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COLUMBIA GENERATING STATION, DOCKET NO. 50-397
RESPONSE TO REQUEST FOR SUPPLEMENTAL INFORMATION
RELATED TO GENERIC LETTER 2016·01, "MONITORING OF
NEUTRON-ABSORBING MATERIALS IN SPENT FUEL POOLS" •
LICENSEE-REPORTED CATEGORY 3 PLANTS

References: 1.

Letters from Energy Northwest to NRC, dated 9/1/2016 (ADAMS
Accession Number ML16245A899),

2.

Letters from NRC to Energy Northwest, dated 3/9/2017 (ADAMS
Accession Number ML 17041 A369),

3.

Letter from Energy Northwest to NRC, dated 1/ 4/2011 (ADAMS
Accession Number ML 110180457)

Dear Sir or Madam:
By Reference 1 Energy Northwest submitted its Response to Generic Letter 2016-01
"Monitoring of Neutron-Absorbing Materials In Spent Fuel Pools". By Reference 2 the
Nuclear Regulatory Commission (NRC) requested supplemental information related to
the Energy Northwest submittal. The enclosure to this letter contains the requested
Information.
No new commitments are being made by this letter or the enclosure. If there are any
questions or if additional information is needed, please contact Ms. L. L. Williams,
Licensing Supervisor, at 509-377-8148.
I declare under penalty of perjury that the foregoing is true and correct.

Executed this

J~/day of ;112

'2017.
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Enclosures: As stated
cc:

NRC RIV Regional Administrator
NRC NRR Project Manager
NRC Senior Resident lnspector/988C
CD Sonoda - BPA/1399 (email)
WA Horin - Winston & Strawn
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RESPONSE TO REQUEST FOR SUPPLEMENTAL INFORMATION
NRC REQUEST:
Reference 2 requested information in response to GL 2016-01, Appendix A, Item 2.b.iv.
Item 2.b.iv is replicated below for clarity.
2) Describe the surveillance or monitoring program used to confirm that the credited
neutron-absorbing material is performing its safety function, including the frequency,
limitations, and accuracy of the methodologies used.
b) For the following monitoring methods, include these additional discussion items.
iv) If in-situ testing with a neutron source and detector is used (e.g., BADGER
testing, blackness testing):
(1) describe the method and criteria for choosing panels to be tested and
include whether the most susceptible panels are chosen to be tested.
Provide the statistical sampling plan that accounts for both sampling and
measurement error and consideration of potential correlation in sample
results. State whether it is statistically significant enough that the result
can be extrapolated to the state of the entire pool;
(2) state if the results of the in-situ testing are trended and whether there is
repeat panel testing from campaign to campaign;
(3) describe the sources of uncertainties when using the in-situ testing device
and how they are incorporated in the testing results. Include the
uncertainties outlined in the technical letter report titled "Initial Assessment
of Uncertainties Associated with BADGER Methodology," September 30,
2012 (Agency wide Document Access and Management System
Accession No. ML 12254A064). Discuss the effect of rack cell deformation
and detector or head misalignment, such as tilt, twist, offset, or other
misalignments of the heads and how they are managed and accounted for
in the analysis; and
(4) describe the calibration of the in-situ testing device, including the
following:
(a) describe how the materials used in the calibration standard compare to
the SFP rack materials and how any differences are accounted for in
the calibration and results;
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(b) describe how potential material changes in the SFP rack materials
caused by degradation or aging are accounted for in the calibration
and results; and
(c) if the calibration includes the in-situ measurement of an SFP rack
"reference panel," explain the following:
(i) the methodology for selecting the reference panel(s) and how the
reference panels are verified to meet the requirements;
(i) whether all surveillance campaigns use the same reference
panel(s); and
(ii) if the same reference panels are not used for each measurement
surveillance, describe how the use of different reference panels
affects the ability to make comparisons from one campaign to the
next.

