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/r RECORDS BEING RELEASED IN PART

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

Ex. 3:[]Information about the design, manufacture, or utilization of nuclear weapons
[_Jinformation about the protection or security of reactors and nuclear materials
[_IContractor proposals not incorporated into a final contract with the NRC
[Other

Ex. 4.PX Proprietary information provided by a submitter to the NRC
[]Other

Ex. 5[] Draft documents (D.P. Privilege) _
[CJCorrespondence deliberating a proposed action (D.P. Privilege)

[JRecords prepared by counsel in anticipation of litigation (A.W.P. Privilege)
[JPrivileged communications between counsel and a client (A.C. Privilege)
[ Other

Ex. 6:3JAgency employee PII, including SSN, contact information, birthdates, etc.

[C]Third party PII, including names, phone numbers, or other identifying information

Ex. 7(A):[JCopies of ongoing investigation case files, exhibits, notes, ROI’s, etc.

[JRecords that reference or are related to a separate ongoing investigation(s)
Ex. 7(C):[JSpecial Agent or other law enforcement PII

[CJPII of third parties referenced in records compiled for law enforcement purposes
Ex. 7(D):[]Witnesses’ and Allegers’ PII in law enforcement records

[JConfidential Informant or law enforcement information provided by other entity
Ex. 7(E):[JLaw Enforcement Technique/Procedure used for criminal investigations

[CJTechnique or procedure used for security or prevention of criminal activity
Ex. 7(F): []Information that could aid a terrorist or compromise security

[JRetired Law Enforcement personnel

[]Witnesses or unknown individuals who have participated in enforcement act1v1ty

Other/Comments:

: Va_ughn 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. |am not surprised by your findings regarding the positive expansions in the data.

| 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'd like to listen in if
possible, -

Thanks,

Bill

Williawmw J Raymond
Reactor Operations Engineer
NRC Office of New Reactors h

——
603) 734-2150 (office)

From: Vassallo, Theodore ' mailto: Theodore. Vassallo@nexteraenergy.con
Sent: Monday, February o>, 214 2:50 PM !
To: Raymond, William : .

Cc: Cook, William

Subject: RE: Uploads to CERTREC

Sy,

Bill;

The plots of the data with the 4 data points from the SG&H collected data now shows a slight, positive trend in Ci values,
CCl 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.

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

Regards,

Ted

P



From: Raymond, William [maiito:William.Raymond@nrc.gov]

Sent: Monday, February 03, 2014 2:26 PM

To: Willoughby, Paul; Cook, William; Trapp, James; melvin.grav@nrc.goy; 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. I'll take a look this week.
Bill

Williamwy J Raymond,

Reactor Operations Engineer

NRC Office of New Reactors
{cell)

{603) 734-2150 {office)

]

From: Willoughby, Pay [mailto:Paul. Willoughby@nexteraenergy.com]
Sent: Monday, February us, 2014 2:13 PM

To: Cook, William; Trapp, James; melvin.aray@nrc.qov; 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 - .o

paul.willoughby@nexteraenergy.com
{603} 773-7350 Office

l{b)(ﬁ) I

{603) 615-0703 Pager

-
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floyd, Niklas_

From: | Cook, William
Sent: Trhiursday, February 06, 2014 1:55 PM
To: : Gray, Mei; Floyd, Niklas '
T - Demel, Glenn
Sublect: FW: Cancrete Core in FSB
Attachments: - A review of the data comtained in the latest SG dacx
Fyi
_ g,g‘}‘ Eﬁk
From: Vassallo, Theadord [mailtn:Theodore. Vassallo@nexteraeneray.com] | &
Sent: Thursday, Februa , 2014 2.52 AM e

 To: Cook, William

Subject: RE: Concrete Core in FSB

Bilt:

K
My last action from the call on 2/4/14 was 10 document my evaluation of the conclusions and trends from the ASR
Monitaring Program. Yesterday, | completed the evaluation and initiated AR 01938701, The evajuation is inthe AR
EDMS folder and is also attached to this email,

‘Regards,

ted

Fromy: Cook, WEliam [mailto: Willlam Cook@nre.aov]
Sent: Wednesday, February DS 2014 & 24 &M

" To: Vassallo, Theedare

Lo Willoughby, Paul; Gray, Mel
Subject: RE: Concrete Core in FSB

Thanks Ted.

me.Vassa&oYheom@m dore.Vassallo@oexteras0ergy.com ié
Sent: Wednesday, Februsry U5, 2014 11 32 AM . .

To: Coak, William
Ce: Willoughby, Paul
Subject: Concrete Core in F58

Bill;

This is a follow-up to the yesterday's guestion regarding the commitment date to remove a concrete core from the Fuel
Storage Building (FSB] at Seabrook Statipn. Please refer to the last page of the attached RA! response letter ta the NRC,
dated 11 August 2011, ltem no. 67 commits Seabiroak to “perform one shoilow core bore in ap greo thar was
continuously wetted from borated water to be exarnined for concrete degradation and dlso expose rebor to detect ony
degrodotion such os joss of materiol”. As noted, the scheduled commitment date to perform these activities is, “no fater
than December 31, 2015”.

1 trust this information adeguately addrasses Mel Gray's question on this matter.



Conclusions & Trends from ASR Monitoring Program

5 February 2013

The following documents the most relevant conclusions and tends from the Seabrook ASR Monitoting
Program and Design Engineering’s eva!uatia-n of the conclusions arbd rends.

A teview of the data contained In the fatest SG&H ASR inspection and Crack Imiexing Meaasurement
Report, foreign print 160847, revision 00 concluded the faﬁawmg.

1. Overall, the SG&H measurements suggest a siow, pos?tive trend in the Crack index {Ct] values,
Caombined Crack index (CCJ} 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 (8) months of monitoring.

2. The December 2013 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 conduded the following;

1. The slightincreases in the € values, CC1 values and the maxirmum crack widths are minimal thus, -
have no adverse effects on the three (3} apen Prompt Operabﬂity Determinations (PODs)
retated to ASR.

2. These increases have no effect an tha exiting Structural Evaluations of the ASK Tier 3 locations
documented in foreign print ne. 1007186, revision 04, MPR-3727, Impact of Alkali-Silica Reaction
on Concrete Structures ond Attachment, dated 1/25/14.

3. Continued monitoring of plant structures and trending of the data is necessary at the current &
month frequency for several years in the future,

A review of the data contained in the latest 56&H Report of the Measurements for ASR Expansion,
foreign print 100838, ravision B0 voncluded the Yoillowing.

1. There are no significant fength changes at the twenty-six (26) ASR monitoring locaticns after
eighteen {18) to twenty-four (24} month monitoring period. '

2. There is negligible length change at the three (3) additional ASR monitoring focations in the six
[6) months since they were first manitored,

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

Design Engineering has concluded the fellowing;

i. The change in expansion measurements are negligible thus, have no adverse effects an
the three (3) open Prompt Operabliity Determinations (PQDs) or the exiting Structural
Evaluations of the ASR Tier 3 locations documented in foreign print no. 100716, revision



. Cook, William _ |  NexYEca

/
from: Vassailo, Theodare}<Theodare Vassalio@nexteraenergy.com> G
Sent Sunday, February 23, 2014 851 AM : '
CTo: Cook, William
Hi B,

Have you confirmed who will be visifing FEEL to wilness the first beam test in March 2014 7 Also, couid you Kentify the
scope of the Inspection, Alternatively, could you identify any information { i.e. foreign prints, drawings, procedures)

that you want available at FSEL to support the inspection. NexiEra and MPR want (o assure we are prepared fo
support NRC neads while at FSEL.

Regards,
Ted




From: Cook, William

Sent ' Monday, March 03, 2014 12:37 PM
To: ' “Yassallo, Theodare'

Subject: i RE: Visit to WIE Austin TX

Great, thanks.

From: Vassallo, Theodord [maito:Theodors,Yassalo@nexteragneray.com} |G
Sent: Monday, Manch 03, 4 10:52 AM

To: Cook, Will &
Ce: John Sirhong (lsimons@mpr.comiinoble, Rick
Subject: RE: WIE Austin '

Bllt>

We wil finalize the vistt to WE In Austin, Tx.
Regarﬁs,
Ted

From: Cook, William {Willlam.Cook@nrc.gov]
Sent: Monday, March 03, 2014 10:11 AM
Ya: Vassalio, Thepdore

Cc: Floyd, Niklas: Buford, Angeta; Gray, Mel
Subject: RE: Visit to WIE Austin TX

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

—
fFrom: Vassallo, ‘meodor; ;émaiIQ:Theodore.Vassalgg@m ergy.com) ‘ Q,
Sank: Sunday, March 02, §:05 AM '

Fo: Covk, William
Subject: Visit to WIE Austin TX

giil;

Please provide a final conformation that the NRC team would like to visit the WIE petrography laboratory in Austin, TX
Preliminary arrangements have been made with WIE for an NRC visit during the afternoon on Wednesday, 3/12;114.
Regards,

Ted



From: Cook, William

Sent: ' . Monday, March 17, 2014 1:47 PM

To: Vessallo, Theodaore

e : - Brown, Brian; Noble, Rick; Gray, Mel: Floyd, Nikias; Buford, Angela
Subject: RE: Schedusle of Phase 3 Assessments

Tharks Ted. Yes, piease provide the revised schadule when available.
Bil

chlextEro. .
me' Vassallo, Theodor ore Vassalio@nexteraererqy.co ‘ &
izm 1:23 PM |

Sent: Munday, March 17,

To: Cook, Wiiliam

¢ Brown, Brian; Noble, Rick

Subjact: Schedule of Phase 3 Assessments

sill;

The {atest schedute of the ASR Walkdown Assessment for Phrase 3 Jocations dated 3/12/14, | believe was provided to the
NRC ASR team last week while at the FSEL. After | sent the updated schedule, | realized that for ttem 8.0, Sofety Refoted
Flectrical Duct Bonks/Monholes, the schedule indicates complete. The inspection of the first group of safety refated
electrical manholes { 5 manholes) was compieted as indicated on the update schedule, However, based on the results
of these inspectians the remaining ten (10), safety refated manholes will require inspecilon. The inspections of these
ten {10) ranholes will be performed this summer by SG&H, Alsa, to date thers have been no inspections of any non-
safety related or safety refated buried electrical duct banks so the schedule will have to be rewsed accordingly, If you
want, | 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



-

Floyd, Niklas

From Cook, William

Sent ' Tuesday, March 18, 2014 3:45 PM
To! ' Trapp, fames; Gray, Mel; Floyd, Niklas; Buford, Angela
Subject: FW: Walkdown Assessment Phase 3 Rooms {2).xls
. Attachments: S Walkdown Assessment Phase 2 Rooms {2)x)s
Categories: . FolA?
FYl
NexdEra, —
From: Vassalio, altn: Theodore Vassallo@inexiera LLOm g

Sent: Tuaéay, March 18, 2014 2:12 PM

Tor Cook, Witliam
< Brown, Brian; Nobie, Rick; Willoughby, Paul; John Simo osigm@mg[mg} IG
Subject: Walkdown Assesstnent Phase 3 Rooms (2).xis

Bili;

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

Phase 3 lacations.

Regards,

ted



Stuchiras For ABR Walkdown Asgessniont - Phaes § Logstiona

Mo, | Sxuciore | fievetion Reum {Pnasel r— Schedied StactDate | Report 15 Mo,
Catngory | Stuctures _ . e
10 Gonteriment Endazors Bulding wwarase e |8 "&:‘” W a . Figcqiean M KM Eqiooont, weelhy ORIB - ATrE 2014 CEE?
2 e 5o 7 . 0~ CE (02 Extudor: Contalomant .
20 Cortarumnd Shat Linterioe ) T BB WAL Eqppnes bosi aste SirdAes | 3 Fncasren M L1 EQiomed!, weesiher . ORI - At 2018 ces 10201
30 Cuohng Towar T80 ooy Tor S | 3 Wativr Compueted T3 SCH= 1Y 1 Sves
gg | M e nawlar ust P9 yar ooz 3 Hoem Canmpleted Tie 2 GGa083 | MF202.01
gg | Mk Sieem ""“ghm“"’“"“' Wt Pys 24y Vot Pige Cnaoe Exierdor WEB2 | 3 Noe Compleladt T 3 £C5 - 1.2 NPERROZ
8.0 Peimary Andisry Buiklig [S1: 0% PUXR Damie Alley 3 Lockext tigh Radator Assy, CoSE decay Cornyetad Ma ASR Fawpos |
40 FAB Riping Penglrodion ) B NF19% a 1 Faciation Armg Crunplated Toar 3 CO) = 1.81 MF106-01
a0 | #t SoecPled r— 3 Fumve Cartors, Cunfiiod Space Accuss, TR, excavale ok Nets ¢ FP 100N
9.0 Sarvicn Warlat Inspuctipn Vissite 06" W {+] B0 ok Spmed 3 | Ewcavolebsundl, y Cover, Canfins Spase Acoase, TPAL Compieiz OR1S Mo ASR FP 100794
Y ¥eosts Process Builing 199 WR31T 3 Hone Conmietad No ASR WEI-31
) RorLatwpay | Biruchams .

T S ooy Ruifind Seovical Dudl — I I o . o hoks 2 I P 100884

FLa ] ﬂﬂ!};}bfmm Mot Sowcstmat B! Seawifess i 3 ! Remove Covers, tcalined Srass Acsaas, TOL, suCsyvain midB ] ] F4
Misoeiarieaus Yand Rrgza -
128 | Cartstitg Ansaioing Waks ] skt Spnciting i South Sma Wed T2l Gocuttly rpact I Cangoni No ASR | sawat
' Ty SWuchiren on SHP Crecitel ‘ :
132 | SEPS { tiot Spocified T SEPS clagtrion Cablo Vaii_ | 3 Enging ning and Tasting oo bonks { Congiaiog 8o ASR { sErsoz
Auider Caagery | Sinahngs ~ : :
14| Comgrrram Exbwir Dome 8 Cfody | 12287 1o o) XO00 i CE! T 3§ Flopsd dorwn oo B ahed, THAL . T D35 ASME Wt Exarinafion A
L 1 PSE Wall Corp Sample T {43y - 00° 1 Dwg. 104572 - seclm & | K Qther artivitiex 1 F58 - { 25 H NA H

Schodido date; YATILY
Add Racnt £ aog : 514143
ol TF 900042 - Yobie 1
Upeisle rchedule: 83813
Uil schadule 3712114
Upitate gohanfuln: 51014

Nrta t

Nosa 2

Commpistag Mspochan of five {5} slecivcal menfres, Thres {33 Ther 3, Ton

¢ s of taw £2) solH

) rosiholas. Ho AST datectad

| e tucd banks fspactsd. Duet bank mzpactions by 2018.

(10} romaning diaakicel smanhotes Wil bo Boscied by STB0/44. No ot tanks Inspacied. et bank Fapedtions by 2018



Eloyd, Niklas

From: ' Cook, Wijliam .

Sent: ' Thursday, March 27, 2014 3:59 PM

To: Gray, Me}, Floyd, Miklas

Subjectt FW: Emailing: SB UFSAR Change1932962 Hydrolagy revision pcdf
Attachments: SB UFSAR Changel532962 Hydrology revision.pdf

Fyt

-~—Ciginal Message~—

From; Dionne, Bruce '

Sent: Thursday, March 27, 2014 3:42 PM :

To: Cook, Willlam :
Subject: Emadling: 58 UFSAR Change1832862 Hydrology revision.pdf

‘Your messags is ready 1o be sent with the following flie or link attachments:

3B UFSAR Change1932962 Hydrology revision.pdf e Bt bachment From NexdEra

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




UFSAR CHANGE REQUEST (UCR) FORN

| NAMS AR Number: u%-},é.:;#.J NAMS EC number_} | P'age 1 of 1

]

- (193292, )
UFSAR ch anges or suggestlons or xmnrovement are to be identified below {aleng with any -

altachments) by personnet performing design activities, and UFSAR Users , All UFSAR
changes require a 10 CFR 50.50 applicability / screening / evaluation,

Originator: ’Pm\ D uden Dept: | Choy b{"{‘y Phone: | 7649
9 ' 5 ¥ . B 4 R
chu:ﬁ:ent* WEl @7-a7 Facility: 504 unit:| |

Descripuun of Change R&ques‘t. (attach markup of UFSAR pag scucns,ﬂgures, tab!es affected)
Adtdel Seakvook Shz,-rxoh C;-ani:iwftev W rﬂfx[e, by R
Section 2.2 ﬂe@rames gnok LufarBetion -{A@M o | Alze o(cu.cm ptioa
a-f --S‘ca."‘c 'fu.eir‘”’ M ')fO &a‘*wm R4 {3, !./‘

Reason for Change {this section Is ZNM fithe UCRis assoclated with a EC-DCP):
U ol le. UFSAR with euyrent infFormad on

Technical Review [this section is [ NfA If the UCR [s associated with a EC-DCP):

T'f'ug_, @mw&wc«f{‘er MOM Com f@éiaﬂ‘ fi& azﬁf essan'tz)'&/fl’
(,ok-ﬂrms informatibh Q/”fﬂﬁf ‘f{*&jFSA& adddd ﬁ/

Mope. pe@meaé wm%aw of @wwfz or f{ows .

| 10 cFR 50.58 App!lcabt!ity Determination / Screening / Evaluaﬁon
[] Ses EC-DCP % Se= attached

ot Do) Dulles 020V, Mo 2 23.14

Piial {onatue DATE

REVIEWED BY: i ] o ) . 2 é ¢ éﬁ .
“Print. . . - S)gnalum DATE ' '
PP Y: . : e ' '
APPROVEL BY _:g}m,[.\_ﬂ; Slrond {}_...4—-'—*5'1’7" 2laz 14
(Requesting At : Signature ' DATE ¢
Mamagerj

D) rod
APPROVED BY: chjo

UFSAR Updata  Print
Ccordinator

* BC 380 mlsstonss may be used to docunent signatures

EN-AZ-204-1102-F0%, Revision 5
ECFORM-380, Revision 3




SEABROOK. | Srrs CHARACTERISTICS Revision 16
STATION Hydrologic Engineering Section 2,4
UFSAR | Page 47

Gioundvwefer niovement in fhe site arem is foward adfinig fida! arens, aud
essentially narmal to the water table: contours shown on. Figure 2.4-28, Local

 modifieslions o flow lines w6 the resnit of variaticns Lo permesbility of
‘watee-bearing malerialy and of fupogmphy_ T'cr s 07- 07 e ol Gausop,

g__yh \‘mg_yuﬁy *:1:;_(1 Toidivating come T "H!h e mjgm ‘;‘Lﬂ_g‘_\}w};‘j“!&b‘idx
excm;inw 1 sith ienr g}s;tze dioundneler i rc-dwn[m raxhvard bre. die sonily se
(ekerenee 377:Rates of grovodwater movemeant at (he sie do not exceed

OQ feat per yerr (Reference 24), Tihis e based on a-waler table gradient of 9.08
fest per foot, ae observed’ during bigh water ‘table comimcns, angd an wverage:
penneabxkfy of 5 and 4 Meivzer units (galfong ger day per square foot at:
prevailing grosndwaler tdnpetaiuies) For the 1 and bedrock, respectively. The

fow pcmzealnﬁty of #hie i}l and bedrock s substmtiated by the ack or relatively

smafl response in water levels to fided Huctuations, as abserved in several borings
locaizd akmg the edge of the tidal svarsheg. Thble 2,4-23 Hsts the mnge and aiean
vaines of Fisld permeabiiities of glacial and bedrock matetials. Tlese weie
determined. by falllng hiead and packey tests innde in the test boringy-on the site
grea, The listed valnes for (he nufwash mmterial are representative for the finer
sands iniore camménly found fo the west of the site, wheress, the coarser ontwasly
aud Beach sands o the east (Figure 2.4-28 afipenr 16 be.much more permeable,
sue valoes-of 1,000 gpd. per square foot ormere are-probably not ancomnion,

Loost areas of puniping for both plant and nonplant usg may result in localized
areay of reversibility of groundwater flow in thie viciity of the pumping wells,

- However, the general movement of groundwater in the ‘atea. will follow. the

satocal grovudiater Wwovemes! which 1§ foward adjoining fidel ureas and
epsentlally nonmal do the waler teble codftours shown iy Plgure 2, 4-28
‘Widegpread reverssl 1n the diceation of groundwaler flow. due te overpumplng
may lead fo ssbwater intauwion and degredstion of the aquifer. Optimum
digfribution of pumping and monitoring of water quality will protect against

 adverse offoots associsted with rsyessal of growndwater flow in the vichnty of

Sealicook Btation,  The platt dewvateting gysle puinps st & ﬂﬂww‘m 16 enstide
SeRw Eﬂ&l infrision doss net oceir,

Ares within.the InRuence of 1!:::»311

Under nataral conditions, nearly all rechirge fo aquifers in southeastern New
Hampshire is accomylished i)y the tufiliration .of presipiiefion wilhin the area,
The principal secharpe-arens are the places inmediately tnderisin by jee-contact
dcgosals and by oulwash and shore. deposite.  Thege deposits uré sufficiently
permeable to absorb weter readily.  They commmily form terraces and plams
whose flat swiroes retard surfoce run-off and, thereby, afford aeple oppartunity
for infiltration.  They, gcnm!!y, also providle sofficient atoragc space 10
accommedate the additional water, :

g s e+ e L€ TR
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| SEABROOK ' SiTe CHARACTERISTICS Revision 16
STATION Hydrologic Bngineering Section 2.4
UFSAR : Prge 49

1t is nnlikely that any wolls wilt be located east of the siie in the fulure because the groundwater
wnderlying the marsh is brackish, Also, the Seabrook municipal water system is well developed
and serves-nearly (00 peicent of the town's residents. Any future users will be served by this
system which draws its water from wells fir to the west of the sife or from shtemnative sources
Jocated clsewhere, The Hampten Beach ares is served by the town of Hamptan muwicipal water
systeni, which draws water from wells far (o the north of the site. The nearest public wells to the
site In e town: of Saiisbury are far 1o the south and would not be influenced by an accidental
liquid discharge at Seebrook Station.. The location of the plant dewatering system wells helps to
enstre thal no conlaminated Hquids migeate beyond the plant buildings in the evemt of any
accidental liquid discharge I'lom adjucent systems.

. 24124 Monitering av Safcgum*ﬁ Reguirements

Tho-paiontin-Lor-groandwaks :=swwriain*xi'ivh—'5? the-Seabrosh-Swiien-r-extrmmely—kri— The
'-’LH%m.“w‘nm'md—-"lkw;mdi aystemn-ruhe- Ebm—tm—ﬂnh!;m—-m»nur.waaw rifhum: coptamindion
wis Hivntified i the -containment memius ir 1899, The souree of thix costmidnation was
itdemified fo.be from Qe spent fuel pool. Twenty (bur ngnitoring wells bave beet inslalled ty
“pimck qny pyigeation. of sontamination i sronndvaeley, Samples are pollected und aualyzad for
“ritivm and panypan_smitiers altweeh oo vamma weiivity lus ever been. idemified, Tritium
confwiination hrs been idestilicd in wells proximate to-the Foel Stormee Bullding. but lms nol
wwu fed Tro th i area. T)u\'naomw wietls oy deseribed o Sibseelion 24172 nmmhnn (e tritivm
phine i (i e olthe PuslStarmpe. Binhhn" '

The natura! movement of groundwater in the site areg is away feam the pyblic and private wc[is
in the region.

