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Chronology

2009 ASR discovered in Tunnel (Bravo-1) at Seabrook.
2010 Seabrook placed under special NRC oversight.
2012 Nuclear Energy Institute suggests an (up to) 15 years intervals (in

lieu of 10) for type A performance leakage rate tests of CBE.
2016 NextEra files a License Amendment Request (LAR)16-03.

Regarding seismic analysis, we note the following:

Eathquake levels: No change of OBE & SSE

[W]hen ASR loads are amplified by a threshold factor of 1.2 to account for fu-
ture ASR expansion[, t]he as deformed condition does not significantly impact
the dynamic properties of the structure, and therefore the maximum seismic
acceleration profiles for OBE and SSE excitation used in original design of the
CEB remain valid.

Seabrook, 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.

NextEra-ML16216A240 (2016)
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https://www.nrc.gov/reactors/operating/ops-experience/concrete-degradation.html
https://www.nrc.gov/docs/ML1222/ML12221A202.pdf
https://www.nrc.gov/docs/ML1621/ML16216A240.pdf
http://www.nrc.gov/docs/ML1621/ML16216A240.pdf
http://www.nrc.gov/docs/ML1621/ML16216A240.pdf


Chronology

Oversimplified Analysis

Seismic loads are applied using a static equivalent method utilizing the design-
basis maximum acceleration profiles, which were computed during original de-
sign from response spectra analysis. Amplify ASR loads by a threshold factor
to account for potential future ASR expansion.
...
Response spectra analysis was performed using a simplified “stick” model.

Evaluation and Design Confirmation of As-Deformed CEB, 150252CA-02,” Revision 0, July 2016
(Seabrook FP#100985)

Simpson Gumpertz & Heger-ML16279A049 (2016)

Comments Below

2016 NextEra files a Request to Extend to 15 years leakage test of CBE.
It alleges that
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https://www.nrc.gov/docs/ML1627/ML16279A049.pdf
https://www.nrc.gov/docs/ML1627/ML16279A049.pdf
https://www.govinfo.gov/content/pkg/FR-2016-07-19/pdf/2016-16925.pdf


Chronology

NextEra’s justification

Containment’s three directional steel reinforcement arrangements, which
inhibits ASR expansion,

The very limited localized areas of ASR detected on the containment
surface, and

Previous UT inspections of the containment liner local to areas of ASR in
which no anomalies or corrosion were identified

Supplement to License Amendment Request 16-01 Request to Extend Containment Leakage Test
Frequency

NextEra Energy (2016)
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Chronology

C-10 Comments

ASR causes cracks and microcracks, which not always visible. These may
coalesce and create a continuous pathway for gas release.

There is three-directional reinforcement only around the base, while “skin”
reinforcement is applied only on the intrados and extrados.

Report on the Diagnosis, Prognosis, and Mitigation of Alkali-Silica Reaction 
(ASR) in Transportation Structures

January 2010

87 

Microcracking due to ASR is generated through forces applied by the expanding aggregate 
particles and/or swelling of alkali-silica gel within and around the boundaries of reacting
aggregate particles.  The extent of ASR-related microcracking in a deteriorated concrete 
specimen depends on many factors such as the amount of reaction/expansion undergone by the 
concrete-which in turn depends on the inherent reactivity of the aggregate, the moisture
conditions, the alkali content of the mix, etc.-and the total restraint to which the concrete member
is subjected. 

The proportion of aggregates showing internal cracking generally increases with progressing
ASR.  In the early stages of the reaction, microcracks are generally limited to the reacting
aggregate particles and the cement paste-aggregate interface (Figure C3-A).  With the progress of 
expansion, microcracks, more or less filled with alkali-silica gel, will extend from the aggregate 
particles into the cement paste; depending on the extent of expansion, the cracks will cover 
considerable distances through the paste where they are often filled with secondary reaction 
products (Figure C3-B to C3-E).  In badly deteriorated concrete specimens, cracks-even filled 
with gel-may run through non-reactive aggregate particles.  Consequently, great care should be
taken to correctly identify the sites (or the aggregate particles) that have generated the expansive 
forces. 

