regulating 
valve and feedwater pump combination. Since the root cause could only be postulated, a spe~ial 
test was performed during subsequent unit startup to determine the actual root cause. This testing 
is documented in the "feedwater System Operability Evaluation and Transient Event Root Cause 
Investigation". 
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2. Piping Support and Insulation Damage 

A team of Technical Staff engineers was assembled to perform a damage inspection of the 
feedwater and condensate piping systems. This inspection induded checks for support damage, 
insulation damage, damage to attached or adjacent components, and evidence of piping system 
movement. Results of this inspection were compiled, reviewed, and submitted to a team of 
engineers assembled on site from the BWR Engineering Department. Further inspections of 
damaged components were then performed by the BWR Engineering Department and S&L personnel 
with assistance from the Technical Staff engineers. Repair plans were then formulated. 
Approximately 70 supports were found damaged, which consisted mainly of loose or missing nuts, 
damaged bolts, and spring cans off-load. Insulation was damaged on 15 lines with the majority 
of the damage occurring at the feedwater regulating station and in the x-area. The majority 
of the support damage was determined to have existed prior to the transient. The remaining 
support damage and the insulation damage was the result of the pipe movement associated with 
the transient event. 

3. RWCU Drain Line and fW flow Transmitter Instrument Line failures 

Two lines failed during the transient event. A 1/2" instrument line for feedwater flow 
transmitter 3-614C downstream of the 3C RfP discharge valve M03-3201-C off line no. 
3-3201A-18"-C was sheared off. A l" RWCU drain line, 3-1246-1"-A broke off of line no. 
3-1221-8"-A downstream of valve M03-1201-7. The 1/2" instrument line was sheared on a 3/4" 
reducer connecting the line to the feedwater piping. The mating fracture surfaces of both 
lines were sent to the System Materials Analysis Department (SMAD) to determine the failure 
mode. The analysis determined that the final failure mode was ductile overload as a result of 
the transient. In addition, both were found to have pre-existing flaws as a result of fatigue 
induced cracking. 

4. Isolation Condenser Group V Isolation and Subsequent Low Reactor Water Level Scram 

It is believed that the low water level scram was ultimately the result of moderator shrinkage 
due to isolation of the reactor upon receiving a Group V primary containment isolation. The 
Group V isolation (which automatically closes the isolation condenser isolation valves) is 
initiated by high isolation condenser steam or condensate return line flow. The vess~l 
isolation resulted in a small pressure spike collapsing voids in the core lowering reactor 
water level. However, there were other contributing factors for the reactor scram. The rapid 
cooldown rate in progress contributed to the moderator shrinkage. Manipulation of valve 
M03-1301-3 helped create the reactor water level swings noticed by the operator when 
attempting to control vessel cooldown. A final contributing factor was the resetting of the 
reactor scram. This diverted CRD charging water flow from the vessel. 
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The root cause of the Group V isolation could not be determined at the time of its 
occurrence. Investigation into the Group V isolation encompassed the following areas. 

Testing of the M03-1301-3 control circuitry was performed. This was done in order to 
investigate the possibility of spurious opening of M03-1301-3 when not requested by the 
operator. The M03-1301-3 valve has a three position control switch (close-auto-open). If an 
isolation condenser automatic initiation signal (sustained 1070 psig reactor pressure) occurs 
whne the M03-1301-3 valve is in an intermediate posiUon with the control switch in "AUTO", 
automatic opening of M03-1301-3 is designed to occur. Another possibility for automatic 
M03-1301-3 valve opening under these conditions could be faulty control switch contacts. No 
sustained high reactor pressure indication was present, so testing centered on the control 
switch contacts. The IM Department performed a surveillance of the isolation condenser 
initiation circuitry while observing the position of contacts 3-4 of relays 595-118A and B 
which causes automatic M03-1301-3 valve opening. Contact position was correct for the relay 
condition and the setpoint for 1070 psig reactor pressure with a 15 second time delay was also 
found to be correct. The El€ctrical Maintenance (EM) Department also checked for proper 
operation of contacts 1-2 of relay 595-151 ("hand-reset" switch relay). The relay and 
contacts were found to operate properly. The IM Department also checked the isolation 
condenser high flow differential pressure switches for proper calibration. All the switches 
were found within Technical Specification limits. 

Reactor inventory calculations were performed using the measured cooldown rate and assuming 
that the CRD pump ran for one hour at a rate of 80 gpm. This calculation closely matched the 
reactor level decrease recorded during the event, confirming that shrinkage was a contributory 
factor in the level decrease. 

The EM Department checked the open limit switch setting and inertial over-travel of valve 
M03-1301-3. The limit switch setting was found at 1 7/8" and the valve was. found to open 2 
1/4" when electrically opened from full closed until the valve came to rest. It was 
determined from maintenance records that the valve travel is limited to 1 3/4" including 
inertial travel, The valve open limits have been set to 1 3/8"; therefore, an addit~onal 3/8" 
of inertial travel equates to a total open travel of l 3/4". It has also been determined that 
the open limit setting did not contribute to the Group V isolation since the operator was 
manipulating the M03-1301-3 valve in the closed position at the time of the isolation. 

Prior incidents of spurious isolation condenser line break detection actuation were reviewed 
and none could be found where conditions were similar to those of this event. In addition, 
the configuration of the condensate return line flow detection instrument installation was 
reviewed for any causes for spurious actuation. 

Since the root cause of the Group V isolation could not be determined, further testing was 
performed during subsequent start-up, and the results are documented under item 10 in Section 
E of this report. 
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5. Failure of Primarv Containment Valve A0-3-1601-63 

The cause of the A03-1601-63 malfunction has been attributed to component failure. 
Investigation by Mechanical Maintenance personnel revealed that motive air to the actuator was 
leaking by, preventing the valve from closing. The valve is a Pratt 2F11 type 6" butterfly 
valve, with a 3 1/4" bore x 10" stroke Miller type A-81 actuator. Upon disassembly of the air 
actuator, it was discovered that the cylinder tube had scour marks in it and the cup seals 
were hard and cracked, allowing air leakage past the piston. The activator piston utilizes a 
wear band to limit wear to the cylinder surface. The wear band had worn, causing scouring of 
the cylinder surface. This was allowing air to be forced past the piston such that 
insufficient differential pressure existed across the piston; thus, the activator would not· 
move. The actuator was rebuilt by replacing the valve operator tube, piston cup seals, piston 
o-rings, and teflon shaft seals for the cylinder end seal on the valve activator. The valve 
was then reassembled, tightening the tie rod nuts in an opposing pattern. The root cause of 
the actuator failure was determined to be age and wear of the actuator piston seal cups. This 
problem with the actuator had no effect on the valve internals. 

6. RWCU Valve Closures 

Investigation by the IM Department found that the closure of the M03-1201-l and M03-1201-2 
valves had apparently been initiated by one of the following three sources: RWCU auxiliary 
pump high cooling water outlet temperature (TIS-1291-4), high temperature downstream of the 
non-regenerative heat exchangers (TIS-1291-35), or high pressure downstream of the RWCU 
pressure reducing station (PS-1291-14). Initiation of any of these signals causes automatic 
closure of valves M03-1201-l, M03-1201-1A, M03-1201-2, and M03-1201-3. Automatic closure of 
the M03-1201-7 valve is not initiated by these particular RWCU system isolation signals. 

There is a RWCU system isolation which includes automatic closure of the M03-1201-7 valve; 
however, it is initiated only by low reactor water level (~ +8 inches above instrument zero) 
or activation of the standby liquid control system [BR]. Since there is no indication of the 
presence of either of these signals prior to the automatic closure of the M03-1201-l and 
M03-1201-2 valves, it was concluded that automatic closure of M03-1201-7 should not have 
occurred. 
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It is believed that piping vibration during the feedwater transient caused one or more of 
these switches to momentarily actuate. This momentary actuation had to be of duration short 
enough to allow the normally closed relay contacts to open (thus allowing the relay logic to 
close the valves) but not long enough to allow the normally open contacts to close producing 
the RWCU system isolation alarm annunciation. 

A test was performed to attempt to duplicate the vibration phenomenon. To prepare for the 
test, the RWCU system was isolated and the RWCU pumps were secured. Attempts were then made 
to vibrate each of the appropriate temperature and pressure switch cases, associated local 
instrument rack sections, and associated instrument lines in an attempt to actuate relays 
595-119, -128, and -129, which initiate the RWCU system isolation. During the inducement of 
these manual vibrations, the corresponding relay was observed for any signs of actuation. In 
all instances, no relay movement was observed. 

A second test was then performed on the relays to verify the possibility that this type of 
actuation with no annunciation is plausible. The relay coil manual button for each relay was 
pushed to the ''ON'' position. Then, ·the manual activator button was gradually released until 
all of the "NORMALLY CLOSED" contacts were just opening. At that point, it was observed on 
all of the relays that the normally open contacts were still open. This confirmed that the 
relay position necessary to initiate actuation without annunciation is possible. Therefore, 
it was concluded that the cause of the automatic H03-1201-l and H03-1201-2 closure without 
receipt of the RWCU system isolation annunciation was vibration of RWCU instrument rack 2203-2 
during the feedwater transient. It was not possible to locally duplicate the vibration 
phenomenon during testing, but reports from personnel in the area during the transient 
indicate that significant vibration of the instrument rack occurred. 

7. 3A FWRV Lockout 

As stated in Section B, a 3A FWRV lockout alarm was received in the Control Room during the 
transient. Attempts by the reactor operator. to reset it were unsuccessful. Investigation 
into the root cause of the lockout centered on the following items. 

A ground wire shown on the vendor schematics for the feedwater level control circuitry was not 
cai'led for on the installation drawings. It was initially suspected that the missing ground 
wire may have been responsible for causing a lockout signal. However, thorough testing could 
not simulate a floating ground on this portion of the circuitry, or initiate a lockout 
condition. Therefore, the missing ground wire is not believed to be the root cause of the 
lockout event. 

A second postulated cause for the FWRV lockout was the feedwater flow transmitter line break. 
After the line break had occurred, an abnormally high differential pressure signal was sensed 
by the transmitter. High differential pressure is recognized by the transmitter as high 
feedwater flow. The feedwater level control circuitry is designed to provide FWRV lockout on 
high feedwater flow in order to prevent runout of the reactor feed pumps. 
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Investigation also found a blown fuse in the lockout circuitry. Loss of this fuse does cause 
FWRV lockout. The root cause of the blown fuse is believed to be a shorted coil on FWRV air 
supply solenoid valve S03-655A. 

The most likely cause of the 3A FWRV lockout is believed to be the blown fuse. This is 
supported by the lockout alarm occurring during the transient and the operator's inability to 
reset it. 

8. Half Group I Primary Containment Isolation· 

Review of the computer alarm printer data found that the half Group I alarm was initiated by a 
spurious main steam line low pressure signal (< 850 PSIG reactor pressure with the mode switch 
in RUN). This is believed to have been caused by vibration induced to the main steam line low 
pressure instrument rack during the feedwater transient. 

D. Safety Analysis 

The root cause of this failure for primary containment vent to SBGTS Valve A03-1601-63 was 
determined to be age and wear of the actuator piston seal cups which in turn allowed motive air to 
incorrectly pass through the air actuator. However, failure of A03-1601-63 in this manner had no 
adverse effects on the valve's internals nor did it prohibit local manual operation of the valve. 
This was demonstrated by its closure subsequent to DOS 1600-12 surveillance testing to satisfy 
primary containment isolation requirements. During normal power operation A03-1601-63 is closed 
and is only opened during venting of primary containment to SBGTS. However, the preferred method 
of venting primary containment during normal power operation is through the RBVS. This utilizes a 
flow path different than that of A03-1601-63. If abnormal radiation levels are detected at the 
RBVS stack, the RBVS automatically isolates preventing radiological release to the environment. 

further, in accordance with Technical Specification Limiting Condition for Operation 3.0.A., 
which requires hot shutdown conditions be achieved within twelve hours of event discovery, reactor 
power was reduced to hot shutdown approximately 5-3/4 hours after event discovery. 

AO 3-1601-63 had last been proven operable on July 9, 1987 while performing DOS 1600-12. For 
these reasons the safety significance of the AO 3-1601-63 failure was considered minimal. 

The safety significance of the reactor feedwater system oscillations and subsequent piping 
damage was also considered to be minimal. The two severed lines are. not safety-related and the 
breaks were quickly identified by plant personnel. Within approximately one minute of discovery 
the reactor has been manually scrammed and all reactor feedwater pumps were secured. Shortly 
thereafter the condensate system was secured and system isolation valves were secured to isolate 
the leakage from the broken lines. Although isolation of the feedwater and condensate system had 
occurred, the control rod drive system was available and utilized to supply and control reactor 
vessel water makeup and level. Also, while the conditions for which the reactor was scrammed did 
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not warrant any automatic or manual operation of the Emergency Core Cooling Systems, i.e., High 
Pressure Coolant Injection (HPCI) [BJ], Low Pressure Coolant Injection (LPCI) [BO], Core Spray [BM] 
and Automatic Depressurization System (ADS) [BG], these systems were available to provide an 
alternate means for reactor water makeup and for reactor cooling. As previously stated, Operations 
personnel acted in a conservative manner by manually scranwning the unit inwnediately after leakage 
was discovered,.minimizing the amount of steam and water released. Personnel contamination events 
were limited to five personnel and these contaminations were less than 100 cpm (1000 dpm/100 cm2). 
Air samples taken in the areas of the leaks indicated no abnormal radioactivity levels and there 
was no indication of any increased airborne release of any radioactive material on the plant 
radiological monitoring equipment [IL]. 

