White Paper on

ASME XI Class 1 Pressure Test Following a MCO
Question

Most midcycle outages or unscheduled shutdowns do not require a pressure test of the reactor coolant pressure boundary unless a repair or replacement activity is involved.  During the 2001 MCO, the reactor vessel head will be removed and reset.  Does this work activity require an ASME XI pressure test prior to startup after the MCO?

Background

The ASME Boiler and Pressure Vessel Code, Section XI, Table IWB-2500-1, Category B-P, provides the frequency and test parameter requirements for the Class 1 pressure boundary.  The system leakage test of the Class 1 Boundary (reactor coolant pressure system) is required  “each refueling outage,” this frequency requirement is only used for ASME Class1.   While the Code does not specifically define "each refueling outage", the term is used by the Code as a measure of time between leakage tests.  The system leakage test is required before nuclear reactor startup.  The purpose of the test is to locate gross leakage before reactor startup.  Since the ASME does not define “refueling outage”, it is the Owner’s responsibility to determine if a midcycle outage is also a refueling outage.

There are many misconceptions that leakage (pressure) tests demonstrate the structural integrity.  This is false.  Laboratory test data has confirmed that even with through wall leakage structural integrity can be maintained.  The purpose of the pressure test is to identify unacceptable leakage in the pressure boundary.  The design (safety) factors used in nuclear plants range from 3 to 5 depending and the age of the plant.  The required Section XI test pressures do not approach the pressures required for a burst or “proof test” to prove structural integrity.  Even the test pressures required by the construction codes are only for the detection of gross leakage.  Structural integrity is achieved by the use of quality materials, adequate system and component design, quality welding (operators and controls), and quality control.   The construction code test pressures were only elevated to enhance the detection of leakage.  The original Section XI test pressure requirements came from Section III with the exception of Class1.  The Class 1 test pressure was set at the nominal pressure when at 100% reactor power.  This was due to the reactor vessel being subjected to neutron embrittlement and vessel fatigue calculations only allowing approximately 50 elevated pressure tests over the life of the plant.

Another misconception is that leakage tests are required when a mechanical joint is broken for maintenance; i.e. removal of the reactor vessel head.  No Code test is required.  However, if a Class 1 component is opened (mechanical joint) to perform a Section XI repair/replacement activity, a leakage test may or may not be required by the current Code.  There are published ASME XI interpretations that clarify that the opening and reclosing of a pressure boundary component is a maintenance activity and not a Code activity.

Since disassembly and reassembly of the RPV is not a Code activity, the Code rules for pressure testing do not apply.  If, however, a class 1 component is opened to perform an ASME XI repair or replacement, then a Code pressure test would be required.

Safety Considerations

Research by the ASME in support of Code Cases N-416-1 and N-498-1 has demonstrated that leakage rates are proportional to the test pressure.  Furthermore, in 1998, the NRC approved ISI relief request PR-10, revision 1.  This relief request allowed the pressure test following the replacement of the SRV pilot valves to be performed during the 900 psig walkdown in lieu of the 1005 psig test required by ASME XI.  Thus a walkdown at 900-psig, during a normal plant startup, is sufficient to identify unacceptable leakage through the class 1 mechanical connections.

The temperature for the ASME XI pressure test is determined by the pressure temperature limit curves in the Technical Specifications.  The temperature is typically about 200(F.  The temperature during the 900 psig will be about 260(F.  Temperature changes have a more pronounced effect on leakage rates then pressure changes.  Higher temperatures tend to reduce leakage due to the volumetric expansion of the metals.  Most of the leakage at mechanical connections identified during the ASME XI pressure test are dispositioned as acceptable because they will diminish to an acceptable level at operating temperatures.  It is unlikely that the 60(F difference in the temperatures will mask any unacceptable leakage.

During the ASME XI test the vessel water level is increased above the normal range.  The air space is left at the top of the vessel to facilitate pressure control.  During the 900-psig walkdown, the vessel water level is in the normal range.  Leakage above this level will still be detected because any vapor propagating through a mechanical connection will condense in the relatively cooler Drywell atmosphere.  The Operator performing the walkdown will notice a vapor cloud or a drip.  In addition, the vessel flange leak detection system will indicate leakage across the inner seal of the vessel head.

The alternate valve lineups required for the ASME XI inservice leakage test (6.MISC.502) are an additional challenge to plant systems, and do not serve to add any notable value to the inspection process and/or results.  This is especially true for the upcoming mid-cycle outage, which is of limited scope, and where the no components on the primary system are being replaced.  No additional personal hazards are created by performing the 900-psig walkdown since this walkdown is performed during every startup.

Leakage at the bolted connection of the reactor vessel head would not prevent the RPV from performing its safety function. This flanged joint has two o-ring seals with a cavity between the seals, any leakage past the inner seal would be detected by installed instrumentation and corrective action could be taken.  Leakage past the outer o-ring seal would be detected by the Drywell monitoring system.  Plant technical specifications limit leakage to less than a 2 gallons per minute increase in unidentified leakage in the previous 24-hour period; a total of 5 gallons per minute unidentified; or 25 gallons per minute identified.

Conclusions

Since the MCO is not a refueling outage and no ASME Class 1 components are scheduled for repair or replacement, an ASME XI RPV pressure test is not required.  Based on the Drywell leakage detection system, the vessel flange leakage detection system, the ability of the RPV to perform its design function in the event of a leak at this connection, the plant operating limitations as established in the Technical Specifications, and the precedent established by the NRC in the approval of PR-10, the proposed PMT at 900-psig provides reasonable assurance of safety.  Therefore, a 900-psig walkdown by Operations during startup is adequate PMT for the reassembly of the RPV.  The walkdown should include the vessel flange area and the head vent piping.