The—preapersdoncl-mdio)vgical-suvi ronmeniol--suveillunee—prag 1"!m--i‘)L'ill(l“‘r*““ﬂ“!ﬁ‘iﬁi“ -of

premidwa er—Twea-wells-in-the-inmmediatearca~wik-bo sampled-quiasied yand- analygbd-famgroas
hei‘},—?gnnmm-mmﬂun u.d-t Ly
The two closest well fields fo fhe Seabrook Station lie approximately 2000 feet west and

approximately 3000 feet north of the site. The monilosing program will include monitoring of
representative svells from these felds.

2.4.13.5 Demgn Bases for Subsurface Hydvostatic Loading

As stated in Subsection 2.4,13.2, the groundwater table in the site srea is mostly in nli or bcd

al depths no greater than 17 feel and usually less than 10 feet below the original ground sml’aw.
By assuming groundwater &t elévation +20.0 feet MSL (lke fintshed plani gmle} the most
severe case for hydrostatic loading is considered for desipn of structures.

All subsurface portions of safety-related structwres, systems, and components have been
“designed for hydrostatic ]mssure and uplift due to the assumed groumdwater level at elevation
+20.0 feet MSL, plus 0.6 feet of pondicg on site. The design water surface elevation for
hydiostatic pressure and uplift is therofore 20.6 feet MSL. Pload loading is further discussed in
- Seclion 3.4,

There are no wells which ave used for sa fery»reiated puEpOses,




aave

SEABROOK: SITE CHABACTERISTICS . | B Revision 16
STATION - Hydrologic Engincering, Setion 2.4
UFSAR | Page 53
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DETERMINATION FORM Page 1, of &

Document Title:

RART | - Describe the Proposed Change/Activity

1.

Summarize the propesad change/activily (Attach appropriate descriptive materials).

A change to the UFSAR is proposed thet vwould create a niinor modification to the description of
‘Station groundwater flowpaths based on @ recen! hydrologice! study and add historical
infarmation about a spent Fual Pool leak that occurred and an increase In the number of
groundwater monitoring wealls on sile,

PART Il ~ Detarmine f Any Aspsct of the Proposed ChangefActivity is Controlied by
Qther More Specific Reguiaﬁans and Can be Excluded From Review Undsr 10 CFR 50.58,

1.

Doss the proposed change/aciivity Involve a change o the Technical Specifications or
Operating License?

T ves X Neo
If YES a 10 CFR 50.20 License Amendment Request is requéred Process the change‘|

in ao::ordance with LIAA-205

Does the praposed changeiacﬁvﬂy involve a change that is fully bounded by 2 previousty
completed 10 CFR 50. 59 screan or evaluation, or that has been formally approved by
the NRC?

ves No

If YES, document the basis below including specific reference to the previousiy
campleted 10 CFR 50.59 document or NRC Safety Evaluation Repost.

Basis:

EN-AA-203+1201-F01, Rev. §
ECFORM-201
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10 CFR APPLICABILITY
DETERMINATION FORM Page 2 of 6

4.

Does the proposed changefactivity involve a change to, impact on, or deviation from the
existing Quality Assurance Plan, Security Plarn, Emergency Plan, In Service Test
Program Plan, or in Ssrvice inspatlion Program Plan?

DYeB N{J

e Check YES ff the proposed change/activity falls within the scope of the identifled
program plans, even if {he change would nat rise 1o tha level that would require a
change (o the plan(s).

» f YES, document the basis belofif attach any applicable 10 CFR 50.54{p) or {0}
screening performed, and process any rsqusred plan change per the applicable
fegwa&on

Basis:

Doss the proposed changs/actvily invalve a change to, impact on, or deviation from:
8]  the existing Fire Proteclion Program, or |
B)  Stucdures, Systems, and Components (S&Cs) Instalied to assure Safe Shuldown

Capahility?
{] Yes . 54 No

prior MRC approval for changes that have an adverse impact. .

Basis:

If YES, documert the basis for no adverse impact to safe shutdown capabity of obtain |

§

EN-AA-203-1201-F01, Rev. D
ECFORM-201
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DETERMINATION FORM Page 3 of &

5.

Does the proposed changedactivity involve maintenance which restores SSCs to their
origingl sondition er involve a temparary alteration supposting maintenance that is.
expected {o be in effect during al power operations for 80 days or less?

[] Yes No

T YES, document how the risk of 1he proposad changelactivily 1s being meneged and
controlied per 10 GFR 50.65(a){4). '

" Bagis:

Does the propesed change/activily involve a change to the UFSAR {including documents
incorporated by referenca) excluded from the requirement o perform a 10 CFR 50.5¢
raviaw by Substep 4.2.2.F{1) of EN-AA-203-12017 '

[ ves No

+ Documents incarporated into the UFSAR by refererice gre considered to be part of
the UFSAR for 10 CFR 50.59 applicabliity / screening purposes.

« If'YES, dooument the basis baiow.

Basis:

EN-AA-203-1201-F01, Rev. 0
ECFORM-201 '
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10 CFR APPLICABILITY

DETERMINATION FORM

Page 4, of 8

7. Does the proposed changelaciivity involve a chz{nge {0 a managerial, maintenance,
survelllance festing or administralive procedure that does not permanenily alter plant

§8Cs7 _
D Yes i Ne

Baxsis:

If YES, document the basis below.

8. Does the proposed chan_ge!activity impact other plant specific pragrarns which are
controfied by more spedific regulations, operating #censa, or lechnical specifications?

Clves ) No
I YES, document the hasis below,
Basis: '
Cmms;on

D All aspecis of the proposed change/actwﬁy are controlled by one or mere of the
processes above, therefere a 10 CFR 50.68 scresning is not requxrad

Conlinue to Part 1, 10 CFR72.48 ?re-Screenmg, of this farm and then complete Part IV,

Conclusion,

B3 Al aspests of the proposed ::héhgelaﬂiwty ara nof conrolled by one or more of the
progesses above, therefore the rsmatmng aspects of the actm‘ky requira 10 CFR 50 &8

~ gereening.

Cantinue to Par‘t ¥, 10 CFR 72.48 Pre-Screening, of this form and then complete Paa"t IV,

Conclusion,

EN-AA-203-1201-F01, Rev, §
ECFORM-201
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Rov. | . DETERMINATION FORM Ag% .

PART Hl - Dotormine If the Pmposad Change/Acthvity Can be Excluded From Roviaw
Under 10 CFR 72,48,

A YES answer to any of the following 10 CFR 7248 Pre-Scraening questions requires that a 10
CFR 72.48 screening be perfarmed in accordance with EN-AA-203-1204. _

1 Does the proposed changefactivity involve in any manner the dry spent {uel storage
- cask, the cask handlingftransport eguipment or any Indegendent Spent Fusi Storage
Instaliation (ISFBI) S8Cs?

[ Yes No

2. Does the proposed change/activity invelve in any manner $S8C(s) installed in the plant
' specifically to support the dry spent fuel storage cask toadingfunioading activities?

[Yes No
3 Does the proposed changs/activity invelve in any manrer the design function, method of
. perfarming or confrolling the function, or an evaluation that demonstrates that intended
function will be accomplished for 55C{s) neaded for plant operation which are also used

fo support gry spent fuel storage cask loading/unioading activities or ISFS! faciiity
monitoring?

[]Yes E No

4, Does the proposed change/activity involve changes to sfte-specific design critezia for
extarnal events such as earthquakes, iornadees, high winds, flooding, ete?

Jyes K No
5. Does the changs/activily involve changes to plant heavy load program requirements?
[ Yes 2 No

8. Daas the changeractivity involve any potential for fire where dry spent fuel storege casks
- are Joaded, unloaded, transponied, or sfored? _

D Yes B No

7. [Does the change/activity involve any potential for an explosion hazard where dry spent
fusl storage casks ars loaded, unloaded, tranaported, or stored?

Tives ~ ) No

EN-AA203-1201-F01, Rev. 0
ECFORM-201
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PART IV — Conclusion
Chack all that apply: _
1. A10CFR 50.58 Soreening s [ required o [ NOT required.
2. A1DGCFR72.48 Screening s (] required or % NOT requived.
A 50;54(;:} and/or (q) scresning has been 'éompla&ed ang ts altached..

Additionat comments end reviews (Additional reviews may be required by local procedures):

g : Original applicabiity deferrnination pe'formad on 227144 has heen racreatad for inplusion
with the mitiaﬂng PR 626714,

Prepered By ’Pag{lpav ;ch ﬁ‘%\g‘?&&gz& Date: 3 -t - f‘?’

 Print - v ngnaﬁ.ra
. OR
@ 01~ P

Reviewsd By, /QK gac A, &;zzaﬁ {5 :

Wi A O TS

Ssgna e

Date; zé'//ﬂ‘

. OR
{ G1-ADR :

T EN-AR-203-3201-F01, Rav. 0
ECFORM-201
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{}FR 13 'Bac?@g\ 10 CFR 50.69 SCREENING FORM {Page 1_of 5

Sedlyreic Screen ¥ 504 - 37

{1ocument Title!

PART 1 - Describé the Proposed Change/Activity

1. Summarizs the proposed changeladlivity (Altsch eppropriate desoriptive maleriats).

A change o the FSAR is proposed that would create a minor modification to the
description of Siation greundwater flowpaths based upon a recen! hydrelogical study
and add historical mformation about a spent fuel pool ieak that occurred and an
Incraase inthe number of grouncwaler monittring wells on sile.

PART li - Determine if the Proposed ChangelActivity Can be Excluded From Review
Under 10 CFR 50,59, Refear to NE! 88-07, Revision 1 {including Appsndtx E}, and KE| 11~
01, Revision 1 for guidance.

1. Ssarch the UFSAR to idanfify the ralevant sactions. Describs the design fundlion(s),
pérformancs requirements, and methods of svaluation of the afiscted SSCs and whera
the function{s) are dascrbed in the UFSAR.

Note: Approved pending UFSAR chenges and docuiments incorporated into the
UFSAR by reference are considerad to be part of the UFSAR for 10 CFR 50.59
soleening purposes. _

Summarize lhe UFSAR Conterl;

The affected section of the FSAR is seclion 2.4.13, Groundwaler, and therefore has no
dersign function, performance requirement of related mathot of svaluation for sta!ian

38Cs.

2 Compare the proposed acliviiy to the UFBAR informalien decumentad in item 1 above
and answer the. following quagtions b delarmine ¥ & LUFSAR design funclion is affected:

Yeg No ' . Queestion

i & Daoes the proposed activity involve Safety Analyses oran SSG( )
cradited in the Safety Aralyses?

[ B Ores the proposed aclivity invelve SSCs fhal suppor! 85C(s)
credited in the Safely Analyses?

EN-AS-203-1201-F02, Rav, §
ECFORM-Z{2
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10 GFR 50.59 SCREENING FORM | Page 2 of -5

0 K] ~ Doeas the-proposed aciivity involvs S8Cs whose failure could
Iniftate a trensient {e.g., scram, foss of feadwater, elc) or
acckiant, or whose {ailure coid h‘npact SSC(s) crednad in ine
Safely Anglyses?

] Droesthe pmposed acilvily im-ow& UF8AR-descrined 5503 or
procadural controls that also perform functions that are required
by, or olherwise.nacessary tu comply with, regulations, license
condiflons, erders, or technical spoci’ catlons?

AYES answsr 16:any of the abowvs quashmm indicates that the proposed activity impacis g
LIFSAR debign functipn. 1ist tfie design functiong below and promesd {o qrtes%!on 2a. tFell
answars are NC, a UFSAR d%fgn furction 13 not atfected by lhe proposed activily - skip o
{ questien 2.b.

Basig:

A =Qﬁange to the Facifity or Procedires

Answer the felowing quasﬁamio-dezennine if tha aciivily has an a_dv;e__r_s-é offect oR &
design fimction.

Yas o " Guestion

O RN Does the ac:t‘vdy adversely affect the desigh funttion{s} that wete
' idenﬁfed in flem 1 above?

] 0O Does tnhe aclivity adversely affect the method of perfamﬁrxg or
controfling the design functlon(s) tha! were identifiad in item 1
above?

if elther answer is YES, a 100FR 80.59 Evadtiztion is required. |f both answers are NO,
desoribe the bas’s for the conclusion. Altach additional discussion &8 necessary.

Basiz:

cN—AA~203~1201-F’02 Rew., 0
ECFORM-202 :
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18 GFR 50.58 SCREENING FORM Page 3. of §_

b. - Changes o a Mathod of Evaluation

(if the activity does not lnvolve a mathad of availatlon described in the UFSAR thase
guastions are i Not Appllcable.)

Yes No _ ' Question
i J Does the activity use a revised ordifferent method of evaleation
. for _perfdrmihg safety analyses than that described in tha UFSAR’?
0 D Daoss the activity use a revised or differant method of evatuafion
for evaluating 88Cs credited in safsty analyses thar {hat
described In the UFSAR?
if sithor answer s YES, g HICFR 50.5¢ Evalualion i required. If hoth answers are NO,
dasoribe the basie for the conciusion. Altach additiona? discussion, as necessary.
Basis:
T Test or Expetitnents
(if the ativity is not a fesl of experimsnt, the questions ine.4 and ¢.2 are [ Not
Applicable.) . _
1. Answer thesa fwo quastions first
. Yes No Question
O (M} lsihs proposed test or experiment boundad by ofher Issts or
' experiments that are desaibed inthe UESAR2
] | Ars the S5Cs affected by the propoaed test or experiment
jsotated from the facility?

| IF the answer ta both questions Is NO, canBnue to 6.2, {f the answer lo eilber question is YES,
ihan briefly describe the basia..

 Basis;

S

EN-AA-203-1201-F02, Rev. 0
ECFORM-202
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2. Anawer ihesa addfiional quesimns enly for tesd or expenmnts which do hot miest the
criteriz given above. If the answer to either question in o is YES, then these thres

nuestions aré i Not Applicable.
Yes  No ‘Question
0 {1 Does the activity ufilize or sonfre] an SSC in a mannerthat is

o o
o O

putside the reference bounds of the design bases as described in
the UFSAR?. .

Does the activity ufilize or controf an $SC in a mariner thet is
mconaxatent mfh fhe analy@es or descriptions in the UF SAR?

Does tha acflviy p!ace he facility in a cordiion not previously
evaluated of that coukd affedt the £apabiEty of an 88C 1o perform
#ts intendad fumctions?

'ﬁasfs;‘ .

Jf any answer in 0.2 is YES, & T00FR 50.55 Evaluation is required. {f the answers.are all'ND,
deseribe the MS;S for the conclusion. Altach nd:tmona} discussion, a5 NecesEaY.

Part il - Conclusion
Chad& aU thet applys

1, A 10 CFR 50.59 Emlua’nan is L] requlmd of B0 NOT required.

2. An UFBAR Ghange Request ls' [ required or 2 NOT requir&d par EN-AA-204-1402,

Additional comments and reviews (Additional reviews may be raqi:jrsd by local proceduresy:

EN-AA-203-1201:F02, Rev. 0
ECFORM-202
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g;—;a;gi;i | ?DLML ’—D‘&zl 1"% ! @t’@a@‘—\ Dater 47 14
. Print Signature ’ :
' OR

See Milestone 202-5050SCRPREP

Qualified ' - 274
reviewer. pfvzegdr A (lersts Wﬂmg&éfﬁ‘
Print Signature '
- OR
Spe Misgione 202 -5059SCRREVW
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1934608.Unit2.doc

As requested, attached is the completed Engineering Evaluation (AR 1934608) that documerts NaxtEra Energy's basis
far not testing Unit 2 concrete in support of the ASR Project. You can also find this evaluation in NAMS under AR
1934608, | believe that the information contained in the evaluation will help to develop responses to the chalienges
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 SEABROOCK UNIT 2 CONCRETE
" FOR
ALKALI-SILICA REACTION TESTING

31 March 2014

1.0 BACKGROUND INFORMATION

AR 1334808 was initiated to document an evaluation on the feasibllity of utilizing Seabrook Unit 2
concrete for tesling o determine the impac! of alkallsifica reaction (ASR) on the structural
propertes and behavior of reinforced concrete.

2.0 ENGINEERING EVALUATION

The fallowing provides Design Engineering’s evaluation on the feasibllity and efficacy of uffizing
Seabrook Unlt 2 concrete Tor testing to determine the impact of ASR on the stuciura! properties
and behavior of the concrete. Thiz evalustion {5 based on both techmcai and practical
cms;derawns as identified below,

Tachnicat Caonsiderations

1.

Design Engineering - CivilMechanical group performed watkdown inspections of the
visible, exposed concrete mostly above grade in Seabrook Unit 2 in early November
2013 ard again in January 2014. The results of the walkdown inspections determined
that there are only two areas of concrais that clearly exhibit some of the visua! features of

. alkali-sflica reaction such as; pattern cracking, secondary deposits, and dark ASR gel

staining adjacert o the cracks. These inspections also determinad that the two concrate
areas impacted by ASR are of very iimited size thus, are not capable of producing an
appropriate number of concrele test specimens of sufficlent dimensions 1o provide
meaningful and useful test data.

The ~most critical structural oroperty and behavior of a reinforced concrete
glement/member impacted by ASR distress thal warrant investigation and testing are
shear capacity and anchorage of the reinforcing bars (Le. development length). . The
reinforcing details in the Unit 2 areas impacied by ASR would most likely not produce the
dasired fadure maodes i.e. a shear failure or rebar anchorage failure. This s primarity due
to the fact that to “force” or cause a shear fallure or reinfarcing anchorage failure, the
ends of the test specimens require strengthening with transverse reinfarcing bars which
are npi present in the areas of Unit 2 concrate impacted by ASR. Withou! this additional
rainforcement, the desired fallure mode soukl not be achisved and the ulimate load
capacity, defiaction and stilffness could not be determined. In agdition, any concrote test

" specimen cut out and removed from Unit 2 would lose full development of either the
" horizontal or vertical reinforcing bars depending on the {ocation and orientation where the

cals arg made in the concrete structure. Loss of development jength would adversely
impaci the witimate load capaciy and behavior of the concretes test specimen. Therefore,
the impact of ASR distress could not be accurately and reliably delermined from concrete
test specimens removed from Unit 2. A comprehensive and valid understanding of the
critical conorete propertzes arn;i behavior of 2 concrete element/member impacted by ASR
could not be leamed trom ;éstmg the !imxtexj available concrete specimens in Seabrook

S Unit 2,



The concrete test specimens {ref 4.1, 4.2}, designed and fabricated at the Ferguson
Structural Engineering Laboratory {FSEL) at #w University of Texas at Austin were
purpossly designed to produce the desired faillure modes and for the faikures to ocour in
he aporoprigte test ragion of the concrete test spesimens.

3. The design of some of the concrete structures al Seabrook such as the southwes! wall in
the B Electrical Tunne! in Unit 2 were design and construcled with additionsl
. conservations {i.e. exceed the ACI Code minfmum required development iength). Testing
of this concrete or similar designed corcrete would provide non-conservative test results
due to the over design and. construction of the reinforced concrele.  Adcditionally, o
simplify design and construction practices, standard oversized concrede seclions with
aversized reinforcing bars were ofien detailed at Seabrook when smaller sactions with
less robust reinforcing bars wolld have complied with the ACI Code reguirements.
Testing of this concrete would also provide nan-conservative test results dus to the over
design and construction of the reinforced concrele,

Practical Considerations

1. Design Engineering at Seabraok has considereg Unit 2 as a source of concrate for
testing from the very early stages when ASR was initially digcovered. The practical
reasons why Unit 2 was not pursued follows. For several years (i.e. aimast 30-years),
the helow grade portions of most of the Lini 2 struchures have been and are currently

" fiooded up o 304eet or more by groundwater irfiltration and runoff.  Thus, this
exposura condition is nat representative of the exposure conditions in Unit 1, The-
difference in exposurg ang ifs impact to the concrete is not known and could be 2
source of many challenging, unanswearable questions. Dewatering Unit 2 structures
and maintaining these structures in & dewaterad condition is simply not practical and
may nat be complataly sugcassful,

2. Testing of Unit 2 would have {imited applicabilﬁy in that the testing would invoive only
current level of ASR distress which based on observation, i limitad and less than
most obseved in Unit 1.

3. Unit 2 was abandoned in April 1884, almos! 30-years ago. The stafrs and ladders o
access the below grade portions of Unil 2 siructures were sither never installed, or are
severely corroded or degraded to the extent that renders them unsafe and un-usahls,

3.6 CONCLUSIONS
The conclusions of this evaluation are;

o It is not feasible to use Seabrook Unit 2 concrete for ASR testing based on the lechnical
and praciical congiderationg preserited abgve.

» To de-water, remove consiruction debris, erect lemporary ladders and stairg, and provide
fighting and power In Unit 2 would be an enommous angd costly effort that would not
provide any valuable information or usable test data o support the assessment of ASR
impact structures in Unit 1. '
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4.1 Foreign prht 100770 revision 02, FSEL 24-inch Beamm Reber Anchorage Test
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drawing 243
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CR Title: REDUCED CONCRETE PROPEB,TIES BELOW GRADE IN ‘B’ ETECTRICAL
TUNNEL EXTERIOR WALL

ROTE: Toensurea r.:omp!ete POD, each of the following Rems shall be addressed to a iavel of
detall commeansurate with the affected SBC safaty significance.

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

Unit 1 ‘B’ Electricat Tunnel below grade exterior concrete walls

2. Describe degraded or nonconforming conditton:

Nongonforming condition ~ Alkali-Silica Reaction (ASR) is & reaction which occurs over time in
concrete between the atkalis i the cement paste and reactive non-crystalfine sifica, which is fount In
many common aggregates and in the presence of water promotes this condition. 'ASR has resulted
in @ reduction of the elastic modulus of concrete and compressive strength in the below grade
exterior walls of the Electrical Tunnels.

3. Identify Current Livensing Basis function(s) and peﬁbnnancé requirements, including Technicai
Specifications, FSAR, EOPs, NRC Gommitments, or ather appropriate information:

The Electrical Tunnels are a seismic Category | reinforced concrete structure designed to house the
Train ‘A’ and ‘B’ safety related cable / cabie tray systems in train Independent structures. The
structure protects the safety-related systems, souipment and components located inside the
Electrical Tunnels agamst all noshilated sdamat environmental conditions.,

4, |dentify the established minimum design basis values necessary fo safisfy the ssc design basis
safety and qualiity function{s):

The Electrical Tunnels structure is designed 1o withstand ail credible conditions of loading, including
normal loads, severe environmantal ipads, extreme environmental loads, and abnorma! loads. The
loads inciude ground water hydrostatic, Operating Basis and Safe Stutdown Earthquake loads. Tha
Elactrical Tunnels are situated one on fop of the other, in elevation, the funnels extends from
approximately Elevation (-) 20-0" to {+) 21'-6".

5. Evaluate effacts of condition, including potential failure modes, on the abliity of the SSC to perform its
specified TS, or safely support, function(s). The following tems 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 requjred,

There are no gefined Technical Speciﬂcation functions associated with this structure. it stands o
reason that the slactrical fransmission cables housed within the structure are necessary for
operation, safe shutdown, or permil continued decay heat removal. The structural integrity of the
structire that houses them is an important function during alf modes of operation,

£K-AR-203-1001-FDY : Rewvigion
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B. ldentffy assumptions used;

None.
W

C. Discuss why the degraded or nonconfoiming condition does or does not prevert the 8SC from
performing its specified TS function{s). (Include known information that supports tha specific
evaluation, any adverse impact about the candition, or relatad analysis);

Fn;:u

—

As part of the ongoing assessment of ASR and s impact on the mechanical properties of
concrete, NextEra contracted with the University of Texas at Austin to develop a positian paper o
address structural implications of ASR, [&% Y
LN [7Th& concepis and Conciusions presenied are ine
product of several years of large scale experimental research and literature review at the
University of Texas at Austin, It documents that the performance of an ASR-affecied concretes”
structure is not directly finked to the mechanical strangth {primarily tensile strength) or stiffness of
congrete cores removed from the affected areas of the struchure. Rather, the performance of
ASR-affacted concrete must be considered within s structural context; under the infuence of
load/compatibility-induced stresses and reinforcemert restraint. Accordingly the degraded
conditien for this POD, the concrate core test results, may provide canservativaly low values not
reprgsaniative of the in-situ condition of the concrete.