The examination of epoxy-impregnated polished slabs or thin sections are commonly used 
methods for the examination of microcracks in concrete; the incorporation of a UV tracer in the
epoxy resin allows better detection of microcracking under UV illumination  (Figure C3-F).

C.2.2 Reaction product “gel”

The ASR generates secondary reaction products containing silica, alkalis and calcium as typical 
constituents.  The so-called “alkali-silica gel” will be found filling cracks within the aggregate 
particles (Figure C4-A), lining or filling voids and fractured surfaces of the cement paste and the 
aggregate particles (Figure C4-B to C4-E).  These deposits will cover more or less important 
surfaces depending on many factors, such as the extent of the reaction-expansion processes that 
have occurred, the availability of water, etc.  The above reaction product-which can be observed 
under the petrographic microscope-the stereo-binocular, and the scanning electron microscope-is 
a characteristic feature of ASR. 

However, the abundance of gel deposits is not necessarily indicative of the magnitude of any
resultant expansion and cracking (BCA 1992).  Large amounts of gel in a concrete specimen do 
not necessarily indicate that large expansion or extensive cracking have occurred in the structure.  
On the other hand, cracking due to ASR has been observed in many concrete structures while
very little gel was found in concrete specimens taken from the affected members.

The confirmation of the presence and the nature of reaction products is not always easy.  Great 
care should be taken when preparing polished or thin sections from affected concrete specimens 
to avoid “leaching” of the alkali-silica gels.  This could be achieved using a non-aqueous 
lubricant to avoid dissolution of the water-soluble compounds (BCA 1992).
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Figure C2. From BCA (1992) (Note: This was taken directly from the BCA publication and should be for 
internal use / discussion only at this stage, i.e. until copyright issues be resolved) (A). Internal crack pattern 
which can be induced by drying shrinkage. (B). Internal crack pattern which can be caused by internal sulfate attack 
for delayed ettringite formation (DEF), or from sulfates derived from the aggregates. (C). Internal crack pattern 
which can be induced by shrinkage of the coarse aggregate. (D). Internal crack pattern which can be induced by 
frost attack. (E). Internal crack pattern which can be caused by ASR: reactive silica in the sand fraction. (F). 
Internal crack pattern which can be caused by ASR: reactive silica in the coarse aggregate. 
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Report on the Diagnosis, Prognosis, and Mitigation of Alkali-Silica Reaction 
(ASR) in Transportation Structures

January 2010

87 

Microcracking due to ASR is generated through forces applied by the expanding aggregate 
particles and/or swelling of alkali-silica gel within and around the boundaries of reacting
aggregate particles.  The extent of ASR-related microcracking in a deteriorated concrete 
specimen depends on many factors such as the amount of reaction/expansion undergone by the 
concrete-which in turn depends on the inherent reactivity of the aggregate, the moisture
conditions, the alkali content of the mix, etc.-and the total restraint to which the concrete member
is subjected. 

The proportion of aggregates showing internal cracking generally increases with progressing
ASR.  In the early stages of the reaction, microcracks are generally limited to the reacting
aggregate particles and the cement paste-aggregate interface (Figure C3-A).  With the progress of 
expansion, microcracks, more or less filled with alkali-silica gel, will extend from the aggregate 
particles into the cement paste; depending on the extent of expansion, the cracks will cover 
considerable distances through the paste where they are often filled with secondary reaction 
products (Figure C3-B to C3-E).  In badly deteriorated concrete specimens, cracks-even filled 
with gel-may run through non-reactive aggregate particles.  Consequently, great care should be
taken to correctly identify the sites (or the aggregate particles) that have generated the expansive 
forces. 

The examination of epoxy-impregnated polished slabs or thin sections are commonly used 
methods for the examination of microcracks in concrete; the incorporation of a UV tracer in the
epoxy resin allows better detection of microcracking under UV illumination  (Figure C3-F).