The Isolation Condenser Group V isolation and subsequent low reactor water level scram were 
also considered of minimal safety significance. Reactor pressure control and cooldown by use of 
the isolation condenser in a manual throttling mode (throttling the M03-l30l-3 ~alve) was in 
progress when the isolation condenser isolated at 1029 hours. However, the reactor operator was 
able to inwnediately reset the isolation allowing continued control of reactor pressure with valve 
M03-1301-3. Also, the HPCI System and the Automatic Pressurization System (main steam line relief 
valves to the suppression pool) were available as alternate means of reactor pressure reduction and· 
reactor core cooling. The low reactor water level scram at 1029 hours on 8/7/87 occurred with all 
control rods already fully inserted from the previous manual reactor scram at 0816 hours on 8/7/87 
As previously stated, HPCI, ADS, LPCI and Core Spray safety systems, though not needed for 
actuation, were available for operation. Additionally, the reactor scra11111ed at the conservative 
reactor water level setpoint of approximately +13 inches above vessel instrument zero. The T.S. 
Table 3.1. 1 low reactor water level scram setpoint is>/= +8 inches above vessel instrument zero, 
which corresponds to>/= +144 inches above the top of active fuel. 

E. Corrective Actions 

Corrective actions implemented as a result of this event are provided in the following 
sections. 
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1. Augmented Feedwater Instrumentation and Startup Testing 

The complexity of the August ~. 1987 reactor feedwate~ system transient and reactor scram 
event led to development of an augmented feedwater system test program designed to 
collect feedwater system data (pipe vibration, .valve operation, pressure pulses, and 
hydraulic oscillations) during unit startup and shutdown. The test plan was entitled 
"Dresden Station Unit 3 Feedwater System Operability Test Plan''· The purpose of the test 
was to collect data necessary to verify the probable root cause discussed in Section 
C. 1., and then propose short and long term solutions to resolve the feedwater oscillation 
problem. Based on the results of the start-up testing and a further review of the data 
obtained during the July 11, 1987 and August 7, 1987 events, the most probable cause and 
corrective actions were documented in "Feedwater System Operability Evaulation and 
Transient Event Root Cause Investigation" Volume 1 and Volume 2. A summary of the 
corrective actions and their present status are included as Attachment 1. 

2. RWCU Drain Line Repair· 

S&L issued Engineering Change Notice (ECN) No. D-87M-20 to reinstall the broken RWCU 
drain line and. install a new support configuration. The original configuration did not 
utilize a support; this allowed the cantilevered drain line to move during the transient 
such that ductile failure occurred. Repair of the drain line and installation of the 
support structure were completed by Mechanical Maintenance personnel under work request 
no. 67772. 

3. FW Flow Transmitter Instrument Line Repair 

An analysis performed by S&L determined that the original design of the RFP instrument 
lines was adequate to withstand normal operating transients, and that.additional supports 
were not required. A liquid penetrant test was performed on the remaining 3A and 3B RFP 
flow instrument lines at the failure point of the 3C RFP instrument ine to verify that 
any possible fatigue cracking had not propagated through the wall. The broken line was 
repaired under work request no. 67765. 

4. Piping Support Repair 

Approximately 70 support discrepancies were discovered during the feedwater system 
inspection walkdown. The discrepancies consisted of loose or missing bolts, missing nuts 
and washers, missing grout, and spring can off load. The plant areas in which the damage 
supports were found included the feedwater regulating station, feedwater and condensate 
pump rooms, turbine pipeway (Elevation 517'), underneath condenser hotwell, and at the 
feedwater pump suction header. The majority of the support damage was determined to have 
existed prior to the transient. All of the discrepancies found were repaired per the 
Station's work request process. 
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5. Piping Insulation Damage 

All insulation damage was identified by the Technical Staff and Sargent & Lundy Engineers 
while performing piping damage assessment walkdowns. Fifteen lines were identified with 
damaged insulation, and the insulation was repaired under Work Request 68170 prior to 
startup. The systems which suffered damage to piping insulation were the (1) low and 
high pressure feedwater heaters, (2) condensat~ booster pumps~ (3) RWCU, (4) high 
pressure coolant injection [BJ), and (5) the RFPs. 

6. Piping Non-Destructive Examination (NOEl Program 

As a result of the two line failures and support damage, it was determined that a number 
of high stress points at the feedwater regulating station and several other locations 
throughout the plant would be examined for cracking. Approximately twenty large bore 
lines and 44 small bore lines were inspected. Inspection of two vent lines and an 
instrument line at the feedwater regulating station showed porosity and undercut at the 
welds. Each of the welds was repaired. The purpose of the NOE exams was to locate 
fatigue cracking that may have been initiated by the feedwater transient. One small 
fatigue crack was located on a small bore pipe connected to large bore RWCU piping. The 
crack was repaired. It could not be determined whether the transient caused the fatigue 
crack. No other fatigue cracks could be found on small or large bore piping. 

7. FWRV Modification 

Modifications Ml2-3-87-34 and Ml2-3-87-35 were performed prior to unit start up to 
replace the existing 3A & 38 FWRV [A03-642A(B)J piston type air operators with a 
hydraulically operated/dampened type (Copes-Vulcan Model D-100-160). Since these 
actuators provide slower FWRV closure times, analysis was performed to determine the 
effect of slower FWRV closure on fuel design considerations based upon postulated FWRV 
closure during power operation. Review of this issue with Advanced Nuclear Fuels (ANF) 
found that the FWRV closure time will not be a limiting factor. This review is 
documented in a letter from J. M. Ross to O.F. Kelter, "Acceptability of Increasing the 
FWRV Stroke Time," dated March 23, 1988. This letter can not be found at this time but 
the Nuclear Engineers are working with ANF to reconstitute the information. 
(249-180-87-01301). The new air operator was a spring-to-open, air-to-close type. 
operator. Consequently, the air lines that operated the piston type operator were 
modified as only the air supply line was required for the hydraulic type operator. The 
booster and air lockout valve for the piston type lower air cylinder were removed and the 
air line capped at the positioner. 

The spring for the hydraulic operator had a non-linear spring rate. The spring rate 
increases as the spring is compressed; as valve opening decreases and flow decreases, 
greater dampening is provided. In this manner, valve position oscillations under low 
flow conditions are limited. 

Modifications M2-3-87-45A and M12-3-88-57 have since been installe, which replace these 
air operators with hydraulic activators. 
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8. Bailey Diagnostic Modification 

Modification M12-3-87-27 has been completed. This installed additional interface cards 
to the Bailey Network-90 feedwater control system to provide on-line monitoring and 
storage of process parameters from within the control system. The purpose of the 
modification was to obtain a hard copy of all input/output data points associated with 
the Bailey Network-90 feedwater level control system to enhance root cause investigations 

.concerning any future unanticipated transients. The data can be transferred from the 
Bailey Network-90 to a personal computer capable of storing, trending, and analysis 
functions. This system is capable of storing 60 data points (actual or calculated 
values) every 0.5 seconds. The Bailey diagnostic modification was initiated as the 
result of a previous Unit 2 low level scram (LER 87-023/050-237). 

9. FWRV Isolation Valve Seal-In Modification 

Modification Ml2-2(3)-86-14 was performed as a result of a Detailed Control Room Design 
Review (DCRDR), as required by NUREG-0737 Supplement 1. The control switches for 
feedwater regulator isolation valves (3-3206A and 3-3206B) were replaced. The new 
switches are three position, left and right spring return to center, with center 
pull-to-stop, General Electric (GE), S13-10 type selector switches. These switches allow 
the feedwater regulator isolation valves to be fully opened or closed without having to 
hold the switch handle for the complete valve operation. The pull-to-stop feature allows 
the operator to stop the valve while opening or closing. This facilitates the throttling 
of these valves. 

10. Isolation Condenser Group V Isolation and Subseauent Low Water Level Scram 

Corrective actions regarding the Group V isolation and subsequent low water level scram 
were as follows. 

a. As a result of two previous occurrences of spurious Group V isolations which were 
observed with the reactor shut down and depressurized and the isolation condenser 
not in use, Action Item Record (AIR) No. 12-86-35 was initiated to develop 
corrective actions. Investigation by Engineering shows that the root cause is an 
annubar flow instrument on the isolation condenser condensate return line, which 
initiates a spurious high condensate return line flow signal. This results in the 
Group V isolation. The annubar instrument was installed as part of the 
recirculation piping replacement project during.the last refueling outage. 

b. During subsequent startup testing, a functional test of the isolation condenser 
circuitry was performed in accordance with Special Procedure SP-87-8-132 and later 
with SP 87-9-144 to duplicate the Group V isolation and verified that the annubar 
instrument was the cause of the isolation signal. This testing led to the 
implementation of Modification Ml2-3-87-37, which installed a 2 second time delay to 
prevent spiking of the annubar from isolating the system. 

c. Investigation into the subsequent low water level scram centered on the following 
items. 
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(1) While·using the isolation condenser to provide substantial cooldown rates, 

significant moderator shrinkage occurs. This was aggravated by resetting the 
scram signal, which diverted much of the CRD system flow from vessel makeup to 
recharging of the accumulators. In order to provide more detailed guidance to 
the operating personnel, cautions were placed in appropriate procedures which 
utilize the isolation condenser to warn about rapid moderator shrinkage at low 
reactor pressures and to caution against resetting the rector scram in order to 
maintain CRD flow to the vessel. 

(2) The reactor operators observed that small changes in M03-1301-3 valve position 
were difficult to perform due to the rapid speed of valve movement. A 
modification request form was submitted to consider providing a slower speed 
gearing ratio for the M03-1301-3 valve in order to facilitate fine adjustment 
of M03-1301-3 valve position. This in conjunction with concerns raised by 
Generic Letter 89-10 has resulted in modification M12-3-92-001 which will 
increase the gear ratio for the 1301-3 valve. This will improve the thrust 
capability and valve controlability. This modification will be completed 
during the D3R13 refuel outage in the beginning of 1994. 

d. A revision was made to Dresden Maintenance Procedure DMP 40-6, to change the 
M03-1301-3 valve limit to 1 3/8 inches. 

e. An isolation condenser heat removal test was performed on Unit 3 after startup to 
verify proper heat removal capacity of the isolation condenser. This was performed 
in order to verify that the change in the M03-1301-3 vale did not adversely affect 
isolation condenser heat removal capacity~ 

11. Failure of Primary Containment Isolation Valve A03-1601-63 

As a corrective action, the actuator was rebuilt replacing the valve actuator tube, 
piston cup seals, piston o-rings, and the teflon shaft seals for the cylinder end seal on 
the valve actuator. The valve was then reassembled, tightening the tie rod nuts in an 
opposing pattern. The valve was operated three times to verify operability. A similar 
actuator type is installed on Unit 2 in the same location. The preventative maintenance 
frequency for air operated primary containment vent and purge valves and actuators was 
reviewed as part of the Reliability Centered Maintenance (RCH) program. These actuators 
are currently rebuilt every two refuel outages, and fail safe tested each refuel outage. 
An industry wide NPrds data search found that this model of actuator is not widely used 
and this type of failure is not listed. This component was entered into the NPrds data 

· base. 

12. RWCU Valve Closures 

As corrective actions as previously mentioned in Section C.6., tests were performed to 
attempt to duplicate the suspected vibration phenomenon. The tests concluded that relay 
contact position needed to cause this anomaly was possible. However, the vibrations to 
duplicate the relay actuation, could not be duplicated during the testing. 

13. Half Group I Primary Containment Isolation 

As a corrective action, a walkdown was performed of all instrument lines associated with 
the Group I Primary Containment Isolation instrumentation [JM]. No damage was found on 
any of the piping or instruments. A redesign of the main steam line low pressure 
instrument mounting configuration in order to make these instruments less susceptible to 
vibration-induced tripping was completed. 
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F. PREVIOUS OCCURRENCES 

When Dresden Units 2 & 3 first went into service, there were design problems associated with 
the mechanical and hydraulic dynamics of the feedwater pumps in combination with the feedwater 
header piping system and the feedwater regulating valve piping system. During initial plant 
startup, it was necessary to re-design the feedwater pump impellers. This was necessitated because 
severe hydraulic pulsations were developed in the space between the vanes of the second stage 
impeller and the inside of the volute. The re-design consisted of changing the seven-vane impeller 
to a five-vane design, and opening up the clearance between the edge of the vanes and the inner 
diameter of the pump volute. The amplitude and frequency of the pulsations (prior to the 
re-design) had been severe enough to cause physical damage to the pump itself and the discharge 
p1p1ng. Once the design changes were completed, the feedwater systems at Dresden were relatively 
trouble-free (i.e., no severe oscillation events) until June of 1974, when a significant feedwater 
piping oscillation event on Unit 3 caused physical damage to piping supports near the feedwater 
regulating valve station. A study was initiated, and the pipe support system was re-designed. 
Also during this time, the regulating valve actuator air controls were relocated to make them less 
susceptible to damage during high vibration events. 

