
 

 

 

 

UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSION 

 
ATOMIC SAFETY AND LICENSING BOARD 

 

 
 

  

In the Matter of 
 
NEXTERA ENERGY SEABROOK, LLC  
 
(Seabrook Station, Unit 1) 
 

 Docket No. 50-443-LA-2 
 
ASLBP No. 17-953-02-LA-BD01 
 

 
 

Hearing Exhibit 
 
 

Exhibit Number:  
 
 

Exhibit Title:  
 
 
 
 
 
 

 



Enclosure 1 to SBK-L- 18072 

Revised Seabrook Station License Renewal Application Updated Final Safety Analysis 
Report Section A.2.1.31 for Structures Monitoring, Section A.2.1.31A for Alkali-Silica 

Reaction (ASR) and Section A.2.1.31 B for Building Deformation 
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A.2.1.31 STRUCTURES MONITORING PROGRAM 

The Structures Monitoring Program includes the Masonry Wall Program and the Inspection of 
Water Control Structures Associated with Nuclear Power Plants Program. 

The Structures Monitoring Program is implemented through the plant Maintenance Rule 
Program, which is based on the guidance provided in NRC Regulatory Guide 1.160 "Monitoring 
the Effectiveness of Maintenance at Nuclear power Plants" and NUMARC 93-01 "Industry 
Guideline for Monitoring the Effectiveness of Maintenance at Nuclear Power Plants", and with 
guidance from ACI 349.3R, "Evaluation of Existing Nuclear Safety-Related Concrete 
Structures". The Structures Monitoring Program was developed using the guidance of these three 
documents. The Program is implemented to monitor the condition of structures and structural 
components within the scope of the Maintenance Rule, such that there is no loss of structure or 
structural component intended function. 

A.2.1.31A ALKALI-SILICA REACTION (ASR) MONITORING 

The plant specific ASR Aging Management Program manages cracking due to expansion and 
reaction with aggregates of concrete structures within the scope of License Renewal. The 
potential impact of ASR on the structural strength and anchorage capacity of concrete is a 
consequence of strains resulting from the expansive gel. 

The Structures Monitoring Program and Section XI Subsection IWL Program perform visual 
inspections of the concrete structures at Seabrook Station for indications of the presence of 
alkali-silica reaction (ASR). ASR involves the formation of an alkali-silica gel which expands 
when it absorbs water. This expansion is volumetric in nature but is most readily detected by 
visual observation of cracking on the surface of the concrete. This cracking is the result of 
expansion that is occurring in the in-plane directions. Expansion is also occurring perpendicular 
(through the thickness of the wall) to the surface of the wall, but cracking will not be visible in 
this direction from the accessible surface. Cracking on the surface of the concrete is typically 
accompanied by the presence of moisture and efflorescence. Concrete affected by expansive 
ASR is typically characterized by a network or "pattern" of cracks. Micro-cracking due to ASR 
is generated through forces applied by the expanding aggregate particles and/or swelling of the 
alkali-silica gel within and around the boundaries of reacting aggregate particles. The ASR gel 
may exude from the crack forming white secondary deposits at the concrete surface. The gel also 
often causes a dark discoloration of the cement paste surrounding the crack at the concrete 
surface. If "pattern" or "map" cracking typical of concrete affected by ASR is identified, an 
evaluation will be performed to determine further actions. 

ASR is primarily detected by non-intrusive visual observation of cracking on the surface of the 
concrete. The cracking is typically accompanied by the presence of moisture and efflorescence. 
ASR may also be detected or confirmed by removal of concrete cores and subsequent 
petrographic analysis. 

