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December 20, 1998 

U.S. Nuclear Regulatory Commission 
ATIN: Document Control Desk 
Washington, DC 20555 

Palisades Nuclear Plant 
27780 Blue Star Memorial Highway 
Covert, Ml 49043 

DOCKET 50-255 - LICENSE DPR-20 - PALISADES PLANT 

Tel: 616 764 2276 
Fax: 616 764 2490 

Nathan L. Haallsll 
Director, Licensing 

INSERVICE INSPECTION PROGRAM - SUBMITIAL OF RELIEF REQUEST NO. 
RR-13 FOR NRC APPROVAL 

On December 15, 1998, during a forced outage, inspection of Primary Coolant Pump 
(PCP) P-50A revealed evidence of slight active leakage (less than 0.02 gpm) past the 
pump casing gaskets. This leakage had exposed two casing bolts to boric acid, and 
had resulted in some corrosion wastage of the bolts. Structural analysis of the 
degraded bolts has been performed as required by ASME B&PV Code, Section XI, 
Article IWA-3100. This analysis has confirmed that the structural integrity of the pump 
casing joint remains acceptable and within design requirements. This situation, 
theref~re, did not result in a safety concern and Technical Specification requirements 
are met. / / 

When leakage is discovered at a bolted connection, Section XI Article IWA-5250 / / 
specifies that the bolting in the vicinity of the leak must be removed and visually 
examined for corrosion. In this case, however, removal of the bolts was not necessary lh)LJ./1__ 
to permit a visual examination SLJfficient to characterize the extent of the degradation. _ / "''--:7 / -
In addition, ultrasonic examination of the in-place bolts has confirmed that no other 
detectable degradation exists beyond the observed wastage. Analysis results and 
other industry information have confirmed that the bolts are acceptable as-is for 
continued plant operation until the next refueling outage, currently scheduled to begin in 
October, 1999. In the highly unlikely event that both degraded bolts were postulated to 
fail, the result would only be a small increase in Primary Coolant System (PCS) leakage 
which, at worst, would require the plant to conduct a normal, controlled shutdown. 

Compliance with the code requirement to remove the two degraded bolts for inspection 
would require expenditure of considerable radiation exposure and outage time with little 
or no safety benefit. Removal and replacement of the two degraded bolts would 
constitute full compliance with regulatory and code requirements, but would not 
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eliminate the PCS leak. Full pump disassembly to repair the leaking gaskets and 
replace the two bolts is an extensive activity which could be performed at lower 
radiation exposure, shorter critical path outage time, and reduced plant risk during the 
next refueling outage. Neither the bolt removal for inspection nor complete leak repair 
and bolt replacement, however, would significantly improve plant safety or reduce risk 
during plant operation. Both the bolt removal for inspection and the full pump 
disassembly and repair would, therefore, represent a considerable hardship without a 
compensating increase in the level of quality or safety. 

Accordingly, Relief Request No. RR-13 is being submitted to request temporary relief 
from the requirement to remove the affected studs in Primary Coolant Pump P-50A for 
inspection. This request is enclosed as Attachment 1. Relief is requested in 
accordance with 10 CFR 50.55a(a)(3) as a requirement for which hardship or unusual 
difficulty would be incurred without a compensating increase in the level of quality and 
safety, and for which the proposed alternatives provide an acceptable level of quality 
and safety. 

The contents of this request were discussed in a series of conference calls between 
NRC and Consumers Energy personnel on Friday, December 18. During those calls 
we were requested to provide copies of the structural evaluation performed for the 
current stud condition, and the evaluation performed in May, 1998 after stud 
degradation was first observed. Copies of those analyses are provided as Attachments 
2 and 3, respectively. In addition, for your convenience, copies of several drawings that 
generally illustrate the pump casing configuration are provided in Attachment 4. In a 
separate conversation on December 19, the staff provided several additional questions 
related to this request. Responses to those verbal questions are included as 
Attachment 5. The staff also requested the safety review for the Specification Change 
used to permanently plug the PCP cover to case gasket leakoff line. This safety review 
is provided in Attachment 6. 

Consumers Energy Company appreciates the prompt attention being given to this issue 
by the NRC staff. 

SUMMARY OF COMMITMENTS 

Upon approval of this relief request, the following new commitments are established: 

1. Palisades will visually inspect the pump flange area at each forced 
shutdown prior to the 1999 refueling outage which requires the PCS to be 
placed in Hot Shutdown conditions or below. 

2. Palisades will perform UT inspection of the degraded bolts at each forced 
shutdown requiring the PCS to be placed in Cold Shutdown. 
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· 3. PCS unidentified leakage will be administratively limited to 0.5 gpm versus 
the 1.0 gpm allowance provided by Plant Technical Specification 3.1.5a 
which reads, "If the primary coolant system leakage exceeds 1 gpm and 
the source of the leakage is not identified, reduce unidentified primary 
coolant system leakage to less than 1 gpm within 6 hours, or place the 
reactor in hot shutdown condition within the following 6 hours and in cold 
shutdown condition within the following 24 hours." 

4. The bolting shall be replaced when data indicates degradation will exceed 
the limits established by analysis. 

5. Degraded bolting shall be replaced no later than the next refueling outage 
scheduled to begin in October 1999. This relief request will expire at the 
end of the 1999 refueling outage. 

athan L. Haskell 
irector, Licensing 

CC Administrator, Region Ill, USNRC 
Project Manager, NRR, USNRC 
NRC Resident Inspector - Palisades 

6 Attachments 
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ATTACHMENT 1 

CONSUMERS ENERGY COMPANY 
PALISADES PLANT 

DOCKET 50-255 

INSERVICE INSPECTION PROGRAM -
SUBMITTAL OF RELIEF REQUEST NO. RR-13 FOR NRC APPROVAL 

RELIEF REQUEST NO. RR-13 
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SYSTEM: 

RELIEF REQUEST BASIS 
NUMBER13 

Primary Coolant System 

COMPONENT: Primary Coolant Pump P-50A 

CLASS: ASME Class 1 

FUNCTION: 

The Primary Coolant Pumps (PCP) are vertical, single suction, centrifugal type. During 
normal operation, the four pumps circulate water through the Reactor Vessel where it 
serves as both coolant and moderator for the core. 

Each pump is part of the Primary Coolant System (PCS) pressure boundary. The 
casing material is ASTM A 351, Grade CF8. The pump bolts securing the upper casing 
to the lower casing are ASTM A 193, Grade 87. The threaded portions of the bolts are 
chrome plated. The maximum value of yield strength found for the replacement bolts 
stocked on site is 105 ksi. The measured hardness range for those replacement bolts 
of the same vintage as the bolts in service is 27 to 30 Re. 

TEST REQUIREMENT: 

ASME Section XI, 1989 Edition states the following when leakage is detected during a 
system pressure test: 

IWA-5250 CORRECTIVE MEASURES 

(a) The source of leakages detected during the conduct of a system pressure 
test shall be located and evaluated by the Owner for corrective measures as 
follows: 

(2) if leakage occurs at a bolted connection, the bolting shall be removed, 
VT-3 (sic) visually examined for corrosion, and evaluated in accordance with 
IWA-3100. 

SPECIFIC RELIEF REQUESTED: 

Relief is requested in accordance with 1 OCFR50.55a(a)(3) to permit assessment of the 
extent of the PCP casing bolt degradation using visual inspection of the accessible bolt 
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RELIEF REQUEST BASIS 
NUMBER13 

surfaces and ultrasonic (UT) examination of the installed bolt as a substitute for bolt 
removal and visual examination. 

BASIS FOR RELIEF: 

Relief is requested in accordance with 1 OCFR50.55a(a)(3) on the basis that 
compliance with the IWB-5250(a)(2) requirement would result in hardship and unusual 
difficulty without a compensating increase in the level of quality or safety, and that the 
proposed alternatives will provide an acceptable level of quality and safety. 

BACKGROUND 

Leakage was identified in the vicinity of the P-SOA casing joint during PCS system loop 
walkdowns during a December 1998 forced outage. The leakage at the joint was 
identified as the source of boric acid build-up on the PCP casing bolts adjacent to the 
Component Cooling Water (CCW) piping at the rear of the pump. At 2060 psia PCS 
pressure, the leak was characterized as a fine water spray mist of less than 0.02 gpm 
based on overall PCS leak rate. Water had accumulated near the leak and was 
boiling only immediately adjacent to the wetted bolts. During a subsequent walkdown 
with the PCS at approximately 1500 psig, the leak was not visible. Slight leakage was 
observed at approximately 250 psig, when the system temperature had been reduced. 

The pump vendor's experience indicates that the current leakage of approximately 0.02 
gpm will not lead to catastrophic gasket failure with this double gasket configuration. In 
addition, there is no equipment other than the PCP bolts in the immediate vicinity that 
would be affected by the boric acid accumulation. 

Boric acid accumulation, but no active leaking, had been identified during the 1998 
refueling outage in May/June 1998 at the same location, at which time the leak source 
was believed to be the PCP mechanical shaft seal instrument piping above the flange 
area. At that time the corroded areas of the bolts were cleaned and the area was 
examined to determine the extent of the corrosion. An analysis was done to confirm 
the structural integrity of the joint. 

