
FOIA/PA NO: __ _ _ L-_

RECORDS BEING RELEASED IN PART

Pursuant to the requirements of Vaughn v. Rosen', the following types of information are being
withheld:

Ex. 3:-7 Information about the design, manufacture, or utilization of nuclear weapons
ElInformation about the protection or security of reactors and nuclear materials
[[Contractor proposals not incorporated into a final contract with the NRC
-lOther

Ex. 4:M Proprietary information provided by a submitter to the NRC
--Other

Ex. 5:E] Draft documents (D.P. Privilege)
F--Correspondence deliberating a proposed action (D.P. Privilege)
E]Records prepared by counsel in anticipation of litigation (A.W.P. Privilege)
[] Privileged communications between counsel and a client (A.C. Privilege)
[- Other

Ex. 6:a•Agency employee PII, including SSN, contact information, birthdates, etc.
[-]Third party PII, including names, phone numbers, or other identifying information

Ex. 7(A):[[]Copies of ongoing investigation case files, exhibits, notes, ROI's, etc.
EIRecords that reference or are related to a separate ongoing investigation(s)

Ex. 7(C): []Special Agent or other law enforcement PH1
r"]PII of third parties referenced in records compiled for law enforcement purposes

Ex. 7(D):Dl Witnesses' and Allegers' PII in law enforcement records
r"lConfidential Informant or law enforcement information provided by other entity

Ex. 7(E): ELaw Enforcement Technique/Procedure used for criminal investigations
r-'Technique or procedure used for security or prevention of criminal activity

Ex. 7(F): El Information that could aid a terrorist or compromise security
ElRetired Law Enforcement personnel
E]Witnesses or unknown individuals who have participated in enforcement activity

Other/Comments:

Vaughn v. Rosen, 484 F.2d 820, 827 (D.C. Cir. 1973), cert. denied, 415 U.S. 977 (1974); See also, Mead Data Central,
Inc. v. United States Department of the Air Force, 566 F.2d 242, 251 (D.C. Cir. 1977) (encouraging agencies to provide
requesters "with sufficient detail about the nature of the withheld documents and its exemption claims at the administrative
level").



Cook, William

From: Raymond, William
Sent Tuesday, February 04, 2014 8:10 AM
To: 'Vassallo, Theodore'
Cc Cook, William; Trapp, James; Anderson, Brian; Buford, Angela
Subject: RE: Uploads to CERTREC

Thanks, Ted. I am not surprised by your findings regarding the positive expansions in the data.
I agree that there is essentially minimal impact on the PODs and Tier 3 engineering Evaluations, at this time.
Going forward, it will be important to address rate of expansion and margins to structural limits on a case by
case basis...
That's building by building... maybe even locations within buildings... I'd like to hear NextEra's thoughts on
this....
The Electric Tunnels, in particular, have shown the need for analysis and reanalysis...
Please keeps me informed about the date and time of your discussions with Region I - I'd like to listen in if
possible,
Thanks,
Bill

waia4wJ ?Zyrnd
Reactor Operations Engineer
NRC Office of New Reactors

I° Dcell)
(603) 734-2150 (office)

From: Vassallo, Theodore 1 mailto:Theodore.Vassallo()nexteraenermvcon
Sent: Monday, February wa, -;)14 2:50 PM
To: Raymond, William
Cc: Cook, William
Subject RE: Uploads to CERTREC

Bill;

The plots of the data with the 4 data points from the SG&H collected data now shows a slight, positive trend in Cl values,
CCI values and maximum crack width at some of the ASR monitoring locations. The changes are very slight and
essentially have no impact on the existing, Tier 3 Engineering Evaluations or the three (3), open Prompt Operability
Determinations (PODs). My overall assessment of the data including the plots is that continued monitoring is required
for several more years in the future at the existing 6-month frequency.

The expansion data shows much less change and continues to show the seasonal temperature effects on the
concrete. Continued monitoring for in-plane expansion is also necessary and transverse expansion measurements
should be start as soon as the appropriate instrumentation and method of installation is finalized.

I have a call in for Bill Cook since I wanted to explain the data now that it is official and has been published.

Regards,

Ted



From: Raymond, William rmailto:William.Raymond(cnrc-iovl
Sent: Monday, February 03, 2014 2:26 PM
To: Willoughby, Paul; Cook, William; Trapp, James; melvin.aray(fnrcgov: Floyd, Niklas; Buford, Angela
Cc: Noble, Rick; Vassallo, Theodore; Brown, Brian; Sobotka, Jeffrey; Ossing, Michael; Brown, Victoria - Seabrook Station
Licensing Dept
Subject: RE: Uploads to CERTREC

Thanks, Paul. Ill take a look this week.
Bill

Reactor Operations Engineer
NRC Office of New Reactors
IbX6 ](cell)
(603) 734-2150 (office)

From: Willoughby, Pat4 [railto:Pauil.Willoudhby(@nexteraeneray.com]
Sent: Monday, February ui, 2014 2:13 PM
To: Cook, William; Trapp, James; melvin.cray(fnrc.aov: Raymond, William; Floyd, Niklas; Buford, Angela
Cc: Noble, Rick; Vassallo, Theodore; Brown, Brian; Sobotka, Jeffrey; Ossing, Michael; Brown, Victoria - Seabrook Station
Licensing Dept
Subject: Uploads to CERTREC

FP 100847, Crack indexing report and FP 100848, Concrete Expansion Report have been uploaded to CERTREC

Paul Willoughby
Principal Nuclear Engineer
Licensing Department '
NextEra Energy Seabrook
.aul.willoughbyvnexteraenermv.com

(603) 773-7350 Office

(603) 615-0703 Pager

2



Floyd , N iklas. . ... . ..... ._ ... .... =.

From: CooK William
Sent: Thursday, February 06, 2014 15:5 PM
To: Gray, Mel; Floyd, Niklas
cc: Dentel, Glenn
Subject- FW: Concrete Core in FSB
Attachments: A review of the data contained in the latest SG.docx

FYI

Firm: vassallo, TheOdorma [Mna!Theodore Vassal @nexteraenegMycoml CV
Sent Thursday, Februartl , 2014 7:52 AM
To: Cook, William
Subject: RE: Concrete Core in FSB

Bill;

My last action from the call on 2/4/14 was to document my evaluation of the conclusions and trends from the ASR
Monitoring Ptogram. Yesterday, I completed the evaluation and Initiated AR 01938701. The evaluation is in the AR
EDMS folder and is also attached to this email.

Regards,

ted

From. Cook, William ;maiflt•:Wilfiam.Cook~nrq.gov
Sent: Wednesday, February 05, 2014 4:24 PM
To: Vassallo, Theodore
Cc Willoughby, Paul; CGray, Mel
Subject: RE: Concrete Core In FSB

Thanks Ted.

From., Vassallo, Theod4[ U Q il Z a m
Sent: Wednesday, FeR!4 y5, 2014 11:32 AM
To; Cook, William
Cc Willoughby, Paul
Subjctl Cancete Core in FSB

Bill;

This is a follow-up to the yesterday's question regarding the commitment date to remove a concrete core from the Fuel
Storage Building (FSB) at Seabrook Station. Please refer to the last page of the attached RAI response letter to the NRC,
dated 11 August 2011. Item no, 67 commits Seabrook to "perform one shallow core bore in on area that was

continuously weted from borated water to be examined for concrete degradation and also expose rebor to detect any
degradotion such as loss ofmateriar. As noted, the scheduled commitment. date to perform these activities is, "no later
than December 31, 2015".

I trust this information adequately addresses Mel Gray's question on this matter.

I



Conclusions & Trends from ASR Monitoring Program

5 February 2014

The following documents the most relevant conclusions and tends from the Seabrook ASR Monitoring

Program and Design Englneering's evaluation of the conclusions and trends.

A review of the data contained In the latest SG&H,"ASR Inspection and Crack Indexing Measurement

Report, foreign print 100847, revision 00 concluded the following.

1. Overall, the SG&H measurements suggest a slow, positive trend in the Crack index. (0) values,
Combined Crack Index (CCI) values, and the maximum-crack widths at the twenty-six (26) ASR

monitoring locations after eighteen (18) months or two (2) years of monitoring and at the three
(3) ASR monitoring locations after six (6) months of monitoring.

2. The December 2D13 measurements did not reveal any locations that meet the Tier 3 criteria
that did not meet it before, Therefore, no additional further Structural Evaluations are required

at present per the NextEra Energy Structural Monitoring Program.

Design Engineering has concluded the following;

1. The slight.increases in the CI values, CCI values and the maximum crack widths are minimal thus,
have no adverse effects on the three (3) open Prompt Operability Determinations (PODs)

related to ASR.
2. These increases have no effect on the exiting Structural Evaluations of the ASR Tier 3 locations

documented in foreign print no. 100716, revision 04, MPR-3727, Impact of AlkhtaSitica Reaction

oe? Concrete Structures ond Attachment, date d 1/29/14.

3. Continued monitoring of plant structures and trending of the data is necessary at the current 6-

month frequency for several years in the future.

A review of the data contained in the latest SG&H Report of the Measurements for ASR Expansion,

foreign print 100848, revision 00 concluded the following.

1. There are no significant length changes at the twenty-six ý26) ASR monitoring locations after

eighteen (18) to twenty.four (24) month monitoring period.
2. There Is negligible length change at the three (3r additional ASR monitoring locations in the six

(6) months since they were first monitored.

3. Thermal effects from seasonal, ambient temperature variations continue to show a noticeable
impact on the expansion measurements.

Desfgn Engineering has concluded the following;

1., The change in expansion measurements are negligible thus, have no adverse effects on

the three (3) open Prompt Operability Determinations (PODs) or the exiting Structural

Evaluations of the ASR Tier 3 locations documented in foreign print no. 100716, revision



. Cook. Wifliam / OeOICO,

-~ - -- --- -

From: Vassallo, Theodore c~eodore.Vassaf~lo~nexteraene~rgy~cmýI co0
Sent: Sunday, February 2, 2'14 8:51 AM

To: Cook, William

Have you confirmed who will be visiting FSEL to witness the first beam test in March 2014? Also, could you identify the
scope of the Inspection, Altematively, could you kientffy any information (I.e. foreign prints, drawinps, procedures)
that yDu want avaPfabte at FSEL to support. the inspection. NextEra and MPR want to assure we are prepared to
support NFRC needs while at FSEL.

Regards,

Ted

I



Cook. William

From. Cook, William
Sent Monday, March 03, 2014 12:37 PM
To: Vassallo, Theodore'
Subject: RE: Visit to WJE Austin TX

Great, thanks.

From: Vassallo, h doImA1r Cni
Sent, Monday, March 034.M4 10:52 AM
To. Cook, wifll --
Cc: John 5trmo.n_ r omNb4le, Rick
Subjec RE:., W.)E Austinm "IX-

Bill;

We will finalize the visit to W)E In AustJn, Tx.

Regards,

Ted

From: Cook, WHilam fWilliam.Cook@nrc.gov]
Sent: Monday, March 03, 2014 10: 11 AM
To:; Vassalb, Theodre
Cc: Floyd, Niklas, Buford, Angela; Gray, Mel
Subject RE: Visft to WE Austin TX

Yes, we would very much like to visit the WJE lab. Thanks!
Bill

From: Vassallo, Theodor mailto:Theaore.Vassal&r&-• • y.
Sent: Sunday, March 02,4r0 9:05 AM
To: Cook, William
Subject: Visit to W.1E AusUn TX

Bill;

Please provide a final conformation that the NRC team would like to visit the WJE petrography iaboratory in Austin, TX.

Preliminary arrangements have been made with WIE for an NRC visit during the afternoon on Wednesday, 3/12/14.

Regards,

Ted

I



- Floyd, N.k.as

Frontm Cook, William
Servt Monday, March 17, 2014 1:47 PM
To:. Vassatlo, Theodore
Cc: brown, Brian: Noble, Rick; Gray, Met; Floyd, NiMks; Buford, Angea
Subject. RE: Schedule of Phase 3 Assessments

Thanks Ted, Yes, please provide the revised schedule when available.
Bill

From, Vassallo, Theoddi (maitW:Theoiore.Vasalognxtraerea muomj
Sent: Monday, March 1712,!4 1,23 PM
To. Cook, William
Ccq Bnrwn, Brian; Noble, Rick
Subject: Schedule of Phase 3 Assessments

Bill;

The latest schedule of the ASR Walkdown Assessment for Phase 3 locations dated 3/12/14, I believe was provided to the
NRC ASR team last week while at the FSEL. After I sent the updated schedule, I realized that for Item 8.0, Sfety Refoted
EVectricai' Ducr 8vnks/Monhofes, the schedule indicates complete. The inspection of the first group of safety related
electrical manholes ( 5 manholes) was completed as indicated on the update schedule. However, based on the results
of these inspections the remaining ten (10). safety related manholes will require inspection. The inspections of these
ten (10) manholes will be performed this summer by SG&H, Also, to date there have been no inspectIons of any non.
safety related or safety related buried electrical duct banks so the schedule will have to be revised accordingly, if you
want, I will send you the revised schedule later this week,

Sorry for any confusion that this may have caused.

Please call me if you require any further explanation.

Regards,

ted

I

f,



.l! dy, Niklas

Front
* senit

To,,
Suibject
Attachmeirts

Cutegorler.

Cook, William
Tuesday, Mardh 18, 2014 3,45 PM
Trapp, James; Gray, Mel; Floyd. Niklas; Buford, Angela
FW: Walkdown Assessment Phase 3 Rooms (2)-xls
Walkdown Assessment Phase 3 Rooms (2).xis

FGdA?

FYI

Frori: Vassallo, hD al The dar~e.as ~lb n ~-era mcormýI
Sent: Tuesday, March 11 114 2:12 PM
To: Cook, William l -
Cc~ Brown, Brian; Noble, Rick; Willoughby, Paul; John Simno (~l~~~
Subject: Walkdown Assessment Phase 3 Rooms (2).xis

Bill,

Attached is the latest revision of the schedule for the assessments/inspections of the ASR Phase 3 locations. This
schedule now accurately reflects completed AS41 assessments/inspections and planned assessments/inspections of
Phase 3 locations.

Regards,

ted

I
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IFioyd, Nikias

Fronim
Smtn
To:
Subject;
Attadinmenfts

Cook, Williiam
T1hursday, March 27, 2014 3:59 PM
Gray, Met; Floyd, Nikas
FW: Emailing: 5B UFSAR Change1932962 Hydrology revision,pdf
SB UFSAR Change1932962 Hydrology revision.pdf

FYI

---- Original Message--
From, Dionne, Bruce
Sent: Thursday, March 27, 2014 3:42 PM
To: Cook, William
Subject: Emalling: SB UFSAR Change1932962 Hydrology revision.pdf

Your message Is ready to be sent with the following file or link attachments:

SB UFSAR ChangeIg32962 Hydrology revision.pdf - Je.x J •r.

Note: To protect against computer viruses, e-mail programs may prevent sending or receiving certain types of
file attachments. Check your e-mail security settings to determine how attachments are handled.



_____ Ut-bAK UNAN~t NCRt~ tL-) FORi
NAM_ AR Number: NAAMS EC number. J_ P'age ] of

UFSAR changes or suggestions or improvement a-re to be identifled below (along with any
attachmrents) by personnel perform•ng design acti'vities, and UFSAR Users, All UFSAR
changes require a 10 CFR 50.50 applicability I screening I evaluation,

Originator: cepp. Dep Phone,

Source c tUnii
Docur-nent, Faiit: I Unit,

Descriptlrn. of C hatge Request~ (attach inarkup of UFSAR paa~ctions, figures, tabies affected)

A~- GL'c 4o~LA kA~~ W

Reason for C~han&~ (this sectiqn IsN.A If lhe (ICR is asoi-lated wjtlh a EC-DCP)f.

Technical Review (tols sectioni Is El NIA If the (ICR 16 assoclatei with a -bD.)

cok I~c -fr44 ; 4

10 CFR 60.59 Appli cability Datermlnation /Screening/ IEvaluation

SSee EC-bC? P See attached

PREPARED SY: T L Qý

REVIEWEO BY: DT

APPROVED BY: i J4.
(Requesting Pfn 819natufe DTS

APPROVED BY:VAvo. vw
IJFSAR Update Pl~nt nA

F C 380 uflestonies many be --srd to doinoturnr signairtres

ENAA-2O4-i112-FVO1, Revision~ 5.
ECFORM-3&D, Revision 3
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,tY SAR __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Page 47

Ornmundwft. moav~enm in Um she Anea is toward adjuuini Ig tidnl arpxý, Wd
Camtially noira1 lo lbe woter %ab1. .contomws sh~oom on., Figure 2.4-28, Lbca1
aornoitieaion lu fioAV linles ame 6e resultE of vmiaiimio 41 pernmeabluty. of'
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vahles of field Pemcnabilitie of ~cial arM bedt"ck matdiaI&. Tiese were
determimed 133 falling- lbed aind ~ocker tests mude ini thm test banirp ils the S711o
mra. The listed Va1Iesfr Lie.rtabniezaar ,eeaivfithfu
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5W, Vciýi.iud~ to th~e camt(Figure 2k426) appea&to be iu~ch more pemleiablt,
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advom elTootg smommcd Nkikh rloyemsl at -gnrmdwaiier flow -in tile Ocinity of
Scabook Stadon, Dhe 19ant dclmvtetfilg sygtezni putnips fit aL f1wrte lo WnSwe
SmelaI. fintrsion does not occur,.

kehrm, Airea Aithin. te Mtifence- of tIlmshI

Unider. mural Coodiflons. nearly aill mhsrge la. equbrs in soitbeastern Nmv
mamx imphr hi accomnpihihed 6y: thc hifillraino rvpttinwti h re
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SE ABROOI SIT13 CUARAMEM'STICS Revisio'n 16
STATION Hydrologic Engineering Section 2.4

UFSAR Page 49

IU is unlikely that any Nwlls will be locamd east of the site in the fltura because .the grooundwater
underlying the mrarsb is brackish, Alwo, .thp Seabrook municipal water system is well developed
find serves. nearly 100 puercent of the town's residents. Any future •isers will be senred by this
system wvhiich di-wvs its waler fiont wells far to the west a the. sie o•r frolm) FAIte7native ourceS
located eIs'here., The Ramapton Beach area is served by the lown of Hampton nuwiciipal. water
sysleni, which draws watefrom wells farto ,the north of the site, The ne-est public wells to the
site in •iia town of Salisjury are far to the south and wotdd not be influenced by an accidci.a
liquid discharge at Seabrook Station.. The location of the plant dewntering system welis helps to
ensare thal no. contam-iinated liquids migrate beyond the pia-t buildings in the .vent of any

accidental liquid disch'rge from adjacent systenis.

2,4I,3,4 .Montkofii 0rSa or 'tard. Reavuiverrents

,v' ,~'m . d 1 [I ,o~~c' ih.n h ,~9 Ul. .,or~n .. .. .~~1 ..n u

.•.dtlr.,td h.tic.r fi t. ii • _•li .n-at .LI uej_]toni T",i l1• rL"L i,611 ili l hn 'e tere•w .hvsbllu dl it

! Il iLi_'t iii u1•rvt•,li•i',' ' toxi.. 11 i. Ito ,2.1h n"Vel Shnrimif'l Bitji ... ...ii
io ld fi I .,,.*tl~aj nh c.a,. 8 )i'a'_e.i ] I'.l as .dr',a p'd jed.'• ielun 31,] il2 wri.sizwo 'ii nloi- ' iit

The'natural movement of gromundwater in the site area is am'y fi, in. the .pilblic .and private wells
i•Iti region4
.141 :.••'e•.`-c.t~:.•;t~•-u'l ' ;IJ una'. t .nlu•- c. ] lun;•..-pv .,t;~1-.gn•~m ••.-:i ,•.• l--.

,~~~~~. 14 , ,.

The two closest well fields to the Seabrook Station lie approximately 2000 feet wvesi and
approxhiately 3000 feel north of the site. The inonitori.ng progrmu will i.nIclude monitorinu of
represenatnive wells from these fields.

2.4,13.5 De.xin Blase for Suibsurfaee Hydrostatic Loclhdi

As stated in Subseetton 2,4,13.2, the groundwotr- table In tft site area is mostly in till or bedroc-k
al depths 1o greater than 17 feet and usutally less than 10 feel below the original ground stim'ae,
By assuming grou,•dwater at eklvaiion +20,0 feet MSL (the fii.shed plnnt grade), the most
seveI case for hydrostatic loadinDg. is considered for design of struct(ues.

All sub~u'icre portions of safety-retated stnuctiues, systemsa pid cotponLenLts havo been
designed for hydrostatic jlucssure and uplift due to the assumed groildwater level at elevation
+20.0 feet MSL, plus 0.6 feel of pondizg cm site, TIe design. waler surface ele\,atioa for
hidiJstatic pressure and upiift is therefore 20.6 feet MSL, Flood loading is furthetr disoussed in
Seclion 34,

Theie arc no wells w1lich. are used for sa fely-related purtposes,
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UFSAR ___________

9.4, Nationl 0cmir Survey., JWý its, Bg~ i og f Ngrth vid .Svuth Aiggi.
U.S. Dep~t. of Commerce, 1954 lttreugh 1974,

35. CoB~aI Ertgbeiming. Re~carch. Cauter, D ti.bt~tition of Rig prig k Low
Spring Tide ~RW Tuitia Rise' Alobig lbe Ea~st Coast Dt the UJitM Stftiem )vorknl
Diaft, U.S. Dep. Of the Ang', Feb, 1 973.

36- Cobst~a1 niedg ea Ceter, Sh~ore ]Prolcctio Mimi Un. LS,.Dtlit DC he
Aip~J 177

,3r qd SU~r.D iun t 20.0



I enEC# AR 1926714 i CFR APPLICAILVPage1 of
L Rev. DETERMINATION FORM -

Document Title:

PART I - Describe the Proposed ChangelActivity

1. - Summarize the proposed changeiactivity (Attach appropriate descriptive materis).

A change to the UFSAR is proposed that would create a nior modiKWlion to the description of
Station groundwater f[owpalhs based on a reoeni hydrological study and add historical
Informa•ton about a spent Fuel Pool leak that occurred and an Increase In the number of
groundWater mronrtoring wells on shle.

PART I! - Determine It Any Aspect of the Proposed ChangaLActliity is Controlled by
Other More Specific Regulations and Can be Excluded From Review Under 10 CFR 50.6S.

1. Does the proposed changefactivity involve a change to the Technical Specifications or
Operating License?

j Yet No

If YES, a 1D CFR 50.90 L••ense Amendment Request is required, Process the change
in accordance with LI-AA-205

2. Does the proposed changetactivity involve a change that is fully bounded by a previously
completed 10 CFR 50.59 screen or evaluation, or that has been formally approved by
the NRC?

[1 Yes Z ro

If YES, document the basis below including specific reference to the previously
completed 10 CFR 50,59 document or NRC Safety Evaluation Repor.

Basis:

EN-AA-203-1 201-FOI, Revi. 0
-CFORM-20 1



DiocumentfIX3 AR 1267714 10 CFR APPI-CAPIL!pae YO
Rev. ______________FORM

3. Does the proposed change/activity involve a change to, impact on, or deviation from the
existing Qu ariy Assurance Plan, Security Plan, Emergency Plan. In Service Test
Program Plan, or In Serviýe lnspsoton Program Plan?

C3 Yes 0 No

* Che., YES If the proposed ckange/activity tails within the swcope of the identifed
program plans, even if the changs would not rise to the level that would require a
change to the plan(s).

* If YES, document the basis below, attach any applicable -0 CFR 50.54(p) or (q)
screenIng performied, and womess any required plan change per the applicable
regBasiors

Basis:

4. Does the proposed chanQgeactlty involve a change to. impact on, or deviation .from:

a) the exdsting Fire Protectiorn Program, or

B) $tudures, Systems, and Components (SCs) Installed to assure Safe Shutdown
Capabifity?

C] Yes ; ZNo

ff YES, document the basis for no adverse impact to safe shutdown capability ot obtain
prior NRC approval for changes that have an adverse impact.

Basis:

EN-AM-203-1 201-FOl, Rev. 0
ECFORM-120 I
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5. Doees the proposed c~hange/activity invotve maintenance which restores SSC~s to thiek
origial conciftlon or inolve a tam~p<rary afteratiorn supporting maintenance that Is

expected io be in affect during al. power operationis for g0 days or less?

nJ Yes 0 No

if YES, document how the risk of the ,roposed change/activity is being managed and

controlled per 10 CFR 50,65(a)(4).

Basis:

6. Does the proposed changelactivity Involve a change to the UFSAR (including documents
incorporated by reference) excluded from the requirement to perform a 10 C-FR 50.59
review by Substep 4.2.2.F(1) of EN-AA-203-1201?

Dl Yes ER No

Documents ircorporated into the UFSAR by reference are cqnsidered to be part of
the UFSAR for 10 CFR 50.59 applicabllity I screening purposes.

* If YES, docuniert the basis bek~w

88sis:

EN-AA-2C.13-1201i-FO01, Rev. 0
ECFORM-2*01
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ROY.
10 CFR APPLICABILITY
DETERMI NATION FORM~

IPag a -!L of j8

7. Does the proposed changelactivity involve a change to a managerial, mainte•ance,
survellance testing or administrative procedure that does riot permanently alter plant

CYes 0 No

If YES. document the basis below.

Basis:

8. Does the pYoposed ohangeiactivity impact other plant specific programs .4 bc•h are
Dontrol•ed by more specifto reguZations, operating kense, or technical speciicatdons?

ED Yes No

If YES, document the basis below.

Conc-uslon:

F1 All aspects of the proposed change~actvity are controlled by one or more of the
processes above, therefote a 10 CFR 50.59 screening is rnot required.

Continue to Part 111, 10 CFR 72.A8 Pre-Screening, of this form and then complete Part IV,
Con~Ision,

[ All aspects of the p-oposed angela/ctivity are not controlled by one or more of the
processes above, therefore the remair~nq aspects oafthe activity require 10 CFR 50,59
screening.

Continue to Part 11J, 10 CFR 72.48 Pre-Screening, of this form. and then cornplete Part IV,
Conclusion.

EN-AA-203-t201-FOi, Rev. 0
ECF0RM2O1.



DocumentfEC# AR 1925714 10 CFR APP!UCABILIT, I
Re•v. - DETERMINATION FORM g

PART Ill - Datermine If the Proposed ChangelActtvity Can be Excluded From Review
Under 10 CFR 72,48,

A YES answer to any of.te following 10 CFR 72.48 Pro-Screening questions requires that a 10
CFR 72.48 screening be performed in accordance with EN-AA-203-1204.

1. Does the proposed change/activity involve in any manner the dry spent Wuel storage
cask, the cask handlingitransport equipment or any Independent Spent Fuei Storage
lnstatiation (OSFSQ SSCs?

I] Yes [ No

2. Does the proposed change/activity involve in any manner SSC(s) Installed in the plant
specifically to support the dry spent fuel storage cask Ioadingtunloading activites?

El Yes 13 No

3. Does the proposed changelactivity involve in any manner the design function, method of
performing or controlng the function, or an evaluation that demonstrates that intended
function will be amomplished for SSCfs) needed for plant operation which are also used
to support dry spent fuel storage casO, loadingfunloading activities or ISFSM faollty
monitoring?

C1 Yes 0 No

4. Does the proposed change/activity involve changes to sifte-specific design criteria for
external events such as earthquakes, tornadoes, high, winds, flooding, etc?

F1 Yes . No

5. Does the changs/activily involve changes to plant heavy load program requirements?

OJYes No

S. Does the changeiactivity Involve any potential for fire where dFy spent fuel storage casks
are loaded, unloaded, transported, or stored?

0 Yes [] No

7. Does the changelactiVty Involve any potential for an explosion hazard where dry spent
fuel storage casks are loaded, unloaded, transported, or stored?

r" Yes 0 No

EN-AA-203-1201 -FO1, Rev. 0
ECFORM-201
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ODThRMIN6TlC1N FORM Pao.o

PAR~T IV- Conclusion'

CheclX all thzet appiry

1. A 10 CF~R 50.59 Screen'tngtr, required or[] NOT~ requwed.

2. A 10 CFR ?2,48 $crening is 0 required orlg NOT requkred,

ElA 60.$4(p) and/or (q) werening ha4 been oompleted and is aftlscet..

Additional conrn~ents. and revkmys (Additional reviews may be required by oclprocedures):

Original Applicabilit deterrrizmflocr pedfermed on 2j27/114 h~s bwe recreated forJI with fte lngiating AR, 1¶925714.

Prepared By rit J., aur Date:__ _ _

Reviewed o.A9mimIe ~e
PrHr-

OR
See, Mil~eston 201 -AMIPREP

~L4 ~~Z~iDate-,

OR

See M1129Won 201 -ADrtpff

EN-AA-203:4.201-F01, R~ev. 13
ECFORW201



DocuinenTtEC# AR19257T4

'Rev. I10 CFR 130.69 SCREENING FORMI PagoJof~.j

Documenit Titel

PART I - Describe the Proposed ChatigelActivity

1, Summariis the proposed cliangelacivity (Attach appropriai desorlptte materia).

A zhange to the FS$AR is proposed that would creale a trner modlifcation (o the
description of Station groundwater flowpaths based upon a recent hydrological study
and add historical iWormation about a spent fuel pool lea that occurred and an
Irlcrease in the number of groundwater monitoring wells on she.

PART If - Determine if the Proposed Chan eIAatlvlty Can be Exclude4 From Review
Under 10 CFR50,59. Refer to NEI 96-07, Revision I {including Appendcfix E), and NEI 01-
01, Revision I for guidance.

1. Search the UFSAR lo identify he relevant sections. Oescfibe the design function(s),
performance requirements, and methods of evaluation of the affected SSCs and where
the functkio..(s) are desaribed in the UFSA.R.

Note: Approved pending UFSAR changes and doumnents incorporated into the
UFSAR by reference are considered to be part of the UFSAR for 10 CFR 50,59
screening purposes.

Summarize the UFSAR ContentL.

The' affected section of the FSAR is section 2.4.13, Groundwater, and therefore hab no
design function, performance requirement or related method of evawuatkn for statioon
saCs.

2. Compare the proposed activiy c the UFSAR trfornati••n documented in item I above
and answer the.following quOeiVonS to determine if a UFSAR design function is affected:

Yes No Question
Does the proposed activity involve Safety Analyses or an SSC(s)
creditBd In the Safety Analyses?

[] • Ooes the proposed aclivity involve SSCs that supporl 88C(s)
cvedited in the Safnty Analyses?

EN-AA-203-12C1I-F02, Rev, 0
ECFORNI-202
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Rev. 1 j1 P. .1 !5
I

Dco63 the p-rapomd aefihity invotva $$CS Wmoe failure Couki
I nitate a b. wseuit (e~g,, -scraro., Wos of feadvoater, etc.) or
accidnL o~r whose failure moul1 Impact SSC(s) credited in the
Sefety Aneflose.?

c ~gj Does the proposed a~tivity Involve UF$AR-desoribed SSCz or
procedural cantrdie taiA alsor perfori-n funclions ftht are requiried

by rohrienc~ayto comply with, re 41atiOnS, r .. nse
conditlons, orders, or'ýdec i1cat spec~ietlons?

AYES answw' toen ao~ ~ b~eqi~n iee httepoo aot~vfty ioots a
UFSAR daesgn furtirt.A ist the design Ifwnctidns bel4ow and pioee ta queEoni 2a, tr Al
answers arm NO, a 1JFfSAR decq fuct~on Is not aft-ed. by Lhe proposead acotmty -Skip Wo
Quesdcti 2 b.

Er. CInange tot ibe Faditty :ý P~rccedures

Answer the Mfokirg questiofts~to-delermine if 1The acitvity has ?fl ýadverse effecl, on q
derIgn. fuaonv~.

Yas

Q2
No (Questlcn

Does the_ activify adversely aff ect-ftb des~gh hNrrdb?(s) that Wi4e
Identified in Item 1 above?

U 12 controlling the das1ljn fundton(s) that were identified In Item I

if eiewTanmw i s YES, a 1IOCFR 50-S~ Ew atiuon is required, If both anawera aef- NO,
desorbe the bas~s Wa fte concturknt- Affach adiditional disoaso1on srs necessary.

N-AAf-203-1201-F02,E Rev.
ECFORM-202
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Rev.1 1CFrR 60.59 SCREENING F UI Page 3.. t

b.- Changes lo a Method of Evaluation

(ti the activity does not Involve a methad of ea~auaidon describod In the UIFSAR, "aes
qu~estions are 0 Not App II ab We.)

ye$ No Queation

13, D oes, the activity use a revised or'difftre-nt me tiod of evaluation
for performinhg safety analyses then~ that diesc~ribed in the UFSAR?

Does. ihe activity use a revlsed ar different method of evalvatIorn
forT evaluating SSCa crecifted in Waety analyses mhar that
descr~bd Jn the UFSAR?

If ern',ur answeris YES, a 10GFR 50-H, Evaluatin ia ruqoitad, If both answers are NO,
describe ther basiu for The oor~vslon. Aftadh additimia disczssion, as n~ecessary.

(Ifthe atarxektfvlisnt4testo expetiment, the cqueaflons in c. I and c are~ Not

1. Answer these Iwo questioris first.

Yes No Qeto

n Is 1he pro posed test oreprmn opddb ter lsete or
experiments that are described lDniteUF-A?2---

El] Are 1he SSCs affected by "h proposed test or experiment
16olated from the facility?

I' Th~e answer to both qLý*slins Is NO, conrutsxi to o,2. If the answer to either quesfhcm is YES,
Ihen briefly describe the basis..

Basis,

ENWAA-2t03-1201-F02, Rev. 0
ECFORtM-202
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Z. Anawer ftse~ addilftnal que~ionscOnly. for. test or ecpefiimets which do not meeatthe
criteria Oiver, above. If .the gnmver to eithW questibn .in 0.' is YE%, th~n these ihfeb
questlons are M Not Appfticale

Yes Quest.16

0 0 ~oges thg aotWtiY ufffle or =otrrl an .38o ýn a manner that is
Dutefde the refweenoo bounds of the design bases as described In
the UJFSAR?

00 Does theact~ivity ufilize or qontro~ arn SSC in armanner that is
i nponsi~tent with the analyseA or desqafcr~ors in the UFSAR?

fl flDoes flis Octvlvty place the facoility in a aonditinnk not previously
evaluated or that m .Uld affed t he c~pab'Wllt of an SSO to p~fcnn
dts intended functan%?

If any amswer in "..2 is YES, a MUCR 50.59 EwdlAjom is Tequqled. tf he answers~aMA 1tN0,
desc~ribe the basis for fth conc-iusln. Adtach Bdrt!1ona) driscussion. as nacessaory.

Part Wl - Gonclusion

Check 4;l 1 thit apply".

1, A 10 CFR 501.59 Evalut .ion i 1 El] required or SN OT required.

2. An U.F&AR Change Request )s required or Er NOT required par EN-AA-204-1 1 02.

Add-itional comments and r~vevw (Additional revfews may be requflred by local pmedwes):

J
t

!1 I!
4

EK-AA403.-1101-F02, -Revi (1
E-CFORM-20 2
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Qualified ~ j .~--fi
Preparer r~~V~~

print
/~~ a_ t a: _

Sign~ature
OR

See M~ilestone 202-5059SCRPrIEP

Qualirled
Reviewer~ A2_40xA'l (5/674&

Print
Date,

Sion~ature

.OR

Soe (VIIe~1cAn2_tQb59-kQRREVW

EN-AA-203-1201-FO2, Rev. 0
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Cook, William
. I

Frorn.

To.-
cc

Subject.
Attachments:

Vassallo, Theodo rIýodore.Vassallo@nexteraenergy.comýJ: (0,
Monday, March 31, 2014 10:48 AM
Cataldo, Paul; Newport, Christopher
Cook, William; Brown, Brian; Sobot•k, Jeffrey; Ossing, Michael; Noble, Rick; Collins,
Michael; Willoughby, Paul
193460.Unit2.doc
1934608.Unit2.doc

Paul/Chris;

As requested, attached is the completed Engineering Evaluation (AR 193460D) that documents NextEra Energy's basis
for not testing Unit 2 concrete in support of the ASR Project. You can also find this evaluation in NAMS under AR
293460.8. ) believe that the information contained in the evaluation will help to develop responses to the challenges
and questions from the general Public regarding testing in Unit 2.

Please advise if you require any further information on this topic.

Regards,

Ted



AR 1934608

EVALUATION OF SEABROOK UNIT 2 CONCRETE
FOR

ALKALI-SILICA REACTION TESTING

31 March 2014

1.0 BACKGROUND INFORMATION

AR 1934808 was initiated to document an evaluation on the feasibility of utlizing Seabrook Unit 2
concrete for testing to determine the impact of afkall-silica reaction (ASR) on the structural
properties and behavior of reinforced concrete.

ZO ENGINEERING EVALUATION

The following provides Design Engineering's evaluation on the feasibility and efficacy of ufldizing
Seabrook Unit 2 concrete for testing to determine the impact of ASR on the structural properties
and behavior of the concrete. This evaluation is based on both technical and practical
considerations as identKed below.

Technical Considerations

1. Design Engineering - CiviltMechanical group performed waikdown inspections of the
visible, exposed concrete mostly above grade in Seabrook Unit 2 In early November
2013 and again in January 2014. The results of the walkdown inspections determined
that there are only two areas of concrete that dearly exhibit some of the visual features of
alkali-silica reaction such as, pattern cracking, secondary deposits, and dark ASR gel
staining adjacent to the cracks. These inspections also determined that the two concrete
areas impacted by ASR are of very ilmited size thus, are not capable of producing an
appropriate number of concrete test specimens of sufficient dimensions to provide
meaningful. and useful test data..

.2. The -most critical structural property and behavior of a reinforced concrete
element/member impacted by ASR distress that warrant investigation and testing are
shear capacity and anchorage of the reinforcing bars (i.e. development length).. The
reinforcing detail in the Unit 2 areas impacted by ASR would most. likely not. produce the
desired failure modes i.e. a shear-failure or rebar anchorage failure. This s piriarily due
to the fact that to 'force' or cause a shear failure or reinforcing anchorage failure, the
ends of the test specimens require strengthening with transverse reinforcing bars which
are not present in the areas of Unit 2 concrete impacted by ASR. Without this additional
reinforcement, the desired failure mode could not be achieved and the ultimate load
capacity, deflection and stiffness could not be determined. In addition, any concrete test
specimen cut out and removed from Uni 2 would lose full development of either the
horizontal or vertical reinforcing bars depending on the location and orientation where the
cuts are made in the concrete structure. Loss of development iength would adversely
impact the ultimate load capacity and behavior of the concrete test specimen. Therefore,
the impact of ASR distress cwuld not be accurately and reliably determined from concrete
test specimens removed from Unit 2. A comprehensive and valid understanding of the
critical concrete properties an.O behavior of a concrete element/member impacted by ASR
could not be learned from bstsng the limited avaiable concrete specimens in Seabrook

Unit 2,

I



The concrete test specimens (ref 4.1, 4.2), designed and fabricated at the Ferguson
Structural Engineering Laboratory (FSEL) at the University of Texas at Austin were
purposely designed to produce the desired failure modes and for the failures to occur in
the appropriate test region of the concrete test specimens.

3. The design of some of the concrete structures at Seabrook such as the southwest wall in
the B Electrical Tunnel in Unit 2 were design and constructed with additional
conservations (i.e. exceed the ACI Code minimum required development length). Testing
of this concrete or similar designed concrete would provide non-conservative test results
due to the over design and construction of the reinforced concrete. Additionally, to
simplify design and construction practices, standard oversized concrete sections with
oversized reinforcing brars were often detailed at Seabrook when smaller sections with
less robust reinforcing bars would have complied with the ACI Code requirements.
Testing of this concrete would also provide non-consewative test results due to the over
design and construction of the reinforced concrete,

Practical Considerations

1. Design Engineering at Seabmok has considered Unit. 2 as a source of concrete for
testing from the very early stages when ASR was Initially discovered. The practical
reasons why Unit 2 was not pursued follows. For several years (Le. almost 30-years),
the below grade portions of most of the Unit 2 structures have been and are currently
floded up to 30-feet, or more by groundwater infiltration and runoff. Thus, this
exposure condition is not representative of the exposure conditions in Unit 1, The
difference in exposure and its impact to the concrete is not known and could De a
source of many challenging, unanswerable questions. Dewatering Unit .2 structures
and maintaining these structures in a dewatered condition is simply not practical and
may not be completely successful.

2. Testing of Unit 2 would have limited applicability in that the testng would involve only
current level of ASR distress which based on observation, is limited and less than
most observed in Unit 1.

3. Unit 2 was abandoned in April 1984, almosl 30-years ago, The stairs and ladders to
access the below grade portions of Unit 2 structures were either never installed, or are
severely corroded or degraded to the extent that renders them unsafe and uzh-usable.

3,0 CONCLUSIONS

The corclusions of this evaluation are;

I lt is not feasible to use Seabrook Unit 2 concrete for ASR testing based on the technical
and pracical considerations presented above,

To de-water, remove construction debris, erec.t temporary ladders and stairs, and provide
lighting and power In Unit 2 would be an enormous and costly effort that would not
provide any valuable information or usable test data to support the assessment of ASR
impact structures in Unri 1.

2



REFERENCES

4.1 Foreign print 100770, revision 02, FSEL 24-inch Beam Rebar Anchorage Tee
Specimen, :SEL drawing 24A

4.2 Foreign. print 100771, revision 01, FSEL 244rnch Beam Shear test Specimen, FSEL
draying 24S

Prepared by: T.P. Vassallo Jr.

Reviewed by: B.E. Brown
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PROMPT OPERABILTY DET1ERMINATION (PODj
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CR: AR 581&14, Revision: 002

CR Title: REDUCED CONCRMTh PROPERTIES BELOW GRADE IN 'B' ELECTRCAL
TMNEL EXTERIOR WALL

NOTE: To ensure a comrplete POD, each of the following items shall be addressed to a level of
detail omrmensaurate with the affected SSC safety significance.

1. Describe affected SSC (Systerm / Comp#, etc.)-

Unit. 'B' Electrical Tunnel below grade exteriof concrete wals

2. Describe degraded or nonconforming condition.

Noncronforming condition - Alkali-Silica Reaction (ASR) is a reaction which occurs over time In
concrete between the alkalis in the cement paste and reactive non-orystalline silica, which is found In
many common aggregates and in the presence of water promotes this condition. "ASR has resulted
in a reduction of the elastic modulus of concrete and compressive strength in the below grade
exterior walls of the Electrical Tunnels.

3. identify Current Licensing Basis function(s) and performance requirements, including Technical
Specifications, FSAR, EOPs, NRC Commitmtents, or other appropriate information:

The Electrical Tunnels are a seismic Category I reinforced concrete structure designed to house the
Train 'A' and 'B' safety related cable I cable tray systems in train Independent structures. The
structure protects the safety-related systems, equipment and components located inside the
Electrical Tunnels against ail postulated external environmental conditions.

4. Identify the estab•ished minimum design basis values necessary to satisfy the S$C design basis
safety and qualty function(s):

The FIectrical Tunnels structure is designed lo withstand all credible conditions of loading, including
normal loads, severe environmental loads, extreme environmental loads, and abnormal loads. The
loads inciude ground water hydrostatic, Operating Basis and Safe Shutdown Earthquake loads. The
Electrical Tunnels are situated one on top of the other. In elevation, the tunnels extends from
approximately Elevation (-) 20'-0" to (+) 21'-6".

5. Evaluate effects of condition, including potential failure modes, on the ability of the SSC to perform its
specified TS, or safety support, function(s). The following items shall be covered in the Evaluafion:

A. Identify the Mode or other specified conditions of Operability when the specified TS function(s) for
the affected S$Cs are tequired;

There are no defined Technical Specification functions associated with this structure. It stands to
reason that the e!ectrcal transmission cables housed within the structure are necessary for
operation, safe shutdown, or permit continued decay heat removal. The structural integrity of the
structure that houses them is an important f unction during all modes of operation.

EN-AA-203-iO00!-FO I Rtsv6sior• i
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B, Identify assumptions used;

None.