In 1975 a study was undertaken to determine the nature and magnitude of p1p1ng oscillations 
under normal operating conditions and load change conditions. Southwest Research Institute (SWRI) 
was asked to develop a test plan and monitoring system to measure the amplitude and frequency of 
piping vibrations under various load conditions, and to try to determine the cause of the 
vibrations which could result in eventual piping damage. Their study and testing resulted in 
several observations regarding the nature of mechanic and hydraulic instabilities, and several 
recommendations were made regarding potential design and/or operating procedure modifications. As 
a result of their recommendations, the low flow piping through the regulating valve station was 
re-routed, vibration detection equipment was installed, the feedwater level control system was 
adjusted, and additional piping supports were added. These recommendations were made on both Units 
2 and 3. Coincidentally, due to frequent condensate booster pump motor trips on high amperage 
during high flow conditions, the booster pump impellers were tri11111ed. 

The performance of the feedwater systems at Dresden was relatively good following the 
implementation of the design improvements, until the summer of 1987, when the two feedwater 
transient events previously described were experienced. A brief description of the most recent 
related events is listed below. 
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Dresden Unit 2 Reactor Scram During Power Operation Due to Low 
Reactor Water Level Resultfog from an Unantkipated Closure o.f, the 28 
Feedwater Regulating Valve. 

On July 17, 1987 with Unit 2 descending in power at a conservative 
average rate of 10 HWe/hour via recirculation flow, the reactor 
scrarrmed from 85% rated thermal power on a low reactor water level 
signal of +8 inches. The root causes of the event were four 
feedwater regulating valve component failures and feedwater level 
control system equipment and/or signal difficulties. 

Corrective actions entailed maintenance repairs and replacements for 
the component failures, extensive feedwater level control testing, 
insLallation of an independent recorder to monitor various reactor 
parameters, the formation of an investigative task force, the 
implementation of numerous pre-startup directions and precautions, 
training, and procurement of a feedwater level control system 
diagnostic computer to aid in root cause determination. 

Dresden Unit 3 Hain Turbine Trip on High Reactor Water Level and 
Subsequent Reactor Scram Due to Malfunction of the 3A Feedwater 
Regulating Valve. 

Root cause of the event was feedwater system instabilities which 
occurred while operating the feedwater level control system in 
the three element mode of operation at low r~actor power 
levels. Corrective action to prevent reoccurrence included 
procedural changes and evaluation of new instrument rack designs. 

Dresden Unit 3 Feedwater Line Vibration 

On June 23, 1974 severe vibrations were experienced on the Unit 3 
feedwater system. As a result of the vibrations, the feedwat.er 
system incurred damage to the feedwater regulating valve (FWRV) and 
several pipe restraints as follows: 

1. Minimum flow FWRV was found open and rotated 30°. 

2. All air lines and electrical feeds to the minimum flow FWRV 
were broken. 
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3. Movement of various hangers and supports. 
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Page (31 

Corrective actions entailed inspection of the feedwater piping 
with repairs being performed as necessary. All feedwater piping 
welds were tested either by magnetic particle or dye penetrant 
methodology producing satisfactory result~. 

Dresden Unit 3 Spurious Group V Isolation 

On November 13, 1986 with Unit 3 shut down and the reactor 
vessel depressurized several hours after a reactor scram, an 
unanticipated Group V (isolation condenser) containment 
isolation signal was received at 2140 hours. 

At the time of the event, the root cause could not be 
determined. However, an investigation into the root cause of a 
previous unanticipated Group V isolation (LER #86-18/050-249 
below) was in progress. 

Dresden Unit 3 Spurious Group V Isolation 

On October 14, 1986 with Unit 3 shut down and the reactor vessel 
depressurized several hours after a reactor scram, an 
unanticipated Group V containment isolation signal was received 
in the Control Room. The root cause of the event could not be 
determined, therefore Action Item Record (AIR) 12-86~35 was 
written requesting engineering assistance in determining the 
cause. 

Nomenclature 

Air Actuator 

3A FWRV Air 
Supply Solenoid 
Valve S03-655A 

Model Number 

A-81 

WP 8300D-9F 
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Dresden Nuclear Power Station 
Unit 3 

Root Cause Recommendations 

~ Descriptions 

1. Regulating valve hardware 
changes FWRV-A 

FWRV-B 

2. Regulating valve testing 

- Dual valve-reactor level steps 

- Tuning to change gain, if 
necessary 

3. Low flow valve capacity increase 

4. New Trim/actuator design (Drag 
valve) 

5. 3A FWRV Operation 
a. Maximum 75% power 
b. Avoid steady state 9-13% 

open position 
c. Below 28% power, use 

recirculation valve 
d. Do not operate near seat 
e. Close using - 5% demand signal 

Year ~~~ 

ATTACHMENT 

Root Cause Recommendations 
Summary of Resolutions 

Revision 
mb r 

Resolution of Recommendations 

Dresden 
Unit 2 

CECo is monitoring the 
replacement in Unit 3 
before implementing the 
modification on Unit 2. 

Modification Ml2-2-88-13 changed 
the 28 FWRV to a DRAG trim and 
equipped it with a MEA electro
hydraul ic actuator. 

Dresden 
Unit 3 

Modification Ml2-3-87-45A 
changed 3A-FWRV to a DRAG 
trim and equipped it with 
a MEA electrohydraulic 
actuator. 

Modification Ml2-2.:.S7-45B 
replaced the trim with Hush 
Trim and a new actuator. 
Modification testing determined the 
valve would control adequately 

-in the manual mode, but would 
not adequately control in 
automatic mode. Therefore, 
modification Ml2-3-88-57 
replaced the actuator of 
38-FWRV with a MEA electro
hydraul ic actuator. 

Due to the valve modification, dual automatic valve operation is 
not recommended. Therefore, this testing recommendation is 
not required. 

This change will not be 
implemented due to the high 
piping cost. 

Described in Item l' above 

This change has been 
implemented per modification 
Ml2-3-87-45C. 

Described in Item 1 above. 

Through startup and modification testing, Operating procedures 
have been revised to provide direction in FWRV operation and 
unstable operating regions. 
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Dresden Nuclear Power Station 
Unit 3 

Root Cause Recommendations 

~ 

6. 

7. 

. a. 

3B 
a. 
b. 

c. 

d. 
e. 

Descriptions 

FWRV Operation 
Maximum 100% power 
Avoid steady-state 0-5% and 
54-63% open position 
Below 28% power, use 
recirculation valve 
Do not operate near seat 
Close Using - 5% demand signal 

Dual Valve Operation 
a. FWRV 3B in Auto/FWRV 3A in 

manual greater than 60% power, 
while avoiding steady-state 
0 - 5% open position 

b. Maximum 52% open on 3A-FWRV, 
and maximum 53% open on 3B-FWRV 

c. Dual valve automatic control 
greater than 50% reactor power 
is acceptable 

d. Operate with both valves 
approximately the same percent 
lift position 

Low flow valve to main regulating 
transfer at high flow rate 

9. Test feedwater level control 
system in 3-element control mode 
or delete it. 

10. Transfer to alternate level 
transmitter on development 
of erratic signals 

11. Add signal verification for: 

A. Check between channels 

B. Check for operation within 
1 imi ts 

12. Add 3rd level transmitter and 
median select 

Year ~~~ 

ATTACHMENT 1 

Root Cause Recommendations 
Summary of Resolutions 

Resolution of Recommendations 

Dresden 
Unit 2 

Dresden 
Unit 3 

Through startup and modification testing, Operating procedures 
have been revised to provide direction in FWRV operation and 
unstable operating regions. 

This recommendation was made only for the root cause testing; 
thus, it is given no further consideration. 

The low flow valve capacity 
was not increased due to high 
piping costs. Therefore,· no 
procedure changes were required 

Operating procedure 
revision complete. 

This is not required because the flow transmitters have 
been replaced. There will be testing prior to operation 
in three-element control. 

This recommendation was determined to be not economically 
justifiable. Thus, no plant changes are recommended. 

This item is required for operation in 3-element control. 
Presently the plant is operated in single-element control 
only. This item will be reviewed with the manufacturer to . 
be included in a software change~ 

This recommendation was determined to be not ecomomically 
justifiable, thus no plant changes are recommended. 

Page 13> 
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Root Cause Recommendations 

Descriptions 

13. Auto transfer from 1-element to 
3-element at greater than 50% 
power 

14. Auto transfer to 1-element 
control on loss of feedwater 
or steam flow transmitter signal 

15. Auto transfer to manual control 
for non-locked out regulating 
valve 

16. Modify lock-out alarm for 
human factors consideration 

17. FW level control system auto 
gain change on transfer from 
single valve to dual-valve 
operation 

18. Add deviation hold prior to 
addition of.2nd valve in 
automatic operation 

19. Add valve position deviation 
alarm 

20. Add switchable current source 
to facilitate Rx level step 
changes. 

21. Control feed pump minimum flow 
recirculation valve using 
digital control system. 

22. Delete flow control mode of 
feedwater level control system 

ATTACHMENT l 

Root Cause Recommendations 
Summary of Resolutions 

Dresden 
Unit 2 

Resolution of Recommendations 

Dresden 
Unit 3 

This item is required for operation in 3-element control. 
Presently the plant is operated in single-element control 
This item will be reviewed with the manufacturer to 
be included in a software change. 

This item is required for operation in 3-element control. 
Presently the plant is operated in single-element control 
This item will be reviewed with the manufacturer to 
be included in a software change. 

This takes place on loss of signal. No further action is 
required. 

Valve modifications have deleted the lock-out 
al arm and replaced it with an "actuator trouble" 
alarm. further action on this recommendation is 
not required. · 

Since the valves do not have similar characteristics, 
dual valve operation is not feasible. Therefore, 
further action on this recommendation is not 
required. 

Since the valves do not have similar characteristics, 
dual valve operation is not feasible. Therefore, 
further action on this recommendation is not required. 

The installation of hydraulic actuators has added an 
actuator trouble and loss of signal alarm. The 
2A FWRV is operated in manual only; therefore, the 
addition of this alarm is no longer needed. 

This item will be reviewed with the manufacturer 
to be included in a software change. 

This item will be reviewed with the manufacturer 
to be included in a software change. 

This change will not be implemented. The flow control mode is 
designed to protect the reactor feed pumps on runout conditions. 
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Dresden Nuclear Power Station 
Unit 3 

Root Cause Recommendations 

Descriptions 

23. Investigate use of flow limiter 
for dual-valve operation 

24. Reduce differential between Hi 
and Low level alarm 

25. Use scram signal for water level 
set-down trigger 

26. Optimize water level density 
compensation 

level density 

27. Utilize digital controller to 
auto-start the condensate 
booster pump 

28. Modify condensate booster 
recirculating valve 

A. Fully automatic 

B. Remote manual 

29. Investigate operational number 
of CB/FW pumps which can be run 
at a time 

30. Increase feedwater pump minimum 
flow recirculation 

31. Decreased feed pump discharge 
head at low flow conditions 

32. Dynamically balance rotating 
elements prior to service 

33. Use systematic approach to 
condensate feedwater system 
modifications 

Year ~~~ Sequential ~~~ 
N mb r 

ATTACHMENT 1 

Root Cause Recommendations 
Summary of Resolutions 

Dresden 
Unit 2 

Resolution of Recommendations 

Dresden 
Unit 3 

Since the characteristics of each valve are different, dual-valve 
operation is not feasible. Therefore, this recommendation will 
not be not given further consideration. 

This change has not been implemented but will be reviewed with the 
Operations Department. 

This recommendation has been withdrawn. 

Ml2-2(3)-89-004 will move a majority of the reference leg p1p1ng 
outside primary containment. This will lessen the need for water 

compensation. This modification is scheduled for D2Rl3 and D3R13. 

The intent of the recommendation has been implemented by 
modification Ml2-2(3)-87-47. 

This recommendation was determined to be not economically 
justifiable thus no plant changes are recommended. 

Local control operates satisfactorily. Therefore, this change 
will not be added. 

This is addressed in system operating procedures. 

This is addressed in syste~ operating procedures. 

This is addressed in system operating procedures. 

Rotor assemblies are purchased dynamically balanced. 

This recommendation has been implemented by the modification 
process. 
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Root Cause Recommendations 
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34. Implement recommendations for 
optimum flows/pressures in 
condensate and feedwater system 
operating procedures. 