(a) Dynamic Resptnse

The dynamic analysis of Seabrook concrete structures are

T.Z.3. The ‘B’ Electrical Tunnel in the Control Building is @ below grade
siructure that is fully sun'oundﬂd and integral with the bedrock. The exteror walls of the structures
and equipment anchored o the walls are designed to ground resporse as thers Is no
amgiification of the structure in these areas. A reduction in the modulus of elasticity could change
the seismic response of the walls aiong with the equipment aftached to them.

EN-AA-203-1001-FO1 Rerésion 1
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3
The analyses described above, further validates the conclusion that the reduced modulus of ;
elasticity will have no impact on the seismic responss of the walls. Equipment attached to them
will respond the same during a ssismic evert, and the S5Cs will function as designed with no
affect an iheir operable status.

(b} . Calculated Flexurat Capacity

(b:(4:
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{c) Rexluction in Compressive Strength

HEH

-y

The American Concrete Insfitute (ACH) 318 design code for concrete struttures uses the
compresasive strength (fo) as the basis for computing alfowable siress values for compression,
bearing, and shear. 1t is also a basis, along with concrete modulus, for the design of reinforced
concrete sections. The fact that the concrete compressive stresg exceeds the specified mirimum
strength of 3000 psi provides edditional margin to the structurel design that is not accounted for in
the design.

Subsequent compressive strength testing of 15 conerete cores removed from the ‘B’ Electrical

Tunnel was performed o yalidate/confirm the noted loss of compressive sirength. The testi
consisted of 15 cores P _ |
it [Results of the Compressive srengih (ests 8 an |

average strength of 5,143 psl for the ASR affectad cores and 4,880 psi for the control cores.
Based on these resu!ts i Is concluded that there is no loss in compressive strength due to the

prasence of ASR in the concrete.

(d) Anchorage

Potential impact of the micro-cracking caused by the presence of ASR can affect anchorage
capacity by affecling the digtribution of shear stresges. As noted above, the concrete gquallty in the
arsas affected with ASR was good with relatively small cracking indicating minima! impact on
shear stress distribution,

Castin place gnchors

Cast in place anchors and nelson studs associated with embedded plates, are designed based
an the steel anchor yla dmg before concrele failure ocours, The concrete tensils strength used in

1o aichlatad baged on the square roct of th £ pressive strength
resulting in & misimum margin of safaty efil “ IDesign of cast in

EN-AA-203-1001-FO . Revision 1
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strength of 3000 psi Versus the test result average off resulting In 2 margin of safety of
1.26 bassed on compregsive strength. The combined marpn of safely for anchors and nelson o
studs is on the order of - or the areas affected by ASR, In addltion, the designs do not take
into acceunt the added pull-6ut strength that Is provided by any reinforcing stead in the concrele
Considering the minimal cracking identified in the concrete and the high margin of safety on
anchorage design there is reasonabte assurance that the anchors will perform as designad.

place anchors and embedment plates ware basinimum specified compressive 4

Testing of cast in place anchors was performad ai the Ferguson Structural Engineering laboratory

(FSEL) at the University of Texas at ATm.ﬂ.D'_Ausﬂamess.:bmmrx of apchar
performance in ASR affected concrete r

fib: (4:

Rk j The tast results showthatthe |
actuat capacity significartly exceeded the theoretical capacty for low cracking indices. Based on
these fest resuits it is concluded that cast in place anchars will perform as designed with no
adverse impact on the operability of any attached system structures or components.

Drlied In anchors

Drifled-in concrete anchor loads are based on the ultimate anchor loads, as -.r mmined by
tesfing, for slip of the anchor wedges. The ultimate load is divided by a factor off ™ o provide
the allowable working load. Fallure of the concrete is not the miting fallure mecmsm a8 siip
e oocurs &t a lower ioad. Accordingty, the margln on faillure of the concrete is greater than
in addition the added margin based on compressive strength, quelity of concrete, and
rettforcing steel as nofed above apply t¢ drlled-in anchor designs providing reascnable
assurance that the drilled-in anchors wilt parforin as designed :

Yesting of drilled—in anchors was perfermed at the Ferguson Stxuctumj Engineering faboratory

(FSEL) at the University of Taxas al Aﬁgn {UT Austin) to access the imoac of anchor
r‘g'rormanae in ASR affected congreta|™

GHEN

{8) Reinforcing Steel Anchorape

An interim assessment of the impact oo concrete structures at Seabrook was ared by MFR
Associales and documented in[*™
(b:(4:
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susceplible 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

importart o three types of ewvaluations (1) reinforcement to cany bending moments, (2)
reinforcement to carry in-piane shear locads, and (3) for minimurg_ el presment requirements.
Within the assessment, a conservatively high strength reduction gmused for reinforcement
lap spfices. This reductign.is based on reinforcament pullou g in_concrete without

fransverse reinforcement. o

(D:(4;

[HER

Based on e above [ Is conciuded thal the reinforcing stee] has SUMcient |
anchorage fo transfer the applscable joats between the concrete and steel when applying a

ﬁﬁtwery high reduction in strength due to ASR and maintain a margin of safety greater than

(HShear Capacity of Walls

(D:(4;

Fbj:(-!j:

Considering the minimal cracking in lotaiized areas of the concrate and

ggl‘ex:‘ %one way shear capacity withou! transverse steel reinforcement based on avaiiaple :est
__reguits |°

(bi(d:

the margin of safaly in the shear capacily of the wall, there are reasonable assurances that the
structural integrity of the "B’ Electrical Tunne! walls 1s maintalned.

An assessment was parformed lnere & consarvatively high reduction of

Based on the above it is concluded that the wall can
eh reduction in shear strength due te ASR and mantain a

s

EN-AA-203-1001-FG1 Revison 1
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{g} Concrete Quality

Laboratory examination of the concrete cores determined that the concrete was adeguately
consolidated, with uniform distribufion and grading of the coarse aggregale and adesguate
bonding betwesn the coarse aggrepate and cement paste. There wers no signs of concrate
distress or imperfections (i.e. voids, aggregate segregation, paste deficiencies, delaminations) in
the concrete except for fight, micre-cracking produced by sxpansion of ASR gel. These songrate
quality observations are consistent with the compression test resuits from the concrete cores.

(b33

(b;(4;
(O _ CoRETUcion of The

g ©80s, Subsaguent to
construstion of the below grads structures the dewatenng gysiem Instailed to facilifate
consiruction was abandoned in-place. Gmurmwa’ter in leakage in below grade structures was first
noted in the mid 1980s hencs, the present degradation aﬁnbuted o ASR s due {o a reaclion
petiod on the order of 25 years. Considering the relative rpinor distress observed in the ASR
affected concrete, ( i.e. surface cracks generally less than ln width, the frequency of ~
ohseryed cracks, and fhe limited areas of affected concrete), TE Teg8cnabie to conciude that the '
prograssion rate is not an aggressive degradation mechanism lending itself 10 near terrn changes
in concrete mechanical properties.

Based on the evaluation in {3}, &), (£), @), (&), (f} and (g) the ‘B’ Electrical Tunneal structural
integrity has been maintained and SSCs housed in the structures will funchion as des!gned and

are fully operable.

Dia:
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| TTEEN

In addition, the qualitative assessment in section C{f) above indicates that the degradation In

concrete due to ASR octurs over a long ime period and significart near term changes in the

quality of the concrete Is not expected.

(b:(4;

e [Crack measuremsnt witl be performed at

BIX-Monil: Mervals unlil a relable yend of Ak progression is established. Any changes in crack
measurements will be evaluated and addressed as warranted.
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- &, References:

UFSAR Section 3.8

7. Altachmsents:

Nane.

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

None,
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CHECK PROMPT OF_EhAEIUTY' DETERMINATION
ONE ‘

Affected SSC'shou!d be considered Operable sinca # is fully qualifisd, meeting As-Built
condition.

Affected S5C should be conskiered Operabie and akeve Fuli Qualification but with reduced
margin below some FPL requiremant. There is a high degree of confidence that the degraded
88C mests Full Quailfication as described in the Current Licensing Basis,

XXX Affactad SSC should he considersd Operable but degradsd and below Full Quaﬁﬁc:atzon
Cmbnued Operabflity is based on the prowssons of RIS 2005-20

Affected SSC should be considered inoperable.

Prepered BVEA_&ZHMJ_%Q—\/Z&} Ve
Prisd/Sign
Reviewed By—g E BIZ&AM ViA %/x # 25/‘ z

Prmth:gn

Date/Time 91 23/12.
11357

SM Approval:_ ?ﬁw_ bw.hf'm

Distribution:

Responsible Supervisor
Responsible System Engineer
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FPL Nuclesr Btation OPERABILITY Condifion Model

L

Operabls - Region

Structure meets design cods requirements
As-Bulit Condition ag Described in FPL Drawings,
Specifications, Procedures, etc,

Oparable -

Abaova Full Qualification

(Reduced Margiry

N/A
Fuil Qualificatior ag Described in the Currernt
tLicensing Basis

Operatle - Degradad,

Below Fuli Qualfication

(RIS 2005-20)

N/A ,
$8C Capable of Parforming Required Safety
Function(s)

inoparable -

Technical BpecificationsfCLEB

¥ Action(s) as appiicable

Structure does not meet design code req uimmém
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CR Title: REDUCED CONCRETE M(}DULU9 OF ELASTIC!TY BELOW GRADE IN
CONTAINMENT ENCIE G EQUIPMENT VAULTS, EFW
PUMP HOU SEL GENER QIt, TANK ROOMS, AND

. OTHER CATEGORY I STRUCTURES

"NOTE: | To ensure a comgplete POD, each of the foliowing items shail be addressed to a level of
detall commensurats with the affected 8SC safsty significance, :

1. Describe affacted SSC (System # Comp &, ale.).

Beiéw grade exierior oorioreie walls in the Ccmainmént Entlosure Building, RHR Equipment Vaulfs,
EFW Pump House, and Diese! Genarator Fuel Off Tank Rooms, These four bmidmgs are Categary |
struciures. , )

Compietion of the extent of condition survey has ?denﬂﬁed_ the potential presence of ASR in the
foliowing additional Calegory | shuciures. These structurez are idenfified in AR 17578681 as C8T
Enclosure, CBA East Air Intake, SW Cooling Tower, "A' Electrical Tunnel, Fuel Storege Bullding,
East Pipe Chase, West Pipe Chase, Pre Adtion Velve Room, Primary Auxiliary Buiiding, Service
Waler Pump House, Mechanical Panefration Area, and Wasts Process Bulicing,.

2. Desoribe degraded or noncanforming condifion:

Nonconforming condition ~ The presence of Alkeli Sitica Reaction (ASR) has the potential to
adversely affect the mechanical properties of concrate. ASR is a reaction which cccurs over fime in
concrete belwean the alkails in the cement paste and reactive sifica which is found in many comman
aggregates. The prezense of water in the bardened concrete is required for the reaction to ecour.

3. identify Current Licensing Basis function(s) and perommance requiraments, including Tethnical
Specifications, FSAR, ECPs, NRC Commitments, or other appropriate information:

The Contalnment Enclosure Buildmg surrounds the Containment Bullding and ¢reates an annulus
between them. The annulus is maintalned at a slight negative pressure during accident condltions to
maintain fisgion produe! control Al joints and penetratxons are caulked or gasketed to ensurs air
tightness. The Containment Enciosure Building is an environmental and air barrier. Safsty-refated
air handling equipment Is housad in s own structure, the Cortainment Enclosure Ventilation Area
{CEVA).

The RHR Equipment Vauits, EFYY Pump House, Diesel Generator Building, CSY Enclosure, CBA
East Air intake, SW Cooling Tewer, ‘A’ Electrical Tunnel, Fuel Storage Buiiding, East Pipe Chase,
Wesl Pipe Chase, Pre Action Vaive Room, Primary Auxifiary Bullding, Service Walser Pump House,
Waste Process Building are seismic Category | reinforesd conerete structyres designed fo house
Train ‘A’ and "B’ safety related SSC. The CBA East Air In-take Is a Category | structure that pemits
meke up air to be drawn into the control reom complex in support of Technical Specification 3/4.7.8.
The structures pratect the safely-related systems, equipment and components bocated w:thm against
postulated external environmental conditions in accordance with UFSAR Section 3.8,

EN-AA-Z03-1001-FO1 Ravision
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4. ldentify the established minimim design basis values recessary to satisfy the SSC design basis
safe’(y and qua lity function(s): ;

The Enclosure Bultding, R‘-iR Equipment Vaults EFW Pump House, and Disgel Ganerator Bu;xdmg
and other ssismic Category | structures are designed to withstand all credible conditions of joading,
including normal Ioeds, severe envirenmental koads, extreme environmental loads, and abnormal
ipads. Thse foads include ground water hydrostatic, Operating Basls and Sale Shutdown Earthquakes
loads.,

5. Ewvaluate effacts of candition, including potential failure modes, on the abiiity of the S8C to performits
specified TS, or safety support, funclion{s). The foliowing lems shall be covered in fhe Evaluation:

A

identify the Mode or other spacified conditions of Operability when the specéf‘ ad T8 function{s} for
the aflecied SS8Cs are requued _

Thare are no defined ‘{echnicai Specffication functions assoclated with the RMR Equipment
Vaults, EFW Pump House, Diesel Gensrator Buliding, C8T Enclosure, SW Cooling Tower, ‘A’
Electrical Tumnal, Fuel Storage Building, East Pipe Chase, West Pipe Chase, Pre Action Valve
Room, Primary Awxillary Building, Service Water Pump Houss, Waste Process Buiiding, # stands
to reason that the SSC housed within these structures ars necessary for operation, safe
shutdown, or permit continued decay heat removal. The structural integrity of the structure fhat
houses thern is an essential function during ali medes of oparation,

The Gontainment Enclosure Building structural integrity is addressed in Technical Specification
3.6.8,3 which states “The struclural integrity of the cortainment enclosipe building shall be
maintained at a level consistent with the Contalnment Leakage Reate Testing Program.” This
Technical Specification applies to Modes 1, 2, 3 and 4 The structural integrity requirement
descrived in the Containment Leakage Rate Testing Program is =8 v!aual inspection for gross
¢racks and displaced concrets.

The CBA East Alr Intake structiuras permit make up air to be drawn into the contral room complex
in support of Technical Specmcahon 3/4.7.6 Control Room Subsystems ~ Emergency Maksup
Alr.

identify assumgtions used;
None,
Distuss why the degrsded or nonconforming condition doss or does nol prevent the SSC from

performing ite specified T8 function(s). (Include known information that supports the apecific
evaluation, any adverse impac! about the condition, or redated analysis);

| ————

(bi4:
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As parl of the ongoing asseasment of ASR and its impact on the mechanical properties of
concrete, NextEra contracted with the Univarsity of Taxas at Austin fo develop a position paperto
address structural impiications of ASR. Foreign Prinf 1006887 "Structurai Implcations of ASR-
‘State of the A" documants this position. The concepts and conclusions presented are the
product of several years of large scale expepmental research and Herature review at the
University of Texas at Austin. I documents that the performance of an ASR-affected concrete
structure is not diractly linked 1o the machanical strength (primarily tensile strength) or stiffness of
concrate cores ramoved from the affected areas of the structure. Rather, the performamnce of
ASP-affected concrale must be considered within #ts struciural context; under the influence of
lpad/cormnpatibliity-induced  stresses and reinforcement restraint. Accordingly the degraded
condition for this POD, the concrete core test resulls, may provide conservatively low valuss rot
reprasentative of the in-situ condition of the concrete.

{a} Dynamic Responge

Containment Enclosure Buildi

The Comtainment Enclosure Building is a large reinfarced concreiamm_mundmmgmmn]
a hemisgherical dome tbat surrounds the Cmtainment Building

backec up by f;!! eoncrete any change in dynam;c response of the samcmm is expectad to be
minar, the Enclosure Building will ba capable of performing its design function as an air barrier to
maintain a slight negative pressure during accident conditions.

A salismic reanalysis of the Containmen! Enclostre Building was Al 8

__offects of the reduced modulus of elesticily on structural response ™"
HER
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(b:(4:

in summary, the structumss’ dynamic analyses and generation of the buitding amplified response
spectra are not advarsely impacted by the ASR effects identified in this AR. The seismic
response of the structures, the equipment attached 1o them, and the associated concrete anchor
lcads are unchanged., : :

DGB Fuel Oil Tenk Room and R ulpment vaults

[EEH

House

1

(0:(4:
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Struciures Identified bv Extent of Condition

The CST Enclosurg, CBA East Air Intake, SW Cooling Tower, 'A’ Electrical Turnnel, Fuel Storage
Bufiding, East Pipe Chase, West F’ipa Chase Pra Action Valve Roam anary Auxmary Buxkimg,
Service Water Pump Houss, Wasle . v

inltial cracking paftems of ASR. §™

p | Ve N0 IMPact on U1e BBIemic 18

these structures. Equipment attacned [0 them will respond the same during a seismic event, and
the SSCs will function as designed with no affect on thelr operable siatus.

{b) Calcutated Flexural Capéci’ty

b:(47 -

EFW Pump House, DGB Fual Oil Tank Room. RHR Equipment vayt and other Catengory |

(bi(4}

e

Containment Encipsure Building

o CHEE

e
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[‘l['bzm,:

« Digiribution of forces and moments were not szgmﬁcantiy lmpauted by ASR affected
properties,

{c) Anchorage

Foteniial impact of tha micro-cracking caused by the presence of ASR can affect enchorage
capacily by affecting the distribution of shear stresses. As noled above, the concrels quality in the
areas affected with ASR was good with reiatively small cracking indicating minimal impact on
shear stress disiribution,

Cast in Place Anchors

: Cast in place anchors and nelson sfuds associated with embedded piates, are desigred based

e

on the steel anchor yielding before concrete failyre occurs, The concrete tensile sirength used in
anchprane 418 2 L2 OIS

demonstrated a minimum margin of safety of{™" SsivE, strength. The combined
margin of safety for anchors and nelson studs ¢

ASR. In addlien, the designs do not take into account the added pil-out strength that is provided
by any reinforcing sieel in the concrete. Considering the minimad cracking identified in the
concrate and the high margin of safely on anchorape design there is raasonabte assurance {hat

the anchors will perform as designed.

strength of the concrete for tha stmmurs gad in 3ecﬂan Cte), recent test values
f

Testing of cast in place anchors was performed at the Ferguson Structural Eng:neerzng laboratory !

(FSEL} at the Univarsity of Taxas char |

E E SB Etec!e t ! (bi(4;

L X

(Di(4}

EN-AA-203-1041-FD1 ) Revision ¢




PROMPT OPERABILTY DETERMINATION {POD}
Page 7of13

'CR:_AR 01664399 Revision:_D02

AR 1757881

that the actual capacity significantly extesded the theoretical capaclty for low cracking indices. |

Based on these fest reautts it is concluded that ¢ast in place anchors will perform as designed
with no adverse mpact on the opsrability of any atiached system structuras or components.

Drilled in anchors

Drilleddn concrele anchor loads are basad on the uiimate anchor Joads, as rdned by
testing, for slip of the anchor wedges. The ultimate {oad is divided by a factor off"" Jto provide
the allowable working oad. Failure of the consrete ig not the limiting fallure machanism as slip
aihia oocurs at a lower oad. Accordmgiy, the margin cn fallure of the concrets s greater than
IW' addition the. added margin based on compressive strangth, quaiity of concrete, and

assurance that the drilled-in anchors will perform as designed.

Testing of drilled~in anchors was performed at the Ferguson Structural Engmearing labcratary

reintarcing sleel as noled above apply to drilled-in anghor designs providing reasonable

“
s

(FSEL) at the University of Taxas Al chor
[__ _g_ﬁormanc& in ASR affected concreted

UI

oTT: [Fased on these test resulls R is concludad that driled i anchors Will periorm as

designed with no adverss impact on the operabilly of any attached sysiem, sirutturss, or
components. '

{d} Relinforcing Stest Anchorage

An inferim assessment of the 1 ok

| Ine assessmeni noles thal thal one of the most
susceptible design parameters Impalted is anchorage of reinforcing steel and criticat for
development of reinforcing steel lap splice lengths, Lap spiice length and embedment length are

important to threa types of evaluations 1) rsinforcamant to carmy kending moments, (2)
reinforcement to carry in-plane shear loads, and (3) for minimurg reinforcement reguirgmants.
Within the assessment, a conservatively high strength reduction of°™ |s used for reinforcement
lap splices. This reduction is based on reirforcement pullou esing in concrate without
fransverse reinforcemant. The fap splice strength reduction - is conservalive &s the

reinforcement pullout testing targetsd a we fallure mode for a component with a low o .

moderale concreta cover (o bar diameter ratio o

(b:(4;

5 - [{8azed on e

aoove Its c;onciuded that the reinforcing steel hias suficient anchorage 1o ransier the applicable!

EN-AA-203-1001-FO! ' : Reuision 1
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loads between the concrsle and steel whan applying a consema!wely high reduction in strengih{
due to ASR. _

{e) Shear Capacity of Walle

b:(d;

(o1t Fn gudition, the
COCrele qualiy m he areas anecied Was good With relalvely smal cracking indicating

minfmal impact on shear stress distribution.

(b:(3;

Coensidering the minimal cracking in localized areas of the cencrele and the margin of safety in
the shear capacity of the walle, there are reasonable assurancss that the structural integrity of
Containment Enclosure Building, RHR Eguipment Vaulls, EFW Pump House, Diesel Ganerator
Fuel Oil Tank Rooms, C8T Enclosure, CBA East Air intake, SW Cooling Tower, ‘A’ Electrica!
Tunnet, Fuel Storage Building, Eazst Pipe Chase, West Pipe Chase, Pre Action Vaive Room,
Primary Auxiliary Building, Service Water Pump House, Wasle Process Building, are maintained.

{ Concrale Quality

Laboratory examination of the concrete cores determined that the concrete was adequately
congolidated, with unfform distribution end grading of the coarse aggregate and adequate
bonding bstween the coarse aggregate and cement pasts. There were no signs of concrete
distress or imperfections (l.e. volds, aggregate segregaticn, paste defidencies, delaminations) In
the corerete except for tight, micro-cracking produced by expansion of ASR gel. These concrete
quality observations are consistant with the comprassion test resulis from the concrete cores.

In alf cases, st resuits for compressive stre-ngth'of the concreie excaed the minimum spacified

design value. Concrete comprassive strength is not degraded and in fact exceeds requirements.