C. Discuss why the degraded or nonconforming condition does or does not prevent The SSC from
performing its specified TS function(s). (Include known Information that supports the specific
evaluation, any adverse impa&t aboit the Wndition, or related analysis);

b: 4:

If

As part of the ongoing assessment of ASR and its impact on the mechanical properties of
concrete, NextEra contracted with the Uqlversity of Texas at Austin to develop a position paper to
address structural implications of ASR. 11b1:4; kj9 -r
LID 14I I He corncepts ami conclusions presentea are me
product of several years of large scae expedmentai research and literature review at the
University of Texas at Austin, It documents that the performance of an ASR-affected concrete,,
structure is not directly linked to the mechanical strength (primarily tensile strength) or stiffness oi
concrete cores removed from the affected areas of the structure. Rather, the performance of
ASR-affected concrete must be considered within it structura context; under the influence of
load/compatiblllty-induced stresses and reinforcement restraint. Accordingly the degraded
condition for this POD, the concrete core test results, may provide conservatively low vatues not
representative of the in-situ condition of the concrete.

(a) Dynamic Response

(b;14:

The dynamic analysis of Seabrook concrete structures are

MEM ia. The 'B' Electical Tunnel in the Control Building is a below grade
structure that is fully surrounded and integral with the bedrock. The exterior walls of the stbuctures
and equipment anchored to the walls are designed to ground response as there is no
amplification of the structure In these areas. A reducton Mn the modulus of elasticity could change
the seismic response of the walls ajong with the equipment attached to them.

EN-AA2-331OO-14.-FROI Re,,sion I
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The analyses described above, further validates the conclusion that the reduced modulus of
elasticty will have no impact on the seismic response of the walls. Equipment attached to them
will respond the same during a seismic everM, and the SSCs will functon as designed wit.h no
affect on their operable status.

(b) . Calculated Flexural Capacity

D:[4:

'1

E~A42OS-~O~1-FQ1 
R~vi~don I

E NAA.20,a.-- 0"01 -F01 Reyision I
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b:14:

If

(c) Reduction in Compressive Strength
b:14W

The American Concrete Institute (ACI) 318 design code for concrete structures uses the
compressive strength (fj• as the bas.s for computing allowable stress values for compression,
beartng, and shear. It is also a basis, along with concrete modulus, for the design of reinforced
concrete sections. The fact that the concrete compressive stress exceeds the specified minimum
strength of 3000 psi provides additional margin to the structural design that is not accounted for in
the design.

Subsequent compressive strength testing of 15 concrete cores removed frori the 'S' Electrical
Tunnel was performed to alidatelconfirm the noted loss of compressive strength. The testin
consisted of 15 cores I" . II'

Irb;(C ] fesults of thie A6 ITv? U42 compressive srergtil tests sn1owed an'
average strength of 5,143-psi for the ASR affected cores and 4,880 psi for the control cores.
Based on these resultsa it Is concluded that. there is no loss in compressive strength due to the
presence of ASR in the concrete.

(d) Anchorage

Potential impact of the micro-cracking caused by the presence of ASR can affect anchorage
capacity by affecting the distribution of shear stresses. As noted above, the concrete quality in the
areas affected with ASR was good with relatively small cracking indicating minimal impact on
shear stress distribution,

Cast in place anchors

Cast in place anchors and nelson studs associated with embedded plates, are designed based
on the steel anchor yielding before copncrele failure occurs. The concrete tensile strength used in
thl rOrnA r Ht ciculated based on the square root of the M ressive strength.resulting in a minimum margin of safety ofb4Design of cast in

YI
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place anchors and embedment plates were basedObLnthe.ainimum specified compressve
strength of 3000 psi versus the test result average of[" ': esultinrg In a margin of safety of '1
1.26 based on compMrength. The cormbine" Mardgin Of safety for anchors and nelson
studs is on the order of b (4 or the areas affected by ASR, In addition, the designs do not take
into account the added PU -out strength that is provided by any reinforcing steel In the concrete
Considering the minimal cracking Identified in the concrete and the high margin of safety on
anchorage design there is reasonabLe assurance that the anchors wil! perform as designed.

Testing of cast in place anchors was performed at the Ferguson Structural Engineering laboratory
(FSEL) at theiU niversRty of Texas at A",".:: n (Irr A4 Jttin, , +, tn,,te +ha i,, M ,nh --
oarformance in ASR affected conc~rete.IbWO:

Ib:.(4: L
b:4 n The test results show that the

actual capacity significantly exceeded the theoretical capacity for low cracking indices. Based on
these test results it is coicIuded that cast in place anchors will perform as designed with no
adverse impact on the operability of any attached system structures or components.

DdlIled 1in anchor

Drled-in concrete anchor loads are based on the ultimate anchor loads, as ined by
testing, for slip of the anchor wedges. The ultimate load is divided by a factor o1b4ý provide AY
the allowable working load, Failure of the concrete is not the limiting failure mec anism as slip

Soccurs at a lower load. Accordingly, the margin on failure of the concree Is greater than
W4 I.n addition the added margin based on compressive strength, quality of concrete, and '1
reinforcing steel as noted above appty tc dcled-in anchor designs providing reasonable
assurance that the drilled-in anchors wilt perform as designed

Testing of drlled-4n anchors was performed at the Ferguson Structural Engineering laboratory
(FSE L at the University of Texas at Aus.in (UT Austin) to access the imoact of anchor
pformence in ASR affected concrete' (:

(b 4:

(e) Reinforcing Steel Anchorage

An, interim assessment of the i ct on concrete structures at Seabrook was prepared bv MPR
Associates and documented in b:r: n

EN 014; O3A1c w s ei n~sTa MITI ~eone UT1emm
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susceptible design parameters impacted is anchorage of reinforcing steel and critical for
development of reinforcing Steel lap splice lengths. Lap splice length and embedment length are
important to three types of evaluations :() reinforcement to carry bending moments, (2)
reinforcement. to carry in-plane shear loads, and (3) for minim.u "ifrcement requirements.
Within tte assessment, a conservatively high strength reduction o1b°(4 ý used for reinforcement, ,P
lap spiIces. This reductigg.As based on reinforcement pulIou-hf, in concrete without

I1

archorage to transfer the applicable foads between the concrete and steel when applying
conse-_ ativey high reduction in strength due to ASR and maintain a margin of safety greater the

(f)Shear Capacity of Walls

Considering the minimal cracking In localized aeas of the concrete and
the margin of safety in the shear capacity of the Wall, there are reasonable assurances that the
structural integrity of the '' Electrical Tunnel wells Is maintained.

An assessment was performed a conservatively high reduction

H

strength due to ASR and maintain a

*1

EN-AA-2C3-1D001 qC RRehs;vn It
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(g) Concrete Quality

Laboratory examination of the concrete cores determined that the concrete was adequately
consolidated, with uniform distribution and grading of the coarse aggregate and adequate
bonding between the coarse aggregate and cement paste, There were no signs of concrete
distress or imperfections (i.e. voids, aggregate segregation, paste deficiencies, delaminations) in
the concrete except for tight, micro-cracking produced by expansion of ASR gel. These concrete
quality observations are consistent with the compression test resutts from the corete cores.

(b:14:

cow grace concree ures was come n-s, Subsequent to

construction of' the below grade structures, the dewatering systemn installed to facilitate
construction was abandoned in-place. Groundwater in leakage in below grade structures was flrist
noted -in the mid 1980s hence, the present degradation attributed to ASR is due to a readon
period on the order of 25 years. Considering the relative rin r diaseS observed in the ASR
affected concrete, ( i.e. surface cracks peirally less t~anr i n width, the frequency of
observed cracks, and Ihe limited areas of affected concrete), able to conckude that the
progression rate is not an aggressive degradation mechanism lending itself to near term changes
in concrete mechanical properties.

Based on the evaluation in (a), (b), (c), (d), (e), (t) and (g) the 'B' Electrical Tunnel structural
integrity has been maintained and SSCs housed in the structures will function as designed and
are fully operable. ;[bi:1II

EN-AA7201iOMFOIU' RevWor I
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f

In addition, the qualitative assessment In sercfon C(f) above indicates that the degradatlon In
concrete due to ASR occurs over a long fime period and signifcant near term changes in the
quality of the concrete Is not expected.

ENAA-20:ý-ICOI-FM Rem-Won I
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6, References:

UFSAR Section 3.8

7. Attadym. ents.,

None,

8, IMODE Restrictiors (APPLICABILITY Restrictions for iSFSI Condltlons)ý

None.

EN-KA-203.-1001FD1 Rnisicl I
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CHECK PROMPT OPERABULTY DETERMINATION
ONE

Affected SSC should be considered Operable since it is fully qualded, meeting As-Built
condition.

Affected SSC should be considered Operable and above Full Qualification but with reduced
margin below some FPL requ'irement. There is a high degree of confidence that the degraded
SSC meets Full Quailfcation as described in the Current Licensing Basis.

XXX j Affected SSC should be considered Operable but degraded, and below Full Qualffication.
Continued Operablity is based on the provisions of RIS 2005-20

Affected $SC should be cosidered Inoperable,
!~

Prepared yS MI62

Reviewed By 4iR 1 4
Print/Sn

1*P I

SM Approval:?At Daefre2•L3J.~~~Pr~nt/ate ) 3

Distributlon:

Responsible Supervisor
Responsible System Engineer
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FPL Nuclear Station OPERABiILTY Condition Model

Operable - Region

Structure meets design code requirements
As-Built Condlidon as Described In FPL Drawings,
Specifications, Procedures, etc,

Operable -
Above Full Qualiftation
(Reduced Margin)

N/A
Full Qualification as Described in the Current
Licensing Bas•s

Operable - Degraded,
Below Full QualIfication
(RIS 2005-20)

N/A
SSC Capable of Performing Required Safety
Function(a)

Inoperable -
Technical SpecfficationsICL1B

WAction(s) as applicable

Structure does not meet design code requirements

EN.A,•2,3-C1 4¶ 
RvW 
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CR Title: REDUCED CONCRETE. MODULUS OF ELASTICITY BELOW GRADE IN
CONTAINMENT ENCLSUR iMBUILDING, RHR EQUIPMENT VAULTS, EFW
PUMP HOUSE¶ AND D12ESEL GENFRATOR FUEL OIL TANK ROOMS, AND
OTHER CATEGORY I STRUCTURES

NOTE: To en sure a complete POD, each of the following items shall be addressed to a level of

detail commensurate with the affected SSC safety significance,

1. Describe affected SSC (System #1 Comp #, etc):

Below grade exterior voncrete wal1s in the Cot~tainmrent Endcosure Building, RHR Equipment Vaulls,
EFW Pump House, and Diesel Generator Fuel Oil Tank Rooms, These four buildings are Category I
structures.

Completion of the extent of condition survey has identified the potential pr•snce of ASR in the
following additional Category I structures. These structures are identified in AR 1757881 as CST
Enclosure, CBA East Air In-take, SW Cooling Tower, 'A' Electrical Tunnel, Fuel Storage Building,
East Pipe Chase, West Pipe Chase, Pro Action Valve Room, Primary Auxiliary Building. Service
Water Pump House, Mechanical Penetration Area, ard Waste Process Building,.

2. Describe degraded or nonconforming condition:

Nonconforming condition - The presence of Alkali Silica Reaction (ASR) has the potential to
adversely affect the mechanical properties of concrete, ASR is a reac/ion which occurs over time in
concrete between the alkalis in the cement paste and reactive silica which is found in many common
aggregates. The presen-,e of water in the hardened concrete is required for the reaction to occur.

3. identify Current Licensing Basis function(s) and pefformance requirements, including Technical
Spectfications, FSAR, EOPs, NRC Commitments, or other appropriate informaton:

The Containment Enclosure Building surrounds the Containment Bulidng and creates an armnuus
between th-m. The annulus is maintained at a slight negative pressure during accident condItions to
maintain fission product control All joints and penetrations are caulked or gasketed to ensure air
tightness. The Containment Enclosure Building is an environmental and air barrier, Safety-related
air handling equipment Is housed in its own structure, the Containment Enclosure Ventilation Area
(CEVA).

The RHR Equipment Vaults, EFW Pump House, Diesel Generator Building, CST Enclosure, CRA
East Air trake, SW Coolirg Tower, 'A' Electrical Tunnel, Fuel Storage Building, East Pipe Chase,
West Pipe Chase, Pre Action Vive Room, Primary Auxiliary Building, Sevice Water Pump House,
Waste Process Building are seismic Category I reinforced concrete struclures designed to house
Train 'A' and 'B' safety related SSC. The C8A East Air In-take Is a Category I structure that permits
make up air to be drawn into the control room complex in support of Technical Specification 314.7.6.
The structures protect the safety-related systems, equipment and components located within, against
postulated extemat environmental conditions in accordance with UFSAR Section 3.8.

MN'AA.203-1001-FOI Revision '
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4. Identify the established minimum design basis values necessary to satisfy the SSC design basis
safety and quality function(s)'

The Enclosure Building, RHR Equipment Vaults, EFW Pump House, and Diesel Generator Building
and other seismic Category I structures are desiqned to withstand all credible conditions of loading,
including normal lo.ads, severe environmental loads, extreme environmental loads, and abnormal
ioads, The toads include. ground water hydrostatic, Operating Basis and Safe Shutdown Earthquake
loads.

5. Evaluate effects of condition, inctuding potential ,ailure modes, on the ability of the SSC to perform its
specified TS, or safety support, function(s), The following items shall be covered in the Evaluation:

A. Identify the Mode or other specified conditions of Operability when the specified TS function(s) for
the affected SSCs are required;

There are no defined Technical Specification functions associated with the RHR Equipment
Vaults, EFW Pump House, Diesel Generator Buiding, CST Enclosure, SW Cooling Tower, 'A'
Electrical Tunnel, Fuel Storage Buii0ng, East Pipe Chase, West Pipe Chase, Pre Action Valve
Room, Primary Auxillary Building, Service Water Pump House, Waste Process uiiEding, It starids
to reason that the SSC housed within these structures are necessary for operation, safe
shutdmvn, or permit continued decay heat removal. The structural integrity of the structure thlat
houses them is an essential function during all modes of operation.

The Containment Enclosure Building structural integrity is addressed in Technical Specification
3,6.5,3 which states "The structural integrity of the containment enclosure building shall be
maintained at a level consistert with the Containment Leakage Rate Testing Program." This
Technical Specification applies to Modes 1, 2, 3 and 4. The structural integrity requirement
described In the Containment Leakage Rate Testing Program is a visual inspection for gross
cracks and displaced concrete.

The CBA East AIr lWlake structures permit make up air to be drawn into the control room complex
in support of Technical Specification 314.7.6 Control Room Subsystems- Fmrergjency Makeup
Air.

B. identify assumptions used;

None,

0. Discuss why the degraded or nonconforming condition does or does nol prevent the SSC from
performing its specified TS function(s), (Include known Information that supports the specific
evaluatfon, any adverse impact about the condition, or related analysis);

V[ 4: •

£~~AA-2u3~1 O31$~1 
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As part of the ongoing assessment of ASR and its impal on the mechanical properties of
concrete, Nexcttra contracted with the University of Texas at Austin to develop a positfon paper to
address structuTal implications of ASR. Foreign Print 100697 'Structural Implications of ASR-
.State of the Art" documents this position. The concepts and conclusions presented are the
product of several years of large scale experimental research and Uterature review at the
University of Texas at Austin. It documents that the performance of an ASR-affected concrete
structure Is not directly linked to the mechanical strength (pirimarily tensile strength) or stiffness of
concrete cores removed from the affected areas of the structure. Rather, the performance of
ASR-affected concrete must be considered within ifr struclural context; under the influence of
Ioadtoompalibllity-induced stresses and reinforcement restraint. Accordingly the degraded
condition for this POD, the convete core test results, may provide conservalively low values not
representative of the in-situ condition of the concrete.

(a) Dynamic Response

Containment Enclosure BujcOing

The Containment Enclosure Building Is a large reinforced concreta riht cvyindrcal strofure with
a hemisnherical dome that surrounds the Cotainm ent IBfuina F.": I

16:0 q
.i'D.,'4. IAS tne

MUUMUUS cnaTIVIR- Me TME1triuu i Dam IMU E owuILW 1111us1o5 M iM o R iO IM eas are
backed up by fill concrete, any change in dynamic response of the structure Is expected to be
minor, the Enciosure Building will be capable of performing Its design function as an air barrier to
maintain a slfght negative pressure during accident conditions.

A seismic reanalysis of the Containment Enclosure Building was prfnrmrd (n d4mnnqtr~tM the
effects of the reduced modulus of elasticity on structural responseuJb

h',1-

EN-AA-2VM3-1OO 1-FO1 Rew~ion I
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in surm•ary, the structures' dynarnMc analyses and generation of the building amplified response
spectra are not adversely impacted by the ASR effecis identified in this AR. The seismic
response of the structures, the equipment attached to them, and the associated concrete anchor
loads are unchanged,

DGS Fl Oi Tank Room and Rff g2ul mnt± vgults

EMW Epon House
I-

o:34:

SNAA-203-1001i %-MO~
ftW0A I



PROMPT OPERABILTY DETERMINATION ,PODI
Page 5 of 13

Revision: 002CR: AR 01664399
AR 1757861

Structure Identified bv Extent of Coinditioq

The CST E ndosurs, CSA East Air. Intake, SW Cooling Tower, 'N Elertrical Tunnel, Fuel Sorage
Building, East Pipe Chase, West Pipe Chase, Pre Action Valve Room, Prirmary Auxiliary Bu:idng,
Service Water Pump House, Wiste Procss Building. are Category I structures tha• exhibit the
initial cracking patterns of AMR JV b4:ý

r;•4; Abi•Wil nave no impact on Me leOnse r

these strucvtes. Equipment attached to em will respond thi same during a seismic event, and
ihe SSC:s wMl function as designed with no affect on their operable status.

9f

(b) Calculated Flexural Capacity

EFW Pumn House. DGB F•yel Oil Tank Room, RBR Eguipmeni vault and other C1jqggyJ

Ib: 4:

Containment Enciosue ~dinQ

If

'I

EN-M-203- I (MI -F" . 1 Wev.s~n i



Ppr~up-r PP A III iTy nj=T~wi~mAigmr~ ipnni~
Page 6 of 13

CR. A jR 01664399 Revision: 002
AR 1757861

Distribution of forces and moments were not significantly impacted by ASR affected

properties.
L -.

(b:14:

(c) Anchorage

Potential impact of the nicro-crackiNg caused by the presence of ASR can affect anchorage
capacity by affecting the distribution of shear stresses. As noted above, the conc-ete quality in the
areas affected with ASR was good with rsiatvely small cracking indica(UV minirmal impact on
shear stress distribution.

Cast in Place Anchors

Cast in place anchors and nelson studs associated with embedded piates, are desIgned based
on the steel anchor yielding before concrete failure occurs, The concrete tensile strength used in
lh• anchnrima clrula-~ion I I =ut d based on the square root of thec0ppressive strength
:l t resultng in a minimum margin of safety otWIC Desgn of cast in
; anchors nnt plates were based on the minimum 'r-cfied compressive

strength of the concrete for the structure. Abaý.(":ed In section C(e), recent test values
demonstrated a minimum margin of safety oll.b4 Ion compr strength. The combined
margin of safety for anchors and nelson studs &-bW*4 order l Ior the areas affected by 'f

ASR. In addition, the designs do not take into account the added pp =-ou't strength that is provided
by any reinforcing sleel in the concrete, Consklering the minimal cracking identified in the
concrete and the high margin of safety on anchorage design there Is reasonable assurance that
the anchors will perform as designed.

Testing of cast in place anchors was perormed at the Ferguson Structural Engineering laboratory
(FSEL) at the University of Texas t,..Austn fUT Austin) to wm.,4 •h•r !rmrn6 of anlchor
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that the actual capacity signtflcantly exceaded the theoreticaf capacltý for low cracking indices.
Based on these test reaults it is concluded that cast in place anchors will perform as desigre
with no adver~e impact on the operability of any attached system strucluras or components.

Drilled in anchors

Drilled-in concrete anchor loads are based on the ultimate anchor loads, as 'mined by
testing, for slip of the anchor wedges. The ultimate toad is divided by a factor o o provide
the allowable wonring load. Failure of the concrete is not the limiting failure rmeci~insm as slip

e occurs at a lOwer oad. Accordingly, the margin cn failure of the concrete Is greater than
~in addition the. added margin based on compressive strength, quality of concrete, and

re~arcing, steel as noted above appty to drilled-in anchor designs providing reasonable
assurance that the drilled-in anchors wig peeforn, as designed.

Testing of drilled-in anchors was performed at the Ferguson Structural Engineering laboratory
(FSEL) at the University of Texas Atin AfT Am.inI ,r. thA trnn• M znr-nr
.erformance in ASR affected concrete4

WO': - aased on these test results R is concluded that de in anchors wil perform as
designed wfth no adverse impact on the opefability of any attached system, structures, or
components.

(d) Reinforcing Stdal Anchorage

An interim assessment of the~jX;r nn~ to .rw~rah_, rtr'tj•in=&• at Spabrank wirs nranar.ed hy MP:•
Associates ant? documented irj'b;(4'..3
b•:(C• I I ne asessment notes that that one of the mot

susceptible design parameters impacted is anchorage of reinforcing steel and criticat for
development of reinforcing steel lap splice lengths. Lap splice length and embedment length are
important to three types of evaluations :{I) r•enforcement to carry bending momenfs, (2)
reinforcement to carry in-plane shear loads, and (3) for minimu•-re•inforcement requirements.
W-thin the assessment, a conservatively high strenglh reduclion c V111 s used for reinforcerneril P
lap splices. This' reduction is based on reinforcement pullou e g in concrete without
transverse reinfor.ement. The lap splice strength reduction ib (4 is conservative as the AI
reinforcement pullout testing targeted a we, failure mode for a component with a low to.
moderate concrete cover to bar diameter ratio. " i
boe nt rased on the,
above it conclude at thIe rein orcirg ster has sufficient anchragso eTotran-s em the applicablei

ENA-M203-1001-FOT ~a Revision I
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loads between the concrete and steel when applying a conservatively high reduction in strength

due to ASR.

(e) Shear Capacity of Walls

U
Lo;H:

L... rn addition, triecOtcrele quality in the areas atterted With A was goot witl relatively sma.] cracking indicating
minimal impact on shear stress distribution.

Con•idering the minimal cracking in localized areas oF lhe ooncrele and the margin of safety in
the shear capacity of the walls, there are reasonable assurances that the structural integrity of
Containment Enclosure Building, RHR Equipment Vaults, EFW Pump House, Diesel Generator
Fuel Oil Tank Rooms, CST Enclosure, CBA East Air Intake, SW Cooling Tower, 'A' EJectrical
Tunnel, Fuel Storage building, East Pipe Chase, West Pipe Chase, Pre Action VaNe Room,
Primary Auxil~ary Building, Service Water Pump House, Waste Process Building, are maintained,

(1) Concrete Quality

Laboratory examination of the concrete cores determined that the concrete was adequately
consolidated, with uniform distribution and grading of the cofrse aggregate and adequate
bonding between the coarse aggregate and cement paste. There were no signs of concrete
distress or imperfections (ILe. voids, aggregate segregation, paste deficiencies, delaminations) in
the concrete except for tight, micro.cracking produced by expansion of ASR gel. These concrete
qualfty observations are consistent wth the compression test results from the concrete cores.

In all cases, test results for compressive strength of the concrete exceed the minimum specified
dsign va~ue. Concrete compressive strength is not degraded and in fad exceeds requirements.

1 : 1.: 4
The American Concrete Institute (ACI) 318 design code for concrete structures uses the
compressive strength (f..) as the basis for computing allowable S9ress values for compression.,
bearing, and shear. It Is also a bas!s, along with concrete modulus, for the design of reinforced

POVISIV) I
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concrete sections. The fact that the concrete compressive stress exceeds the specified minimum
strength provides additional margin to the structural design that is not accounted for in the design

The Containment Enclosure Building .structural integrity is addressed In Technical Specification
3,6,5.3 which states OThe structural integrity of the containment enclosure building shall be
maintained at a level consistent with the Containment Leakage Rate Testing Program*. The
structural integrity requirement described in the Containment Leakage Rate Testing Program is a
visuai inspectiorn for gross cracks and displaced concrete. No gross cracking or dfsplaced
concrele has been identified during examination of the ASR affected areas conducted by
.concrete examiners. The Containment Enclosure Buildng meets the structural integrity
requiremert of the Technical Specifications.

b:(4:

VW lonsttuction of me
below grade concrete structures was compete• n me MtWe 97tus to early 798Os. Subsequent to
construction of the below grade structures, the dewatering system installed to facflitate
constructJon was abandoned in-place. Groundwater In leakage in below grade structures was first
noted in the mid 1980s hence, the present degradation attributed to ASR is due to a reaction
period on the order of 25 years. Considering the relative 2r.ress observed in the ASR
affected concrete, ( i.e. surface cracks generalty less th.nm' 0(':( in width, the frequency of
observed cracks, and the limited areas of affected concrete), t reasonab!e to conclude ftat the
progression rate is not an aggressive degradation mechanism lending itself to near term changes
in concrete mechanical properties.

5ased on the evaluation In (a), (b), (c), (d), (e) and (1) the s"Tctura! integdty for Containment
Enclosure Building, RHR Equipment Vaults, EFV" Pump House, Diesel Generator Fuel Oil Tank
Rooms, CST Enclosure, C0A East Air Intake, SW Cooling Tower, 'A' ElectTical Tunnel, Fuel
Storage Building, East Pipe Chase, West Pipe Chase, Pre Action Valve Room., Primary Auxiliary
Building, Service Water Pump House, Waste Process Building, has been maintained and SSCs
housed in these structures will functon as designed and are fully operable.

ib: 4

ENýA'-203,- 1O-FOI R~vision I
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bý(4:

If

In addition, the qualitative assessment In section C(e) indicates that the degradation in concrete
due to ASR occurs over a long time perid and significant near term changes in the quality of the
concrete Is not expected.

SbýW I4otlb 14 : lCrck rneasurement will be performed al

sixm-month intervals until a reliable trend of ASR progression Is established. Any changes in crack
measurements will be evaluated and addressed as vwarranted.

ID:14:

Y
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G. Conclusion:

The Containment Enclosure Building, RHR Equipment Vaults, EFW Pump House, Diesel
Generator Building, CST Enclosure, CBA Fast Air Intake, SW Cooling Tower, 'A' Eiectricat
Tunnel, Fuel Storage BullctOr East Pipe Chase, West Pipe Chase, Pre Action Valve Room,
Primary Auxiliary Building, Service Water Pump House, -and Waste Process Building concrete
struclures are fulty capable of performing their safety function and are OPERABLE with reduced
margin. Fugl qualification wil! be attained when the testing and analysis plans developed to
address the ASR issues are compieted and the Jong term resolution Is incorporated into the
UFSAR andlor other applicable design documents.

6. References:

SSec'n 3.8

7. Attachments:

None.

8. MODE Restrictions (APPLICABILITY Restrictions for ISFSI Conditions):

None,

CHECK. PROMPT OPERABILITY DETERMINATION
ONE
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I -
Affected SSC should be considered Operable sinoe It is fully quaked, meeting As-Built
condition,.

Affected $SO should be considered Operable and above Fult Qualification but with reduced
margin below some FPL reuirement. There Is a high degree of confidence that the degraded
SSC meets Full Qualification as described in the Current Licensing Basis.

XXX Affected SSC should be considered Operabte but degraded, and below Full Qualification.

Continued O.erability is based on the provisions of RtS 2005-20

Affected S$C should be considered inoperable.

Prepared By-,_ -D£ate i iz
Printl~ign

Revilewed Brye - k

D•

Date, a6 V

itefTim e 141'Y4

Distrlbution;

Responsible Supervisor
Responsible System Engineer
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FPL Nuggear Station OPERABILITY Condition Model

TOperable - Region

Structure meets design code requiremen

Operable -
Above Full Qualification
(Reduced Margin)

N/A

Operable - Degraded,
Below Full Qua ft.ation
(RIS 2005-20)

N/A

Inoperable -
Technical $peciflcafionsICLB
Action(s) as applicable

nts
As-Built Condilon as Desoribed In FPL Drawings,
Specifications, Procedures, etc.

Full Cualification as Described in the Current
Licensing Basis

SSC Capable of Performing Required Safety
Function(s)

N

Structure does not rnest design code requirements

ENAA .-205,11 -F10 +01 Revlon 1
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Seabrook Station: Impact of Alkali-Silica Reaction on
Concrete Structures and Attachments
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Executive Summary

NextEra Energy has identified the presence of pattern cracking typical of Alkali-Silica Reaction
(ASR) in multiple Seismic Category I structures at Seabrook Station. ASR can be explained
simply as the reacdon between silica from the aggregate and alkali constituents in the cement or p
the pore solution. This reaction produces a gel that expands as it ahsn•býs moisture. Expansion
of the gel exerts ten~sil stress on the concrete resulting in cracking. ASR cracking may degrade
the mechanical properties of the concrete necessitating an assessment of the adequacy of the
structures and supports anchored to the structures.

This report evaluates the near-term adequacy of concrete structures affected by ASR and
system/component anchorages in ASR-affected concrete at Seabrook Station. The evaluation
addre.ses:

" the effect of ASR on the structural demand and seismic response of the concrete buildings,

* the potential for local failure of individual concrete components (e.g., walls or slabs), and

* the effect of ASR on the capacity of the concrete anchors and embednients.

Confinement provided by reinforcing steel and other restraints (e.g. deadweight of the structure)

is a key factor in assessing the impact of ASR on reinforced concrete structures. Confinement
limits ASR expansion of the in situ structure, which reduces the extent of deleterious cracking 9
and the resultant reduction in concrete mechanical properties. Given this interplay between
expansive ASR degradation and structural restraint, the structural assessment herein relies on
structural testing rather than typical materials type testing on concrete cores removed from the
structure.

The conclusion of our assessment is that, given the current extent of ASR cracking, the
reinforced strctures at Seabrook Station remain suitable for continued service for at least an
interim period. This conclusion is based on the following considerations.

ASR has a negligible effect on the structural demand and seismic response of the
reinforced concrete structures at Seabrook Station..

" Although there may have been some reduction in structural capacity, the reduction is less
than that necessary to challenge the suitability of the structures for operation during an
interim period.

Results from a comprehensive walkdown effort show that the extent of ASR
cracking in the great majority of aremas in the plant is sufficiently low and that
pubtished guidance indicates that detailed evaluations are not necessary in such
cases,

MR'3727 iv
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- For the areas that had sufficienti cracking to merit a detailed evaluation, the great
majority either have positive margin or sufficient margin that can likely be recovered
to accommodate potential effects of ASR degradation.

- Given the conservatism in the evaluation methodology and the fact that the available
test data on effects of ASR on reinforced concrete components are for small-scale
tests that are not represcntative of a large structure, there is reasonable assurance that
structures are suitable for continued service.

SThere is little reduction in anchor capacity at the maximum cracking levels observed in the
plant. Any small reduction in capacity is readily ofTset by conservatisms in the design
capacity of the anchors, or by crediting the average 28-day compressive strength for
concrete at Seabrook Station instead of tie specified strength.

The assessment herein will be further supported through (1) full-scale testing programs regarding
shear and lap splice performance for elements without transverse reinforcemnent; and (2) a
comprehensive anchor testing program.

Finally, this report identifies follow-on actions that will provide an assessment of the long-term
adequacy of plant structures and anchorages and provide for Aging Management Program
(AMP) parameters for extended plant operations.
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Introduction

1.1 PURPOSE

This report evaluates the near-term adequacy of concrete structures affected by Alkali-Silica
Reaction (ASR) degradation, and attachments (i.e., anchorages) in ASR-affected concrete at f
Seabrook Station. The evaluation addresses:

" the effect of ASR on the structural demand and seismic response of the concrete buildings,

* the potential for local failure of individual concrete components (e.g., walls or slabs), and
p

" the effect of ASR on the capacity of the concrete anchors and embedments. ,6

The evaluation herein focuses on the near-term adequacy of plant structures and ,
system/component anchorages. In addition, this report identifies follow-on actions necessary to
assess the long-term adequacy of plant structures and anchorages and define Aging Management
Program (AMP) parameters. These follow-on actions may include: monitoring, remediation, 9.
structural testing programs and additional analyses.

1.2 BACKGROUND

1.2.1 Overview of Plant Structures

Site OverviewThe structures at Seabrook Station are laid out in a highly vertical arrangement,. Many structures

have underground areas that are at least 40 feet below grade. Several structures have
underground areas that are 80 feet below grade. It is MPR's understanding thai the site
preparation required blasting into the granite. A first cut was made to bowl out the granite to
satisfy the required depth for the majority of the structures. Deeper shafts were required for
several structures, extending from the first cut down to the required depth for the remaining .
structures. After the structures were constructed, the gaps between the structural walls and the
granite were backfilled with lean concrete, which essentially "locked" the structures into the
bedrock.

Given the depth of the excavations relative to the water table, a dewatering system was necessary
during plant construction. This system was abandoned once construction was complete as
building design features were intended to prevent ingress of groundwater into the buildings.

P
A waterproofing membrane surrounds most structures. The membrane was applied to the s
exterior surface of the walls below grade prior to backfilling with lean concrete. This membrane
serves as a barrier against water ingress. However, early in plant life, some areas began to show

Revisio1o1
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signs of groundwater ingress, which suggests that portions of the membrane are not performing
as designed or may have been compromised.

Building Design
The majority of the structures at Seabrook Station are reinforced concrete structures. These
structures were designed and constructed to comply with the 1971 edition of ACI 318, Building
Code Requirements for Reinforced Concrete (Reference 9.1A1). The subset of structures that
house the reactor system, safety systems and other equipment and facilities necessary to achieve
and maintain shutdown of the plant (i.e, Seismic Category I) are designed to withstand the
loadings from external events such as the design basis seismic event. For buildings that are very
close together, there are small gaps (-3 inches) between structures that are filled with a flexible
material to seismically isolate the adjacent structures.

1.2.2Alkali-Silica Reaction Concern at Seabrook

Overview of Alkali-Silica Reaction
ASR is the reaction between silica from the aggregate and alkali constituents in the cement. The
reaction produces a gel that expands as it absorbs moisture. Expansion of the gel exerts tensile
stress on the concrete resulting in cracking. Typical cracking resulting from ASR is described as
"'pattern" or "map" cracking and is usually accompanied by a dark staining adjacent to the cracks
at the surface of the structure.

alkali cement + expansive gel cracking of the

- reactive aggregate aggregate and paste

Figure 1-1. ASR Mechanism (Reference 9.5,1)

-' The cracking may degrade the mechanical properties of the concrete necessitating an assessment
of the adequacy of the structures and supports anchored to the structures. As noted in
References 9.5.4 and 9.5.5, the concrete properties most rapidly affected are the elastic modulus
and the tensile strength.

Reinforcing steel, loads on the concrete structure (e.g., deadweight of the structure) and the
configuration of the structure can restrain expansion of the gel and thereby limit the resultant
concrete cracking. Given that the impact of ASR on mechanical properties relates to the
cracking, constraint of the expansion in effect limits the reduction of mechanical properties
in situ. As will be discussed in Section 4, a concrete core removed from a wall will show a

MPR-3727 1-2
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greater degradation of mechanical properties compared to the in situ structure because the'core
loses its structural context (ie. confinement) once it is removed from the wall.

ASR at Seabrook Station
NextEra Energy personnel initially identified pattern cracking typical of ASR in the B Electrical
Tunnel in 2009, and subsequently, several other Seismic Category I structures. As a result,
NextEra Energy implemented multiple campaigns to remove concrete cores from the walls in
several plant structures to conIfirm the presence ofASR. Petrographic examination of the cores
identified the telltale signs ofASR. Furiher, mechanical property testing of the unconfined cores
showed an apparent decrease in mechanical properties of the concrete, particularly the elastic
modulus, which is consistent with ASR degradation. 9:

The concrete used at Seabrook was not expected to be susceptible to ASR due to the following:
(1) the coare aggregate is igneous rock that passed the ASR reactivity testing used during
construction; (2) low-alkali cement (<0.6% total alkali) was used; and (3) the aggregate passed
petrographic examination per ASTM C295. The American Society for Testing and Materials
(ASTM) standard test procedures ASTM C289 and C227 were used to assess aggregate
reactivity during construction. These ASTM standards were the appropriate tests at the time of
construction., but it is now known that these tests may not accurately predict the reactivity of
slow-reacting aggregates. A combination of aggregate being more susceptible to ASR than
originally thought and groundwater intrusion during plant life appears to have resulted in the
observed ASR,

1.3 STRATEGY FOR ADDRESSING ASR

The long-term adequacy of concrete structures at Seabrook Station that have been affected by
ASR is being addressed using a combination of elements as listcd below. This approach is
consistent with published guidance for managing ASR degradation of structures (see
References 9.5.4, 9,5.5 and 9.5.6) and accounts for the importance of confinement of A SR
cracking provided by steel reinforcement (see Reference 9.5.1).

* Characterize the extent of ASR degradation at Seabrook Station through the combination.
of:

- engineering walkdowns of plant structures,

:petrographic examination of cores removed from plant structures, and

- testing of cores removed from plant structures,

* Assess thc impact of ASR on plant structures using test data regarding the structural
performance of ASR-affected concrete components.

* Implement test programs to supplement the current body of knowledge regarding the
impact of ASR on the performance of reinforced concrete structures and on the capacity of
anchors embedded in reinforced concrete affected by ASR.

MR:.A 721 1-3
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Monitor the progression of ASR through Seabrook Station's Structural Monitoring
Program, as well as an Aging Management Program specific to ASR.

' Remediate areas with significant degradation as required to ensure plant structures and
equipment anchorages remain adequate to accommodate all design basis loading
conditions,

Investigate means to address waler ingress to reduce and potentially arrest future
degradation from ASR, to the extent practicable given the plantrs layout and hydrology.

The strategy for demonstrating the long-term adequacy of concrete structures involves two
evaluations. The initial evaluation assesses concrete structures at Seabrook Station to determine
if continued operation can be justified for an interim period, until the full-scale structural testing
programs are complete and any required monitoring programs are implemented. 'The second
evaluation will assess the long-term adequacy of the concrete structures considering the results
of the full-scale structuial testing program, other in-progress test programs and results from
periodic monitoring of the structures.

1.4 SCOPE OF REPORT

This report focuses exclusively on the structural implications of A.SR, assessing the adequacy of
the plant structures for an interim period until data from the structural testing programs are
available. The data from the structural testing programs will support assessment of the long-term
adequacy of ASR-affected structures at Seabrook Station, and development of key inputs for the
Structural Monitoring Program and the ASR Aging Management Program.

This report discusses the walkdowns and anchor test program to the extent necessary to support
the structural assessment. The detailed results of the walkdowns are documented in
Reference 9.2.9. The program for testing anchors in ASR-affected concrete is documented in
Reference 9.2.6.

This report does not cover evaluations of measures to address water ingress as these efforts are
being handled separately by NextEra Energy.

MPR-3721
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Summary of Results and Conclusions "_

Confinement provided by reinforcing steel and other restraints is a key factor regarding the
impact of ASR on reinforced concrete structures. Confinement limits ASR expansion of the
in situ structure, which reduces the extent of deleterious cracking and the resultant reduction in
concrete properties. Given this interplay between expansive ASR degradation and structural
restraint, the structural assessment herein relies on structural testing rather than typical materials
type testing on cores removed from the structure,

p

2.1 IMPACT OF ASR ON STRUCTURES

This assessment of the impact of ASR on structures considers both the impact on structural
demand and the impact on structural capacity. The assessment uses structural test data available
in published literature. These data are for small-scale test specimens with configurations that are
not necessarily representative of Seabrook Station, but provide conservative results.
Notwithstanding these differences, the test results are applied as they are the best data available
at this time. The test programs underway will perform full-scale tests of configurations that are
representative of the walls in the B Electrical Tunnel. A more definitive evaluation of the impact
of ASR on the structures will be made once these test programs are complete.

2.1.1 Structural Demand P

While ASR generally reduces the stiffness of unreinforced concrete, reinforced concrete
structures affected by ASR behave differently from unreinforced cores due to confinement of the ,
concrete by the reinforcing steel. In fact, ASR has been shown to increase the stiffness of
reinforced concrete sections, at least for structures with confining reinforcement in all three
directions (Reference 9.5.1, Section 4.3). Further, these same tests show no difference in the
response in the linear-elastic range. Overall, we conclude that the impact of ASR on structural
demand and seismic response of the reinforced concrete structures at Seabrook Station is
negligible.- Some of the bases for this conclusion are noted below.

" The natural frequency of structures is proportional to the square root of the structure's
stiffness, thereby reducing the percent change in natural frequency for a given change in
material stiffness.

" Changes in stiffness associated with ASR only affect dynarmic loads such as seismic.
While seismic loads are significant in some areas, the fact that ASR does not affect the
other loads that contribute to the total loads reduces the overall impact of ASR on
governing load combinations. While changes in elasticity can affect load distribution in
redundant structures (e.g., monolithic concrete), the structural components at Seabrook
Station were originally analyzed using relatively simple load assumptions and load
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di~stributions. Therefore, a change in elasticity will not signirficantly affect the- load
distribution in structures.

Since the ASR has a negligible impact on. structural demand, the impact of ASR on structures
and on structural attachments can be assessed solely on the basis of changes in capacity.

2.1.2 Structural Capacity

Although ASR pattern cracking can be observed in many areas within Seismic Category I
structures and Maintenance Rule structures, only a limited portion of these areas have sufficient
ASR degradation to merit detailed evaluation. The MPR. walkdowni effort encompassed
13 1. locations' with the potential for pattern cracking- Of these 131 locations, only 24 exceeded
the screening criterion of a Combined Cracking Index of 1.0 minim, Based on published
guidance for addressing ASR, concrete with a Combined Cracking Index below 1,0 minim is
generally considered to have only minimal impact on structural capacity. Of the 24 areas above
the 1,0 mi/nm Combined Cracking Index, 1 I were selected for detailed evalouation, The sample
was biased to include those with the highest Combined Cracking Indices (i.e., >1 5 mm/rm) and
those in the scope of present operability determinations.

,4

Detailed evaluations of these I 1 areas focused on out-of-plane shear and reinforcement. Lap
splices (anchorage of reinforcing steel). two limit states for which available data indicated that
there is a potential decrease in capacity due to ASR.

* Out-of'-Plane Shear-Available data from scale tests indicate that ASR. can potentially
reduce shear capacity by up to 25%. However, ACI 31 8-7 1, on average, includes
approximately 50% margin on the shear capacity for components up to two feet thick, but
lesser margin for components thicker than. 2 feet,

For components up to two feet thick, ASR should not degrade shear capacity below
that calculated from ACT 318-71 as the margin inherent in the code exceeds the
maximum reduction in shear capacity.

For components greater than two feet thick, ASR may degrade shear capacity up to
25% below that calculation from ACI 318-7 1.

0 Lap Splices and Embedment-Available data from rebar pullout tests, an outdated and
unreliable test method, indicate a 40% strength reduction for lap splices in ASR-affected
concrete, However, there is approximately 23% conservatism in the ACJ 31.8-71 equations
for lap splice strength. Therefore, ASR could decrease lap splice strength about 17%
relative to that calculated using ACI 31 8-7 1, (For cases where the actual concrete
compressive strength was credited, the 23% conservatism in the ACI 31.8-71 equations for
lap strength cannot be credited as part of this conservatism derives from the difference
between specified and actual compressive strength,)

'Note that the walkdown scope did nol include all candidate locations within Seismic Category I struotures and the
selected Maintenance Rule strucmres. Some of the candidate locations were eliminated from the sope for detuiled
w.iikdown on the basis of a general sute walkdown identified no indications of ASR or significant wate irgress.
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For thI subjeed to detailed evaluation , a total of 143 evaluations were assessed to
determine if e vas Nu jem i ccommodate ASR. Of these 143 evaluations,
47 (33%) do not have sufficient margin based on the margin documented in the Seabrook Station
calculations, However, after exploring means for potentially recovering margin, only 15 of the
143 evaluations (10%) appear to have insufficient margin to accommodate ASR.

Given the conservative nature of our approach, the fact that 15 eval uations appear to have
insufficient margin to accommodate ASR degradation does not necessarily mean that the
respective structures are not suitable for continued service. The conservative aspects of our
evaluation include the following:

The 40% reduction of lap splice strength in ASR-affected concrete is not representative of
the expected lap splice performance in ASR-affected concrete at Seabrook Station.

The 40% reduction is based on a test method which is outdated and known to be
unrealistic. In Reference 9.1.2, ACI Committee 408 indicates that the rebar pullout
test is "the least realistic" test of the four test methods that they evaluated. Further,
they state that:

the use ofpullout test results as the sole basis for determining development
length is inappropriate and not recommended by Committee 408."

The 40% reduction value was applied despite this admonishment as it is
conservatively derived from the most relevant data available. p

-IThe test used reinforcing steel much smaller than typical reinforcing steel used at
Seabrook Station. Reinforcement anchorage Is known as a limit state that does not
scale well.