35. Implement changes to regulating 
valve operating procedures 

36. Implement changes to low flow 
regulating valve operating 
procedures. 

37. Evaluate elimination of operating 
procedure for local-manual 
operation 

38. Create procedure for 2-valve 
operation 

39. Provide operating instructions 
for max./min. flow ranges for 
CD/fW pumps 

40. Modify condensate system 
operating procedure to instruct 
on use of minimum flow 
recirculation valve. 

41. Revise feedwater operating 
procedure for minimum flow 
recirculation 

42. Provide instructions in 
condensate system operating 
procedure for cutting-in or 
cutting-out demineralizer beds. 

43. Revise abnormal operating 
procedure to provide instructions 
for avoiding piping vibration 
transients. 

44. Add additional instrumentation 
channels. 

45. Add pipe vibration mor.itor 

46. Add Transient monitoring system 

Root Cause Recommendations 
Summary of Resolutions 

Resolution of Recommendations 

Dresden 
Unit 2 

Dresden 
Unit 3 

Operating procedure revisions have been completed. 

Operating procedure revisions have been completed. 

Operating procedure revisions have been completed. 

Operating procedure revisions have been completed. 

Operating procedure revisions have been completed. 

Operating procedure revisions have been completed. 

Operating procedure revisions have been completed. 

Operating procedure revisions have been completed. 

Operating procedure revisions have been completed. 

Operating procedure revisions have been completed. 

This recommendation was· detenni ned to be not economi ca 11 y 
justifiable. Thus, no plant changes are recommended. 

The modification ls not economically justifiable, and 
will not be implemented. 

The Transient Analysis Recording System (TARS) is currently 
installed. 

2 
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On August 7, .1987 at 0808 hours w1th reactor power at 30% and a unit shutdown in progress, 
significant oscillations in feedwater and condensate system pressures were observed. A 3A 
feedwater regulatfog valve (FWRV) lockout was received in. addition to high vibration alanris for the 
reactor feedwater pumps (RFP) and the feedwater regulating station. The unit shutdown was caused 
by failure of containment vent valve A03-1601-63 to this Standby Gas Treatment System. 

The piping vibrations caused an instrument line break on the 3C RFP piping and a drain line break 
in the reactor water cleanup (RWCU) system. The reactor was ·manually scrammed to allow for 
isolation of the leaks. During cooldown, a Group V primary containment isolation occurred which 
resulted in a second reactor scram conditions on low reactor water level at 1029 hours. The vent 
valve failure was attributed to air operator wear and the 3A FWRV lockout was caused by a shorted 
coil on 3A FWRV air supply solenoid valve. Further testing was performed to determine the cause of 
the feedwater oscillations and Group V isolation. The RFP and RWCU piping, and the FWRV air 
operator were repaired. The FWRV solenoid valve was replaced. 

The safety significance was minimal since venting of the containment can be accomplished by 
utilization of the reactor building ventilation system and emergency core cooling systems were 
available. A previous occurrence is documented in LER 050-249/87-12. 



TEXT CONTINUATI~ 
FACILITY NAME (1) DOCKET NUMBER (2) LER NUMBER C6l Page C3l 

Dresden Nuclear Power Station 
Unit ·3 

Year ~~~ Sequential 
b 

Text 

ZDVR/827 

Plant and System Identification 

General Electric Boiling Water Reactor - 2527 MWt rated core thermal power. Energy Industry 
Identification System (EIIS) codes. are identified in the text as [XX]. 

Event ldentjfjcatjon 

Manual reactor scram due to reactor feedwater system [SJ] oscillations during Unit 3 reduction in 
power to hot shutdown, due to failure of air-operated.containment isolation [JH] valve A03-1601-63 
to close during testing. A second reactor scram on low reactor water level occurred with the 
reactor in a hot shutdown condition with all control rods inserted, and cooldown in progress. 

A. Conditions Prior to Event 

Unit: 3 
Reactor Mode: N 

Event· Date: August 7, 1987 
Mode Name: Run 

Event Time: 0816 
Power Level: 30% 

Unit 3 reactor power was being reduced to hot shutdown. feedwater level control [JB] was in 
single element control with the 3A feedwater regulating valve (fWRV) [SJ] in the automatic 
mode regulating reactor water level, and the 38 fWRV in the manual mode of operation 2-3% 
open. The 3A reactor feedwater pump (RfP) CSK] was in operation as were the 3A a~d 3C 
condensate pumps [SO]. 

B. Event Description 

On August 7, 1987 at approximately 0100 hours, with Dresden Unit 3 operating at 82% rated 
thermal power, Dresden Operating Surveillance (DOS) 1600-12, Monthly Containment Purge System 
Operability Check, was being performed. This surveillance was being performed in accordance with 
Technical Specification (T.S.) 4.7.A.6.c., which requires that the valves in the primary 
containment vent [VB] line to the Standby Gas Treatment System (SBGTS) [BH] be actuated monthly to 
verify their operability. At 0130 hours on August 7, 1987, primary containment air-operated valve 
A03-1601-63 failed to close during the surveillance. This valve allows primary containment venting 
to SBGTS. Operations personnel were immediately dispatched to investigate and subsequent attempts 
to close the valve from the Control Room with both operations and maintenance personnel present 
were unsuccessful. The valve was then manually closed. 

In accordance with T.S. 3.7.A.6.c., which requires that the reactor be taken out of power 
operation if the primary containment purge system is inoperable, an orderly shutdown was commenced 
at 0230 hours. T.S. 3.0.A., which applies to such Limiting Conditions for Operation such as 
3.7.A.6.c. which do not list specific time requirements for shutdown, required that hot shutdown 
conditions be achieved within twelve hours and cold shutdown conditions be achieved within 
twenty-four hours thereafter. An Unusual Event was also declared in accordance with Emergency Plan 
Implementing Procedure (EPIP) 200-Tl, Classification of Generating Station Emergency Plan (GSEP) · 
Conditions. J 
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While reducing unit load at a rate of 100 MWe/hour, repairs and testing of the A03-1601-63 
valve continued per Work Requests #67758 and 67771. At approximately 0500 hours, the reactor 
recirculation pumps [AD] had been reduced to minimum speed, reducing unit load to 444 MWe. At this 
time, both the 3A and 3B FWRVs [SJ] were in service and approximately 15-17% open with the 3B FWRV 
in manual control and 'the 3A FWRV in automatic single-element control mode. In this mode, the 3A 
FWRV was being controlled by a reactor water level. [JB] input signal. At this reduced power level, 
the reactor operator decided to close the 3B FWRV and to continue to use the 3A FWRV in 
single-element automatic control. When the 3B FWRV was closed to less than 2% open, indication of 
pressure oscillations in the reactor feedwater pump [SJ] discharge, and condensate booster pump 
discharge and suction lines were observed. The reactor operator then reopened the 3B FWRV to 2-3%, 
at which point the oscillations dampened. During .manipulations of the 3B FWRV, the 3A FWRV 
compensated for feedwater flow. Load continued to be reduced with the 3A FWRV in the 
single-element automatic mode. 

At 0655 hours on August 7, 1987, the load drop was secured at 297 MWe in order to perform 
testing of the A03-1601-63 valve. At 0741 hours, the 3C RFP was secured and the 3B 
condensate/booster pump was secured at 0744 hours. This is normal procedure during shutdown due to 
reduced feedwater flow requirements at reduced power levels. The Unit 3 Operating Engineer (OE), 
Shift Supervisor, and maintenance personnel were in the reactor building [NG] to observe operation 
of the A03-1601-63 valve, which is located near the Reactor Water Cleanup (RWCU) [CE] system valve 
gallery. The Assistant Superintendent of Operations (ASO) was in the Control Room performing 
routine reviews of plant status with the Control Room personnel. The 3A RFP was running at a flow 
of approximately 2.7 E 6 LB/HR. Condensate pumps 3A and 3C were also in service. 

At approximately 0808 hours, the reactor operator began to observe significant oscillations in 
feedwater and .condensate system pressures. A 3A FWRV lockout and loss of air alarm was received, 
in addition to 3A and 3C RFP high vibration and feedwater regulating station high vibration 
alarms. Reactor water level was observed to be increasing; however, the reactor operator 
stabilized reactor water level at +54 inches by isolating the 3A FWRV. A one-half primary 
containment Group I isolation alarm was then received, although no indications of an actual Group I 
initiating signal were present. The Station Control Room Engtneer (SCRE) reset the half Group I 
alarm but it came in again and would.not reset. Alarms for high 3A RFP flow and high RFP discharge 
pressure were also received~ Reactor water level began to decrease and the reactor operator then 
reopened·the 3A FWRV isolation valve and stabilized reactor water level at +30 inches above 
instrument zero. 

The following RWCU alarms were received at 0810 hours: cleanup filter sludge tank high level, 
A and Bleak detection [BO], and RWCU pump trip. Al 0812:25, the RWCU M01201-1 and M01201-2 
containment isolation valves automatically closed, although no RWCU isolation alarm was received. 
The reactor operator then closed the RWCU M01201-7 return line isolation valve to complete the RWCU 
system isolation. The Unit 3 OE, still in the reactor building, called the Control Room to report 
that he was observing vibration in the RWCU valve gallery area. The ASO left the Control Room and 
reported back to the Shift Engineer (SE) at approximately 0816 hours that he had observed a steam 
leak in the vicinity of the feedwater pump room. The Unit 3 OE also reported indications of 
leakage coming from the RWCU system. ·The ASO recommended to the SE that the reactor be manually 
scrammed. Because of the reported leakage, the SE concurred and ordered the reactor operator to 
manually scram the reactor. The manual scram was initiated at OB16:14. 
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The ASO again called the Control Room to request that an announcement be made for all 
personnel to remain clear of the Reactor and Turbine [NH] Buildings. Tours of the area by the 
Shift Supervisor, Unit 3 OE, ASO, and the Station Manager indicated the leakage was coming from a 
broken instrument tap located on the 3C RFP discharge header (l/Z" instrument line for feedwater 
flow transmitter 3-644C) and a broken 111 RWCU drain line (line no. 3-1246-1"-A). At 0817-hours, 
all RFPs were secured and at 0833 hours, the condensate system was secured. These actions were 
taken to isolate leakage from the broken lines. The control rod drive (CRD) system [AA] supplied 
reactor vessel water makeup. At 0850 hours, the main steam isolation valves (HSIVs) [SB] were 
closed to maintain the reactor vessel inventory, and the isolation condenser [BL] was initiated at 
0916 hours to control reactor pressure and cooldown rate. 

Reactor pressure and level at this time were 951 psig and 60 inches, respectively. Because of 
the high reactor water level, the decision was made to secure the CRD pump in order to keep reactor 
water level within the normal operating range (+60 to -60") of the narrow range reactor level 
instrumentation [IG] . Both reactor pressure and water 1eve1 then decreased steadily. At 0929 
hours, these parameters were at approximately 779 psig and 52 inches, respectively and vessel 
makeup via the CRD system was reinitiated. 

By 1008 hours, reactor pressure had decreased below 600 psig, which bypassed an existing low 
condenser vacuum scram signal ·[SH]. Since this had been the only remaining scram signal, the 
reactor operator reset the scram. Resetting the scram automatically diverted a portion of the CRO 
system flow from vessel makeup to recharging the accumulators. This reduced vessel makeup via the 
CRD system to 40 gpm. As the scram was reset, reactor level oscillations were noticed by the 
reactor operator. The reactor operator observed that during at least two adjustments made to the 
position of isolation condenser condensate return valve M03-1301-3 to control the cooldown rate, he 
observed double valve indication at the end of his open adjustment. When the operator looked away, 
performed another duty for a short period of time, and returned to the H03-1301-3 control switch, 
he then noticed the. H03-1301-3 valve indicated full open contrary to the position he had left the 
valve at. Inrnediately prior to 1029 hours, the operator observed that his cooldown rate was 
slightly higher than desired and made two small closing adjustments to valve H0-1301-3. At the end 
of these closure manipulations, the operator walked over to the 903-4 panel for a period of about 
30 seconds to observe the vessel shell and flange temperature recorders. 

At this time, the isolation condenser high flow Group V primary containment isolation alarm 
annunciated, the isolation condenser isolation valves clos-ed, and reactor water level began to 
decrease. After evaluating the condition, the operator elected to reset the isolation and attempt 
to prevent the continued level decrease by throttling open the H03-1301-3 valve. The reactor 
subsequently received .an automatic scram signal on low reactor water level, which occurs at>/= +8 
inches above instrument zero (>/= 144 inches above the top of active fuel) in accordance with 
Technical Specification Table 3.1.1. The operator then responded to the scram in accordance with 
Dresden General Procedure (DGP) 2-3, Reactor Scram Procedure. Cold shutdown conditions were 
achieved at.1225 hours. The isolation condenser was secured at 1235 hours and the shutdown cooling 
system was put on at 1240 hours. 
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A team of Technical Staff engineers was assembled to perform a walkdown inspection of the 
feedwater and condensate piping systems. This inspection included checks for support damage, 
insulation damage, damage to attached or adjacent components, and evidence of piping system 
movement. Results of this inspection were compiled, reviewed, and submitted to a team of engineers 
assembled on-site from the Commonwealth Edison Company (CECo) Boiling Water Reactor (BWR) 
Engineering Department and Sargent & Lundy (S&L). further inspections of damaged components were 
then performed by the BWR Engineering Department and S&L personnel with assistance from the 
Technical Staff engineers. Repair plans were then formulated. An inspectfon was also performed on 
the 3A fWRV. 