CURRENT PHYSICAL CONDITION 

All 16 bolts have been visually inspected in the accessible areas and an UT inspection 
has been done. The structural integrity of the pump casing flange joint has also been 
verified. In addition, protective measures have been taken to limit further corrosion. 
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Results of Visual Inspections 

RELIEF REQUEST BASIS 
NUMBER13 

The bolting was initially inspected during the 1998 refueling outage and then inspected 
again during the December 1998 forced outage. At both inspections, maintenance 
personnel cleaned the corroded areas. After cleaning, the maintenance personnel 
examined the exposed stud area directly and with mirrors to allow observation of the 
back surface. Bolt wastage was not concentric but encircled approximately % of the 
circumference on each of the two degraded bolts. Degradation appeared relatively 
smooth, not visibly pitted. The bolting exhibited boric acid corrosion in a general area 
covering approximately 120 to 180 degrees on the circumference of the bolts for 
approximately one inch height above the casing flange surface. 

Corrosion Rates Observed 

The observed corrosion rates are consistent with those described in NMAC, "Boric Acid 
Corrosion Guidebook" (TR-102748), Test Reference Fon page 4-23 and Test 
Reference K beginning on page 4-34 for this bolt material, boric acid solution 
concentrations and temperatures. 

The minimum dimensions were as follows: 

Nominal 5/98 Refout 12/98 Forced Outage 

Bolt #1 4.500" 3.970" 3.770" 

Bolt #2 4.500" 3.920" 3.810" 

Results of Ultrasonic Testing 

All sixteen PCP closure bolts on pump P-50A were examined on 12/16/98 with 
ultrasonic (UT) techniques. The UT examination was looking for rejectable indications 
according to ASME Section XI, 1989 Edition, Category B-G-1, Item Number B6.180. 
Acceptance criteria are provided by IWB-3515, "Standards For Examination Category 
B-G-1, Pressure Retaining Bolting Greater Than 2 in. In Diameter''. The UT 
examination results confirmed the visually identified corrosion on two bolts as a flaw 
connected to the outside surface of the bolt. 

A known surface connected flaw is required by IWB-3515.2(c) to be evaluated to the 
acceptance criteria provided by IWB-3515.1. With the bolt in place, a surface 
examination within the threaded area is not possible. However, from the physical 
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measurements that have been taken, the bolting has exceeded the acceptance criteria 
provided in IWB-3515.1 for non-axial flaws of greater than X inch in length. 

The UT examination performed utilized the EPRI Sponsored Performance 
Demonstration Initiative (POI) process for both the personnel and procedure. The 
transducer utilized was a 0.5 in. diameter 10 MHZ Harisonic transducer. This 
transducer was most recently qualified through the POI process as being highly 
effective for the examination of bolting. Because of the high frequency (10 MHZ), the 
beam spread of the transducer is minimized and the resolution and sensitivity of the 
transducer is high. Prior to the POI process, a 2.25 MHZ, zero degree transducer 
would typically have been utilized for most bolting examinations. These 2.25 MHZ 
transducers were not effective for examination of wastage nor for identifying small 
cracks. 

During the examination of the 16 PCP closure bolts, the UT Level II examiner recorded 
indications in two of the bolts. These were the same two bolts that had wastage 
reported as a result of the visual examination. The 10 MHZ transducer was able to 
detect the known wastage because of its high resolution and sensitivity. The narrow 
beam of the 0.5 in. diameter 10 MHZ transducer allowed the UT Level II examiner to 
maintain a back wall indication (the bottom embedded end of the bolt) at all times even 
when scanning over the wastage. The ultrasonic Level II examiner was able to get 
some qualitative sizing data for the wastage based on recorded amplitudes. 

The ultrasonic examination results revealed that when scanning around th_e diameter of 
the bolt that the signal attributed to wastage did not appear when not right above the 
area of wastage. The examiner positioned the transducer directly above the wastage 
and scanned towards the center of the bolt. The wastage signal was lost within one 
transducer diameter from outside edge of the bolt. No other indications were noted that 
would suggest the presence of flaws other than the observed wastage. The UT Level II 
examiner was able to estimate the wastage depth with further examination. This 
estimated depth compared favorably with the measured depth of the wastage, resulting 
in further confidence that the UT POI examination technique is capable of detecting 
wastage. 

Structural Integrity of the Pump Joint 

The primary structural concern to be addressed is degradation of the pump joint 
integrity due to casing bolt corrosion resulting from the contact of boric acid on the 
carbon steel bolts. A bolt wastage calculation (EA-C-PAL-98-1067-01) was performed 
on these bolts during the 1998 refueling outage based on field measurements 
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NUMBER13 

gathered. Subsequent measurements were taken during the December 1998 forced 
outage. Using the change in bolt diameter between the 1998 refueling outage and the 
December 1998 outage, a linear extrapolation to the 1999 refueling outage was made 
(EA-98-1939-01 ). The rate of degradation was reasonably consistent with those in 
NMAC, "Boric Acid Corrosion Handbook," TR-102748, Test Reference F (page 4-23) 
and Test Reference K (beginning on page 4-34). The calculation determined that the 
joint preload was maintained at an acceptable level to ensure design requirements and 
structural integrity will continue to be met. 

Based on acceptable visual and ultrasonic examination results and the engineering 
analysis performed to IWB-3610 to evaluate the identified flaws, operation with known 
leakage and degraded bolts until a refueling outage is acceptable. 

Notwithstanding the fact that the current physical condition is structurally acceptable, 
this eroded bolting does not satisfy the acceptance criteria of IWB-3515.1 and 
IWB-3517.1 (c). This condition will ultimately require removal of bolts per 
IWA-5250(a)(2). The acceptance criteria of IWB-3515.2 or IWB-3515.3 have not been 
exceeded. 

Protective Measures to Prevent Further Corrosion 

Corrective measures are in place to minimize or eliminate future bolt wastage. A 
protective Carbozinc 11 coating has been applied to exposed surfaces of the degraded 
bolts and to the two adjacent bolts. The bolt shanks and pump casing interface were 
protected by a more aggressive application of the coating. This provided additional 
protection where the bolts enter the casing flange. The coated bolts were then 
encapsulated with stainless steel flashing sealed at the casing surface to protect the 
bolts and the coating material It has been concluded that the coating used is 
compatible with the bolting material and no adverse reaction is expected from contact 
with boric acid. Studs are installed in blind holes so corrosive agents can penetrate the 
stud holes only from the upper surface . 
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EVALUATION OF REPAIR OPTIONS 

Immediate Repair Options Investigated 

Options considered include removal and replacement of corroded bolts and a complete 
pump rebuild consisting of casing gasket replacement and installation of new bolts. 
Neither of these options is recommended at this time. The reasons for not 
implementing either of these options until the 1999 refueling outage (currently 
scheduled to begin in October 1999) include as a minimum the following: 

Option 1 Replacement of two corroded bolts 

1. Replacement of bolts alone would restore code compliance but would not 
correct the underlying leakage problem. 

2. Local bolt replacement without gasket replacement could easily increase 
existing leak rate and require repeat maintenance, based on vendor 
experience. 

3. An estimated 15 person-rem exposure would be incurred to replace bolts . 
These bolts would most likely need replacement again in the 1999 
refueling outage due to continuing flange leakage. 

Option 2 Complete pump rebuild including bolt and gasket replacement 

1. Plant down time due would be extended to repair crew mobilization, parts 
procurement, and planning. The additional down time is estimated at 
3-10 weeks. 

2. The dose estimate for this option is 50 person-rem. If replacement is 
delayed to 1999 refueling outage, the increased planning and preparation 
are anticipated to yield about a 30% reduction (15 person-rem) in dose. 

3. Additional vendor recommended pump reliability improvements would not 
be able to be implemented due to insufficient lead time. 

Alara Implications of Repair Options 

By deferring bolt removal and flange maintenance until the 1999 refueling outage, an 
estimated 30 person-rem will be saved. 
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Risk Evaluation of Scheduled Repair 

Repair option 2 includes replacing the gasket seals and the bolts. The Palisades' PSA 
group compared performing this repair option at two different times; repair now or 
during the next refueling outage. The repair would be scheduled for the same amount 
of reduced inventory time (10 days) no matter when the repair is performed. However, 
the next refueling outage already includes a three day reduced inventory window. 
Therefore, the refueling outage would only have to add seven days of reduced 
inventory time to an existing window versus entering a new reduced inventory window 
of ten days to repair now. Also, the refueling outage would schedule a reduced 
inventory window of this size late in the outage (-20 days after shutdown and after core 
shuffle), which would reduce the decay heat levels in the core because 113 of the core 
would be new fuel. 

Delaying the repair until the next refueling outage results in a slightly higher chance of 
a controlled shutdown due a catastrophic failure of both bolts. This type of shutdown 
need not be evaluated by the PSA group since it results in a controlled shutdown and is 
not an accident condition. Therefore, no increased risk to the plant occurs by delaying 
the repair due to this potential failure. 