C.2.2 Reaction product “gel”

The ASR generates secondary reaction products containing silica, alkalis and calcium as typical 
constituents.  The so-called “alkali-silica gel” will be found filling cracks within the aggregate 
particles (Figure C4-A), lining or filling voids and fractured surfaces of the cement paste and the 
aggregate particles (Figure C4-B to C4-E).  These deposits will cover more or less important 
surfaces depending on many factors, such as the extent of the reaction-expansion processes that 
have occurred, the availability of water, etc.  The above reaction product-which can be observed 
under the petrographic microscope-the stereo-binocular, and the scanning electron microscope-is 
a characteristic feature of ASR. 

However, the abundance of gel deposits is not necessarily indicative of the magnitude of any
resultant expansion and cracking (BCA 1992).  Large amounts of gel in a concrete specimen do 
not necessarily indicate that large expansion or extensive cracking have occurred in the structure.  
On the other hand, cracking due to ASR has been observed in many concrete structures while
very little gel was found in concrete specimens taken from the affected members.

The confirmation of the presence and the nature of reaction products is not always easy.  Great 
care should be taken when preparing polished or thin sections from affected concrete specimens 
to avoid “leaching” of the alkali-silica gels.  This could be achieved using a non-aqueous 
lubricant to avoid dissolution of the water-soluble compounds (BCA 1992).
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Report on the Diagnostis, Prognosis, and Mitigation of Alkali-Silica Reaction (ASR) in Transportation
Structures

FHWA (2010)
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https://www.fhwa.dot.gov/pavement/concrete/pubs/hif09004/hif09004.pdf
https://www.fhwa.dot.gov/pavement/concrete/pubs/hif09004/hif09004.pdf


Chronology

2019 Professor Saouma visits Seabrook.
2019 Consolidated documents filed by Dr. Victor Saouma
2019 Proposed Findings of Fact and Conclusions of Law: C-10, NRC,

and NextEra.

2020 Atomic Safety Licensing Board (ASLB) Ruling (includes):

... NextEra has not persuaded us that it is properly accounting for the possi-
bility of delamination.
The Board finds that NextEra does not have an adequate screening procedure
to detect internal cracking and delamination in Seabrook’s concrete.”(pg 184)
...[t]he Board is concerned about the potential for sudden significant, localized
damage due to shear failure, given that all parties agreed that there may be
localized excursions of Seabrook Unit 1 into the nonlinear structure plastifica-
tion regime.”(pg 184)
Thus, the Board finds that NextEra has not shown, by a preponderance of the
evidence, that there is reasonable assurance that the continued operation of
Seabrook Unit 1 will not endanger the health and safety of the public with
regard to this particular issue of delamination.” (pg 185)

In the Matter of NEXTERA ENERGY SEABROOK, LLC (Seabrook Station, Unit 1); Initial Decision
Atomic Safety License Board (2020)
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https://www.smartbrief.com/branded/91F4B281-2E1D-4492-AC81-F51EDC8C14C3/C20F2333-EA01-4776-BBDE-FAC85D110904
https://ceae.colorado.edu/~saouma/wp-content/uploads/2020/10/Saouma-C10-Consolidated-Report-REDACTED.pdf
https://www.nrc.gov/docs/ML2004/ML20043E252.pdf
https://ceae.colorado.edu/~saouma/wp-content/uploads/2020/10/2020.01.23-C-10-FOIA-request-re-ASR-documents.pdf
https://www.nrc.gov/docs/ML2003/ML20031E722.pdf
https://www.nrc.gov/docs/ML2025/ML20254A339.pdf


Observations

In 2010, knowledge about ASR was insufficient, but significant
advancements were made by 2020.

Some premises that initially supported the license renewal were
later shown to be incorrect.

The ASLB comments partially validated this assertion.

Given the stakes, it is urgent to reconsider two key issues.

OBE & OSE
Air leakage test

Explanation follows
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Q1: Revisit Operating Basis
Earthquake (OBE) & Safe

Shutdown Earthquake (SSE);
Correct Analysis Model
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We have reviewed the dynamic analysis procedure performed by SGH and
found it dangerously simplistic.

The term significantly is too vague given the potential impact on the safety of
the CEB.

The reliance on the stick model, a method from the 1970s, is not only
outdated but also inadequate; In the 21st century the NRC must demand the
adoption of a more accurate model.

The ASR modeling blatantly disregards well-established principles, directly
conflicting with what is universally accepted in the field of modeling.