C. Cause of Event 

This report is being submitted to comply with 10 CfR 50.73(a)(2)(iv) which requires the 
reporting of any event or condition that resulted in manual or automatic actuation of an Engineered 
Safety feature [JE], including the Reactor Protection System; and 10 CFR_50.73(a)(2)(i)(B) which 
requires the reporting.of any operation or condition prohibited by the plant's Technical 
Speci H cations. 

Due to the complexity of this event, no single root cause was determined as being 
responsible. Instead, eight individual events were identified as being contributing factors. Each 
of these events, outlined as follows, will be individually discussed in this report. Three of the 
events listed - failure of primary containment vent to ·seGTS v~lve A03-1601-63, Unit 3 reactor 
manual scram due to feedwater piping oscillations, and Unit 3 reactor low reactor water level scram 
resulting from an unanticipated isolation condenser Group V isolation - are considered of greater 
significance as they are required to be reported in accordance with 10 CFR S0.73(a)(2)(i)(B) and 10 
CFR 50.73(a)(2)(iv). The eight individual events and a summary of their root cause investigation 
are as follows: 

1. Feedwater Piping Oscillation <Probabl~ Causes! 

Immediately following the August 7, 1987 Unit 3 feedwater transient event, an 
investigative team was formed by the CECo BWR Engineering Department to determine the 
root cause of piping oscillations, and to make recommendations as to the methods of 
precluding further transients from occurring. This investigative teani (composed of 
members of the CECo Engineering Services Section of the Production Services Department, 
consultants from Signals and Safeguards, Inc., S&L personnel, and the CECo BWR 
Engineering Group) identified several potential areas of the feedwater system design 
which warranted investigation. Among these areas were system hydraulic and hydro-dynamic 
design, feedwater pump design, feedwater. regulating valve characteristics, actuator 
design and operation, station operating procedures, piping support system, feedwater 
level control system, feedwater/condensate recirculation flow system, and potential 
interaction effects between various combinations of the above. These areas were 
investigated to determi.ne their specific design attributes, testing and performance 
requirements, recent maintenance history, design change history, impact of operating 
procedures, and actual operating data where possible. 



LIC~EE EVENT REPORT CLER> TEXT CONTINUATI~ 
FACILITY NAHE (1) DOCKET NUMBER (2) LER NUMBER (6) Page <3> 

Dresden Nuclear Power Station 
Unit 3 

Year ~~~ Sequential 

Text 

ZDVR/827 

Due to the lack of process data available, the root cause of the feedwater piping 
oscillations could not be determined. However, in performing the investigation, several 
potentially significant findings were revealed. 

a. During the last Unit 3 refueling outage, the feedwater level control system had been changed 
from an analog electronic control system to a digital electronic control system. 

b. Within the one-year period preceding the 1987 feedwater transient event, the "A" reactor feed 
pump rotating element (shaft/first and second stage impeller assembly) had been replaced with 
a spare rotating element. 

c. The point of operation (in terms of percent power, percent throttle flow, and percent pump 
capacity) during which the feedwater transient event was experienc.ed is a relatively unstable 
operating point. 

d. The feedwater regulating valve design implemented on Dresden Unit 3 nas been outdated by 
current technology. The operation of the similar feedwater regulating valves at Dresden and 
several other plants has not been optimal. Instabilities in flow through the valve body have 
been noted, and instances of actuator failures over the years have been noted. In addition, 
similar valves in operation have experienced stem fatigue, and ultimate failure. The 
valve/actuator combination has been subject to failure due to vibration caused by hydraulic 
instabilities and mechanical coupling to vibrating equipment. 

e. Within the last year, policy changes regarding strict adherence to operating procedures were 
put into effect. A review of the station operating procedures did not reveal procedural steps 
that describe/define power level actions to be taken regarding condensate/feedwater system 
operation to support the feedwater hydraulic system as it is currently designed. 

The significance of these findings with respect to determinfog the probable root cause of the 
pipe oscillations are explained below. 

a. Feedwater Control System Replacement 

The fact that the control system was changed from analog to digital is not, in itself, 
considered to be a significant contributor to the transient occurrences at this time. In 
fact, the digital design actually provides for many improvements in operability and 
maintainability of the level control system. Both the old analog design and the new digital 
design were able to provide level control from o.or. through 100.0% throttle flow 
requirements. Design features of the digital design provide for better flexibility in tuning 
the system, and, coupled with a diagnostic system which is currently being designed, the 
digital syste111 will provide more complete information to the Instrument Maintenance (IH) 
Department to determine potential problems associated with its performance. 

The potential problem areas concerning the control system replacement may be in the interface 
with the portions of the old system logic which were not changed. 
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b .. · Rotating Element Reelacement 

The replacement of the 3A feedwater pump rotating element was made to minimize seal leakage. 
Implementation of this change-out was accomplished in mid-1986. Since the rotor is quite 
large, the Dresden Maintenance Shop did not have a dynamic balancing machine large enough to 
accommodate this rotor. As such, it was only statically balanced and aligned in place. All 
records available indicate that the correct impeller design was actually installed. 
''Snapshot" vibration curves of the 3A feedwater pump had been obtained prior to the 8/7/87 
transient. Analysis of these curves revealed high amplitudes at the (5) vane-pass frequency, 
nominal frequency, and high frequencies coupled from the gear btix. 

c. Hydraulic Operation 

Analysis of the latest available pump curves revealed that at the 25-20% power condition where 
feedwater transients.have been experienced, both the reactor feed pumps and the 
condensate/condensate booster pumps are operating in conditions where low flow through the 
pump could result in the development of cavitation. When Dresden was designed in_ the late 
1960's, system designers believed that minimum flow conditions for a centrifugal pump are·· 
approximately 10% of pump capacity at the best efficiency point! Consequently, the minimum 
flow recirculation lines for the feed pumps and the condensate booster pumps are only sized 
and designed_ to handle approximately 10-15% of the maximum flow through the pump. In the 
early 1970's, pump manufacturers were made aware that in nuclear plants, unlike fossil plants, 
the unit is routinely operated at low capacity for up to several hours at a time. The 
manufacturers conducted studies and tests to determine what would be considered the minimum 
safe continuous operating flow through a pump, rather than minimum (temporary condition) 
flows. It was determined that minimum flow conditions actually correspond to 25-35% flow,· 
rather than 10-15% flow, dependent on the design of the pump. At Dresden Unit 3, the 
feedwater pumps· and condensate booster pumps are required to operate for more than four hours 
at flow conditions less than 20% of pump capacity. The setpoints (and line sizing) for the 
minimum flow recirculation path for these pumps are designed for beginning recirculation at 
less than 10% flow requirements. Continuous operation under these conditions for sustained 
periods of time can lead to cavitation and permanent damage to the pumps. Such cavitation 
wou·ld be observable on suction and discharge pressure gauges for the pumps, in the form of 
large swings in pressure. Pump cavitation could be a contributing cause of the piping 
oscillations. 

d. Feedwater Regulatjng Valve Design 

The design of both the feedwater regulating valve and its actuator are not ideal for low flow 
conditions. The investigative team determined from plant design documents that the specified 
duty conditions given to the valve manufacturer ar~ not the duty conditions currently 
evidenced by the operating data. The maximum differential pressure and flow conditions across 
the valve at low flow conditions are higher than those originally specified. In addition, 
operating experience at other plants has revealed flow instability problems. Finally, at low 
flow conditions (and low stem lift conditions in the valve), the forces on the valve plug are 
quite large, acting in the upward direction. This would have the effect of "fighting" the 
actuator piston pressure. 

In addition, the operation of the pneumatic controls on the valve actuator are s~sceptible to 
vibration conditions. The pneumatic controls are comprised of spring and diaphragm 
combinations that are sensitive to vibration and could cause eventual valve lock-out on low 
air pressure. 
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e. Ooerat;ng Procedures 

A rev;ew of the operat;ng procedures performed ;n conjunct;on w;th a rev;ew of the system 
des;gn has· shown that the ex;st;ng operaHng procedures could be enhanced with more deHnit;ve 
statements address;ng the spec;f;c operat;ng requ;rements for each feedwater regulat;ng val~e •. 
and at what po;nt should condensate booster and reactor feed pump rec;rculat;on modes be 
;n;Uated. In addition, more def;nit;ve steps could be ;nvesUgated to allow low flow or 
shutdown operation with a feedwater regulat;ng valve ;n automatic mode, with a second 
feedwater regulat;ng valve ;n automat;c mode, but at a lower level setpo;nt. Th;s would 
fadlitate a backup system in case of lock-out under decreasing level conditions. 

·A s;milar feedwater transient occurred on Unit 3 on July 11, 1987 (LER 87-12/50-249). Our-fog 
t_he July 11 event, feedwater p;ping osdllat;ons were large enough to damage p;ping insulation. 
The c;rcumstances surrounding the two feedwater transient events were similar. Both events 
occurred during a period where the reactor was being shut down us;ng control rods, wh;le passing 
through the 25%-20i power condition. Both events occurred while the "A" RFP was running ;n 
conjunct; on with the "A" FWRV controlling reactor water level ;n the automatic mode. Both events 
were ;mmed;ately preceded by the rece;pt of h;gh v;brat;on alarms or;ginating from the reactor.feed 
pump area and the feedwater regula~ing valve area. Str;p chart recordings made during both events 
revealed that the transient consisted of a sudden ;ncrease in feedwater flow, with a corresponding 
sudden rise ;n reactor water level. Both events were accompan;ed by pressure sw;ngs as ;nd;cated 
on the condensate booster pump suct;on and d;scharge pressure ;nd;cators, and feedwater pump 
suct;on pressure ;nd;cators. 

Due to the s;milarity of both events and the significance of the findings revealed dur;ng the 
root cause ;nvest;gat;on, ;t has been postulated that the feedwater pip;ng oscillations could have 
been ;nduced by turbulent flow created by the 3A RFP. The turbulence created by the pump could 
have been ;nduced by an ;mbalanced ;mpeller wh;le operat;ng ;n an unstable reg;on of the pump head 
curve. The turbulent condit;on could have been aggravated by the oscillation of the 3A FWRV. The 
FWRV osdllation was most likely the result of instabilities created in the valve under low flow 
conditions creating forces on the valve plug that lifted the plug fighting against the valve 
actuator piston. Finally, a contributing potent;a1 cause to the transient could have been the lack 
of existing procedures to guide operating personnel. Operating procedures could be enhanced with 
more defin;te statements addressing specif;c operat;ng instructions for each feedwater regulat;ng 
valve and feedwater pump combination. s;nce the. root cause could only be postulated, a special 
lest was performed during subsequent unit startup to determine the actual root cause. This testing 
is documented in the "Feedwater System Operability Evaluat;on and Transient Event Root Cause 
lnvesU gat; on". 
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2. Pieing Supeort and Insulation Damage 

A team of Technical Staff engineers was assembled to perform a damage inspection of the 
feedwater and condensate piping systems. This inspection included checks for support damage, 
insulation damage, damage to atta.ched or adjacent components, and evidence of piping system 
movement. Results of this inspection were compiled, reviewed, and submitted to a team of 
engineers assembled on site from the BWR Engineering Department. Further inspections of 
damaged components were then performed by the BWR Engineering Department and S&L personnel 
with assistance from the Technical Staff engineers. Repair plans were then formulated. 
Approximately 7.0 supports were found damaged, which consisted mainly of loose or missing nuts, 
damaged bolts, and spring cans off-load. Insulation was damaged on 15 lines with the majo·rity 
of the damage occurring at the feedwater regulating station and in the x-area. The majority 
of ~he support damage was determined to have existed prior to the transient. The remaining 
support damage and the insulation damage was the result of the pipe movement associated with 
the transient event. 

3. RWCU Drain Line and FW Flow Transmitter Instrument Line Failures 

Two lines failed during the transient event. A 1/2" instrument line for feedwater flow 
transmitter 3-644C dowrystream of the 3C RFP discharge valve M03-3201-C off line no. 
3-3201A-18"-C°was sheared off. A 1" RWCU drain line, 3-1246-1"-A broke off of line no. 
3-1221-8"-A downstream of valve M03-1201-7. The 1/211 instrument line was sheared on a 3/4" 
reducer connecting the line to the feedwater piping. The mating fracture surfaces of both 
lines were sent to the System Materials Analysis Department (SMAD) to determine the failure 
mode. The ~nalysis determined that the final failure mode was ductile overload as a result of 
the transi.enf .. In addition, both were found to have pre-existing flaws as a result of fatigue 
induced cracking. 

4. Isolation Condenser Group V Isolation and Subsequent Low Reactor Water Level Scram 

It is believed that the low water level scram was ultimately the result of moderator shrinkage 
due to isolation of the reactor upon receiving a Group V primary containment isolation. The 
Group V isolation (which automatically closes the isolation condenser isolation valves) is 
initiated by high isolation condenser steam or condensate return line flow. The vessel 
isolation resulted in a small pressure spike collapsing voids in the core lowering reactor 
water level. However, there were other contributing factors for the reactor scram .. The rapid 
cooldown rate in progress contributed to the moderator shrinkage. Manipulation of valve 
M03-1301-3 helped create the reactor water level swings noticed by the operator when 
attempting to control vessel cooldown. A final contributing factor was the resetting of the 
reactor scram. This diverted CRD charging water flow from the vessel. 
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The root cause of the Group V isolation could not be detennined at the time of its 
occurrence. Investigation into the Group V isolation encompassed the following areas. 