Although the level of ASR degradation in the tests was not documented, the test V
program targeted advanced levels of ASR degradation. The ASR at Seabrook
Station is not at an advanced state.

The conservatisms in the evaluation approach, coupled with the ACI 408 Committee's
strong statement on the suitability and reliability of rebar pullout testing suggest that there
is significant uncertainty in the screening criterion that was applied. It is concluded that
there is reasonable assurance that the structures are adequate for an. interim period.,

Potential strength reductions of 25% for out-of-plane shear are not representative of the
expected performance of the walls at Seabrook Station.

- The available data on out-of-plane shear show a range of impacts from a reduction of
25% to a gain of 12%. The average impact is a reduction of 6%, which is within the
available margin for all areas.

- The shear capacity reduction due to ASR of 25% is based on a small-scale test using "
5-inch x 3-inch beams, It is well known that shear phenomenon does not scale well.

MPRr.377 2-3 3
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Therefore, the reduction in shear capacity due to ASR is likely less than the 25% used in
the screening.

It is noted that test programs have been initiated to determine the shear capacity and lap splice
performance in full-scale, ASR-affected specimens that replicate the key features of the walls in
the B Electrical Tunnel. The tests are essentially proof tests that will provide a definitive
assessment of the nominal margin inherent in the design and any apparent reduction due to ASR.

NextEra Energy performed a supplemental assessment for the 15 evaluations that initially
appeared to have insufficient margin to accommodate ASR. The objective of their assessment
was to demonstrate adequate margin. Their evaluation focused on conservatism in the demand
(i.,e. loads and load factors).

2.2 IMPACT OF ASR ON ANCHORS

a Assessment of the impact of ASR on anchors is based on testing that MPR sponsored at the
Ferguson Structural Engineering Laboratory (FSEL) at the University of Texas at Austin.. "IThe
objective of the testing was to better understand the performance of post-installed anchors (both
expansion and undercut) under tension when subjected to a range of ASR-induced cracking.
Both the pullout/pull-through and concrete breakout failure mechanisms were investigated. The
expansion anchors tested were from the Hilti Kwik Bolt family, which is a common type of
anchor used at Seabrook Station. The undercut anchors tested were Drilico Maxi-Bolts, which
are used in some applications at Seabrook. These undercut anchor results also provide insights
for other types of anchors including embedments and cast in place anchors.

The initial testing, which. was intended to provide results to support this interim assessment, used
an ASR-affected bridge girder available at FSEL. Future test series will use new blocks in which
ASR is grown over time; the blocks will provide a much more representative simulation of
concrete walls at Seabrook Station.

The key conclusion from the tests is that there is little reduction in anchor capacity at the
cracking levels observed in the plant. For expansion anchors there was no reduction in
pulloutipull-through capacity at the Combined Cracking Indices observed at Seabrook Station.
For undercut anchors there was up to a 16% reduction in capacity relative to the control tests.
This potential reduction in capacity is readily offset by conservatisms in the design capacity of
the anchors, or by crediting the average 28-day compressive strength for concrete at Seabrook
Station instead of the specified strength. It is concluded that the range of ASR-induced cracking
currently observed at Seabrook Station does not adversely impact the operability of safety-

4 related concrete anchors in service at the plant.

2.3 PATH FORWARD

The path forward for addressing the ASR issue at Seabrook Station is to complete the test
programs that will provide information necessary to (1) support long-term assessment of the
impact of ASR on plant structures, and (2) define action levels for the Structural Monitoring
Program and the ASR Aging Management Program. These test programs include:
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A Shear Test Program to establish the shear capacity and flexural stiffness of concrete
beams without transverse (i.e. shear) reinforcement, which have varying levels of ASR
degradation. This test program will also investigate potential structural modification
concepts to restore shear capacity if necessary.

S* A Lap Splice Test Program to establish the performance of reinforcement anchorage and
flexural stilness in concrete beams without transverse reinforcement which have varying
levels of ASR degradation. The testing will also investigate potential structural
modification concepts to compensate for apparent degradation of reinforcement anchorage,
if necessary.

An Anchor Test Program to establish the performance of expansion anchors and undercut
anchors in ASR-affected concrete. The next phase of the program will use concrete
specimens that are representative of walls at Seabrook Station. W

P

6*

Ia.

p.
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3
Characterization of ASR Degradation

Since the first identification of ASR pattern cracking at Seabrook Station, NextEra Energy has
implemented a series of efforts to characterize the extent of ASR degradation at the site. These
efforts include:

multiple campaigns to remove concrete cores from the areas exhibiting ASR pattemr
cracking for petrographic examination, and for testing to assess the effect on concrete
mechanical properties; and

* engineering walkdowns of Seismic Category I structures and some 1 0CFRSO.65
Maintenance Rule structures to assess the condition of concrete structures, focusing on

wevidence of AS.R and evidence of moisture which could lead to expansion due to ASR.

In addition to the above efforts, NextEra IEnergy is initiating a Test program on aggregate
reactivity to assess whether the reaction is near exhaustion or will continue into the future.

3.1 ExAMINATION AND TESTING OF CORES

NextEra Energy has implemented three campaigns to obtain cores from plant structures at
Seabrook. Station. The first campaign addressed the .B Electrical Tunnel, which was the first
place where ASR pattern cracking was observed. The second campaign expanded the scope to
five additional areas: below-grade portions of the Containment Enclosure Building (CEB), the
Emergency Feedwater Pumphouse, the Diesel Generator Building, the Residual Heat Removal
(RHR) & Containment Spray (CS) Equipment Vault, and RCA Walkway. The third campaign
obtained cores for testing to resolve differences in compressive strength testing from the
previous results for the B Electrical Tunnel.

3.1. 1 Petrographic Examination

B Electrical Tunnel
S impsorm Gumpertz, & Heger (SGH) performed petrographic examination of :Four concrete cores
from the B Electrical Tunnet. SGI-I identified occasional cracks visible without magnification
and numerous microcracks visible under low magnification in the coarse aggregate particles and
the surrounding paste structure. The mierocracks are often interconnected, forming a network of
pattern cracking. The cracks were often filled with a white material that appeared to be ASR get.

. In addition. SG!-t identified dark rims around the perimeters of the coarse aggregate particles
(i.e., "reaction rims") that are consistent with ASR. Based on these observations, SGH
concluded that the concrete distrews was caused by ASR (Reference 9.2. 1).
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Other Locations
As part of an extent of condition evaluation, NextEra Energy obtained cores from other locations

.exhibiting symptoms of ASR in concrete simnilar to the B Electrical 'runnel. Specifically,
NextEra Energy obtained cores from the Radiologically Controlled Area (RCA) Walkway, the
R.HR & CS Equipment Vault, the Emergency Feedwater Pumphouse, the Diesel Generator
Building, and the Containment Enclosure Building. SGH analyzed these cores and determined
that cores from all of the examined locations except the RCA Walkway exhibited evidence of
ASR, including pattern cracking, internal aggregate fractures (some partially filled with ASR
gel), and dark reaction rims around aggregate (Reference 9.2.5).

As discussed in Reference 9.3.3, SGH performed petrographic examinations on sections of three
16" partial-depth concrete cores from the interioar face of a B Electrical Tunnel wall (24" thick),
The objective of this testing was to determine if the degree of ASR varied through the thickness
of the wall. There was a higher degree of ASR cracking in the samples of the concrete near the
exposed interior wall surfaces (i.e., cover) as compared to concrete removed from deeper within
the wall.

3.1.2Mechanical Testing of Cores

NextEra Energy obtained several sets of cores for mechanical testing to investigate the presence
of ASR. Results of these mechanical tests are summarized as follows:

" Miller Engineering & Testing performed compressive strength testing of twelve concrete
cores from the B Electrical Tunnel, The as-tested compressive strength values ranged from
3,630 psi to 5,690 psi with an average of 4,790 psi. All reported values exceed the original
minimum specified compressive strength of 3,000 psi, but were lower than the original
construction compressive strength test results of 6,120 psi. (Reference 9.2.2)

" NextEra Energy contracted SGH to perform compressive strength testing on the remnants
of four concrete cores from the previous round of tests, The as-tested compressive strength
values ranged from 5,790 psi to 6,360 psi. (Reference 9.2.3)

* SGH also performed testing for elastic modulus. The as-tested elastic modulus values
ranged from 1.95 ) 106 psi to 2.25 x 106 psi, which are lower than the expected elastic
modulus values. ACI 318-11 (Reference 9.1.3, Section 8.5.1) calculates the elastic
modulus as a function of compressive strength; commentary to ACI 318-11
(Reference 9.1.3, Section R8.5.1) indicates the tolerance on the modulus is ±20%. For
concrete with a specified compressive strength of 3,000 psi, the equation
(E, = 57,000 x 'If') calculates an elastic modulus of 3.12 x 106 (range of 2.50 × 106 to
3.74 x 10' psi if the ±20% tolerance is applied). For the minimum measured compressive
strength of 5,790 psi, the expected elastic modulus is 4,33 X 106 psi. (Reference 9.2.3)

* Based on the substantial differences between the measurements from Miller and SGH,
NextEra Energy contracted Wiss, Janney, Elstner (WJE) to perform testing for
compressive strength on twelve ASR-affected cores and three control cores (i.e., no
evidence of ASR) from the B Electrical Tunnel. The as-tested compressive strength values
ranged from 4,720 psi to 6,610 psi. (Reference 9.2.4)

NPR-3 7" 3-2
Revis.o6 I

Page 20 of 182



SGH performed testing for elastic modulus and compressive strength on cores from other
locations at Seabrook as part of an extent of condition evaluation. Specifically, cores from
the RCA Walkway, the RHR & CS Equipment Vault, the Emergency Feedwater
Pumphouse, the Diesel Generator Building, and the Containment Enclosure Building were
testeda Elastic moduli were lower than expected in all areas except the RCA Walkway due
to ASR; however, compressive strength results were consistent with the original
compressive strength for each location tested. (Reference 9.2.8)

Mechanical testing of cores was initially pursued by NextEra Energy, because this approach is a
traditional method for determining mechanical properties of existing concrete structures per
ACI 228. 1 R. However, the results of this testing are not indicative of the structural performance
of an ASR-affected structure, As discussed in Reference 9.5.1, in most. circumstances, the
measured strength of a core will be less (if not significantly less) than the strength of the concrete
in the structure. Cores are no longer subject to the strains imposed by ASR-related expansion or
restraints imposed by the reinforcing cage, and therefore do not accurately represent the
structural behavior. Accordingly, the reduction of mechanical properties observed in the
mechanical tests are not represen ative of the structural performance of buildings at Seabrook
Station.

TRe mechanical tests are useful as a diagnostic tool to confirm that ASR is present. As discussed
in Reference 9.5.4, mechanical properties of concrete are negatively affected by ASR to varying
extents. Typically, the elastic modulus of unconfined concrete is one of the most rapidly
affected mechanical properties; compressive strength is affected less rapidly. The test results
obtained by Seabrook are consistent with this expectation and support a diagnosis that ASR is
present.

3.1.3 Residual Aggregate Reactivity Testing

NextEra Energy is initiating a test program to determine the residual aggregate reactivity. This
program includes both mortar testing in accordance ASTM C 1260 and concrete prism testing in
accordance with ASTM C 1293. Both tests monitor expansion over the test to determine
whether a particular aggregate is suitable for new construction.

0 ASTM C 1260, Potential Alkali Reactivity of Aggregate (Mortar-Bar Method) - This test
uses a IN sodium hydroxide solution and very high temperature (1761F) to rapidly react
silica in the aggregate during a 16-day test,

& ASTM C 1293, Standard Test Method for Determination of Length Change of Concrete
Due to Alkali-Silica Reaction - This test specifies preparation of a concrete prism using
the aggregate under investigation and a sodium hydroxide admixture to supply alkali
reactant. The test specimen is stored in a warm, humid environment (i.e., in a sealed
container over water at 380C [I 00°FI) to accelerate the reaction. This test requires at least
one year to obtain results, but is more reliable than the ASTM C 1260 testing, which uses
more aggressive test conditions.

This testing is planned for reclaimed coarse aggregate from cores that had been used for
compressive strength testing. The samples will use coarse aggregate reclaimed from cores that
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were affected by ASR and aggregate reclaimed from cores that were not affected by ASR. This
testing will provide a qualitative assessment of the amount of reactive silica remaining (i.e., the
relative extent of reaction) by comparing test results for aggregate in ASR-affected areas and
results for aggregate in control areas that are unaffected by ASR (or fresh aggregate from the
quarry). If reactive silica is the limiting reactant, the tests will provide a qualitative assessment
of the potential for additional ASR expansion in the concrete structures as Seabrook Station. If,
however, alkali is the limiting reactant in the Seabrook Station. concrete, the potential for future
expansion will be less than that estimated from the reactive aggregate tests.

3.2 FIELD WALKDOWNS

MPR completed a comprehensive site walkdown effort to assess the extent of ASR throughout
the plant, Prior to the walkdowns, petrographic examination of concrete cores from the first two
campaigns had confirmed the presence of ASR in five Seismic Category I structures. The
primary objectives for the walkdowns were to;

* Identify and assess any apparent degradation from ASK, including estimating in situ
expansion,

" Assess whether concrete in the vicinity of supports for safety-related Systems, Structures,
or Components (SSCs) shows any indications of ASR distress, and

" Document and characterize water intrusion or evidence of previous water intrusion since
this condition is a key contributor to concrete deterioration and distress caused by ASP-

The results of these walkdowns constitute a baseline condition assessment of plant structures
which will be used for trending the progression of ASR. Note that the walkdowns are not a
comprehensive structural inspection per ACI guidelines, as such an inspection is covered by
Seabrook Station's Structural Monitoring Program.

3.2.1 Walkdown Scope

The overall scope for the walkdowns focuses on Seismic Category I structures as well as some
10CFR50-65 Maintenance Rule structures given their significance for nuclear safety. The areas
of interest are primarily those areas that are potentially exposed to moisture either by
groundwater ingress (exterior walls below grade, base slabs), high humidity in the area, or
exposure to precipitation and ambient humidity (exterior walls above grade). Many plant areas
are not exposed to moisture (interior walls, especially above grade) and have a very low risk of
developing cracking due to ASR; these plant areas were excluded from the walkdown scope.

The walkdown scope was separated into three phases to represent locations that require
increasing levels of effort for assessment. Phase I walkdowns included locations in Category I
and Maintenance Rule structures that were readily accessible and susceptible to ASR. Locations
requiring scaffolding or confined space permits were included in Phase 1. Phase 2 walkdowns
included selected locations in Category I and Maintenance Rule structures where the concrete
surface was accessed by removing the coating and cleaning the concrete surface (typically for a3' by 3' area). The areas that concrete surfaces were accessed beyond the coating for further
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assessment in Phase 2 were selected by a preliminary walkdown of coated areas during Phase 1
walkdowns. The selection parameters utilized a biased screening, seeking out areas that showed
evidence of coating distress or water accumulation behind the coating. Phase 3 walk.downs
include locations in Category I and Maintenance Rule structures that. are normally inaccessible
for walkdons (e.g., inside manholes, high radiation. areas, etc). Phase 3 areas are ltikely to only
be assessed in parallel with concurrent activities and coincidental outage related opportunities
(e.g., removal of missile barrier at the CEB, opening of manholes, etc.). The full list of
structures (and rooms within) identified for walkdown assessment may be found in. Scope for
Alkali-Silica Reaction Walkdowns, (Reference 9.7.1).

The Phase I and Phase 2 walkdowns were performed from August 2011 to February 201.2, and
are documented in Reference 9.2.9. Phase 3 walkdowns will be performed when. the areas can
be accessed.

3.2.2 Implementation

The walkdowns were performed in accordance with Procedure for Alkali-Silica Reaction
Walkdowns and.4s.sessment Checklist (Reference 9.7.2). The procedure fo-cuses on. ident~ifying
evidence of AS R, and evidence of moisture, either past or present, which could lead to
deleterious expansion from ASR. It includes quantification of the extent of ASR cracking, The
procedure is consistent with published .guidance for the initial condition assessment of structures
affected by ASR.. Key elements of the procedure are described below.

Pattern Cracking
Concrete deleteriously affected by expansive ASR is characterized by a network or "pattern" of
cracks (Reference 9.5.3). ASR involves the formation of an alkali-silica gel which expands
when exposed to water. Microcracking due to ASR is generated through forces applied by the
expanding aggregate particles and/or swelling of the alkali-sililca gel within and around the
boundaries of reacding aggregate particles (Reference 9.5,4), 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, To identify mid
verify the presence of ASR the maximum crack width, a cracking index, and a description ofthe
cracking including any visible surface discoloration were documented.

Additional Cracking
Any non-ASR cracks within five feet of ma apparent degradation area were documented in case
the structural assessment needs to consider the ASK concurrent with non-ASR degradation. The
maximum crack width and a general description of the cracking were included,

Cracking Index
Cracking Indices were'determined .fot accessible surfaces exhibiting ASR pattern cracking. The
Cracking Index used in the walkdowns is consistent with the definition in Report on the
Diagnosis'; Prognosis, and Aitigation of Alka!l.Silk.a Reaction (.4SR) in .Tranwportadon
Structures, (Reference 9.5.4). *Vhe Cracking Index is the summation of the crack widths on the
horizontal or vertical sides of a 20-inch by 20-inch square on the ASR-affected concrete surface.
Since each side of the square is 0.5 m, the Cracking Index in a given direction. is reported in units
of minim. A cracking index of I mm/rn can be equivalenrt to I Millistrain of expansion if
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straining between the cracks are ignored as an engineering approximation.. This approximated
strain value is not a precise measurement of strains experienced due to ASR expansion. The
Cracking Index is most useful as an indicator of relative expansions experienced by various
areas.

The horizontal and vertical Cracking Indices were determined as shown in Figure 3-.. However,
for the data presented in this report, the horizontal and vertical Cracking Indices were averaged
to obtain a Combined Cracking Index (CCI) for each area of interest. The CCI represents the
expansion along the entire perimeter of the 20-inch by 20-inch square. Review of the walkdown
results reveals little difference between the horizontal and vertical Cracking Indices at a given
location with few exceptions, Therefore, use of the CCI does not alter the conclusions of the
assessment documented herein.4 4k

p

I'

aib

Combined Cracking Index (CCI) = Sum of Crack Widths (mm) I Sum of Side Lengths (m)
CCf = 1,40 mm/ 2.0 m =0.7 mm/m

Figure 3-1. Example of Combined Cracking Index (CCI) Measurements

Water Ingress
Published studies on ASR and discussions with recognized experts indicate that external sources
of water (groundwater ingress, precipitation) are not always required to produce ASR. However,

2 As discussed in Section 7, use of the CCI facilitates comparison to anchor bolt testing in ASR-affecred concrete

bridge girders. The girders have rebar in only the vertical direction so there is a significant difference between
horizontal and vertical Cracking Indices.

b.,

m.

I,

I,
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petrographic examination of cores from internal walls show no evidence of ASR and general
walkdowns of the plant show that an external source of water is necessary to produce ASR
distress in the concrete used at Seabrook, As such, any areas with vidence of seepage (past or

0 present) were documented and described (e.g. staining, discoloration, or effloreseence), Along
with seepage, any evidence of areas of foreign material ingress, including suspected ASR gel that
were within or near an apparent degradation area were noted.

, Popouts
A popout is caused by a fragment breaking out of the surrace of the concrete, leaving a hole
varying in size tlhat contains a fractured aggregate particle (Reference 9,53), Popouts caused by

* expansive ASR are formed as a result of the pressure induced by ASR gel. The number, size,
and location of popouts were recorded.

EmbedmentslAnchorages
Any expansion anchors or structural embedmcnts that were within five feet of an apparent
degradation area vwere documented should it be necessary to assess the perfortmance of specific
anchorages in ASR-affected concrete,

3.2.3 Results

Table 3-1 provides a high level sumrnmary of the waikdown resuhs from Reference 9.2.9. The
field walkdowms to date have assessed 131 locations including, 106 Phase I locations and
25 Phase 2 locations. Of the 106 Phase 1 locations, 50 locations did not exhibit any indications
of pattern cracking.

Areas included in the walkdown scope were determined to have a significant risk of developing
cracking due to ASR. The key parameter for judging this risk is the exposure of a concrete
component to moisture in its current condition, The sources of such moisture exposure are
external exptsure (i.e. precipitation) and below-grade water ingress. Many plant areas were
excluded from the walkdown scope due to a low likelihood of exposure to moisture, (ie. interior
walls, especially above grade) and have a low risk of developing cracking due to ASR. Of the
most accessible areas in the walkdowrn scope deemed to have a significant risk of 'SR, about
half of them showed no signs of pattern cracking.

Although pattern cracking was noted in many locations throughout the plant, the extent of ASR
degradation within a given location is localized and in most areas is minor. The .maximum width
of an observed crack suspected of being caused by ASR was 0.70 ram. Howcver, the maximumn

* crack width of most ASR-affected areas was <0.25 mm. Further, the measured cracking indices
are low-the maximum Combined Cracking Index taken from a structural surhace is only about
2.5 mMrmM, Cracks that appear to be independent of ASR havebeen evaluated by NextEra
Energy and will be followed by the Structural Monitoring Progran.
The field walkdowns did not find any locations that require immediate action based on the visual

observations gathered.

A cracking index. wm. Taken in ,on-ýtructural grout resulted in a Combined Cracking index of about 3.2 mmlm.
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Table 3-1. Summary of Walkdown Results (Reference 9.2.9, Table 2-1)

Phase I Phase 2
L (106 Locations) (25 Locations)

Pattern Cracking Present' 48 18

O0 < CCI < 1.0 mr/m 31 10

1,0 s CCl < 20 mm/m 13 8
ASR Cracking 2.0 z CCI < 3.0 mrrdm 0 2

CC I ; 3.0 mm/m 1 0

Max Crack Width 0.70 mm 0.50 mm
Yes 53 19

N o n-A S R C rac kin g Y es.. .. ..

Max Crack Width 2.50 mm 3.0 mm

Active 16 14
Seepage Past 37 24

Popouts Present 10 0

Expansion Anchors 45 21
Supports Structural Embedments 43 16

Notes:

1 The number of locations with pattern cracking present may not equal the sum of the
locations in cracking index ranges presented. In some locations where pattern cracking
was present, more than one cracking index was performed. Also, the cracking index was
not determined for some locations due to access constraints. Cracking indices were also

determined for locations where pattern cracking was not conclusively present.
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4
___Approach for Structural Assessment

The approach for assessing the adequacy of ASR-affected structures at Seabrook Station is based
on an extensive review of literature on ASR degradation of concrete, and consultations with
recognized experLs on ASR and its effects on reinforced concrete structures and equipment
anchorages. The discussion in this section reviews how ASR affects concrete and the
importance of confinement to provide the technical basis for the approach. The approach of this
assessmem is then described in detail.

The approach for assessing the adequacy of ASR-affected structures at Seabrook Station relies
on structural testing of ASR-affected specimens. Testing of actual structural components
affected by ASR provides the best representation of the performance of plant structures. A
classical approach would be to determine material properties using cores extracted from plant
structures and input these properties into detailed analytical models, However, this approach
does not provide an accurate representation of the performance of the actual structures. Once a
core is removed from a structure, it loses the confinement provided by reinforcing steel, plant
configuration and applied loads (i.e., the "structural context"). As a result, material properties
measured using the cores are not representative of the performance of the in situ structure.
Structural testing, on the other hand provides the best representation possible of the performance
of ASR-affected. reinforced concrete structures,

4.1 ASR DEGRADATION OF REINFORCED CONCRETE STRUCTURES

The discussion below draws upon insights from various papers and publications on ASR
including References 9.1.5, 9.5.1., 9.5,3, 9.5.4, 9.5.5, 9.5.7, 9.7.4, and 9.7.5,

4.1.1 ASR Mechanism

ASR refers to the reaction between siliceous phases present in some aggregates and hydroxyl
ions in the pore solution of concrete. Once the silica is in the solution, it reacts with alkali ions
(Na+, K+) to create an alkali-silica gel. The gel has a high affinity for water and expands as it
absorbs moisture. Expansion of the gel exerts tensile stress on the concrete that can crack the
aggregate particles and the cement paste. Typical cracking resulting from ASR is described as
c"pattern" or "map" cracking (see Figure 4-1) and is usually accompanied by a dark staining

around the crack openings,

4-
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Figure 4-1. Example of ASR Pattern Cracking on Highway Barriers (Reference 9.5.4)

The extent of ASR degradation and the degradation rate depend on: (1) the reactivity of the
specific aggregate(s); (2) the alkali content of the pore solution, which relates to the alkali
content of the cement; (3) the presence of moisture to allow alkali migration and to expand the
gel which drives the cracking; (4) temperature which impacts reaction rates; and (5) confinement
provided by configuration of the structure and the steel reinforcement within the structure,

The cracking may degrade the mechanical properties of the concrete necessitating an assessment
of the adequacy of the structures and supports anchored to the structures. The degradation from
ASR has been shown to alter the correlations between compressive strength and other concrete
properties (e.g., tensile strength, modulus of elasticity) that are inherent in concrete design codes.
As noted in References 9.5.4 and 9.5.5. the concrete properties most rapidly affected are the
elastic modulus and the tensile strength.

4.1.2 Impact of ASR on Material Properties

The effect of ASR on material properties for unreinforced or unconfined concrete is reasonably
well understood. Several publications show that the observed expansion on the surface of
unconfined concrete can be correlated to degraded properties such as umiaxial compression,
moduLus of elasticity, and tensile strength, In fhct, Reference 9.5,5 provides lower-bound
degraded properties based on measured free expansion in unconfined concrete. The lower bound
properties tabulated in Reference 9.5.5 show that compressive strength is a weak function of the
observed expansion, while tensile strength and elastic modulus are much stronger functions of
the extent of ASR degradation.

4.1.3 Effect of Confinement on ASR Expansion

ASR affects confined concrete structures differently than an unconfined structure. Concrete
structures can be confined by one or both of the following: (1) internal reinforcement and
(2) externally-applied restraints or stresses, Confinement of a concrete structure limits the ASR
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expansion and therefore cracking, The effect of confinement is visualdized in the following
photographs of an ASR-affected, reinforced concrete beam:

0 Figure 4-2 shows the midsection of tie long side of the beam. This face of die beam is
* confined by internal reinforcement in both the horizon.t and vertical. direction.

a Figure 4-3 shows the end face of the same concrete beam.. The end Ike of the beam has

nminimal internal rei nforcement in the same plane as the end face.

.*
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Figure 4-2. Midsectiort of ASR-Affected Beam (Conifined Face)
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Figure 4-3. End of ASR-Affected Beam (Unconfined Face)
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The difference in cracking between the two beam faces is dramatic. The tensile stress created by
the ASR exparnsion in the midsection of the beam is resisted by the internal reinforcement,
thereby limiting crack size and maintaining structural integrity.

When the rebar carries the tensile stress exerted by ASR, the Core of the concrete, within the
rebar cage, is compressed. This effect is similar to the effect of concrete prestressinig. in some
cases, the prestressing effect of ASR creates a stiffer structural component with a higher ultimate
strength than. an unaffected member (Reference 9.5,1 ).

The concrete prestressing effect is only present when the concrete is confined. The concrete
prestressing effect is lost when the concrete is taken out of the stress field (e.g., core removed
from a wait). A core taken from a confined ASR-affected structure will lose its confin.ement and
no longer represents the context of the structure. Measured mechanical properties from a core
taken from a conrfmed ASR-affected structure have limited applicability to the in situ
performance and only represent the performance of an uneonfined or unreinforced structure.

The effect of confinemen on ASR-affected concrete is discussed further in Reference 9.5.1.

4.1.4 Peftormance of ASR-Affected Structures

Various researchers have investigated the performance of structures affectcd by ASR. These
tests have involved both laboratory-prepared specimens and specimens recovered from actual
structures, and specimen sizes up to full-scale. Reference 9.5.1 includes a review of these tests
focusing on those that are most applicable to reinforced concrete structures similar to those at
Seabrook Station. The studies cited therein showed that the structural performance of the
specimens was typically better than would have been expected based on calculations using
concrete properties measured from cores taken from the siructures, This discrepancy is
attributable to the effect of confinement as discussed above.

4.1.5 Conclusions

Confinement iN a key factor regarding the impact of ASR. on reinforced concrete structures.
Confinement limits ASR expansion of the in situ structure,, which reduces the extent of
deleterious cracking and the resultant reduction in concrete properties. Given this interplay
between an expansive ASR degradation and structural restraint, it is imperative that evaluation of
the structural, impacts due to ASR focus on structural testing rather than typical materials type
testing on cores removed Ftom the structure.

4.2 STRUCTURAL ASSESSMENT APPROACH

The structural assessment has the following three elements.

Structural Demand and Seismic Response-ASR may impact the stiffness of a structure,
which would alter its dynamic response during a seismic event. This impact is evaluated
to assess whether the structural demand is impacted.

Capacity of Structural Components---ASR degrades the capacity of structures as described
earlier in this section.

4-6
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Capacity of Anchors-----The capacity of embedments and anchors can be impacted by the
microcracking and macrocracking associated with ASk.

The potential impact on capacity of a stnicture or anchor will be considered in conj unction with
the potential change in structural demand to provide an integrated assessment.

The structural assessment documented herein relies on available data from testing with
reinforced concrete specimens that are affected with ASk. This .includes testing to quantify"
structural performance of ASR-affected concrete structures, and testing to quantitr~y the
perforiarmce of anchors in. ASR-affected concrete, Reference 9.5.1 presented a comprehensive
review of the availabl.e data on the impact of ASR on reinkrced concrete structures, identifying
several significant gaps in available data. These gaps relate to shear and reinforcement
anchorage,

, Shear capacity of ASR-affeeted reinforced concrete structures without trarnierse
reinforcement -- Most of the available data are based on beams which have reinforcement
in all three directions, including the transverse direction, The data available for
components without transverse reinforcement used antiqUated plain reinforcement (i.e., no
deformations) with low yield strength (approximately 30 ksi) and irequired an extensive
retrofit to generate a shear failure (Reference 9.5.10). The moderm rebar used in Seabrook
Station is markedly different in terms of strength (60 ksi. minimum) and deformations (i.e.
ribs) on the surface of the bar. The application of this data to the concrete components at
Seabrook Sation will provide an excessively conservative and potentially misleading
conclusion.

Perfor•mance of reinforcement anchorage in ASR-affected concrete witout transverse
reinforcement - Reinforcement anchorage is most important with regard to moment
transfier between rebar at lap splices. The available data on reinforcement are limited to
small rebar sizes (#5) (Reference 9.5.8). Further, the available documnentation for this
testing does not allow a considered assessment of applicabilit., to Seabrook Station,

* MPR and FSEL have initiated test programs to address the above gaps. The tests will use large
beams to provide a full.-qcale simulation of portions of structures at Seabrook Station. The
testing will include beams with varying levels of ASR degradation from no degradation (control
specimens) to levels consistent with that currently observed & Seabrook Station and levels well
beyond that observed at the plant,

Reference 9.5.1 also identified a lack of available data on the impact of ASR on embedded
anchors (e.g., expansion and undercut anchors). This gap is already being addresed in testing at
FSEL subcontracted by MPR. However, the testing to date has used ASR-affected concrete
specimens available at FSEL. Future test series will usc test specimens fabricated to more
closely represent the configuration at Seabrook Station, and will expand the data to cover a range
of embedment depths.

The final data from these programs will be incorporated. into the long-term assessment of the
impacts of ASR. In the interim period, pubished test data will be used to assess plant structures
and data from initial anchor test series will be used to assess the performance of anchorages.
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4.3 SUITABLE FOR. CONTINUED OPERATION VERSUS DESIGN BASIS

The evaluations herein utilize approaches and criteria that arx consistent with those used in
operability assessments as opposed to design basis evaluations. This approach is appropriate
because the report focuses on the near-term adequacy of concrete structures affected by ASR and
attachments in ASR-affected concrete. When test data from the various test programs are
available, the effect of ASK on structures and attachments WIll be reconciled with the plant's
design basis analyses.

Acceptance criteria and various code expressions in ACI 31.8-71 are typically based on lower
bound values determined froin review of data from myriad tests available in oPen literature. The
evaluations herein consider the margin between the lower bound values ustt in the code and the
expected performance (i.e,, the average) of the test data to establish the nominal capacity of the
structures. It is noted that the evaluations are still conservative given the inherent conservatism
in the load factors and material factors used and in the conservatism in the applied loads.
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5
Evaluation of Structural Demand and Seismic
Response

This section includes an assessment of the impact of the extent of ASR on the demand and
seismic response of safety-related and some maintenance rule structures. Thi.q evaluation
employs the following approach:

Identify the types of demand which form the design basis.

Consider and evaluate the effects of the currently demonstrated extent of ASR on the
demand and the seismic response of unreinforced and reinforced concrete structures,

The conclusions of the MPR assessment are compared to those ot'a detailed study Wonmissioned
by NextEra Energy on the effects of the currently demonstrated extent of ASR in the walls of the
Containment Enclosure Building.

5.1 DESIGN BASIS

-he governing design loads of the reinforced concrete structurms affected by ASR at Seabrook
Station vary by structure and sometimes by elevation within a structure. Some examples
include:

0 Safe Shutdown Earthquake (SSE) loads - Containment Enclosure Building (CEB).

a I AiveEquipment-related loads - Containment Building (CO) - Loss of Coolant Accident
(LOCA) pressurization loads (note that the Conainment Building at Seabrook Station is
protected from the environrent hy the CEB and an annulus about 5' wide),

* Environmental loads - Below-grade portions of the B Electrical Tunnel (Control Building)
and the Residual Heat Removal. (RHR) Equipment Vault- Hydrostatic head loads (note
that seismic loads are only a small fraction of the load profile for many below-grade areas).

5,1.1 General Seismic Design Characteristics

In the design basis, seismic loads on many reinforced concrete structures at Seabrook Station
were determined using a spectral response approach, Using the spectral response method,
seismic loads were determined based on the structure's natural .frequency, or its inverse, the
natural period.

In its simplest form, the natural frequency of a linear dynamic system can be characterized by the
following equation (Reference 9.7.6, Sections 3-1 and 3-2):
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Where. f- stnrcture's natural frequency (Hz)
k = stiffness of the structure (I bmnisecZ)

m - mass of structure (Ibm)

The effect of ASR on the dynamic response of a reinforced concrete structure can be
characterized t, the simple equation for frequency of vibration given above.

The equation shows that the natural frequency of a structure is proportional to the square root of
the structure's stffness divided by its mass. ASR may affect the stiffness of a reinforced
concrete structure, but the mass of the structure is not aftfted,

5.1 2 Seismic Design Spectra

The horizontal response spectrum for Seismic Categoty I structures at Seabrook Station is shown
in Figure 5-1. Table 3.7(B)-I of the Seabrook Station UMSAR (Reference 9.6. 1) states that, for
SSE, loads, reinforced concrete structures are designed using 70/9 of critical damping.

Using the response spectrum method, structural loads are proportional to the response
acceleration associated with the structure's natural frequency. Spectral accelerations are
represented on one of the non-orthogonal axes represented on Figure 5-1.

Figure 5-1 shows that for natural periods between about 0,10 sec and 0.4 sec (frequencies
between 10 Hlz and 2.5 Hz), there is very little change in the spectral acceleration. This is the
result of peak-broadening for the most-likely ground response spectrum. The maximum
response acceleration occurs at a natural period of 0.4 seconds (frequency of 2.5 Hz). Many
reinforced concrete structures have a natural period and frequency close to this peak value.

For a reinforced concrete structure with a natural frequency of 2.5 Hz (0.4 second period),
Figure 5-1. shows that for 7% damping. the spectral velocity is 16.7 inlsec, and the spectral *
acceleration is about 262 i:nlsec 2 or 0.68 g. This is the maximum response acceleration, and is
significantly greater than the maximum 0.25g ground acceleration.
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5.2 STIFFNESS OF REINFORCED CONCRETE COMPONENTS

The response of a structure to a dynamic load, such as seismic, is proportional to the stiffness of
the strucnare. ASR. has been shown. to reduce the stiffhess of unconfined concrete, The effect of
ASR on the stiffness of a reinforced concrete structure is discussed in the context of a generic
structure and structures at Seabrook Station.

Mechanical testing of unconfined concrete cores shows that significant degrees of ASR can
reduce the modulus of elasticity of unconfined concrete (Reference 9.5.5, Section 4.4), A
summary of bounding effects from varying degrees of ASR from mechanical testing of
unconfined concrete cores is shown in Table 4 of Reference 9.5.5.

Unreinforced concrete cores subjected to ASR generally contain internal microcracking and
xn'cromcracking, leading to reduced strength and stiffness normally associated with ASR, The
Institution of Structural Engineers emphasizes the following (Reference 9.5.5, Section 4.4):

It is emphasized that the residual strengths and st(ftesses in actual structures will
he modified from the figtres in Table 4. This is becaive the concrete in actual
strrdctures is generally restrained by adjacent material and is in a biaxial or
triaxial stress staie. These effects will tend to reduce the damage to the concrete
and increase Its residual mechanical properlies.

While ASR generally reduces the stiffness of unreinforced concrete, reinforced concrete
structures affected by ASR behave differently from unreinforced cores due to confmnement of the
concrete by the reinforcing bars, ASR has been shown to significantly increase the post-elastic
stiffness of reinforced concrete components, at least for concrete structures triaxially confined by
reinforcement (Reference 9.5.1, Section 4,3), As showm in Figure 5-2, the stiffness of an ASR-
affected reinforced concrete component remains unchanged within the linear-elastic regime.
Figure 5-2'shows the much improved strength and stiffness behavior of the component in the
non-linear portion of the response. Since there is little di]Terence in the behavior of the ASR-
affected concrete and the unaffected control beam in the elastic regime, it is reasonable to infer
that natural frequency of both components would remain the same in that portion of the response
curve. It is important to note that the overall strength of the ASR-affected component is notcompromised."
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Figure 6-2. Stiffness Testing of ASR-Affected Beams
(Reference 9.5,1, Figure 7)

In short, in a case where the benefits of triaxial confinement can be established through the
presence of a three dimensional reinforcement cage, there does not appear to be any adverse
effect on structural response due to ASRK The apparent increase in stiffness and strengthi
illustrated in Figure 5-2 is a result of the confining effect of the reinforcing steel. The ASR-
related expansion of concrete relative to the reinforcement places the concrete in a prestressed-

" compression condition, which leads to the increased ultimate load shown in Figure 5-2.

,Many structural components at Seabrook Station are confined with reinforcement in two-
directions and do not include transverse reinforcement. These structural components will likely
perform similar to the ASR-affected and contro.l load deflection curves shown in Figure 5-2 in
the elastic regime. Full-scale testing will be required to accurately model the effects of

* confinement on an ASR-affected reinforced concrete component with two-dimensional
4 reinforcement. Such a full-scale testing program is in-progress.

5.3 STUDY OF CONTAINMENT ENCLOSURE BUILDING

SGH performed a study of the CEB using a visual survey and finite element analyses
(References 9.3.1, 9.3.2. 9.3.3, and 9.3.4). The visual survey is documented in Reference 9.3.1.
Most of the survey locations were in the CEB, and additional surveys were conducted in each of
the following structures: B Electrical Tunnel, the Diesel Generator Building, the EFW
Pumphouse, and the -JIR Equipment Vault. In addition, digital photographs were taken and a
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visual condition rating was assigned to each location surveyed. The crack index measurement,
were obtained using the procedure outlined in Reference 9.5.4. The Overview of Results and
Conclusions on the cover page of Reference 9.3,1 states:

Ct values and typical crark widths at the CEB wall are less than the minimum
values (CI value of 0.018 in4kd (0.50 mimni) and/or crack width of 0, 006 in
(0.15 mm) spec(Jied in FI-AWA Report HIF-09-004 as indicative of concrete likely
undergoing ASR. Fundamental differences between the CEB wall and the basis
structures for the .FHWA document may compromise the applicability ofthe th
FR WA document to the CEB wall when assessing the probability, structural
effects and progno-y-Is of ASR.

Because the majority of the crack index measurements and crack widths observed were less than
the minimum criteria given in the FHWA Report HIF-09-004 (Reference 9.5.4), SOH concluded
the applicability of NHWA criteria to Seabrook structures was questionable. Instead, SGH
developed subjective visual rating criteria to quantify the degree of ASR.

The subjective rating criteria were based on cores obtained near locations where visual ratings
were taken. These cores showed variations in concrtce properties that were attributed to ASR.
The correlation of mechanical properties to the degree of ASR in specific locations was
performed in Reference 9.3,2 based on the visual ratings,

The modified cancrete properties were used to determine the effects of ASR on the response of
the CEB with a dynamic analysis (Reference 9.3.3) and on the demand of the CEB walls with a
finite element analysis (Reference 9.3.4). The Overview of Results and Conclusions on the
cover page of the dynamic anl.ysis (Reference 9.3.3) states:

The maximum acceleration profiles and ISRS are not significantly impacted by
the averaged ASR-damaged properties.

0

The Overview of.Results and Conclusions on the cover page of the finite element analysis
(Referaence 9.3,4) states:

The ASR damage in concrete does not significantly impact the merafl
forces/moments in the wall.

Continuing from Section 3.2 (Reference 9.3.4):

ASR damage on average does not affect the DCR4 values in the CEl. wall. This
behavior is valid both for both OBE and SSE load conditions.

The dynamic and finite element analyses showed minimal difference in the seismic response and p
demand on the CEB based on nominal vs. ASR-affected concrete properties.

[4emond to Capacity Ratio
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5.4 CONCLUSIONS

The impact of ASR on structural demand and seismic response of the reinforced concrete
structures at Seabrook Station is negligible. The bases for this conclusion are listed below.

0 , The shape of the seismic response spectrum makes it urdikely that ASR will increase
seismic loads on the reinforced concrete strucurres at Seabrook Station. There is very little
change in the seismic response between frequencies between 2.5 and 10 Hz. Decreases in
stiffness at frequencies below 2.5 Hz decrease seismic response.

* The natural frequency of structures is proportional to the square root of the structure's
stiffness, thereby reducing the percent change in natural frequency for a given change in
material stiffness.

0 Typical mechanical property tests that describe the effects of ASR on concrete are based
on tests of relatively small, unreinforced concrete cores. These tests show a significant
reduction in stiffness (concrete elastic modulus). Tests of full-scale reinforced concrete
beams indicate that ASR may have little impact, or potentially may increase stiffness of
reinforced members. The triaxial confining effect of concrete reinforcement allows a
compressive prestress to develop in the concrete in resistance to ASR-relited expansion.

a Design loads on concrete structures generally are based on the sum of several load
categories such as dead load, live load, hydrostatic loads and seismic loads. Changes in
stiffness associated with ASR only affect dynamic loads such as seismic. While seismic
loads are significant in some areas, the fact that ASR does not affect the other loads that
contribute to the total reduces the overall impact of ASR on governing load combinations.
Changes in elasticity can affect load distributions in redundant structures (e.g., monolithic
concrete). The structures at Seabrook Station were analyzed using relatively simple load
assumptions and load distributions, so a change in elasticity will not significantly affect
individual components.

5.5 FUTURE ACTIONS

A full-scale testing program to quantify the effect of varying degrees of ASR on structural
component stiffness (EI) is in-progress. The basis for the conclusion that- ASR has a negligible
effect on the structural demand and seismic response of the reinforced concrete structures at
Seabrook Station will be further justified through the full-scale testing program.

•APR-3727 5-7
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Evaluation of Structural Components "_

This section assesses the impact of ASR on the structural performance of safety-related and some
maintenance rule structures, This evaluation employs the following approach:

o Identify the types of structures at Seabrook Station and the related design basis,

" Perform' a screening to select a sample of structural components otr detailed evaluation,
The sample will be biased to areas with significant indications.

" Evaluate the ability of sa'ety-related structural components to perform their design safety
function. given the currently demonstrated extent of ASR. The evaluation of ASR-affected 0
concrete structures will identiLN" any recommended actions.

6.1 DESIGN BASiS

The design of safety-related concrete structures at Seabrook Station is governed by AC] 318-71
(Reference 9.1.1). ACI 31.8-71 provides load cases for various natural and mmn-made loads. a
These loads include, but are not limited to: deadweight, live loads, hydrostatic head, wind,
tornado missile and seismic.

The individual concrete components are integrally east, creating monolithic structures.
Individual concrete structural components can be divided into the following categories:

* Load-Bearing Walls and Columns: These reinforced concrete e]ements are constructed in
the vertical direction. Vertical load is transferred through the element in compression to
the base mat. Horizontal load is resisted through flexure and/or shear and transferred to the P
base mat.