Therefore, (1) minimizing the number of times where the reduced inventory is entered, 
(2) being in reduced inventory with lower decay heat levels, (3) minimizing the amount 
of time in reduced inventory, and (4) maximizing time to plan the repair, all support 
performing the repairs during the next refueling outage with a lower safety risk. 

RISK AND SAFETY SIGNIFICANCE OF SHORT TERM OPERATION WITH 
DEGRADED BOLTS 

Bolt Failure Risk 

Casing gasket leak rate is relatively stable and may slowly degrade which would be 
detected by PCS leak rate testing. It is highly unlikely that the joint could fail 
catastrophically. Based on guidance specified in NMAC Report TR-102748, due to the 
location of the degraded bolts (adjacent to each other) the joint is highly likely to exhibit 
a "leak before break behavior''. PCS leakage increases would indicate joint 
degradation prior to joint failure. In addition, per discussion with cognizant vendors, 
leak· rates on the order of 0.2 gpm have been experienced for extended periods at other 
plants without significant sealing surface degradation . 
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Analysis has determined from expected corrosion rates that a bolt failure is not 
probable and joint integrity will be maintained. However, if the bolts degrade differently 
than expected and the leak rate increases, Palisades will commence a controlled plant 
shutdown prior to unidentified PCS leakage (which includes this leakage) reaching an 
administrative limit of 0.5 gpm. However, if catastrophic bolt failure occurs (not 
expected), only the two bolts in question will fail (Ref NMAC, "Boric Acid Corrosion 
Guidebook," TR-102748, Section 8.2). From discussions with the pump vendor, the 
expected leak rate from two adjacent bolts failing is less than 10 gpm. This leak rate is 
well within the charging system capacity for PCS makeup but would necessitate a 
controlled plant shutdown. 

No increase in Core Damage Frequency or Large Early Release Fraction from 
operating in this condition is expected. The only change in risk is due to a potentially 
higher chance for a controlled plant shutdown, which is not evaluated by the plant 
Probabilistic Safety Analysis (PSA). 

Safety Significance of Failure of Degraded Bolts 

Industry experience documented in NMAC, Boric Acid Corrosion Guidebook, Chapter 8 
indicates primary coolant pump bolted casing connections will not fail catastrophically 
and will exhibit leak before break behavior. This relief request has previously 
documented that the result of a postulated catastrophic failure would be a PCS leak 
much less than charging system make-up capacity. The result would require a 
controlled plant shutdown. 

DISCUSSION OF INDUSTRY INFORMATION 

Current leakage is approximately 0.02 gpm. The pump vendor's experience indicates 
that this leakage will not lead to catastrophic gasket failure with this double gasket 
configuration. This is supported by NMAC, "Boric Acid Corrosion Guidebook" 
information regarding Fort Calhoun (IE-80-27) which has similarly constructed PCPs. 
They observed significant corrosion on three adjacent bolts on two pumps due to a 
gasket leak in the same area (under CCW pipe). The corrosion on some of the bolts at 
Fort Calhoun was such that only 20% of the bolt was left remaining. This corrosion was 
identified during a walkdown during a plant shutdown and not identified by increased 
PCS leakage. The corrosion on the Fort Calhoun bolts was much more severe and 
affected more bolts than is the case at Palisades. 

Since the discovery of the gasket leak, a number of plants were contacted that have 
experienced or currently operate with casing gasket leakage. Casing gasket leakage is 
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more prevalent in BWRs at low pressures; however, a number of PWRs have 
experienced casing gasket leakage. The leakage that plants have operated with has 
been substantially greater (0.2 gpm vs 0.02 gpm) than the current leakage of PCP 
P-SOA. Plants operating at these elevated leak rates for extended periods of time (up 
to two cycles) did not experience significant leak rate changes or degradation. In 
addition, no damage to the seal surfaces was experienced in these cases. 

A survey of five Nuclear plants with history of leakage at their Primary Coolant Pump 
gaskets was conducted. This survey revealed that examination of the bolting indicated 
no bolt wastage below the second thread inserted into the flange. Virtually all of the 
degradation occurred in the exposed portion of the bolt. 

PROPOSED COMPENSATORY MEASURES AND AL TERNAT!VES: 

Palisades will visually inspect the pump flange area at each forced shutdown prior to 
the 1999 refueling outage which requires the PCS to be placed in Hot Shutdown 
conditions or below . 

Palisades will perform UT inspection of the degraded bolts at each forced shutdown 
requiring the PCS to be placed in Cold Shutdown. 

PCS unidentified leakage will be administratively limited to 0.5 gpm versus the 1.0 gpm 
allowance provided by Plant Technical Specification 3.1.Sa which reads, "If the primary 
coolant system leakage exceeds 1 gpm and the source of the leakage is not identified, 
reduce unidentified primary coolant system leakage to less than 1 gpm within 6 hours, 
or place the reactor in hot shutdown condition within the following 6 hours and in cold 
shutdown condition within the following 24 hours." 

The bolting shall be replaced when data indicates degradation will exceed the limits 
established by analysis. 

Degraded bolting shall be replaced no later than the next refueling outage scheduled to 
begin in October 1999. This relief request will expire at the end of the 1999 refueling 
outage. 
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This request requires prior NRC approval prior to implementation in accordance with 
the requirements of 10 CFR 50.55a(a)(3). This relief request will expire at the 
conclusion of the 1999 refueling outage. 
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ATTACHMENT 2 

CONSUMERS ENERGY COMPANY 
PALISADES PLANT 

DOCKET 50-255 

INSERVICE INSPECTION PROGRAM -
SUBMITTAL OF RELIEF REQUEST NO. RR-13 FOR NRC APPROVAL 

ENGINEERING ANALYSIS EA-C-PAL-98-1939-01 
EVALUATION OF CORROSION ON STUDS 

BETWEEN CASING AND COVER OF PUMP P-50A 
December, 1998 
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i.O Objective 

The objective of this EA is to evaluate the acceptability of 
the Primary Coolant Pump P-50A joint between the casing and 
the cover with local degradation of two of the 16 studs. Each 
stud is 4.58" diameter. C-PAL-98-1067 documented the 
condition of these studs during REFOUT 98 and EA-C-PAL-98-
1067-01 accepted the joint. as is. C-PAL-98-1939 documents 
the corroded condition during the forced outage in 12/98. 

2.0 References: 

2.1 ASME B&PV Code Section XI. 1986 Edition. 
2.2 Drawings: Ml-EA-5. Ml-EA-5001. Ml-EA-2006 
2.3 Byron Jackson Tech manual. Vendor file. 
2.4 ASME BB&PV Code Section III. 1965 Edition. 
2.5 Palisades FSAR. Rev. 20. Table 5.2-3. Sheet 1 of 18 
2.6 EPRI Report (EPRI TR-104213s). Bolted Joint -

Maintenance and Application Guide. December 1995 
2.7 Telecon Record with Flow Serve dated 12/18/98 
2.8 · Fax dated 12/18/98 from Flow Serve. 

3.0 Design Criteria: 

References 2.4 and 2.5 provide the design criteria. 

4.0 Design Input: 

4.1 During the forced outage in December 1998. the P-50A 
pump casing to cover joint was inspected again to 
assess the condition of the studs and document the 
condition of local degradation of the same two studs. 
The stud measurements show 0.2" and 0.11" additional 
corrosion of the studs. The corrosion is because of 
boric acid mist leaking from a oresumably degraded · 
casing to cover gasket in the area. This adverse 
condition is documented by C-P~L 38-1939. The 
corroded area of the stud compr1~~s approximately 1/3 
of the stud circumference as confirmed by the 
machinist who measured the stud diameter. 

·1 

EA-C-PAL-98-1939-01 

Reference/Comment 



.. -

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
1 

4.2 

4.3 

PALISADES NUCLEAR PLANT 
ANALYSIS CONTINUATION SHEET 

The Primary Cooling Pump P-50A is one of the four 
pumps to circulate water through the reactor. The 
joint between the casing and cover of the p~mp is 
characterized by·16. 4.58" diameter studs which 
reflect a measure of redundancy in bolt reactions. The 
studs are made of A-193. Grade 87 material with flash 
chrome plate and phosphate coating on the tap end. 
The nut material is A-194 Class 2H. The casing and 
cover material is A-351 Grade CF8M. 

The original stud dimensions are given in Reference 
2.2. Per Reference 2.3. the applied preload to the 
stud is 25.000 psi. This stress level is about 1/3 of 
the stud's yield strength of 75 Ksi per Reference 2.4. 
and stud's deformation during preload is well in the 
elastic range. 

The stud has upset threaded ends. 4.73" in diameter. 