Testing of the M03-1301-3 control circuitry was perfonned. This was done in order to 
investigate the possibility of spurious opening of M03-1301-3 when not requested by the 
operator. The M03•1301-3 valve has a three position control switch (close-auto-open). If an 
isolation condenser automatic initiation signal (sustained 1070 psig reactor pressure) occurs 
while the M03-1301-3 valve is in an intennediate position with the control switch in "AUTO", 
automatic opening of M03-1301-3 is designed to occur. Another possibility for automatic 
M03-1301-3 valve opening under these conditions could be faulty control switch contacts. No 
sustained high reactor pressure indication was present, so testing centered on the control 
switch contacts. The IH Department perfonned a surveillance of the isolation condenser 
initiation circuitry while observing .the position of contacts 3-4 of relays 595-118A and B 
which causes automatic M03-.1301-3 valve opening. Contact position was correct for the relay 
condition and the setpoint for 1070 psig reactor pressure with a 15 second time delay was also 
found to be correct. The Electrical Maintenance (EH) Department also checked for proper 
operation of contacts 1-2 of relay 595-151 ("hand-reset" switch relay). The relay and 
contacts were found to operate properly. The IH Department also checked the isolation 
condenser high flow differential pressure switches for proper calibration. All the switches 
were found within Technicaf Specification limits. 

Reactor inventory calculations were perfonned using the measured cooldown rate and assuming 
that the CRD pump ran for one hour at a rate of 80 gpm. This calculation cJosely matched the 
reactor 1 eve.1 decrease recorded during the event, conH nni ng that shrinkage was a contributory 
factor in the level decrease. 

The EH Department checked the open limit switch setting and inertial over-travel Q.f valve ·· 
M03-1301-3. The limit switch setting was found at 1 7/811 and the valve was found to open 2 
1/411 wh-en electrically opened from full closed until the valve came to rest. It was 
detennined from maintenance records that the valve travel is limited to 1 3/411 including 
inertial travel. The valve open limits have been set to 1 3/811

; therefore, an additional 3/8" 
of inertial travel equates to a total open travel of 1 3/411

• It has also been detennined that 
the open limit setting did not contribute to the Group V isolation since the operator was 

·manipulating the M03-1301-3 valve in the closed position at the time of the isolation. 

Prior incidents of spurious isolation condenser line break detection actuation were reviewed 
and none could be found where conditions were similar to those of this event. In addition, 
the configuration of the condensate return li~e flow detection instrument installation was 
reviewed for any causes for spurious actuation. 

Since the· root cause of the Group V isolation could not be detennined, further testing was 
perfonned during subsequent start-up, and the results are documented under item 10 in Section 
E of this report • 
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5. Failure of Primary Containment Valve A0-3-1601-63 

The cause of the A03-1601-63 malfunction has been attributed to component failure. 
Investigation by Mechanical Maintenance personnel revealed that motive air to the actuator was 
leaking by, preventing the valve from closing. The valve is a Pratt 2Fl1 type 6" butterfly 
valve, with a 3 1/4" bore x 10" stroke Miller type A-81 actuator. Upon disassembly of the air 
actuator, it was discovered that the cylinder tube had scour marks in it and the cup seals 
were hard and cracked, allowing air leakage past the piston. The activator piston utilizes a 
wear band to limit wear to the cylinder surface. The wear band had worn, causing scouring of 
the cylinder surface. This was allowing air to be forced past the piston such that 
insufficient differential pressure existed across the piston; thus, the.activator would not 
move. The actuator was rebuilt by replacing the valve operator tube, piston cup seals, pi~ton 
a-rings, and teflon shaft seals for the cylinder end seal on the valve activator. The valve 
was then reassembled, tightening the tie rod nuts in an opposing pattern. The root cause of 
the actuator failure was determined to be age and wear of the actuator piston seal cups. This 
problem with the actuator had no effect on the valve internals. 

6. RWCU Valve Closures 

Investigation by the IH Department found that the closure of the H03-1201-1 and H03-1201-2 
valves had apparently been initiated by one of the .following three sources: RWCU auxiliary 
pump high cooling water outlet temperature (TIS-1291-4), high temperature downstream of the 
non-regenerative heat exchangers (TIS-1291-35), or high pressure downstream of the RWCU 
pressure reducing station (PS-1291-14). Initiation of any of these signals causes automatic 
closure of valves H03-1201-l, H03-1201-1A, M03-1201-2, and H03-1201-3. Automatic closure of 
the M03-1201-7 valve is not initiated by these particular RWCU system isolation signals. 

There is a RWClT system isola.tion which includes automatic closure of the H03-1201-7 valve; 
however; it is initiated only by low reactor water level (~ +8 inches above instrument zero) 
or activation of the standby liquid control system [BR]. Since there is no indication of the 
presence of either of these signals prior to the automatic closure of the H03-1201-1 and 
M03-1201-2 valves, it was conCluded that automatic closure of H03-1201-7 should not have 
occurred. 
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It is believed that piping vibration during the feedwater transient caused one or more of 
these switches to momentarily actuate. This momentary actuation had to be of duration short 
enough to allow the normally closed relay contacts to open (thus allowing the relay logic to 
close the valves) but not loryg enough to allow the normally open contacts to close producing 
the RWCU system isolation alarm annunciation. 

A test was performed to attempt to duplicate the vibration phenomenon. To prepare for the 
test, the RWCU system was isolated and the RWCU pumps were secured. Attempts were then made 
to vibrate each of the appropriate temperature and pressure switch cases, associated 1ocal 
instrument rack sections, and associated instrument lines in an attempt to actuate relays 
595-119, -128, and -129, which initiate the RWCU system isolation. During the inducement pf 
these manual vibrations, the corresponding relay was observed for any signs _of actuation. ln 
all instances, no relay movement was observed. 

A second test was then performed on the relays to verify the possibility that this type of 
actuation with no annunciation is plausible. The relay coil manual button for each relay was 
pushed to the "ON" position. Then, the manual activator button was gradually released until 
all of the "NORMALLY CLOSED" contacts were just opening. At that point, it was observed on 
all of the relays that the normally open contacts were still open. This confirmed that the 
relay position necessary to initiate actuation without annunciation is possible. Therefore, 
it was concluded that the cause of the automatic H03-1201-1 and H03-1201-2 closure without 
receipt of the RWCU system isolation annunciation was vibration of RWCU instrument rack 2203-2 
during the feedwater transient. It was not possible to locally. duplicate the vibrati.on 
phenomenon during testing, but reports from personnel in the area during the transient 
indicate that significant vibration of the instrument rack occurred. 

7. 3A FWRV Lockout 

As stated in Section 8, a 3A FWRV lockout alarm was received in the Control Room during the 
transient. Attempts by the reactor operator to reset it were unsuccessful. Investigation 
into the root cause of the lockout centered on the following items. 

A ground wire shown on the vendor schematics for the feedwater level control circuitry was not 
called for on the installation drawings. It was initially suspected that the missing ground 
wire may have been responsible for causing a lockout signal. However, thorough testing could 
not simulate a floating ground on this portion of the circuitry, or initiate a lockout 
condition. Therefore, the missing ground wire is not believed to be the root cause of the 
lockout event. 

A second postulated cause for the FWRV lockout was the feedwater flow transmitter· line break. 
After the line break had occurred, an abnormally high differential pressure signal was sensed 
by the transmitter. High differential pressure is recogriized by the transmitter as high 
feedwater flow. The feedwater level control circuitry is designed to provide FWRV lockout on 
high feedwater flow in order to prevent runout of the reactor feed pumps. 
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Investigation also found a blown fuse in the lockout circuitry. Loss of this fuse does cause 
FWRV lockout. The root cause of the blown fuse is believed to be a shorted coil on FWRV air 
supply solenoid valve S03-655A. 

The most likely cause of the 3A FWRV lockout is believed to be the blown fuse. This is 
supported by the lockout alarm occurring during the transient and the operator's inability to 
reset it. 

8. Half Group I Primary Containment Isolation 

Review of the computer alarm printer data found that the half Group I alarm was initiated by a 
spurious main steam line low pressure signal (< 850 PSIG reactor pressure with the mode swJ~ch 
in RUN). This is believed to have been caused by vibration induced to the main steam line low 
pressure instrument rack during the feedwater transient. 

D. Safety Analysis 

ZDVR/827 

The root cause of this failure for primary containment vent to SBGTS Valve A03-1601~63 was 
determined to be age and wear of the actuator piston. seal cups which in turn allowed motive air to 
incorrectly pass through the air actuator. However, failure of A03-1601-63 in this manner had no 
adverse effects on the valve's internals nor did it prohibit local manual operation of the valve. 
This was demonstrated by its closure subsequent to DOS 1600-12 surveillance testing to satisfy 
primary containment isolation requirements. During normal power operation A03-J601-63 is closed 
and is only opened during venting of primary containment to SBGTS. However, the preferred method 
of venting primary containment during.normal power operation is through the RBVS. This utilizes a 
flow path different than that of A03-1601-63. If abnormal radiation levels are detected at the 
RBVS stack, the RBVS automatically isolates preventing radiological release to the environment. 

Further, in accordance with Technical Specification Limiting Condition for Operation 3.0.A., 
which requires hot shutdown conditions be achieved within twelve hours of event discovery, reactor 
power was reduced to hot shutdown approximately 5-3/4 hours after event discovery. 

AO 3-1601-63 had last been proven operable on July 9, 1987 while performing DOS 1600-12. For 
these reasons the safety significance of the AO 3-1601-63 failure was considered minimal. 

The safety significance of the reactor feedwater system -Oscillations and subsequent piping 
damage was also considered to be minimal. The two severed lines are not safety-related and the 
breaks were quickly identified by plant personnel. Within approximately one minute of discovery 
the reactor has _been manually scrammed and all reactor feedwater pumps were secured. Shortly 
thereafter the condensate system was secured and system isolation valves were secured to isolate 
the .leakage from the broken lines. Although isolation of the feedwater and condensate system had 
occurred, the control rod drive system was available and utilized to supply and control reactor 
vessel water makeup and level. Also, while the conditions for which the reactor was scrammed did 
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not warrant any automatic or manual operation of the Emergency Core Cooling Systems, i.e., High 
Pressure Coolant Injection (HPCI) [BJ], Low Pressure Coolant Injection (LPCI) [BO], Core Spray [BM] 
and Automatic Depressurization System (ADS) [BG], these systems were available to provide an 
alternate means for reactor water makeup and for reactor cooling. As previously stated, Operations 
personnel acted in a conservative manner by manually scramming the unit irrmediately after leakage 
was discovered, minimizing the amount of steam and water released. Personnel contamination events 
were limited to five personnel and these contaminations were less than 100 cpm (1000 dpm/100 cm2). 
Air samples taken in the areas of the leaks indicated no abnormal radioactivity levels and there 
was no indication of any increased airborne release of any radioactive material on the plant 
radiological monitoring equipment [IL] • 

. The Isolation Condenser Group V isolation and subsequent low reactor water level scram wer~ 
also considered of minimal safety significance. Reactor pressure control and cooldown by use of 
the isolation condenser in a manual throttling mode (throttling the l103-1301-3 valve) was in 
progress when the isolation condenser isolated at 1029 hours. However, the reactor operator was 
able to irrmediately reset the isolation allowing continued control of reactor pressure with valve 
"103-1301-3. Also, the HPCI System and the ADS were available as alternate means of reactor 
pressure reduction and reactor core cooling. The low reactor water level scram at 1029 hours on 
817187 occurred with all control rods already fully inserted from the previous manual reactor scram 
at 0816 hours on 817187 As previously stated, HPCI, ADS, LPCI and Core Spray safety systems, 
though not needed for actuation, were available for operation. Additionally, the reactor scrammed 
at the conservative reactor water level· setpoint of approximately +13 inches above vessel 
instrument zero. The T.S. Table 3.1.1 low reactor water level scram setpoint is>/= +8 inches 
above vessel instrument zero, which corresponds to>/= +144 inches above the top of active fuel. 

E. Corrective Actions 

Corrective actions implemented as a result of this event are provided in the following 
sections • 
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1. Augmented Feedwater Instrumentation and Startup Testing 

The complexity of the August 7, 1987 reactor feedwater system transient and reactor scram 
event led to development of an augmented feedwater system test program designed to 
collect -feedwater system data {pipe vibration, valve operation, pressure pulses, and 
hydraulic oscillations) during unit startup and shutdown. The test plan was entitled 
"Dresden Stat; on Unit 3 Feedwater System Operabi 1 ity Test Plan". The purpose of the test 
was to collect data necessary to verify the probable root cause discussed in Section 
C. 1., ·and then propose short and long term solutions to resolve the feedwater oscillation 
problem. Based on the results of the start-up testing and a further review of the data 
obtained during the July 11, 1987 and August 7, 1987 events, the most probable cause and 
corrective actions were documented in "Feedwater System Operability Evaulatioo and --
Transient Event Root Cause Investigation" Volume 1 and Volume 2. A summary of the 
corrective actions and their present status are included as Att~chment 1. 