* Floor Slabs, Base Mats and Beams: These reinforced concrete elements are constructed in
the horizontal direction, Floor slabs and beams resist applied loads though flexure and
shear and transfer the load to vertical elements (walls and columns). Base mats distribute
concentrated loads from vertical elements and some applied loads onto the subgrde *

through flexure and shear.

6. 1. 1 General Design Information

Specified concrete strengths vary among structures at Seabrook Station. Concrete strength of
3,000 psi was specified for .most structures. but 4,000 .psi was specified for a few structures and ,
5,000 psi was specified for one maintenance rule structure (Reference 9,6,3). Statistical
evaluations of compression tests from original construction (Reference 9.2.11) revealed that the

Op

~fPR.3727 6.
R~vimioti 1

Page 42 of 182



average compressive strength of concrete ,specified for 3,000 psi was 4,359 psi with no
individual cylinder test showing a compressive strength value less than 3,500 psi.

* The thickness of load-bearing wails are typically two feet or greater. Columns are used
occasionally either stand-alone or as part of a load-bearing walL and. are typically four feet
square or larger. Floor slabs are at least one foot fhick, usually greater. Beams are used in very
few locations. Base mat thicknesses usually vary between four and six feet.

Steel reinforcing bars conform to ASTM .A61 5 (Grade 60 deformed bars) (Reference 9.6.2).
Typical bar sizes for safety-related structures are #8 to #11 except for contaimnent which utilizes
larger bars. Reinforcing bars are typically placed in two-directional mats with one mat near each
concrete face. The spacing between individual bars typically range from 6 to 12 inches. Clear
concrete cover for rebar is typically 2 inches for internal faces and 3 inches for external faces.
Transverse reinforcement (i.e. reinforcement provided through the wall thickness) is only
provided in limited applications.

6.1.2 General Design Approach

As discussed in Section 1.2, the station layout minimizes the site footprint and height of the
structures above grade. This layout resulted in a station that is very compact and contains more
below grade areas than is typical. Many structures are only separated by a three-inch thick
isolating material, permitting them to act independently in a seismic event. This small gap
between many of the sfety-related struetures does not permit the external assessment of many
walls (above or below-grade).

,'a

E.sign of the below-grade portion of the station structures is usually governed by the large
hydrostatic load instead of seismic and equipment loads, External wall designs tend to be
governed by flexure or out-of-a shear. Internal wal actasbres for the external walls and
their designs are usually governed byv i l T. any walls are designed to carry a high
load cccentricity'(i-. high bending moment reIattTe~t4 vertical load) and their loading more
closely resembles that of a beam instead of a column. The design of above grade walls are
typically governed by equipment toads (large equipment or pipe whip) or natural loads such as
seismic or tornado missile.

.4
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6.2 SCREENING OF STRUCTURAL COMPONENTS

The reinforced concrete structures are screened to identify structures or portions of a structure
that require a more detailed evaluation. The screening uses the observed severity of degradation
based on. the Combined Cracking Index (CCI)5 and maximum ASR crack width from the
walkdo wns (Reference 9.2.9), and guidance from published studies (e.g., References 9.5.4, 9.5.5,
and 9.5.6) to disposition some structures or portions of structures as having negligible to minimal
structural degradation.

6.2&1 Currently Available Screening Methods

Several published studies describe screerting methods to determine when structural evaluations
of ASR-affeeted concrete are appropriate and how to prioritize such evaluations. Three
screening methods from published studies are briefly sumanrized below. These three screening
methods will be combined to form the basis of the screening criteria for the structures at
Seabrook Station. While these screening methods are based on lightly or unreinforced concrete
structures, they are useful in the absence of criteria directly relevant to the hghly-reinforced
concrete structures used in nuclear generating facilities.

The Institution of Structural Engineers (U.K.) publication Structural Effects of.Aikali-
Silica Reaction (Reference 9.5.5, Sections 6.3.2 and 8.2) describes a screening method for
ASR-aflýcted concrete using five categories based on studies of unreinforced structures as
outlined below:

- Category 1: Expansions on the order of 0.4 mm/m are of no concern even if ASR has
been identified petrographically as they occur in the normal service of concrete
unaffected by ASR, Expansions up to 0.6 mm/m will only marginally impact:
strength.

- Category 11: Expansions in the range of 0.6 to 1.0 mm/m have an impact on some
concrete characteristics such as tensile strength, but will only have a marginal impact
cn highly reinforced structures.

- Category III: Exrpansions in the range of 1I0 to 1.5 mm/n should have a detailed
appraisal with consideration to potential capacity reductions.

Category IV: Expansions in the range of 1.5 to 2.5 mmrrm require a detailed appraisal
with consideration to potential capacity reductions.

Category V: Expansions of 2.5 mm/M Or greater should be subject to special study,
testing and monitoring. ,

The U.S. Department of Transportation - Federal Highway Administration publication
Report on the Diagnosis, Prognosis, and Mitigation of Alkali-Silica Reaction (ASR) in

- The Coinbined Cracking Index (CCO) ti he average of the horizontal and vertical Cracking Indices. Cracking
Indices are further discussed in Section 3.2.2.
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Transportation Structures (R•eference 9.5.4, Section 4.2,4) identifies cracking criteria
based on studies of unreinforced ASR-affected structures. Mare detailed investigations are
justified it expansions of 0,5 mmim or individual cracks of 0. 15 mm or greater are
identified.

Oak Ridge National Laboratory publication In-Service Inspecton Guidelines for Concrete
Strucures in Nuclear Power Plants (Reference 9.5.6, Section. 5.4.6) identifies cracking
criteria for ASR-affected concrete using four categories based on a study of lightly
reinforced concrete beams with undeformed reinforcement. Reference 9.5.6 indicates that
structures in categories I and 2 have not likely been significantly damaged and structures
in categories 3 and 4 require structural evaluation. T'hose categories are explained below:

Category 1: Crack widths up to 0.2 mm.

- Category 2: Crack widths in the range of 0.2 to 1.0 mm,

- Category 3: Crack widihs in the range of 1.0 to 2,0 mm,

- Category 4: Crack widths greater than 2.0 mmX6.

6 2.2 Selection of Screening Criteria for Structural Components

In the absence of studies more relevant to the reinforced concrete design and detailing used at
Seabrook Station, the selected screening criteria in Table 6-1 utilize a combination of all three of
the previously described criteria, It is recommended that these screening criteria are updated
when rmore relevant studies are available.

Table 6-1. Criteria for Screening ASR-Affected Areas

Recommendation for Individual Combined Cracking Indei

Concrete Components indidual Crack Width

Structural Evaluation 1-0 mmlm or greater 1.0 mm or greater

Quartitative Monaitoring 0.5 minim or greater 02 mm or greater
and Trending i _

Oualitative Monitoring Any area with indications of 0attein cracking or water ingress

Note: The criteria related to expansion due to ASR are expressed in terms of CCI to be
consistent with the field walkdown results.

.:,46

.1

.. 46

Due to a typogniphic t-ror, this value wa~s rcported as 0.2 mm in Ref'erence 5.6.
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6.2.3 Implementation of Screening Criteria for Structural Components

The results of the screening of ASR-affected areas recommended for structural evaluation are
provided in 'fable 6-2. The screening criteria are applied on the results of field walkdowns
(Reference 9.2.9).

Table 6-2. Results of ASR-Affected Area Screening for Structural Evaluation

Criteria Screened Out Screened In

Combined Cracking Index (OCI)K 107 24
1.0 mn~m or greater

Individual Crack Width'.13
131 01 0 mrn or greaterIII

Note: A few cracks with a width of 1.0 mm or greater were identifted during the field
walkdowns, but none of these were dispoattioned as caused by ASPR. The evaluation of
these cracks are covered by the Seabtook Statbrn Structural Monto(ing Program.

The eleven areas selected for detailed evaluation are identified in Table 6-3. The selection is a
sample of the areas screened in from Table 6-2. The sample of the screened-in areas is biased to
include the areas with the highest combined cracking index, Any area with a CCI of 1,5 rmn/m
or greater was selected for the sample'. The largest CCI in the selection is about 2.5 mm/m. The
selected areas in Table 6-3 include areas previously identified by NextEra Energy
(References 9.7.7 and 9.718) as areas of concern.

In one urea, a CCI was taken in non-structural grout and exceeds 135 rim/re. This area was not selected Ibr
detailed evaluation because the area. affected appears to be localized to non-structural grout.
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° Table 6-3. ASR-Affected Areas Selected for Detailed Evaluateon

..4

Structure Elavation Room Structural Components Reference
Number of Conuern Calculation

RHR Vault 61' up to various All Wafs PB-30

Emergency Feedwater (-4 26 up to EFST1 North and East Walls EF-4
Pumphouse grade (20')

i ~North, East, and West
Electrical Tunnel''8' (-) 20' up to 20' CBSTI oas aCD-20

Walls and Flooir Slab

Unit 1 NE Wall @ El. 0' SG-1, CDAO0,RAu lTunnels & All Cored Walls WB-69, WB-82

Diesel Generator Building- (-) 16' DG102 East Wall CO-18

. .. .. B South Wall, East Wall P8r0 WB-82Pnay Auxiliary Buldng ........) •' P8205 (South Portion)

Primary Auxiliary Building H North Wall, Column near EM-31
Mechanical Penetration NE comer of room

Electrical Tunnel'B)EF01 North, South Walls
cri unnelB (-)20' EF101 and Floor Slab EF-4, EF-11

MS/FW Pipe Chase i Above Grade Exterior East Waif EM-19
(East) ('20Y) Eterior EastWalt _EM-19

Cooling Tower Above Grade Unit I South Wall & North Pipe CT-53. CT-28(:>2v) Exterior Chase Bump-out

Service Water Above Grade Exterior North Wall of SW
Pumphouse (>20') _Bump-out & South Wall

if
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6,3 DETAILED COMPONENT EVALUATIONS

The detailed evaluations reviewed the relevant design-basis calculations to assess the curremn
margin, considering the worst-case effects of advanced ASR degradation and conservatisms in
the ACI code as documented in code committee reports.

The detailed component evaluations:

0 Documented the margin in the design basis calculation for each component in the selected
AS R-aftected areas.

Identified the evaluations with-in the calculation that are adversely affected by ASR
degradation of the concrete.

Identified analysis options that could be employed to increase the margin in evaluations
that are adversely affected by ASR degradation of the concrete. The review did not
address margin that could be gained by methods outside of analysis space, such as
anticipated full-scale structural testing.

*, Estimated the amount of unnecessary conservatism that could be removed if the
recommended analysis options were pursued. t

* Identified areas that would likely not meet acceptance criteria after applying the potential
strength reductions due to ASR degradation, even with unnecessary analysis conservatisms
removed.

This review is documented in MPR Calculation 0326-0058-63, which is included as Appendix A
of this q)port.

6.3. 1 Screening Criteria for Detailed Component Evaluations

The detailed evaluations of structural compomnnts focus an the limit states of reinlfbrced concrete
design affected by ASR. Table 6-4 compares these limit states with the effects of ASR as
documented in literature (Reference 9.5.1). Table 6-4 includes assessments of whether or not a
given limit state is a wonrem for Seabrook Station structures. The rationales for these judgments
are provided as footnotes to Table 6-4, Conclusions from Table 6-4 are:

* ASR has potential to reduce the ability of concrete to develop the full strength of
reinforcement at locations of reinforcement lap splices and at locations of reinforcement
straight bar embedment (i.e., embedments without hooks) in areas that a three-dimensional
reinforcement cage is not provided. Sufficient length is required :in the reinforcement lap
splice length and in the embedment length to fully develop the strength of the reinforcing
steel.

*, ASR has the potential to reduce the ability of the concrete to resist out-of-plane (one-way)
shear loads in areas that a three-dimensional reinforcement cage is not provided. One-way
shear also envelopes in-plane shear. hi-planc shear primarily resisted by flexural
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reinforcermrt and is more wn.sii.ve to The affects of ASR duc to its potential efects on
reinforcement d-eveiopment instead of shear in the concrete.

ASR has no significant effects on flexure., one..way shear with transverse reid'brcement,
two-way shear, and reinforcement anchorage with transverse reinforcement.

ASR effects on compression are not a consideration for the Seabrook Station. structures.

Table 6-4. Limit States Considered for Effect of ASR

LImit State Lower-Bound Effeot of ASR Concern for
(Referance 9,5.1) Seabrook

Structures?

0 Axial Compression Moderate loss of strength Nol
(up to 18 % loss)

Flexure No sgnificant loss ofstrength or sffness No2
(up to 7% loss)

with transverse No significant loss of strength or stiffness NO
reinforcement (more than 16% gain)

SOne-Way Shear 
-_ wthout transverse Hkgh variability among similar specimens Yes

reinforcement (up to 25% loss)

Two-Wy $hear No significant loss of strength or stiffness Noý
(up to 9% loss}

with transverse No significant loss of strength or tffiness No'
Reinforrement reinforcement (up to 10% loss)
Aenchorageet
Anchorage without transverse Significant loss of strength Yes

reinforcement (4D% loss)

Notes:

I The effect of ASR on axial compression is a concern for columns or load-bearing walls with high
compression relative to the applied flexure loads, i,.e.; the concrete compression controlled region of
the bending moment and axial load interaction diagram. Review of the components in the sample
of ASR-affected components did not identify any compression elements that were compression
controlled, All compression components reviewed are controlled by high load eccentricity or the
reinforcement tension controlled region of the interaction diagram.

2. These losses are negligible when examined in the context of the normal strength variation toterated
within reinforced concrete constnrction (Reference 9.5, 1). It is reasonable to use no loss of
strength for this limit state for determining operability.

Based on Table 6-4, the limit states of one-way shear without transverse rei nforcement and
reinforcement anchorage without transverse reinforcement are of concern to Seabrook structures
affected by ASR.

MPR-3727
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The screening criteria used to evaluate whether out-of plane shear and reinforcement anchorage
are a potential concern for a given location are developed below. These screening criteria
consider the strength reductions from Table 6-4 and conservatism in ACI acceptance criteria as
discussed in Reference 9,5.2,

Out.of.Plane Shear
Potential strength reductions of up to 25% for out-of-plane shear in ASR-affcted. concrete are
identified in Table 6-4. TNis potential reduction is based on testing of 5" x 3Y concrete prisms
without transverse reinforcement (Reference 9.5.9). The results of the testing had high
variability, with a mraxcimum enhancement of shear strength of 12% and a maximum reduction of
25%. The potential cut-of-plane shear strength reduction of25% is conservative because it is the
maximum. reported icduction in ýthe testproigram.

Conservatism in the calculated capacity for out-of-plane shear strength in the ACI Code
equations of approximate]y 50% is documented in ACI Code Committee reports per
Reference 9.5.2. This conservatism is applicable for elements with two-dimensional rebar,, i.e.
no transver.e reinforcement. The lower botrod of the data is what forms the basis for
ACI 318-71 code requirements. The use of average values is appropriate for the purposes of
evaluation of operability. 'The combination of conservatism in ACI 318-71 with regard to
expected performance and the maximum potential performance reduction due to the effect of V
ASR is that. there is no net reduction in shear capacity relative to that calclated using
ACI 3 18-71 for components as thick as two feet,8 For components thicker than two feet, the
reductioon in shear strength is expected to he 25% and no credit is taken for the conservation
identified in Reference 9.5.2, The criterion of 25% for out-of-plane shear is the potential
reduction for components thicker than two feet. This criterion is u.ed in the detailed evaluations
to diffi-,rentiate between evaluations that are of concern and ealuations that a=e not of concern.

Reinfornement Lap Splices and Anchorage
Potential strength reductions of 40% for reinforcement lap splices in ASR-affected concrete are
identified in Table 6-4. The potential strength reduction of 40% is the average strength reduction
reported, which is appropriate for an operability assessment. This potential reduction is based on
reinforcement pullout testing in concrete without transverse reinforcement reported in.
Reference 9.5.8. The potential lap splice strength reduction of 4T/% is likely conservative
because the reinforcement pullout testing targeted a weaker failure mode for a component with a
low or moderate concrete cover to bar diameter ratio. This weaker failure mode is described in
ACI Code Committee reports (Reference 9.1.2). In Figure 6-1, the expermetal study used test
method (a) while structural performance is best represented by test m'ethod (d). ACI 40SR-03
(Reference 9.1.2) states:

The pullout specimen (Fig. 1.6(a)) is widely used because of Us ease of
fabricarion and the simplicity of the rest ... This specimen is the least realistic of
thefour shown in Fig. t.6 because the stress fields within the specimen march few

• This conclusion applies when the evaluation is based on a design r, of 3,000 or 4,000 psi. as apprmpriale to lihe
building being reviewed. This conclusion does not apply when the value of f, in the calculations is based on test
dwa~. For these cases, the reduction in shear streneth is expected to be 25% and no credit is taken for the
conservatism identified. in Rctbs-nce 9,5.2.
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cases in actual construction, ... Thzus, the use ofpitdout test results as the sole
basis for determining development length is inappropriate andno: recommended
by Committee 408 ... Beam anchorage and splIke specimens shown in
Fig. 1. 6(c) and (d), respectively, represent larger-scale specimens designed to
directly measure development and splice strengths infull-size members.

"The experimental study in which 40% anchorage strength reduction was measured employed #5
bars. Dimrectly applying those test results to the anchorage performance of much. larger
reinforcing bars (generally #8 to #I1 for safety-related structures other than containment) is
conservative.

.4 4.
.. a¢) (t:)

(d)

Figure 6-1. Reinforcement Development Test Methods
(Reference 9.1.2, Figure 16)

Conservatism in the calculated capacity for reinforcement lap splice strength in the AC[ Code
equations of 23% is documented in ACI Code Conmittee reports per (Reference 9,5.2). This

A conservatism is applicable for components with two-dimensional rebar, i.e. no transverse
reinforcernentL In this regard, 'conservatism" is established by considering the average of the
tes-t-to-prediction ratios. The lower bound of the data is what forms the basis of code calibration.
1The use of average values is appropriate for the purposes of evaluation of operability, until more
appropriate data such as full-scale structural testing are available.

SBased on References 9.5.1 and 9.5.2, a criterion of 17% is justified as the potential reduction in
strength of reinfbrcement lap splices and reinforcement embedments due to AS.R.9 The 17%

,The critcrion of 17% is the arithmetic sum of- 23% and -40%. The Tlevant. AC[ 3 18-71 equations are not 1inear
and can requ ire an ierative approach. A scoping analysis dtelermbed that uwin@ the siun of the two ionsiderations Ls
more conservative 1han comparing the Iwo cowsiderations through the AC! design equations (see Appendix A of this
report).

.4p
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criterion is applicable to evaluations that consider the speciefed compressive strengths of
concrete. In cases where the actual compressive strength was used the 23% code conservatism is
not applicable and a 40% criterion. is used. The 23% code conservatism is also not applicable to
reinforcing bar sizes #6 and smaller and the 400/a criterion is used in evaluations crediting these
smaller bar sizes. These criteria am used in the detailed evaluations to screen between
evaluations that are of concern and evaluations that are not of concern.

Lap splice length and embedment length are important to three types of evaluations:
(1) reinforcement to carry bending moment:, (2) reinforcement Lo carry in-plane shear loads, and
(3) for minimum flexural reinforcement requirements." These are the evaluations that are
flagged in the review for further scrutiny.-

6.3.2 Scope of Detailed Evaluations

A targeted approach was used for the detailed evaluations. The detailed evaluation process is
described below:

* Identify the evaluations within the calculation that address design of the concrete
component to carry design basis loads or address minimum required reinforcement in the
ASR-affected area.

p

* Document the calculated margin in the evaluation relative to the code requirement. The
margin is expressed as the percentage: Margin = 100% * ((Capacity, - Demand) / Capacity,.
The capacity or demand may be expressed as a force, moment, stress, or rebar area,
dependent on how the information was presented in the calculation. The capacity is
calculated using the provisions in ACI 318-71. It is not the margin to failure as there is
additional nmrgin inherent in ACI 318-71.

" Identify the evaluations for which ASR is a concern. These are the evaluations which meet
the following criteria:

- The evaluation of a wall/slab with a thickness exceeding two feet for which the shear
margin in. the design basis calculation is less than 25%.

- The evaluation credits reinforcement for flexure (with or without axial compression
or tension) or in-plane shear. Minimum required reinforcement evaluations for
flexure and in-plane shear per the limits prescribed in ACI 3318-71 are also
considered.

The walt/slab being evaluated has reinforcement lap splices or reinforcement straight
bar embednent (not including the length of straight bar embedment provided with a
standard hook to achieve the required development length).

'n The :review assures that lap splices and anchorage for minimum reinforcement are adequately sized, considering
possible degradation in strength of lap splices Or anchorage from ASR. For wallh, the minimum reinforcement is
primarily for shrinkage, thermal expansion, and serviceability concerns. If the splices are not appropriately sized to
cany these loads, the spl ices could be compromised and the splices could not then cany design basis loads.
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Identify conservatisms in the calculation with potential. to increase the margin in the
evaluation or alleviate the ASR degradation concern, The potential conservatisms that
were considered are:

- Eliminating overly conservati ve simplifying assumptions, e.g., calculating a wall
bending moment as a two-way slab rather than a one-way slab where wall aspect
ratios permit such analysis.

- Eliminating unnecessary levels of conservatism in the calculation of the applied
loads,

- Using a more sophisticated analysis metlhod, e.g., a finite element analysis to more
accurately calculate the distribution of load. Simple finite eiement models were
prepared to estimate the, potential gain with (his approach.

- Taking credit for the actual amount of reineorcement in the walt/slab if this is greater
than the amount of reinforcement required to be in the wall/slab in the calculation.

Taking credit for adjacent reinforcing steel Lap splices that are staggered rather than
aligned.

Taking credit for a reduction in required splice length when the Lap splice is in a low
stress area.

- Using alhernate capacity equations from the ACI Code,

- Determining if the area of interest is affected by ASR indications based on the
walkdown results.

The options considered to improve the calculation margin are generally related to the
analysis and die actual construction details. Other potential sources of conservatism are
deemed to be outside the scope of this review.

* ~stimate the anticipated margin from the methods described. This is the margin that might
be obtained with a reanalysis. The estimate is based on a scoping evaluation and is
provided for information.

* Identify the evaluations for which ASR is a potential operability concern, taking credit for
the potential margin increase that could be obtained from a reanalysis, The evaluations
that are a concern are those that meet the screening criteria for the detailed component
evaluations for which the atic•ipated margin is less than the applicable potential strength
reduction criteria.

As discussed, for cases where an evaluation did not have sufficient margin to accommodate ASR
concerns, an estimate was made of the margin that could be recovered from the evaluation by
removing unnecessary levels of conservatism.

MPR•-7 ,,6-12
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The detailed component evaluations focused on the aspects of interest for the ASR evaluation.
Although the scope was not to verify the comprehensiveness of the design basis calculations,
several calculational deficiencies were identified. These were reported to NextEra Energy for
inclusion in the NextEra Energy Corrective Action Program.

6.3.3 Results

The detailed evaluations addressing eleven areas and the 143 specific evaluations are
documented in MPR Calculation 0326-0058-63, which is included as Appendix A of this report.
A summary of the review results is provided in Figure 6-2 and Table 6-5. There are 15
evaluations in the eleven areas in which the margin in the calculation is not sufficient for the
potential degradation of the concrete by ASR, even with reanalysis to remove some unnecessary
levels of conservatism. The specific evaluations with insufficient margin are identified in
Table 6-6. There are 128 evaluations in the 11 areas that were shown to have sufficient margin
(either documented in the design basis calculations or after potential removal of unnecessary
conservatism included therein) to accommodate potential degradation of the concrete by ASR.
There are 32 evaluations that were shown to have sufficient margin after potential removal of
unnecessary conservatism in those evaluations. In particular, the west wall of CBST1, the
limiting evaluation for out-of-plane shear in the B Electrica] Tunnel, was shown to have
sufficient margin after potential removal of unnecessary conservatism.

Suffic4ent Margin to Accommodate ASR

Sufficient Margin to Accommodate ASR after Potential Margin Recovery

Additional Assessment by NextEra Energy

Figure 6-2. Summary of Detailed Evaluation Results for Selected ASR-Affected Areas

These results are based on a review of die design basis calculations and recovery of margin that
is available in analysis space. The results do not address margin that can potentially be
recovered through otler avenues. such as from the planned full-scale structural testing,

The potential conservatimn in the structural calculations is an estimate based on scoping
evaluations. MPR provided informal checks of these estimates to as•ure they were reasonable.
These scoping calculations are not included in this calculation and the margin recovery estimates
arc not QA results, The identification of conservatism. is an estimate of the likely margin that
could be obtained if the design basis calculation were revised.
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Table 6-5. Summary of Detailed Evaluation Results for Selected ASR-Affected Areas

Structure Evaluated Number of Evaluatons of Evaluations of
Areas with ASR Evaluations Concern Before Concern After

Potential Margin Potential Margin
Recovery Recovery

RHR Vault All Wails, 30 10 1 - See Table 6-6
1--6lft. to-16 ft, 301

Emergency North and East
Feedwater Walls.,-26fl toft 13 4 1 -SeeTable6,--

Pumphouse, EFST1 grade (20 ft)___

North, East, and
Electrical Tunnel 'B', West Walls and I No Evaluations of

CBST1 Floor Slab, -20 6oncern for ASR
ft, to 20 ft, 

Cocr frAI

RCA Tunnel, NEWall@

Unit I Tunnels Elev. 0'& All 5 3 3- See Tabe 6-6
Cored Walls

Diesel Generator East....... -1i ft. 12 3 1 - See Table 6-6
Building, DGIO2 .. a Wall, ... f

. .. ... . .. .. .... . . . . . ..,,,,

Primary Auxiliary South Wall Easo t No Evaluations of
Building, P6205 Wall (South -6 8 Concern for ASR

________ ______ P0rtinX, -6 kt

Pr y Auxiliary North Wall
irimary Auchlial (Column near• No Evaluations of

Building Mechanical comer of
Penetration, MF102 Concer for ASR

room),-34ft. -34 ft,.............. .

Emergency North and South No Evaluations of
Feedwater Walls and Floor f 2 0 Concel fior ASIR

Pumphouse, EF 101 Slab, 1 -20 ft, ConernforASR
East Wall

MStFW Pipe Chase ast Wade No Evaluations of
(EasO), Exterior above ra t.2 Concern for ASR

-- ______20 f ~ Ot.) Concern_ for___ ASIR

South Wall &

Cooling Tower, North Pipe
Unit I Exterior Chase Bump- 44 19 9 - See Tabie 6-6

out, above
grade (> 20 ft,)

North Wall of

Service Water SW Bumpout & No Evaluations ofPurphouse,. Exterior South Wall, 1 1 0 ern ofPurphoe Eeri above grade Concern fo. ASR

(> 20 ft.)

Total 143 47 15

-.f

"The 17.o" slah for EFIO I 'was not irncladcd in this review. Tile design basis ralculdtion wws. not available.
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Table 6-6. Evaluations of Possibie Concern for ASIR-Affected Areas

Wall Evaluation ASR Effect Amount of Margin Required to
_ -Accommodate Potential Effects of

ASR Degradation (%)
__________ ?kHR Vault, Varous Room

EL. f-)45' ... Concrete Shear
4' Ext. Out-of-Plane Shear j Capacity Reduced 25%.

Emergency Feedwater Pumphouse, Room EFSTI

Vertical Reinforcement Embedment & Splice
East for In-Plane Moment i ednth In Spea ed 1%

El. 0 to 27' Length Increased 17%
RCA Tunnel

NE Comer of Vertical Reinforcement Embedment & Splice
for Flexure and 22%Tunner Cor xresi Length Increased 40%

Tunnel Comnpression

NE Coner o eHorizontal Embedment & Splice
Tunnel Shear Length Increased 40%

West Wall
(Control Bldg) - Flexure and Tension Embedment & Splice 22%

Core Bore Length increased 40%
RCAW-1 &2

Diesel Generator Building, Room DG102

East Fiex=e Embedment & Splice 7%Length Increased 17%

Cooling Tower . ................

South, Horizontal

El 32 o Reinforcement for Embedment & Splicel 3 In-Plare Shear, Length Increased 17%
Co__s,___ Sending, and Tension

Southl, Out-o-Plane Shear Concrete Shear 18%
EL (-) 8- to 21 Capacity Reduced 25%

South. Vert Reinforcement for Embedment & Splice 19,5%
EL 21 to 45' Bending Length Increased 17%

South, El- >50' Vert Reinforcement for Embedment & Splice
Cols. D-K Bending and Tension Length Incmeased 17% 6 a'eas ranging from 6% to 12%

W.

9

U

a
&

p

b

5

a
U

a

M.
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6.3.4 Potential Concerns in ASR-Affected Areas

Considering the conservative manner of our approach for the evaluation of ASR-affeeted
structural components, the 1.5 evaluations that appear to have insufficient margin to
accommodate the potential effects of advanced levels of ASR degradation are not tusuitable for
continued service. The conservative aspects of our approach for our evaluations are suimmarized
below.

Potential strength reductions of 40% for reinforcement lap splice and embedment in ASR-
affected concrete are not truly representative of the expected performance of these
reinforcement limit states.

- While the study producing an average strength reduction of 40% was the most
relevant study for the reinforcing anchorage limit state without transverse
reinforcement, the ACO Technical Committee 408 stated in its report that the method
used in the study is "inappropriate and not reconimended.."

.-. The test used reinforcing steel significantly smaller (#5 bars) where the structures at
Seabrook Station typically use #8 bars and larger for safety-related structures.

- While the level of ASR in the reinforcement pullout study was not documented well,
the tests were run at an advanced stage of ASR degradation, Seabrook Station does
have indications of ASR, but it is not at an advanced state.

The multiple conseratisi-s apparent in the detailed evaluation approach, coupled with the
strong statement published by the ACT Committee 408 on the suitability and reliability of
rebar pullout testing as the basis for the strength of reinforcement anchorage in concrete
suggest that there is significant uncertainty in the screening criterion applied to the design
basis calculations.

Potential strength reductions of 25% for out-of-pl ane shear are not representative of the
expected performance of the walls at Seabrook Station.

- The available data on out-of-plane shear show a range of impacts from a reduction of
25% to a gain of 12%. The average im pacl is a reduction of 6%. which is within the
available margin for all areas.

- The shear capacity reduction due to ASR of 25% is based on a small-scale test using
S-inch x 3-inch beams. It is well known. that shear phenomenon does not scale well.

- While the level of ASR in the out-of-plane shear capacity study was not documnented
well, the tests were run at an advanced stage of ASR degradation. Seabrook Station
does have indications of ASR, but it is not at an advanced state,

Thereftre, the reduction in shear capacity due to ASR is likely less than. the 25% used in
the screening, particularly in view of the current state of ASR at Seabrook Station.

..N.:R-72" 6-1.6
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The scoping evaluations used a few simple methods to identify potential margins that
could be recovered in the design basis calculations, The scoping evaluations did not
employ all methods by which to recover margins from over-conservatisms in the
calculations.

Based on the points above, there is reasonable assurance that the structures are adequate to
perform their design function for an interim period.

Test programs have been initiated to evaluate the impact of ASR on shear capacity and
perfoman-ce of reinforcement anchorages using full-scale beams. The full-scue beams will
replicate key features of the B Electrical Tunnel, This method of determining adequacy is
essentially proof testing and is deemed a -more precise method" by the AC1 code. The full -scale
tests will provide a definitive assessment of the nominal margin inherent in the design and any
apparent strength reductions due to various degrees of ASR.

NextEra Energy has performed a supplemental assessment to demonstrate adequate margin for
the 15 evaluations that initially appeared to have insufficient margin to accommodate ASR.
Their evaluation focused on conservatism in the demand (Le. loads and. load factors).

6.4 CONCLUSIONS P

There is reasonable assurance that the structural components are adequate to perform their design.
function for an interim period. The bases for this conclusion arc listed. below:

" ASR pattern cracking can be observed in many areas within Seismic Category I structures
and Maintenance Rule structures, but only a limited portion of these areas have sufficient
ASR degradation to Tne'it detailed evaluation,

" The eleven locations selected for detailed evaluation were biased to include the areas with
the highest Cracking Indices. Of the 131 locations evaluated during the field walkdowns,
only ý24 exceeded our screening criterion of a Combined Cracking Index of 1.0 mm/rm.

" The demailed evaluations of these eleven areas Ibocused on limit states for which available
data indicated that there is a potential decrease in capacity due to ASR: out-of-plane shear,
and reinforcement lap splices and anchorage.

Out-of-Plane Shear--Available data from scale tests indicate that ASR can
potentially reduce s§hear capacity by up to 25%. However, ACI 31 -71 includes
approximately 50%imargin on the shear capacity for components up to 2 feet thick,
but Ie sser margin for components thicker than 2 feet.

p
For components up to 2 feet thick, ASR should not degrade shear capacity
below that calculated from ACI 31.8-71 as the margin inherent in the code
exceeds the maximum reduction in shear capacity.

For components greater than 2 feet thick, ASR may degrade shear capacity up

to 25 % below that calculation from ACI 318-71.,
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- Reinforcement Lap Splices and Anchorage--Available data from rebar pullout tests,
.an outdated and unreliable test method, indicate a 40% strength reduction For lap
splices in ASR-affected concrete. However, there is approximately 23%
conservatism in the ACI 318-71 equations for lap splice strength. Therefore, ASR
could decrease lap splice strength abowt 1.7% relative to that calculated using.
AC] 318-71 and specifi.ed compressive strenggli. For cases where the actual concrete
compressive strength was credited, the 23% conservatism in the ACI 318-71
equations for lap strength cannot be credited as part of this conservatism derives
from the difference between specified. and actual compressive strength.

, . For the eleven, areas subjected to detailed evaluations, a total of 143 evaluations were
assessed to determine if there was sufficient margin to accommodate ASR. Of these 143
evahlations, 47 (33%) do not have sufficient margin based on the margin documented in
the Seabrook Station calculation. However, after exploring means for potentially
recovering margin only 1 5 of the 143 evaluations (100%) appear to have insufficient
margin to accommodate ASR

, 'lThe multiple conservatisms apparent in the detailed evaluation approavh, coupled, with the
strong statement published by the ACI Committee 408 on the suitability and reliability of

-. rebar pullout testing as the basis ibr the strength ofireinforcement anchorage in concrete,
suggest that there is significant uncertainty in the screening criterion applied to the design
basis calculations.

* Potential strength reductions for out-of-plane shear are not representative of the expected
performance of the walls at Seabrook Station. Available data on shear capacity reduction
due to ASR. are based on small-scale testing--some as small. as 5-inch x 3-inch beams. It
is well known that shear phenomenon do-,s not scale well,

It is noted that NextEra Energy performed supplemental assessments to disposition the
15 evaluations which did not initially appear to have suffl.cient margin to accommodate ASR.

6.5 FUTURE ACTIONS

Test programs have been initiated to evaluate the perifrmance of two key limit states in the
* absence of transverse reinforcement. Both tes! programs will uilize full-scale beams to test the

performnace of the limit state in the presence of ASR with two-directional reinforcement
replicating key features of the B Electrical Tunnel

,b The out-of-plane shear testing will test the. perfonrnance of a reinforced concrete section
with selective placement of transverse reinforcement to target a shear failure in a region

* with only two-directional reinibrcement.

The reinforcement anchorage testing wrill test the pertbrmance of lap splices in flexure
without transverse reinfbrcement,

This method of determining adeq-uacy is essentially proof testing and is deemed a. "more precise
method" by the ACI code, The full-scale tests will provide a definitive as=sssment of the
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nominal margin inherent in the designs for each limit state targeted and any apparent strength
reductions due to various degrees of ASR.

A final assessment will need to revisit the current evaluation screening criteria based on the
available literature with criteria derived from the full-scale testing programs. The structural
componems will need to be ree valuated based on the screening criteria derived from the full-
scale structural testing. The reevaluation will include the following:

Structural components that were identified as requiring an evaluation in the initial
screening for the interim assessment,

Structural components that screened out for the interim assessmem but screen in based on
the future condition.

* Any structural components walked down after the interim assessment that screen in based
on the future condition.

I0

6b

aI.
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• 7
Evaluation of Structural Attachments

This section assesses the impact of ASR on anchorages for safety-related systems and
* components. This assessment employs the following approach:

a Identify the types of anchors used in safety-related applications and the related design
.0 bases.

* Perftorm testing to document the impact ofASR-induced cracking on anchor performance.
,, The scope of testing is based on the applicable anchor types, likely Limiting Failure modes

and expected impact of ASR on anchor perfonuance.

* Evaluate the ability of safety-related anchors at Seabrook Station to perform their design
basis safety function given the currently documented extent of ASR, This evaluation

- includes identification of additional work required to complete a final assessment,

This assessment focuses on anchor performance under tensile, rather thei shear, loading. This is
because the performance of anchors under tensile loading is more directly impacted by concrete
properties than under shear loading. Reacting a tensile anchor load requires formation of a series
of inclined compressive struts that radiale from the artchor head to the concrete surface. The
strut compressive force is maintained by a tension field in the concrete (See Reference 9.2.7,

4 Section 8.3.3). Shear failure, however, is primarily due to shear stress in the anchor shank,
accompanied by local crushing of the catncrete at the, sutItce. Unless the anchor is located near a
free sttrface, shear failure by concrete breakout is not a possible failure mode.

7.1 DESIGN DESCRIPTION

A variety of anchor designs and configurations are used in safety-related applications at
Seabrook Station. Anchors can be divided into two broad categories:

l Cast-in-Place Anchors; These anchors are suspended in the supporting structure's
formwork and concrete is then cast around it. Load is transferred through bearing from the
anchor directly to the concrete, Cast-in place anchors in use at Seabrook Station include

4 embedded plates (with Nelson studs), embedded uni-strut type channels (with embedment
studs), Richmond Stud and anchor bolts.

Post-I osta] led Anchors, These anchors are installed by drilling a hole in the existing
concrete. The anchor assembly transfers load to the concrete throogh ffiction and/or
bearing at the anchor/hole interface. Post-installed anchors in use at Seabrook Station

-.,~ include both expansion anchors (eg. Hilti Kwik Bolts) and undercut anchors (e.g., Drillco
Maxi-Bolts).

MFPR-721 7-1
Rev6ision I

Page 61 of 182



7. 1.1 Anchor Applications

Cast-in-place and post-installed anchors are used primardL for pipe supports, electrical cable W

supports, and component anchorages. The following describes the types of anchors typically
used in each applicati on.

Pipe Supports
Pipe supports are typically anchored using post-installed Hlilti Kwik Bolts, although DriUco
Maxi-Bolts are used in some applications. In addition, some larger support (e.g., pipe whip Op

restraints) and pipinganchbr designs use cast-in-place embedded steel plates with Nelson Studs.
Review of Seabrook Station design documentation shows that the following anchor types are
used in safety-related applications at the plant:

S Hilti Kwik Bolt 1: Standard (Carbon Steel), Super, and Stainless Steel

* Hilti Kwik Bolt 2: Carbon Steel and Stainless Steell

* Nil Hi Kwi k Bolt 3

* Drilco Maxi-Bo1t

* Embedded Plates with Nelson Studs

The Seabrook Station Pipe Support Qualification Standard (Reference 9.6.4) identifies key
documents used in the design of the pipe support anchorages at the plant The U)&C Pipe
Support Design Guideline Documents (References 9.65 and 9.6.6) provide the basis for support
design at Seabrook Station from original construction through today. Note that Kwik Bolt 2 and
Kwik Bolt 3 bolts were approved for use after initial construction as a replacement for Kwi.k
Bolt 1 bolts upon discontinuation of the Kwik Bolt I-product line.

Electrical Supports
Electrical and I&C cabling and component supports arn typically anchored using post-installed
SI ilti Kwik Bolts, cast-in-place plates or cast-in-place Unistut-type embedded channels (with

embedrnent studs). The scope of anchors used in safety-related electrical applications is based
on review of References 9.4.1, 9.4.2, 9.4.3 and 9A.4.

Design guidance for electrical supports at Seabrook Station is provided in the UF&C Technical
Guide for the Design and Analysis of the Electrical Conduit System (Reference 9.6.7). Note
that, as it relates to anchor design (e.g., anchor bolt allowable loads, applied factor of safety), the
design guidance provided in Referencc 9.6.7 is consistent with that for pipe supports in
References 9.6.5 and 9,6.6.

Component Anchorages
Anchorages for safety-related components are typically cast-in-place, using embedded steel
plates, or ductile steel bolts (e.g., Richmond anchors). Each component anchorage is
individually designed and analyzed. As such (he= is no generic guidance regarding component
anchorage sizing or design. lowever, the potential impact of ASR induced cracking on these
anchors will be identical to that of other deeply embedded cast-in-place anchors, such as those
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used in pipe whip restraints. Therefore, specific embedment plate configurations are not relevant
to this assessment.

7.1.2 Range of Anchorage Types in Service

This section documents the range of anchorage types accepted for serice at Seabrook Station,
Review of sample support calculations and discussion with plant personnel indicates that most, if
not all, of the wide range of anchorage types (including sizes and embedment depths) accepted
for use are currently installed in safety related applications.

Hilti Kwlk Bolts

As discussed above, fihe Seabrook Station design basis permits the use of Hilti Kwik Bolt 1, 2,3,
and Super (for use in deeper embedment applications). The use of Kwik Bolt 2 and 3 designs
was added after plant construction due to discontinuance of the Kwik Bolt I line by Hilti.
NextEIra Energy has performed equivalency evaluations for Kwik Bolt 2 and 3 embedment

V depths and spacing requirements to ensure that bolts used to replace Kwik Bolt I designs satisfy
existing design strength requirements.

Seabrook Station design basis doeuments permit the use of Kwik Bolt (1, 2, 3, and Super) sizes
ranging from 0.25 inch to 1.25 inches with minimum embedment depths from 1.125 inches to
13.25 inches, respectively. It should be .noted that the Pipe Support Design Guides
(References 9.6.5 and 9.6.6), which provide minimum embedment depths and allowable loads,
provide recommended embedment depths for design purposes that are deeper than the minimum.,
.For example, a 0.625 inch Kwik Bolt 1 has a minimum embedment depth of 2.75 inches, with a
recommended embedment depth of 4.5 inches for design purposes. Discussions with plant
personnel indicate that the "design". embedment depths are used whenever possible, although the
minimum embedment depths are used when deeper embedinents are not practical.

Drillco Maxi-Bolts
DrilIco Maxi-Bolts were permitted for use in pipe supports at Seabrook Station (Refrences 9,6.5
and 9.6.6), although their use has been discontinued and is not permitted in new support designs
(Reference 9.6.4). When permitted, Maxi-Bo]ts ranging from 0.5 inch to 1.25 inches with
minimum embedment depths from 6 inches to 12.5 inches, respectively, were authorized for use.

Cast in Place Anchors
A wide range of cast in place anchor types are in use at Seabrook Station. The plant employs a
variety of embedded plates and channels anchored with headed studs from several =anufacturers
(e.g., Nelson studs, embedded Unistruts, Richmond anchors and inserts and anchor bolts). All of
these anchor types are deeply embedded (typically >6 inches), and designed such that the

- limiting faitlre mechanism is yielding of the ductile steel insert, rather than through failure of the
surrounding concrete. Baed on these design similarities, the potential impact of ASR on their
performance is expected to be consistent between dcsigns.

7. .3 Relevant Concrmte Design Information

The compressive strength and depth of reinforcing steel ("cover depth") are both relevant to the
assessment of anchor performance.

MPR-727 7-3
Reviskm I

,.4t Page 63 of 182



p

Safety-related structures at Seabrook Sttion are typically constructed with concrete with a
minimum 28 day compressive strength (f,) of 3,000 psi. Analysis of core samples taken during
original construction (Reference 9.2.11) shows that the actual average compressive strength of
3,000 psi concrete was 4,359 psi with all individual test results at least 3,500 psi.

Roinforcing Steel
The concrete structures at Seabrook Station contain two directional reinforcing steel. Note 23 of W
Reference 9-4.5 indicates that typical cover depth (the depth of reinforcing steel) beneath the
concrete surface of safety-related structures at Seabrook Station is 2 inches, with the exception of
the external wail surfaces, which have a. cover depth of 3 inches. Based on this, the typical cover
depth in regions of interest for this evaluation (i.e., areas with embedded supports also exhibiting
ASR cracking) is 2 inches. The reinforcing steel is typically in a grid configuration spaced at
12 inches.

7.2 FAILURE MECHANISMS AND DESIGN PHILOSOPHY

This section discusses anchor failure mechanisms and the design philosophy typically used in
anchor design to ensure reliable operadon. This information provides the basis for anchor testing
perfbrmed as part of this effort to determine the impact of ASR-induoed cracking on anchor
performance at Seabrook Station.