4.4 The degraded stud configurations are depicted in 
2 Attachment 1 of this EA. The Attachment 1 shows the 
22 measurements taken by the machinist included in the 
23 condition report. C-PAL-98-1939. Only two studs have 
24 visible degradation. There is ·no visual evidence that 
25 the casing. cover or the chrome plated threads are 
26 degraded. 
27 
28 4.5 Attachment 2 shows the measurements of the same studs 
29 taken during REFOUT 98 and included in condition 
30 report C-PAL-98-1067. 
31 
32 5.0 Assumptions: 
33 
34 Major: None 
35 Minor: The stud OD is assumed to be corroded to as· shown on 
36 page 10. One stud measures 3.81 inches. the other 
37 measures 3.77 inches. 3.77 inch is used as the 
38 corroded dimension of both studs. to be conservative. 
39 
40 C-PAL-98-1067 documented corroded stud diameters as 
4 3.97" and 3.92" respectively. For calculating 

corrosion since Refout 98. 3.97" corroded diameter is 
used conservatively. 
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1 
2 
.3 
4 
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2 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 

The corrosion from now until Refout 99 is considered 
to be linear with time. 

The height extent of the corrosion is taken to be 
uniform over a 1 inch length . 

The two studs adjacent to the studs being evaluated 
have no visual signs of degradation as evidenced by 
comparision of the Attachments 1 and 2. 

6.0 Analysis 

The ASME Code stipulates that the bolted joint be designed for· 
preload. operating pressure and any differential thermal 
expanion stress. The code does not specify how these stresses 
are to be combined. 

During discussions with Byron Jackson (Flow Serve) on 12/18. 
we were informed that if a Finite Element Analysis model is 
performed for the pump casing, stud. and cover to include the 
effects of preload and system pressure loads .. the pressure 
loads will not have any significant impact on the calculated 
bolt (stud) stresses. 

For this particular very stiff configuration. external loads 
from dead weight. seismic and restraint of free end expansion. 
are not controlling. 

Normally, for connections using bolts or studs. the critical 
design consideration is the preload. The applied preload is 
intended to be greater than the operating load on the studs. 
This ensures adequate compression of the joint and no leakage. 
As the bolt or stud material is removed by corrosion. the 
strain energy and thus the preload force is reduced. However. 
the reduction can be accepted if sufficient preload force is 
maintained. Preload is a displacement-dependent load. With a 
smaller stud cross section. the stiffness of the stud is 
reduced and the stress in the stud is increased. 

Reference 2.6 provides guidance to calculate a "f" factor 
which depends on the relative stiffness of the fastener and 
the joint members. This "f" factor is applied to the 
calculated pressure stre~s and the resultant factored stress 
is combined with the preload stress in the bolt. to compare to 
an allowable bolt stress 

.. 
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During the 6 months and 10 days of operation since startup 
from Refout 98. the reduction due to corrosion on the same 
stud is 3.97"-3.77" or 0.2". Assuming the plant will run for 
another 10 months until Refout 99. the stud may corrode 
further. although actions to mitigate the spray on the studs 
have been taken. 

Anticipated corrosion = 0.20"*10mo./6.33mo. = 0.32" 

Anticipated corroded stud diameter is 3. 77" -0. 32" = 3·. 45-" 

Although the second stud has corroded less than the first. it 
will also be conservatively assumed to corrode to 3.45" 
between now and Refout 99. 

The measurement of the stud diameters taken for C-PAL-98-1939 
do not show any degradation on the studs adjacent to these 
studs. Therefore. the joint will be evaluated considering 
only two studs being degraded. 

2 Figure 1 on page 10 is a conservatively postulated cross 
22 section of the degraded stud used in this .EA to analyze the 
23 impact of corrosion of the two studs on the pump joint. 
24 
25 PRELOAD STRESS 
26 
27 View AA on page 10 shows the stud configuration used to 
28 calculate the effective stiffness of the corroded stud with 
29 respect to the non-corroded stud. 
30 
31 Preload Force. F = K x ~ 
32 
33 Where. ~ = stud elongation in inches 
34 K =Stiffness = EA/L 
35 E = modulus of elasticity 
36 L = length 
37 A= Cross-section Area 
38 
39 The corroded stud cross section is considered as shown on page 
40 10 which is a half circle and half ellipse. Also. there is a 
4 0.5" diameter hole in the stud. 
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For a stepped member. the stiffness is calculated as two 
series connected ~prings. The effective stiffnes~ Ke is given 
by 

l/Ke =l/Kl + l/K2 

Kl = EAl/Ll . K2 = EA2/L2 

Al =Area of half circle - Area of 0.5" dia hole +Area of 
half ellipse. 

= rr/4* 4.58 2*0.5 - rr/4* 0.5 2 + rr/4* 4.58*2.32*0.5 
= 8.24 - 0.2 + 4.17 =12.21 sq in 

Cross sectional area of the original stud 

A2 =A= rr/4 (4.58 2 -0.5 2 ) = 16.28 sq.in. 

Al/A2 = 12.21/16.28 = 0.75 

The actual thickness of the bolted joint is 18''. The 17" 
dimension is the length of the stud between the upset ends. 

23 Ll = L/17. L2 = 16L/17 
24 
25 Kl= 17 X 0.75 EA/L 
26 
27 K2 = 17 X EA/16L 
28 
29 l/Ke = l/Kl + l/K2 
30 
31 = [l/(17 X 0.75) + 1/(17/16)] XL/EA 
32 
33 l/Ke = [0.078 + 0.941] X L/EA 
34 
35 Ke= 1/1.019 X EA/L = 0.9813 EA/L 
36 
37 Therefore. the effective stiffness of the corroded stud is 
38 98.13 percent of the original stud. 
39 
40 Overall stiffness of the joint = (14 X 1 + 0.9813 X 2)/16 
4 

=0.9976 

44 This shows that the joint effeciency with the local 
45 degradation on two studs is 99.76 percent of what it would be 
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if there were no degradation. This shows a very insignificant 
decrease in the overall effectiveness of the joint and is 
therefore. acceptable. 

The preload stress in the corroded stud 

= 25 X 0.9813/0.75 = 32.71 ksi 

0.75 is the area ratio of the locally corroded stud to the 
non-corroded stud. 

DIFFERENTIAL THERMAL EXPANSION STRESS 

Because the casing and cover material is different from the 
stud material. there is some minor differential thermal . 
expansion. Stresses due to this expansion are secondary in 
nature and generally self relieving. Therefore. these 
stresses are deemed to be acceptable without further 
evaluation. 

2 DESIGN PRESSURE STRESS 
22 
23 Design pressure= 2500 psi acting on a diameter of 48 inches. 
24 This is the outer diameter of the outer gasket. per Reference 
25 2.8. 
26 
27 Total pressure force= (rr/4)*48 2*2500 = 4.523.9 Kip 
28 
29 Considering about 122.3 Kip load of the motor and the cover. 
30 net pressure force resisted by the studs = 4.401.6 Kip 
31 
32 Force per stud =4401.6/16 = 275.1 Kip 
33 
34 Pressure Stress on non corroded stud= 275.1/16.28 = 16.90 ksi 
35 
36 Pressure Stress on the corroded stud =16 90/0.75 = 22.53 ksi 
37 
38 
39 STRESS COMBINATIONS 
40 
4 For design pressure or operating pressure conditions. the 

pressure.stresses and differential thermal stresses are not 
directly additive to the preload stress. 
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Attachment 3 to this EA shows the original design details of 
the stud. 

Reference 2. 6 provides guidance to c·a l cul ate the factor by 
which the pressure stresses should be modified. 

Refer to page 6-2_1 of Reference 2: 6 

Le = grip length + 1/2 engaged thread length + 1/2 bolt head 
thickness. 

Le = 18 + 10/2 + 4.58/2 = 25.29" 

4.58" is the assumed thickness of the nut. 

Le/D = 25.29/4.58 = 5.52 

From Fig 6-17. page 6-23 of Reference 2.6. for Le/D equal to 
5.52. the ratio Kj/Kb is 3. 

From page 6-21. equation 6-4 of Reference 2.6. 

23 p = Kb/(Kj + Kb) 
24 
25 lip = Kj/Kb +l 
26 
27 = Kj/Kb +l 
28 
29 = 3 +l 
30 
31 = 4 
32 
33 p = 0.25 
34 
35 The preload stress plus pressure stress in the locally 
36 corroded stud= 32.71 + 0.25 X 22.53 
37 
38 = 32.71 +5.63 = 38.34 Ksi 
39 
40 Reference 2.4 specifies the allowable stress at the operating 
4 pressure equal to 39.6 Ksi which is two times Sm at 600 

degrees operating temperature. 

44 The calculated stress in the corroded stud (using the design 
45 pressure which is about 25% more than the operating pressure 
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of 2060 psi) is 38.34 Ksi. This is acceptable and. therefore. 
the corroded stud can take the stress imposed on it by the 
preload and design pressure. 

The fact that the corrosion is on one side of the stud only 
may cause an eccentric load path through the corroded length 
of the stud. This insignificant eccentricity may cause a 
small local bending in the stud. but the resulting moments are 
minimal and do not impact the load carrying capacity of the 
studs. The two adjacent degraded studs being less stiff than . . 

the other 14 may cause a slight joint asymmetry. By 
engineering judgement. this is not of concern. 

The Primary Cooling Pump 50A meets the ASME III Class A. Code 
requirements. The degraded studs meet the ASME Section III 
stress allowables. 