2. RWCU Drain Line Repair 

S&L issued Engineering Change Notice (ECN) No. D-87H-20 to reinstall the broken RWCU 
drain line and install a new support configuration. The original configuration did not 
utilize a support; this allowed the cantilevered drain line to move during the transient 
such that ductile failure occurred. Repair of the drain line and installation of the 
support structure were completed by Mechanical Maintenance personnel under work request 
no. 67772. 

3. FW Flow Transmitter Instrument Line Repair 

Ao analysis performed by S&L determined that the original design of the RFP i.nstrument· 
lines was adequate to withstand normal operating transients, and that additional supports 
were not required •. A liquid peoetraot test was performed on the remaining 3A and 38 RFP 
flow instrument lines at the failure point of the 3C RFP instrument line to verify that 
any possible fatigue cracking had not propagated through the wall. The broken line was 
repaired under work request no. 67765. · . 

4. Piping Support Repair 

Approximately 70 support discrepancies were discovered during .the feedwater system 
inspection walkdown. The discrepancies cons.isted of loose or missing bolts, missing nuts 
and washers, missing grout, and spring can off load. The plant areas in which the 
damaged supports were found included the feedwater regulating station, feedwater and 
condensate pump roOllls, turbine pipeway underneath condenser hotwell, and at the feedwater 
pump suction header. The majority of the support damage was determined to have existed 
prior to the transient. All of the discrepancies found were repaired per the Station's 
work request process. 
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5. Pi pi nq Insul atj on oamage 

All insulation damage was identified by the Technical Staff and Sargent & Lundy Engineers 
while performing piping_ damage assessment walkdowns. fifteen lines were identified with 
damaged insulation, and the insulation was repaired under Work Request 68170 prior to 
startup. The systems which suffered damage to piping insulation were the (1) low and 
high pressure feedwater heaters, (2) condensate booster pumps, (3) RWCU, (4) high 
pressure coolant injection and (5) the RFPs. 

6. Pipjnq Non-Destructjve Examjnatjon CNPE> Program 

As a result of the two line failures and support damage, it was determined that a number 
of high stress points at the feedwater regulating station and several other locations 
throughout the plant would be examined for cracking. Approximately twenty large bore 
lines and 44 small bore lines were inspected. Inspection of two vent lines and an 
instrument line at the feedwater regulating station. showed porosity and undercut at the 
welds. Each of the welds was.repaired. The· purpose of the NOE exams was to locate_ 
fatigue cracking that may have been initiated by the feedwater transient. One small 
fatigue crack was located on a small bore pipe connected to large bore RWCU piping. The 
crack was repaired. It could not be determined whether the transient caused the fatigue 
crack. No other fatigue cracks could be found on small or large bore piping. 

7. FWRV Hodifjcatjon 

Modifications Hl2-3-87-34 and Hl2-3-87-35 were performed prior to unit start up to 
replace the existing 3A & 38 FWRV [A03-642A(B)j piston type air operators with a 
hydraulically operated/dampened type (Copes-Vulcan Hodel D-100-160). Since these 
actuators provide slower FWRV stroke times, analysis was performed to determine the 
effect of slower FWRV stroke on fuel design considerations based upon postulated 
feedwater Controller Failure closure during power operation. Review of this issue with 
Advanced Nuclear Fuels (ANF) found that the FWRV closure time will not be a limiting 
factor. This review is documented in a letter from J. H. Ross to D.F. Kelter, "Change in 
the fW Regulator Valve Stroke Time," dated March 18, 1988. The new air operator was a 
spring-to-open, air-to-close type operator. Consequently, the air lines that operated 
the piston type operator were modified as only the air supply line was required for the 
hydraulic type operator. The booster and air lockout valve for the piston type lower air 
cylinder were removed and the air line capped at the positioner. 

The spring for the hydraulic operator had a non-linear spring rate. The spring rate 
increases as the spring is compressed; as valve opening decreases and flow decreases, 
greater dampening is provided. In this manner, valve position oscillations under low 
flow conditions are limited. 

Modifications H2-3-87-45A and Hl2-3-88-57 have since been installed, which replaced these 
air operators with hydraulic actuators. 
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8. Bailev Diagnostic Modifjcatjon 

Modification M12-3-87-27 has been completed. This installed additional interface cards 
to the Bailey Network-90 feedwater control system to provide on-line monitoring and 
storage of process parameters from within the control system. The purpose of the 
modification was to obtain a hard copy of all input/output data points associated with 
the Bailey Network-90 feedwater level control system to enhance root cause investigations 
concerning any future unanticipated transients. The data can be transferred from the 
Bailey Network-90 to a personal computer capable of storing, trending, and analysis 
functions. This system is capable of storing 60 data points (actual or calculated 
values) every 0.5 seconds. The Bailey diagnostic modification was initiated as the 
result of a previous Unit 2 low level scram (LER 87-023/050-237). 

9. fWRV Isolation Valve Seal-In Hodjficatjon 

Modification Ml2-2(3)-86-14 was performed as a result of a Detailed Control Room Design 
Review (DCRDR), as required by NUREG-0737 Supplement 1. The control switches for 
feedwater regulator isolation valves (3-3206A and 3-3206B) were replaced. The new 
switches are three position, left and right spring return to center, with center 
pull-to-stop, General Electric (GE), S13-10 type selector switches. These switches allow 
the feedwater regulator isolation valves to be fully opened or closed·without having to 
hold the switch handle for _the complete valve operation. The pull-to~stop feature allows 
the operator to stop the valve while opening or closing. This facilitates the thrott~ing 
of these valves. 

10. Isolation Condenser Group V Isolation and Subsequent Low Water Leyel Scram 

Corrective actions regarding the Group V isola~ion and subsequent low water level scram 
were as follows. 

a. As a result of two previous occurrences of spurious Group V isolations which were 
observed with the reactor shut down and depressurized and the isolation condenser 
not in use, Action Item Record (AIR) No. 12-86-35 was initiated to develop 
corrective actions. Investigation by Engineering shows that the root cause is an 
annubar fl ow instrument on the i so 1 at ion condenser condensate return 1i ne, which 
initiates a spurious high condensate return line flow signal. This results in the 
Group V isolation. The annubar instrument was in~talled as part of the 
recirculation piping replacement project during the last refueling outage. 

b. During subsequent startup testing, a functional test of the isolation condenser 
circuitry was performed in accordance with Special Procedure SP-87-8-132 and later 
with SP 87-9-144 to duplicate the Group V isolation and verified that the annubar 
instrument was the cause of the isolation signal. This testing led to the 
implementation of Modification M12-3-87-37, which installed a 2 second time delay to 
prevent spiking of the annubar from isolating the system. 

c. ·investigation into the subsequent 1 ow water 1 evel scram centered on th., fo 11 owing 
items. 
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(1) While using the isolation. condenser to provide substantial cooldown rates, 

significant moderator shrinkage occurs. This was aggravated by resetting the 
scram signal, which diverted much of the CRD system flow from vessel makeup to 
recharging of the accumulators. In order to provide more detailed guidance to 
the operating personnel, cautions were placed in appropriate procedures which 
utilize the isolation condenser to warn about rapid moderator shrinkage at low 
reactor pressures and to caution against resetting the rector scram in order to 
maintain CRD flow to the vessel. 

(2) The reactor operators observed that small changes in H03-1301-3 valve position 
were difficult to perform due to the rapid speed of valve movement. A 
modificafion request form was submitted to consider providing a slower speed 
gearing ratio for the H03-1301-3 valve in order to facilitate fine adjustment 
of H03-1301-3 valve position .. This in conjunction with concerns raised by 
Generic Letter 89-10 has resulted in modification Ml2-3~92-001 which will 
increase the gear ratio for the 1301-3 valve. This will improve the thrust 
capability and valve controlability. This modification will be completed 
during the D3Rl3 refuel outage in the beginning of 1994. 

d. A revision was made to Dresden Maintenance Procedure OHP 40-6, to change the 
H03-1301-3 valve limit to l 3/8 inches. 

e. An isolation condenser heat removal test was performed on Unit 3 after startup to 
verify proper heat removal capacity of the isolation condenser .. This was performed 
in order to verify that the change in the H03-1301-3 vale did not adversely affect 
isolation condenser heat removal capacity. 

11. Failure of Primary Containment Isolation Valve A03-1601-63 

As a corrective action, the actuator was rebuilt replacing the valve actuator tube, 
piston cup seals, piston o-rings, and the teflon shaft seals for the cylinder end seal on 
the valve actuator. The valve was then reassembled and was operated three times to 
verify operability. A similar actuator type is installed on Unit 2 in the same 
location. The preventative maintenance frequency for air operated primary containment 
vent and purge valves and actuators was reviewed as part of the Reliability Centered 
Maintenance (RCH) program. These actuators are currently rebuilt every two refuel 
outag,s, and fail safe tested each refuel outage. An industry wide NPRDS data search 
found that this model of actuator is not widely used and this type of failure is not 
listed. This component was entered into the NPROS data base. 

12. RWCU Valve Closures 

As corrective actions as previously mentioned in Section C.6., tests were performed to 
attempt to duplicate the suspected vibration phenomenon. The tests concluded that relay 
contact position needed. to cause this anomaly was possible. However, the vibrations to 
duplicate the relay actuation, could not be duplicated during the testing. 

13. Half Group I Primary Containment Isolation 

As a corrective action, a walkdown was performed of all instrument lines ass.ociated with 
the Group I Primary Containment Isolation instrumentation [JH]. No damage was found on 
any of the piping or instruments. A redesign of the main steam line low pressure 
instrument mounting configuration in order to make these instruments less susceptible to 
vibration-induced tripping was completed. 
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f. PREVIOUS OCCURRENCES 

When Dresden Units 2 & 3 first went into service, there were design problems associated with 
the mechanical and hydraulic dynamics of the feedwater pumps ;n combination with the feedwater 
header p;p;ng system and the feedwater regulat;ng valve p;p;ng system. During ;n;t;a1 plant 
startup, ;twas necessary to re-des;gn the feedwater pump ;mpellers. Th;s was necess;tated because 
severe hydraul;c pulsat;ons were developed in the space between the vanes of the second stage 
impeller and the inside of the volute. The re-design consisted of changing the seven-vane impeller 
to a five-vane des;gn, and opening up the clearance between the edge of the vanes and the inner 
diameter of the pump volute. The amplitude and frequency of the pulsations (prior to the 
re-des;gn) had been severe enough to caus~ phys;cal damage to. the pump ;tself and the d;scharge 
p1p1.ng. Once the design changes were completed, the feedwater systems at Dresden were relative-1-y 
trouble-free (i.e., no severe· osc;llation events) unt;l June of 1974, when a s;gnif;cant feedwater 
p;p;ng osc;11ation event on Unit 3 caused phys;cal damage to pip;ng supports near the feedwater 
regulat;ng valve stat;on. A study was in;t;ated, and the p;pe support system was re-designed. 
Also dur;ng th;s time, the regulat;ng valve actuator a;r controls were relocated to make them less 
susceptible to damage during high vibration events. 

In 1975 a study was undertaken to determ;ne the nature and magnitude of piping oscillations 
under normal operating conditions and load change conditions. Southwest Research Institute (SWRI) 
was asked to develop a test plan and monitoring system to measure the amplitude and frequency of 
piping vibrations under various load conditions, and to try to determ;ne the cause of the 
vibrat;ons wh;ch could result ;n eventual p;ping damage. Their study and test;ng resulted in 
several observat;ons regard;ng the nature of mechan;c and hydraul;c ;nstabil;t;es,.and several 
recommendat;ons were made regard;ng potential des;gn and/or operat;ng procedure mod;ficat;ons. As 
a result of their recommendat;ons, the low flow p;p;ng through the regulating valve station was 
re-routed, v;bration,detection equipment was installed, the feedwater level control system was·· 
adjusted, and add;tional p;p;ng supports were added. These reconinendat;ons were made on both Units 
2 and 3. Coincidentally, due to frequent condensate booster pump motor trips on high amperage 
during high flow condit;ons, the booster pump ;mpellers were tr;mmed. 

The performance of the feedwater systems at Dresden was relat;vely good following the 
;mplementat;on of the des;gn ;mprovements, until the summer of 1987, when the two feedwater 
trans;ent events prev;ously described were exper;enced. A brief description of the most recent 
related events ;s Hsted below .. 
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Dresden Unit 2 Reactor Scram During Power Operation Due to Low 
Reactor Water Level Resulting from an Unanticipated Closure of the 28 
Feedwater Regulating Valve. 

On July 17, 1987 with Unit 2 descending in power at a conservative 
average rate of 10 MWe/hour via redrculation flow, the .reactor 
scranwned from 85% rated thermal power on a low reactor water level 

·signal of +8 inches. The root causes.of the event were four 
feedwater regulating valve component failures and feedwater level 
control system equipment and/or signal difficulties. 

