Date:08-12-2009
Subject:OE29438 - Source Range Detector Response at Cold Borated Conditions (Surry)

Abstract:
Low-leakage loading patterns with high-burnup fuel on the core periphery affect source range detector response in a manner that departs from traditional subcritical multiplication theory.  A study was performed to model source-range detector response to an inadvertent criticality event during core on-load.  The results indicate the core does not exhibit traditional 1/M behavior until the neutron population from subcritical multiplication overwhelms the large fixed neutron sources from high-burnup fuel. 

Title:  Source Range Detector Response at Cold Borated Conditions (Surry)

Event Date:  07/23/2009

Station Name/Unit Number:  Surry Units 1 and 2

Significance:  Non-Consequential

Lessons Learned for the Industry:

Operator and engineer nuclear fundamentals training on subcritical multiplication should address this phenomenon, specifically that source range detector count rates may not double when reactivity moves halfway to critical from lower keff, e.g., from 0.90 to 0.95 due to strong sources in close proximity to the source range detectors.  Boron dilution event analyses should be reviewed to ensure multiple indications are considered, and that the doubling of the source range detector count rate is not specifically equated to halving of shutdown margin. 

Applicability:

Reactor engineers, Operations, Fuel Handling Teams, Engineering

Description:
An engineering study was performed to model the response of source-range detectors to dilution events and fuel assembly misload events during core onload.  A comparison of the analysis results for Unit 1 Cycle 1 and Unit 1 Cycle 18 indicated a significant difference in source-range channel response.  Subsequent modeling with the Simulate core design package confirmed the earlier findings.  Low-leakage core loading patterns contain high-burnup fuel assemblies on the core periphery.  The fixed neutron sources inherent in the high-burnup fuel assemblies can cause a significantly larger contribution to the source-range detector signal than the signal caused by sub-critical neutron multiplication in these fuel assemblies.  The combination of these signal components results in a slower response of the source-range channel response to an inadvertent approach to criticality than would be expected using traditional 1/(1-Keff) calculations.  The impact of this phenomenon diminishes as temperature increases.  Source-range channel responses during dilutions to critical at operating temperature show the traditional 1/(1-Keff) behavior.

Consequences:
A doubling of the source range detector count rate can occur much later than expected in a reactivity excursion (i.e., at higher keff) for a core with a low-leakage loading pattern.   Reactivity excursions caused by fuel assembly misload events may be difficult to detect with the source range channels.  Hence the quality assurance associated with controlling the selection and movement of fuel assemblies takes on added importance. 

The selection of a core onload sequence can have a significant impact on the ability of the source range channels to identify a reactivity excursion.

Causes:
Transitioning to core loading patterns with high-burnup, low-reactivity fuel assemblies on the core periphery can result in a significant reduction in source range detector response to a boron dilution event.

Corrective Actions:
Training on subcritical multiplication will be revised to include this phenomenon.  Fuel Handling procedures for core onload will be reviewed to determine a more optimum setpoint for the High Flux at Shutdown Alarm (i.e., less than the current recommendation of a half-decade above the background count rate) to provide an earlier indication of a reactivity event.

Previous Industry OE:

Licensee Event Report (LER) # 91-013-00, Catawba Nuclear Station, Unit 2, Report Date:11/27/91

Equipment Information:

NSSS/A-E:  Westinghouse / Stone & Webster

Reactor Type:  PWR

Affected System:  Nuclear Instrumentation

Component Manufacturer:  Not applicable
Component Model Number:  Not applicable
Component Part Number:  Not applicable
Information Contact:
Name:  Alan Ford

Title:  Nuclear Engineer III

Telephone:  804-273-3240

E-mail:  Alan.Ford@dom.com
Corrective Action Program Documents:

CR342474: SURR - Source Range Detector Response During Core Onloads 