Monitoring of crack growth is used to assess the in-plane expansion associated with ASR and to 
specify monitoring intervals. A Combined Cracking Index (CCI) is established at thresholds at 
which structural evaluation is necessary (see table below). The Cracking Index (CI) is the 
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summation of the crack widths on the horizontal or vertical sides of 20-inch by 30-inch grid on the 
ASR-affected concrete surface. The horizontal and vertical Cracking Indices are averaged to obtain 
a Combined Cracking Index (CCI) for each area of interest. A CCI of less than the 1.0 mm/m 
(in-plane expansion of less than 0.1%) can be deemed acceptable with deficiencies 
(Tier 2). Deficiencies determined to be acceptable with further review are trended for evidence 
of further degradation. The change from qualitative monitoring to quantitative monitoring occurs 
when the Cracking Index (CI) of the pattern cracking equals or is greater than 0.5 mm/m (in
plane expansion of 0.05%) in the vertical and horizontal directions. Concrete crack widths less 
than 0.05 mm cannot be accurately measured and reliably repeated with standard, visual 
inspection equipment. A CCI of 1.0 mm/m (in-plane expansion of 0.1%) or greater requires 
structural evaluation (Tier 3). All locations meeting Tier 3 criteria will be monitored for in-plane 
expansion (via CCI or embedded pins), through-thickness expansion (via borehole 
extensometers), and volumetric expansion (using CCI or embedded pins and extensometer 
measurements) on a Yz year (6-month) inspection frequency. All locations meeting the Tier 2 
structures monitoring criteria will be monitored on a 2.5 year (30-month) frequency. CCI 
correlates well with strain in the in-plane directions and the ability to visually detect cracking in 
exposed surfaces making it an effective initial detection parameter. In the event ASR monitoring 
results indicate a need to amend either the monitoring program acceptance criteria or the 
frequency of monitoring; NextEra Energy Seabrook will take such action under the Operating 
Experience element of the Alkali-Silica Reaction Aging Management Program. 

Structures 
Recommendation for Individual Tier Monitoring Program 

Concrete Components 
Criteria 

Category .. 

• Structural Evaluation 
Unacceptable • Implement enhanced ASR 1.0 mm/m (0.1 %) or greater 

3 (requires further monitoring, such as through- strain measurement (CCI or pin-
evaluation) wall expansion monitoring pin) 

using Extensometers. 

• 0.5 mm/m (0.05%) or greater 
strain measurement (CCI or 

Quantitative Monitoring and 
pin-pin) 

Trending • Cl or pin-pin measurement of 
greater than 0.5 mm/m 

Acceptable with 
(0.05%) in the vertical and 

2 
Deficiencies 

horizontal directions 

Any area with visual presence of 
ASR (as defined in FHWA-HIF-

Qualitative Monitoring 
12-022) accompanied by a Cl of 
less than 0.5 mm/m (0.05%) in 
the vertical and horizontal 
directions. 

Routine inspection as prescribed Area has no indications of 
1 Acceptable by the Structural Monitoring pattern cracking or water ingress 

Program - No visual symptoms of ASR 
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The Alkali-Silica Aging Management Program was initially based on published studies 
describing screening methods to determine when structural evaluations of ASR affected concrete 
are appropriate. Large-scale destructive testing of concrete beams with accelerated ASR has 
confirmed that parameters being monitored are appropriate to manage the effects of ASR and 
that an acceptance criterion of 1 mm/m provides sufficient margin with regard to the effect of 
ASR expansion on structural capacity. 

For heavily reinforced structures, in-plane expansion is limited. In-plane expansion 
measurements (i.e., CCI and embedded pin measurements) were observed in the large-scale test 
programs to plateau at a relatively low level of accumulated strain. While in-plane expansion 
monitoring (i.e., CCI and embedded pins) remains useful for the detection and monitoring of 
ASR at the initial stages, an additional monitoring parameter in the out-of-plane direction is 
required to monitor more advanced ASR progression. ASR expansion in the out-of-plane 
direction will be monitored by borehole extensometers installed in drilled core bore holes. In the 
selected locations, cores have and will continue to be removed for modulus testing to establish 
the level of through-thickness expansion to date. Instruments ( extensometers) have and will 
continue to be placed in the resulting bore holes to monitor expansion in this direction going 
forward. The measured in-plane expansion and through-thickness expansion are used to 
determine volumetric expansion. Expansion measurements are used to maintain the limits 
specified below. 

Structural Design Issue Criteria 1 

Flexure & reinforcement anchorage See FP#101020 - Section 2.1 for limit on 
through-thickness expansion 

Shear 
See FP#101050 - Appendix B for limit on 
volumetric expansion 

Anchor bolts and structural attachments See FP#101020 - Section 2.1 for limit on 
in-plane expansion 

N extEra Energy Seabrook has and will continue to perform several actions to confirm that 
expansion behavior at the plant is consistent with the specimens from the large-scale test 
programs. These actions, described in the table below, assess similarity of expansion behavior in 
terms of trends between directions and expansion levels. These actions also include 
corroborating the correlation of normalized modulus versus through-thickness expansion derived 
from the large-scale test programs against plant data. 