ENERGY NORTHWEST RESPONSE:
Energy Northwest has not performed in situ testing. Initial in situ testing of the spent
fuel rack neutron absorbing material (NAM) is scheduled to be performed in winter of
2018-19. To meet Energy Northwest's license commitment, initial in situ testing will be
performed prior to the period of extended operation (PEO) (Reference 3). The test
requirements will be established prior to initial testing. Additional in situ testing will be
based on the results of this initial testing, but at an interval not to exceed ten years.
NRC REQUEST:
3) For any Boraflex, Carborundum, or Tetrabor being credited, describe the technical
basis for determining the interval of surveillance or monitoring for the credited neutronabsorbing material. Include a justification of why the material properties of the neutronabsorbing material will continue to be consistent with the assumptions in the SFP NCS
AOR [Spent Fuel Pool Nuclear Criticality Safety Analysis of Record] between
surveillances or monitoring intervals.
ENERGY NORTHWEST RESPONSE:
Energy Northwest currently performs testing of the Tetrabor test coupons on a four year
frequency. The current testing frequency was established in 2010. The most recent
tests in 2011 and 2014 continue to show no degradation of the test coupons. The
testing interval is also consistent with the NUREG-1801 Section Xl.M22
recommendation of not more than five years for Boraflex monitoring, which had shown
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degradation at some plants. Note that Columbia uses Tetrabor, which is manufactured
with a phenolic binder with fillers of boron carbide and graphite.
Two US plants, Columbia and Kewaunee, have installed Tetrabor for use in the spent
fuel pool (SFP). Both plants' Tetrabor racks were fabricated in Germany by
Elektroschmelzwerk Kempten GmbH (ESK). Kewaunee has performed coupon testing
since 1982 with no detected degradation of the neutron absorber material. ESK used
Tetrabor test plates for German reactor Biblis A. These test plates were exposed to
radiation of an intensity of 1010 rad for 48 hours and no changes were detected.
Columbia has performed spent fuel pool rack venting from 1986. Detailed (destructive)
Tetrabor coupon testing was performed in 1995 and periodic testing resumed in 2011.
Prior to this, basic visual inspections of the coupons were performed. To date Columbia
has not detected degradation of the neutron absorber based on coupon testing. The
testing interval is judged to be adequate since no degradation has been detected in the
test coupons. Additionally, in situ testing will be performed periodically as described in
response to the NRC's first request above.
The SFP NCS AOR assumes the nominal design value of 0.0959 g B-10/cm 2 B-10 areal
density. The lower manufacturing tolerance limit is 0.08631 g B-10/cm 2 B-10 areal
density and is applied as a 10% tolerance in the analysis. Energy Northwest verified
that the as-built average areal density of the neutron absorbing material is 0.10647 g B1O/cm 2 . The minimum areal density of the 62 batches of powder was 0.1019 g B1O/cm 2 . Manufacturing tolerances on plate thickness and width are also applied as
uncertainties in the calculation. Since the plates are modeled as infinite in the criticality
analysis, no uncertainties on absorber length are included.
No known degradation mechanisms have been identified for the Tetrabor NAM to date.
Since the coupon testing has not identified specific degradation of the NAM at Columbia
and since as-built B-10 densities are above the nominal value used in the NCS, use of
nominal dimensions and B-10 areal density in the NCS AOR is acceptable and
uncertainties associated with manufacturing tolerances are conservatively applied.
NRC REQUEST:

4.b) Describe how the results of the monitoring or surveillance program are used to
ensure that the actual condition of the neutron-absorbing material is bounded by the
SFP NCS AOR. If a coupon monitoring program is used, provide a description and
technical basis for the coupon tests and acceptance criteria used to ensure the material
properties of the neutron-absorbing material are maintained within the assumptions of
the NCS AOR. Include a discussion on the measured dimensional changes, visual
inspection, observed surface corrosion, observed degradation or deformation of the
material (e.g., blistering, bulging, pitting, or warping), and neutron-attenuation
measurements of the coupons.
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ENERGY NORTHWEST RESPONSE:

Testing is performed on two coupons at a time: one coupon that was resident in the
spent fuel pool (termed the test coupon), and one that is maintained as a control and
has not been placed in the pool (termed the control or standard coupon). The test
coupon measurements are compared to those of control coupon to determine whether
the test coupon has experienced any degradation. The amount of degradation, if any, is
compared to pre-established limits to determine when additional actions are warranted.
Four forms of monitoring are employed: First, visual examination of the coupons is
made to evaluate surface appearance. Second, dimensional measurements are
performed. Third, weight and density testing is done to determine if physical
degradation is occurring in the plate material. Fourth, neutron attenuation is done to
determine if loss of the boron content is occurring.
The acceptance criterion for neutron attenuation is a difference of less than or equal to
5% between the test and control coupon. The acceptance criteria for the width and
thickness changes are differences less than or equal to 10%. These acceptance criteria
are set low enough to indicate the onset of degradation. They are not derived explicitly
from the NCS AOR. If the limits are not met, corrective actions will be established to
ensure the 5% subcriticality margin is maintained in the SFP storage rack.
The most recent coupon testing was performed in 2014. One test coupon was shipped
from Columbia to NETCO's laboratory facilities at Pennsylvania State University,
Radiation Science and Engineering Center, together with a control coupon. The test
included visual inspections, dimensions, dry weight, density, and neutron attenuation.
The visual inspection determined that the test coupon had minor wear when compared
to the control coupon and had some visual deterioration around the edges. There was
no blistering, bulging, pitting or warping observed. The measurements did not exceed
the tolerance limits and did not affect the neutron absorption capability as measured by
neutron attenuation. In fact, the test coupon had a measured neutron attenuation
greater than the control coupon by a very small amount (i.e., neutron transmission ratio
is lower). This is likely due to extremely high attenuation by B-10 so that there is a large
amount of uncertainty in the neutron counts after attenuation (a very small number).
As described above, the NCS AOR assumes the nominal design value for 8-10 areal
density and applies the lower manufacturing tolerance limit as a 10% tolerance in the
analysis. Since the coupon testing verifies the absence of degradation of the NAM, this
ensures that the actual condition of the neutron-absorbing material is bounded by the
SFP NCSAOR.
NRC REQUEST:

4.c) Describe how the bias and uncertainty of the monitoring or surveillance program
are used in the SFP NCS AOR.
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ENERGY NORTHWEST RESPONSE:
The coupon testing has shown no degradation of NAM, therefore no additional bias or
uncertainty is warranted, other than the uncertainties used in the current SFP NCS
AOR. These include manufacturing tolerances such as dimensions of NAM plates, B1O areal density, and B4C density.
NRC REQUEST:
5) For any Boraflex, Carborundum, or Tetrabor being credited, describe the technical
basis for concluding that the safety function for the credited neutron-absorbing material
in the SFP will be maintained during design-basis events (e.g., seismic events, loss of
SFP cooling, fuel assembly drop accidents, and any other plant-specific design-basis
events that may affect the neutron-absorbing material).
a) For each design-basis event that would have an effect on the neutron-absorbing
material, describe the technical basis for determining the effects of the design-basis
event on the material condition of the neutron-absorbing material during the designbasis event, including:
i) shifting or settling relative to the active fuel;
ii) increased dissolution or corrosion; and
iii) changes of state or loss of material properties that hinder the neutronabsorbing material's ability to perform its safety function.

ENERGY NORTHWEST RESPONSE:
Seismic events
The spent fuel storage racks, together with the spent fuel pool, are designed to Seismic
Category I requirements. They are designed to withstand the affects of the Safe
Shutdown Earthquake (SSE) and remain functional and maintain subcriticality.
Based on the results of the Modulus of Rupture tests, the 84C plates will withstand
approximately two times the calculated stresses caused by a postulated seismic event.
The 84C plates will not shift or settle under a postulated seismic event relative to the
active fuel, or cause increased dissolution or corrosion of the NAM. It will not cause
changes of state or loss of material properties that hinder the neutron-absorbing
material's ability to perform its safety function.
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Fuel Assembly Drop Accident