7.2. 1 Anchor Bolt Failure Modes

The load path due to tensile loading of concrete-embedded anchors loads the steel fastener itself,
the interface between the fastener and concrete, and creates a tension field in the surrounding
concrete. Anchor capacity is typically limited by three general failure modes (Reference 9,1,4):

Tensile Steel Fastener Failure - Tensile loading results in yielding and eventual failure of
the steel fastener shank. Commonly applied concrete anchor design philosophy is to
embed the anchor sufficiently deep such that tensile failure of the steel fastener is the
limiting failure mode, As discussed above, this practice appears to have been employed at
Seabrook Station in the design of cast-in-place anchors. However, practical limitations
associated with the installation of post-installed anchors often prevent the use of this
approach. As such, many post-installed anchors in service at Seabrook Station appear to
be limited by other failure modes,

Pullout/Pull-Through - Pullout occurs when the anchor pulls completely out of the hole,
usually accompanied by local crushing of the concrete above the anchor head. Note that
partial pullout of the anchor, followed by failure due to concrete breakout at the shallower
embedment depth is not uncommon, Pull-through is a similar failure mode, occurring
when the anchor shank separates from the expansion clip or sleeve. Note that this failure
mode is only applicable to expansion anchors, such as Kwik Bolts.

0 Concrete Breakout- Failure due to propagation of a roughty conical fracture surfce in the
concrete, extending rnom the tip of the anchor to the concrete surface, The angle of the
fracture surface (relative to the surface plane) increases from 351 at shallow embedments
to 45' at deeper embedmens,
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7,22 Anchor Design Philosophy

Typical anchor design practices encourage anchor designs to have a ductile fai]ure mode, which
is consistent with the strength design philosophy of reinforced concrete in flexure. The anchor
faitlure mechanism is controlled by requiring yielding of the steel anchor prior to brittle concrete
failure,. This design practice permits redistribution of the load to adjacent anchors, providing
greater design margin. Review of relevant design guidance shows that design practices at
Seabrook Station are largely consistent with this philosophy. Most anchorages used at Seabrook
Station (including all cast-in-place anchbirs) are designed such that brittle concrete breakout
failure is not the limiting failure mechanism. However, review of design drawings and
discussions with plant personnel indicate that, in cases where post-installed anchors were used in
low-load applications (e.g., electrical conduit supports), smaller expansion anchors were
embedded to depths at which the limiting failure mechanisrm would likely be concrete breakout.

7.3 DESIGN BASIS

The design of safety related concrete suctures at Seabrook Station is governed by ACI 318-71
(Reference 9.1. 1) which requires that anchorages must be capable of develophig adequate
reinforcement strength without damage to the concrete and that their adequacy be demonstrated
with testing (Reference 9,1.1, Section 12.12). In addition, NextEra Energy has committed to the
requirements of IEB 79-02 (Re('ference 9.7.3) for post-installed anchor design, in accordance
with this commitment, a safety factor of 4 on mean failure load is used for the dcsign of pipe
supports with post-installed anchors. Note that this safety factor is applied to all safety-related
post-installed anchors at Seabrook Station. Review of relevant design documentation indicates
that design practices at Seabrook Station are consistent with these requirements.

Post-installcd anchor allowable loads are based on the following:

Hilti Kwik Bolts: The allowable loads for all Kwik Bolts specified for use at Seabrook
Station are based on qualification testing performed by Hilti or a third party (Abbot
Hanks). The tensile load capacities were determined by unconfined tensile testing in
untrcinforced test specimens (none of the qualification test reports reviewed noted the
presence of reinforcing steel). Allowable loads are based on the tested mean failure load
with an applied safety factor of four. Note that the qualification test values are based on an
actual compressive strength (fl) of 3,000 psi. Hilti Kwik Bolt design loads used at
Scabrook Station are taken from the-following documents:

- hilti Kwik Bolt 1: Abbot A. Hanks Test Report 8783 R (FP 44412 -
Reference 9.6.8)

* ,-Hilti Kwik Bolt Super: Abbot A, Hanks Test Report 8786 (FP 44412 -
Reference 9.6.8)

- Hilti Kwik Bolt 3: Hilti Product Technical Guide Supplement (FP 100174 -
Reference 9.6.9)
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-Hilti Kwik Bolt 2; DRR 92-64 (Reference 9.2,10). The design loads provided in
DRR 92-64 are consistent with those specified in the Hilti Kwik Bolt 2 Technical
Guide (Refetence 9.6.10), with a Safety Factor of 4 applied.

Dritico Maxi-Bolt: The Station .Pipe Support Design Guidelines (Reference 9.6.6) indicates
that these anchors are embedded to sufficient depth that the failure is limited by tensile
failure of the anchor steel. Review of anchor dimensions and the matcriaI specfication
shows that the design allowable loads are based on tensile failure of the anchor boll shank
with a safety factor of 4 applied. While the basis for specified minimum embedment
depths is not provited, scoping calculations indicate that the minimum embedment depths
provide 40% margin between shank tensile failure and theoretical concrete breakout
failure, based on the 450 shear cone method, a commonly used approach. during the
Seabrook original construction period.

Cast in place anchors (eg., Nelson studs or embedded unistrut-type channels) are typically
designed with embedment depths such that the limiting failure mode is ductile failure of the
anchor steel. Note that in the case of cast in place anchors, the applied safety factors are
consistent with vendor recommendation, and are in some cases Less than 4.

7.4 TESTING ON ANCHOR PERFORMANCE IN ASR-AFFECTED CONCRETE

MPR sponsored testing at FSEL at The University of Texas at Austin to determine the impact of
ASR-induced cracking on anchor performance. The testing was supervised by Dr. Richard
Klingner, an expert in concrete anchor design and performance who has authored several
technical reports for the NRC providing guidance on the assessment of anchor performance in
the nuclear industry (e.g., NUREG/CR-5434 and NUREG/CR-5563). Reference 9.,2.6 ,
documents the test program and includes the FSEL test report (Reference 9.23) as an appendix.
The test program is summarized below.

7.4,1 Description

The objective of the testing was to better understand the performance of post-installed anchors
(both expansion and undercut) under tension when subjected to a range of ASR-induced
cracking. Both the pulloutlpull-through and concrete breakout failure mechanisms were
investigated. Ductile steel failure, the third anchor failure mechanism, is not affected by changes P:
in concrete characteristics.

0 Pullout/Pull-Through - Pullout/pull-through capacity is derived from friction at the
concrete-anchor interface in expansion anchors (e.g., Hilti Kwik Bolts). Confined tensile
testing was performed to determine if ASR degradation resulted in local changes in the
concrete properties that reduced the friction at the anchor-concrete interface.

0 Concrete Breakout - Concrete breakout capacity is impacted by cracking, which interferes
with the tension field formed at the concrete surface to resist the compression field formed
by tensile anchor loading. It is expected that ASR-induced cracking will impact anchor
behavior similar to cracking due to other mechanisms, which is a well understood
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- phenomenon. Unconfined testing was performed to assess the impact of ASR.-induced
.- cracking on. concrete breakout capacity,

Test Specimens
The tests completed to date were performed on an existing box. girder at FSEL. The lateral faces
of the tested girder where the pullout tests were performed have vertical reinforcement at a depth

• "of two inches with a spacing o frive inches; there was no horizontal reinforcement along the side
faces of the girder. The specified compressive strength of the concrete is 9.5 ksi.

The girder exhibits varying levels of ASSR-induced cracking, ranging from levels consistent with
the worst ASR cracking observed at Seabrook Station to cracking much more severe than at
Seabrook Station, The cracking severity was quantified using the Combined Cracking Index
(CCI) method used during the site walkdowns performed as part of this assessment and mapped
to determine appropriate test. locations. The horizontal and vertical Cracking Indices were
averaged to obtain the Combined Cracking Index. The CCI w-as devised to have a single
parameter to characterize the extent of cracking when there are significant differences between
horizontal and vertical Cis due to single direction reinforcement. This approach yields a
conservative result when applying test results to anchors at Seabrook Station.

Control tests were performed on. an existiug test specimen at FSEL unaffected by ASR- The
unaffected specimen is similar to the test specimen, with 6-inch reinforcemenI spwcing (in one
direction) and a specified compressive strength of 10 ksi (12 ksi tested).

Note that the next phase of the Anchor Test Program includes testing in new test specimens that

more closely match the Seabrook Station concrete strength and reinforcing steel configuration.
Although the concrete mix design for thedse specimens will produce a similar compressive
strength as the concrete at Seabrook Station, the concrete mix will be specifically designed to
produce significant. ASR in just a few months. Anchor testing will be performed at different
times to capture different levels of ASR degradation.

Confined Tension Tests
Pullout behavior was investigated using confined tension tests in which the anchor was extracted
using a center hole ram placed directly against the concrete surface, This method places the
concrete surface in comrpression, preventing fail-=r due to comcrete breakout, and ensuring that
anchor failure is due to .pulouthpull-trougt. Tests were ped!brmcd on 5/8-inch Hilti Kwik
Bolt 3 anchors, embedded to a depth of four inches. This depth was chosen to be represerttative

* of a typical embedment depth used at Seabrook Station and is shallow enough to ensure that
ductile failure of the anchor shank is precluded. In addition, tests were conducted with anchors
installed with the manufacturer-recommended torque and with. reduced torque (approximaely M½
manufacturer recommended). The reduced torque tests were performed to assess the impact of
potential in-service loss of preload due to concrete relaxation or ASR.

Thirty six confined tests were conducted:

" • Ten control tests, performed in new concrete with no ASR; five with full torque and five
with reduced torque.
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Sixteen full torque tests, conducted in ASR affected concrete with average Combined
Cracking Indices ranging from 0.0 to 18.7 mrinm (significantly beyond the maximum
currently observed level of cracking at Seabrook; Which is approximately 2.5 mrnm)

" Fifteen reduced torque tests, conmuotecd in ASR affected concrete with Combined Cracking
Indices ranging from 1.4 to 4.6 nminim

Unconfined Tension Tests
Concrete breakout behavior was investigated using unconfined tension tests, in which the anchor
was extracted using a center-hole ram held away from the surface of the concrete by a test
fixture. Tests were performed on 5/8-inch H1ilti Kwik Bolt 3 and DriUlco Maxi-Bolts embedded
to a depth of four inches. The depth was chosen to be representative of a typical embedment
depth used at Seabrook Station and is shallow enough to ensure that ducfile failure of the anchor
shank is precluded. Note that the control (non ASR affected test specimen) tests for the Maxi-
Bolts were performed at an embedment depth of 3 inches to ensure the failure mode would be
concrete breakouL As test results are normalized against theoretical capacity (a function of
compressive strength and embedment d&pth), this has no effect on the test results.

Nineteen unconfined tests were conducted, as listed below.

* Eight control tests, performed in new concrete with no ASR; five with Maxi-Bolts and
three with Kwik Bolt 3.

* Nine Maxi-Bolt tests in ASR affected concrete with Combined Cracking Indices ranging
from 2.6 to 10, 8 minm.

* Two Kwik-Bolt tests in ASR affected concrete. P

The scope of the uncnnfined tests was not as large as that for the confined tests due to issues with
the quality of the concrete in the girder that limited the portion of the girder that was suitable for
testing.

7.4.2Results

For each tet,ý the anchor load-displacement behavior was recorded. and the peak load taken as the
failure load, Complete test results are provided in Reference 9.2.6.

Data Normalization
To account for variations in concrete strength and embedment depth, tensile capacities are
normralized by the best available theoretical prediction of capacity. This is the tensile breakout
capacity predicted by the Concrete Capacity (CC) method, used in current industry design codes,
and accepted by the NRC (NUREG/CR-5563 - Reference 9J1.4).

p
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Where:

Nb Concrete breakout capacity for a single anchor remote from edges (1bl)

kV, I -10 for cracked cotcrete: Note that curTent design codes also provide an un-
cracked concrete factor (1 .4 for expansion anchors, 1.25 for cast-in-placc)
which was not used in this evaluation

k 1 7 for expansion anchors, Note that tiffs factor, used in. design codes, is
conservatively based on 5% fractile, rather than mean failure. To predict mean
failure, the k factor is adjusted by dividing by F=03.7. 1Tis ratio represents
standard industry practice, and is based on typical sample sizes and
coefficients of variation, for breakout test,

f .. Specified 28-day concrete compressive strength (psi)

h~r = Effective embedment depth (in)

FM 0.7, factor to correct from 5% fractile to mean failure. This ratio represents
standard industry practice, and is based on typical sample sizes and

A coefficients of variation for breakout test..

Normalized results for the Hilti K~wik Bolt 3 and Drilico Maxi-Bolt are provided in Figure 7-1
and Figue 7-2., respectively. These figures are taken from Reference 9.2.7.

4,.
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Lege-nd N-otes-- nite first term. (AO or UN) identifies a control (UN) or ASR (AO) test.

- The stcond term (KBU, KRC, ot MBU) identifies the bolt and lost type. Kwik Bolt (K3) or Maxi-
Bolt (MB); confined (C) or unconifined (U) test.

- RT identifies a reduced torque test.
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7.4.3 Observations

Review of the test data provided in Figure 7-1 and Figure 7-2 provides the following
conclusions/observations.

Hilti Kwik Bolts
0 = Confined and unconfined tests at low Combined Cracking Indices are consistent with the

theoretical capacity calculated using the Concrete Capacity (CC) method.

0 . Confined test results show essentially no loss of pullout/pull-thiough capacity at Combined
Cracking Indices observed at Seabrook Station (typically less than 2 mrnlm, with a
maximum of 2.5 mmarn).

lUnconfimed tests are inconclusive due to limited data, although the available data show
that the values are close to the theoretical capacity calculated using the CC method.

Drilco Maxi-Boft5
* Tests at low Combined Cracking Indices show that the actual capacity significantly

exceeds the theoretical capacity calcuated using the CC method. This is consistent with a
broad body of test data, which has demonstrated that Maxi.-Bolt performance is more
consistent with that of cast-in-place anchors. (This is discussed in Reference 9.2.7 as well

Sas NU REGiCR-5563; Reference 9.1.4.)

"• There is a steady decrease in breakout capacity as the Combined Cracking Index increases.
* At Combined Crarking Indices typically observed at Seabrook Station, this loss of capacity

is approximately 12% (CCIP2 mmtm) relative to the control specimen capacity, The loss
of capacity (relative to the control, specimen) at the highest observed Combined Cracking
Index of 2.5 mm/m is approximately 16%.

7.5 CONCLUSION

Review of the Anchor Test Program scope and results confi:rms that they are adequately
representative of anchors in service at Seabrook Station and consistent with the current Seabrook
Station design basis, The Hilti Kwik Bolt 3 design is sufti.it-ntly similar to .pmvious Kwik Bolt
designs in service at Seabrook Station that it is reasonable to use the Kwik Bolt 3 results when.
assessing the performance of other Kwik Bolt designs, The Drilico Maxi-Bolt design tested is in
service at Seabrook Station; additionally it was selected because its behavior is known to be
similar to cast-in-place anchors, such as Nelson studs or Richmond inserts. Review of the test
data in Figure 7-I and Figure 7-2 shows that the capacity of tested anchors in control or low ASR
specimens was largely consistent with theoretical capacities, While the Seabrook Station anchor
design is based on qualification testing and not capacity calculations, comparison of qualification
test results to the nominal (i.e., low ASR impact) capacities shows that the nominal (low ASR
impact) test results are consistent with val.ues used for design at Seabrook Station.

The FSEL test report (Reference 9.2.7) concludes that anchor capacity decreases slowly as ASR-
induced cracking increases and that this is consistent with the impact of anchor behavior due to
any type of cracking. The behavior of anchors in cracked concrete is well understood and is
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accurately predicted with. the CC method. A more detailed discussion is provided in
Reference 9.2.7.

Impact of ASR Induced Cracking on Anchor Operability
TI-hr test data obtained by FSEL shows that, over the range of Combined Cracking Indices
currently observed at Seabrook Station, there is essentially no reduction in pu]loutipull-through
capacity, and a relatively small (approximatly 12%%) decrease in concrete breakout capacity.
The measured decrease in breakout capacity appears to be predictable and consistent with the
loss of capacity due to general concrete cracking. The behavior of anchors in cracked concrete Ls
welt understood (accurately predicted with the CC method) and accounted for in concrete design
codes; It is concluded that the range of ASR-induced cracking currently observed at Seabrook
Station does not adversely impact the operability of safety related concrete anchors in service at
the plant. This is supported by several significant conservatisms in the Seabrook Station design
basis. p

Design basis allowable loads arc based on anchor qualification tests performed in concrete
corresponding to a measured compressive strength of 3,000 psi. While the minimum
specified 29-day compressive strength at Seabrook Station is 3,000 psi, the average tested
strength is 4,359.psi, As concrete breakout capacity is proportional to the compressive
strength squared, the relative increase in average anchor capacity is (4,359/3,000)"2=1.21
(i.e., a 21% increase).

Design loads are determined using a Safety Factor of 4; however, a Safety Factor of 2 is
more appropriate when assessing the operability of concrete anchors. ,

b

Many of the anchors in service at Seabrook Station, with the exception of shallowly
embedded Kwik Bolts, have been designed such that concrete breakout is not the limiting a

failure mode, which is consistent with the recommended design philosophy in current ,.
nuclear concrete design codes.

Qualification test results used as the basis tbr the Kwik Bolt 3 design loads
(References 9.6.9) show that at .most embedment depths (except the most shallow),
the initial anchor failure -mode is pullout/pull-through, likely followed by breakout at
a reduced embedment. While the margin between pullout (which is not affected by
low ASR crack indices) mid breakout can be difficult to quantify, it does represent
significant additional conservatism in the design relative to reduced breakout
capacity.

Review of the Maxi-Bolt design basis shows that original design basis likely
included a 40% margin between steel failure and concrete breakout at minimumr
specified embedment depths.

As discussed before, the Kwik B3olt design loads were determined by testing samples and.
applying a Safety Factor of 4 to. the mean failure load.. T-hese .failure loads are provided in
Appendix B normalized to the theoretical capacity w-ith the same approach used in
normalizing the FSEL test results. The plots of normalized mean failure load versus
embedment depth show a substantial decrease in tested capacity relative to theoretical as
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vmhedmient depth decre ases, particularly for the Kwik Bolt I and Kwik Bolt 2 designs. In
the worst case, the tested capacity is approximately 25% of that predicted using the CC
method and applying the factor for cracked concrete. This is likely due to systematic
errors common in older anchor test practices (excerpted from Reference 9.2.7,
Section 8.3.1):

•- t Testing labowatories often did not correctly account for the effects of overall flexure
on their unconfined test specimens. As a result, results of unconfined tension tests
on deep anchors were conservative.

.- Testing laboratories generally did not recognize the difference between cracked and
un-cracked concrete. As a result, their tested values were probably reprewntative of
what we would get today if we tested a group of anchors installed in concrete with

,* some cracking. Some anchors would coincide with cracks, and others would not.

It appears that the design loads of many Kwik Bolts in service at Seabrook Station are
based on tests that significantly underpredieted their capacity in good concrete, such as
would he expected to be found at Seabrook Station.

4 7.6 FUTURE ACTIONS

A.s discussed above, the anchor testing performed to date has been thimited to the use of available
existing ASR-affected specimens with a limited number of available test locations. Initial test
results have increased our understanding of the impact of ASR-induced cracking on anchor
performance and provide confidence in the current operability of the Seabook Station anchors,
Additional testing will be performed to (1) verify applicability of the initial test results to anchor
behavior in concrete more representative of that used at Seabrook Station, (2) beler understand.
the potential impact of embedment depth on ASR-induced anchor degradation, (3) quantitatively
define the impact of additional ASR-induced cracking on anchor performance relative to the
Seabrook Station design basis, and (4) define action levels relative to Cracking Indices to be used
in the ASR Aging Management Program.
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8
Path Forward

The preceding sections of this report demonstrate that reinforced concrete structures and
anchorages at Seabrook Station are acceptable for an interim period. The fact that it took
decades to manifest the levels of A.SR observed at the plant suggests that the degradation rate is
slow. This means that an aging management approach is likely appropriate for ASR degradation
of reinforced concrete structures at Seabrook Station. However, a tong-term assessment of the
impact of ASR must be completed, especially for areas of concern in this interim assessment,
before ASR is handled solely as an aging management issue. P:

The efforts necessary to address the long4erm implications of ASR degradation and develop a
solid technical basis for the ASR Aging Management Program are outlined below.

8.1 TESTING PROGRAMS

The testing programs that are underWay form the basis for understanding the long-term
implications for the structures and for anchors. These programs will support both a long-tern
structural assessment as well as definition of action levels for an aging management program.
These programs are described briefly below, All of the test programs are being conducted at
FSEL with the technical. and quality assurance oversight by MPR.

8. 1 1 Shear Test Program

T"he Shear Test Program wilt establish the shear capacity and flexural stiffness of concrete beams
without shear reinforcement, which have varying levels of ASR degradation. It will. also
investigate potential structural modification concepts to restore shear capacity as necessary.

Thie Shear Test Program wilI involve testng of large beams designed and fabricated to replicate
the limiting wall in the B Electrical Tunnel. The full-scale beam specimens will model.
realistically the structural details germane to the shear behavior in the walls of the B Electrical
Tunnel. The concrete mixture will be as similar as possible to the concrete at Seabrook, with the ,.
provision that the mix be adjusted to provide ASR expansion in a reasonable time period. The
depth of the beam will be consistent with the wall thickness in the B Electrical Tunnel.

The test program %dtl include a control. test and two series of tests with A.SR-affected concrete.
Each test is descri'bed below. .

Control-The control. test Nitl] provide a baseline by which to judge potential reductions in or

capacity due to ASR, This test will also be used to quantify the margin available in the V
structure that is likely above the capacity calculated using ACI 318-71.

,FK-3721 8-I
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Series 1 ..... The Series I tests vill quantify the impact of ASR on shear strength and. flexural
stiffhess (El) for multiple levels of ASR degradation. The lowest level of degradation
tested will be similar to that observed in the B Electrical Tunnel: subsequent tests will be
performed at higher levels of degradation.

Series 2--- The Series 2 tests will investigate approacbes for .restoring structural capacity
O should ASR reduce the structural capacity. The levels of ASR investigated in the Series 2

tests will be based on insights from the Series I tests.

9ASR expansion of the concrete will be assessed by monitoring surface cracking in the concrete
cover, and monitoring the expansion of the "structural core" of the concrete (i.e., the concrete in
the middle of the beam. that is constrained by the inner and outer rebar mats). Inspection of the
surface cracking will include measurement of the Combined Cracking Index to allow comparison
to the C•ombined Cracking Indices determined in ASR walkdowns at Seabrook Station - present
and future,

8.1.2 Lap Splice Test Program

- The Lap Splice Test Program will establish the performance of reinforcement anchorage and
flexural stiffness in concrete beams without transverse reinforcement which have varying levels
of ASR degradation. The testing wilt focus on lap splices, which is -the limiting design feature
with regard to reinforcement anchorage, The testing will also investigate potential structural
modification concept, to compensate for apparent degradation of reinforcement anchorage if
necessary.

The Lap Splice Test Program will be very similar to the Shear Test Program. Key differences
between the two programs relate to specimen preparation. and how the beams are loaded during
testing. The specimens for the Lap Splice Test Program will include reinforcement lap splices
and will be designed to ensure that reinforcement anchorage will be the limiting failure mode,
whereas the specimens for the Shear Test Program will not include lap splices and will be
designed to ensure that shear is the limiting failure mode. Conduct of the test including the
parameters measured vill be nearly identical to the Shear Test Program with the exception of
how die beams are loaded. It will include control tests and two series as outlined above for the

* Shear Test Program.

8.1,3 Anchor Test Program
4

The Anchor Test Program will establish the performance of expansion anchors and undercut
4 anchors in ASR-affected concrete. "Ihe expansion anchors tested will be from the H1ilti Kwik
- Bolt family, which is a comnmon, type of anchor used at Seabrook Station. The undercut anchors

used will be Drillco Maxi-Bolts, which are used in some applications at Seabrook. These
undercut anchor results will provide insights for other types of anchors including embedments
and cast in place anchors.

I'he Anchor Test Program, which started in December 2011, consists of two test sries: Girder
Test Series and Block Test Series.

MPR-3727 8-2
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The Girder Test Series uss an existing ASR-affeeted bridge girder available at FSEL. The
objective of this test series was to obtain data necessary to support asessment of anchors
for the interim period.

The Block -rest S•-eies will use new blocks that are representative of typical wall
configurations at Seabrook Station in terms of concrete strength and reinforcing steel
configuration. The objective of this testing is to study in a more systematic fashion the
impact of ASR on the capacity of anchors. Testing will be performed at different levels of
ASR as the blocks age. The tests will vary embedment depth, installation effort and other
parameters.

ASR expansion of the concrete will be asessed by monitoring surface cracking in the concrete
cover. Inspection of the surface cracking will include measurement of the Combined Cracking
Index to allow comparison to the Combined Cracking Indices determined in &SR walkdowns at
Seabrook Station - present and future.

The initial Girder Test Series is complete. The Block Test Series will commence shortly.

8.2 DEGRADATION RATE (W

The rate of.ASR degradation of the concrete is an important consideration for assessing the long-
term implications of ASR and specifying monitoring intervals. The most reliable means for
establishing the degradation rate is to monitor expansion of the concrete in situ. The walkdowns
conducted by MPR (see Section 3.2) provide a baseline for monitoring expansion of the t
structures due to ASR, Nex!Era Energy will reinspect. the selected areas at periodic intervals to
ascertain the change in the Combined Cracking Index, which relates to the bulk expansion due to
ASRP. Since the test programs will correlate performance of structures and anchors to Combined
Cracking indices, the rate of change in the Combined Cracking Index provides a means for
estimating future condition. Per discussioDs with experts on ASR, it can take two to three years
to obtain a reliable estimate: of the rate of expansion.

As discussed in Section 3,1.3, NextEra Energy Is initiating residual aggregate reactivity twsting
program to assess the relalive portion of reactive silica in the remaining aggregate. This testing
is planned for reclaimed aggregate from cores taken in areas with ASR damage and cores taken 1
in areas without ASK damage (controls). Also new aggregate from the quarry used during
construction will be tested. The results for the three types of specimens will be compared to
obtain a qualitative assessment of the amount of reactive silica renmining (i.e., the relative extent
of reaction). If the specimens made with reclaimed aggregate from areas with ASR expands *

little compared to the other specimens, then there is limited potential for additional ASR
expansion at the plant. However, if the specimens with reclaimed aggregate from areas with
ASR expand similar to the other specimens, then additional expansion is likely unless the
amotnmt of alkali in the pore solution is limiting.

8.3 LONG-TERM ASSESSMENT OF IMPACT OF ASR

The long-tetm impacts of ASR on plant structures and concrete anchors will be assessed using
the results from the lest programs described above, with consideration of the potential for
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additional ASR expansion in the future. Ultimately, the presence of ASR in concrete structures
at Seabrook Station will be reconciled with the plant's design basis calculations.

8.4 AGING MANAGEMENT PROGRAM ACTION LEvFLs

The ASR Aging Management Program will include periodic monitoring of plant structures to
trend the progression of ASR degradation and to identify when degradation has reached a level
requiring action, Action levels wil I be derived from the test programs described above. These
action levels will he based on the observed Combined Cracking Index as this is the parameter
being monitored at the plant and the correlating parameter for the testing. When an action level
is reached, Nexftixa Energy will need to take additional action to ensure the given structure or
anchors can satisfy their required design basis loads. The additional action may be review of
design calculatiors to ensure there is sufficient margin to accommodate ASR degradation, or
potentially plant mod ifications, Jhe Shear and Lap Splice Test Program. include tcst series to
investigate and qualiii modification concepts.

• 4PR-3727 8-4
Revision I

Page 77 of 182



9 References

9.1 CODES AND STANDARDS

9.1.1 ACI 318-71, "'Building Code Requirements for Reinforced Concrete," American
Concrete Institute, 1971.

9.1.2 ACI Committee 408, 'Bond and Development of Straight Reinforcing Bars in Tension.,"
(ACI 408R-03), Farmington Hills: American Concrete Institute, 2003.

9.1.3 ACI 318-1 l, "Building Code Requirements for Structural Concrete and Commientaryý*"
American Concrete Institute, 2011.

9,1.4 NUREW/CR-5563, "A Technical Basis for Revision to Anchorage Criteria," March 1999. "

9,1.5 ACI 221 .R, "Report on Alkali-Aggregate Reactivity," American Concrete Institute, 2008,

9,2 REPORTS p

9,2.1 Simpson, Gutmpertz, & Heger Report RPT-100502 (-1, -2, .3, and -4), "Petrographic
Examination of Concrete Wall (:ore Samples from B Electrical Tunnel at the Seabrook
Nuclear Station, Seabrook, NH," dated August 4, 2010, (Seabrook F? No. 100581)

9.2.2 Miller Engineering & Testing letter for Project No. 10.027.NH, Lab No. L100l91, dated
June 2, 2010. (Seabrook FP No. 100572) 0

9,2,3 Simpson, Gumnpertz & Heger Report RPT-100502 (-5), "Compression Modulus Testing
of Core s." dated September 21,201 0. (Seabrook FP No. 1005 84)

9.2,4 Wiss, Janney, Elstner Associates, Inc, letter dated November 30, 2011, "Compressive
Strength Testing of Concrete Cores; Seabrook Station, N11 - Project No. 0326-0058-13;,
WJE Project No. 2011.468g." (Seabrook FP No, 100661)

9.2,5 Simpson, Gumpertz, & I leger Report RPT-1 00502X)2 (-1, -2, -3, -4, -5, -6, -7, -8, -9, -
10), "Petrographic Examination and Analysis of Hardened Concrete," dated July 1, 201.,
(Seabrook FP No. 100636)

9.2.6 MPR-3722, "Strength Testing of Anchors in Concrete Affected by Alkali-Silica
Reaction," Revision 0. (Seabrook FP No. 100718)

MPR-3727 9-1
Pavge 8 o I

pv.

Page Th of i82 .



9.2.7 Ferguson Structural Engineering Laboratory, FestReport, "Performance of Pos-Insta]ed
Anchors in Existing ASR-Afkcted Concrete," dated April 12, 2012. (Included as
Appendix C in MPR..3722)

9.2Z8 Simpson, Gumpertz, & Heger Report RPT-1 00502-11, "Compression Modulus Testing
- of Cores," dated July 27, 2011. (Seabrook IP No. 1.00635)

9.2.9 MPR-3704, "Summary of Alkali-Silica Reaction WaLkdown Results," Revision 1,
" April 2012. (Seabrook F? No. 100705)

9.2.40 DRR 92-64, Hilti Kwik-Bolt I. LRev. 0.

9.2. 11 Foreign Print 100348, "Statistical Analysis -Concrete Compression Test Data,"
Revision 0.

9.3 CALCULATIONS

9.3.1 SGH Calculation No. 110594-CA-Cl, "Field Investigation," Rev.ion 0. (Seabrook FP
No. 1.00700)

9.3.2 SOH Calculation No. I 10594-CA-02, "Laboratory Testing and Data Analysis
Determination of Material Properties of ASR-Affected Concrete," Revision 0. (Seabrook
FP No. 100696)

9.3.3 SGH Calculation No. I I 0594-CA-03, "Three Dimensional Dynamic Analysis of
Containment Enclosure Building," Revision 0. (Seabrook FP No. 100714)

9.3.4 $GH Calculation No, 1 ]0594-CA-04, "Static Finite Element Analyses and Study on ASR
Impaet on the Containment Enclosure Building," Revision 0. (Seabrook FP No. 1.00715)

9.4 DRAWINGS

* 9.4.1 Drawing I-NHY-300228, "Conduit System -Notes & Typ. Details," Revision 31.

9,4,2 Drawing l-NHY-300229, "Cable Tray Systems - Notes & Typ. Detail.%" Revision. 2.

9.4.3 Drawing I-NHY-504606, "I&C Instrumentation Supports - Volume 1, "Revision 0.

.4 9.4.4 Drawing 1-N HY-504607, "I&C Instrumentation Supports - Volume 2, "Revision 0

9.4.5 Drawing 9763-F-1 01 842, "Concrete General Notes & Reinforcing Splice Lengths,"
Revision 14.

.9,2

-,-7279-
Revision I

Page 79 of 182



0.

9.5 TECHNICAL PAPERS

9.5.1 "Structural Implications of ASR: State of the Art," Bayrak, 0., February 2012).

(Seabrook FP No. 100697)

9.5.2 "'Perspectives on ACI 318-71," Bayrok, 0. March 2012. (Seabrook FP No. 100717)

9.5,3 Farny & Kosmatka, "Diagnosis and Control of Alkali-Aggregate Reactions in Concrete,"
Portland Cement Association, 1997.

9.5-4 "Report on the Diagnosis, Prognosis, and Mitigation of Alkali-Silica Reaction in
Transportation Structures," U.S, Dept. of Transportation, Federal Highway
Administration, January 2010, Report Number FHWA-HIF-09-004.

9,5.5 "Structural Effects of Alkali-Silica Reaction: Technical Guidance on the Appraisal of
Existing Structures," Institution of Structural Engineers, July 1992.

9.5.6 0RNJNRCILTR-95/! 4, "In-Service Inspection Guidelines for Concrete Structures in
Nuclear Power Plants," December 1995.

9.5.7 Fournier, B.; Berube, M.A.; Thomas, M.D.A.; Smaoui N. and Folliurd, KJ., "Evaluation V
and Management of Concrete Structures Affected by Alkali-Silica Reaction: A Review."
Ottawa: CANMET :Materials Technology ]Laboratory, Natural Resources Canada, 2004.
Report Number MTL 2004-11.

9.5.8 Chana, P.S. "Bond Strength of Reinforcement in Concrete Affected by Alkali-Silica
Reawtion," Crowthorne: Transport and Road Research Laboratory, Department of p

Transport, 1989, Contractor Report 141.

9,5.9 Ahmed, T.; Burley, E. and Rigden, S. ¶The Static and Fatigue Strength of Reinforced
Concrete Beams Affected by Alkali-Silica ReacLion," ACI Materials Journal Vol. 95
No. 4 (1998): 376-388.

9.5. t1 den UiijI, J.A. and Kaptijn, N. "Structural Consequences of ASR: An Example of Shear
Capacity," Heron Vol. 47 No. 2 (2002): 125-139.

9.6 SEABROOK SPECIFICATIONS, DESIGN GUIDES, AND MANUALS

9.6.1 Seabrook Station Updated Final Safety Analysis Report, Revision 14.

9.6.2 Seabrook Station Standard No: 9763-006-14-1, "Specification for Furnishing, Detailing,
Fabricating. and Delivering Reinforcing Bars," Revision 10.

9.6,3 Seabrook Station Standard No: 9763-006-69-7, "Specification for Standard Concrete
Mixes. Revision 2.

9.6.4 Engineering Design Standard 36260," Pipe Support Qualification," Revision I.

MIIRA3727 9-31
RAvisxM I

Page 80 of 182



o 9.6.5 Foreign Print 18558, "UE&C Pipe Support Design Guiddlines," Revision I plus changes.

9.6.6 Foreign Print 18559, "'UE&C Additional Intfnnatiorm for Pipe Support Design
Guidelines," Revision 1 plus changes,

9.6.7 "UE&C Technical Guide for the Design & Analysis of the Electrical Conduit System,
Revision I.

9.6.8 Foreign Print 44412, "'liJti Anchor and Fastener Design Manual," Revision 0.

9.649 Foreign Print 100I 74, "Hilti Kwik Bolt 3 Product Technical Guide," Revision 0.

* 9.6.10 H-437C, "Hilti Fastening Technical Guide, April 1991.

-- 9.7 OTHER REFERENCES

9.7.1 MPR Document 0326-0058-06, "Scope for Alkali-Silica Reaction Walkdowns,"
Revision 1, dated February 3, 2012. (Seabrook FP No. 100642)

9.7.2 MPR Document 0326-0058-02, "Procedure for Alkali-Silica Reaction Wa[kdowns and
* Assessment Checklist," Revision 2, dated January 13, 2012. (Seabrook FP No. 100641)

9.7.3 IE Bulletin 79-02, "Pipe Support Base Plate Designs Using Concrete Expansion
* Anchors," Revision 2,

9.7.4 Winter, N., Understanding Cement: An introduction to cemernm production, cement
hydration and deleterious processes in concrete, 2009.

9.7.5 Hobbs, D., Alkali-silica reaction in concrete, 1988.

9.7.6 R_ W. (lough & J,. Penzien, "Dynamics of Structures," McGraw Hill, 1975.

9.7.7 AR 581434. "Reduced Concrete Properties Below Grade In 'B' Electrical Tunnel
Exterior Wall," Revision 0.

4 9.7.8 AR 01664399," Reduced Co ncrete Modulus Of Elastici ty Below Grade In Containment
Enclosure Building, RIR. Equipment Vaults, EFW Purnphouse, And Diesel Generator
Fuel Oil Tank Rooms," Revision 0.

,aM F 3 727 9 4

Page 81 of 182



0

A
Structural Component Calculations

This appendix contains MPR Calculation 0326-0058-63, "Review of Structural Calculations for
ASR-Affected Structures," Revision 1.
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1.0 PURPOSE

This calculation documents a review of design basis calculations for selected Seabrook buildings
that are affected by Alkali Silica Reaction (ASR). The review:

* Documents the margin in tie design basis calculation for each evaluation of the building in
the ASR-affected areas.

Identifies the evaluations that are adversely affected by ASR degradation of the concrete.
'Ihis assessment is based on ASR effects on performance of reinforced concrete in a
structure as discused in Section 4.0.

Id.ntifies analysis options that could be employed to increase the margin in evaluations
that are adversely affected by A.SR degradation of the concrete. These options were only
identified when the documented margin was less than the anticipated degradation in
concrete performance from.ASR. T'he anticipated reduction in concrete performance was
based on the criteria for ASR-aftfected structures from Section 4.0, Scoping calculatiom
were used to estimate the marngif that would exist after reanalysis with unnecessary levels
of conservatism removed.

a Identifies evaluations that may not have sufficient margin, even with unnecessary analysis
conservati sms removed.

Calculalions for eleven ASR-affecied areas were reviewed. as part of this effort. The eleven
areas were selected to represent a reasonable sampling of the ASR-affected regions of most
concern for plant operability. In addition, the buildings with the worst ASR based on the
walkdown assessments were included in the review. Thus, the eleven areas selected for the
review are a biased selection that increases the probability of identifying issues related to ASR
effects on plant structures. Table 1-1 identifies these building locations and die corresponding
design basis calculatikms that were reviewed. The specific reference and revision of each
calculation that was reviewed are identified in Section 6.0.
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Table 1-1. Building Locations with ASR In the Review

4.

*

e

Structure Elevation Room Structural Components of Reference
Number Concern Calculatlon

RHR Vault -61 V. up to various All Walls P8-30-16 ft,

Emergency Feedwater -26 ft. up to EFSTI North' and East Walls EF-4
Pumphouse grade (2D ft.)

Electrical Tunnel 'B' -20 ft. to 20 CB81 North, East, and West Walls CO-20,
if and Floor Stab C-S-1-10159

RCA Tunnel Oft. & 5 ft. Unit 1 NE Wai @ EL. 0' &All SG-1, CD-10,
Tunnels Cored Walls

Diesel Generator Building -16 ft D)G102 East Wall CD-18

Primary Auxiliary Building -6 fL P8205 South Wall, East Wal P-20,(South Portion) P_-20,_W_-.8

Primary Auxiliary Building -34 f MF102 North Wall (Column near EM,31
Mechanical Penetration NE corner of room)

El]ectical Tunnel 'B' -20 ft. EF101 North and South Walls andFloor Slab EF-4, EF-11

MS/FW Pipe Chase AboveGrade Exterior East Wail EM-(East) (> 20 ft.)

Above unit. I South Wall & North Pipe
Cooling Tower Grade Unit S hasl S out CT-53, CT-28

(> 20 ft.) Exterior Chase Bump out

Service Water Above North Wall of SW Bump out CW-29,
Puphouse Grade Exteror & Southt Wall S BSAG-1 MA

(> 20 ft.)

•k,¸

W

S

t
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2.0 SUMMARY

Detailed results of the calculation reviews are provided in Appendices A through K. A sumnary
of the review results is provided in Table 2-1.

"hiLs review addressed eleven buildings rooms. Of'tlese, six buildings/rooms were shown to
., have sufficient margin (either documented in the design basis calculations or after potential

removal of unnecessary conservatism included therein) to accommodate potential. degradation of
the concrete by ASR. These buildings/rooms are identified in.T'able 2-I. Five buil.dings/rooms
have at least one evaluation for which the margin, in. the calculation is not sufficient for the
potential degradation of the concrete by ASM, even with reanalysis to remove unnecessary levels
of conservatism. These buildings/rooms are also identified in Table 2-1. The specific

, evaluations with insufficient margin to accommodate concrete degradation due to ASR are
identified inr Table 2-2 through Table 2-6.

,These results are based on a review of the design basis calculations and recovery of margin that
is available in analysis space, The results do not address margin that can potemnlially be
recovered through other avenues, such as from anticipated ful.bscale structural testing.

1The potential conservatism in the structural calculations is an estimate based on scoping
" evaiuations. MPR provided informnal checks ofthese estimates to assure they were reasonable.

* 7These scoping calculations are not included in this calculation and the margin recovery estimates
are not QA results, The identification of conservatism is an estimate of the likely margin that

" could be obtained if the design basis calculation were revised.
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Table 2-.1 Summary of Review

b,

v,,

Structure Evaluated Locations with ASR Appendix Resuls of
Calculation Review

All Walhs
RHR Vault All fa. A See Table 2-2

Emergency Feedwater North and East WMlIA, -26 ft. to B See Table 2-3
Pumphouse, EFST1 grade (20 II.)

Electnc-al Tuniel '8', C8STI North, East, and West Walls and No Evaluations ofr
Floor Slab, -20 ft. to 20 ft. Concern for ASR

RCA Tunnel, Unit i Tunnels NEWall @ Etev. 0 & All Cored S See Table 2-4Walls

Diesel Generator Building, East Wall, -16 ft. E See Table 2-6

Primary Auxiliary Building, South Wall. East Wall (South F No Evaluations of
PB205 Portion), -6 ft. Concern for ASR

Primary Auxiliary Building North Wall (Column near NE G No Evaluations of
Mechanical Penetration, MF102 corner of room), -34 ft. Concern for ASR

Electrical Tunnel 8'. EF101 D North and South Walls and Floor HNo Evauations of
Electrical Slab', -20 ft Concern for ASR

MS/FW Pipe Chase (East), East Wall a t No Evaluatlons of
Exterior Concern fbr ASR

Cooling Ta.er, Unit 1 E terior South Wall & North Pipe Chase See Table 2-6
______w____ _ _ _-_te__r .... Bump out, above grade (> 20 ft.)

Service Water Pumphouse, North Wall of SW Bump out & KNo Evaluations of

Exterior South Wall, above grade Concern for ASR
(ý- 2D ft.) L_

V

I

A

F

' ThI1. floor slab for B' El]ectrical Tunnel was not im-luded in this review. The design basis calculation was not
available.

MPR OA Fonwt A413 Rev. 0
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Table 2.2. RKR Vault, Various Rooms
Evaluations Without Sufficient Anticipated Margin

ASR Location: All walls, -61 ft. to -16 ft
Appendix: A

Wall Evaluation ASR Effect Documented Margin after Required
Margin (%} Recovering Margin

Conservatism Considering
(%) Potential ASR

Degradation

El. -45' Out of Plane
4'ext, wall Shear Shear Capacity 24% 24% 2.5%x lReduced 25%

Table 2-3. Emergency Feedwater Pumphouse, Room EFSTI
Evaluations Without Sufficient Anticipated Margin

ASR Location: North and East Walls, Below Grade, Elev. -26 ft. to 20 ft
Appendix: B

Wall Evaluation ASR Effect Documented Margin after Required
Margin (%) Recovering Margin

Conservatism Considering
N Potential ASR

Degradation
_____ ___ ____ ___ %)

Vertical
Reinforcement Embedment &

East for In-Plane Splice Length 4.4% 8% 17%
Moment El 0' Increased 17%

to 27'

4t

MFR QA Form. QA-3.1-3,, ReLv, 0
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Table 2.4, RCA Tunnel
Evaluations Without Sufficient Anticipated Margin
Unit I North End of East Wall and Core Bore Locations RCAW 1-4

Appendix: D
ASIR Location:

Wall Evaluation ASR Effect Documented Margin after Required
Margin (%) Recovering Margin

Cornervatism Considering
N Potential ASR

Degradation

Vertical Rei. Embedment &
NE Corner of Flexure and Spkice Length

Tunnel Compression Increased 18% 18% 40%
406/6

Embedment &
N E Corner of Horizontal Splice Length 39% 39% 40%

Tunnel Reint Shear Inreasew
40%

West Wall Embedment &
(Ccntrol Bldg) Flexure and Splice Length 18% 18% 40%
- Core Bore Tension Increased
RCAW-'&2 40M

p.