Corrective actions entailed maintenance repairs and replacements for 
the component failures, extensive feedwate~ level control testing, 
installation of an independent recorder to monitor various reactor 
parameters, the formation of an investigative task force, the 
implementation of numerous pre-startup directions and precautions; 
training, and procurement of a feedwater level control system 
diagnostic computer to aid in root cause determination. 

Dresden Unit 3 Main Turbine Trip on High Reactor Water Level and 
Subsequent Reactor Scram Due to Malfunction of the. 3A Feedwater 
Regulating Valve. 

Root cause of the event was feedwater system instabilities which 
occurred while operating the feedwater level control system tn 
the three element mode of operation at low reactor power 
levels. Corrective action to prevent reoccurrence included 
procedural changes and evaluation of new instrument rack designs. 

Dresden Unit 3 Feedwater Line Vibration 

On June 23, 1974 severe vibrations were experienced on the Unit 3 
feedwater system. As a result of the vibrations, the feedwater 
system incurred damage to the feedwater regulating valve (FWRV) and 
several pipe restraints as follows: 

1. Minimum flow FWRV was found open and rotated 30°. 

2. All ai"r lines and electrical feeds to the minimum flow FWRV 
were broken. 

t; . ..:.,.. 
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3. Movement of various hangers and supports. 
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Corrective actions entailed inspection of the feedwater piping 
with repairs being performed as necessary. All feedwater piping 
welds were tested either by magnetic particle or dye penetrant 
methodology producing satisfactory results. 

Dresden Unit 3 Spurious Group V Isolation 

On November 13, 1986 with Unit 3 shut down and the reactor -
vessel depressurized several hours after a reactor scram, an 
unanticipated Group V (isolation conde~ser) containment 

·isolation signal was received at 2140 hours. 

At the time of the event, the root cause could not be 
determined. However, an investigation into the root cause of a 
previous unanticipated Group V isolation (LER.#86-18/050-249 
below) was in progress. 

Dresden Unit 3 Spurious Group V Isolation 

On October 14, 1986 with Unit 3 shut down and the reactor vessel 
depressurized several hours after a reactor scram, an 
unanticipated Group V containment isolation signal was received 
in the Control Room. The root cause of the event could .not be 
determined, therefore Action Item Record (AIR) 12-86-35 was 
written requesting engineering assistance in determining the 
cause. 

Nomenclature 

Air Actuator 

3A FWRV Air 
Supply Solenoid 
Valve S03-655A 

Model Number 

A-81 

WP.83000-9F 
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1. Regulating valve hardware 
changes FWRV-A 

FWRV-8 

2. Regulating valve testing 

- Dual valve-reactor level steps 

- Tuning to change gain, if 
necessary 

3. Low flow valve capacity increase 

4. New Trim/actuator design (Drag 
valve) 

5. 3A FWRV Operation 
a. Maximum 75% power 
b. Avoid steady state 9-13% 

open position 
c. Below 28% power, use 

recirculation valve 
d. Do not operate near seat 

·e. Close using - 5% demand signal 

ZDVR/827 
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ATTACHMENT 

Root Cause Recommendations 
Summary of Resolutions 

Resolution of Recommendat·i ons 

Dresden 
Unit 2 

CECo is monitoring the 
replacement in Unit 3 
before implementing the 
modification on Unit 2. 

Modification Hl2-2-88-13 changed 
the 28 FWRV to a DRAG trim and 
equipped it with a MEA electro
hydraul ic actuator. 

Dresden 
Unit 3 

Modification M12-3-87-45A 
changed 3A-FWRV to a DRAG 
trim and equipped it with 
a HEA electrohydraulic 
actuator. 

Modification M12-2-87-458 
replaced the trim with' Hush 
Trim and a new actuator. 
Modification testing determined the 
valve would control adequately 
in the manual mode, but would 
not adequately control in 
automatic mode. Therefore, 
modification M12-3-88-57 
replaced the actuato~ of 
38-FWRV with a MEA electro
hydraulic actuator. 

Due to the valve modification, dual automatic valve operation is 
not recommended. · Therefore, this testing recommendation is 
not required .. 

This change will not be 
implemented due to the high 
piping cost. 

Described in Item 1 above 

This change has been 
implemented per modification 
H12-3-87-45C. 

Described in Item 1 above. 

Through startup and modification testing, Operating proc~dures 
have been revised to provide direction in FWRV operation and 
unstable operating regions. 
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38 
a. 
b. 
c. 

d. 
e. 

Descd ptj ons 

FWRV Operat;on 
Hax;mum 100% power 
Avo;d steady-state 0-5% 
Below 28% power, use 
recirculat;on valve 
Do not operate near seat ' 
Close us;ng - 5% demand s;gnal 

Dual Valve Operat;on 
a. FWRV 38 ;n Auto/FWRV 3A ;n 

manual greater than 60% power, 
wh;le avo;ding steady-state 
0 - 5% open position 

b. Maximum 52% open on 3A-FWRV, 
and max;mum 53% open on 38-FWRV 

c. Dual valve automatic control 
greater than 50% reactor power 
is acceptable 

d. Operate with both valves 
approximately the same percent 
lift position 

Low flow valve to main regulating 
transfer at high flow rate 

9. Test feedwater level control 
system in 3-element cont·rol mode 
or delete it. 

10. Transfer to alternate level 
transmitter on development 
of erratic signals 

11. Add signal verification for: 

A. Check between channels 

B. ·Check for operation within 
1 imi ts 

12. Add 3rd level transmitter and 
median select 

ZDVR/827 
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ATTACHMENT 1 

Root Cause Recommendations 
Su11111ary of Resolutions 

Resolution of Reco11111endations 

Dresden 
Unit 2 

Dresden 
Unit 3 

Through startup and modification testing, Operating procedures 
have been revised to provide direction in FWRV operation and 
unstable operating regions. 

This reco11111endation was made only for the root cause testing; 
thus, it is given no further consideration. 

The low flow valve capacity 
was not increased due to high 
pipin9 costs. Therefore, no 
procedure changes were required 

Operating procedure 
revision complete. 

This is not required because the flow transmitters have 
been replaced .. There will be testing prior to operation 
in three-element control. 

This reco11111endation was determined to be not economically 
justifiable. Thus, no plant changes are reconrnended. 

This item is required for operation in 3-element control. 
Presently the plant is operated in single-element control 
only. This Hem wi 11 be reviewed with the manufacturer to 
be included in a software change. 

This reco11111endation was determined to be not ecomomically 
justifiable, thus no plant changes are recommended. 

Page (3) 
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13. Auto transfer from 1-element to 
3-element at greater than 50% 
power 

14. Auto transfer to 1-element 
control on loss of feedwater 
or steam. flow transm;tfer s;gnal 

15. Auto transfer to manual control 
for non-locked out regulat;ng 
valve 

16. Hod;fy lock-out alarm for 
human factors cons;derat;on 

17. FW level control system auto 
ga;n change on transfer from 
s;ngle valve to dual-valve 
operat;on 

18. Add dev;at;on hold pr;or to 
addition of 2nd valve in 
automatic operation 

19. Add valve position deviation 
alarm 

20. Add switchable current.source 
to facilitate Rx level step 
changes. 

21. Control feed pump m1n1mum flow 
recirculation valve using 
digital control system. 

22. Delete flow control mode of 
feedwater level control system 

ZDVR/827 

\ 
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ATTACHMENT 1 

Root Cause Recorrmendations 
Surrmary of Resolutions 

Dresden 
Unit 2 

Resolution of Recorrmendations 

Dresden 
Unit 3 

Revision 

Jh;s ;tern is required for operation in 3-element control. 
Presently the plant is operated in single-element control 
This item will be reviewed with the manufacturer to 
be included in a software change. 

This item is requ;red for operation ;n 3-element control. 
Presently the plant is operated in single-element control 
This ;tern w;11 be rev;ewed with the manufacturer to 
be ;ncluded in a software change. 

This takes place on loss of signal. No further action ;s 
required. 

Valve mod;fications have deleted the lock-out 
alarm and replaced it with an "actuator trouble" 
alarm. Further act;on on th;s recommendation ;s 
not requ;red. 

Since the valves do not have similar character;stics, 
dual valve operation ;s not feasible. Therefore, 
further action on this reco11111endation is not 
requ;red. 

Since the valves do not have similar characteristics, 
dual valve operation is not feasible. Therefore, 
further action on this recommendation is not required. 

The installation of hydraulic actuators has added an 
actuator trouble and loss of signal alarm. The . 
2A FWRV is operated in manual only; therefore, the 
addition of this alarm ;s no longer needed. 

This item w;11 be reviewed with the manufacturer 
to be included in a software change. 

This item will be reviewed with the manufacturer 
to be ;ncluded in a software change. 

This change will not be implemented. The flow control mode is 
designed to protect the reactor feed pumps on runout cond;t;ons. 

Page (3) 
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Dresden Nuclear Power Station 
.• Unit.3 

Root Cause Reconnendations 

Descriptions 

-23. Investigate use of flow limiter 
for dual-valve operation 

24. Reduce differential between Hi 
and Low level alarm 

25. Use scram signal for water level 
set-down trigger 

26. Optimize water level density 
compensation 

27.- Utilize digital controller to 
. auto-start the condensate 
booster pump 

28. Modify condensate booster 
recirculating valve 

A. Fully automatic 

B. Remote manual 

29. Investigate operational number 
of CB/FW pumps which can be run 
at a time 

30. Increase feedwater pump minimum 
flow recirculation 

31. Decreased feed pump discharge 
head at low flow conditions 

32. Dynamically balance rotating 
elements prior to service 

33. Use systematic approach to 
condensate feedwater._syst&11 

. modifications · 

ZDVR/P.?7 

A 

Year ~~~ Sequential 

ATTACHMENT 1 

Root Cause Reconnendations 
Sunnary of Resolutions 

Dresden 
Unit 2 

Resolution of Reconnendations 

Dresden 
Unit 3 

Since the characteristics of each valve are different, dual-valve 
operation is.not feasible. Therefore, this reconmendation will 
not be not given further consideration. 

This change has not been implemented but will be reviewed with the 
Operations Department. 

This reconnendation has been withdrawn. 

M12-2(3)-89-004 will move a majority of the reference leg piping · 
outside primary containment. This will lessen the need for water 
level density compensation. This modification is scheduled for 
D2R13 and D3R13. 

The intent of the reconnendation has been implemented by 
modification M12-2(3)-87-47 . 

This reconnendation was determined to be not economically 
justifiable thus no plant changes are reconnended. 

Local control operates satisfactorily. Therefore, this change 
will not be added. · 

This is addressed in system operating procedures. 

This is addressed in system operating procedures. 

This is addressed in system operating procedures. The Reactor 
Feedpump Task Force is addressing increasing the line size. 

Rotor assemblies are purchased dynamically balanced. 

This reconrnendation has been implemented by the modification 
process . 



TEXT CONTINUATI!!' 
FACILITY NAHE (1) DOCKET NUHBER (2) 

Year ~~~ 

Dr 
TEXT Energy Industry Identification System (EllS) codes are identified in the text as [XX] 

Root Cause Recornnendations 

MO..,_ ----"'D""'"e'"'sc...,r._,i..,p""t.._j o,..n.,..s.__ __ 

34. Implement recornnendations for 
optimum flows/pressures in 
condensate and f eedwater system 
operating procedures. 

35. Implement changes to regul'ating 
valve operating procedures 

36. Implement changes to low flow 
regulating valve operating 
procedures. 

· 37. Evaluate elimination of operating 
procedure for local-manual 

·operation 

38. Create procedure for 2-valve 
operation 

39. Provide operating instructions 
for max./min. flow ranges for 
CD/FW pumps 

40. Hodify condensate system 
operating procedure to instruct 
on use of·minimum flow 
recirculation va~ve. 

·41. Revise feedwater operating 
procedure for minimum flow 
reci rcul at ion 

42. Provide instructions in 
condensate system operating 
procedure for cutting-in or 
cutting-out demineraHzer beds. 

43. Revise abnormal operating 
procedure to provide instructions 
for avoiding piping vibration 
transients. 

44. Add additional instrumentation 
channels. 

46. Add Transien"t monitoring system 

ZDVR/827 

Root Cause Recornnendations 
Surnnary of Resolutions 

Resolution of Recornnendations 

Dresden 
Unit 2 

Dresden 
Unjt 3 

Operating procedure revisions have been completed. 

Operating procedure revisions have been completed. 

Operating procedure revisions have been completed. 

Operating procedure revisions have been completed. 

Operating procedure revtsions have been completed. 

O~erating procedure revisions have been completed. 

Operating procedure revisions have been completed. 

Operating procedure revisions have been completed. 

Operating procedure revisions have been completed. 

Operating procedure revis.ions have been completed. 

This recornnendation was determined to be not economically 
justifiable. Thus, no plant changes are recornnended. 

The modification is not economically justifiable, and 
will not be implemented. 

The Transient Analysis Recording System (TARS) is currently 
installed. 
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