1 Expansion Limit Criteria is considered proprietary to NextEra Energy Seabrook. FP # l 01020 MPR-4288, Revision 0, 
"Seabrook Station: Impact of Alkali-Silica Reaction on the Structural Design Evaluations," July 2016; FP#l01050 MPR-4273, 
Revision 1, "Seabrook Station - Implications of Large-Scale Test Program Results on Reinforced Concrete Affected by Alkali
Silica Reaction," March 2018; License Amendment Request 16-03, "Revise Current Licensing Basis to Adopt a Methodology for 
the Analysis of Seismic Category I; Structures with Concrete Affected by Alkali-Silica Reaction," August 1, 2016. 
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Periodic Confirmation of Expansion Behavior 

Lack of mid-plane crack Review of records for cores 
removed to date or since 
last assessment 

Expansion initially similar in Compare measured in-
all directions but becomes plane expansion (8xy) to 
preferential in z-direction through-thickness 

expansion (8z) using a plot 
of 8z versus Combined 
Cracking Index (CCI) 

Expansions within range Compare measured 8xy, 8z 
observed in test programs and 8v (volumetric 

expansion) at the plant to 
limits from test programs to 
check margin for future 
expansion 

Corroborate modulus- For 20% of the 3 
expansion correlation with extensometer locations: 
plant data • Remove cores for 

modulus Compare ti8z 
(A secondary objective of determined from the 
these studies is to provide modulus-expansion 
additional data to confirm correlation with ti8z 
that expansion behavior at determined from the 
the plant is comparable to extensometer and the 
the test specimens.) original modulus result 

When 

Periodic assessments: 

At least 5 years prior to the Period of 
Extended Operations (PEO) 

Every 10 years thereafter 

At least 5 years prior to PEO (initial study) 
and 10 years thereafter (follow-up study). 

A detailed explanation of this approach is 
provided in MPR-4273, Revision 1, 
"Seabrook Station - Implications of Large-
Scale Test Program Results on Reinforced 
Concrete Affected by Alkali-Silica Reaction" 
(Seabrook FP# 101050). 

A.2.1.31B BUILDING DEFORMATION MONITORING 

The Building Deformation Aging Management Program is a plant specific program implemented 
under the existing Maintenance Rule Structures Monitoring Program. Building Deformation is an 
aging mechanism that may occur as a result of other aging effects of concrete. Building 
Deformation at Seabrook Station is primarily a result of ASR but can also result from swelling, 
creep, and shrinkage. Building deformation can cause components within the structures to move 
such that their intended functions may be impacted. 
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The Building Deformation Aging Management Program uses visual inspections associated with 
the Structures Monitoring Program and cracking measurements associated with the Alkali-Silica 
Reaction program to identify buildings that are experiencing deformation. The first inspection is 
a baseline to identify areas that are exhibiting surface cracking. The surface cracking is 
characterized and analytically documented. The first inspection identifies any local areas that are 
exhibiting deformation. The extent of surface cracking serves as input into an analytical model. 
This model determines the extent of building deformation and the frequency of required visual 
inspections. 

For building deformation, location-specific measurements (e.g. via laser target and gap 
measurements) are compared against location-specific criteria to evaluate acceptability of the 
condition. 
Structural evaluations are performed on buildings and components affected by deformation as 
necessary to ensure that the structural function is maintained. Evaluations of structures validate 
structural performance against the design basis, and use results from the large-scale test 
programs, as appropriate. 

Evaluations for structural deformation consider the impact to functionality of affected systems 
and components (e.g. conduit expansion joints). NextEra Energy Seabrook will evaluate the 
specific circumstances against the design basis of the affected system or component. Structural 
evaluations will be used to determine whether additional corrective actions (e.g., repairs, 
additional inspections and/or analysis) to the concrete or components are required. Specific 
criteria for selecting effective corrective actions will be evaluated on a location-specific basis. 
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