The American Concrate Insfitute (ACH) 318 design code for concreta struotures uses the
compressive strength {f';) as the basis for computing allowable stress values for compression,
bearing, and shear, 32 s also a basls, along with concrete modujus, for the deslgn of reinforced

“N -AAZE3001-F R Revigion 1
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concrete seclions. The fact thal the concrete compressive stress exceeds the specified minimum
strength provides additional margin to the structural design that is nol accountad for in the dasign

a JHEH

——

The Containment Enclosiire Building structurat indegrity is addressed in Technical Specification
3,6.5.3 which states “The structural integrity of the confainment enclosure huilding shall be
mainteinad at a level consistent with the Containment Leakage Rate Testing Program.® The
structural integrity requirement described in the Containmert Leakage Rate Testing Program is a
visual inspection for gross cracks and displaced concrate. No gross cracking or displaced
concrate has been ideniified during examination of the ASR affected areas conducied by
concrate examinsrs.  The Containment Enclosuwre Buliding meets the struchural infegrity
requirement of the Technical Specifications.

b:(4;
Fn:m; Conglraction of ﬂ% 4
below grade concrele SIructures was completea m Ihe [ale 19708 & eany 13803. Subsequent to

construction of the below grade struchuires, the dewslering system insialled fo faclitate
construction was abandoned in-place. Groundwater in leakage in below grada strustures was first
noted In the mid 1980s hence, the present degradation atirbuted to ASR is due to a rsaction
period on the order of 25 years, Considering the relative 'ress obzerved in the ASR ‘f

affected concrate, ( i.e. surface cracks generally lass thani|” in width, the frequency of
observed cracks, and the fimited arsas of affected concrete), 118 reasonabls to conclude that the
progression rate is not an aggressive degradation mechanism lending itself to near term changes
in concrete machanical properties.

Based on the evaluation In (a), (b), (¢}, {(d}, (e} ant {f) the structural imegnty for Contalnment }
£nclosurs Building, RHR Equipment Vaulls, EFYW Pump House, Diessl Genarator Fuet Of Tank |
Rooms, CST Enclosure, CBA East Alr Inlake, SW Cooling Towsr, '8’ Elestrical Tunnel, Fust
Storage Buliding, East Pipe Chase, West Pipe Chase, Pre Action Valve Roem, Primary Auxdliary
Building, Service Water Pump House, Waste Process Building, has been maintained and SSCs
housed in these structures will function as desigred and are fully oparable.

EN-AA-ZOF100M-FOT ' Ravision 1
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In addition, the qualitative gssessment In section C(e) indicates that the degradation in concrete
due to ASR occurs over 2 jong time period and significant near term changes in the quality of the
concrete ls not expected.

H(F .

| B _liCrack measurement will be performed at
six-menth mtervals until a reliable trend of ASR progression is established. Any changes in crack
measuremsnls will be evaluated and addressed as warranted.

1 (bi(4;
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3. Conclusion:

The Containment Enclosurs Buliding, RHR Equipment Vaults, EFW Pump House, Diesel
Generator Bullding, CBT Enclesure, CBA East AIr Intake, SW Cooling Tower, ‘A’ Elecirical
Tunnel, Fuel Storage Buliding, East Pipe Chasa, Weet Pipe Chase, Pre Action Valve Room,
Primary Auxiliary Building, Sesvice Water Pump Houss, and Waste Process Building concrete
siructures are fully capable of performing their safely funclion and are OPERABLE with reduced
margin, Full qualification will be atiained when the testing and analysis plans developed to
address the ASR issues are compigiad and the long ferm resolufion is incorporated info the
UFSAR and/or other applicabls design documents. .

6. Referances;

'Fn a8

4

-

Altachments:

None.
8. MODE Restrictions (APPLICABILITY Restrictions for [8FSI Contitions):

Nona,

CHECK " PROMPT OPERABILITY DETERMINATION
ONE :

VU
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Affeciad SSC should be considered Operable since It is fully qualified, meeting As-Built
cahdition.

Affected SSC should he considered Operable and above Fult Qualification but with reduced
margin balow some FPL requirament. There is a high degree of confience that the degraded
380 mests Full Qualification as described in the Current Licensing Basis.

XXX Aftected $SC should be considered Operable but degraded, and below Full Qualification,
Continued Operability is based on the provisions of RIS 2006-20

Affected SSC should be considered inopserable,

— Z/ //}7 e
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Nu r Btation OPERABILITY Condition Model!

®
Oparabla - Region
Structure mests design code requirements
As-Buit Condition as Deswribad in FPL Drawmgs,
Specifications, Procaduras, ¢fs.
Oparable -
Above Full Qualification
{Reduced Margin)
N/A

Full Qualification as Described in the Current
Licensing Basis

Cperable - Degrades,
Below Full Qualification
(RIS 2005-20}

NIA

S8 Capable of Performing Raquined Safe!y
_ Function(s)
inoperabile - .

Technical Spedifications/CLB
¥ Action{s) as applicable

Structurs doas not mest design code requirements
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Executive Summary

NextEra Encrgy 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 reaction between silica from the aggregate and alksli constituents in the cement or
the pore solution. This reaction produces a gel that expands as it absorhs moisture. Expansion
of the gel exerts tensile stress on the concrete resulting in cracking, ASR cracking may degrade
the mechanical propertics of the concrete necessitating an assessment of the adequacy of the
structures and supports anchored 1o 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
addresses:

° the effect of ASR on the structural demand and seismic response of the conerete buildings,
e the potential for local failure of individual concrete componernts {e.g., walls or slabs), and
»  the effect of ASR on the capacity of the concrete anchors and embedments.

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
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 stroctures t Seabrook Station remain suitable for continued service for at least an
interim period. This conclusion is based on the following considerations.

s ASR has a negligible effect on the structural demand and seismic response of the
reinforced concrete structares at Seabrook Station. : '

«  Although there may have been some reduction in structural capacity, the reduction is less
than that necessary to challeage 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 areas in the plant is sufficiently low and that
published guidance indicates that detailed evaluations are not necessary in such
cases,

. MPRA372?
Revigion |
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~  For the areas that had sufficient cracking to merit a detailed evajuation, 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 availgble
test data on effects of ASR on reinforced conerete components are for small-scale
tests that are nol representative of a large structure, there is reasonable assurance that
stractures are suitable for continued service.

»  There is little reduction in anchor capacity at the maximum cracking levels observed in the
plant. Any small reduction in capacity is readily offset by conservalisms in the design
capacity of the anchors, or by crediting the average 28-day compressive strength for
copcrete at Seabrook Station instead of the 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 reinforcement; and (23 a
comptrehensive 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.

MPR-3727
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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
Seabrook Station. The evaluation addresses:

s the effect of ASR on the structural demand and seismic response of the concrete buildings,
. the patential for local failure of individual concrete components (e.g., walls or slabs), and
e the effect of ASR on the capacity of the concrete anchors and embedments.

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,
structural testing programs and additional analyses.

1.2 BACKGROUND
1.2.1 Overview of Plant Structures

Site Overview

The structares at Seabrook Station are laid out in a highly vertical arrangement, Many structures
have underground areas that are at least 40 fect below grade. Several structures have
underground areas that are 80 feet below grade. It is MPR's understanding that 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 consiruction. This system was abandoned once construction was comaplete as
building design features were intended to prevent ingress of groundwater into the buildings.

A waterproofing membrane surrounds most structures. The membrane was applied to the
exterior surface of the walls below grade prior 1o backfilling with lean concrete. This membrane
scrves as a barricr against water ingress. However, early in plant life, some areas began to show

MPR-3727 1-1
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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 Requiremenis for Reinforced Concrete {(Reference 9.1.1). 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.

1.2.2 Alkali-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.

forms +H.0

£

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 slastic 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 conercte core removed from a wall will show a

MPR-3727
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greater degradation of mechanical properties compared to the fn sife structure because the ‘core
loses its stmcmral context (i,c. confincment) onee if is removed from the wall.

ASR at Seabrook Station

NextEra Energy personnel initially identified pattern cracking t}‘plcal of ASR inthe B Electncal
Tunnel iIn 2009, and subsequently, several other Seismic Category { structures. As a result,
NextEra Energy implemented multiple campaigns to remove concrete cores from the walls in
several plant structures © confirm the presence of ASR. Petrographic examination of the cores
identified the telltale signs of ASR. Further, mechanical property testing of the unconfined cores
showed an apparent decrease in mechanical properties of the concrele, particnlarly the elastic
modulus, which is consistent with ASR degradation.

The concrete used at Seabrook was not expected to be suscepiible to ASR due to the following:
(1) the coarse aggregate is igneous rock that passed the ASR reactivity testing uscd 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 (289 and C227 were used {0 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 10 have resulted in the
observed ASR,

1.3 STRATEGY FOR ADDRESSING ASR

The long-term adequacy of concrete structures &t Seabrook Station that have been affected by
ASR is being addressed using a combination of elements as listed 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 ASR
cracking provided by steel reinforcement {see Reference 9.5.13. :

»  Characierize 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 the impact of ASR on plant structures using iesi data regarding the structural
performance of ASR-affected concrete components.

s [mplement test programs to supplement the current body of knowledge regarding the

impact of ASR on the performance of reinforeed concrete structures and on the capacity of
anchors embedded in reinforced concrete affected by ASR.
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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 ASKR.-

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

° Investigate means to address water ingress to reduce and potentially arrest future
degradation from ASR, o the extent practicable given the plant’s 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 structural 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 ASR, 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 1o 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.
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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 typ: cal materials
type testing on cores removed from the structure.

2.1 ImpPAacT 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 resulits.
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

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-clastic 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 dynamic loads such as seismic.
While seismic loads are significant in some aress, 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 Joad distribution in
redundant structures (¢.g., monolithic concrete), the structural components at Seabrook
Station were originally analyzed using relatively simple load assumptions and load
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distributlons. Therefore, a change in elasticity will not significantly affect the load
distnibution i structures, _

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

2.1.2 Structural Capacity

Althoughk ASR pattern cracking can be observed in many areas within Seismic Category |
structures and Maintenance Rule structures, only a limited portion of these areas have sufficient
ASR degradation to meri{ detailed ¢valuation. The MPR walkdown effort encompassed

131 locations' with the potential for pattern cracking. Of these 131 locations, only 24 excecded
the screening criterion of a Combined Cracking fndex of 1.0 mm/m, Based on published
puidance for addressing ASR, concrete with a Combined Cracking Index below 1.0 mm/m is
generally considered to have only minimal impact on structural capacity. Of the 24 areas above
the 1.0 mm/m Combined Cracking Index, 11 were selected for detailed evaluation. The sample
was biased to include those with the highest Combined Cracking Indices {i.c., >1.5 mm/m) and
those in the scope of present operability determinations.

Detailed evaluations of these |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.

e Qut-of-Plane Shear—Available data from scale tests indicate that ASR can potentially
reduce shear capacity by up to 25%. However, ACI 318-71, on average, includes
approximately 50% margin on the shear capacity for components up 1o two feet thick, but
lesser margin for compornents thicker than 2 fest,

~  For companents up to two feet thick, ASR should not degrade shear capacity below
that calculated from ACI 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 o
25% below that calculation from ACI 318-74.

s  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
conerete, However, there is approximately 23% conservatism in the ACI 318-71 equations
for tap splice strength. Therefore, ASR could decrease lap splice strength ghout 17%
relative to that calculated using ACI 318-71. (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 fram the difference
between specified and actual compressive strength.)

! Note that the walkdewn scope did nat include all candidate locatians within Seismic Categary | structures and the
selected Maintenance Rule structures. Some of the candidate tocations were eliminated from the scope for detsiled
walkdown on the basis of a general site walkdown identified no indications of ASR or significant water ingress.
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determine i commodate ASR. Of these 143 cvaluancns

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 13 evaluations 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% reduciion is based on a test method which is outdated and known to be
unrealistic. In Reference 9.1.2, ACI Comumittee 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 resulls as the sole basis for determining development
length is inappropriate and not recommended by Commitiee 408.”

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

~  The test used remforcmg 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 targeied 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.

. Patential 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 redhction of
25% to a gain of 12%. The average impact is a reduction of 6%, which is within the
available margin for &l areas.

- The shear capacity reduction due to ASR of 25% is based on a small-scale test using
5-inch x 3-inch beams. 1t is well known that shear phenomenon does not scale well.
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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 10 have insufficient margin to accommodate ASR. The abjective 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

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. The
objective of the testing was to better understand the performance of post-installed anchors (both
¢xpansion 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 Drillco Maxi-Bolts, which
are used in some applications at Seabrook. These undercut anchor resulis 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

- pullout/pull-through capacity at the Combined Cracking Indices observed at Seabraok 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 conerete at Seabrook
Station instead of the specified strength. 1t is concluded that the range of ASR-induced cracking
currently observed at Seabrook Station does not adversely impact the operabxhtv of safety-
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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o A Shear Test Program Lo 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
cancepts to restore shear capacity if necessary.

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

o 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.
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Characterization of ASR Degradation

Since the first identification of ASR pattern cracking at Seabrook Station, NextEra Encrgy bas
implemenled a series of efforts to characterize the extent of ASR depradation at the site. These
effarts include:

. miihiple campaigns to remove concrete cores from the areas exhibiting ASR pattern
cracking for petrographic examination, and for testing o assess the effect on concrete
mechanical properties; and

e _ engineering walkdewns of Seismic Category I structures and some 10CFR50.65
Maintenance Rule structures to assess the condition of concrete structures, focusing on
- evidence of ASR and evidence of moisture which could lead to expansion due 10 ASR.

In addition to the above efforts, Nexilira Energy is initiating a test program on aggregate
reactivity 1 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 siructures at
Seabrook Station. The first campaign addressed the B Electrical Tunnef, 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 Tunmne! :

Simpson, Gumpertz, & Heger (SGH) performed petrographic examination of four concrete cores
from the B Electrical Tunnel. SGH identified occasional cracks visible without magnification
and numerous microcracks visible under low magnification in the coarse apgregate particles and
the surrounding paste structure. The microcracks are often interconnected, forming a network of
pattern cracking, The cracks were often filled with a white material that appeared to be ASR gel.
In addition, SGH identified dark rims around the perimeters of the course aggregate particles
(i.e., “reaction rims”) that are consistent with ASR. Based on thesz ahservations, SGH
concluded that the concrete distress 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 similar to the B Electrical Tunnel, Specifically,
NextEra Energy oblained cores from the Radiologically Controlled Area (RCA) Walkway, the
RHR & 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 cancrete cores from the interior face of a B Electrical Tunnel wall (247 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.c., cover) as compared o concrete removed from deeper within
the wall.

~ 3.1.2 Mechanical Testing of Cores

NextEra Energy obtained several scts 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 sirength 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)

e  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)

s  SGH also performed testing for elastic modulus. The as-tested elastic modulus values
ranged from 1.95 x 10° psi to 2.25 x 10° psi, ‘which are Jower 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 vf,") calculates an elastic modulus of 3.12 x 10° (range of 2.50 = 10% 10
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 10 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 sirength values
ranged from 4,720 psi to 6,610 psi. (Reference 9.2.4)
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. 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
tested. Elastic moduli were lower thap expected in all areas except the RCA Walkway duc
to ASR; however, compressive strength results were consistent with the original
compressive strength for cach 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

AC] 228.1R. 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 representative of the structural performance of buijldings at Seabrook
Station.

The mechanical tests ate 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 conerete 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,

o ASTM C 1260, Potential Alkali Reactivity of Aggregate (Mortar-Bar Method) — This test
uses a IN sodium hydroxide solution and very high temperature (176°F) to rapidly react
silica in the aggregate during a 16-day test, :

o ASTM C 1293, Standard Test Method for Determination of Length Change of Concrete
Due 10 Alkali-Silica Reaction — This test specifies preparation of a concrete prismn using
the aggtegate under investigation and a sodium hydroxide admixture to supply alkali
reactant. The test specimen is stored in & warm, humid environment (i.e., in a scaled
container over water at 38°C [100°F]) to accelerate the reaction. This test requires al 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 plani. Prior to the watkdowns, pefrographic examination of concrete cores from the first twa
campaigns had confirmed the presence of ASR in five Seismic Category I structures. The
primary objectives for the walkdowns were to:

° ldentify and assess any apparent degradation from ASR, including estimating in situ
expansion,

o 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 candition is a key contributor to concrete deterioration and distress caused by ASR.

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 nota
caomprehensive structural inspection per ACI guidelines, as such an mspecnon 1s 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 niot 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 1 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 a
3’ by 3’ area). The areas that concrete surfaces were accessed beyond the coating for further
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assessment in Phase 2 were selecied by a preliminary walkdown of coated areas during Phase 1
walkdowns. The selection parameters utilized a biased screening, secking out areas that showed
evidence of coating distress or water accumulation behind the coating. Phase 3 walkdowns
include locations in Category I and Maintenance Rule structures that are normally inaccessible
for walkdowns (e.g., inside manholes, high radiation areas, etc). Phase 3 areas are likely to only
be assessed in parallel with coneurrent activities and coincidental outage related opportunitics
(e.g., removal of missile barrier at the CEB, opening of manholes, ete.). The full list of
structures (and rooms within) identified for walkdown assessment may be found in Scepe for
Alkali-Silica Reaction Walkdowns, (Reference 9.7.1).

The Phase 1 and Phase 2 walkdowns were performed from August 2011 to February 2012, 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 Assessment Checklist (Reference 9.7.2). The procedure focuses on identifying
evidence of ASR, and evidence of moisture, either past or present, which could fead to
deleterious expansion from ASR. Tt 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 “patiern” 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 forees applied by the
expanding aggregate particles and/or swelling of the alkali-silica gel within and around the
boundaries of reacting aggregaie 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 identifv and
verify the presence of ASR the maximum crack width, a cracking index, and a description of the
cracking including any visible surface discoloration were documented.

Additional Cracking
Any non-ASR cracks within five feet of an apparent degradation area were documented in case
the structural assessment needs 1o consider the ASR concurrent with non-ASR degradation. The

. maximum crack width and a general description of the cracking were included.

Cracking index

Cracking lndices were determined for accessible surfuces exhibiting ASR pattern cracking, The
Cracking Index used in the walkdowns is consistent with the definition in Report on the
Diagnosis, Prognosis, and Mitigation of Atkali-Silica Reaction (ASR} in Transporiation
Structures, (Reference 9.5.43. The Cracking Index is the summation of the crack widths on the
harizontal or vertical sides of a 20-inch by 20-inch square on the ASR-affected concrele surface.
Since each side of the square is 0.5 m, the Cracking Index in a given direction is reported in units
of mm/m. A cracking index of | mm/m can be equivalent to 1 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 3-1. 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.?

Combined Cracking Index (CCl) = Sum of Crack Widths (mm) / Sum of Side Lengths (m)
CCi=140mm /2.0 m=07 mm/m

Figure 3-1. Example of Combined Cracking index (CCl) 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,

% As discussed in Section 7, use of the CCl facilitates comparison to anchor holt testing in ASR-affected concrete
bridge girders. The girders have rebar in only the vertical direction so there Is a significant difference between
horizontal and vertical Cracking Indices.
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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 arcas with evidence of seepage {past or
present) were documented and described {e.g. staining, discoloration, or efflarescence), Along
with seepage, any evidence of areas of foreign material ingress, including suspected ASR ge] that
were within or near an apparent degradation area were hoted.

Popouts

A popout is caused by a fragment breaking out of the surface of the conerete, leaving a hole
varying in size that contding a fractured aggregate particle (Reference 9.5.3), 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. :

Embetimentsmnchoragus

Any expansion anchots or structural embedments that were within five feet of an apparent
degradauon area were documented should it be necessary to assess the performance of specific
anchorages in ASR-affected concrete,

3.2.3Results

Table 3-1 provides a high level summary of the watkdown results from Reference 8.2.9. The
field walkdowns to date have assesseat 131 locations including, 146 Phase | 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 waltkdawn 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 meisture exposure are
external exposure (i.e. precipitation) and below-grade water ingress. Many plant areas were
excluded from the walkdown scope due to z low likelihood of exposure (o moisture, (L., interior

walls, especially above grade) and have a low risk of developing cracking due to ASR. Of the
most accessible areas in the walkdown scope deemed to have a significant risk of %R, about
half of them showed na signs of pattern cracking,

Although pattern cracking was noted in many locations throughout the plamt, 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 mm. However, the maximum
crack width of most ASR-affected areas was <0.25 mm. Further, the measured cracking indices
are low-—nhe maximum Comhined Cracking Index taken from a structural surface is only about
2.5 mm/m.*> Cracks that appear to be independent of ASR have been evaluated by NexiEra
Energy and will be followed by the Structural Monitoring Program.

The field walkdowns dig not ﬁm:i any locarions that rcqmre xmmedzaw action based on the visual
observations gathered.

7 A eracking index was taken in non-structural grout resulted in a Combined Cracking index. of about 3.2 mm/m.
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Table 3-1. Summary of Walkdown Results (Reference 9.2.9, Table 2-1)

Phase 1 Phase 2
{108 Locations) {26 Locations)
Pattern Cracking Present’ 48 18
0.0<CCl < 1.0 mm/m 31 10
1.0 € CCl < 2.0 mm/m 13 8
ASR Cracking
20<CCl<3.0mm/m 0 P
CCi2 3.0 mmym 1 0
Max Crack Width 0.70 mm 0.50 mm
Yes 53 18
Non-ASR Cracking
Max Crack Width . 250 mm 3.0 mm
: Active 18 14
Seepage
Past 37 24
fopouts Present 10 4]
Expansion Anchors 45 21
Supports
Structural Embedments 43 16
Notes:

1.  The number of locations with patiern 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 1o access constraints. Cracking indices were also
determined for locations where pattern cracking was not conclusively present.
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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 experts 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
assessment 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 steuctural 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 represeniation 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 9.1.5,9.5.1,9.5.3,9.5.4,9.5.5,95.7,9.7.4, and 9.7.5.

41.1A8R 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 1ons
(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
“pattern” or “map” cracking (see Figure 4-1} and is usually accompanied by a dark staining
around the crack openings.
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Figure 4-1. Example of ASR Pattern Cracking on Highway Barriers (Reference 8.5.4)

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 affecied are the
elastic modulus and the tensile strength.

4.1.2impact 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 uniaxial compression,
modulus of elasticity, and tensile strength, In fact, 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. Cancrete
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 visualized in the fellowing
photographs of an ASR-affected, reinforced concrete beam:

»  Figure 4-2 shows the midsection of the long side of the beam. This face of the beam is
confined by internal reinforcement in both the horigontat and vertical direction.

° Figure 4-3 shows the end face of the same concrete bearn. The end face of the beam has
minimal intermal reinforcement in the same plane as the end face.
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Figure 4-2, Midsection of ASR-Affected Beam (Confined Face)
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- Figure 4-3. End of ASR-Affected Beam (Unconfined Face)
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The differcnee in cracking between the two beatn faces is dramatic. The tensile stress created by
the ASR expansion 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 conerete prestressing. In some
cases, the prestressing effect of ASR creates a stiffer structural component with z 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 iy lost when the concrete is taken out of the stress fictd (e.g., core removed
from a wall). A core taken from a confined ASR-affected strocture will lose its confinement and
no longer represents the context of the structure. Measured mechanical properties from 2 core
taken from a confined ASR-affecied structure have limited applicability 1o the i siny
performance and only represent the performance of an unconfined or unreinforced structure.

The effect of confinement on ASR-affected concrete is discussed further in Rcferénce 935.1.
4.1.4 Performance of ASR-Affected Structures

Various researchers have investigaled the performance of structures affected by ASR. These
tests have involved both laboratory-prepared specimens and specimens recavered 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 ot 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 is a key factor regarding the impact of ASR on reinforced concrete structures.
Confinement limits ASR expansion of the in sity 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 evaloation of
the structural impacts due to ASR focus on structural testing rather than typical materials tvpe
testing on cores removed from the structure,

4.2 STRUCTURAL ASSESSMENT APPROACH

The structural asscssmeni has the following three elements.