CONCLUSION 

Based on current corroded condition and extrapolating this 
2 rate of degradation until REFOUT 99. it is concluded that the 
22 Primary Coolant Pump joint meets the ASME Section III 
23 allowables. and therefore. complies with the FSAR 
24 requirements. 
25 
26 Based on the above analysis. it is concluded that sufficient 
27 preload still exists (and will exist until such time when the 
28 studs are replaced) to prevent the joint from separating under 
29 design pressure conditions. 
30 
31 
32 
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Telephone Conversation with Flowserve, December 18, 1998 Pa_ge 1 of 1 
C.A -c-pA-L- .ij·~ -1&1.371- a r 
A-#t-~~ _£_ 

~.' . a.,.1611 

On December 18, 1998, Palisades conducted a telecon with engineering personnel from 
Flowserve Corporation to discuss the. draft review of EA-C-PAL-98-1939-01, "Evaluation of 
Corrosion on Studs between Casing and Cover of Pump P-SOA, Reference C-PAL-98-1939." 
Flowserve participants included Frank Costanzo, Manager of Engineering, Pump Division; and 
Gerard Lenzen, Senior Project Engineer, Pump Division. Among the Palisades participants 
were Don Riat, Al Lyon, Raj Gupta, and Don Bemis. Other people came and went during the 
conversation. 

DISCUSSION 

Flowserve comments on the draft calculation were discussed. In general, the comments were 
similar to comments generated internally at Palisades. 

Flowserve assumes the hydraulic lifting area to extend to the outer diameter of the outer casing 
gasket, which is 48 inches. This is based upon the conservative assumption that the inner 
gasket is nonfunctional, allowing full pressurization up to the outer gasket. They believed that a 
slightly smaller effective diameter 1.•.tould be justifiable in accordance with standard gasket 
principles. 

The code maximum yield stress allowable for the stud at the assumed temperature (600° F.) is 
61 ksi. 

Flowserve engineers said that we should not add bolt preload stress to actual pressure stress. 
Fir:iite el_ement analysis shows only a marginal increase in bolt stress due to pressure. The 
larger of the two stresses (pressure or preload) should govern design. 

Section 28 of the original code stress report dealt with bolting design. Unfortunately, Flowserve 
cannot physically locate that section. 

Based upon Flowserve's experience with pump maintenance, preload relaxation is very hard to 
quantify. Their suggested value is 15%. This is based upon tensioning the stud in order to 
determine the lift-off load. 

Stud temperature would be close to pump operating temperature inside the flange. In the 
exposed area, it may be a hundred degrees cooler.Most plants insulate these studs and flanges, 
but those at Palisades are uninsulated. Due to the nature of the localized boiling, surface 
temperature of our stud is cooler in the exposed area. 

Flowserve also provided a fax detailing pump and stud materials, as well as gasket dimen.sions. 

l:IDABEMISICR9B1939. TEL dabemis printed December 20. 1998 
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SENT BY:FLOWSERVE :12-18-98 ; 9:28 ; FLOW SERVE-1 

FLOWSERVE CORPORATION 

Byron Jackson" Pumps United Centrifugal Pu pa 

FAX TRANSMITTAL 
18 Dec 98 

To 

616.764.2251 

Subject: Palisades RCP 

trom 

Phone 
Fax 

Pages 

The following is some information requested on the Palisades RCP. 

Driver mount materiaJ - A-216 Grade WCB 
Cover mat.erial - A-351 Grade CF8M 
Case mat.crial - A-351 Grade CF8M 
Stud material -A-193 Grade 87 
Nut material - A-194 Class 2H 

Outer gasket groove - 46" ID and 48-1/8" OD 
Outer gasket -46-1/16" ID and 48-1/16" OD 
Inner gasket groove - 43-112" ID and 45" OD 
Inner gasket - 43-9/16'' ID tsnd 44-15/l<)" OD 

The thickness of the gasket is 0.175" . 
The depth of the aaskct groove is 0.125". 

DEC 18 '98 12:29 213 5822529 



_:~~~·""""""""' ................. _. --~·..--...............-.---~· - ···~ ----~---~- ------- ·-

AllTICL!~ 1 DESIGN 

• TABLE N-422 
DESIGM STRESS INTENSITY VALUES, Sm, FOR STEEL BOLTING MATERIALS* 

For metol temperoturc not exceeding °F 

:OJ 200 300 400 500 600 700 800 900 l 000 

, ',.I! d) 33,000 3 l,-100 30,300 28,ROO 27,700 26,31l0 2.i,.100 
... •,IHJ 29.BOO 28,-WO 27, 100 26,200 '.'S, l 00 23,800 22, 100 
"•i:Jfl 23,SOO 22,·tOO 21,600 20, 700 19,BOO 18,800 17, ·IUD 

,·.,11;;1) 34,000 33,200 32,:=iuo 31,800 30,900 29,100 27 ,700 
;','.till .10.700 30,000 29, 400 28,800 27 '900 26,600 2S, J 00 

.. ·d.·;110 :n,soo 26,900 26,300 25 . .700 25,000 23,BOO 22,400 

,·.,(11j() 33,000 31,900 30,GOO 29,SOO 28, I 00 26 ,100 24,'.WO 

TABLE tl-423 

(In course of preparation) 

• 
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Tahlc N-122 .'iECT!ON Ill NUCLEA!l VI·:ssr:Ls -

TABLE ~l-422 
DESIGN STRESS INTENSITY YALUt:S, Sm' FOR STEEL BOLTING MATERIALS* 

Spec 
Number Grode 

Low Al I oy Steel 

SA-193 

SA-193 
SA-193 

SA-320 

Ui 

Ill ·i 
B 16 

L43 

Nominal 
Composition 

1 C:r-0. 2 ~lo 

I Cr-0. 3 ~lo-V 
1Cr-~z\1o-V 

2 N i-0.8 Cr-~~ ~lo 

--·--· 

Diameter 
In. 

{ 2 !~ and ·un ckr 
Q,.,, 2~-; L<> ·I inc. 
Ov(:r •I to 7 inr.. 

{ 2~; and undc·r 
Ovrr 2!~ Lo ·I inc. 
Over ·1 Lu 7 inc. 

4 aud \!nclcr 

Min Min 
Tempering Tensile 

Temp Str 
OF PSI 

1100 12S,000 
1100 11 ~i.000 
1100 I 00,000 

1200 12.'.i.000 
1200 110.000 
1200 100.00() 

12:1,000 

Min 
Yield 

Str 
PSI 

10:,,0(;() 
9~>,000 

7S,000 

IOS.OllO 
9:i.0'JO 
fl.'),(l()() 

10::;,ooo 

*The allowt\blc .stre:-ss value$ for bolting m<ltcrb.ls i;iv~n in this table· do not exceeJ lhe lesser of one-third of th.e :5p<'cifir.d minimum 
yield .c..trcngth or onP.-tliird of the yiel<l strength ut temperature, '·:ith credit gr.inteLl for the enhancement of propertit~s produced by ht•at 
treatment. Th~y are intended for use in the design formula~ of ,.\pp encl ix l[. For allowable values of actual tire load anJ scn•ice strc~sc~, 
sec N-416-

32 



• 
System/Component 

REACTOR COOi ANT SYSTEM 

Reactor Vessel 

Reactor Vessel Supports 

Steam Generators - Tube Side 

Steam Generators ~ Shell Side 

Steam Generator Supports 

Pressurizer 

Primary Coolant Pumps (PCP) 

(Sheet 1 of 18) 

MECHANICAL 
SYSTEM/COMPONENT CLASSIFICATION . 

Seismic Class 
per RG 1.29 

Interpretation( a} 

Category I 

Category I 

Category I 

Category I 

Category I 

Category I 

Category I 

CP Co Design 
Class(b) Interpretation( cl 

Class 1 ASME Ill 
Class 1 

Class 1 ASME Ill 
Subsection NF 

Class 1 ASME Ill 
Class 1 

Class 1 ASME Ill 
Class 2 

Class 1 ASME Ill 
Subsection NF 

Class 1 -- ASME Ill 
Class 1 

Class 1 ASME Ill 
Class 1 

• 
Class per 
RG 1.26 .. 
Standards Used in Plant Desig'n 

ASME Ill (1965) - Class A 

ASME Ill (1965) - Class A 

ASME Ill 11965) - Class A 

ASME Ill (19651 - Class A 
ASA 831.1 (1955) 

ASME Ill ( 1965) - Clas~ A 
Standards of Hydraulic Institute (SHll 
ASA 831.1 (1955) 
ASA 816.5 119611 

~ ~ 

r: 
-t} 

. ~ p 
(a) 
(b) Equipment classification ~s identified in the Palisades 1980 FSAR, APPENDIX A, and TE-C5257-428. s..- _I) 
(c) Class pursuant to the ASME B&PV Code, Section Ill, Division 1, Subsection NB, 1977 edition, 1976 addenda, as determined by TER-C5257-426, pursuant to SEP Topic 111-1 anct.:- CP 

(I.I) 

l•l 

modified by CP Co I 

Nitrogen Ga& ~kup Stallons 1 and 2 reflect a seismic design from an earlier revision of the FSAR not consistent with the requirements in Section 5.2.2 of the current revision of the 
I SAR Tho dnlgn of Stallons 1 and 2 (FC-675) used 0.5 x QBE for seismic design. -f> 

Cummt de1>1gn reqwtements for ngn-PCS piping are reconciled to ANSI B 31.1, 1973 Ed with 1973 Summer Addenda. See Section 5.10.1 and 5.10.2. ~ ~--

111 ~e•smtc Class I Supported from Receivers to Operators on Engineered Safe-guards Systems. 0 . ~W-
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3.1:1 ASME Hoiler and Premure Vesael Code, Section DI, Nuclear Veuel• plus 
add~da. ·· 

3.1.2 ASME Boiler and Pressure Vessel Code, Section II, Material Specifications plus 
addenda. 
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3.1.4 Standards of the Hydraulic Institute • Centrif!-'gal Pump Section. 