S

C

p

Table 2-5. Diesel Generator Building, Room DG102
Evaluations Without Sufflioent Anticipated Margin

ASR Location: East Wall - Elev. -16 ft.
Appendix: E

S

Wall Evaluation ASR Effect Documented Margin after Required
Margin (%) Recovering Margin

Conservatism Considering
Potential ASR
Degradation

Embedment &
East Flexure Splice Length 5.3% 10% 17%

Increased 17%

MPR QA F&M. GA-3.1-3, Rev. 0

Page 92 of 182

b.

0

L



"4

a

4

a

MPR Associates, Inc.
* M PR 320KigSreAlexandria, VA 22314

Caiculation No. Prepared By Checked By Page: 1I

0326-0058-63 ~ 4 aQ~- Re-vision: I

Table 2-6. Cooling Tower
Evaluations Without Sufficiant Anticipated Margin

Unit I South Wall and North Pipe Chase Bump Out Exterior Above Grade
Appendix: J

ASR Location:

Wall Evaluation ASR Effect Documented Margin after Required
Margin (%) Recovering Margin

Conservatism Considering
N Potential ASR

Degradttion
____ ___ ___ ___ ____ ___ ____ ___(%)

Noriz. reinf.
South, El. 32 for in-plane Embedment &
to 39', Cols shear, Splice Length 2% 14% 17%

A-D bending, and Increased 17%
tension

South., El. -.a Out of plane Concrete Shear

to 21' sheae Capacity 7% 7% 25%
Reduced 25%

South, Vert. reinf- for Embedment & %El, 21 tor45 beninf, fr Splice Length -2.5% -2.5% 17%
El. 21 to 45'. bending Increased 17%

P_ %p. %

34 5.0 34 5.0

South, El. Vert. reinf. for Embedment & _ .2...- . .3..
> K0, Cols. D- bending and Splce Length 35 8.9 35 69 17%

K< tension Increased 17% :6 89 3 .

1 37 8,9 37 829
~8 11 38.1

4

2 Tiis renilt is for the worst case finite element for the wall be ing cvai uwited.

MPR OA Form, QA-3 1-3, Rev. 0
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3.0 ASSUMPTIONS

3.1 Assumptions that Require Verification

Calculation WB-82 (Reference 1.6) was reviewed to determine the documented margin for the
South Wall of Room PB205 of the Primary Auxiliary Building. However, the problem statement
for calculation WB-82 states that the calculation applies to Unit 2 only, The applicability of this
calculation to Unit I must be verified.

3.2 Assumptfons with a Basis

1. The screening criterion for lap splices was established based on References 4 and 5, and is
based in part on test data from Reference 8. The test data Fror lap splices discussed in
Reference 8 are for No. 5 bar, while the reinforcement bar size at Seabrook is larger,
typically No. 8 or larger. in addition, the test protocol in Reference 8 was direct pull out of
reinforcement from test blocks, which produces different structural behavior compared to
lap splices in a wall (Reference 10). It is assumed that the test data of Reference 8
provides a reasonable estimate of the lap splice performance in the Seabrook buildings,
though, based on the differences between the test samples and the Seabrook structures, the
test data is expected to be conserwative. Accordingly, the screening criterion is viewed as a
reasonable best-engineering estimate in the absence of direct data.

2. The screening criterion for out-of-plane shear was established based on Reterences 4 and
5, and is based in part on test data from Reference 9. The test data for shear disussed in
Reference 9 is for 5 in. by 3 in. beams. The test specimens are smaller in size than the
walls of the Seabrook buildings. It is assumed that the test results of Reference 9 provide a
reasonable estimate of the performance of the walls of the Seabrook buildings with
transverse shear. This is expected to be a conservative assumption. Accordingly, the
screening criterion is viewed as a reasonable best-engineering estimate in the absence of
direct data.

4.0 ASR STRUCTURAL CONCERNS AND SCREENING CRITERIA
p

4,1 ASR Structurvl Concerns

Reference 4 discusses the structural implications of ASR. Table 4.] :is a •s•niary of the results P
provided in Table 4 of Reference 4. Table 4-1 lists limit states, e.g., shear and flexure, and the
effect of ASR on strength. The last column of Table 4-1 is an assessment of whether the [imit
statce and the potential loss of strength is a concern for the Seabrook Station. The ratiormle for p
this judgment is provided in the footnotes to the table,

MPR QA Form: O.-3.1-3. Rav. 0 W•
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Table 4-1. Assessment of Limit State Effects
on ASR-Affected Structures

-0

I%

Limit St0a Lower Bound Concem for
Effect of ASR Seabrook

Buildings?

Axial Compression Moderate loss of strength:
Axial Cup to 18% loss No'

Flexure No significant loss of strength or
stiffness: up to 7% loss

with transverse No significant loss of strength or No
reinforcement stiffness: more than 16% gainOne-Way Shear -______

without transverse High variability among simier Yes
reinforcement specimens: up to 25% loss

4.

4

Two-Way Shear
No significant loss of strength or

stiffness: up to 9% loss No2

No significant loss of strength or No 2

stiffness- up to 10% loss

Significant loss of strength of 40%3 Yes

Notes.
1. Axial compression is a concern for cd•umns in compression or for walls in compression with high

compression relative to the applied flexure loads, i.e., on the interaction diagram, failure would
occur in the compression-controlled region. This requirement is not applicable to Seabroolk
structures- This was confirmed by the detailed reviews In Appendices A-K. There are no column
compression evaluations in the areas affected by ASR and the flexure evaluations for VwAls in
compression are governed by the tensile limits for the reinforcement. Le., on the interaction
diagram. failure would occur in the tension-controlled region.

2. The lower bound loss of strength is minor. Average loss of strength, as reported in the text of
Reference 4, is less than the lower bound loss of strength, For this operabdlity assessment, it is
reasonable to use no loss of strength for this limit state.

3. Average loss of strengm (Reference 8).

,4

asl

4
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Conclusions from Table 4-1 are:

a ASR has potential to reduce the strength of reinforced concrete at locations of
reinforcement lap splices and at locations of reinforcement straight bar embedment (i.e.,
embedments without books) in areas where a three-dimenmionai reinforcement cage is not
provided. Sufficient length is required in the reinforcement lap splice length and in the
embedment length to fully develop the strength of the reinforcing steel.

ALSR has the potential to reduce the strength of the concrete to resist out-of-plane shear
loads in areas where a three-dimensional reinforcement cage is not provided.

ASR has no significant effects on flexure, one.way shear with transverse reinforcement,
two-way shear, and reinforcement anchorage with transverse reinforcement.

ASR effects on compression are not a consideration for the Seabrook buildings included in this
review.

Sections 4.2 and 4.3 below include descriptions for the development of screening c•rteria for the
calculation reviews specific to reinforcement anchorage without transverse reinforoement and
one-way shear without transverse reinforcement, respectively. The screening criteria are used in
the calculation reviews to sort shear and reinforcement anchorage evaluations into those of
potential concern and those that are not a concern. The screening criteria are developed using
the strength reductions from Table 4-I and conservatism in ACA' acceptance criteria as discussed
in Reference 5.

4.2 Reinforcement Lap Spikes and Embedment

Strength reductions of 40% for reinforcement lap splices in ASR-affected concrete are identified
in Table 4 of Reference 4 and in Reference R. This is the average strength reduction, which is
appropriate for this operability assessment. This potential. reduction is based on reinforcement
pullout testing in concrete without transverse reinforcement as described in Reference 8. The
potential lap splice strength reduction of 40/o is likely conservative because the reinforcement
pullout testing specimens in Reference 8 used a low or moderate concrete cover-to-bar-diameter
ratio relative to Seabrook, and therefore is expected to provide lower strength results. TIhe
experimental study in which 40% anchorage strength reduction was measured employed No.5
bars. These results are applied to the generally larger reinforcement bars at the Seabrook Station
(see Assumption I in Section 3.2).

Conservatism in the ACI Code equations for reinforcement lap splice strength of 23% is
documented in ACI Code Committee reports per Reference 5 for reinforcement size No. 7 and

p

" AO Code is used throughout this calcubation to refer to ACI 318-71 (Reference 3),

MPR OA Foim: GA.3.1-3, Rev. 0 *
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Igreater. This conservatism is applicable for elements with two-dimensional rebar, i.e., no
transerse reinforcement. The lower bound of the data is what tbrms the basis for ACI 318-71
code requirements. For this operability assessment, the use of the average value of 23% is
appropriate.

Based on References 4 and 5, a criterion of 17% is justified for reinforcement lap splices for
reinforcement size No. 7 and greater.' This is the potential reduction in strength of
reinforcement lap splices and reinforcement anchorage due to ASR.5 This is the criterion that
was used in this review to screen reinforcement lap splice evaluations into those of potential
concern and those that are not of concern.

Lap splice length and embedment length are important to three types of evaluations:
(I) reinforcement to carry bending moments, (2) reinforcement to carry in-plane shear loads, and
.(3) for minimum reinforcement requirements. 6 These are the evaluations that are flagged in this
review for fitrth.er scrutiny.

4.3 Out-of-Plane Shear

Potential strength reductions of up to 25% for out-of-plane shear in ASR-affected concrete are
identified in Table 4 of Reference 4. This potential reduction is based on testing of 5" x 3"
concrete prisms without transverse reinforcement (Reference 9). The results ofthe testing had
high variability with a maximum, enhancement of shear strength of 12% and a Maximum
reduction of 25%. The potential out-of-plane shear strength reduction of 25% is conservative
because it. is the maximum reported reduction in the test program. Though the test specimens are
smaller in size than the walls at Seabrook, the test results are used to develop screening criteria
-for the Seabrook buildings (see Assumption 2 in Section 3.2),

Conservatism in the ACt Code equations for shear strength of approximately 50% is documented
in ACT Technical Committee reports per Reference 5. This conservatism is applicable for

I elements with rebar in two directions, i.e., no transverse reiniforcement, and with wall thickness
24- or less, The lower bound of the data is what forms the basis for ACT 318-71 code

For reinforcement sizes No. 6 and smaller a 40% reduction in sirength is used Us the Screening criterion.
. The criterion of 17% is the arithmetic sum of +23% (ACt Code conservatism) ard -40% JASR reduction in
strength), The .AC] 31,8-71 equations are not linter and can require an iterative approach. A scoping anr.ysis
determined that using the sum of the two considCrariona is MUor conservative than comparing the wo considerations
througb the ACU design equations (Appemdix L),
6The riew assures that lap splices and anchorage for minimurn reinforcemern are adequately sLid. considering
possible d.egradamion in strength of lap splices or atchorage from ASR, For walls, the minimum. reinforcemert is
primarily for shrinkage, thermnal expansion, and serviceability concerns. if the splices are not appropriately sized to
carry these loads, the splices could be compromised and iha splices could not then carry design basis loads,

•7* 1The straight length of rebar hook embedments is not impacted by ASR, The hook ends of the reba are deeply
embedded in the concrete and camnot pull out, Justification for this Is provided by Refmence 8, which shows little
reduction in embedment .strength for embedments away from the edge ofihe concrete.
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requirements.. For this operability assessment, the use of average values is appropriate. Based
on References 4 and 5, the following criteria apply to an out of plane shear assessment:

* For walls 24" thick and less, there is no strength reduction due to .ASRg

* For walls greater than 24"' thick, there is a 25% reduction in shear capacity due to ASR.

5.0 APPROACH

5.1 Buildings and Locations

Table 1-1 includes a list of the eleven buildings and rooms for which the design basis
calculations were reviewed. This list of calculations is derived from References 6 and 7, which
provide the basis for selection of these buildings and rooms. Two criteria were used to select the
buildings/rooms for the review:

0 Buildings and rooms for which there is an existing operability issue were included in the
review. There are five buildings/rooms with an existing operability issue: containment
enclosure building, RHR equipment vaults, EFW Pumphouse, DO fuel oil tank. rooms and
the W' electrical tunnet (Reference 6). These rooms were included in the review with the
exception of the containment enclosure building. The effects of ASR on the containment
enclosure building are: being evatuated in a separate effort by NextEra Energy. in addition,
the RCA tunnel was included in the review based on investigations related to wall corms.

s Buildings and rooms with a combined cracking index greater than or equal to 1.5 mnLmn
were included in the review. These are the rooms that have the most severe ASR.
Reference 7 provides the cracking index for each room in the plant wralkdown assessments
for ASRK Reference 7 also describes the cracking index and how it was measured. There
is one building with a cracking index greater than 1.5 mm/m that was not included in the
review. This is the Main Steam and FeedwateTr Fast Pipe Chase (MF207), which was not
included because the cracking was identified in nonstrmotural grout and this is not
considered to represent the condition of the structural concrete (Reference 7).

In summary. the eleven areas selected for the review comprise a biased selection that increases
the probability of identifying issues related to ASR effects on plant structures. This selection of
buildings/rooms, however, does not address every building with. some degree of ASR and
therefore is not a complete review of ASR-affected structures.

.This conclusion applies when the evaluation is based on a minimum required compressive strength of 3,000 or
4,000 psi, as appropriate to the building being reviewed. This conclusion does not: apply when the value ofthe
ompressive strength used in the calculalion is based on test data. For these eases, the reduction in shear strength is

2%/ and no credit is taken for the conservatism identified in Reference 5.
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5.2 Scope of Review

- An outline of the steps per ormed for each calculation review is provided below.

* Identify the evaluatiorn in each calculation listed in Table 1.-I that address the building
rooms and waels that show evidence of ASR.

* Identify the evaluations in. each calculation that address the design of the wal.lslab to camry
me design basis loads or to address minimum required reinforcement, All reinforcement
* (including minimum required reinforcement).is required by the design basis Code of

Record (Reference 3) to be developed by providing appropriate length lap splices and
properly anchoring reinforcement at supports. Evaluations unrelated to the ability of the
structure to carry design basis loads or assess minimum required. reinforcement were not
considered. For example, reinforcement placement requirements to control cracking from
service moments were not included in the review,

.4

6 Document the concrete physical properties used in the calculation (e.g., concrete minimum
specified compressive strength. modulus of elasticity, and Poisson's Ratio).

* DDocument the calculated amount of rebar required for each evaluation and the actual
amount of installed rebar as shown on the construction drawings.

* Document the calculated margin in the evaluation. The margin is expressed as the

percenage: Margin = 100 * caa 1 -Demad 1. The capacity or demand may be

expressed as a force, monent, stress, or rebar area, dependent on how the information was
presented in the calculation.

" Identify the evaluations for which ASR is a concern!

I. Out of plane shear evaluations for walls greater than 24 in. thick for which the shear
margin in. the design basis calculation is less than 25%.

2. Evaluations which rely on reinforcement lap splice strength or embedment strength
a and which meet each of the following criteria:

I .he evaluation credits reinforcement for flexure (with or without axial
compression or tension) or in-plane shear. Minimum required reinforcement
evaluations per the lirmits prescribed in Reference 3 are also considered.

The margin for required reinforcement area, 100 *1

defined in the previous bullet, is less than 17% for no. 7 bars and greater, and
40% for no. 6 bars and smaller (A, is the reinforcement area). Note that

MPR QA Fvmn: QA-31-3, Rev. 0
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minimum reinforcement requirements may be governing if flexure and shear
loads are small.

The wall/slab being evaluated has reinforcement anchored with lap splices or
reinforcement straight-bar embedment.

. Identify conservatisms in the original design calculation with the potential to increase the
margin in the evaluation or alleviate the ASR-degradation concern (see discussion on
documentation in Section 5,3), The potential conservatistris that were considered are:

Eliminating overly-conservative sirnplifying assumptions, eg., calculating a wall
bending moment as a two-way slab rather than a one-way slab where wall aspect
ratios permnit such analysis.

Eliminating unnecessary levels of conservatism in the calculation of the applied
loads.

Use of a more sophisticated analysis method, e.g.., a finite element analysis to more
accurately calculate the distribution of load. Simple finite element models were
prepared to estimate the potential gain with this approach.

Taking credit for the actual amount of reinforcement in the wall/slab if this is greater
than the amount of reinforcement required to be in the wall/slab per the calculation.
The basis for this is Reference 3, Section 12.5(d).

Taking crdiit for adjacent reinforcing steel lap splices that are staggered rather than
aligned. The overlap length for lap splices in Seabrook buildings is calculated to be
equal to 1,71d, which is a Class C lap splice (Reference 2 and Reference 3, 7.6. 13).
A Class C lap splice is required when more than one-half the bars are lap spliced
within the required lap length, .1,71t (Reference 3, Section 7.6.3.1. 1). Seabrook
construction drawings show that some walls have staggered lap splices in which
one-half or less of the bars are lap spliced within 1.7 1d. In this ease Reference 3.,
7.6,3.1.1 requires only a Class B splice, which has a development length of 1.3le.

9Referenc 3, Section 12.5(d) permiit the development length of reinforcement in a flexural member to be redutced
by a factor related to excess reinfarceza•.t (A, required/A, provided). Reference 3, Section 7.6.3.1 slates, "Splices
in regions of maximum moment preferably should be avoided. Where such splices must be used, thiy shall bt
lapped, welded, or otherwise- nchored for their full fr." There are cases in this calculation in which excess
reinforcement has been used ID recover margin at a location of high moment. The basis for this is as follows: p
(1) Section 7,6,3.1 provides a design philosop" y to assure that splice length is not Ihe ]imiting factor at the locations ,
in a structure that are most highly loaded, (2) Soclirm 12.5(d) povides the minimum req"imement fhat must be mtt to
a.murm design loads can be carried without failure of reinforcement at splicts or other ocadon" s that require the
development of reinforcement, and (3) this calculation is an operability assessmert and recovery of margin by a
Yechnically reasonable approach is appropriate.
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The factor increase in lap splice length over ihat required by Reference 3 is:
1.7
-- = 1.31,
1.3

T aking credit for a reduction. in required splice length when the hap splice is in a
low-stress area (rebar stress below 0.5f, per Section 7,6.3.2 of Reference 3), If the
lap splices arc not staggered, splices shall meet the requirements of Class B splices
(1.31d development), and if no more than three quarters of the bars are lap spliced
%rithin a required lap length, the splices shall meet the requirements of Class A
splices (].Old development).

am Using alternate applicable equations from the A~l Code.

- •Determining ifthe area of interest is affected by ASR based on the walkdown
assessments.

The options considered to improve the calculation margin are generally related to the
analysis and the actual construction details. Other potential. sources of conservatism such
as full-scale testing are outside the scope of this calculation,

Estimate anticipated margin from the above methods. This is the margin that might be
obtained with a reanalysis. The estimation is based on a scoping evaluation and is
provided for information (see discussion on documentation in Section 5.3).

Identifv the evaluations for which ASR is a potential operability concern, talking credit for
the potential margin increase that could be obtained from. a reanalysis. The evaluations
that are a concern are those that meet the screening criteria of this section and for which
the anticipated margin with rearalysis does not meet the acceptance criteria set forth in
Sections 4,2 and 4,3.

5.3 Identification of Analysis Conservatism and Documentation

.As discussed in the previous section, for cases where an evaluation did not have sufficient
documented margin to eliminate ASR concerns, an estinate was made of the margin that could
be recovered from the evaluation by removing unnecessary levels of conservatism. The estimate
of the margin that can be recovered is documented in the detailed review table prmvided in each
appendix. Footnotes are provided to describe the methods used to recover margin. There is no

- further documentation provided of the calculations to recover margin, As such, the margin
recovery is an estimawe of potential over-conservatism that could be recovered if the design basis
calculation. were to be revised. The estimate of margin i.s not a. documented result and is not a

4 'QA result. MPR provided informal checks of these estimates to assure they were reasonable.
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5.4 Items Not Included in the Review

items that weve not included in the review are as follows:

0 Tbe review did not include an objective of identifIing potential errors in the design basis
calculations. Nevertheless, some errors were identified in the course of the review and
these were brought to the attention of NextEra Energy in separate correspondence. Those
errors are nol identified or addressed in this calculation.

a The review did not assess whether all building walls and features were analyzed or whether
all evaluations required by the ACI Code were performed, i.e., the review did not address
the comprehensiveness of the design basis calculations.
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6.0 REFERENCES

* 1. NextEra Energy Scabrook Calculations:

1.1. Calculation No. PB-30, "PB RHR Vault (030)," Revision 9.

1.2. Calculation No. EF-4, "EMG Feedwater House & Electrical Penetration Area,"
Revision 9.

1.3, Calculation No. CD-20, "Control and Diesel Generator Building (050), Design of
Mats at El. -20'-0" and El. 0'-0" and Walls Below Grade for Electrical Tunnels
(Control Building)," ReVision 4.

1 i.4. Calculation No. SG-1, "Nin-Essetial Switchgear Room ( 70), Design of Non-
Essential Switch Gear Room," Revision 2,

S1.5. Calculation No. CD-10, "Control and Diesel Generator Building (050), Design of
Substructure for RCA Walkway Under Control Butilding," Res-ijon 1.

1.6. Calculation No. WB-82, "Waste Procesing (including Tank Farm Area) 080,
Design of Concrete Walls Below El. 25'-0",," Revision 1.

1.-7. Calculation No. CD-18, "Control and Diesel Generator Building (050), Design of
Mats and Walls Below Grade for Fuel Nil Tank Area," Revision 5.

1 .g. Calculation No. PB-20, "Primary Auxiliary Building (030), Concrete -West Wall
(Col. Line A)," Revision 4,

1,9. Calculation No. EM-31 *"Tunnels- Pipe. Electric & Passage (150), Concrete Design
Mech, Penetration .Area," Revision 4.

I1. .10. Calculation No. WB43-69, T'ank Farm - Unit 1, Design of Walls & Slabs for Pipe
'runnel between Column Lines 0.5 & 2.3," Revision 7,

1,11, Calculation No, EF-l 1, "EMG Feedwater ]I4ouse & Electrical Penetration Area
(160), Verification of Reinforcement in South Wall - Unit I," Revision 1.

1.12. Calculation No. EM-19, "MS & FW Pipe Chase -- East,"Revision 7.

- 1.13. CaLculalion No. CT-53, "Service Water CoolIing Towers (140), Design of South
WaIl at Line 4 to El. 46'-0"," Revision 1.

1.14. Calculation No, CT-28, "Design of South Wall from EL 46'-0" to 77'-6", North
Wal.l Similar," Revision 6.
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1.15. Calculation No. CW-29, "Service and Circuladtng Water Pumphouse, Design of
Walls Above Grade, Roof Slab, & Halch Covers," Revision 7,

1.16. Calculation No. C-S-1-10t 59, "`B' Electrical Tunnel Transverse Shear Evaluation
Supplemem to Calculation CD--20," Revision 0.

S.17. Calcu]ation No. SBSAG- IMA, "Category I Structures, Tornado Missile and Light
Aircraft Impact Protection," Revision 1,

2. NextEra Energy Seabrook Drawing No, 9763-F-101842, "Concrete General Notes &
Reinforcing Splice Lengths," Revision 14.

3, ACI 31.8-71, American Concrete Institute Building Code Requirements for Reinforted
Concrete.

4. 0. B3ayrak, "Structural Implications of ASR, State of the Art," February 2, 2012.

5. 0. Bayrak" Perspectives On ACI 31,8-71 Shear Strength And Lap Splice Performance,"
Marcb 30,2012. w

6. NextEra Energy Seabrook Prompt Operability Determinations (POD):

6.1. AR 581434, "Reduced Concrete Properties Below Grade In 'B' Electrical Tunnel
Exterior Wall," Revision 0.

6.2. AR 01664399, "Reduced Concrete Modulus Of Liasticity Below Grade In
Containment Enciosure Building, RHR Equipment Vaults, EFW Pumphouse, And
Diesel Generator Fuel Oil Tank Rooms," Revision 0.

7, MPR Report No. 3704, "Seabrook Sation- Summaray of Alkali-Silica Reaction Walkdown
Results," Revision 1.

8. Chana. P.S& Bond Strength of Reinforcement in Concrete Affected by Alkali-Silica Reaction,
Crowthorne: Transport and Road Research Laboratory, Department of Transport, 1989.
Contractor Report 141.

9, Ahmed, T.; Burley, E. and Rigden, S. "The Static and Fatigue Strength of Reinforced
Concrete Beams Affected by Akali-Silica Reaction." ACI Materials Journal Vol. 95 No, 4
(1998): 376-388.

10. ACT Committee 408. Bond and Development of Straight Reinforcing Bars in Tension (AC1
408R-03). Farmington Hills: American Concrete Institute, 2003.
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" A
- RHR Vault, Various Rooms

A.1 ASR AffectedAreas

~ I The areas affected by ASR in the I{LR Vault are the walls from Elevation -61 ft. to -16 ft.

A.2 Reviewed Calculations

Calculation PB-30 was reviewed. Only the relevant information pertaining to the evaluation of
the ASR-affcted areas listed above was reviewed as part of this effort. The results of the review

-. are presented in Table A-3.

A.3 Calculation General Methodology

A 2D finite element model of a horizontal slice through the RHR, Vault building was used to
calculate the distribution of loads on the walls. Properties for the beam. elements and the loads in
the model were varied to represent the building at different elevations. Hand calculations with
ane-way slabs to represent walls were used to calculate stress. Separate calculations were used

" to assess horizontal and vertical reinforcement.

AA4 Evaluations without Sufficient Anticipated Margin

-The evaluation for concrete out of plane shear in the external wall at Elevation -4ý ft. did not
meet the screening criterion of L5% margin. The margin calculated in PB-30 is 24%. This
margin was confirmed with a scoping finite element evaluation of the building for the major

4, loads (not including the seismic load, which is small), A summary of the result that did not meet
the screening criterion is provided in Table A-i.

Table A-1. Evaluation Without.Sufficient Anticipated Margin
RHR Vault, Various Rooms

.1

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin Margin Margin (%)

Carculated?

ConcreteEl -45S OLt Of Diane Shear Capacity 24% No 24%
4' ext. wall shear AReduced 25% 1 -J

MPRQAForm QA.3,1-3, Rev 0
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AS Evaluations with Sufficlent Anticipated Margin

The evaluations in Table A-2 satisfied the screening criteria described in Section 4.0. In soame
cases, the margin documnmted ini the calculation did not meet the screening criteria, so additional
margin was extracted from the evaluation, by one of the methods described in Section 5.2. Thle
additional margin was sufficient to satisfy the screening criteria. The applieable evaltuaion for
whiich additional margin was calculated are indicated in the following table and Section. A.6
describes the methods used to extract the additional margin.

For the cases in which the documented margin met the screening criteria, the "Anticipated
Margin" column reports the documented margin.

Table A-2. Evaluations With Sufficient Anticipated Margin
RHR Vault, Various Rooms

Wall Evalualion ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin V16)

Calculated?

Concrete
E', -6ai Outpne Shear Capacity 12% Yes 25%4' ext, wall shear /6uet 5

El. -61' Out of plane Concrete
2E5'lit. wall shear Shear Capacity -1.8% Yes 67%

Reduced 25%

El. -45' Mini. R Embedment &
4' ext. wall Roeiz. Splice Length 15% Yes 6 5%

increased 17%

El. *45? Pnmbedmentt &4'ext wall Bending Splice Length 37% No 37%
Increased 17%

El. -32' Min Reinf, Embedment &

4' ext. wail Hodz, Splice Length 14% Yes 57%
increased 17%

Enimbedimnt &
El. -32' Sending Splice Length 35% No 35%

.4' ext. wall Increased 17%

El. -32' Out of plane Concrete

4e -32 wall shear Shear Capacity 38% No 38%
Reduced 25%

MPR QA Form: QA-3.1-3, Rv.. 0
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03226-0058-63 1~4&~A~ ~ ~Revision: I

Table A-2. Evaluations With Sufficient Anticipated Margin
RHR Vault, Various Rooms

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin (%)

Calculated?

El. -32' & -4' Min. Reinf Embedment &

2.5'ext wall N. Splice Length 11% Yes 66%
2.___twif_ Ho__ iz,_ - - Increased 17%

EI Embedment&

2.5'ext. walN . Bending Splice Length 31% No 31%
Increased 17%

ConcreteEl -32' & -4' Out of plane Shear Capacity 25% No 25%
2.5' ext. wall N. shear Reduced 25%

E 1-3 ' Embedment &
El.-32' Min. Reinf, Splice Length 23% 1 No 23%

2.5' int. wall Increased 17%

Embedment &E2 , -32' • Bending Splice Length 42% No 42%2.5' int. waill
increased 17%

El. -45& 0' MEmbedment &i
25 elt. wall Min. Reinf. Splice Length 10% Yes 57%2.5' xt. w ll t Horiz,

W- I Increased 17%

El: -45' & 0' Embedment &
2.5' ext. wall Bending Splice Length 32% No 32%

W __ Increased 17%

El. -45 8 0' Ox of plane S Cciete
2.5' ext. wail N. shear Shear Capacity No 51%Reduced 25%

El. -81'to -45' i Min. Rein I
Splice Length 15% Yes 57%4' ext. wall Horiz, Increased 17%

El. -1 i to -45' Bending Reinf: Embedment &
4' ext, wall Horz. Splice Length 39% No 39%

Increased 17%

El. -61' to -45T Min. Reinf. Embedment &
2.5' int. walls Horiz. Splice Length 14% Yes 57%

Increased 17%

El. >-41' Mn. Reir.f. Embedment&
2'ext wall E- Hciz. Splice Length 10% Yes 66%

Increased 17%

•e

a

a

AS

-4

:,l! MPR CA Form~ OA-. 1.3, Rev. 0
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Table A-2. Evaluations With Suffident Anticipated Margin
RHR Vault, Various Rooms

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin J%)

Calculated?
El, >-26' Min. Reinf. Embedment &

Splice Length 19% Yes 65%
3' ext. wall S, Horiz Increased 17%

NA

El. >6' Bending Reinf. (No ASR
2.51 ext. wal Hordiz. observed in 15% No 15%

W. this portion of
the wall)

NA

El, 6' to 20' (No ASR
2.5' ext. wall sfear observed in 217% No 2.7%

W. this portion of
the wall)

NA

(No ASR
El. >61 Mi. Ren observed in 14% No 14%

ext, wall N. Horiz. this portion of

the wall)
Embedment &

El. -w1' Bending Splice Length 58% No 56%
4' ext. wall N Vertical Reinf. Increased 17%

El. -26' Bending Embedment &
2.5' ext. wall N. Vertical Reinf, Splice Length 48% No 48%

Increased 17%

Vert. Remnf. Embedment &l.-61'1
. Bending at Col, Splice Length 33% No 33%

Line 1 Increased 17%

El. -61' N 5
4'E d. wall N. In plane shear NA 65% No 65%

El.,-81'

2,5'int, EW In plane shear NA 30% No 30%
wall _

2 -5'n InN plne shear NA -1.8% No -18%
2 5in Swall 1 _ _ _ _ _ _

9

p

b

p

a

p

fa

p
'a

p

S

w

I9
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A.6 Methods Employed to Gain Additional Margin

The methods tued to gain additional margin in. the evaluations were as follows:

In evaluations for two wails, the reinfo rcement credited in. the calculation was less than the
amount of steel that was actually installed. The margin was recaleulated using the actual
rein forcement present in the walls.
For eight of the evaluations, the minimum required reinforcement was calculated with the
applicable requirement for minimum horizontal reinforcement in a wall from Reference 3,
Section 14.2(f). The evaluation in PB-30 conservatively used the runihLInu.rnrinforcement
requirement from Reference 3, Equation 10-1, which is applicable to beams,
For three walls, the shear stress in the wall was calculated with a finite element model of
the RHR Vault. The load. applied to the vault was the hydroslatic load. The seismic load.
which is snall in comparison to the hydrostatic load, was not applied for this scoping
evaluation.,

4

.Ill

q

V
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Table A-3. Rteview Restdta
RHR Vault, Vartous; Rooms

Ateas Affeeted by

Drslingl:

RUIR Vauilt
ASR: AU1 walls. -61' to -16W
PB130. Rev. 9
101510, 101517, 10151M. 1031519, 101534

Wall

PiR -61'
4' eca. wil

1-1)
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3.12M6 NA

I ix3

No

Rsquind
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o1cf2woviwvm-
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WWt~I* Loettgoa, ti
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O~a at
plase
-h - -----.,
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Y l

4
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1 4K
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Y..

II.T
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14-1
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D-g' 10 1517

1,61 i,?'tt. El.F

PB- , -1..32"

30 i 4'M , all

pl. -32' &
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10 N2. CII..

4 It•lI.

shear
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I 'Flie oacul neinfoixcing sleel area inslital e is oroawe than lhat used in the calenlation.
2. The mrnimurn reirforcecrnt in PB-30 was calculaird with dite krwr of ( 1 p--0J.0033 ,nd (2 403 times the. fd rcquir-4 for fleur loads basted on Refmrence 3. 10.5. 1. 1 This finforcertestl limit is

applic•ble to tearns. bu1 is conservatiie for wmll,. The minimmi rquired re.fdorcemenr is reduced L~sing the minimuniu required reinfrice, ment for a wall fmn Rzfbintfce 3, Sectim 14.2(.0,
3. Theeevation fortho evomantmnt is above the lica-tons that have ASRI based n nlt• T,,ilcowo a -e•saic_,e (Elevrdiou -61' *to -16').
4. Anticipated margin based or a scoping calculation with a 3D finile element modl of the RUIR vault. The =esbut is for external hivdrosulic pressure only. The cal-ulated searsti ss is 52 LM. Accoittfiog

tb" tbct lo)ad fitelr of 1.4 and the phi farcor ol 0.-8; lVvs Y,, ý 86 psi.
5, AntkiipatWd margin based un a scoping calculation with a 31) finith tlerment model of the RIR vault 'Fite result is lot •lternal hydrostatic pressue f•r• m an Internal flood only. The calclated Shear stivS is

2.2 ksi. Accounting for Ibe.boad factor of 1.4 and the phi factorof 0.85 gives V- 3 pli.
6. Not u-d.
7. A scopihg 3D fitiue element model of the RI.R vault confirmed the re"uWts re'tct•ed in calckLaion P8-30-
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B
Emergency Feedwater Pumphouse, Room EFSTI

B.1 ASR Affected Areas

The North and East walls in the Emergency Feedwater Pumphotue Stairwell, room EFSTI show
evidence of cracking, potentially by ASR, The areas evaluated for potential degradation by ASR
are the North and Fast walls in EFST1, below grade elevation (El 20).

B.2 Reviewed Calculations

Calculation EF-4, Revision 9 was reviewed to determine the documented margin for the North
and East walls ofEFFSTI. Only the relevant inlbrrmatioon pertaining to the evaluation of the

1 ASR-affected areas listed above was reviewed as par of this effort. The results of the review are
presented in Table B-3,

B.3 Calculation General Methodology

Calculalion EF-4, Revision 9 evaluated the walls and a column in ffte Emergency Feedwater
Pumphouse and Electrical Penetration Area. The seismic loads on the structure were calculated
using a computer model. Remrrining loads were calculated by hand. Only the in-plane structural
walls were credited with resisting a given direction of seismic load. hi-plane moments were
calculated from the shear distribution, treating the walls as cantilevered beams. External walls
were additionally designed for resisting out-of-plane moments and shears. These loads were
calculated by hand, Once the loads were calculated (either by hand or from a computer model),
the walls were evaluated by hand to ACI Code limits.

B.4 Evaluations without Sufficient Anticipated Margin

The evaluation for vertical reinforcement required for the in-plane moment from elevations ' to
27 in Table B- I did not meet the screening criteria for lap splices deseribed in Section 4.0,
Additional margin was caculated above what was documented in the calculation, but the
anticipated margin still did not meet the screening criteria of Section 4.0. Section .13,6 describes
the method used to extract the additional margin,

More margin may be found from re-evaluating the structure with a detailed computer model, but
this effort was beyond the scope of this review ani the potential benefit from such efforts is
unknown,
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Table B-1. Evaluation Without Sufficient Anticipated Margin
Emergency Feedwater Pumphouse, Room EFSTI

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin (%)

Calculated?

VerticalI
Reinforcement Embedment &

East for In-Plane Splice Length 4.4% Yes 6%
Moment El. 0' Increased 17%

to 27'

S.5 Evaluations with Sufficient Auticipated Margin

The evaluations in Table B-2 satisfied the screening criteria described in Section 4.0. In some
cases, the margin documented in the calculation did not meet the screening criteria, so additional
margin was extracted from the evaluation by one of the methods described in Section 5.2. The
additional margin was sufficient to satisfy the screening criteria. The applicable evaluations for
which additional margin was calculated are indicated in the following table and Section B.6
describes the methods used to extract the additional margin. For the cases in which the
documented margin met the screening criteria, the "Anticipated Margin" column reports the
documented margin.

Table B-2. Evaluations With Sufficient Anticipated Margin
Emergency Feedwater Pumphouse, Room EFST1

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin (%)

Calculated?
Horizontal

Flexure and In Embedment &
East Plane Shear Splice Length 35% Yes 25%

EL Increased 17%
-28' to 0'

East Out of Plane Concrete
Shear EL Shear Capacity 40% No 40%
-26' to 0' Reduced 25%

Vertical Axial Embedment & I
East Tension EL Splice Length 37% No 37%

-26. to 0' Increased 17%

0

I.

p

b

4P
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Prepared By

Table B-2. Evaluations With Sufficient Anticipated Margin
Emergency Feedwater Pumphouse, Room EFSTt

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin (%)

Calculated?

Vertical Axial Embedment &
East Load and Splice Length 89% No 89%Flexure EL 0 Increased 170

to 271

Out of Plane Concrete
East Shear EL 0' to Shear Capacity 65% No 65%

27' Reduced 25%

In Plane Shear Embedment &
East Ell, Shea 27' Splice Length 10% Yes 32%

Increased 17%

Vertical Axial N/A

North Load and (Has through- 1,8% No 1.8%Flexure EL -26' thickness
to 9 rebar)

Out of Plane NIA
North Shear EL (Has Thro(Igh- 32% NO 3-2%thickness

-26' to 0' Wel_ _ _ _ _

rebar)

Vertica Axial Embedment &

North FLoade d Splice Length 21% No 21%
tx 27 Increased 170%to 27'

Vertical Reinf. Embedment

North for In Plane Splice Length 54% No 54%Moment EL Increased 17%-26' to 0'

In Plane Shear Embedment,&
North EL Splice Length 57% No 57%

-26' to V' Increased 17%

In Piane Shear Embeidment .&
North EIL 0' to 2.7" Splie Length 10% Yes 32%

Increased 17%

MPR OA Form; QA-3,1-3, Rev. 0
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0

B.6 Methods Employed to Gain Additional Margin

To gain additional margin for thc single evaluation that did not meet the screcning criteria (see
Table B- 1.), the loads were slightly reduced by using the values documented in Revision 2 of the
calculation. The more accurate loWds from Revision 2 of the calculation were bounded by the
loads from. Revidslon 1, so the new loads were not explicitly evaluated in Revision 2. Accounting
for the new loads yielded. very little added margin, and the anticipated margin did not meet the
screening criteria from. Section 4.0.

For the evaluation of the East wall for horizontal flexure, the wall was originally evaluated as a
horizontal cantilevered beam, which is appropriate for the part of the east wall nearest to the
containment building. Since the stairwell being evaluated is far away from the containment
building and has perpendicular walls on the north and south end of the stairwell, the wall is more
accurately represented by a pinned-pinned or fixed-fixed beam. The anticipated moment was
calculated assuming pinned-pinned boundary conditions, whfich are more conservative than
fixed-fixed boundary conditions.

For the remaining evaluations that required additional margin, the reinforcement credited in the
calculation was less than the amount of steel that was actually installed. The margin was
recalculated using the actual reinforcement present in the walls.
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320 King Stroet
Atasandria.VA 22314

Chtecked 3ypage, 0-7

.-z", ~ Revisloo: 1

I.

2.
3.
4.

6.

Evaluhte as pinned-pined or fued-ujed. Calciiatitni EF-4 cvahautnd the %fll us a nile-erbmed un 1.1c potlkr of• ,hewall naret the usLinmeew enc.osure building, La ASR Is n observed iN ibis
area. ASR has bee obsenrvd in the stairwell and the tairwell east wall is braced by the ttorth and south walLs of the laivecll. For phsed-pinacd. moment is wlI2S rafhetr than wL ý2, .o moment is
reduced by 7i%. The ietrre load is .9% of the lod. a dxedemsind ders by 22%.
Not used.
Not. used.
Not used.
Consider reduced load from Rev. 2 ofealcnladton.
An.owut fin: additional steel pesent over that. which was credited in the calculation.

A.. Not Used
B. The total available reinforseennt! vast not exjAicitly calulated in F.F-4. though a methodology is prescribed aid the reinforzc em prerent is judged to be sUtTtfiett, The a,^isablt reinforcement presented in

the (able aboa'e is Mcictyded hlsed nrt the pi scrib•rd met odotogy in EF'-4. Rehr. area prmsented is for 401% ortf li wall plus 24 fi ofthe north, well (cons-idering coampression retror•lvy).
C. Theconcrete mattrial elastic mdul'us and PoissWtns ratio used in the computce analysis weti. nt prouvided Ib= cprRexievs were not useod in the hand calkuati•in portiou of the calculatioR.
D Not neAd.
E. The applied loads tld load. .asej usted in the cxrnpuot"c rutI esed. to get the moreat- axial load, and ahea" oa the wall w.ere not identified.
F. Not used.
(3. 1110 requitmd rebar was calulated following the same methodology presented in the. EF.-4 calculation, but wib proegrxe-ively lower values of steel area until the limit was reached.
II, Not used.
I Not used.
I. The rinin inm reinfm-cemnen area is more 3imiting nd is the required rebtr area listed,
K . tebar area pr•eMted is the total i01m aIKth iMCes.
I Load P. is aiven for a 25' wall used in a comptier model
M. Load P. rs giveen for a. 22.5' wall. Iused tn a computer model.
N. The requinrement for minrinmn shear reilkcernment ares is bobincing.
0-. The inieimnuu reinforeatment requiremnen is most liriting.
P. Calculation was performed sutrminig #7 @ 121 E.F., but the actual dedp ltfs #48 ý) 12" FA.
0. Not us.&,
R. Nut used.
S. A technical it-sue with the d43tivaljork of tLIrTebar e'a 3w•s identified durir% review and has been comm iat lced to the plant by separse co•respondence. The technical issue is addressed outside of this

rev•ew. The margin presented is based on the inefllodology docmnented in EF-4,
1. There is ttetuji-thickness t3-way) Ielbar in the lower region of dth wan where the momem is highest and where rebar splices are present. When through-thickness rbar is present, there is no significant

negatie effect on lap splik-s f"or ASR.
U. Tmhc io thrmugh-thickness rebax, .o there is no anticipated reduction in shear reinforcement capacity, from ASR.
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Electrical Tunnel 'B', Room CBSTI

C.J ASR Affected Areas

Pattern cracking has been observed in the North, East, and West walls below grade in the
Electrical Tujnel B stairwell, room CBSTI. As such, the three walls ter evaluated for potential
degradation from ASR in. addition to the floor slab. -

C,2 Reviewed Calculations

Calculations CD-20, Revision 4 and C-S-1-10159, Revision 0 were reviewed. Calculation
C-S-1 -10159, Revision 0 addresses a reduction in concrete compressive strength based on core
bore testing. Only the:relevant information pertaining to the evaluation. of the ASR-affected
areas listed above was reviewed as part of this effiort. The results of the review are presented in
Table C-2.

C.3 Calculation General Methodology

The Loads on the East wall of room OBSTI are calculated using a computer model. These loads
are then evaluated using hand calculations and an interaction diagram to ensure that the wall can
carry the required loads. For all other walls of CBSTI1 and the slab, the loads on the structure are
calculated by hand. The calculmed loads are from hydrostatic pressure seismic loads, and
deadweight. Hand calculations and design aids are used to evaluate the areas for the required
loads,

C.4 Evaluations without Sufficient Anticipated Margin

None,

C.5 Evaluations with Sufficient Anticipated Margin

The evaluations in Table C- I satisfied the screening criteria described in Section 4.0. In some
cases. the margin documented in the calculation did not meet the screening criteria, so additional
margin was extracted from the evaluation by one of the methods described in Section 52. The
additional margin was sufficient to satisfy the screening criteria. The applicable evaltationts for
which additional margin was calculated are indicated in Table C-I and Section C.6 describes the
methods used to extract the additional margin. For the cases in which the documented margin
mel the screening criteria, the "Anticipated Margin" column reports the documented margin,

MPR QA Fom'T QA-3.1-3. Rew 0
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Table C-1. Evaluations With Sufficient Anticipated Margin
Electrical Tunnel 'B', Room CBSTI

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin (%)

Calculated?