® Structural Demand and Scismic Response—ASE may impact the stiffness of a structure,
which would alter its dynamic response during a seismic event, This impact is evaluated

10 assess whether the structural demand ts impacted.

. Capacity of Structural Components—ASR degrades the capacity of structures as described
earlier in this section.
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. Capacity of Anchors—The capacity of embedments and anchors can be impacted by the
microcracking and macrocracking associated with ASR.

The potential impact on capacity of a structure or snchor will be considered in conjunction with
the potentinl change in structural demand to provide an integrated assessment.

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

3 Shear capacity of ASR-affected reinforced concrele structures without transverse
reinforcement — Most of the available data are based on beams which have reinforcement
in ali threc directions, including the transverse direction, The dats available for
components without transverse reinforcement used antiguated plain reinforcement (i.c., no
deformations) with low vield strength (approximately 30 ksi) and required an extensive
retrofit to gencrate a shear failure (Reference 9.5.10). The modern 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 Station will provide an excessively conservative and potentially misleading
conclusion.

e Performance of reinforcement anchorage in ASR-affected conerete without transverse
reinforcement - Reinforcement anchorage is most important with regard to moment
transfer between rebar at lap splices. The available data on reinforcement are limited to
small rebar sizes (#5) (Reference 9.5.8). Further, the available decumentation for this
testing does not allow o considered assessment of applicability to Seabrook Station,

MPR and FSEL have initialed test programs to address the above gaps. The tests will use large
beams to provide a full-scale 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 pbserved at the plant.

Reference 8.5.1 also identified a lack of available data on the impact of ASR on embedded
anchors (e.p., expansion and undercut anchors). This gap is already being addressed in testing at
FSEL subcontracted by MPR. However, the lesting to date has used ASR-affected concrete
specimens available at FSEL. Furare test series will use test specimens fabricated to more
closely represent the configuration at Seabrook Station, and will expand the data fo cover a range
of embedmerit depths.

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

The evaluations herein utilize approaches and criteria that are consisient with those used in
operability asscssments as opposed to design basis evaluations. This appreach is appropriate
because the report focuses on the near-term adequacy of concrete structures affected by ASR and
attachments in ASR-affected concrete. When iest data from the various test grograms are
available, the effect of ASR on structures and attachments will be reconciled with the plant’s
design basis analyses,

Acceptance criteria and various code gxpressions in ACI 318-7] are tvpically based on lower
bound values determined from review of data from myriad tests available in open literatare. The
cvaluations herein consider the margin between the lower bound values used in the code and the
expeeted performance (i.¢., the average) of the test data to establish the nominel capacity of the
structures. 1t is noted that the evaluations are still conservative given the inberent conservatism
in the load factors and material factors used and in the conservatism in the applied loads.
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Evaluation of Structural Demand and Seismic
Response

‘This section mcludes an assessment of the impact of the extent of ASR on the demand and
seismic response of safety-related and some mmntermnce rule structures. Thiz evaluation
employs the following approach:

o . ldentify 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 unremforeed and reinforced concrete structures,

The conclusions of the MPR assessment are compared {0 those ot a detailed study commissioned
by NexiEra Encrgy on the effects of the currently demenstrated extent of ASR in the walls of the
Containment Enclosure Building.

5.1 DEesicN Basis

The poverning design loads of the reinforced concrete structures affected by ASR at Seabrook
Statiop vary by structure and sometimes by elevation within a structure. Some examples
include:

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

® Live/Equipment-related loads — Containment Building (CR) - Loss of Coolant Accident
(LOCA} pressurization loads (note that the Containment Building at Seabrook: Station is
protecied from the environment by the CEB and an annulus about 57 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 determingd 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 dypamic system can be characterized by thé
following equation (Reference 9.7.6, Sections 3-1 and 3-2):
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Where:  f= structure's natural frequency (Hz)
k = stiffness of the structure (Ibm/sec’)
m = mass of structure ([bm)

The effect of ASR on the dynemic response of a reinforced concrete structure can be
characterized by 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 stiffness divided by its mass. ASR may affect the stiffness of a reinforced
cancrete structure, but the mass of the structere is not affected.

5.1.2 Seismic Design Spectra

The horizontal regponse spectrum for Seismic Category I structurss at Seabrook Station is shown
in Figure 5-1. Table 3.7(B)-1 of the Seabrook Station UFSAR (Reference 9.6.1) states that, for
SSE loads, reinforced concrete structures are designed using 7% of critical damping,

Using the response spectrum method, structural toads are proportional to the response
acceleration associated with the stricture’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 Hz and 2.5 Hz), there is very littie 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% dampmg, the speciral velocity is 16.7 in/sec, and the spectral

. agceleration is about 262 infsec” or 0.68 p. This is the maximum response acceleration, and is
significantly greater than the maximum 0.25g ground acceleration.
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Figure 5-1. Safe Shutdown Earthquake Horizontal Response Spectrum
(Reference 8.6.1, Figure 2.5-43)
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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 structure. ASR has been shown to reduce the stiffness of unconfined concrete, The effect of
ASR on the stiffness of a reinforeed concrete structure is discussed in the context of a generic
structure and struetures at Seabrook Station.

Mechanical testing of unconfined concrete cores shows that significant degrees of ASK 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 cares is shown in Table 4 of Reference 9.5.5.

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

{t is emphasized that the residual strengths and stiffnesses in actual structures will
be modified from the figures in Table 4. This is becawse the concrete in actual

- structures is generally restrained by adjacent maveriaf and is in a biasial or
triaxiol siress state. These effects will tend to reduce the damage to the concrete
and increase its residual mechanical properties.

While ASR generally reduces the stiffness of unreinforced concrete, reinforced congrete
structures affected by ASR behave differently from unreinferced cores due to confinement of the
concrete by the reinforcing bars, ASR bas been shown to significantly increase the post-elastic
stiffness of reinforced concrete components, at least for concrete siructures triaxially confined by
reinforcement (Reference 9.5.1, Section 4.3). As shown in Figure 5-2, the stiffncss of an ASR-
affected reinforced concrete component remains unchanged within the linear-efastic regime.
Figure 5-2 shows the much improved strength and stiffness behavior of the component in the
nen-linear portion of the response. Since there is little difference in the behavior of the ASR-
affected concrete and the unaffected contro! 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 not
compromised. '
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Figure 5-2. Siifiness Testing of ASR-Affected Beams
(Refsrence 9.5.1, Figure 7)

In short, in a case where the benefits of triaxial confinement can be established through the
presence of 4 three dimensional reinforcement cage, there does not appear to be any adverse
effect on structural response due to ASR, The apparent increase in stiffness and strength
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 presiressed-
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 control 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
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 Elecirical Tunnel, the Diesel Generator Building, the EFW
Purnphouse, and the RHR Equipment Vault. In addition, digital photographs were taken and a

MPR-3727
Revigion | _ 5-5

Page 39 of 182



visual condition rating was assigned to cach Jocation surveved. The crack index measurements
were pbtained using the procedure outlined in Reference 9.5.4. The Overview of Resulis and
Conclusions on the cover page of Reference 9.3,1 states:

Cf values and typical crack widths at the CEB wall are less than the minimum
values (Clvalye of 0.018 infyd (0.50 mnvnt) andlor crack widik of 0,006 in

{0.15 mm) specified in FHWA Report HIF-09-004 as indicative of concrere likely
undergoing ASR. Fundamertal differences between the CEB wall and the basis
structures for the FHWA document may compromise the applicability of the
FHWA document 1o the CEB wall when assessing the probability, structural
effects and prognosis 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), SGH concluded
the applicability of FHWA criteria to Seabrook structures was questionable. Instead, SGH
developed subjective visual rating criteria 1o quantify the degree of ASR.

The subjective rating criteria were based on cores obtained near locations where visual mtings
were taken. These cores showed variations in concrete praperties that were afiributed 1o 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 concrete properties were used to determine the effects of ASR on the response of
the CEB with & dynamic analysis (Reference 9.3.3) and on the demand of the CERB walls with a
finite element analysis {(Reference 9.3.4).- The Overview of Results and Conclusions on the
cover page of the dynamic analysis (Reference 9.3.3) states: '

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

‘The Overview of Results and Conclusions on the cover page of the finite element analysis
(Refercnce 9.3.4) states;

The ASR damage in concrete does not significantly impact the overall
Jorces/momenis in the wall.

Continuing from Section 3.2 (Reference 9.3.4):

ASR damage on average does not affect the DCR® values in the CEB wall This
hehavior is valid both for both OBE and SSE load conditions.

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

* Demand 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.

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

e  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.

o 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-related expansion.

) Design loads on concrete structures generatly 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 tofal 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 4 negligible

effect on the structural demand apd seismic response of the reinforced concrete structures at
Seabrook Station will be further justified through the full-scale testing program.
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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 siructures. This evaluation employs the following approach:

° Identify the types of structures at Seabrook Station and the related design basis.

e  Perform a screening to select a sample of structural components for detailed evaluation,
The sampie will be biased to areas with significant indications.

e Evaluaie the ability of safety-relaied structural components to perform their design safety
- funetion given the currently demonstrated extent of ASR. The cvaluation of ASR-affected
cancrete structures will identify any recommended actions,

8.1 Desaen Basis

The design of sufety-related conerete structures at Seabrook Station is governed by ACI 318-71
(Reference 9.1.1). ACI 318-71 provides load cases for various natural and man-made loads.
These loads include, but are not fimited to: deadweight, live loads, hydrostatic head, wind,
tornado missile and selsmic.

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

° load-Bearing Walls and Columns: These rcini_‘omcd concrete elements are constructed in
the vertical direction. Vertical load is wransferred through the element in compression to
the base mat. Horizontal load is resisted through flexure and/or shear and transferred 1o the
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 fransfer the load to vertical elements (walls and columns), Base mats distribute
concentrated loads from vertical elements and some applied loads onto the subgrade
through flexure and shear,

6.1.1 General Design Information
Specified concrete strengths vary among structures at Seabrook Station. Conerete strength of
3,000 psi was specified for most structures, but 4,000 psi was specified for a few structures and

5,000 psit 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

MFR-3727 .
Revisom | 6-1

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 walls are typically two feel or greater. Columns are used
peeasionally 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 thick, usually greater. Beams are used in very
few locations. Base mat thicknesses usually vary between four and six feel.

Steel reinforeing bars conform to ASTM A615 (Grade 60 deformed bars) (Reference 9.6.2).
Typical bar sizes for safety-related structyres are #8 to #1 1 except for containrnent 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 matenal, permitting them 1o act indepeadently in a seismic event. This small gap
between many of the safety-related structures does not permit the external assessment of many
walls (above or below-grade). '

Design of the below-grade portion of the station structures is usually governed by the large
hydrostatic load instead of seismic and eguipment loads, External wall designs tendto be
gaverned by flexure or out-of-plane shear. Internal wall§act as braces for the external walls and
their designs are usually governed by in-planeshear. Many walls are designed to carry a high
load ecoentricity (i.¢. high bending moment relative 16 vertical Inad) and their loading more
closely resembles that of 2 beams 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
séismic or torado mussile. '
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6.2 SCREEMING OF STRUCTURAL COMPONENTS

The reinforced cancrete structures are screened to identify structures or portions of a structure
that require a more detailed evaluation, The screcmng uses the observed severity of degradation
based on the Combined Cracking Index (CCI)’ and maxinnum ASR crack width from the
walkdowns {(Reference 9.2.9), and guidance from published studies {e.g., References 9.5.4, §.5.5,
and 9.5.6) to disposition some structures of portions of structures as having negligible to minimal
structural degradation.

6.2.1 Currently Available Screening Methods

Several published studies describe screening methods to determine when structural evaluations
of ASR-affected concrete are appropriate and how to prioritize such evaluations. Three
screeping methods from published studies are briefly summarized below. These three screening
methods will be combined to form the basis of the scroening 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 highly-reinforced
concrete structures used in nuclear generating facitities.

° The Institution of Structural Engincers (U.K.) publication Structural Effects of Alkali-
Silica Reaction (Reference 5.5.5, Sections 6.3.2 and 8.2) describes a screening method for
ASR-affected concrete using five categories based on studies of unreinforced structures as
outlined below:

- Category It E‘x_pénsions on the order of 0.4 mm/m arc of no concem even if ASR has
been identified petmgraphica] ly as they occar in the normal service of concrete
unaffected by ASR. Fxpansions up to 0.6 mm/m will only marginally 1mpa<:t

strength.

- Category 11: Expansions in the range of 0.6 {0 1.0 mm/m have an impact on some
concrete characieristics such as tensile strength, but will only have a marginal imepact
on highly reinforced structares.

- Category III: Expansions in the range of 1.0 to 1.5 mm/m should have a detailed
appraisal with congideration to potential capacity reductions.

- Category IV; Expansions in the range of 1.5 to 2.5 mm/m 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.

e  The U.S. Department of Transportation — Federgl Highway Administration publication
Report on the Diagnosis, Prognosis, and Mitigation of Alkali-Sitica Reaction (ASR} in

* The Combined Cracking Index {CC1) is the average of the horlzonta! and vertical Cracking Indices. Cracking
Indices are further discussed in Seetion 3.2.2,
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Transportation Structures (Reference 9.5.4, Section 4.2 .4) identifies cracking criteria
based on studies of unreinforced ASR-affected structures. More detailed investigations are
justified if expansions of 0.5 mm/m or individual cracks of (1.15 mm or greater are
identified.

»  Oak Ridge Naticnal Laboratory publication In-Service Inspection Guidelines for Cancrete
Structwres in Nuclear Power Plants {(Refetence 9.5.6, Seciion 5.4.6) wlentifies cracking
criteria for ASR-affected concrete using four categories based on a study of lightly
reinforced concrete beams with undeformed remforcement. Reference 9.5.6 indicates that
structures in categories 1 and 2 have not likely been significantly damaged and structures
iy categories 3 and 4 require structural evaluation. Those categories are explained below:
~  Category 1. Crack widihs up to 0.2 mm,

-~ ategory 2: Crack widths in the range of 0.2 to 1.0 mm.
- Categor}' 3: Crack widths in the range of 1.0 10 2.0 mm.
~  Category 4: Crack widths greater than 2.0 moi®.

8.2.2 Sefection of Screening Criteria for Structuraf 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. 1t is recommended that these screcning criteria ate updawd
when more relevant studies are available.

Table 8~1. Criteria for Screening ASR-Affected Areas

Recommendation for Individual ! Combined Cracking index E :
Concrate Components {ceh Individual Crack Width
Structural Evaiuation 1.0 mmm o greater 1.0 mm or greater
Quartitative Monitorin ' '
and Trending 8 0.5 mm/m or greater 0.2 mm or grester
Quatitative Monitoring Any area with indications of pattem cracking or water ingress

Note: The criteria related 10 expansion due to ASR are expressed in terms of CCl 1o be
consigtant with the field walkdown results.

¥ Dug 1o a tygographic grror, this value was reported as 0.2 mm in Reference 9.5.6.
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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 Table 6-2. The screening criteria are applied on the resulis of field walkdowns

(Refercrce 9.2.9).

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

Criteria

10 mm or greater

Screened Out Scrooned In
Combinad Cracking Index (GGl 107 54
1.0 mavm or greater
individual Crack Width: 131 o

Note: A few tracks with a width of 1.0 mm or greater were identified during the fisld
walkdowns, but none of these were dispositioned as caused by ASR. The evaluation of
these cracks are covared by the Sealxook Station Structural Mositoring Program.

The eleven areas selected for detailed evaluaiion 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
inchede the areas with the bighest combined cracking index, Any area with a CCl of 1,5 mm/m
or greater was selected for the sample’. The largest CCl in the selection is about 2.5 mm/m. The

selected arcas in Table 6-3 inchude areas previously identified by Nex(Era Energy
{References 9.7.7 and 9.7.8) as areas of concem.

* In one urea, a CCI was taken in non-structural grout and exceeds 1.5 mmém. This area was not selected for

detriled evaluation because the area affecied appears to be localized to nonestructural grout.
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Table 6-3. ASR-Affecteq Areas Selacted for Datailed Evaluation

Structure Elavation Room Structural Components Reference
Number of Concern Calculation
RHR Vault t ?L‘gf 1 various Al Walls PB-20
5"‘9’33";};?8?3‘5’ ‘ ‘g )29 ‘{f;’c‘,';’ EFST1 North and East Walls EF-4
Electrical Tunnel'® | ()20'upto20’ | CBSTY Nty Bast, ang West co-20
o one || mene e
Diesel Generator Building'| (-} 16 DG102 East Wall CD-18
Primary Auxifiary Building (96 PE205 Sm(“st‘o‘gz'};g:gn"}“a" PB-20, WB-87
e | e | e |
Electrical Tunnel ‘B ()20 EF 101 NZ,?; : ggﬁhsﬁns EF-~4, EF-11
MS/ FV‘;;' e ohase | ANe S | Exterior East Wall EM-19
Cadling Tower Abc:fzg;ade ELi?eﬂnZ»r Soug*hi?g; ::rgufipe C7-53.CT-28
??nﬁiﬁ?: r | Exterior suﬁﬁf‘&‘?g?ﬂmau Cwe2s
I ToThL
o
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6.3 DEeTAILED COMPONENT EVALUATIONS

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

The detailed componcnt evaluations:

) Documented the margin in the design basis calculation for each component in the selected
ASR-affected areas.

s Identified the evaluations within the calculation that are adversely affected by ASR
degradation of the conerste.

® Identified analysis options that could be employed to increase the margin in evaluations
that are adversely affecied by ASR degradartion 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.

. Identified arcas 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 iri MPR Calculation 0326-0058-63, which is included as Appendix A
of this report. '

6.3.1 Screening Criteria for Defalled Component Evaluations

The detailed evaluations of structural components fovus on the limit states of reinforced concrete
design affected by ASR. Table 6-4 compares these limit states with the effects of ASR as
decumented in literature (Reference 9.5.1). Table 6-4 includes assessments of whether or not a
given limit state is 8 concern 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 stength of the reinforcing
steel.

e ASR has the potential to reduce the ability of the concrete to resist out-of-planc (onc-way)

shear loads in arcas that a three-dimensional reinforcement cage is not provided. One-way
shear also envelopes in-plane shear. In-plane shear primarily resisted by flexural
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reinforcement and is more sensitive to the affects of ASR due to its potential effects on
reinforcernent development instead of shear in the concrete.

) ASR has no significant effects on flexure, one-way shear with trangverse reinforcement,

two-way shear, and reinforcement anchorage with fransverse reinforcament.

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

Table 64. Limit States Considered for Effect of ASR

Limit State - Lower-Bound Effgct of ASR Concerm for
{Reference 8.5.1) Seabrook
Structures?
. . Moderate logs of strength 1
Ayial Compression (up 1o 1B% lass) No
No significant loes of strength or siiffness 2
Flexurs (up Y0 7% loss) - No
with transverse No significant ioss of strength or stifiness No
reinforcement {more than 18% gain)
One-Way Shear :
without transverse | High variability amonp similar specimens Yes
reinforcement {ip to 25% loss}
No significant loss of strength or stiffnesé ?
Two-Way Shear (up to 8% loss) No
with transverse | Mo significant loss of strength or stifiness No?
. reinforcement {up 1o 10% ioss}
Reinforeement
Anchorage without fransverse Significant loss of strength Yes
reinforpement {40% loss)
Notes:

1. The effect of ASR on axial compression is a concem & columns or load-bearing walls with high

compression relative to the applied flexure loads, i.e ., the concrete compression controlled region of

ihe bending moment and axial icad 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 compunents reviewed are controlled by high iead eccentricity or the
reinforcement fension controlied region of the inferaction diagram.

2. These josses are negligible when examined in the context of the normal strength variation tolerated

within reinforced concrete construction (Reference 8.5.1). 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 reinforcement and
reinforcement anchorage without transverse reinforcement are of concern to Seabrook structures

affecied by ASR.
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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 arce developed below. These screening criteria
consider the strength reductions from Table 6-4 and conservatism in AC] acceptance criteria as
discussed in Reference 9.5.2,

Out-of-FPlana Shear

Potential strength reductions of up to 25% for cut-of-plane shear in ASR-affected concrete are
identified in Table 6-4. This potential reduction is bascd on testing of 5" x 3" concrete prisms
without fransverse reinforcement (Reference 9.5.9). The results of the testing had high '
variability, with a mazimum 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 16 the st progrant.

Conservatism in the calculated capacity for out-of-plane shear strength in the ACI Code
equations of approximately 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 transverse reinforcement. The lower bound of the data is what forms the basis for

ACI 318-71 code requircments. 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 maximurm potential performance reduction due to the effect of
ASR is that there is no net reduction in shear capacity relative to that caleulated using

ACI 318-71 for components as thick as twa feet.® For components thicker than two feet, the
reduction in shear sirength is expected to be 25% and no credit is taken for the conservation
identified in Reference 2.5.2. The criterion of 25% for out-of-plane shear is the potentisl
reduction for components thicker than two feet. This criterion is used in the detailed evaluations
to differentiate between evaluations that are of concern and evaluations that are not of concern.

Reinforcement 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 40% is likely conservative
becausc the reinforcement pullout testing targeted & weaker failure mode for a component with a
low or moderate congrete cover 1o bar diameter ratio. This weaker failure mode is described in
ACI Code Commitiee reports {Reference 9.1.2). In Figure 6-1, the experimental study used test
method (&) while structural performance is best represented by test method {d). ACI 408R-03
{Reference 9.1.2) states: '

The pullout specimen (Fig. 1.6(a)} is widely used because of its ease of
Jabrication and the simplicity of the test. ... This specimen is the least realistic of
the four shown in Fig. 1.6 becayse the stress fields within the specimen match few

® This conclusion applies when the evaluation s based on a design £ of 3,000 or 4,000 psi, as appropriate o the
building being reviewsd. This conclusion does not apply when the value of ', in the calculations is based on test
data. For these cases, the reduction in shear strength is expacted to be 25% and no credit is taken for the
cansezrvatism identifizd in Referenee 9.52.
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cases in actual construction, - ... Thus, the use of pullout test results as the sole
basis for determining development length is ingppropriate and rot recommended
by Committee 408. ... Beam anchorage ond splice specimens shown in

Fig. 1.6(c) and (d), respectively, represent larger-scale specimens designed to
directly measure development and splice strengihs in full-size members.

The experimental study in which 40% ancharage strength reduction was measured employed #3
bars. Directly applying those test results to the anchorage performance of much larger
reinforeing bars (generally #8 10 #11 for safety-related structures other than containment) is
conservative. '

®

{) ]

Figure 6-1. Reinforcement Development Test Methods
(Reference 8.1.2, Figure 1.6)

Conservatism in the caiculated capacity for reinforcement lap splice strength in the ACI Code
equations of 23% is documented in ACH Code Commitiee roports per (Reference 9.5.2). This
conservatism is applicable for components with two-dimensional rebar, i.e. no transverse
reinforcement. In this regard, “conservatism” is established by considering the average of the
test-to-prediction ratios. The lower bound of the data is what forms the basis of code calibration.
The use of average values is gppropriate for the purposes of evaluation of operability, until more
appropriate data such as full-scale structural testing ate available.