3.1.5 NEMA, ASA, and IEEE Standards. 

3.1.6 ASA-I! 16.5 Steel ripe Flange and Flanged Fittings. 

3.1.7 ASA-D 31.1 Code for Pressure Piping. 
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·. 4.0 nHs1c.v 1rnoum1~·"'1~·s·1'S 

4.1 F.<l 11ipmc11 t llc1luire111en ts 

; 4.1.l 

. 4.1.2 

The puml' shull be a vertical cenlrifugnl type . with bottom suction and 
horizonral discharge. 1'he c:Jri\ing motor shaJI !Je or the eoll\'Clllional inductiOll 
type. PrO\·isions shnll Le made for· the collcclion ancl rc:mo\'al or shnfl seal 
leakage. Suiluhlc sclf-eontuined lubrication syslc:m for pump und motor must 
be incit,cled with the pump assembly. The pump 111111 ils. performance 

c.h~a.~J~~i~!J~.~~hP.J.l h.!! imi.t.ubJc fo.r.par.aJleLopcm.tion ''ilh .. idcutical. unit&.-

The design lire of the pump shall be forty years. The predicted life of those 
positions of the pump assembly with less than a forty year life shall Le listed in 
the techniCal manual. 

4.1.3 The pressure containment design of the pump assembly shall conform to 
-Seciion.lIJ of the ASi\IE Doilcr and Pressure Vessel Code. 

4.1.4 

4.1.5 

The pump casing, pressure housing, and suction elbow shall be considered as a (';""\ 
Class "A" vessel per paragraph N-131 of Section Ill. \...!....) 

The pump shall be designed to require maintenance at a minimum interval of 
one (1) year. It shall he a design objective to require maintenance at three year 
intervals. 

Provisions shall he made to change seals \vtthout draining the pump casing. The 
pressure inside the casing will be between atmospheric and 20 psig . 

. 4.1.6 The pump assembly shall he designed for continuous operation al 11ny point on 
the characteristic' c~rve from 80,000 to 110,000 gpm including operation at 
specific gravity 1.0 as specified in 4.1. 7. -o 

.. ___ L~'..•.:: ... --·--~ ... Th •.. e- ~~-"~!!.~°:!~-.~·~...,be ~~~!'>.~~~5J>9!:hc>.~ QY.C!J:.~IP 
-~·,J .. • - -- :~,;--- • liff w1d1 a pnmary coolant specific gravtly of 1.(). Continuous opcra!fgn for 

250 hours under these condition., shall Le wil11in the dCsip capabiiitiCt:ef the 

·.· ,.,.,_. 

. . 

pump assembly. -a 
·--· !"'•······:.··--:.i...+-!~ -··.~- ..•.. ·.:.-.··· ··:·. . ........ _.~ •• -; • ._.-,_~·, .. :-!~~::;.~:~_;._· ... ·~·.:~:~~;;.;~:.~;~~~.:~~~::·:>.~~ .::-~.:·-.:..;t~ -~-~:::·~ 

··<··=·-~.-.:: . : .. ~~·:~ . . ,;.~.:...~:~::~'!::£!!.'.':'::"~~ .. -=·''- -~""":" ... -.:_., . ..,...~ .... ! ~ .............. -

.. 4.1.8 

•. · •r":-. 

..... ·--.-~ --~ .. ,~--- - ... 

Pump assembly shall be designed for counter-clockwise rotation when viewed 
from above . 

·:-~ --·-········· - . .. ~-
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BW/IP International, Inc. 
.Pfv. L 11 

Pump Division 

FACSIMILE TRANSMISSION COVER SHEET 
BW/IP INTERNATIONAL, INC 

BYRON JACKSON PUMPS 
NUCLEAR PRODUCTS OPERATION (NPO) 

2300 E. VERNON AVE. 
VERNON, CALIFORNIA 90058 

PHONE# : (213) 587-6171 -- FAX# : (213) 589-2080 

FAX NO.: . 616-764-2251 DATE: 20December1998 
TO: Paul Harden FROM: Frank J. Costanzo 

COMPANY: Consumers Energy- Palisades Nuclear Plant 
. SUBJECT: Stud Analysis 

REFERENCE: 

This is to document that we have completed our technical review of Consumers Energy 
report EA-C-PAL-98-1939-01 entitled "Evaluation of Corrosion on studs between casing 
and cover of Pump P-50A" and concur and approve this report based upon the 
incorporation of minor comments previously discussed and agreed upon. 

Best Regards, 

Fv~J. CO}t~ 
Manager of Engineering 
Nuclear Products Operations 

cc: K. Lemmon 
G. Lenzen 
C. Reimers 

DEC 20 '98 13:05 
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ATTACHMENT 3 

CONSUMERS ENERGY COMPANY 
PALISADES PLANT 

DOCKET 50-255 

INSERVICE INSPECTION PROGRAM -
SUBMITTAL OF RELIEF REQUEST NO. RR-13 FOR NRC APPROVAL 

ENGINEERING ANALYSIS EA-C-PAL-98-1067-01 
P-50A CASE TO COVER BOLT EVALUATION 

May, 1998 
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PALISADES NUCLEAR PLANT EA-C-PAL-98-1067-01 

·- .• ....wss 
ENGINEERING ANALYSIS COVER SHEET . Total Number of Sheets ~ 

Title P-SOA Case to Cover Stud Evaluation 

INITIATION AND REVIEW 

Calculation Status Preliminary Pending F~al Superseded 
D D D 

Initiated lnlt Review Method Technically Reviewed Revr 
Rev Appel Appel CPCo 
II Description By Detail Qual By Appel 

By Date Alt Cale Review Test By Date 

~ 

~1.11 
/J 

0 Original Issue Jc.LJd(. ~-/ujr? ~~ ../ • ~· ~ 
41- - itY 

1.0 Objectives 

The objective of this EA is to evaluate the acceptability of the Primary Coolant Pump P-50A's degraded studs 

for continued service. The nonconforming condition which was caused by boric acid attack is documented in 

C-PAL-98-1067. 

2. 0 References 

2.1 ASME B&PV Code Section XI, 1986 Ed. 

2.2 Drawings: Ml-EA-5; Ml-EA-5001; Ml-EA-2006 

2.3 Byron Jackson Tech Manual, Vendor file 

-~- --- - ----- - ----- - - - - -~-- I"" - - - -- -- -, 
9812290224 981220 I I 
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PALISADES NUCLEAR PLANT 
ANALYSIS CONTINUATION SHEET 

Sheet 

EA-C-PAL-98-1067-01 

3.0 Acceptance Criteria 

Reference 2.1 IWB-3517 requires analytical evaluation for the condition of 

"localized general corrosion that reduces the bolt or stud cross-section area by 

more than 5%". 

4.0 Design Inputs: 

4.1 There are 16 cover to case studs per pump. The studs are made of A-193-B 7 

material with flash chrome plate and phosphate on the tap end. The dimension 

of the stud is given in Reference 2.2. Per Reference 2.3, the applied load of the 

stud tensioner is 6500 psi. This stress level is about 50% of the stud's yield 

strength and stud's deformation is well in elastic range. 

4.2 The degraded stud configurations are depicted in the sketch of Attachment 1 of 

this EA. The Attachment 1 a part of NDE report included in the subject 

Condition Report. Only 2 studs have visible degradation. The affected studs 

were UJ examined and no indication was found. The pump casing and cover are 

made of stainless steel ASTM-351 (Reference 2.3). There is no evidence that the 

casing, cover or the chrome plated threads is degraded. 

4.3 The factory hydro test pressure was 3710 psi which is 150% of the PCS design 

pressure. 

5 .0 Assumptions: There are no major assumptions. 

2 

5.1 The stud OD is conservatively assumed to be uniformly corroded to the minimum 

dimension measured. The two corroded studs are assumed to have the same 

minimum OD of 3.920". The height extent of the corrosion is assumed to be an 

uniform of 1 inch. 

5 .2 The two adjacent studs of the corroded studs have little or no visual signs of 

degradation. However, the OD measurements of these 2 adjacent studs are less 

than the OD specified in the machine drawing. The difference is most likely 

attributed to the field measurement accuracy. However, it is assumed in this EA 

that these two studs are corroded to an OD of 4.470". 

Rev # 0 
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· 6.0 Analysis: 

For bolted connections, the critical design consideration is the preload. The 

applied preload is greater than the operating loads on the stud remain constant. 