Horizontal Embedment &
East Minimum Splice Length 8.9% Yes 54%

Reinforcement Increased 17%

Vertical Embedment &
East Reinforcement: Splice Length 19% No 19%

Flexure Increased 17%

In Plane Shear Embedment &
East (El. -20' to 0') Splice Length 1e8% Yes At Least 17%

Increased 17%

Embedment &
Splice Length

Incre~ase

I n-Plane Shear 17%, but 5.1%
East (El, 0'to 215) margin 119.% No 11 9%

required to
meet screening

criteria (see
Section C.6)

Hornzontal Embedment &
West Reinforcement Splice Length 26% No 26%

Flexure Increased 17%

Vertical Embedment &
West Reinforcement: Splice Length 15% Yes 19%

Flexure Increased 17%

Vertical Embedment &
North Reinforcement: Splice Length 60% No 60%

Flexure increased 17%

Concrete

Out-of-ptane Shear Capacity 6.2% 3.7%
West Shear Reduced 25% (for F,== 4790 Yes (for f= 3000

(for F, = 4790 psi) psi)
psi)

Concrete

Out-of-plane Shear Capacity '3.2% 3.7%
West sheaer Reduced 25% (for fe = 5468 Yes (for f.• = 3000

(for f, = 5458 psi) psi)
psi) I I I

p

F

p

p

Pr

F

po

I
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Table C-1. Evaluations With Sufficient Anticipated Margin
Electrical Tunnel 'B', Room CBSTI

Wall Evaluation ASR Effect Documented AddtIonal Anticipated
Margin (%) Margin Margin (%)

. Calculated?

Embedment &
Slab Flexure Spfice Length 34% No 34%

Increased 17%

Out-of-Plane Concrete
Slab Shear Shear Capacity 44% No 44%Reduced 25%

C.6 Methods Employed to Gain Additional Margin

For the East wall (all elevations.) ACI Code minimum horizontal reinforcement evaluttion,
additional margin. was gained by accounting for the additional reinforcement installed beyond
that credited in the calculation.

For the East wal (El. -2(' to 4Y) i~n-plane shear evaluation, margin was found by accounting for
an anticipated increase in the concrete shear capacity (see Section 4.0). This reduced the shear
demand on the steel reinforcemnent. The anticipated increase in shear stmgth compared to that
credited in the analysis is 25%. cvc. after accounting for a potential. reduction in.strength from
ASR. However, only a 2% increase in. shear strength is required to meet the screening criteria
from Section 4.0. For the West wall vertical flexure evaluation, additional margin was credited
by using an accurate value for the depth of the rectangular compression block.. A conservative
value was used to calculate the margin documented in the calculation..

For the out-of-plane shear evaluations of the West wall a simple 3-D finite element model of a
plate fixed. on all four sides was used to calculate a more accurate value of shear load. The
calculated shear load was compared to the unreinfbrced shear limit fbr concrete with 3,000 psi
compressive strength (calculated from 2f7). Based on the information in Reference 5, the
anticipated increase in concrete shear strength beyond the ACI Code allowable will exceed the
potential reduction in. concrete shear capacity due to ASR.

For the in-plane shear evaluation of the East wall for elevations 0'to 21.5', no additio-nal margin
was able to be credited, but the demand on the lap splices was able to be rcduccd, Of the two
rebar mats installed, only one mat was anchored using lap splices. 'The other rebar mat was
anchored using rebar hooks, which are nrt expected to have reduced strength from ASR (see
Section 4,0). Since there is margin documented in the calculation, the rebar anchored with. hooks
can carm additional load to reducte the demand on the rebar anchored with splices.

MPR CIA Fovmi OA-3.1-3, Rev. 0
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RCA Tunnel, Unit I Tunnels

D. I ASR Affected Areas

The West and Fast walls in the RCA 'unnel of Unit I show evidence of tight pattern cracking
and active seepage, The areas evaluated for potential degradation by ASR are the north end of
the East wall from elevation O'to the. ceiling and the West wall at the location of core bores
RCAW 1-4.

0,2 Reviewed Calculations

Calculation SG-I Revision 2, CD-1O Revision ,.and WB-69 .Revision 7 were reviewed to
determine the documented margin for the West and East walls of the RCA Tunnel. Only the
relevant information pertaining to the evaluation of the ASR.-affected areas listed above was
reviewed as part of this effort. The results of the review are presented in Table D-3.

0.3 Calculation General Methodology

Calculation SG- I, Revision 2 evaluated the walls of the RCA Tunnel in the No-n-Essential
Switclhgear Room. The walls were conservatively designed based on the larger loads determined
for the RCA Tunnel which runs from the Emergency Feed Water Building of Unit #2 to the
Administration Building. These loads were referenced from calculation EM-7. "The loads on the
tunnel walls were calculated by hand. and then used in a computer analysis that modeled the
tunnel as a single bay portal bent, fixed at the base. Once the loads were calculated, the walls
were evaluated by hand to ACI Code limits (Reference 3),

Calculation CD-I 0, Revision 1 evaluated the walls and. mat slabs in the PRCA Tunnel under the
Control Building. An interaction diagram was used to evaluate the walls. The moments on the
walls were determined by modeling the walls as one-way slabs and the axial loads were
calculated from the loads from the above slab.

Calculation WB-69, Revkiion 7 evaluated the walls and slabs for the pipe wtmel of the Waste
Processing Tank Farm. The tunnel was modeled as a two-dimensional rigid frame and was
analyzed by a computer. The reinforcement in the walls was evaluated against the minimxum
required by code.
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D.4 Evaluations without Suffielent Anticipated Margin

The evaluations in Table D- I did not meet the screening criteria described in. Section 4.0. Unlike
tht other areas evaluated in the calculation, the reinforcement in this portion of the RCA tunnel
consists of No. 6 bars. As discussed in Section 4.0. bars smaHler tlhm No. 7 require 40% margin
to meet screening criteria for development and splice length. No simplified methods for
extracting additional margin were able to be employed to meet these criteria. For the two .flexure
evaluations, more margin may be found from :re-evaluating the struct ure with a detailed
computer model, but this effo'rt was beyond the scope of this review and the potential benefit
from such efforts is unknown. For the three evaluations in Table D-1, the "Anticipated Margin"
colunm reports the documented margin.

Table D01. Evaluations Without Sufficient Anticipated Margin
RCA Tunnel, Unit I Tunnels

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin I%) Margin Margin (%)

Calculated?

Vertýial Reinf: Embedment &NE Corner of Flexure and Splice Length 18% No 18/
Tunnel Compression Increased 40%

NE Corner of Horizontal Emdment &
Tunnet Reinf. Shear Splice Length 39% No 39%

Increased 40%
West WatiWestWallEmbedment&

(Control Bldg) - Flexure and EmeLent NCr oeenin Splioe Length 18% No 18%
Core Bore TenSion Increased 40%RCAW-1&2

D.5 Evaluations with Sufficient Anticipated Margin

The evaluations in Table D-2 satisfied the screening criteria described in Section 4.0. The
following two evaluations are in a different portion of the RCA tunnel than the evaluations
discussed in Section D.4. The reinforcement in this portion of the RCA tunnel consists of No. 8
bars. For both cases, the "Anticipated Margin" column reports the documented margin.

S.

p

U,

p

U

U

p

V
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p

S.
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Table D-2. Evaluations With Sufficient Anticipated Margin
RCA Tunnel, Unit I Tunnels

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin {%)

Calculated?

West Wall Embadmenl &
(Control Bldg) - Vertical SpbedLeng &

Core Bore Minimum Reinf Splce Length 720 No 72%
RCAW-3&4 Increased 17%

WCno Bld) - Horizontal Embedment &
(Control Bodg)- Minimum Splice Length 54% No 54%

RCAW-3e 4 Reinft increased 17%

D.6 Methods Employed to Gain Additional Margin

For the evaluations in Table D-l, no additional margin could •e gained to meet the sciee0ing
criteria outtined in Section 4.0. It should, be noted that the loads used on the walis were
calculated based on a different portion of the RCA tunnel, which runs from the Emergency Feed
Water Building of Ondt k12 to (be Administration Building. Reevaluating the RCA Tunnel. with
the actual loads applicable to this portion of the RCA tunnel could identify additiona] margin.

For the evaluations in Table D-2, no additional marg in needed to be gained to meet the screening
criteria outlined in. Section 4.0.
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E
Diesel Generator Building, Room DG102

E.1 ASR Affected Areas

T'he East wall of the Diesel Generator Building, room DG102, shows evidence of cracking,
potentially by ASR. The area evaluated for potential degradation by ASR is the E1ast wall in
DC 102 from elevation (-)I 6' up to grade. Though the West wall was reviewed to document
existing margia, no indications of ASR. were reported in the walkdown report for this wall in
room DG 102 (Referenec 7).

E.2 Reviewed Calculations

Calculation CD-i 8, Revision 5 was reviewed to determine the documented margin for the East
wall of DG 102. Only the relevant information pertaining to the evaluation of the ASR-affected
areas listed above was reviewed. as part of this effort. The results of the re•iew are presented in
Table E-3.

E.3 Calculation General Methodology

Calculation CD-I 8. Revision 5 evaluated the walls below grade and the mat foundation for tie
Diesel Generator Building. The walls and slabs were designed as vertival frame sections, in the
North-South and Eiast- West directions, The moment distribution method was used to calculate
the final moments acting on the walls slabs. The in-plane moments were calculated by hand and
the vertical tension and compression loads on the walls were determined with a computer
analysis. The required reinforcement was determined based on moment diagrams and interaction
diagrams for the. walls.

E.4 Evaluations without Sufficient Anticipated Margin

A single evaluation in Table E-1 did not meet the screening criteria for tap spice/ernbedmeni
length described in Section 4.0. Additional margin was calculated above what was documented
in the calculation, but the anticipated margin still did not meet the screening criteria of Section
4.0. Section E,6 describes the method used to extract the additional margin documented in the
table.
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Table E-1. Evaluations Without Sufficient Anticipated Margin
Diesel Generator Building, Room DG102

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin (%)

Calculated?

Embedment &
East Flexure Splice Length 5,3% Yes 10%

Increased 17% pg.

E.5 Evaluations with Sufficient Anticipated Margin

Table E-2 contains the evaluations for the West and East walls that met the screening criteria of
Section 4.0. The evaluations of the West wall are not considered an operability concern for ASR,
regardless of margin.

The evaluations of the East wall satisfied the screening criteria described in Section 4.0. In one
instance, the margin documented in the calculation did not meet the screening criteria, so
additional margin was extracted from the evaluation by one of the methods described in.
Section 5.2, The additional margin was sufficient to satisfy the screening criteria. The
applicable evaluations for which additional margin was calculated are indicated in the foLlowing
table and Section E.6 describes the methods used to extract the additional margin. For the cases
in which the documented margin met the screening criteria, the "Anticipated Margin" column
reports the documented margin.

Table E-2. Evaluations With Sufficient Anticipated Margin
Diesel Generator Building, Room DGI02

P.

ff.

I

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin (%)

Calculated?

N/A
West Flexure (ASR not 16.3% No 16,3%

observed in West

Wall)

N/A
West Flexure (ASR not

observed in West 7.7% Yes 13%

Wall)

*I

V

a.
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Calculation No.

0326-0058-63

Table E-2. Evaluations With Sufficient. Anticipated Margin
Diesel Generator Building, Room DG102

Wall Evalumtion ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin 4%)

Calculated?

N/A

west Flexure (ASR not 25% No 25%observed in West
_____________ ~Wall)_______

NIA

West Flexure (ASR not. 23% No 23%
observed in West

Wall)
~NIA

West Flexure (ASR not 20% No 20%o
observed in West

Wall)

SNIA 8-1V/0 - 30%

West In Plane Shear (ASR not 8-9% Yes (See Tabteobserved in West E-31
wal)E3)

N/A

Weet(ASR not 17.7% No 17.7%We~t Fexure observed in West

________ ___ ____ _______wall)_ _ _ _ __ _ _ _ _ _ _

Embedment &
East In Plane Shear Splice Length 8.9% Yes 30%

Increased 17%

Embedment &
East Flexur'e Splice Length 20% No 20%

Increased 17%

Embedment &
East Flexure Splfce Length 25% No 25%

Increased 17%

t Out of Plane Concrete Shear
East Shear Capacity -12% Yes 30%

Reduced 25%
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E.6 Methods Employed to Gain Additional Margin

The evaluation of the East wall for flexure, listed in Table E-1, did not meet the screening
criteria described in Section 4.0. Additional margin was identified by using an interaction
diagram which credits the compression steel.

The evaluation of the East wall for intplane shear, listed in Table E-2, identified considerable
margin by crediting the staggered horizontal rebar splices, which reduces the required lap splice
length. The evaluation of the Easi wall for out-of-plane shear identified margin based on a
sooping calculation wifth a 3D solid finite element model of a wall with the same dimensions and
loads as the East walL The wall was ýfixed on all sides and was evahiated for hydrostatic,
seismic, statie, and dynamic soil loads,

Although the evaluations of the West wall for flexure and in-plane shear, listed in Table E-2,
were considered acceptable, additional margin was identified in some cames. I1re evaluation of
the West wall in flexure identified additional margin by taking into account the compressive load
acting on the West wall due to the self-weight of the wall and the weight of a portion of the slab
above the West walL This compressive load, along with the moment on the wall, was used in an
interaction diagram to determine the area of reinforcement required- The in-plane shear
evaluation of the West wall identified margin in portions of the wall because the horizontal rebar
in the wall above elevation (-)8.5' was staggered and the horizontal rebar in the wall below (-)12'
on the inside face of the wall was anchored with hooks at both ends.
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MPR Associates, Inc.
* M P R 320 King Street

Alexandria, VA 22314

Calculation No. Prepared By Checked By Page: F-I

0326-0059-63 Revision- 1

Primary Auxiliary Building, Room PB205

F.1 ASR Affected Areas.

]The South and East walls of the Primary Auxiliary Building, room PB205, have observed pattern
cracking and horizontal cracks. The areas evaluated :for potential degradation by ASR are the
South wall and the south portion of the East wall in PB205 from elevation (-)6' to 3'.

F.2 Reviewed Calculations

Calculation PB-20, Revision 4 and WB-82, Revision 1 (see the assumption in Section 3.1) were
reviewed to determine the documented margin for the East aid South wals of PB205. After a
review of the drawings, it was determined that the East wall of PB205 is also the West wall of
the Primary Auxiliary, Building. Therefore, calculation P13-20, which evaluates the West wall of
the Primary Auxiliary Building, was reviewed to document the margin for the East wall of
PB205. Only the relevant information pertaining to the evaluation of the ASR-affected areas
listed above was reviewed as part of this effiortL The results of the review are presented in
rable F-2.

F.3 Calculation General Methodology

Calculation P13-20., Revision 4 evaluated the West wall of the Primary Auxiliary Building based
on a finite element analysis. T'he required area of reinforcement was calculated using the loads
from the finite element analysis. Calculation PIB-20 states that the West wall of the Primary
Auxiliary Building is subject to additional loads, which were evaluated in calculation P13-65.
After review of this calculation, it was determined that the loads were from pipe supports located
in areas that did not affect the evaluation of the walls affected by ASR.

Calculation W.1-82, Revision 1 evaluated the walls of the Waste Processing Building below
elevation 25'. The walls were designed using loads from a computer model. The most .limiting
load combination was used to size the vertical and horizontal reinforcement.

F.4 Evaluations without Sufficient Anticipated Margin

None.

MpR QA Form: OA431-3. Re. 0
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MPR Associates, Inc,
* M P 320 King StreetAlexandria, VA 22314

Calculation No. Prepared By Checked By Page: F-2

0326-0058-63 F, )AA I ~- Revision'. 1

Uk

p

P
F.5 Evaluations with Sufficient Anticipated Margin

The evaluations in Table F- I satisfied the screening criteria described in Section 4.0. For all the
cases, the "Anlicipated Margin" column reports the documented margin.

Table F-1. Evaluations With Sufficient Anticipated Margin
Primary Auxiliary Building, Room P8205

I

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin (%)

Calculated?

Vertical. Em bedment &
South Wall Flexure and Splice Length 34% No 34%

Tension Increased 17%

Horizontal: Embedment &

South Wall Flexure and Splice Length 51% No 51%Tension & In- Increased 17%
Plane Shear

Vertical: Embedment &

West Wall Flexure and Splice Length 38% No 38%Tension Increased 17%
(Element #124)

Vertical: Embedment &

West Wall Flexure and Splice Length 23.7% No 23.7%Tension Increased 17%
(Element #125)

Vertical: Embedment &

West Wall Flexure and Splice Length 71% No 71%
Compression Increased 17%

(bounding)

Horizontal: Embedment &

West wall Flexure and Splice Length 34% No 34%Tension & In- Increased 17%
Plane Shear

F.6 Methods Employed to Gain Additional Margin

The documented margin for the evaluations of the South and East walls of PB205 met the
screening criteria of Section 4.0. No additional margin needed to be calculated.

p
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MPR Associates, Inc.

b~rM I'I 320 King Street
Alexandria, VA 22314

Calculation No. Prepared By Checked By Page: ^G-1

0326-005G-63 Revision I

Primary Auxiliary Building Mechanical
Penetration, Room MFI02

GAL ASR Affected Areas

The thickened portion of the North wall (8-ft thick below elevation (-)26' aid 14-ft thick above
this elevation) shows evidence of cracking. Although the cracking is not necessarily due to
ASR, the area between El. (-)34'-6" and (-)26" is evaluated for potential concrete degradation due
to ASR.

G.2 Reviewed Calculations

Calculation EM-3 L, Revision 6 was reviewed, Only the relevant information pertaining to the
evaluation of the ASR-affected area listed above was reviewed as part of this effort. The results
of the review are presented in Table G-2.

G.3 Calculation General Methodology

The thickened portion of the north wall (the area potentially affected by ASR) is only evaluated
for the minimum reinforcement requirement from the ACI Code. Loads on the wall from
external loads are very small, so the minimum reinforcement requiremenl is limiting.

G.4 Evaluations without Sufficient Anticipated Margin

None.

G.5 Evaluations with Sufficient Anticipated Margin

The margins documented in the reviewed calculation for all evaluations satisfied the screening
criteria described in Section 4.0. Note that the calculation did not document the amount of
margin, but it was staied that the reinforcement in the wall would satist'y the minimum
reinforcement requirement. For the results tables and the summary tables presented herein, the
amount of minimum reinforcement required per the ACi Code is calciated and compared to the
reinforcement present in the wail, The "Anticipated Margin" columnn and the "Documented
Margin" columns report this value.

MPR QA Form; OA-3,1-3, Ray 0
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Calculation No.
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aý 4ýý
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Table G-1. Evaluations With Sufficient Anticipated Margin
Primary Auxiliary Building Mechanical Penetration, Room MFI02

*5

U,

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%? Margin MaFgin (%)

Calculated?

North Vertical Embedment &
(8-ft thick Minimum Splice Length 67% No 87%
portion) Reinforcement Increased 17%

North Horizontal Embedment &
(8-ft thick Minimum Splice Length 31% No 31%
portion) Reinforcement Increased 17%

0

G.6 Methods Employed to Gain Additional Margin

No recovery of ana~lysms onsermatism was required.

I.w

0
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MPR Associates, InmU MPR 320 King StreetAlexandria, VA 22314

Calculation No. Prepared By Checked By Page: H-1

0326-0059-6.3 ~ 'Revision: 1

H
Electrical Tunnel SB', Room EFIGI

H.1 ASR Affected Areas

Pattern cracking and discoloration has been observed on the North and South Walls of EF tO]
between elevations (-)20' and (-)2', These walls and the floor slab at elevation (-)20' re
evaluated for potential degradation by ASR.

H.2 Reviewed Calculations

Calculations EF-4, Revision 9 and EF-11, Revision I were reviewed. Only the relevant
, information pertaining to the evaluation of the ASR-affected waLls listed above was reviewed as
ýpart of this effort. The calculation fbr the North wall was already reviewed and the results were
previously presented in Appendix B, .so only the results of tht South wall evaluation are
presented herein, Note that the evaluation, of the South wall in EF-4, Revision 9 has been
superseded by calculation EF-.1], Revision. 1.

The calculation containing the design basis evaluation of the floor slab was not available for
review. Thus, no operability judgments are made about the floor slab ofEF101 herein. The
results of the review are presented in Table H-2.

H,3 Calculation General Methodology

For the evaluation of the South Wall in calculation EF-] 1, the deformation of the West Wall
From. north-south direction design basis loads is calculated, wnd the South wall is assumed to
diTplace along the same profile, The deformation of the West Wail is calculated from a
combination of bending and shear behavior. The stresses in the South Wall are then calculated
from the derived displacement. For the East-West direction loads, the South Wall is assumed to
behave like a cantilever, though a reduced effective length is used to account for the reduction in
moment that would occur with a fixcd-fixed end condition.

H.4 Evaluations without Sufficient Anticipated Margin

None.

M PR QA Form: GA-3.1-3. Rev: 0
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MAVE JDJOMPR Assciates, Ino.
0 P 320 King Street

Alexandria, VA 22314

Calculation No. Prepared By Checked By Page: H.2

0326-0058-63 < /2 X 1 eion I

H.5 Evaluations with Sufficient Anticipated Margin

All evaluations of the South wall satisfied the screening criteria described in Section 4.0. For
these caws, the documented margin met the screening criteria, % the "Anticipated Margin"
column reports the documented margin.

Table H-4. Evaluations With Sufficient Anticipated Margin
Electrical Tunnel 'B', Room EF101

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin (%)

Calculated?

Vertical Embedment
South Reinforcement, LengthlSplice 34% No 34%

EU. (-)20' to a Length
Incresaed 17%

In-Plane Embedment
LenigthlSpliceNSouth Shear, El. Lengt18% No 18( -)20f ILength(-)W Increased 17 %

wl•."

H.6 Methods Employed to Gain Additional Margin

No recovery of analny.s conservatism was required.

p
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MPR Associates, Inc.
320 King Street
Alexandria, VA 22314

C iculation No. Prepared By Checked By Page: ]-I

0326-0058~-63 2,. Revision; 1

[I
MSIFW Pipe Chase (East), Exterior

1.1 ASR Affected Areas

The East wall in the Main Steam Feedwater Pipe Chase has pattern cracking along with larger
cracks running at various angles on the exterior surface. The area evaluated for potential
degradation by ASR is the East wall, above grade elevation (Fl. 20').

1.2 Reviewed Calculations

Calculation EM-1 9, Revision 7 was reviewed to determine the documented margin for the Fast
wall of the MS/FW Pipe Chase. Only the relevant information pertaining to the evaluation of the

I ASR-affected areas listed above was reviewed as part of this effort. The results of the review are
presented in Table 1-2.

L3 Calculation General Methodology

Calculation EM-1 9, Revision 7 evaluated the slabs, columns, beams, and walls above and below
grade in the East MS/FW Pipe Chase. The Pipe Chase behaves as a shear walI structure for
North-South exc~itation and as a portal frame for Fast-West excitation, The vertical and
horizontal reinforcement was sized to resist all of the applicable loads, though the horizontal
reinforcemltent was often limited by the minimum reinforcement required by the code.

1.4 Evaluations without Sufficient Anticipated Margin

None.

L5 Evaluations with Sufficient Anticipated Margin

The evaluations in 'Table I- I satisfied the screening criteria described in Section 4.0. .n some
eases, the margin documented in the calculation did not meet the screening criteria, so additional
margin was extracted from the evaluation by one of the methods dewribed in Section 5.2. The
additional. margin was sufficient to satisfy the screening criteria, The applicable evaluations for
which additional margin was calculated are indicated in the fibllowing table and Section 1,6
describes the methods used to extract the additional margin. For the cases in which the
documented margin met the screening criteria, the "Anticipated Margin" column reports the
documented margin.

MPR QA Form: QA-3.i-3. Rev. 0
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MPR Associates, Inc.
WAVE n n320 King Street

Alexandria, VA 22314

Calculation No. Prepared Wy Checked By Page: .- 2

03 260)~58-63 Revision: I

p

'il

i

Table I-1. Evaluations With Sufficient Anticipated Margin
MS/FW Pipe Chase (East), Exterior w

Wall Evaluation ASR. Effect Documented Additlonal Anticipated
Margin (%) Margin Margin (%)

Calculated?

East 2'Wall Out-of-plane NIA -0.5% NoShear

2Flexure (vert. Emedment &
East: 2'Wall Fexure Splice Length 33% No 33%

rebsr) Increased 17%

East: 2' WalI Flexure (hloriz Embedment &Eat 7Wl ea) Splice Length 77% No 77%

rebar} Increased 17%

l Flexure and Embedment &
Axial Load Splice Length 21% No 21%

Increased 17%

East; 2' Wal Flexure (horlz. Embedment &
East Wal Flexure (hor Splice Length 6.4% Yes 28%rebar) Increased 17%

Embedment &East: 2' Wall (horiz. rebar) Splice Lengh -0.6%/ Yes 23%
Increased 17%

Embedment &

East @ E. 22 In-plane Shear Splice Length 77% No 77%
Increased 17%

1.6 Methods Employed to Gain Additional Margin

The splice length reduction factor for staggered splices meeting the requirements for Class B
splices was used to identify addi-ional margin for the two evaluations for horizontal rebar subject
to pipe whip loads.

p
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*MPR
MPR Associates, Inc.
320 King Street
Alexandria, VA 22314

Calculation No.

0326-0058-63

J
Cooling Tower, Unit 1 Exterior

J. I ASR Affected Areas

The ASR affected areas are the South Wall and the North Pipe Chase bump out. on the exterior of
the building at elevations above grade (above elevation 20 ft.).

J.2 Reviewed Calculations

Calculations CT-53 and CT-28 were reviewed. Only the relevant information pertaining to the
evaluation of the ASR-affected areas ]isted above was reviewed as part of this effort. The results
of the review are presented in Table J-3.

J-7 Calculation General Methodology

The analysis is based on a finite element model calculation of stresses in the South wall. Hand
calculations are used to combine stress results and an interaction diagram is used for the
reinforcement evaluation at some locations.

J.4 Evaluations without Sufficient Anticipated Margin

Ihe evaluations in Table J-1 did not meet the screening criteri.a described in Section 4.0. In one
case, additional margin was calculated above what was documented in the calculation, but the
anticipated margin still did not meet the lap splice/embedment length screening criteria of
Section 4.0. The applicable evaluation for which additional margin was calculated is indicated in
Table J-I and Section J.6 describes the method used to extract the additional margin. In the
other cases, no simplified methods for extracting additional margin were able to be employed.
For these cases, the "Anticipated Margin" colunuireports the documented margin.

MPR QA Form: QA-3.1-3, Rev. C
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MPR Associates, Inc.U MPRM no 320 tng StreetAlexandria, VA 22314

Calculation No. Prepared By Checked By Page: 3-2

031216-005-63 ,~L 4~ Q 2 iARevision: 1.

RP

WF

Table J-1. Evaluations Without Sufficient Anticipated Margin
Cooling Tower, Unit I Exterior

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin (%)

Calculated?

Horiz. reinf. for
South, El. 32 in-plane Embedment &
to 39, Cols. shear, Splice Length 2% Yes 14%

A-0 bending, and Increased 17%
tension

South, El. -8 Out of plane Concrete Shear

to 21 sbear Capacity 7% No 7%
Reduced 25%

South, El. 21 Vert. reinf. for Embedment &
Splice Length -2.5% No -2.5%to 45' bending Increased 17%

p. ", p.

34 5,0 34 Sb

South, El. Vert reini. for Embedment & 35 6.3- 15 6.5

>50'. Cole D- bending and Splice Length 36 : No 35 &.9
K tension Increased 17% 36 .-9

37 a,' 37 8,9

36 11 38

J,5 Evatuations with Sufficient Aniticipated Margin

The evaluations in Table J-2 satisfied the screening criteria described in Section 4.0, in some
cases, the margin documented in the calcuiation did not meet the screening criteria, so additioml
margin was extracted from the evaluation by one of the methods described in Section 5.2. The
additional margin was sufficient to satisfy the screening criteria. The applicable evaluations for
which additional margin was calculated are indicated in Table J-2 and Section 3.6 describes the
methods used to extract the additional margin. For the cases in which the documented margin
-met the screening criteria, the "Anticipated Margin" column reports the documented margin.

MPR QA Form. QA-3,1-3, Rev. 0
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7MPR MPR Assodates, Inc.
320 King Streel
Alexandria, VA 22314

Calculation No. Prepared By Checked By Page: J-3

0326-0058-63 ,, 4~ 1  ~ ) A~Revision, I

Table J-Z evaluations With Sufficient Anticipated Margin
Cooling Tower, Unit 1 Exterior

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin 4%) " Margin Margin (%)

Calculated?

ELEl % %l

South, El-8 Horiz reinf. for In- Embedment& -8 to 12. .. 6 to 151

Soth, El- plane shear, Splice Length 12 to 22 2

A-D bending, and Increased 2.....2..5 n
tension 17% 221o25 s

251*32 8 ---.

--- --- - - 3 1 4 . 3
1 3.910 45 10 .. .

I- EL % ...... .. . ....................
**BiIo 2 63

South, El -8 Horiz reinf. for in- Embedment & 018 t012 53 ....-.....
touth, Cf. plane shear, Splice Lengthn 12 to 22 20

o-G bending, and Increased 2 22 102 33tension 1722t05 12 --. 2t1
25to 32 1432to3a 2a

3Io-38 -Z5

South, El. 21 OutofPlane NA 5% No 5%
to 45' Shear

South, El. -8 Enbedmen! &
to 21', Cots. Vert. reinf, for Splice Length 25% No 25%

A-D bending Increased
17%

South.Ei.-8 Embedment & -...

to 21', Cola. Vert. teinf, for Splice Length 50% No 50%D-G bending Increased ______-50%
17% .

South E. Honiz reinf. for in- Embedment & 45 to 53 45 ,5 to 5 4545S-77, El plane shtear, Sphice Length 53tc61l41 No 531 41
A-D, K-N bending, and Increased 5. t.................

tension 17% JW159 53 61 t9 53
69te?7 53 69to 77 53

MPR QA Farm: QA-3 1-3, Rev,. 0
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MPR Associates, Inc.

or M P R n 320 King Street
Alexamdria, VA 22314

Calculation No. Prepared By Checked By Page: J-4

0326-00~58-63 (Ph4rQ Revision: 1

Vp

Table J-2. Evaluations With Sufficient Anticipated Margin
Cooling Tower, Unit I Exterior

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin (%)

Calculated?

South, El. 46- Vert. reinf. for Embedment &

76', Cots. A- bending and Splice Length 33% No 33%
D, K-N tension Increased

17%_/6
South, Ef. 46- Vert reinf for Embedment &
76', Cola, A- bending and Splice Length 77% No 77%78',Gel, A beningand Increased

0, K-N max comp. 17%

Soth,. 46- Vert. reinf for Embedment&
76%. Cots., A- max bend'n Splice LengthNo33Ing Increased

D, K-N and comp. 17%

South, El. 46- Out of Plane NA
76'. Cols. A- Shear 89% 89%

D, K-N

P- % . .•- - -
26 $.4 26 2!6

South, El Horiz reinf, for in- Embedment & 27 I.S 27 24
o plane shear, Splice Length . 4.8 2" 27

K bending, and Increased 3I1 33 31 33tension 17%
31 37 31 37

32 1g 32 1

33 1833 .18- ----- . ..........., • L

South, El. Out of Plane NA 4 A .... A
>5o0, Cols. 0- Shr No

K. 42 -3. 42 .3

S

p

fr

p

S.

p.

U.

V

South, El.. 50-
77", Cols. F

and H

Horiz. reinf tr-
bending, tension.

and shear

Embedment &
Splice Length

Increased
17%

27% No 27%

MPR QA Form- QA31-A.3 Pay
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*MPR
MPR Associates, Inc.
32.0 King Street
Alexandria, VA 22314

Table J-2. Evaluations With Sufficient Anticipated Margin
Cooling Tower, Unit I Exterior

Wall Evaluation ASR Effect Documented Additional Antlotpated
Margin (%) Margin Margin (%)

Calculated?

South, El.
50', Cols 0- In plane shear NA SignificanttD No S(gnilicant'o

F, H-K I

South, El,
50', Cols 0- hPane NA 0% No 0%

F, H-K Shear

South, El: 50- Horiz. 4einf for Embedrment &
Splice Length 0% Yes 24%59', Col bedn, tension Increased

& F and shear

South, El. Out of Plane
50%, Cols. 0- Shear NA 7.3% No 7.3%

K

J. 6 Methods Employed to Gain Additional Margin

The following method was used to recover margin from the calculation:

Where lap splices are staggered, i.e,, adjacent rows of reinforcement do not have the
overlap at the same axial location, these are Class B lap splices (ACI 318, 7.6.3-1.1). The
development length requirement for a Class B splice is 1.31d. The actual development
length used in the construction is 1.7 1d, which is the development length requirement for a
Class C splice (see ACI 318, 7.6.1.3 for ACI Class C splice mid Reference 2 for Seabrook
drawing requirement for lap splice length.). Accordingly., the margin in the development:
length is (1,7- ..3)/1.7-23.5%.

1c, CT-28 did not calcuate the margin, but concluded tf.e margin wa& significant. Approximating the shear srengtfi

of unreinforced concrete as 2 ,f= 126 Ps, the margin woukd be 52.

MPR QA Forn, OA-3,1-3, Hey 0
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MPR Associates, Inc,
320 King Street
Alexandria, VA 22314

Calculation No. Prepared By Checked.By. Page: K-I

0326-00518-63 .) Revision,

K
Service Water Pumphouse, Exterior

K. 1 ASR Affected Areas

I The North waXl of the Southwest bump outt and the South wall of the Service Water Pumphouse
have intemittent, localized pattern cracking on tie exterior surface. The areas evaluated for
potential degradation by ASR are the Narth wal.l of the Southwest bump out and the South wall,
above grade elevation (51. 20').

K.2 Reviewed Calculations

Calculation CW-29,. Revision 7 was reviewed to determine the documented margin fbr the North
wall of the Southwest bump out and the South wall of the Service Water Pumphouse. Only the
relevant information pertaining to the evaluation of the ASk-affected areas listed above was
reviewed as part of this effort. The results of the review are presented in Table K-2.

In addition, calculation SBSAG-IMA, Revision I was reviewed to determine the design basis for
the toniado missile loads for the Service Water Pumphouse,

K.3 Calculation General Methodology

Calculation CW-29, Revision 7 evaluated the walls above grade, the roof slab, and the hatch
ctvers in the Service Water Puniphouse. The design of the walls was based on a computer
program, which output loads on different sections of the wall. Regardless of the calculation,
No. 8 bars al 1.2" spacing were provided in tle cxterior walls to meet the missile shield
requirements. Based on the loads documented in calculation CW-29, the loads on the exterior
walls generally required less reinforcement than the provided amount.

Calculation SOSAG-1MA, Revision 1 evaluated the tornado missile loads for the Service Water
Pumphouse. The calculation compared the capacity of ihe exterior walls to the demand friom a
steel pipe, automobile and wood pole tornado missile. The calculation also evaluated a typical
wall for light aircraft impact loads and calculated the impact velocities at which failure was
anticipated.

K.4 Evaluations without Sufficient Anticipated Margin

None.

MPR OA Form, OA-3.1-3. Rav. 0
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MPR Associates, Inc.

320 King Street
Alexandria, VA 22314

Calculation NO. Prepared By Checked By Page: K-2

0326-0058-63 ) . ' - Revision: I

K15 Evaluations with Sufficient Anticipated Margin

IThe evaluations in ]'able K-I satisfled the screening criteria described in Section 4.0. For all
cases, the "Anticipated Margin" column reports the documemed margin Note that the minimum
reinforcement to react tornado missile loads was not calculated in SBSAG-IMA. To calculate
the margin for the tornado missite evaluation, a scoping analysis was performed following the
samne methodology documented in SBS.AG-iMA, but with progressively lower values of
reinforcement area. Note that the light-aircraft impact analysis was not re-evaluated, since that
portion of the calculation was for a "typical" wall and did not repres.nt the limiting wall in the
structure. The results for a "typical#' wall are unchanged.

Table K-1. Evaluations With Sufficlent Anticipated Margi n
Service Water Pumphouse, Exterior

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Marjin Margin (%)

Calculated?

Embedment &WalI 10 -North Flexure Sice Length 44% No 44%Wall Vertical Increased 17%

wall 10 orth InlEmbedment &Wall0.ol Flexure Horiz. Splice Length• 54% No 54%

Shaar Increased 17%

Wall 13 -North In n Embedment &

wanoth Ical Splice Length 54% No 54%
Increasedl 17%

Wall 13- Flexure Embedment&
South Wall Vertical Splice Length 42% No 42%

Increased 17% _,

wal ia- Embedment & -4

Sol al Flexure Hoeiz, Sptice Lenth 54% No 54%

Increased 17%

Wall 13 - I n-Plane Emeen&
SolhWll her Splice Length 54% No 54%
SouthWall Shea Increased 17%

Wall 10 -North Core Bores- NIA 21% No 21%
Vqa 9 Vertical ReinfA

Wall 10-North Core Bores: Embedment &

Wall Horiz. Reln.f Splice Length 41% No 41%
Increased 17%

fir

a

8

a

8

a,

U

a,

p

IA

Di

0

p

it
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MPR Associates, inc.

ILI M320 King Street
Alexandria, VA 22314

Calculation No. Prepared By Checked By Page: K-3

0326-0058-63 ~ 1 - Revision: 1.

Table K-i, Evaluations With Sufficient Anticipated Margin
Service Water Pumphouse, Exterior

Wall Evaki_ at ASR Effect ocumented Additional Anticipated
Margin {%) Margin Margin (%)

Calculated?

imiting Wa~ll Response of Embedment &
of SeNce fl2 da. x 15' Spice Length 44'% No 44%

Water 'Steel Pipe Increased 17%
Pumphouse Missiei

Umitio Wall. Response of Embedment
of Senice Automobile Sp!ice Length 44% No 44%

Water mosile Increased 17%
Pumphouse c
Limiting Wa~ll epneo Embedment &

of Service Wsonse oeSfEme dengthofWate r e SWoodeoleength No 44%
Pumphouse Missile Increased 17%

K6 Methods Employed to Gain Additional Margin

The documented margin for .he evaluations of the North and South walls met the screening
criteria of Section 4.0. No additional margin needed to be calculated.

VPR OA Form. QA'S1-3., Rev. 0
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MPR Associates, Inc.• MPR 320 King Street
Alexandria, VA 22314

Calculation No. Prepared By Checked By Page: L-1

0326-0058-63 Revision: I

L
Implementation of Reinforcement Embedment
Criterion

ASR. has the potenrial to reduce the effetlive strength of reinforced Concrete at i.ocations of
reinforcement lap splices and at locations of reinforcement straight bar embedment in areas
where a three-dimensional reinforcement cage is not provided. Additional length is required in
the reinforcement lap splice length and in the embedment length to fully develop the strength. of
the reinforcing steel in A.SRKaffc•ted aremas.

The sections below calculate the splice and embedment length required in ASR-affected areas
for two loading cases: flexure and in-plane-shear. The calculations consider a potential. 40%
strength reduction in the splice as observed by Chana (Reftence 8) and 23% conservatism in the
ACI Code equations for reinforcement lap splice strength as documented in ACI Code
Committee reports (R.eference 5).

L. I Reinforcement Embedment In Flexure

This section considers the moment capacity of a reinforced concrete section with rebar on. the
tension face, nrcglecting any-rebar on the compression face. Neglecting rebar on the compressim
face is a conservative assumption, typically used in design, and is neglected in man), of the
safety-related calculations fbr Seabrook Station. The rebar on the compression face is neglected
in this evaluation for simplicity and this approach does not alter the final conclusion. The
calculation below will determine the effect of the potential 40% strength reduction and the 23%
code conservatism on moment capacity.

Thei moment capacity MX of a concrete section crediting the iebar area A, to carry, tension and. the
concrete to react compression (assurming a rectangular concrete stress block; derived following
Re:erence 3, Section 10.3.1) is:

M, =A ) d-i

wheref' is the speciRied yield strength of reinforcing steel, d is the distance from the concrete
extreme compression fiber to the cenwrline of reinforcing bars in tension, and a is the depth of
the concrete ctmpression block.
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MPR Associates, Inc,

328 King Street*OM PR Alexandria, VA 22314

Calculation No. Prepared By Chec.ked By Page: L-2

0326-058-6 jC 9 (s ~Revision:.

The required development length Id of a reinforcing bar of size P 11 or less (applicable to all.
areas of concern for A.SR degradation) (Refbrenoe 3, Section 12,5(a)) is;

Id =(2)

where Aý, is the eross-sectional area of a single bar and f', is the specified comnpressive strength
of the ccncrete.

The required development length of a reinforcing bar accounting for the actual area of steel
providcd (A(pro 4,)) beyond that required by design (A.(70ý)) (Reference 3, Sec. 12.5(d)) and a
potential 40% reduction of development strength due to ASR (Reference 4, Table 4) is"

td(AsR) = 1.414t Ay tr(3)

In a case where the required development length is not provided, the all owable stress on the
rebar must be reduced. The relationship between the required development length and the
allowable rebar stress fy(,ff ) is:

(4)
4 .fywr:!)

Solving the relationship in Eq. 4 for fy(eff) results in:

fy(eff) = Id(ASR)

Substituting f~e) for fy in Eq. I and considering a 23% strength increase relative to the ACI
Code Equawions (as justified in Reference 5) results in:

M, 1.23A,(pri,,)fy(,,ff)(d - ) (6)

Substituting the right side of Eq, 5 for fy({tf) results in:

C= 1.23A)._,13 (Ipot.,< (a (7)

u The vabiile .flT carries the units psi and the coefficient carries the units .
See Section 5.2 ofthis calculation for a discussion of the applicability of the factor A r.q•Afpg.) to

reinforcement which requires development for fun f
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MPR Associates, Inc.
~M D D 320 King Street
UP Alexandria, VA 22314

Calculation No. Prepared By CekdBrPage: L-3

03)26-0058-63 Rvision: I

Substituting the right side. of Eq. 3 for ld(ASR) regults i1v

M, 123As~prn, v (d - (8)

Simplifying the expression:

Substituting the right side of Eq. 2 for Id and setting Abequal to A,(prou) results in the moment
capacity for a wall width equal to the rebar spacirng:

• (10)

Simplifying the expression:

W ( '0, )(8i79 (d -] "

The eflect of the potential strength reduction and the documented code conservatism, on the
moment capacity is a Pacior of 0.879 on capacity, or a 13.8% reduction in margin. The 13.8%
margin red•ution is less ihwi the 17% mnargin requirernent that results from the arithmetic sum of
the 40% reduction and the 23% increase. TIherefore. it is conservative to use 17% as the
screening criterion. 13

L.2 Reinforcement Embedment in In-Plane-Shear

This section considers the in-plane shear capacity of a reinonrced concrete section that credits
rebar in shear. The shear capacity of a reinforced concrete section is composed of two terms.
One term represents the shear capacity of the plain concrete. The secon-d term repreents the
additional shear capacity provided by the rebar. The calculation below will determine the effect
of flie potential. 40% strength reduction and the 23% code conservatism.

The shear capacity V1 provided by the rebar (Reference 3.E ,quation 11-13, where v, = v,, - re)is:

]I is tnted tha! the calculated 1.18% reduction in mr•,lin is also a CotsermahivC resul,. he. actual reduction in
Rnargi:n is less tlhan 13.9% because the depth ofthe concrete compression block could be recalulated for the reduced

effective reinforcement strength.
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Calculation No. Prepared By Checked By Page: LA4

0326-0058-63 fC9 fr- - Revision: I

, (1.2)

where A, is the area of shear reinforcement, fy is the reinforcement specified yield strength, b.
is the thickness of the wall, and s is the shear reinforcement spacing.

The required development length Id of a reinforcing bar of size #1 I or less (applicabte to all
areas of concern for ASR degradation) (Reference 3, Section 12.5(a)) is:

0114- 4b

= $4'•.i (13)

where A, is the cross-sectional area of a single bar and f', is the specified compressive strength
of the concrete.