Based on References 9.5.1 and 9.5.2, & criterion of 17% is justified as the potential reduetion in
strength of reinforcement lap splices and reinforcement embedments due to ASR® The 17%

* The criterion af 17% is the srithmetic sun of +23% and -40%. The relevant ACI 318-71 equations are not Tineur
and can require zn iterative approach. A scoping analysis determined that using the sum of the two considerstions is
more conservative than comparing the two considerations through the ACI design equations {sec Appendix A of this
report).
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criterion is applicable to evaluations that consider the specified compressive strengths of
concrete. In cases where the actual compressive strength was used the 23% code conservatism is
not applicable and 4 40% criterion is used, The 23% ¢ode conservatism is also not applicable to
rebnforcing bar sizes #6 and smaller and the 40% criterion is used in evaluations crediting these
smaller bar sizes. These criteria are 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 1o three types of evaluations:

(1) reinforcement to carry bending moments, (2) remforcemem to carry in-plane shear Joads, and
(3) for minimum flexural reinforcement requzremenzs ° These are the evaluations that are
flagged in the review for further scrutiny.

6.3.2 Scope of Detailed Evalustions

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 toads or address minirum required reinforcement in the
ASR-affected area.

¢ 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 ares,
dependent en how the information was presented in the caleulation. The capacity is
caleudated using the provisions in AC1 318-71. 1t is not the margin to failure as there is
additional margin inherent in ACI 318-71.

» Identify the evaluations for which ASR is a concern. These are the evaluations whu,h meet
the following critefia:

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

- The evaluation credits reinforcement for flexure (with or without axial compression
or tension) of in-plane shear. Minimum required reinforcement evaluations for
flexure and in-plane shear per the limits prcscnbed in ACI 318-71 are also
considered.

-~ The wall/slab being evaluated has reinforcement lap splices or reinforcement straight
‘bar embedment {not including the length of straight bar embedment provided with a
- standard hook to achieve the required development length).

% 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 walls, the minizum reinforcement is
primarily for shrinkage, thermal expansion, and serviceability concerus. 1f the splices ave not appropriately sized 1o
carry these loads, the splices could be compromised and the splices could not then carry design basis louds.

MPR-3727 6-11
Revision 1 . ]

Page 52 of 182



Identify conservatisms in the calculation with potential o increase the margin in the
evaluation or alleviate the ASR degradation concern. The potential conservatisms that
were considered are:

~  Eliminating overly conservative 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 method, e.g., a finite element analysis ta more
accurately calculate the distribution of load. Simple finite etement models were
prepared to estimate the potential gain with this approach.

~  Taking eredit 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 int 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 i3 in a low
stress area.

-~ Using alternaie capacity equations from the ACI Code,

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

The options vonsidered to improve the calculation margin are generally related te the
analysis and the actual construction details. Other potential sources of canservatism are
deemed 10 be outside the scope of this review.

Estimate the anticipated margin from the methods described. This is the margin that might
be obtained with a reanalysis. The estimate is based on 4 scoping evaluation and is
provided for information.

Identify the evaluations for which ASR is a potential operability concemn, 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 SLreen'mg criteria for the detailed component
evaluations for which the annc&pated 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 hy
removing unnecessary levels of conservatism.
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The detailed component evaluations focused on the aspects of interest for the ASR evaluation.
Althoungh 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 Encrgy Corrective Action Program.

6.3.3 Results

The detailed evaluations addressing eleven areas and the 143 specific evaluations ave
documented in MPR Calculation 0326-0058-63, which is included as Appendix A ef this report.
A summary of the review results is provided in Figure 6-2 and Table 6-5, There are 15
evatuations in the eleven areas in which the margin in the calculation is not sufficient for the
polential 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 fo have sufficient margin
(either documented in the design basis calculations or after potential removal of unnecessary
conservatism meluded therein) to accommodate potential degradation of the cancrete by ASR.
There are 32 evaluations that were shown to have sufficient margin afier potential removal of
unnecessary conservatism in those evaluations. In panicular, the west wall of CBSTI, the
limiting evaluation for out-of-plane shear in the B Electrical Tunnel, was shown to have
sufficient margin after potential removal of unnecessary conservatism.

- Sufficient Margin to Accommodate ASR
Sufficient Margin o Accommaodate ASR after Potential Margin Recovery
Adkditional Assessment by NextEra Energy

Figure §-2. Summary of Detaled Evaluation Results for Selected ASR-Affected Areas

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

The potential conservatism in the structural calculations is an estimate based on scoping
evaluations. MPR provided informal checks of these estimales to assure they were reasonable,
These 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 6-56. Summary of Detailed Evaluation Results for Selected ASR-Affacted Arsas

Structure Evatuated Number of Evaluations of Evaluations of
Arsas with ASR | Evaluations Concemn Before Concem After
Potential Margin Fotential Margin
Recovery Recovery
Alt Wails,
Emergency North and East
Feadwater Walls, -28 & to 13 4 1~ See Table 66
Pumphouse, EFST1 grade (20 f}
North, East, and
Fleotrical Tunne! '8', | West Waljls and ﬁ' 6 No Evaluations of
BST1 Fioor Slab, -20 Congem for ASR
Rio20R
NE Wall @
U’f_ﬁ’: ‘;‘:};’1‘:"‘;{5 Elev. 0° & Al 5 3 3— See Table 65
Cared Walls
Diesel Ganerator | ¢ o walt, .18 1 12 3 1 - See Table 68
Building, DG102 ' ' _ '
Primary Auxiliary South \Wall, East No Evaluations of
Building, FB205 Wall (Sauth & 0 Concemn for ASR
' Portion), 6 1.
\ » MNorth Watl
Primarny Auxiliary , ,
Building Mechanical (Colurrn near 2 0 Mo Evaluations of
Penetration, MF102 NE comer of Concem for ASR
' ’ roam), -4 &
Emergency Notth and South ,
Fonttwatelr Walls and Floor 2 o %z&valu?gazzgf
Pumphouse, EF101 | Slap," .20t e Tor
MSIFW Pipe Chase aggjé ?gi; a 7 2 No Evaluations of
(East), Exterior (> 20 1) Concern for ASR
South Wail &
. North Pipe
%‘;‘i";‘QEL‘;‘:g’r Chase Bump- 44 19 9 - See Tasie 6.6
o out, above
grade (» 20 &)
Natth Wall of
Servics Water SVSVO?J?? &%‘a‘ & 1 0 No Evaluations of
Pumphouse, Exterior above grade Concem for ASR
' (> 20R)
Total 143 47 15

! The floor slab for EF10! was not incleded in this review. The design basis calculation wus not available.
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Table 8-6. Evaluations of Fossible Concarn for ASR-Affested Areas

Wall Evaluation ASR Effect Amount of Margin Required to
Accommuodate Potential Effects of
O : . ASR Degradaton (%)
_ HR Vault, Various Rooms '
EL. (- 45 ’ U Congrete Shear N
4 Extway | OutofPlane Shear | .o vy Reduced 25%. "%
Emargency Feedwater Pumphouse, Room EFST1
Vertical Reinforcemant . .
: Embedment & Splice
East for Inéi’lg‘n;!\g;mem Length Increased 17% 11%
RCA Tunnel
NE Comerof | VeTica iemorement | empedment & Spiice -
Tunnef Compression Length Increased 40% ¢
Horizordal .
NE Comer of Embedment & Splice
Tunnal Reinforcemsnt for t.ength Increased 40% 1%
Shear
VYest Wall
{Control Bldg} - _ : Embedment & Splice '
Core Bore | Flexure and Tansion Length Increased 40% 22%
RCAW-182
Diesel Generator Building, Room DG102
Embedment & Splice
East Flexure Length Increased 17% 7%
Cooling Tower
South Harizontal '
El 32 fo 39' Reinforcament for Embedment & Spiice 3%
C o é AD : In-Plane Shear, Length increased 17%
’ Banding, and Tension
South, Concrete Shear
El ()8 oz | OuroFPlaneShear | .ot Reduced 25% 18%
South, Vert. Reinforcement for | Embedment & Splice 19.5%
El. 21 0 45 Berding Length Increased 17% -
South, £ >80, | Vert Reinforcement for | Embedment & Splice . _
Cols, DK Bending and Tension | Length Increased 17% § areas ranging from 6% to 12%
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6.3.4 Potential Concearns in ASR-Affected Arsas

Considering the conservative manner of our approach for the evaluation of ASR-affected
structural components, the 15 evaluations that appear %o have msufficient margin to
accommadate the potential effects of advanced levels of ASR degradation are not unsuitable for
continued service. The conservative aspects of our approach for our evaluations are summarized
below.

e Potential strength reductions of 40% for reinforcement lap splice and embedment in ASR-
affected congrete are not truly representative of the expected perfermance of these
reinforcement limit siates.

—~  While the study producing an average strength reduction of 40% was the most
relevant study for the teinforcing anchorage limit state without transverse
reinforcement, the ACT Technical Committee 408 stated in its report that the method
used in the study is “inappropriate and not recomunended.”

- The test used reinforcing steel significantly smaller (#5 bars) where the structures at
Seabrook Station typicatly 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 conservatisms apparent in the detailed evaluation approach, coupled with the
strong statenwnt published by the ACT Committes 408 on the suitability and reliability of
rebar pullout testing as the basis for the strength of reinforcement anchorage in conerete
suggest that there is significant uncertainty in the screening criterion gpplied to the design
basis calculations.

. 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 4 reduction of
23% to & gain of 12%. The average impact is & 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. Itis well known that shear phenomenon does not scale well.

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

Therefore, 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,
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o  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 ali 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 fo
perform their design ﬁmcnon for an interim petiod.

Test programs have been initiated 10 evaluate the impact of ASR on shear capacity and
performance of reinforcement anchorages using full-scale beams. The full-scale bearns will
replicate key features of the B Electrical Tunnel. This method of determining adequacy is
essentially proof testing and is deemed a “more precige 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 steength 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 1o have insufficient margin to accommodate ASR.
Their evaluation focused on conservatism in the demand (Le. loads and load factors).

6.4 CONCLUSIONS

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

® ASR patiern cracking can be observed in many areas within Seismic Category | structures
and Maintenance Rule strixctures, but only a limited portion of these areas have sufficient
ASR degradation to metit detailed evalugtion,

® The eleven locations selected for detatled evaluation were biased to include the areas with
the highest Cracking Indices. Of the 131 locations evaluated during the field walkdowns,
only 24 exceeded our screening criterion of a Combined Cracking Index of 1.0 mmy/m.

. The detailed evaluations of these eleven areas focused on limii states for which available
data indicated that there is a potential decrease i capacity due to ASR: out-of-plane shear,
and reinforcement lap splices and anchorage.

~  Qui-of-Plane Shear—Available data from scale tests indicate that ASR can
potentially reduce shear capacity by up to 25%. However, ACI 318-71 includes
approximately 50% margin on the shear capacity for components up to 2 feet thick,
bt lesser margin for components thicker than 2 feet, -

- For components up to 2 feet thick, ASR should not degrade shear capacity
below that calculated from ACI 318-71 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 23% below that caleulation from ACI1 318-71,
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~  Reinforcement Lap Splices and Anchorage—-Available data from rebar pualiout 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 swength. Therefore, ASR
could decrease lap splice strength about 17% relative o that calculated using
AC] 318-71 and specified compressive strength. 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.

. Feor 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
evajuations, 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 15 of the 143 evaluations {I()%} appedr ta have mbufﬁucnt
margin to accommodate ASR

. The multiple conservatisms apparent in the defailed cvajuation approach, coupled with the
strong statement published by the ACI Committee 408 on the suitability and reliability of
rebar pullont testing as the basis for the strength of reinforcement anchorage in concrete,
sugpest that there is significant uncertainty in the sereening criterion applied 1o the design
basis calculations. .

o  Potential strength reductions for out-of-plane shear are not representative of the expecled
performance of the walls at Seabrook Station. Available data on shear capacity reduction
due 1o ASR are based on small-scale testing-—some as small as 5-inch x 3-inch beams. It
is wel]l known that shear phenomenon does not scale well,

It is noted that NextEra Energy performed supplemental assessments to disposition the
15 evaluations which did not initially appear w bave sufficient margin fo accommodate ASR.

6.5 FUTURE ACTIONS

Test programs have been initiated to svaluate the performance of two key limit states in the
absence of transverse reinforcement. Both test programs will utilize full-scale heams 1o iest the
performanee of the limit slate in the presence of ASR with two-directions!] reinforcement
replicating key features of the B Blectrical Tunoel.

. The out-of-plane shear testing will test the performance of a reinforced conerete section
with selective placement of transverse reinforcement to target a shear failure in a region
with only two-ditectional reinforcement.

. The reinforcement anchorage testing witl test the perrormance of lap splices in flexure
withoul transverse reinforcement,

This method of determining adequacy is essentially proof testing and is deemed & “more precise
method” by the ACI code. The full-scale tests will provide a definitive assessment 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 fipal assessment will need to revisit the current evaluation screening criteria based on the
available lterature with criteria derived from the full-scale testing programs. The structural
components will need to be reevaluated based on the screening criteria derived from the full-
scale structural testing. The reevaluation will include the following:

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

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

. Azy structural components walked down after the inlerim assessment that screen in based
on the future condition. :
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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: :

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

e Perform testing to document the impact of ASR-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 performance.

e Evaluate the ab ility of safety-related anchors at Seabrook Station to perform their design
basis safety function given the currently docurnented extent of ASR, This evaluation
inchides identification of additional work required to complete a final assessment.

This assessment focuses on anchor performance under tensile, rather than shear, londing. 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 radiate from the anchor head to the concrete surface. The
strut compressive force is maintained by a tension field in the concrete (See Reference 9.2.7,
Section 8.3.3). Shear failure, however, is primarily due to shear stress in the michor shank,
accompanied by local crushing of the concrete at the surfpce. Unless the anchor is located near a
free surface, shear failure by concrete breakout is not a possible failure mode.

7.4 DesicN DESCRIPTION

A variety of anchor designs and configurations are used in safery-related applications at
Seabrook Station. f&nch@rs can be divided into two broad categories:

® Cast-in-Place Anchors, These anchors are suspended in the supporting structare’s
formwork and concrete is then cast around it. Load is transferred through bearing from the
anchot directly to the concrete. Cast-in place anchors in use at Seabrook Station include
emhedded plates (with Nelson studs), embedded um»strut type channels {with embedment
studs), Richmond Stud and anchor bolts,

«  Post-lpstalled Anchors: These anchors are installed by drilling a hole in the existing
concrete. The anchor assembly transfers load to the concrete through friction and/or
bearing at the anchor/hole interface. Post-installed anchors in use at Seabrook Station

include both expansion anchors (e.g. Hilti Kwik Bolts) and undercut anchors {e.g., Drilico
Maxi-Bolts).
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7.1.1 Anchor Applications

Cast-in-place and post-installed anchors are used primarily for pipe supports, electrical cable
supports, and component anchorages. The following describes the types of anchors typically
uscd in each application.

Pipe Supports

Pipe supports are typically anchered using post-instalied Hilii Kwik Bolts, although Drilico
Maxi-Bolts are used in some applications. In addition, some larger support {€.g., pipe whip
restraints) and piping anchor designs use cast-in-place embedded steel plates with Nelson Studs.
Review of Seabrook Station design documentation shows that the following anchor types are
usedl in safety-related applications at the plant:

s Hilti Kwik Bolt 1: Standard (Carbon Stegt), Super, and Stainjess Steel
s Hilti Kwik Bolt 2: Carbon Steel and Stainless Steel

«  Hilti Kwik Bolt 3

. Drilico Maxi-Bolt

+ . Imbedded 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 ancharages at the plant. The UE&C Pipe
Support Design Guideline Documents (References 9.6.5 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 afier initial construction as a replacement for Kwik
Bolt 1 bolts upon discontinuation of the Kwik Bolt 1 product line.

Elgctrical Supports

Electrical and [&C cabling and component supports are typically anchored using post-installed
Hilti Kwik Bolts, cast-in-place plates or cast-in-place Unistrut-type embedded channels (with
embediment studs). The scape of anchors used in safety-related electrical applications is based
on review of References 9.4.1, 9.4.2, 9.4.3 and 94.4.

Design guidance for electrical supports at Seabrook Station is provided in the UE&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 Reference 9.6.7 is consistent with that for pipe supports in
Refercnoes 9.6.5 and 8.6.5.

Componernt Anchorages )

Anchorages for sufety-related components are typically cast-in-place, using embedded steet
plates, or ductile sieel bols (e.g., Richmond anchors). Each component anchorage is
individually designeg and analyzed. As such there is no generic guidance regarding component
anchorage sizing or design. However, 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
{o this assessment,

7.1.2 Range of Anchorage Types in Service

This section documents the range of anchorage types accepied for service 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 currertly justalled in safety related applications.

Hifti Kwik Bolts

As discussed above, the 3eabrook Station design basis permits the use of Hilti Kwik Boit 1, 2, 3,
and Super (for use n deeper embedment applications). The use of Kwik Bolt 2 and 3 designs
was added after plant construction due to discontinuance of the Kwik Bolt ] line by Hild.
NextEra Energy has performed equivalency evaluations for Kwik Bolt 2 and 3 embedment
depths and spacing requirements to ensure that bolts used to replace Kwik Bolt | designs satisfy
cxmtmg design strength requirements.

Seabrook Station design basis documents penmt the use of Kwik Bolt {1, 2,3, and Super) sizes
ranging from 0.25 inch to 1.25 inches with minimum embedment depths fmm. 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 cmbedmert depths and allowable loads,
provide recommended embedment depths for design purposes that are deeper than the minimumn,
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
- mintwum embedment depths are used when deeper embedments are not practical.

Drilico Maxi-Boits

Drillco Mexi-Bolts were permmcd for use in pipe supports at Seabrook Station (References 9.6.5
and 9.6.6), slthough their use has been discontinued and is not permitted in new support designs
(Reference 9.6.4). When permitied, Maxi-Bolts ranging from 0.5 inch to 1.25 inches with
minimum cmbedment depths from 6 inches 10 12.5 inches, respectively, were authorized for use.

Cast in Place Anchors

A wide range of cast in place anchor types are in use al hcabmek Station. The plant employs 4
variety of embedded plates and channels enchored with headed studs from several manufactarers
(e.8., Nelson studs, embedded Unistruts, Richmond anchors and inserts and anchor bolts}). Al of
these anchor types are deeply embedded (typically 6 inches), and designed such that the
limiting failure mechanism is yielding of the ductile sieel insert, rather than through failure of the
surrounding concrete. Based on these design similarities, the potential impact of ASR an their
performance is expecied to be consistent between designs.

7.1.3 Relevant Concrete Design Information

The compressive strength and depth of reinforcing steel {“cover depth™) are both relevam to the
assessment of anchor performance.
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Safety-related structures at Seabrook Station are typically construcied with concrete with a
minimum 28 day compressive strength () 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. -

Reinforcing Steel .

The conerete structures at Seabrook Station contain two directional reinforcing steel, Note 23 of
‘Reference 9.4.5 indicates that typical cover depth (the depih of reinforcing steel) bencath the
concrete surface of safety-related structures at Seabrook Station is 2 inches, with the exception of
the external wall 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
anchar design to ensure reliable operation. This information provides the basis for anchor testing
performed as part of this effort to determine the impact of ASR-induced cracking on anchor
performance at Scabrook Station.

7.2.1 Anchor Bolt Fallure 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 faihire modes (Reference 9.1.4):

o Tensile Steel Fastener Failure — Tenstle 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 instatiation of post-installed anchors often prevent the use of this
approach. As such, many post-instatled anchors in service at Seabrook Station appear to
be limited by other failure modes.

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

. Concrete Breakout - Failure due to propagation of a roughiy conical fracture surface in the
concrete, extending from the tip of the anchor to the concrete surface, The angle of the
fracture surfice {relative to the surface plane) increases from 35° at shallow embedments
to 45° at deeper embedments,
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7.2.2 Anchor Design Philosophy

Typical anchor design practices encourage anchor designs to have a ductile failure mode, which
is consistent with the strength design ph:lasophy of reinforeed concrete in flexure. The anchor
failure mechanism is controlled by requiring yielding of the sieel 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 anchors) are designed such that brittle concrete breakout
failure is not the limiting failure mechanism. However, review of design drawings and
discussions with plant persormel indicate that, in cases where post-installed anchors were used in
low-load applications (e.g.; electrical conduit supports), smaller expansion anchors were
embedded 1o depths at which the limiting failure mechanism would likely be concrete breakout.

7.3 DesiGN Basis

The design of safety related concrete structures at Seabrook Station is governed by ACI 318-71
(Reference 9.1.1) which requires that anchorages must be capable of developing adequate
reinforcement strength withoui damage to the concrete and that their adequacy be demonstrated
with testing (Reference 9.1.1, Sgction 12.12). In addition, NextEra Energy has commited io the
requirements of IEB 79-02 (Reference 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 design of pipe
supports with post-installed anchors. Note that this safety factor is applied to all safety-related:
post-installed anchors at Seabroek Station. Review of relevant design documentation indicates
that design practices at Seabrook Statian are cansistent with these requirements.

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

»  Hilti Kwik Bolts: The allowable loads for all Kwik Bolts specitied for use at Seabrook
Suation are based on qualification testing performed by Hilti or a third party (Abbot
Haunks). The tensile load capacities were determined by unconfined tensile testing in
unreinforced test specimens (none of the qualification test reports reviewed noted the
presence of reinforeing 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 {(£2) of 3,000 psi. Hilud Kwik Bolt design loads used at
Scabroak Station are taken from the-following documents:

- Hilo Kwik Bolt 1: Abbot A, Hanks Test Rr:port K783 R(FP 44412 -
Reference 9.6.8).

- Hilti Kwik Bolt Super: Abbot A, Hanks Test Repart 8‘?86 (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 specificd in the Hilti Kwik Bolt 2 Technical
Guide (Reference 9.6.10), with a Safety Factor of 4 applied.

. Dritleo Maxi-Bolt: The Station Pipe Suppart 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 material specification
shows that the design allowable loads are hased on tensile failure of the anchor bolt shank
with a safety factor of 4 applied. While the basis for specified minimum embedment
depths is not provided, scoping calculations indicate that the minimum embedment depths
provide 40% margin between shank tensile failure and theoretical concrete breakout
failure, based on the 45° shear cone method, a commonly used approach during the
Seabrook original construction period.

Cast in place anchors (e.g., 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 safcty factors are
‘consistent with vendor recommendation, and are in some ¢ases less than 4.

7.4 TESTING ON ANCHOR PERFORMANCE IN ASR-AFFECTED CONCRETE

MPR sponsored testing a1 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 9.2,7) as an appendix.
The test program is susmarized below.

7.4.1 Description

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

¢  Pullout/Pull-Through — Pullout/puli-through capacity is derived from friction at the
concrete-anchor interface in expansion anchors {e.g., Hilti Kwik Bolts). Confined tensile
tesiing was performed to determine if ASR degradation resulied in local changes in the
concrete properties that reduced the friction at the anchor-concrete interface.

o Concrete Breakout ~ Concrete hreakout capaeity is impacied by cracking, which interferes
with the tension field formed at the concrete surface to resist the compression field fornmed
by tensile anchor loading. It s cxpected that ASR-induced cracking will impact anchor
behavior similar to cracking due w other mechanisms, which is a well understood
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phenomenon. Unconfined testing was performed 1o assess the impact of ASR-induced
¢racking on concrete breakout capagity.,

Test Specimens '

The tests completed 1o dme were perfonned 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 of five 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 ASR-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 send verticel Cracking Indices were
averaged to obtain the Combined Cracking Index. The CCI was devised to have a single
parameter 1o characterize the extent of cracking when there are significant differences between
horizontal and vertical Cls due 1o single direction reinforcement, This approach yields a
comservative result when applying test results to anchors at Seabrook Station.