As the material is removed by corrosion, the strain energy and, thus the preload, 

is reduced. However, the degradation can be tolerated if sufficient preload is 

maintained. It should be noted that the preload is a displacement controlled 

load. With a smaller stud cross section, the stiffness is reuced and the stress in 

the stud is not increased. 

3 

The configuration shown here is a conservative approach for analyzing the impact 

on preload. 

F =KA 

where A = stud tension in inch 

K = stiffness = ENL 

E = modulus of elasticity 

L =length 

For a stepped beam, the stiffness can 

be analyzed as two series connected spring. 

.l .l .l 
-=-+-
'f<p K7 K/ Kl= EA1/ LI 

K2 = ~/L2 
In this EA, the bolt numbers 2 and 3 are 

assumed to have the same degradation. 

Al = n/4 (3.922 
- .5 2

) = 11.872 (Attachment 1) 

A2 =A 

the cross section area of the original stud: 

A= TI/4 (4.582 
- .52

) = 16.278 

Al/A= 0.729 

L1 =1/17 

L2 =16/ 17 

Kl~ 17x.729EA/L 

I<2 = 17/16 EA/ L 

1/ Ke= 1I(II12.393 + 1I1.0625) L/ EA 

Ke= .979 EA/ L 

Ke= 97.9 % K 

3 

16 

15 
-·-·-·1·-·-· 

14 . 
I 
I 

Arbitrary bolt No.s 

For a given A of the stud, the preload F is reduced by 2 .1 %. The preload 

reduction of bolt numbers 1 and 4 are analyzed the same way. 

Rev # 0 
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Al = n/4 ( 4.4 72 
- .5 2

) = l 5 .497 

Al I A= .952 

Kl= 0.952x17 EA/L = 16.184 

1 I Ke= II {(I I 16.184 + 1 I 1.0625) K} 

Ke= .997 K = 99.7% 

In considering of the design margin against pressure loading, the preload is 

reduced by: 

MF= (12 + 2 x .979 + 2 x .997) I 16 = .997 

In considering the design margin against the external loading, the bounding case 

of the largest reaction forces are applied to the most degraded bolts .. Refer to the 

sketch of the bolt orientation above, the bounding external loading would be the 

moment of y-y axis. The reaction at the bolt location is in direct relation with 

the moment arm. Due to the symmetry condition, only a quadrant of the bolt 

preload is calculated in below. 

Location Design Preload 

2 cos 11.25" = 0. 9808 

1 cos 33. 75 = 0.8315 

16 cos 56.2S = 0.5556 

15 cos 7 8. 7 s = 0. 1 9 51 

summation 2.563 

The reduction of the preload is: 

Degraded Preload 

0.979 x .9808 = 0.9602 

0.997 x. 8315= 0.8290 

0.5556 

0.1951 

2.540 

M.F = (2.563 + 2.54) I (2.563 +2.563) = 0.996 

4 

The results of the preceding analysis showed that the reduction of preload is 

insignificant. The maximum reduction is 0.4% which is well within the Reference 

2.1 acceptance criteria for the allowed localized general corrosion and is well 

within the applied preload tolerance. Additionally, the studs have an inherent 

safety margin of 150% from hydro test. 

7. 0 Conclusions 

Continued service is acceptable. Recommend use-as-is. 

Rev # 0 
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Driver Mount-----1\ 

Coupling Spacer 

Cooling Water Inlet Connection 
Seal Cooling Heat Exchanger 

Section A-A 

n-m~-ii\11_..;;;..._~---Controlled Leakage Connection 

w::.----Seal-Stationary Face 

.~;t~~~nl~~;j~~,~~1••1&----Seal-Rotating Face 
· l lkoP----Closure Stud 

Impeller 

Pump Case 

Suction Deflector 

.CONSUMERS POWER COMPANY 
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FSAR UPDATE 

PRIMARY COOLANT CIRCULATING PUMP 

FIGURE NO ~-~ 
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RESPONSES TO ADDITIONAL QUESTIONS OF DECEMBER 19, 1998 

NRC Question 1: 

Provide your current wastage analysis. 

CONSUMERS ENERGY RESPONSE 1: 

Analysis is provided as Attachment 2 of this submittal. 

NRC Question 2: 

Provide your June analysis on wastage. 

CONSUMERS ENERGY RESPONSE 2: 

Analysis is provided as Attachment 3 to this submittal. 

NRC Question 3: 

Provide the 50.59 analysis for the seal leakage pipe plugging. 

CONSUMERS ENERGY RESPONSE 3: 

The pump casing gasket leakoff lines were modified in 1987 (P-508) and 1992 P-50A, 
C, D) to replace the existing piping with plugs at the casing. The leak off lines 
originally consisted of a short length of pipe extending out from the casing cover which 
terminated in a blank flange. No leak detection capability existed. The modifications 
were made due to weld cracks that developed at the cover socket joint. Since the lines 
had originally been blank flanged, plugging the lines with a welded pipe plug was 
considered to be a functionally equivalent change. The 10 CFR 50.59 evaluation for 
the change in 1987 is provided in Attachment 6. By the time the functionally equivalent 
change was processed for the other three pumps in 1992, the 50.59 evaluation process 
had been revised to reflect NSAC 125. The 50.59 process screened out this 
modification as not requiring formal 50.59 evaluation. A copy of the 50.59 screening 
form from 1992 is also provided in Attachment 6 . 

1 
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RESPONSES TO ADDITIONAL QUESTIONS OF DECEMBER 19, 1998 

NRC Question 4: 

Provide a drawing of the pump casing and stud configuration and cross section. 

CONSUMERS ENERGY RESPONSE 4: 

Drawings are provided in Attachment 4. 

NRC Question 5: 

Describe how we have implemented the Boric Acid Control Generic Letter. Specifically, 
are we taking any action by analysis on either VT-1 or VT-2 bolting? 

CONSUMERS ENERGY RESPONSE 5: 

Engineering Manual Procedure EM-26, "Boric Acid Leak Inspection", implements the 
Generic Letter 88-05 program. This procedure specifies that general area walkdowns 
be performed to look for boric acid leakage at a minimum frequency of each refueling 
outage. Upon discovery of boric acid leakage, the component in question is visually 
inspected for carbon steel components and corrosion. If degradation or corrosion of 
components is evident in the vicinity, the condition is evaluated, typically by a system 
engineer. The evaluation would result in recommendations for immediate and long 
term actions, and initiation of a condition report if component operability may be in 
question. If fastener material is degraded and can not be immediately replaced, or if 
degradation of a pressure boundary is observed, a formal Engineering Analysis (EA) is 
required. 

The procedure specifies the following items for evaluator consideration when 
performing the engineering analysis: 

ASME Class 1, 2, or 3 Piping 

1. Size the areas of corrosion in accordance with IWA-3000. 
2. Compare size of flaw with acceptance criteria of IWB-3514 
3. If acceptance criteria of IWB-3514 is exceeded, flaw must be removed per 

IWA-4300 
4. If pipe wall thickness has been reduced by more than 10%, ASA 831.1 is 

used to determine minimum allowable wall thickness. 

ASME Class 1, 2, or 3 Bolting 

1. Compare bolting cross sectional area with the rules of IWB-3517.1 

2 



RESPONSES TO ADDITIONAL QUESTIONS OF DECEMBER 19, 1998 

· 2. If acceptance criteria of IWB-3517.1 is exceeded, refer to IWB-3142 for 
correction prior to service 

ASME Class 1, 2, or 3 Pump Casings and Valve Bodies 

1. Compare areas of corrosion to rules of IWB-3519.1 
2. If acceptance criteria of IWB-3519.1 have been exceeded, refer to IWB-3142 

for correction prior to service 

NRC Question 6: 

Describe your procedure for when boric acid is discovered around bolting. 

CONSUMERS ENERGY RESPONSE 6: 

See response to Question 5. 

NRC Question 7: 

When did you first observe evidence of leakage on this pump (P-SOA)? 

• CONSUMERS ENERGY RESPONSE 7: 

• 

Dry boric acid accumulation on the pump P-SOA flange was first observed during the 
1998 Refueling outage. At various times in the past, these valves and fittings had been 
found to leak and had been repaired. Past leakage from the mechanical seal would 
also sometimes discharge into the same area. However, the boric acid on the flange 
was found when the plant was depressurized, and there was no evidence of leakage 
from the gasketed pump joint. Based upon the historical absence of pump gasket 
leakage at Palisades, and due to known past leakage of the instrument lines above the 
accumulation, it was assumed that the boric acid had come from above, not from the 
pump casing joint. The boric acid was cleaned up, which enabled the casing joint to be 
visible in this area. 

Leakage from P-50A mechanical shaft seals and associated piping has been observed 
in the past. However, these are different from the pump case sealing gaskets. 
Mechanical seal leakage is visible from normally accessed areas on the pump. The 
leaking pump flange location is on the back side of the pump in an area that is not 
normally accessed for safety and ALARA reasons. In order to access that area, 
workers must traverse the top of the pump insulation enclosure which is covered with 
thin, frequently slippery metal and is not equipped with hand holds, rails, or toeboards . 