The NCS AOR analyzed the fuel handling accidents including: (1) an assembly
dropping vertically into the water channel between the storage racks, (2) an assembly
landing horizontally on top of a storage rack.
Both cases of fuel handling accidents resulted in a k-eff that was lower than 0.95,
ensuring the 5% subcriticality requirement is maintained.
The above accident scenarios do not lead to the concern of shifting or settling relative to
the active fuel, or the increased dissolution or corrosion, or changes of state or loss of
material properties that hinder the neutron-absorbing material's ability to perform its
safety function.
Heavy Load Drop Accident

The NCS AOR analyzed the heavy load drop accident with an object weighing 1500 lb
dropping on the SFP rack loaded with fuel. The bounding damage condition for fuel
assemblies is that a maximum of 20 fuel assemblies would result in a buckling mode
shape during the impact. The damage to the rack assembly is analyzed under several
impact scenarios, including (1) the impact energy is concentrated to one fuel assembly
and one fuel box, (2) the impact energy is concentrated to two fuel assemblies and two
fuel boxes, (3) the impact energy is concentrated to one or two fuel boxes. The analysis
indicates that there could be a slight deformation of the NAM plates, but they do not
affect the criticality analysis and the 5% subcriticality requirement is maintained.
The heavy load drop accident does not cause increased dissolution or corrosion of the
NAM, nor change of state or loss of material properties beyond the initial heavy load
drop accident analysis that hinder the neutron-absorbing material's ability to perform its
safety function.
Loss of SFP Cooling

SFP NCS AOR was performed for a range of SFP temperatures, from 39°to 212°F. For
the range of the temperatures analyzed , k-eff is always less than 0.95 for all fuel types
stored in the SFP rack.
There are three fundamental operational scenarios considered in the design and
licensing basis of the Fuel Pool Cooling (FPC) system. These scenarios are: 1) normal
operations with both FPC trains available; 2) normal operations with an anticipated
operational transient of the loss of one train of the FPC system; and 3) a design basis
LOCA condition . The maximum SFP temperature under all these design and licensing
bases is less than 175°F. This is within the temperature range analyzed in the SFP
NCSAOR.
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During a loss of SFP cooling, the NAM is expected to maintain it's configuration without
shifting or settling. Plate integrity and mechanical properties have been verified by
comprehensive tests on specimens at temperatures varying from ambient to 300°F.
There is no shifting or settling of the NAM relative to the active fuel, nor increased
dissolution or corrosion, nor changes of state or loss of material properties that hinder
the neutron-absorbing material's ability to perform its safety function under a loss of
SFP cooling event.

NRC REQUEST:
b) Describe how the monitoring program ensures that the current material condition of
the neutron-absorbing material will accommodate the stressors during a design-basis
event and remain within the assumptions of the NCS AOR, including:
i) monitoring methodology;
ii) parameters monitored;
iii) acceptance criteria; and
iv) intervals of monitoring.

ENERGY NORTHWEST RESPONSE:
The Columbia monitoring methodology utilizes surveillance coupons stored in the
coupon canister within the SFP. One coupon is removed from the SFP for inspection
every four years. This inspection interval will be continued through the period of
extended operation (PEO). There is a sufficient number of coupons to continue the
inspection through the PEO at the same frequency.
These inspections confirm that the NAM plates in the SFP rack maintain integrity. The
inspections ensure that under the design basis accident conditions (e.g., seismic
events, fuel handling accident, heavy load drop accident and loss of SFP cooling) the
5% subcriticality requirement is satisfied, as demonstrated by the accident analyses
discussed above.
The acceptance criteria is as stated in Response to Request No. 4.b, i.e., the
acceptance criterion for neutron attenuation is a difference of less than or equal to 5%
between the test and control coupon. The acceptance criteria for the dimension and
density changes are differences less than or equal to 10%. These acceptance criteria
are set low enough to indicate the onset of degradation. They are not derived explicitly
from the NCS AOR. If the limits are not met, corrective actions will be established to
ensure the 5% subcriticality margin is maintained in the SFP storage rack.