Control tests were performed on an existing test specimen at FSEL unaffected by ASR. The
unaffected specimen is similar to the test specimen, with 6-inch reinforcement spacing (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 streagth and reinforcing steel configuration.
Although the concrete mix design for these 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 Tesis

Pullout behavior was investigated using confined tension tests in which the anchor was extracied
using a center hole ram placed directly against the concrete surface. This method places the
conerete surface in compression, preventing failure due to conerete breakout, and ensuring that
anchor failure is due to pullout/pull-through. Tests were performed on §/8-inch Hild Kwik

Bolt 3 anchars, embedded o a depth of four inches. This depth was chosen to be represemtative
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 ancheors
installed with the manufacturer-recommended torque and with reduced torgue (approximately ¥
manufacturer recommended). The reduced torgue tests were performed to assess the impact of
potential in-service loss of prefoad due to conerete relaxation or ASR.

Thirty six confined tests were conducted:

® Ten control tests, performed in new concrete with no ASR; five with full torgue 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 mm/m (significantly beyond the maximum
currcnity observed level of cracking at Seabrook; which is approximately 2.5 mm/m}

s Fifteen reduced torque tests, condueted in ASR affected concrete with Combined Cracking
Indices ranging from 1.4 to 4.6 mm/m.

Unconfinad 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 Hilti Kwik Bolt 3 and Drillco 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 ductile (aiture of the anchor
shank is precluded. Note that the control (non ASR affected test specimen) tests for the Maxi-
Bolis were performed at an embedment depth of 3 inches to ensure the failure mode would be
concrete breakout, As test results are normalized against theoretical capacity (a function of
compressive strength and embedment depth), this has no effoct on the wet results.

Nineteen unconfined tests were conducted, as listed belaw.

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

s Nine Maxi-Bolt tests in ASR affected concrete with Combined Cracking Indices ranging
from 2.6 10 10,8 mm/m.

o Two Kwik-Bolt tests in ASR affected concrete.

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

7.4.2 Resufts

Far each test, the anchor load-displacement behavior was recordcd 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 arc
normalized 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 9.1 4).
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Concrete breakout capacity for a single anchor remote from edges (Tby)

- 1.0 for cracked concrete: Note that current design codes also provide an un-

cracked concrele ihctpr {1.4 for expansion anchors, 1.25 for cast~-in-place)
which was not used in this evaluation

17 for expansion anchors., Note that this factor, used in design endes, is
conservatively based on 5% fractile, rather than mean failure. To predict mean
failure, the k factor is adjusted by dividing by F=0.7. This ratio represcats
standard industry practice, and is based on typical sample sizes and

 coefficients of variation for breakout 1est,

Specified 28-day congrete compressive strength (psi}
Effective embedment depth (in)

(.7 factor to vorrect from 3% fractile to mean failure. This ratie represents
standard industry practice, and is based on typical sample sizes and.
coefficients of variation for breakout test.

Normalized resuolts for the Filti Kwik Bolt 3 and Drilico Maxi-Bolt are provided in Figure 7-1
and Figure 7-2, respectively. These figures are taken from Reference 9.2.7.
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7.4.2 Observations

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

Hilti Kwik Baolts _
»  Confined and unconfined tests at low Combined Cracking Indices are consistent with the
theoretical capacity calculated using the Concerete Capacity (CC) method,

J Confined test results show essentially no loss of pullowt/pull-ttrough capacity at Combined
Cracking Indices observed at Seabrook Station (typically less than 2 mm/m, witha
maximum of 2.5 mm/m).

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

Drilico Maxi-Bolis

® Tests at Jow Combined Cracking Indices show that the actual capacity significantly
exceeds the thearetical capacity calenlated 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
as NUREG/CR-5563; Reference 9.1.4.)

. There is a steady decrease in breakout capacity as the Combined Cracking Index increases.
- At Combined Cracking Indices typically observed el Seabrook Station, this loss of capacity
is approximately 12% (CCI=2 mm/m) 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 spproximately 16%. :

7.5 CONCLUSION

Review of the Anchor Test Program scope and results confirms 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 sufficiently similar to previous Kwik Bolt
designs in service at Seabrook Station that it is reasonable to use the Kwik Bolt 3 results when
assessing (he performance of other Kwik Bolt designs. The Drillco 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
dats in Figure 7-1 and Figure 7-2 shows that the capacity of tested anchors in confrol 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 bmpact) capacitics shows that the nominal (low ASR
impact) test results are consistent with values used for design at Seabrook Station.

The FSEL test report {Reference 9.2.7) concludes that anchar 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 bebavior 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

The test data obtained by FSEL shows that, over the range of Combined Cracking Indices
“currently observed at Seabrook Station, there is essenfially no reduction in pullout/pull-through
capacity, and a relatively small (approximately 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 genetal concrete cracking. The behavior of anchors in cracked concrete is
well undessteod {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 mpact the operability of safety related concrete anchors in service at
the plant, This is supported by several significant conservatisms in the Seahrook Station design
basis.

. Design basis allowable loads ar¢ based on anchor qualification tests performed in concrete
carresponding ta a measured compressive strength of 3,000 psi. While the minimum
specified 28-day compressive strength at Seabreok Station is 3,000 psi, the average tested
strength is 4,359 psi. As concrete breakout capacily is proportional to the compressive
strength squared, the relative increase in average anchor capacity is (4,359/3,000)*=1.21
(i.c., 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.

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

- Qualification test results used as the basis for 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’puli-through, likely followed by breakout at
a reduced embedment. While the margin between pullout (which is not affected by
low ASR crack indices) and breakout can be difficult to quantify, it does represent
significent additional conservaiism in the design relative 10 reduced breakout
capacity. :

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

® As discussed before, the Kwik Bolt design loads were determined by testing samples and
applving a Safety Factor of 4 1o, the mean failere load. These failure Joads are provided in
Appendix B normalized to the theoretical capacity with the same approach used in
normalizing the FSEL test resulis. The plots of normalized mean failure load versus
embedment depth show a substantial decrease in tested capacity relative to thearetical as
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embedment depth decreases, particularly for the Kwik Bolt 1 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 comymon in older anchor test pmctices {excerpted from Reference 9.2.7,

Section 8.3.1):

~  Testing laboratories often did not comrectly account for the effects of overall flexure
an their unconfined test specimens, As a result, results of unconfined tension tests
on deep anchors were conservative.

- Testing laboratoties generally did not recognize the difference between cracked and
un-cracked concrete. As a result, their tested values were probably representative 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.

1t appears that the design loads of many Kwik Bolts in service at Seabrook Station are
hased on tests that significanily underpredicted their capacity in good concrete, such as
would be expected (o be found at Seabrook Station.

7.6 FUTURE ACTIONS

As discussed above, the anchor testing performed to date has been limited 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 Seabrook Station anchors,
Additional testing will be performed to (1) verify applicability of the initial test results to anchor
behavior in concrate more representative of that used al Seabrook Station, (2) better understand
the potential impact of embedment depth on ASR-induced anchor degradation, (3} gquantitatively
define the impact of additional ASR-induced ceacking on anchor performance relative 1o the
Seabrook Stalion design basis, and (4) define action Jevels relative to Cracking Indices 10 be used
in the ASR Aging Management Program.
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Path Forward

The preceding sections of this report demonstrate that reinforced concrete structures and
anchorages at Scabrook Station are acceptable for an interim period. The fact that it took
gecades {o manifest the Jevels of ASR observed at the plant suggests that the degradation rate is
siow. This means that an aging management approach is likely apprepriate for ASR degradation
of reinforced concrete structures at Seabrook Station. However, a long-term assessment of the
impact of ASR must be completed, ¢specially for areas of concern in this interim assessment,
before ASR is handled solely as an aging management issue.

The efforts necessary to address the tong-term implications of ASR degradation and develop a
solid technical basis for the ASR Aging Management Program are outlined below.

8.1 TESTING PROGRAMS

The tesling programs that are underwdy form the basis for understanding the long-term
implications for the structures and for anchors. These programs will support both a long-term
structural assessment as well as definition of action levels for an aging management program.
These programs are described briefly below. All of the fest programs are being conducted at
FSEL with the technical and quality assurance oversight by MPR.

8.1.1 Shear Test Program

The Shear Test Program will establish the shear capacity and flexural stiffuess of concrete beams
without shear reinforcement, which have varying levels of ASR degradation. It will also
investigate potential structural modification concepts 1o restore shear capacity as necessary.

The Shear Test Program will involve testing of large beams designed and fabricated to replicate
the Hamiting wall in the B Electrical Tuanel. 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 will include a control test and two series of tests with ASR-affected concrete.
Each test is described below.

s Control—The control test witl provide a baseline by which to judge potential reductions in

capacity duc to ASR. This test will also be used to quantify the margin available in the
_structure that is Jikely above the capacity calculated using ACI 318-71,
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° Series 1---The Series 1 tests will quantify the impact of ASR on shear strength and flexural
stiftness (E1) for myltiple Jevels of ASR degradation. The lowest Jevel of degradation
tested will be similar to that observed in the B Electrical Tunnel; subquem tests will be
performed at higher levels of degradation.

»  Series 2—The Series 2 tests will investigate approaches for restoring structural capacity
should ASR reduce the structural capacity. The levels of ASR investigated in 1hc Series 2
tests will be based on insights from the Series 1 tests.

ASR expansion of the concrete will be assessed by monitoring surface cracking in the concrete
cover, and monitoring the expansion of the “structural care” 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
1o the Combined Cracking Indices determined in ASR watkdowns 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 concepts 10 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 refate 1o 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 dessgned 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 will be nearly identical to the Shear Test Program with the exception of
how the heamns are loaded. It will include control tests and two series as outlined above for the
Shear Test Progran,

8.1.3 Anchor Test Program

The Anchor Test Program will establish the performance of expansion anchors and undercut
anchors in ASR-affected concrete. The expansion anchors tested will be from the Hilti Kwik
Boh family, which is a common 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 resulls will provide insights for other types of anchors including embedments
and cast in place anchors.

The Anchor Test Program, which starfed in December 2011, consists of two test series: Girder
Test Series and Block Test Series.
MPR-3727 ' 8-2
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» The Girder Test Series uses an existing ASR-affected bridge pirder available at FSEL. The
objective of this test series was to oblain data necessary 1o support assessment of anchors
for the imerim period.

s  The Block Test Series will use new blocks that are tepresentative of typical wall
configurations at Seabrook Station in terms of concrete strength and reinforcing stegl
configuration. The objective of this testing is to study i 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 assessed by manitaring 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 ASR walkdowns at
Seabrook Siation — present and future.

The initial Girder Test Series is complete. The Block Test Series will commence shortly.
8.2 DEGRADATION RATE

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 site. The walkdowns
conducted by MPR {see Section 3.2) provide a baseline for monitoring expansion of the
structures due to ASR, NextEra 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
ASR. Since the test programs will correlate performance of structures and anchors o Combined
Cracking Indices, the rate of change in the Combined Cracking Index provides a means for
estimating future condition. Per discussions with experts on ASR, it can take two to three years
10 abtain a reliable estimate of the rate of expansion. '

As discussed in Section 3.1.3, NextEra Energy Is initisting residual aggregate reactivity testing
program 1o assess the relative 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
in areas without ASR damage (controls). Also new aggtegate from the quarry used during
construction will be tested. The resulis for the three types of specimens will be compared to
obtain a qualitative assessment of the amount of reactive silica remaining (i.e., the relative extent
of reaction). If the specimens made with reclaimed aggregate from areas with ASR expands
litle 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 arcas with
ASR expand similar to the other specimens, then additional expansion is likely unless the
amount of alkali in the pore solution is limiting.

8.3 LONG-TERM ASSESSMENT OF IMPACT OF ASR

'The long-term impacts of ASR on plant structures and conerete anchots will be assessed using
the results from the test 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 calculatiops.

8.4 AcING MANAGEMENT PROGRAM ACTION LEVELS

The ASR Aging Manuagement Program will include periodic monitoring of plant structures to
trend the progression of ASR degradation and fo identify when degradation has reached a level
requiring action. Action levels will be derived from the test programs described above. These
action Jevels will be based on the observed Combined Cracking Index us this is the parameter
being monitored at the plant and the corrclaiing parameter for the testing. When an action level
is reached, NextEra 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 calculations 1o ensure there is sufficient margin to accommodate ASR depradation, or
potentially plant modifications. The Shear and Lap Splice Test Programs include test series to
investigate and qualify modification concepts. _
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Structural Component Calculations

This appendix contains MPR Calculation §326-0058-63, “Review of Structural Cafculations for
ASR-Affected Stroctures,” Revision 1.
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This change did not affect the review procedure or results, and was
only for clarification.

e Page 19 - Clarified margin acceptance criteria.

¢ Page 20 - Clarified that verification of the completeness of thL
reviewed calculations in addressing all applicable ACI Code
requirements was not performed as part of the review.

» Page C-1 - Correcled table references.

& Papes C-2, C-4, and C-5 ~ Updated anticipated margin for the
out-of-plane shear evaluation of the West wall of CBST]1.

® Pages E-2 and F-2 - Corrected the table headings {incorporated
pen-and-ink changea from Revision ¢ of the calculation).

¢ Page K-1 - Clarified the location of the North wall that was reviewed.

* Pages L-3 and L-3 - Clarified the difference between the reduction in
capacity and the effect an marpin,

All of the aforerentioned changes did not have any impact on the
conclusions presented in the Revisien § versien of the calculation. The only
numerical result that changed was the anticipated margin for the out-of-plane
shear evaluation of the West wall of CBSTI. The anticipated margin
increased slightly in this area compared 1o that reported in the Revision 0
version.

All changes are indicated with revision bars,

Note:

Tho revision number found on each individual page of the calctiation carries the revision

feve! of the calculation in effect at the tme that page was last revised.
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1.0 PURPOSE #

This caleulation documents a review of design basis calculations for selected Seabrook buildings
that are affected by Alkeli Silica Reaction {ASR). The review:

. Documents the margin in the design basis calculation for each evaluation of the building in
the ASR-affected areas.

. Ideniifies the evalnations thet ave adversely affected by ASR degradation of the concrete.
: This assessment is based on ASR ¢ffects on performance of reinforced conereic in a
structure as discussed in Section 4.0.

s«  Identifies analysis options that could be employed to increase the margin in evaluations
that are adversely affected by ASR degradation of the concrete. These options were only
identified when the documented margin was less than the anticipated degradation in
concrete performance from ASR. The anticipated reduction in concrete performance was
based on the criteria for ASR-affected structures from Section 4.0, Scoping calculations
were used to estimate the margm that would exist after reanalysis with unnecessary levels
of conscrvatism remaved.

) Identifies evaluations that may not have sufficient margin, even with unnecessary analysis
congervatisms removed.

Calculations for eleven ASR-affected areas were reviewed as part of this effort. The eleven
areas were selected to represent a reasonsble sampling of the ASR-affected regions of most
concern for plant operability. In addition, the buildings with the worst ASR based on the
walkdown asscssments were included in the review. Thus, the ¢leven areas selected forthe
review are a biased selection that increases the probability of identifying issues related to ASR
effects on plant structures. Table {-1 identifies these building locations and the corresponding
design basis calculations that were reviewed. The specific reference and revision of cach
calculation that was reviewed are identified in Section 6.0.
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Table 1-1. Bullding Locations with ASR in the Review
Strusture Elevation Room | Struckural Components of Reference
. ' Number Cancem Catculation
RHR Vault GIRIPY | various ANl Walis PB-30
Emergency Feedwater | -26 % upto
Pymphouse grade {201} EFSTY North and East Walls EF-4
. 208020 | Ao North, East, and Wes{ Walig CD-20,
Electical Tunnel '8 £, CosT1 and Floor Siab C-5-1.10159
, Unit 1 NEWRI@ELT &AI eG-1, CD-1D,
RCA Tunnel oR &5 Tunnels Cored Walls WB-88
Diese! Generator Building -84 DG102 East Wall cD-18
Primary Auxiliary Bulding | B 1 PB20S 3"‘;@‘0?&“,55;2‘“‘}“" PB-20, WB-82
Primarcy Auxiiary Building . North Wall (Column near .
Mecnanical Penetration SaR MF102 NE cormer of room) EM-31
Electrical Tunnel ‘B 201 grqor | Notnangd S“é?a?a"s and | gra £F-11
; : Abgye
M8/ va(rg . Chase Grade | Exterior East Wall EM-19
(>201)
Above . .
| Cooing Tover Grace Ermror | ohase Bomae T | CT-88,CT-28
{=201)
‘ Servic ' Above
ervice Water Grade Exterior North Wall of SW Bump out Cw-28,
Pumphouse {> 70 i) 8 South Wall SBSAG-1MA
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2.0 SUMMARY

Detsiled results of the calculation reviews are provided in Appendices A thmugh K. A summary
of the review results is provided in Tuable 2-1.

This review eddressed eleven buildingsfrooms. Of these, six buildings/rooms were shown to
have sufficient margin (either documented in the design basis calculations or afier potential
removal of unnecessary conservatism included therein) to accommodate potential degradation of
the concrete by ASR. These huildings/rooms are identified in Table 2-1. Five buildings/rooms
have at least one evaluation for which the margin in the calculation is not sufficient for the
potential degradation of the concrete by ASR, even with reanalysis to remove unnecessary levels
of conservatism. These bmldmgs/moms are also identified in Table 2-1. The specific
evaluations with insufficient margin to accommodate conerete degradation due to ASR are
identified in Table 2-2 through Table 2-6.

These resulls are based on a review of the design basis caleulations and recovery of margin that
1s available in-analysis space. The results do not address margin that can potentially be
recovered through other avenues, such as from anticipated full-scale structural testing.

The potential conservatism in the structural calculations is an estimate based on scoping
evalugtions, MPR provided informal checks of these cstimates to sssure they were reasonable,

" These scoping calculations are not included in this caleulation 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 caleulation were revised.
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Table 2-1. Bummary of Review
Structure Evaluated Locations with ASR | Appendix | = Results of
_ Caiculation Review
RHR Vauh i e A See Table 2-2
émergenc:y. Feedwatef' Morth and Easl Walls, -26 ft. to
Pumphouse, EFST1 " grade (20 It} B See Table 2-3
. o North, East, and West Walls and N Evaluations of
Electrical Tunnel 8", CBSTY Fioor Slab, 20 ft. to 20 ¢ Concarn for ASR
RCA Tunnel, Unit 1 Tunnets | ¥ WVl @ Elev. I & All Cared 0 Sse Table 24
Diese! Generator Building, .
DG102 East Wall, 16 ft. E See Table 2-8
Primary Auxiliary Building, South Wall, East Wall (South F No Evaluations of
PB205 Portion), -6 1, Congern for ASR
Primary Auxiliary Building North Watl (Colurnn near NE G Ne Evaluations of
Mechanical Penetration, MF102 carmer of room), -34 {t Concern for ABR
Electrical Tunel B/, EF101 | Norih and Saun Vil and Floor |y No Evaluations of
MS/FW Pipe Chass (East), et : No Evaluations of
: Exterior East Wall, above grade (> 20 f.) H Concern for ASR
Goaling Tower, Unit 1 Exterior gﬁ’;’ ovx:n;gg:gr;? a';*ge{f;gf% J See Table 26
. Norih Wall of SW Bump out & : )
Service Water Pumphouse, - No Evaluations of
Exterior South “ii"'zgt;?;e grade K Concern for ASR

! The floor slab for “B* Electrical Turmel was not inchuded in this review. The design basis calculation was not

svallable.
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Table 2.2, RHR. Vault, Various Rooms
Evaluations Without Sufficient Anticipated #argin
ASR Location: Allwalls, 81t to-16 R,
Appendix: A
Wall Evaluation ASR Effoct Documentad Margin after Required
Margin (%) Recovering Margin
Conservatism | Considering
(%) Potential ASR
Degradation
{%}
Concrele
El -48' Qut of Plane .
‘ Shear Capacity 24% 24% 25%
4' ext, wall Shear Reduced 25% .
Table 2-3. Emergency Feedwater Pumphouse, Room EFST1
Bvaluations Without Sufficient Anticipated Margin
ASR Location: Northy and East Walls, Below Grada, Elav. -26 ft. to 20
' Appendix: B :
Wall Evatuation ASR Effect Documanted Margin after Required
Kargin {%) Recovering Margin
Congervatism | Considering
(%) Potentlal ASR
Dagradation
%)
Vertical
Reinforcement | Empedment &
East for In-Plane Splice Length 4.4% 8% 17%
Moment El O | Increased 17% :
fo 27’
MPR QA Farm; QA-3.1-3, Rev. 0
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Table 2.4. RCA Tunne!
Evaluations Without Sufficient Anticipated Margin _
ASR Location: Unit1 North End of East Wall and Core Bore Locations RCAW 144

Appendix: D
Wall Evaluation ASR Effact Documanted Margin after Required
Margin (%) Recovering Margin
Conservatism | Considering
(%) Potentlal ASR
Degradation
- (%)
. : Embedment &
Vertica! Reind *
NE Comerof | Flewreang | SPice Length 18% 18% 0%
unngl Compression Increased
40%
_ Embedment &
NE Corner of Horixontal Spdice Langth _ _
Tunnet Reint: Shear incraasad 3% 3% 40%
45%
Waest Wall Embadment &
{Contred Bidg) Flexure and Splice Length
- Core Bore Tension increasad 18% 8% 40%
RCAW-182 A40%
Table 2.5. Diesel Generator Bullding, Room DG162
Evaluations Without Sufficient Anticipated Margin
ASR Location: East Wall - Elev. -16 fi.
Appendix: E -
Wall Evaluation ASR Effect Documented | Bargin aftor Required
Margin (%) Recovering Margin
' Conservatism |  Considering
{%) Potential ASR
Degradation
{%)
Embedment & :
East Flexure Splice Length 53% 10% 17%
increased 17%
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Table 2-6. Cooling Tower
Evaluations Without Sufficient Anticipated Wargin
ASR Location: Unit 1 South Wall and North Pipe Chase Bump Out Exterior Above Grade

Appendix: J
wWall Evaluation ASR Effact Documented Margin after Required
Margin (%} Recovering Wargin
Conservatism | Considering
(%} Potential ASR
Dagradation
(%)
Horiz. reinf.
South, £, 32 | forin-plane Embedment & .
1o 39, Cols. shear, Splice Length 2% 14% 17%
A-D bending, and | Incraased 17% .
tension
Concrete Shear : :
SDL:tth.!' 8 Omsﬁf;gtane ‘Capacity 7% 7% 25%
o d Reduced 26%
: . Embedment &
South Vert. reinf. for ; 2 :
. \ Splice Length -2.5% -2 5% 17%
El 21 to 45" bending increased 17% _
p- % . p. %
3 50 | 3 54
South, EL. | Vert. reinf. for | Embedment & % 83 % 163
>50', Cols. D- | bending and Splice Length 35 89 35 3.8 17%
K tansion increased (7% e ag || 1 80
37 8.9 37 83
k1 11 3 1

2 This reault is for the worst casc finite element for the wall baing evaiuuted.
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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 PB2835 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 1 must be verified.

3.2 Assumptions with a Basis

1. The screening criterion for lap splices was established based on References 4 and S, and is
based in part on iest data from Reference 8. The test data for lap splices discussed in
Reference 8 are for No, 5 bar, whilc the reinforcement bar size at Seabrook is larger,
typically No. 8 or larger. In addition, the test protocol in Reference § was direct pull out of
reinforcement from test blocks, which produces different structural behavior compared to
lap splices in a wall (Reference 10). 1t 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 sarmples and the Seabrook structures, the
test data is cxpected 1o be conservative. Accordingly, the screening crilerion 1s viewed as a
reasonahle best-engineering estimate in the absence of direct data.