The required development length of a reirtbrcing bar accounting for the actual area of steel
provided (Avpro,)) beyond that required by design (Avt,,q)) (Reference 3, Sec. 12.5(d)) and a
potential 400/c reduction of developmem strength due to ASR (Reference 4, Table 4) is:

d(ASR) = 1.41 (14)

In a case where the required development length is not provided, the allowable stress on the
rebar must be reduced. The relationship between the required developmenl length and the
allowable rebar stress fy(eff) is;

-=d~u' (15)
.4, f Yeft)

Solving the relatkonship in h'q. 15 for /y(0ft) results in:

(16)
.d(ASR.)

Substituting fy,(eff) for !y in. Eq. 12 and considering a 23% strength increase relative to the ACI
Code Equatinks (as justified in Reference 5) results in:

VS= 1, 2 31Ar•t•fy(ff (17)

' The variabl cfl• carries the unils psi and the coefficient carries the units '
SSee Section 5.2 of this calculation for a discussion of the applicability of the factor A,(rq)lAýrprv) to

reinfoTrcernent which requires developmemt for full f.
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Calculation No, Prepared By Checked By Page: t -5

0326-0058-.63 ..... Revision: I

Substituting the righi side of Eq. 16 for f results in,

;=1.23 b

Substituting the right side of Eq. 14 for ld(,ASR) results in:

s=1.23 0 ... "')-(9)

Simplifying the expression:

V 4 A I- (20)

Substituting the right side of Eq. 13 for Id and. setting Ab equal to Ar,•(p-m`) results in the
reinforcement shear capacity for a wall width equal to the rebar spacing:

Simplifying the expression:

, k a. 4 1) (4) (22)

The effect of the potential strength reductiotn and the documented code conservatism on the steel
womponent oftbe shear capacity is a factor of 0.879 on capacity, or a 13.8% reduction in margin.
Tlhe 13.8% margin reduction is less than the arithmetic suan of the 40% reduction and !he 23%
increase. Therefore, it is conservative to use 17% as the screening criterion.

Page 175 of 182



p:

Normalized HiiM Kwik Bolt Capacities

This appendiK provides capacities for Hilti Kwik. Bolt and Kwik Bolt 2 designs in service at
Seabrook Station, The anchor capacities are normalized to the theoretical capacity using the
same method applied to test results performed at FSEL as part of this assessment
(Reference 9.2.). Plots of normalized anchor capacity as a function of embedment depth,
shown in Figure B-I and Figure B3-2, are discussed in Section 7.5 of this report.

Table B- 1 and Table B-2 list the design tensile allowable load for the range of Hilti Kwik Bolt
and Kwik Bolt 2 sizes and embedment depths specified for use at Seabrook Station. These
design allowable loads were developed by applying a safety factor of four to the mean tested
failure load for the anchor. Based on this, the mean anchor capacity is determined by
multiplying the design load by SF'=4, as shown in Table B-I and Table B-2. The theoretical
anchor capacity is calculated using the following equation, which is explained in sction 7.4.2.

k J•c hI-.5*
Nb= e

Fm,

where:

Nh Concrete breakout capacity for a single anchor remote from edges (lbr)

S1.0 for cracked concrete

k 17 for expansion anchors

fu Specified 28-day concrete compressive strength (3,000 psi)

ha - Effective embedment depth (in)

Fm 0.7; factor to correct from 5% fractile to mean failure. This ratio represents
standard indutstry practice, and is based on typical sample si.es and
coefficients of variation for breakout test.

br

B-I.

RevisR--o B- I
Revsin 1 _
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Table B-I. Hilth KWik Bolt Normalized Capacities

Diareter Embedment Designi Allowable Design Tensile Theoretical Normalized(In) Depth (in) Tensile Load (ib)' Capacity (lb)" Cpcity Ib)a Capactty'

2.25 5,020 4,489 1.12
_ _ 2 .5 _ 1... ,4 4 0. . ... .. . ... . ... 5 0o .. . ." 5 ,2 5 8 • •

o.16 61008 1.07

3.05 -8,220 •.710 o094

1 45 2,315 ......9,260 12,698 0.73

5.5 2.540 10,160 17,158 0-59

2.75 '1!500. 6,000 6,066 0.99

35 1,920 7,680 8,710 0,88

4.0 2,145 8,580 10,641 0.81
0.6252.4 - _ _ _ __45. 2,375 9,500 12,698 075

S10,920 7,158 0.64

!533,05 12,020 22,044 0.55

3,25 2,290 9,160 7,794 1.18

40 2,890 11,560 10,641 I 1,09
0,75 .,2514, 100 14,872 I 0.ý95

(30 3, 975 16,90 19550 -0,81

7,....... 0 18,400 24,635 0 ,_ 75

1.00

!25

45

5.0 4,300

15,:000

17,200

12,698
14872

1.18

1.16

60 11M 20,520 19.550 1.05

7.0 5.200 20,810 24,635 0.84

5.5 5.250 21,000 17,158
S....f..--.------....-..-.-...I-...-.............~-'-1~"~

1.22
1,11

6,090 24,W 22,044

70 26,BW 24,635

27,360 27,321 1,006,840 1
85
95

7,465 29,860 32,964 0.81

'a ooo...q2~ 38,949 0.82
Notee:1.

2.

3.
4.

Reference 9.6.5
Design Capaody = Design Allowabte Load x 4 (Safety Factor)
Theoretical capacity based cn mean failure in cracked concrete 'See text above).
Normalized Capacity = Design Capacity I Theoretical Capacity

MPR-3727
RevisiortI
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Table S-2- HIMti Kwik Bolt 2 Normalized Capacities

Diameter Embedment Oeuign Allowabte Desgin Tensile Theoretical Normalized
___) Depith (in) Tensile Load (Ib)' Capacity (ttb Capacity fib)" Capacity'

0.25 1.125 308 1,370 1,587 0.78

2.0 556 2,6890 3,762 0.59

3.75 625 2,990 9,660 0.26

0.375 1.625 513 3,420 2,755 0,89

2.5 1,206 5,830 5,258 0.92

4.25 1,300 6,645 11 j656 0.45

0.5 2.25 1,231 5,355 4,489 1.10

3.5 2,000 8,195 8,710 oM
6.0 2,163 8,8o 19,50 044

0.625 2.75 1,50 7,750 O.,06a 1.15

4.0 2,e68 11,335 10,641 1.00

7.0 3,250 13,850 24,635 0.53

_ _,75_3.25 2,175 9,100 7,794 1,12

4.75 2,875 1 15,985 13,771 1.13

8.0 4.626 21.970 30,099 0.61

1 00 415 3,800 15,200 12j698 1.20

6.0 5,625 22,500 19,550 1.15

9.0 7,188 28,750 . 35,915 D,80

b.

Notes:
I,
2.
3.
4,

Reference 9.6_5
Design Capacity = Design Allowable Load x 4 (Safety Factor)
Theoretical capacity based on mean failure in cracked concrete (See tex1 above).
Normalized Capacity = Design Capacity I Theoretical Capacity

LU

I..

if,

W

MPR-Ms.7 I
Rov~isi I

P
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Figure B-1. Hilti Kwik Bolt Normalized Tensile Capacity
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Figure B-2, H-ilt! Kwik Bolt 2 Normalized Tensile Capacity
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FP 100716 Supplement I
Supplement to MPR Report 3727

Seabrook Station: Impact of ASR on Concrete Structures and Attachments
JP

Discussion 9.

F? 100716 (MPR Report -3727) "Seabrook Station: impact of Alkali-Silica Reaction on
Concrete Structures and Attachments" was prepared as an interim assessment to address
the impact of ASR at Seabrook. The structural assessment applied a conservative
reduction to certain ASR susceptible design parameters. Results of the conservative
assessment identified ten locations (one of which has six local areas of conc'em for a total
of fifteen) where there may not be sufficient margin to satisfy the applicable design
requirements per AC.( 31.8-71 (IP 100716, Table 6-6). This supplement identifies
additional available margin to assure structural integrity.

1b..

The additional available margin, based on the existing design basis calculations, a the
nine locations identified was computed in Calculation C-S-i -10168. The approach used
the design basis calculations as an analysis template and quantified the available margin
based on removing load factors applied to the load dead load, live load, hydrodynamic
and seismic loadings. Where appropriate the approach used the 28 day compressive
strength, based on field cylinder break tests, to compute a higher allowable stress, Either
one or both approaches was used in calculating the available margin.

t.

p.
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FP 100716 Supplement I
Supplement to MPR Report 3727

Seabrook Station: Impact of ASR on Concrete Structures and Attachments

Table of Mar-gin Assessments

Wall Evaluation ASR Effect
!!! Capacity

(FP 100716)
I Demand
I (C-S-1-10168)

Margin vs ASR Effect
Reduction

RHR Vault, Varous Rooms
El- (1) 45. i Out of Plane 1 Concrete 1
4' Ext Wall Shear Shear v,,,= 109 psi vc 58.3 psi 46.5% > 26% reduction

1 Capacity 11
I J Reduce 25% Ro

Emergency Feedwater Pump__•se, Room EFST1

SReinf. forin- Embedment& A=3.16intff A=l55int lt 51%>17%reduction

plane Splice Length
Moment El- Increased 17%

0_ o'to 27' I__
RCA Tunnel

NE Corner l Vertical j I
Tunnel Reinf. P, = 26.5 kip I P• 13.9 kip 47.6% > 40% reduction

Flexure and Embedment &
_ Com pression Splice Length 39% -4 % r duc

NE Comer1 Horizontal Increased 40% j 39% , 40% reduction
Tunnel Reinf. Shear A = 0 88 in2/ ft 1 A 0.54 ijl~ ft (withmin corratke methods of! ! j determinng 1he reduction)

Wet Wall Flexure and i
Core Bore Tension P, = 22.0 kip =1 54 > 40% reduction
RCAW-1254% 4%redut

Page 161 of 182



FP 100716 Supplement I
Supplement to MPR Report 3727

Seabrook Station: Impact of ASR on Concrete Structures and Attachments

Table of Mrargin Asses~ments
(Continued)

Wall Evaluation ASR Effect Capacity Demand Margin vs ASR Effect
(FP 100716) (C-S-1-10168) Reduction

Diesel Generator Building, Room DG102 _

East Flexure Embedment&II
Splice Length A = 2.08 in2i ft A 1.41 in/ lft 47.5% > 17% reduction

Cooling _Tower

South, El Horiz. reinf. Emmbedment 1
32' to 39', for in-plane Splice Length A = 1.56 in~l ft A 1.25 in,/ ft 20% > 17% reduction
Cols A -D shear, Increased

bending and 17%
tension Pl. .e... .... ..._--I

South, U. Out of Plane Concrete
(-) 8' to 21'V Shear Shear vý = lt psi v, = 73.6 psi 34% > 25% reduction

Capacity I
R e d u c e 2 5 % _ _ . . .. . . . . . . . . . . . . .. . !

South, EL. Ve. reinf, for Embedment & i f

21' to 45' bending Splice LengthA A =O.79I A = 0,54 in2 /ft 32% > 17% reduction
increased

17% _
South. El. Vert. reinf. for Embedment &
>50', Cols bending and Splice Length A = 0.79 in2t ft A = 0,53 in2/ ft 33% > 17% reduction

D-K tension Increased
17% ,___
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FP 100716 Supplement II
Supplement to MPR Report 3727 -

Seabrook Station: Impact of ASR on Concrete Structures and Attachments

Supplement ii: Remainder of Structures with CCI > 1.0

1.0 ASR Affected Are"

The remainder of the structures with CC >. 1.0 and not previously evaluated in Interim
A.ssessment of ASR Affected Structure arx described in Table 1.

TABLE 1 - REMAINDER OF STRUCTURES LT

BUILDING ELEV. STRUCTURAL ELEMENT MPR ID NO,

RHR Vault 25_-__ Roof Slab L RHREVR-01
RHR Vault - (-) 0 . East Wall RVST2-01

East Pipe Chase - MF207 3X-0" Floor Stab MF207-01
West Pipe Chase - MF203 3'-W . Floor Slab MF203-01
West Pipe Chase- MF204 12--0- ................ PgTunnel - MF204-01

PAB Penetration Area - PB,03 (-) 2,5-0 North Interior Wag P13 03-01

PAB Penetration Area - MF 102 (-) 19;-( j East Wal - Coritainment MF 102-1
PAB Penetration Area - MF103 (-)?26 -0 North InteriorWalt i MF103-01

Condensate Storage Tank 23'-0" to Exterior - Cylinder Walls C OSTE-01

Electrical Tunnel B - MF101 (-) 20-0" i Floor Slab MF101-01
Electrical Tunnel B - MF 101 (') 20'-01 Walls MFIOI-01CA10-01

Electrical Tunnel 68- MF101 (-)-20'-O' 1 Floor Slab MFl1O-01! CA-01
Electrical Tunnel B - MFi1 - (-) 20'-0 Walls ' MFI01-0" CMA0-01

Electrical Tunnel B- EFI01 -'-0 Floor Stab EF101-01
Discharge Structure j 23"-C- West Exterior Wall DSE-01

MPR ID No. refers to the FP 100705 ASR Walkdown package identification number.
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Seabrook Station: Impact of ASR on Concrete Structures and Attachments

ZO Reviewed Calculations

The calculatiorn and/or documents reviewcd to dctennine ASR impact on the Remainder
of Structures are listed in. Table 2.

Table 2- CALCULATIONS REVIEWED

P

P

BUILDING STRUCTURAL ELEMENT MPR ID NO. CALC

.RHR Vault Roof Slab ' RHREVR-01 PB-32
RHR Vault East W•ll RVST2-01 FP 100716

East Pipe Chase - MF207 Floor Slab MF207-01 EM-19
West Poe Chase - MF203 Floor Slab MF203-01 EM-20
West Pipe Chase - MF204 Pipe Tunnel MF204-0t NA

PAB Penetration Area - P8103 North Interior Wall PB1 03-01 PB-21

PAB Penetration Area - MFI02 East Wall - Containment MF1 02-1 AR 1804477
PAB Penetration Area - MF103 North Interior Wall MF103-01 EM-31

Condensate Storage Tank Exterior - Cylinder Walls CSTE-01 MT-21
Elecrcal Tunnel B - MFi0i . FloorSlab . MFI01-01 EM-2
Electrical Tunnel B - MF101 Walls MF1l1l,01 EM-2
Electrical Tunnel B - MFI01 Floor Slab MFIOI1-Q EM-15S
Electrical Tunnel B - MFIOI Walls MFIOI-01 EM-I 5
Electrical Tunnel B - EFt01 Floor Slab EF101-01 FP 100716

Discharge Structure West Extedor Wall DSE-01 CW-36,_._

p

p

a.

a
b

p

a

3.0 Evaluation Genral Methodology

The general area of ASR degradation for a given stnicture is identified from walkdown
reports (MPR ID No.) in FP100715 Seabrook Station: Summary ofAlkal-Silica Reaetion
Walldown Resvits. The calculation that governs the design of the structure is reviewed
for the design parameters associated with the general area of ASR degradation. The
element demand and capa-city are reconded, the margin calculated, and margin compared
against the ASR reductions established in this report. For some cases the design
calculation uses very conservative design loads for the area of interest and Aurther
investigation is performed to establish more representative demand for the area of
interest.

0

0

The results of the evaluation are found in Table 3,
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TABLE 3 - STRUCTURAL 1L~MENT EVALIJA11ONA

W&ILDNG T~C~1A.MR 01.CL PAGE AD0 . EALAhN 0MA C-APACITV MGIN IMUftET ABR NOTES

ELMETpsi) i(shearlfoxre) (A) OCR

---- - ---- L - - - .N)
RH =1 154 .Ro(I~ HEVP-01 1 PE$2 7 1 3000 I ______ WWO i Flwe p06 m1

Aa $ha II

W-IRVauit 6-,A_'O. W~all RV I vskste i FI P 100718Ta1A~*R e~ raw__ _____ of _______

he"t~~a~ 3'.4Y Floor Slab MF207-01 EM-S0 89 E 3=0 Oujt of PlnfeShow 5i 11 42 25

W~es, pw 0'a 3T-7 ksu O`0 EM.20 1450 El 3001 __ 9ae~~kf~0~k~ 4% '40% N

weafel Chs 12'-D' PMpe'runno MF2040"I Pp tit of is 9 sM t n o~h tlv ~ ft13 tooi i?*k perwonal ha1A ,a mal. There is w1 &AaayIJ$i of tie matTf W1~ir 1e o flw * ýt 1 prowwo a
fomao O x the personreim thaicharea.

PAB~~~~~~~~~~~~~~~~~~ .ei~to ... .......F 00 ~ xr~v ~ ~ 1.ffI'1 581fi 7% '0

PAS Po eitkn t- 1V~-0' Ead Wall MF 102-1 06A0 walivwe evluated inkirped vASfl on %vahn'rvk Slagn itr."frwin~f -qtwitftu (AR 11104477l. The evakialkin wm scoplet~ for AR4
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PAS Pen-MFkier 60 oiiI3Wr MI30 EM-31 Iq EFao 8,24r9/f M9%! 1.401y%______
Ae -f10 Flwn (bodz) 0.2in" tS20fl9"f N4% ____ _________

Cqle~~~2-T-0,to C~fndE~wgiiS CSTF-01 MY2 "' I02 MM 1.0 78 ftOjt 9011I1 ftkf 08 N
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Ge~ctricnl ivnef8 B 20W- Fl..o:Mbf MPIOI-01 EW4 AZ~A..1 1.E "'M0 Flextirr .TI 7r.r1% ij-th: 44%_ > N
- MFIOj 62 1out of Planesl,4,&w s528oVF 4-% N25% N ___

EldftfToftIt 1 (-21Y-( i e UF 1I0'1 CM-2 Ll~11a 41 h-$ 1300 Rexure 07?tf .1 6W-~ft 38% --Q% N ~Anc!abtk eam~te C.
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Seabrook Station: Impact of ASR on Concrete Structures and Attachments

T - Tornado
E - Earthquake
H - Hydrostatic
S - Surcharge

Notes:

(A) Margin = 100 ( capacity - demand ) / capacity

(B) Lap splice length and embedment length are important to three types of
evaluations: (1) reinforcement to carry bending moments, (2) reinforcement to carry
in-plane shear loads, and (3) for minimum flexural reinforcement requirements.
These are the evaluations that are flagged in the review for further scrutiny.

(C) The 40% reduction of lap splice strength in ASR-affected concrete is not
representative of the expected lap splice performance in ASR-affected concrete at
Seabrook Station.

The 40% reduction is based on a test method which Is outdated and known to
be unrealistic. In Reference 9.1.2, AC1 Committee 408 indicates that the rebar
pullout test is "the least realistic" test of the four test methods that they
evaluated. Further, they state that: "..,the use of pullout test results as the sole
basis for determining development length is inappropriate and not
recommended by Committee 408." The 40% reduction value was applied
despite this admonishment as it is conservatively derived from the most
relevant data available.

The test used reinforcing steel much smaller than typical reinforcing steel used
at Seabrook Station. Reinforcement anchorage is known as a limit state that
does not scale well,

- Although the level of ASR degradation in the tests was not documented, the
test program targeted advanced levels of ASR degradation. The ASR at
Seabrook Station is not at an advanced state.

The conservatisms in the evaluation approach, coupled with the ACI 408
Committee's strong statement on the suitability and reliability of rebar pullout
Jesting sug9est that there is significant uncertainty in the screening criterion that
was applied" Itris concluded that there is reasonable assurance that the
structures are adequate for an interim period.

SUPP 11 -4 of 5



FP 100716 Supplement 11
Supplement to MPR Report 3727 -

Seabrook Station: Impact of ASR on Concrete Structures and Attachments

4.0 Evaluations without Sufficient Anticipated Margin

None.
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FP 100716 SUPPLEMENT III to MPR REPORT 3727

EVALUATION SUMMARY FOR ASR AREAS WITH COMBINED CRACKING INDEX > 1.0

MPR
Room I W Pw CCho

Structure & Elev Structural Walkdown Evaluation Conclusions of
EeetReport (wvausRerference EvaluationSteuenural Number (Two values Rreei.

means two areas
wI CCI > 1.0)

Condensate CST Enclosure FP100716 U U Structure is capable of

Storage Tank Exter CSTE-01 1.275 mmft Table 3 performing its design
Enclosure jbasis function

Twe Cooling Tower 1.75 mim FP 100716 TableJ, Structure is capable of

Cooling Tower Exteor CTE01 1.575 mrnnm F S-P100168 performing its design
Etr- 1,575.... -- 1-1 8 basis function

FP1 00716 SUPP I! Structure is capable of
(-) Tunnel ,F101 (Walls) MF1OI-01 211 mirim Table 3 performing its design

( C-S-1-10168 basis function

Structure Is capable ofElectrical Tunnel B MF0 For F 10 .15mnm FPi00716 $UPP 11 performing fts design
{-) 20'-0" .MFIO! (Floor) MF101401 1.175 mmnm Table 3 basis function

Elecrica Tunel 8Structure is capable of
( 1 EF101 (Floor) EF101-01 1.85 mminm FP100716 Table H performing its design,-20' _ _ basis function

SUPP i1i -1 of 6



FP 100716 SUPPLEMENT III to MPR REPORT 3727

EVALUATION SUMMARY FOR ASR AREAS WITH COMBINED CRACKING INDEX > 1.0

Room I MPRRoou I Walkdown CCh Evaluation Conclusions of
Structure & Elev Structural Rpr

ElementReport (TWO Rerference Evaluation
means two areas

wl CCI > 1.0)

Main Steam and PStructure is capable ofMainStea andFP1 00718 SUPP 11
Feed Water East MF207 (Floor) MF207-01 3,225 mm/rn Table 3 performing its design
Pipe Chase 3'-0" basis function

Main Steam and Ea Pip Structure is capable of
Feed Water East Chase Exterior MFE-01 1.85 mm/m FP100716 Table I performing its design
Pipe Chase 12'-.0" basis function

Main Steam and FP100716 S 1 Structure is capable of
Feed Water West MF203 (Floor) MF203-01 1.0 mm/m Table performing its design
Pipe Chase 3'-0" basis function+

Main Steam and See Notes Structure is capable of
Feed Water West MF204 (Pipe MF204-01 1.375 mm/m FP100716 SUPP 11 performing -its design
Pipe Chase 127-0w i Table 3 basis function

RHR Vautt RHR Vault
(Roof Slab) RHREVR-01 1.1 mm/m FP100716 SUPP II

Table 3

Structure is'capable of
performing its design

basis function

SUPP 111 -2 of 6
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FP 100716 SUPPLEMENT III to MPR REPORT 3727

EVALUATION SUMMARY FOR ASR AREAS WITH COMBINED CRACKING INDEX > 1.0

MPR
Room I/P CChRoom & Walkdown Evaluation Conclusions of

Element Report (Two values Rerference Evaluation
ID Number

means two areas
w/ CCI > 1.0)

Service Water SWPH Exterior 1.465 mm/r Structure is capable of
Pump House W s EeSWE-01 186 mm/m FP100716 Table'K performing its designPump House Walls 1.66 mm/m bssfnto' 4 _____- _______ ____________________ basis function

D S FP100716 SUPP II Structure is capable of
Discharge Structure Exterior Walls DSE-01 " 1.45 mmrnm Table 3 1 performing its design

_IC-S-1-10168 i basis function

Structure is capable of
EFW Pump house FTI FP100716 Table B1, Strucmur its c esof

EEFS EFST-01 1.15 minim C-S-1-10168 performing its design.
basis function

PAB Piping MFI02 (North Structure is capable of
Penetration MF10 MF102-02 1.9 minm FP100716 Table G performing its design

()34I-6"1 basis function

_ _ _ _ 1 __ 1. _ _ _ _ _ _ _ _ __ _ __ _

SUPP 111 -3 of 6



FP 100716 SUPPLEMENT III to MPR REPORT 3727

EVALUATION SUMMARY FOR ASR AREAS WITH COMBINED CRACKING INDEX > 1.0

MPRRoom I MRCCh:
Structure & Elev Structural Walkdown Evaluation Conclusions of

Elemet Report (Two value Rerforence Evaluation
Element ID Number mans two areas

wl CCI> 1.0):

I..-'.--.-..-.... .. . ..... ________ _____ _____________________

PAB Pipin FP100716 SUPP 11 Structure is capable ofPenetration I MFI02-01 1.675 mm/rnm Table 3 performing its design

(-) 34'-6" Wall) AR 1804477 basis function

PAB Piping FP100716 SUPP !1 Structure is capable of
Penetration MF103 MF1D3-02 1.15 mm/m Tab 3 performing its design

(-) 26'-0"1 basis function

PAB Piping FP100716 SUPP tl Structure is capable of
Penetration PB103 PB103-01 1.45 mm/m Table 3 performing its design
() 26&'-0- basis function

Primary Auxilary Structure is capable of
Building PB205 PB205-01 2.525 mm/nm FP100716 Table F performing its design
(-) 6'-011 ibasis function

SUPP 111-4 of 6
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FP 100716 SUPPLEMENT III to MPR REPORT 3727

EVALUATION SUMMARY FOR ASR AREAS WITH COMBINED CRACKING INDEX > 1.0

MPR
Room I!P CCI:

Structure & Elev rual Walkdown Evaluation Conclusions of
Report (Rerference Evaluation

Element ID Number (Two values
means two areas

W/CCI > 1'0)

RHR Vault RV101 CBS Structure is capable of

(-) 61'-W' Pump A Room RV1OI-01 1.35 mm/m FP100716 Table A performing its design
basis function

RHR Vault FP100716 Table A, Structure is capable of
-)311-!0"4 RV301 RV301-01 1,425 mr/n lm1-06 performing its design

(-3 C-S-1-1168 basis function

Structure is capable of
R3R Vault RV302 RV302-01 2.0 mm/m F 01 8 performbing its design
(-) 31 '-10~ C-&.•1-101 68 ~basis function

RHR Vault RVST2 RVST2-01 1.2 mm/ Table M.3, Structure is capable of

Staijell B FP100716 Table A performing its designbasis function

DG13 DG 102 East
Wall Calc CA-01 0.638 mm/rnm

FP100716 Table E,
C-S-1-10168

Structure is capable of
performing its design

basis function
A -~
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FP 100716 SUPPLEMENT III to MPR REPORT 3727

EVALUATION SUMMARY FOR ASR AREAS WITH COMBINED CRACKING INDEX > 1.0

Room I CNPRee:Room Walkdown Evaluation Conclusions of

StMcvt Report (Two values Rerference Evaluation
ID &umber means two areas

w/ ccI > 1.0)

E FP10716 SUP 1 Structure is capable of
(ta Tnl F0 West 01 6 S performing its design
Ee )c20'u0" Wel t Cal CA-1 0l77 minm Table 3 basis function

Electrical Tunnel B Core bore Structure is capable of
(-) 20'-0" C3BSTI Csme brea "--- FP100716 Table C performing its design

sample area basis function

RCA Tunnel EM104 Core bore
sample area

FP100716 Table D,
C-S-1-1 0168

Structure is capable of
performing its design

basis function
. . . ..... . .. £ .. ... .. . ....
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FP 100716 Supplement IV
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Seabrook Station; Impact of ASR on Concrete Structures and Attachments

Supplement IV: Additional Structures with CCI > 1.0

1.0 ASR Affected Areas

Additional structures with CCI > 1.0 recently identified in FP 100830 due to expanded scope of
walkdowns and not previously evaluated.

TABLE I - ADDITIONAL CCI > 1.0 STRUCTURES LIST

BUILDING ELEV. STRUCTURAL ELEMENT ID NO.

Cooling Tower Exterior - CTE 25'-0" Exterior South Wall CTE-02
PAB Penetration Area- MFI05 (-) 26'-0" I South Wall Room MF105 MF105-01
West Pipe Chase - MFZ02 12'-0- South Wall Exterior Pipe Vau.t MF202-02

2.0 Reviewed Calculations

The calculations and/or documents reviewed to determine ASR impact on the btructures are
listed in Table 2.

Table 2 - CALCULATIONS REVIEWED

BUILDING I STRUCTURAL ELEMENT ID NO. CALC

Cooling Tower Exterior - CTE Exterior South Wall CTE-02 C-S-1,-10168
PAB Penetration Area - MFI05 South Wall Room MF105 MF105-01 EM-31
West Pipe Chase - MF202 South Wall Exterior Pipe Vaut, .M;F202-02 EM-20

3.0 Evaluation General Methodology

The general area of ASR degradation for a given structure is identified from wa]kdown reports in
FPI00830. The calculation that governs the design of the structure is reviewed for the design
parameters associated with the general area of ASR degradation. The element demand and
capacity are recorded, the margin calculated, and margin compared against the ASR reductions
established in FP 100716. The results of the evaluation are found in Table 3,
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Seabrook StatIon: Impact of ASR on Conewst Stru~ctures anid Attachments

TABLE 3 -STRUjCTURAL ELEMENT r;VALUATLM

BUILDING ELEV. STUCTURAL ID NO. eALC PAGE LOADS 11 EVALUATION DEMAND CAPACITY MARGIN TARGET ASR NOTES
EL-EMENT (pa) (Sheafffixr) (A) 'A CONCERN

Cooling To~r -25'-LT wall CIE*02 C-8-1I- 19-25 TE 3000 InPinoSliest 1.26 Inlytt 1.56 1"nq 20% 17% IN Compatison to GTE-01.
E~deioric 10188 earn* tooaton lUrd I en of

PAD Piping (-)26'-0' Wal mF 15-o1 2'.-31 - 5-10 X 30-0- 0 t of Plane Steay 39.1 ktft 62.76W kill 1113% 25%. N
Pan~tatftyn AroR Flexuare 2.22 ift 3.02 r~f 0.% 40

West Pipe Chose IT2*-0 won MF202-fY2 EM-20 145A - T,E 3000 Rowiue 1.06irleft 1.55 eft 47% 40% H
P.4F202 I__ ____ ___ __ 1S __ ___ _________ _______

T - rorn ao
E - Earthquake
H -1 Hydrostatic
S -Surobarge,
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Seabrook Station: Impact of ASR on Concrete Structures and Attachments

Notes:

(A) Margin = 100 (capacity- demand ) / capacity

(B) Lap splice length and embedment length are important to three types of
evaluations: (1) reinforcement to carry bending moments, (2) reinforcement to carry
in-plane shear loads, and (3) for minimum flexural reinforcement requirements.
These are the evaluations that are flagged in the review for further scrutiny.

(C) The 40% reduction of lap splice strength in ASR-affected concrete is not
representative of the expected lap splice performance in ASR-affected concrete at
Seabrook Station.

- The 40% reduction is based on a test method which is outdated and known to
be unrealistic. In Reference 9.1.2, ACI Committee 408 indicates that the rebar
pullout test is "the least realistic" test of the four test methods that they
evaluated, Further, they state that; "... -the use of pullout test results as the sole
basis for determining development length is inappropriate and riot
recommended by Committee 408., The 40% reduction value was applied
despite this admonishment as it is conservatively derived from the most
relevant data available.

- The test used reinforcing steel much smaller than typical reinforcing steel used
at Seabrook Station. Reinforcement anchorage is known as a limit state that
does not scale well.

- Although the level of ASR degradation in the tests was not documented, the
test program targeted advanced levels of ASR degradation. The ASR at
Seabrook Station is not at an advanced state.

The conservatisms in the evaluation approach, coupled with the ACi 408
Committee's strong statement on the suitability and reliability of rebar pullout
testing suggest that there is significant uncertainty in the screening criterion that
was applied. It is concluded that there is reasonable assurance that the
structures are adequate for an interim period.

4.0 Evaluations without Sufficient Anticipated Margin

None.

SUPP IV - 3 of 4



FP 100716 Supplement IV
Supplement to MPR Report 3727 -

Seabrook Station: Impact of ASR on Concrete Structures and Attachments

EVALUATION SUMMARY FOR ASR AREAS WITH COMBINED CRACKING INDEX > 1.0

Room I Conclusions of
Structure & Elev Structural I1 Number CCI: Evaluation Rerference ConcluaionElementthe EvaluationElement

Structure is capable
Cooling Tower Cooling Tower CTE-02 1-11 mmm FPPI00716 Table J. of performing its

-25'-D" Exterior C-S-1-10168 design basis
function

PAB Piping Structure is capable

Penetration MF-105 MFI05-01 1.61 mm/nm C*S-1=10168 of performing its
design basis

function
Main Steam and MF202 Structure is capable

Feed Water West (Exterior Pipe MF202-02 1.22 mmrnm C-S-1-10168 of performing its
Pipe Chase 12'-0" Chase) I I I I-function
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Seabrook Station: Impact of ASR on Concrete Structures and Attachments

Supplement V: Additional Structures with CCI > 1.0 -
Electrical Manholes

1.0 ASR Affected Areas

Electrical manholes with CCI > 1.0 were identified in FP 100845.

TABLE I - ADDITIONAL CCI > 1.0 STRUCTURES LIST

BUILDING ELEV. STRUCTURAL ELEMENT f0 NO.

Electrical Manhole W03 Below Grade Interior Wall CI-W03-Wall
Electrical Manhole W05 - I 48o0w Grade Interior Wall CI-W15-Wall
Electrical Manlhole WI 1 Below Grade Interior Wall Cl-WI1-Wall

2.0 Reviewed Calculations

The calculations and/or documents reviewed to determine ASR impact on the structures are
listed in Table 2.

Table 2 CALCULATIONS REVIEWED

BUILDING STRUCTURAL ELEMENT ID NO. CALC

Electrical Manhole W03 Interior Wall cI-w03-Wall C.S-1-10168
Electrical Manhole W05 Interior Wall C!-W05-Wall C-S-1I-0168
Electrical Manhole W1I Interior Wall C-WI -Wall C-S-1-1018

3.0 Evaluation General Methodology

The general area of ASR degradation for the electrical manhoies is identified in
walkdown report in FPt00845. The calculation that governs the design of the structure
is reviewed for the design parameters associated with the general area of ASR
degradation. The element demand and capacity are recorded, the margin calculated,
and margin compared against the ASR reductions established in FP 100716. The
results of the evaluation are found in Table 3.
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1A9§ 9MMELEMENT EALUATICR4

81.1"MfI ELEV, STRUCTURAL 10 NO, CALC PAGE LOAM$ f, EVALUATION4 DEMAND CAPACITY UAWIN TARME ASR NOTE-S
ELICMEIT 020 Obo4eiffeu-) (A) COMVN0!R

-~~~~. Ay -a -~-a ------~10 ~
iEc6ncai Eetiw Wag CI-AV$5Walý G-& - V7-43 EHIS 3000 W of dFtare Shear 514 lie 106 25 N4
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Ejcael imo W~ U3who C-5-1- 37-4,1 E-IHG.8] 3WI* 1-a Iteo t~e 110lp~ W0hat

Manihole WiI G~d 10106e Fisur 16.41 27 . 69 40 N Sar-
J

A9

T -Tornado
F - Eaflhquaks
H - Hlydrostatic
S - surchtlprg
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Seabrook Station: Impact of ASR on Concrete Structures and Attachments

Notes:

(A) Margin = 100 ( capacity - demand ) I capacity

(El) Lap splice length and embedment length are important to three types of
evaluations: (1) reinforcement to carry bending moments, (2) reinforcement to carry
in-plane shear loads, and (3) for minimum flexural reinforcement requirements.
These are the evaluations that are flagged in the review for further scrutiny.

(C) The 40% reduction of lap splice strength in ASR-affected concrete is not
representative of the expected lap splioe performance in ASR-affected concrete at
Seabrook Station.

- The 40% reduction is based on a test method which is outdated and known to
be unrealistic. In Reference 9.1.2, ACI Committee 408 indicates that the rebar
pullout test is "the least realistic" test of the four test methods that they
evaluated. Further, they state that ".. .the use of pullout test results as the sole
basis for determining development length is inappropriate and not
recommended by Committee 408." The 40% reduction value was applied
despite this admonishment as it is conservatively derived from the most
relevant data available.

- The test used reinforcing steel much smaller than typical reinforcing steel used
at Seabrook Station, Reinforcement anchorage is known as a limit state that
does not scale well.

- Although the level of ASR degradation in the tests was not documented, the
test program targeted advanced levels of ASR degradation. The ASR at
Seabrook Station is not at an advanced state,

The conservatisms in the evaluation approach, coupled with the ACI 408
Committee's strong statement on the suitability and reliability of rebar pullout
testing suggest that there is significant uncertainty in the screening criterion that
was applied. It is concluded that there is reasonable assurance that the
structures are adequate for an interim period.

4.0 Evaluations without Sufficient Anticipated Margin

None.
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Seabrook Station: Impact of ASR on Concrete Structures and Attachments

EVALUATION SUMMARY FOR ASR AREAS OF ELECTRICAL MANHOLES WITH COMBINED
CRACKING INDEX > 1.0

Room I ,Conclusions of
Structure & Elev Structural ID Number CC[: Evaluation Rerference the Evaluation

Element

-1 Structure is capable
EleGtdcal Manhole Interior Wall CI-W03-Wall 1.84 C-S-1-10168 of performing its

W03 design basis
function

Structure is capable
Electrical Manhole InteriorWall CI-W05-Wall 1 1.03 C-S-1-10168 of performing its

W05 design basis
i function

Structure is capable
Electrical Manhole Interior Wall Cl-W11 -WaIl 0.99 C-S-1-10168 of perfoming its

W11 (Note 1) design basis
function

Note 1 - CC] at 0.99 is not greater than 1.0, however it is conservative to round off 0.99 to 1.0 and include this
structural element in the evaluation.
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--Proprietary to MPR Associates--

Portions to be redacted are contained within red boxes.
(1) Dr. Bayrak's personal information is redacted on the cover,
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1 INTRODUCTION

Eariy discoveries of map cracking in highway structures led engineers to investigate the impact of the

deterioration on the concrete properties. The results of core tests typically revealed a severe

deterioration of the concrete modulus and tensile strength; thereby prompting further investigation of

the structure's safety. Investigations of alkali-silica reaction (ASR) in substructure components in both

South Africa and Japan ultimately led local authorities to carry out full-scale load tests of the

structures." 2 In both cases, concerns related to significant losses of concrete strength and stiffness were
not realized; performance of the components under live loads met or exceeded the original design

standards, Practicing engineers in the United Kingdom, Canada, Italy and the United States have

experienced similar scenarios, and In many cases, have recognized the need for research to expose the
mechanics of ASR within reinforced concrete structures.S

A summary of research concerning the performance of ASR-affected concrete structures is provided
within this white paper. The concepts and conclusions presented herein are the product of several years

of large-scale experimental research and intensive literature review at the University of Texas at Austin.
In fact, this document builds directly upon the work of Deschenes, Bayrak and Folliard (2009), in which

authoritative international perspectives (refer to Structural Effects of Alkali-Silica Reaction issued by The

Institute of Structural Engineers, ISE in 1992) on alkali-silica reaction were largely verified,"'5

It is now well substantiated that the performance of an ASR-affected concrete structure is not directly
linked to the mechanical strength or stiffness of concrete cores removed from the deteriorated

structure. Rather, the performance of ASR-affected concrete must be considered within its structural
context; under the influence of load/compatibility-induced stresses and reinforcement restraint. Given
the benefit of the former Insight, it is now possible to Identify the potential strength and serviceability
consequence.; of ASR deterioration for particular structural details. In general, the sensitivity of a

structural detail to ASR-related expansion and cracking is dependent on:

" Quality of Reinforcement Detoiling

" Severity of ASR Deterioration

The following sections will briefly touch upon all aspects of the ASR problem, from the microstructural

damage mechanisms to the global behavior of affected structures. Detailed Information may be found in
the peer-reviewed publications listed at the end of this document.

OGUZHAN BAYRAK, P.E. 1
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2 DETERIORATION MECHANISMS OF ALKAU-SILICA REACTION

The chemical and physical mechanisms of alkali-silica reaction (ASR) subject concrete to expansive

forces, causing premature distress and the loss of serviceability in affected structures. The following

discussion serves two purposes: III to introduce the deterioration mechanisms of alkali-silIca reaction,
and (2) to illustrate the great number of factors that contribute to the l(Mge variability i•i the
performance of ASR-affected concrete materials and sitructures.

2.1 MICROSTRUCTURAL DAMAGE PROCESSES

Alkali-silica reaction occurs between alkali hydroxides in the concrete pore solution and reactive
minerals within the aggregates, The development of destructive ASR may be visualized as a two-step

process, shown in Figure 1.

7 -.... •--- • .....

"K 6

.• _...... ......... .... .............. .. ..... ... .....

alkali cement-1i expansive gel cracking of the
reactive aggregate ajgregate and paste

Figure 1: Alkali-Silica Reacttan

Reactive silica phases within the coarse and/or fine aggregates are chemicaly unstable in the presence

of the highly basic fluid (pH a 1.2.5) of dissolved alkali hydroxides. The silica (SiOý, rapidly dissolves, and

feacts with the alkalis (Na+, K+) to form a viscous gel. The get readily absorbs water and swells,
generating pressure within the aggregate particles and hardened cement paste. In the presence of
suffid•ent moisture, the pressure has been shown to exceed 1500 psi.8 Such pressure easily exceeds the
tensile strength of conventional concrete. The most severe cases of ASR produce a damaging network of
miciocracks, resulting in bulk expansion of the concrete (not necessarily isotropic$ and severe
deterioration of its mechanical properties.

It is important to note that the presence of viscous gel does not necessarily indicate destructive ASR,
Swelling characteristics of the gel are influenced by a number of factors (briefly discussed below) and

the resulting pressures may be accommodated without deleterious cracking, As a result, care must be

taken when evaluating deteriorated concrete as the presence of innocuous ASR gel can lead to
misdiagnosis,' Physical deterioration is only attributed to ASR when it dcearly originates from the

reactive aggregate. Several petrographic features are commonly found within the aggregate and

OGUZHAN BAYRAK, P.E. 2!
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surrounding concrete matrix: microcracks, reaction rims, cement paste debonding, and alkali-silica gel

(Fig-ore 2).

figure 2; Petroraphic Features of ASR

The potential for physical distress due to alkahi-silica reaction is dependent on three conditions: (1) a
reactive aggregate, (2) a high concentration of alkalis within the pore solution, and (3) the presence of

sufficient moisture.

Table 1: Three Necesslties of ASR and Related Sources of Variability

Reactive Suficient Suffi&-at
A Wegat AU~IWI ltn

o'

Si~ intAg~u

R ectwuty L ewe CO ".4l W4

Ax l o Cer,,erl

Alka~l Alkal C4ytegale

Amirmes, LEtc.

c*AowsbLwI$

WRtof .4,41 -MW. it f4#0

"~"*........... ............. 11

~Tind'Xlwi Sourzi ofAftlIi

Once initiated, the reaction is highty sensitive to any preexisting or transient conditions that may alter

the availability of any one of the three necessities {as shown in Table 1). The wide range of materials,

mixture characterstics and exposure conditions found within a single concrete element leads to

significant variation of the associated deterioration over the structure's geometry and service life (within

a well-controlled laboratory setting as well as in the field), It is also important to note that physical

3OGUZHAN BAYRAK, P1.E3
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restraint of the expansion in one or more directions 1as a result of internaI reinforcement, external

forces, etc.) wilt fu:rther influence the magnitude and direction of the deterioration over the structureos

geometry.

2.2 EXTERNAL MANIFESTATION Of ALKALI-SILICA REACTION

In plain concrete materials, the deterioration process manifests Itself as map (or pattern) crackingat the

surface of the member over time {Figure 31p The appearance of the cracking has often been the source

of much concern to practicing engineers as cracks typically indicate structural distress. It Is not

unmommon (or unwarranted) for those unfamiliar with the consequences of ASR to presume that: the
growth of ASR-related expansion (and cracking) is related to a loss of structural capacity.

/ '-

idp=Wv~
j q frip.4

~ .A ~ gft~ufIftki! Ic,

101s pi* redb1a

.DB -

(I ~w bw
..... ~ r* ii .. . ... . .. ...... ........

/
'- ./ -

', \.

S., -jN

A~("kfW9C

Figure 3. (A) Expansion and (5) Cracking due to ASR (Adapted from Referemce 9)

A number of laboratory studies have been conducted to identify the strength and: serviceability

implications of A5R in both plain and reinforced concrete elements, State-of-the-art insights with

regardis to the ASR-related Iols of coritete material strength and structural performance will be
reviewed in Sections 3 and 4. As noted above, the vulnerability of a structural element to ASR 4

dependent on a number of factors and is not necessarily controlled by the ASR-related loss of concrete

material strength (often determined by mechanical testing on concrete cores).

3 ASR-RELATED DEGRADATION OF MECHANICAL PROPERTIES
WJ•.4:

4
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4 PERFORMANCE OF ASR-AFFECTED STRUCTURES

4.1 INFLUENCE OF STRUCTURAL RESTRAINTS
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