Program to simulate ASR not validated.

The Capacity is grossly miscalculated.
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The Myth of No Shear Strength Loss from AAR

Results from the Shear Test Program indicate that there is no reduction of shear
capacity in ASR-affected concrete with through-thickness expansion levels up to
XX% or volumetric expansion levels XX%, which are the maximum expansion
levels exhibited by the test specimens.

Seabrook Station - Approach for Determining Through-Thickness Expansion from Alkali-Silica Reaction
NextEra-ML18141A785 (2016)

The persistent myth that there is no shear reduction due to AAR in the CEB
has been conclusively disproven by findings from two separate NRC-funded
research programs.

AAR will lead to significant shear reduction, critically undermining resistance
to earthquake excitation.

The Demand is grossly underestimated
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https://www.nrc.gov/docs/ML1814/ML18141A785.pdf


Why the SSE should be updated

Hazard Curve; as PGA 
decreases, the return period 

increases

Increase in return period

As the ASR deterioration increases, 
the capacity decreases
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Increase in ASR deterioration will result 
in a a decrease of the capacity (and 
demand that can be resisted), a decrease 
in the sustainable SSE, and ultimately an 
increase in the return period

Vulnerability curve

Hazard curve

Deterioration curve

As demand/capacity decreases, 
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Q2: Air Leakage Test; Revisit
Testing Frequency
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Air Leakage Test

The ASLB firmly asserts that NextEra has no reliable control over
where and when cracking will occur.

This directly undermines NextEra’s claim that 15 years cycles for
leakage testing are sufficient.

By 2020, ASR has not only been identified as a critical threat to
Seabrook, with hidden cracks often going undetected, but NextEra
has also demonstrated a consistently poor record in managing
ASR.

As the years pass areas known to have ASR,and countless
unknown areas are experiencing ASR degradation.

Consequently, we strongly recommend that the full air tightness
test schedule be drastically shortened from the current 15 years to
a performance-based schedule.
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Q3: Crack Indices (CI), Public
Right to Know
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Public Right to Know Some Data

The public has a fundamental right to access information that
affects their safety and well-being.

Transparency in sharing data helps build trust between the reactor
operator, regulatory agencies, and the public. When data is openly
available, it demonstrates that the operator is committed to safety
and is accountable for maintaining the highest standards.

Public access to safety data enables independent experts,
researchers, and advocacy groups to analyze the information,
potentially identifying issues that may be overlooked by the
operator or regulators.

We understand that NextEra may consider the data confidential;
however, we assert that we assert that raw measurement data
should be treated as public domain, however we recognize that
NextEra’s modeling is proprietary.
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What Data?
Acceptance criteria for CI measurements

Seabrook Station - Approach for Determining Through-Thickness Expansion from Alkali-Silica Reaction
NextEra-ML18141A785 (2016)
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https://www.nrc.gov/docs/ML1814/ML18141A785.pdf


Need to Communicate with the Public

We ask the NRC to obtain from NextEra and share with the
public all measurements related to the crack index

Date Tier CI Location Ref Values

Ref Value: Location of the closest concrete sample cast during
construction with known compressive strength f ′c
C-10 has built a data visualizer that we would like to share with
the NRC. It is based on the premises that

ASR has both a spatial and temporal variation.
It is measured pointwise, yet its impact is spread over volumes
We only have limited point measurements at discrete times.
Need to

1 Map
2 Visualize
3 Analyze (and predict)
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Visualize
Elevation, ft 

200 

190 

180 

170 

160 

150 

140 

130 

uo 
110 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

· 10 

·20 

·30 

SIMPSON GUMPERTZ & HEGER 

I Engineering of Structures 
and Building Enclosures 

CLIENT: NextEra Energy Seabrook 

SUBJ ECT: Evaluation and Design Confirmation of As-Deformed CEB 
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150~?o698s-~~e 108 of 526 - 108 -

---

Revision O 

19/22



Analyze

Time 3;   Index  11.3
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Can Quantify structural damage over time.
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https://www.nrc.gov/docs/ML2025/ML20254A339.pdf
https://www.nrc.gov/docs/ML2025/ML20254A339.pdf
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