3 
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• RESPONSES TO ADDITIONAL QUESTIONS OF DECEMBER 19, 1998 
• 

The fiFst obvious evidence of pump gasket leakage on P-50A was observed during the 
present (December 1998) forced outage. This occurred for the following reasons: 

a. A System Engineer, aware of boric acid stud wastage found in this area 
during the 1998 refueling outage, traversed the P-50A pump insulation 
enclosure specifically to re-examine the same area during the boric acid 
walkdown normally performed at the beginning of an outage. Boric acid had 
reaccumulated, and water was seen on the flange. Due to extremely hot 
ambient conditions, the engineer exited the area and reported his discovery. 
A second System Engineer, prepared for heat stress and potential airborne 
radiation conditions, made a follow-up examination and identified the source 
of leakage. 

b. Cleanup of the flange joint during the refueling outage enabled its direct 
observation during the forced outage while pressurized. Therefore the 
earlier leak source assumption could be discounted. 

NRC Question 8: 

Do you have any evidence of leakage at any of the other PCS pumps? 

• CONSUMERS ENERGY RESPONSE 8: 

• 

There is no evidence of flange leakage on any of the other PCS pumps; neither is there 
evidence of leakage at any other flange location on P-50A. The PCS walkdown 
identified a few other leaks at PCS valves, including one on P-50B. Work orders were 
initiated. 

NRC Question 9: 

Do you have any other VT-2 bolting in the PCS and do you have any evidence of 
leakage? 

CONSUMERS ENERGY RESPONSE 9: 

There are a significant number of bolted connections within the PCS boundary subject 
to Visual Examination VT-2. Connections which are insulated are examined each 
refueling outage by performance of Visual Examination VT-2 following insulation 
removal. These examinations are performed at cold shutdown in accordance with 
approved relief. Results from the 1998 refueling outage examinations indicate Letdown 
Orifice Bypass Valve CV-2002 exhibited "evidence of leakage" on the valve stem. This 

4 
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• RESPONSES TO ADDITIONAL QUESTIONS OF DECEMBER 19, 1998 
' :t • • 

eviderice of leakage was a residue following actuator maintenance in November of 
1996. There was no active leakage present. 

The remainder of the PCS is examined by Visual Examination VT-2 at Hot Shutdown 
and prior to criticality at the conclusion of each refueling outage. These examinations 
have found both "leakage" and "evidence of leakage" at various components. The 
results of the 1998 examinations indicate there were two instances of leakage 
identified. One instance was at a differential pressure transmitter and the other at a % 
inch sample system weld. Both leaks were repaired and an acceptable Visual 
Examination VT-2 was completed prior to resumption of service. Neither leak was at a 
bolted connection. 

Evidence of leakage has been noted during the Hot Shutdown VT-2 examinations at 
several locations. In almost every case the evidence was located in instrument valve 
packing areas. Exceptions include 2 swagelok fittings and one valve body to bonnet 
gasket. 

Closer inspection of these locations has been performed in accordance with the 
Palisades Boric Acid Leakage Inspection Program. This program is based on Generic 
Letter 88-05, "Boric Acid Corrosion of Carbon Steel Reactor Pressure Boundary 
Components in Power Plants." Inspection results indicate that all points were dry and 
active leaks were not present. 

Pressure test and Visual Examination VT-2 results are included in the Palisades 
Nuclear Plant, ISi Report 3-3, dated 7/31/98. This report has been submitted to the 
NRC. 

NRC Question 10: 

Do you have any other VT-1 bolting in the PCS and do you have any evidence of 
leakage? 

CONSUMERS ENERGY RESPONSE 10: 

There are a number of bolted connections within the PCS boundary subject to Visual 
Examination VT-1. Review of the 1996, Outage 3-1, and 1998, Outage 3-3, Inservice 
Inspection Reports indicates that approximately 58 VT-1 examinations were 
performed. All were dispositioned as acceptable. In addition to the Visual Examination 
VT-1, many locations were also subject to ultrasonic and liquid penetrant examination. 
All results were dispositioned as acceptable. Reports for both outages have been 
previously submitted to the NRC. 

5 
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. - ''f,'1·~:11:.tt;e·~bilitV'of occur;&nee or the consequitnces ofi'iirfaCi;l&nt or''malru~!itJbi\ of ~uipment 
imporqnt to safety previously evaluated In the safety Analysis Report lncrei~? ·• 

Basis: No 

. ,, .;;;~'~ 10 tit~:. l~4ktsPf' pfjc ~ aes not IY\CNll!ie -the constqae.-r:e.s o:-- -th t. e+9,~1'11!J -"lz · 
_ :;~:t~1iwl I ·1;¢qt . 't~A. The weldtiel pt, Jo~ nof -~ · /Or:ll0 ottac.hrrfWf -to th~ pipe, · 
:~1'19weve.r-· ·Ell~ SC-'87· ~'10~1 avidl l?e5 tAe acce r:c'1ill"t. cf the wefcl strM o 'tt1nyt 1he 

~.: ,::{pcs :f)es~11 #es~ of isoo r$: The i'1j~ ~lcrnt iulll Fide prepa: letik f!Jh~ 
~'\'>Ul.1'~ -the. pl' ~ qfso ~lhq The. p/:J· 1h1s SfO/qflt is l:~ttafl>' cowpirffile ~ lfS 

• !"~. pttsf SutteSS~I ti~ '~ th~ Tiuc/ew .irdt/Sfy ) fuss.II fower«l It1Jusft) ,. dVld setfi(qf~ OY) 

.-• 1'- eaf1Wes tt5 ~0,..,,(?0"61fS ~r~es q~e QS9Jt0rre of 1'ts accepfQb11lfJ. The. ;;,_ner 
~-~ f~;tqlltt i!fStrl 15 Jeqkrn, 4-wld -rhus -fhe .)~c'ht 1~n~y mu.st qfso be mathrfatict:/ by flte 
•- l"-.. ~ ff~lfQU1c ~M. The. COl'lttfUtu( o~rft°"'i c:.f the P-SC[3 _ l'u"? •'> Qaytable 

wff~ o.-ily the octw fl~ttolht ~et 1"*ri • ~ con\le.,,crf-fM5 w111-n ~~ ~l.f c.kson _ 

~orinel -the qsf"Ms w~ d<5t 1t~d -ft) v.rcrK ime At/ af each o-thev--- Qtl\c( thu) 

effb~r sqsfef b) (f5e/f h<l> ~f1U~ des1911 bash;. ~ tlew COV&- -to C4$€ 

replarf"me~1 of the mne-r f-lextfflll1t 3r:,strl" GMt( ihe pipe fl'!) "''~h 1~ i~rll'm seq/01-f 
wi'l I be l'haJ<'P?rtt--f,,J. m-to th~ ~/~Jes Five 'leflr Pl~ fty- "the. ~ ?yrlt2rti . TJu:S 

WClrt w1'll .r~91tire. e.'l(+f'Qerdll\W'1 ft"f.Pll'FR ~1 YQdtr.rttVV> e~fOSure 1V"" pcf MofrH-
/ , . 
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Is the margin.~. safety u·:<ieliiled in the basis for any Technical Specification reduced? 

Basis: 

(\'\e. ~""~ •re.. d~tii~ to be ·~~rtq//y -e.9u1vq/ewf "fo ~ °''9i"°ll 
·ttwd bolt~ flq~qe. The Tech~ 5pec bq_si5 cv'- 11ot a:fft:rfted... " 

re&>QJV-. 

1. Should this be included in FSAR/FHSR update? 0 

2. Should item be included in Annual RllPOrt to NRC? 

3. 
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Reason for Issue/Change: 
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1. 

2. 

3. 

Does the item involve a 
FSAR? 
FSAR Sections affected 
FSAR Sections reviewed 

change ~o procedures as q, ,,.,_,,_,,~ 
, J.:5' ¥, 7 k'ezt..k= 

described in the 

Does the item involve a 
the FSAR? 

change to the facility as described in 

FSAR. Sections affected 
FSAR. Sections reviewed 

er:?~ 1i.-1'9- 9;;J., 

"'· ,_ ~ ~rr>~ N~ 

Does the item involve a test or experiment not 
FSAR? ~# 1~-17-c,;. 
FSAR Sections affected ¥· 3't· ~ 7, n.J "IF tf.c9 
FSAR. Sections reviewed •3· 3 .f.. t;. Ji<· 3 -t-/.Jl,4 

. 

described in the 

4. Should th• Technical Specifications or any of their Bases be 
changed in conjunction with this item? 
TS Sections affected ----------------------. ....... ------------~ 
TS Sectiona reviewed ,.~. 1 ).1 • .5,. :J,/./

1
i)1 "t. '9

1 
'I.if 

If any Safety Review question listed above is answered "YES", perform a written 
Evaluation .ccording to Section 5.3. 
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If all Safety Review questions lisced above are answered NO, written USQ EvaL••: ~ ·~ 
is not requirad. Howaver, this Attachment shall accompany other raview materi•~s : ;r 
the item to document that a Safety Evaluation was not required. 
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