2. The screening criterion for out-of-plane shear was established based on References 4 and
5, and is based in part on test data from Reference 8. The test data for shear discussed in
Reference 9 is for 3 in. by 3 in. beams. The tes! specimens ate smaller in size than the
walls of the Seabrook buildings. It is assumed that the test resulis of Reference ¢ provide a
reasqnable 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 besi-engineering estimate in the absence of
direct data.

4.0 ASR STRUCTURAL CONCERNS AND SCREENING CRITERIA
4.1 ASR Structurs! Concerns

Reference 4 discusses the structural implications of ASR. Table 4-1 is a summary of the resulis
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 limit
state and the potential Jess of strength is a concern for the Seabrook Station. The rationale for
this judgment is provided in the footnotes 10 the table,

MPR QA Farm: QA-3.1-3, Rev. §
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Table 4-1. Assessment of Limit Stats Effects
l on ASR-Affected Structures

Limit Stato Lower Bound Concern for

Effect of ASR Seabrock
R Buildings?
. . Moderate lass of strength; 3
Axial Compression up 1o 18% loss No
No significant loss of sirength of 2
Flexure stiffness: up 10 7% loss No
with transvarse No significant ioss of strength or No
reinforcement stiffness: more than 16% gain
One-Way Shear - - S -
| without transverse High variakility among similar Yos
reinforcement specinens: up {0 26% loss
No significant loss of strength or 2
Two-Way Shear stifiness: up 1o 8% loss No
with trangverse No significart ioss of strength or : No®
Reinforcement reinforcement stiffriess: up to 10% lpss
Anchorage without ansverse | o
P 7.3
rainforcement Significant logs of su‘gngm of 40% Yes

Notes.

1. Axial compression is a concem for columns in compression or for walls in compression with high

© compression relative (o the applied flexure loads, i.e., on the interaction diagram, falfure would
occur in the compression-controlied region. This requirement is not applicable to Seabrook
sfructures. This was confirmed by the delailed reviews in Appendices A/, There are no column
compression evaluations in the areas affected by ASR and the flexure evalusations for wadls in
compression gre govermed by the tensile limits for the reinforcement, Le., onthe mteractz{m
diagram, failure would ocour in the tension-controlied region.

2. The lower bound loss of strength is minor. Average loss of sirength, as reported in lhe text of
Reference 4, is less than the lower bound lass of strength, For this operabilily assessmeni, it is
reasanable to use no loss of strength for this imit state.

3. Average loss of strength (Reference 83,

MPR QA Farm, QA-3.1-3, Rev. O
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Conclusions from Table 4-1 ares

] ° ASR has potential to reduce the strength of reinforced conerete at locations of
reinforcement lap splices and at locations of reinforcement steaight bar embedment (t.e.,

| ‘embedments without books) in areas where a three-dimensional reinforcement cage is not
provided. Sufficient length is required in the reinforcement lap splice length and in the
embedment Jength (o fully develop the strength of the reinforcing steel.

s ASR 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
TaVIEW.

Sections 4.2 and 4.3 betow include descriptions for the development of screening criteria for the
caleulation reviews specific to reinforcement anchorage without transverse reinforcement and
onc-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 4-1 and conservatism in ACI” acceptance crileria as discussed
in Reference 5.

4.2 Reinforcement Lap Splices and Embedment

Strength reductions of 40% for reinforcernent lap splices in ASR-affected concrete are identified
in Table 4 of Reference 4 and in Reference 8. 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% is likely conservative because the reinforcernent

| pullout testing specimens in Reference 8 used a low or moderate concrete cover-to-bar-diameter
ratic refative 1o Seabrook, and therefore is expected to provide Jower strength results. The
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 1 in Section 3,2).

Conservatism in the ACI Code equations for reinforcement lap splice strength of 23% is
documenied in ACI Code Committee reports per Reference 5 for reinforcement size No. 7 and

* AC] Code is used throughout this calculation to refer to ACI 318-71 (Reference 3).
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| greater. This conservatism is applicable for elements with two-dimensional rebar, i.e., no
transverse reinforcement. The lower bound of the data is what forms 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 Jap splices for
reinforcement size No. 7 and greater.’ This is the potential reduction in strength of

| reinforcement fap splices and reinforcement anchorage due to ASR.” This is the ctiterion that
was used in this review to screen reinforcement lap splice evaluations into those of pofential
concern and those that are not of concern.

Lap splice length and embedment length are important to three types of evaluations:

{1} teinforcement to carry bending moments, (2) reinforcement to carry in-plane shear loads, and
(3) for minimum reinforcement requirements. § These are the evaluations that are flagged in this
review for further scrutiny.”

4.3 OQOut-of-Plane Shear

Potential strength reductions of up to 25% for out-af-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"
conerete prisms without transverse reinforcement (Reference ). The results of the testing had
high varigbility with a maximum enhancerent of shear strength of 12% and a magimum

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 1est results are used to develop screening criteria

for the Seabrook buildings (see Assumption 2 in Section 3.2).

Conservatism in the ACH Cade equations for shear strength of approximately 50% is docomented
in ACT Technical Committee reports per Reference 5. This conservatism is applicable for
clements with rebar in two directions, i.e., no transverse reinforcement, and with wall thickness
247 or less. The lower bound of the data is what forms the basis for ACT 318-71 code

* For reinforcement sizes No. § and smaller a 40% reduction in srength is used us the scresning critsrion.

* The eriterion of 17% is the arithmetic sum of +23% (AC] Code conservatism) and -40% {A SR reduction in
strength). The ACT 318-71 equations are not Linear and can require an iterative approach. A sceping analvsis
determined that using the sum of the two considerations {s more congervative than comparing the two considerations
through the ACI design equations (Appendix L).

® ‘The review assures that Jap splices and anchorage for minimum reinforcemert are adequuiely sized, considering
possible degradation in strength of lap splices or anchorage fom ASR. For walls, the minimum reinforcement is
primerily for shrinkage, thermal expansion, and servicenbility concemns, 1T the splices are not appropriately sized to
carry these Joads, the splices could ba compramised and ihe splices could not then carry design basis loads,

?"The straight length of rebar book embedments is not impacted by ASR. The huok ends of the rebar are deeply
embedded in the concrete gnd cannot pull out. Justification for this Is provided by Reference 8, which shows little
reduction in ensbedment strengsh for embedments away from the edge of the concrete,
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| requitements. For this operability assessmaent, the use of average values is appropriate. Based
on References 4 and 3, the following criteria apply to an out of plane shear assessment:

o Forwalls 24" thick and less, there is no strength reduction due to ASR.*

¢ For walls greater than 24" thick, there is a8 25% reduction in shear capacity due to ASE.

5.0 APPROACH
§.1 Buildings and Locations

Table 1-1 includes a list of the eleven buildings and rooras for which the design basis
caleulations 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 1o select the
buildings/rooms for the review:

. Buildings and rooms for which there is an existing opcrability issue were included in the
review. There are five buildings/rooms with an existing operability issue: containment
enclosure building, RHR equipment vaults, EFW Pumphouse, DG fuel oil tank rooms and
the ‘B’ electrical tunnel (Reference 6). These rooms were includexd in the review with the
exception of the comtainment enclosure building. The cffects of ASR on the containment
enclosure building are being evaluaied in a separate effort by NextEra Energy. In addition,
the RCA tunnel was included in the review based on investigations related {o wall cores.

»  Buildings and rooms with & combined cracking index greater than or equal to 1.5 movm
were included in the review. Thesc are the rooms that have the most severe ASR.
Reference 7 provides the cracking index for each room in the plant walkdowrn assessments
for ASR. 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 Feedwater East Pipe Chase (MF207), which was not
inciuded because the crucking was identified in nonstructural grout and this is not
considered to represent the condition of the structural conerete (Reference 7).

In summary, the eleven areas selected for the review comprise a biased selection that increases
the probability of identifying issues related 1o ASR effects on plant structures. This selection of
buitdings/rooms, however, docs 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 s rinkmum 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 of the
compressive strength used in the calculalion is based on test data. For these cases, the reduction in shear strength is
25% and no credit is 1aken for the conservatism identified in Refevence 5.
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§.2 Scops of Review
An outline of the steps performed for each calculation review is provided below.

e Identify the evaluations in each calculation listed in Table 1-) that address the building
rooms and walls that show evidence of ASR.

¢ Identify the cvaluations in each calculation that acldress the design of the wall/slab to carry
design basis loads or to address minimum required reinforcement. All reinforcement
(including minimum required reinforcement) is required by the design basis Code of
Recard {Reference 3) 1o 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,

. Document the concrete physical properties used in the caleulation (e.g.. concrete minimum
specified compressive strength, modufus of elasticity, and Poisson’s Ratio}.

® Docurment 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
Capacity =Demand ] . o .
Tamacit . The capacity or demand may be

percentage: Margin = 100« '
éxpreﬁsed as a force, moment, stress, or rebar area, dependent on how the information was
presented in the calculation.

. Identify the evaluations for which ASR 15 a concern:

1. Outof 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
and which meet each of the following criteria:

—  The evaluation credits reinforcement for flexuse (with or without axial
compression or tension} or in-plane shear. Minimum required reinforcement
- gvaluations per the limits prescribed in Reference 3 are also considered.

- . . . Astpresent Y~ Bsirequived )
~  The margin for required reinforcement ares, 100 » { pprermn ) Cxlrequired "} as

As(pnxmt. )
defined in the previous bullel, is less than 17% for po. 7 bars and greater, and
40% for no. 6 bars and smaller (4, is the reinforcement area). Note that
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manimum reinforcement requirements may be governing if fiexure and shear
loads are small.

~  The wall/slab being evaluated has reinforcement anchored with lap splices or
reinforcement straight-bar embedment.

e Identify conservatisms in the original design calculation with the potential to increase the
margin in the evatuation or alleviate the ASK-degradation concern (see discussion on
documentation in Scction 5.3). The potential conservatisms that were considered are:

- Eliminating overly-conservative simplifying assumptions, ¢.g., calculating a wall
bending moment as a two-way slab rather than a one~-way siab where wall aspect
ratios permit such analysis. '

- Eliminating unnecessary levels of conservatisim in the calculation of the applied
loads.

- Use of a more sophisticated analysis method, e.g., 2 {inite 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 preater
than the amount of reinforcement required to be in the wall/slab per the caleulation,
The basis for this is Reference 3, Section 12.5(d).”

- Tsking credit 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
cqual to 1.714, which is a Class C lap splice (Reference 2 and Reference 3, 7.6.1.3).
A Class C lap splice is required when more than one-half the bars are lap spliced
within the required lap length, 1.7l (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 1.7ly. In this case Reference 3,
7.6.3.1.1 requires only a Class B splice, which has 4 development lepgth of 1.3%.

® Reference 3, Section 12.5(d) permits the development length of reinforcement in a flexural member to be reduced
by a factor refated to excess reinforcemant (A, required/A, provided). Reference 3, Section 7.6.3.1 states, “Splices
in regions of meximum moment preferably should be avoided. Where such splices must be used, (hey shali be
lapped, welded, or otherwisc anchored for their full £,.” There are cases in this calculation in which excess
reinforcement has been used 1o recover rargin at a Jocation of high moment, The basis for this is as follows:

{13 Section 7.6,3.1 provides a design philosophy 1o assure that splice length {s not the limiting factor at the Jocations
in a structure that are most highly loaded, (2) Seetiom 12.5(d) provides the minimum requirernent that must be met 1o
assure design louds can be carried without fatlure of reinforcement at splices or vther locations that require the
development of reinforcernent, and (3) this calculation is zn operability assessment and recovery of margin by a
technically reasonable approach s appropriate.
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The factor increase in lap splice Iength’ over that required by Reference 3 is:
1.7

== 131,

13

~  Taking credit for a reduction in required splice length when the fap splice is ina
Jow-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
(1.31¢ devetopment), and if no more than three quarters of the bars are lap spliced
within a reguired lap length, the splices shall meet the requirements of Class A
splices {1.0ls development).

—  Using alternate applicable equations from the ACI Code.

- Determining if the area of interesi s 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. Gther 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 thal might be
obtained with a teanalysis. The estimation is based on a scoping evaluation and is
provided for information (see discussion on documentation in Section 5.3).

»  Identify the evaluations for which ASR is a potential operability concern, laking credit for
the potential margin incresse that conld 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 reanalysis does not meet the acceptance criteria set forth in
Sections 4.2 and 4.3,

5.3 ldentification of Analysis Conservatism and Documentation

As discussed in the previous sectian, for cases where an evaluation did not have sufficient
docwmented margin (o eliminate ASR concerns, an estimaie 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 provided in each
appendix. Footnotes are provided to describe the methods used to recover margin. There is no
further documentation provided of the caleulations to recover margin, As such, the margin
recovery is an estimate of potential over-conservatism that could be recovered if the design basis
calculation were to be revised. The estimate of margin is not & documented result and isnota
QA result. MPR provided informal checks of these estimates 10 assure they were reasonable.
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5.4 ltemns Nof Included in the Review
ftems that were not included in the review are as follows:

. The review did not include an objective of identifying potential errors in the design basis
calculations. Nevertheless, some errors were identified in the course of the review and
these were brought to the atiention of NextEra Energy in separate correspondence. Those
errors are not identified or addressed in this caleulation.

s The review did not assess whether all building walls and features were analyzed or whether
afl evaluations required by the ACI Code were performed, i.e., the review did not address
the comprehensiveness of the design basis calculations.

MPR CA Form: QA-3.1-3, Rev. O
Page 102 of 182




MPR Associstes, Inc.
- 320 King Street
Alexandria, VA 22314

Cateuiation No. Prepared By - Checked B8y Page: 21

1

(326-0058-63 JUHLlon,0 e é/f Revision: 1

8.0 REFERENCES

1.1.

1.2

13

1.4,
1..5.
1.6.
1.7.
1.8.
1.9.
1.10.
Lil,

1.12.

1.13.

NextEra Energy Scabrook Calculations:

Calculation No. PB-30, “PB RHR Vault (030),” Revision 9.

Calculation No. EF-4, “EM( Feedwater House & Electrical Penetration Area”
Revision 9. -

Calculation No. CD-20, “Control and Diesel (enerator Building (050), Design of
Mats at El. <20°-0" and ElL 0°-0” and Walls Below Grade for Elecirical Tunnels
{Control Building),” Revision 4.

Calcuiation No. SG-1, “Non-Essential Switchgear Room (170), Design of Non-
Essential Switch Gear Room,” Revision 2,

Calculation No. CD-10, “Conteol and Diese} Generator Building (050), Design of
Substructure for RCA Walkway Under Control Building,” Revision 1.

Calculation No. WB-82, “Waste Processing {Including Tank Farm Area) 080,
Design of Concrete Walls Below EL 25°-0”,” Revision 1,

Calculation No. CD-18, “Control and Diesc] Generator Building (050), Design of
Mats and Walls Below Grade for Fuel Q] Tank Area,” Revision 5.

Calculation No. PB-20, “Primary Auxilizry Building (030), Concrete — West Wall
(Col. Line A),” Revision 4,

Calculation No. EM-31, “Tunnels- Pipe, Electric & Passage (130), Concrete Design
-~ Mech. Penetration Ares,” Revision 6.

Calculation No. WB-69, *“Tank Farm - Unit 1, Design of Walls & Slabs for Pipe
Tunnel between Column Lines 0.5 & 2.3,” Revision 7.

Calculation No, EF-11, “EMQG Feedwater House & Flectrical Pepetration Area
(160), Verification of Reinforcement in South Wall ~ Unit 1,” Revision 1.

Calculation No. EM-19, “MS & FW Pipe Chase — East,” Revision 7.

Calculation No. CT-53, “Service Water Cooling Towers (140), Design of South
Wall at L.ine 4 to El. 46’-0™” Revision 1.

. Calculation No, CT-28, “Design of South Wall from El 46'-0” to 77°-6™, North

Wall Similar,” Revision 6.

MPR QA Form; QA-3.1-3, Rev, 0
Page 103 of 182




. : MPR Associates, Inc.
: pR 320 King Street
: Alexandria, VA 22314

Calculation No. : Prepared By Checked By ' Page: b7

0326-0058-63 J LM | 7% 46/ Revision: |

1.15, Calculation No. CW-29, “Service and Circulating Water Pumphouse, Design of
Walls Abave Grade, Roof Slab, & Hatch Covers,” Revision 7,

1.16. Calculation No. C-8-1-10139, “*B’ Elecirical Tunne] Transverse Shear Evaluation
Supplement to Calculation CD-20, Revision 0.

1.17. Calculation No. SBSAG-1MA, "Category I Structures, Tornado Missile and Light
Alrcraft Impact Protection,” Revision 1,

2. NexiEra Energy Seabrook Dravnng No, 9763-F-101842, “Concretc General Notes & -
Reinforcing Splice L engths Revision 14,

3. ACI 318-71, American Concrete Instituie Building Code Requrremems for Reinforced
Concrete.

4. Q. Bayrak, “Structura! Implications of ASR, State of the Ast,” February 2, 2012.

5. O. Bayrk, “Perspectives On ACI 318-71 Shear Strength And Lap Splice Performuance,”
March 30, 2012.

6. NexiEra Energy Seabrook Prompt Operability Detenminations (POD):

| 6. ] AR 5381434, “Reduced Concrete Properties Below Grade In *B’ Electrical Tunnel
Exterior Wall,” Revision (.

6.2. AR 01664399, “Reduced Concrete Modulus Of Elasticity Below Grade In
Containment Enclosure Building, RHR Equipment Vaults, EF W Pumphouse And
Diesel Generator Fuel Oil Tank Rooms." Revision 0.

7. MPR Report No. 3704, “Seabrook Station: Summary of AIkah-thca Reaction Walkdown
Results,” Revision 1. :

8. Chana, P.S. Bond Strength of Reinforcement in Concrete Aftected 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 Siatic and Fatigue Strength of Reinforced
Cancrete Beams Affected by Akali-Silica Reaction.” AC] Materials Journal Vol. 95 No. 4
(1998): 376-388.

13, ACI Committec 408, Bond and Development of Straight Reinforcing Bars in Tension (ACK
408R-03). Farmington 1itls: American Concrete Institute, 2003.

¥PR OA Form:. QAJ.1-3,Rev. O
Page 104 of 182




MPR Associates, Inc.
320 King Strest
Alexandria, WA 22314

Célcuiation No. Preparad By Checked By Page: A-]

0326-0058-63 Jeldlnll n é‘/f Revision: 1

RHR Vauit, Various Rooms

A.1 ASR Affectad Areas
'The areas affected by ASR in the RUR Vault are the walls from Elevation -61 1. to -16 ft.
A.2 Reviewed Caleculations

Calculation PB-30 was reviewed. Only the relevant jnformation pertaining (o the evaluation of
the ASR-aflected 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 stememnt mode! of & 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
one-way slabs to represent walls were used to calculate stress. Separate calculations were used
{0 assess horizontal and vertical reinforcement.

A.4 Evaluations without Sufficient Anticipated Margin

The evatuation for concrete out of plane shear in the external wall at Elevation -45 f. did not
meet the screening criterion of 25% margin. The margin caloulated in PB-30 is 24%. This
margin was confirmed with a scoping finite element evaluation of the building for the major
toads (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-1.

Table A-1. Evaluation Without Sufficlent Anticipated Margin

RHR Vault, Various Rooms
Waill Evaluation ASR Effect Dogumented Additional Antlciputed
: : Margin (%) Margin Margin {%)
Caloculated?
. Concrete
£l -4% Out of plane \
, § Bhear Capacity 24% No 24%
4 axt, wall shsar Reduced 25%
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A.8 Evalyations with Sufficient Anticipated Margin

The evaluations in Table A-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 evatuations for
which 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 Evaluation ASR Effact Documentad Additional Amnticipated
- Margin (%) Margin fargin (%}
. .o .| Calculated? :
Concrate
El 81 QOut of plane
. Shear Capacity 12% Yes 25%
4 gxt. wall shear Reduced 25%
, . Congrate
El -61 Cut of plane
A . Shear Capacity -1.8% Yas 87%
2.5 int. wall shear Reduced 25%
, ) ) Embedment & :
A,E;;(fvsm" M‘&;ﬁ‘ i Splice Langth 15% Yeg 65%
e Increased 17%
El 48 Embedment &
e Bending Splice Length ar% No 87%
4 ext. wall increased 17% :
. , . Embedment &
P M ™| spiice Length 14% Yes 57%
‘ : i Increasad 17%
El -32° Embedmant &
o Bending Splice Length 35% No 5%
A en. wal increased 17%
. Concrete
fan 2| OuorPEne | shear Capacity 38% Na 38%
. " | Reduced 25%
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Table A2, Evaluations With Sufficient Anticipated Margin
RHR Vault, Various Rooms

Wall -{ Evaluation ASR Effact Documented Additional Anticipated
: ' Margin (%) Nargin Margin {%)
Calculated?
: - - . Embedment &
) §!~ 'if \Sa;fw' Mi &‘o*fg'"f‘ Splice Length 1% Yes 86%
~ 8X. ' ) Increased 17%
Embedment &
£l .32 & -4 - -
, Bending Splice Length 31% - Ne 31%
28 ext waliN. Increased 17%
‘ Congrate
gL -3z &4 Out of plane .
. o Shear Capacity 25% No 25%
2.5 ext. wali N. she;r Reduced 25%
El .32 Embetdment & | :
0 g i. ¢ wall Min. Reinf. Splice Length 23% No 23%
2 Intwa increased 17%
El 32" - ) Embedment 8
T Bending Splice Langth 42% No 42%
2.5 int. wat _ increased 17% o
El.45'8¢ . . . {. Embegmant &
26 ext wal M*Z{)’;i‘“’- Splice Length 10% Yes 7%
W, * increased 17%
Efl 45 &0 Embedmsnt &
2.5 ext. wall Bending Splice Length 3% Mo 2%
W ncreased 17%
A - Concrate .
p oo 8O | OROPENE | Shear Capacity 51% No 51%
‘ B ' Reduced 25% '
. . : . Embetment &
Ei.‘gli o 45 m";!' oii‘“" Splice Length 15% Yes 57%
’ ‘ increased 17%
, , . X Embedment & '
El/81 to 45" | Bending Rein' | Spice Length 9% No 39%
* : Increased 17% :
, \ , . Embedmant &
?'5.’63111 h:{:;g Wi f{ ;:mf' Splice Length 14% . Yes 57%
) : ’ | increased 17% :
. : Embedmeant &
El >-41 Bin. Reinf. .
. - Splice Length 10% Yes 66%
Zext wall & Horiz. Increased 17%
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Table A-2, Evaluations With Sufficient Anticipated Margin
RHR Vault, Various Rooms
Wall Evaluztion ASR ERect Documented Additiongl Anticipaied
Margin (%) Margin Margin (%)
Calculated?
. . . Embedment &
! El »-26 Min. R_emf. Spiice Length 19% Yes 65%
3 ext. wall 5. Hariz. Increased 17%
. NA
£l >6* . . {No ASR
25 ext wall | BEMIMRENE | gpsenedin 15% No 15%
W, o this portion of
the wall)
NA
EL & to 20 (No ASR
35 extwal | OMOTERNS 1 opeenedin 2.7% No 2.7%
W, this partion of
the wall) -
NA
, . . A
Bl >€ tin. Reinf, og::wa?dﬁm 14% No 14%
ext. wail N, Hariz. this portion of
the wall)
: : Embedment &
El 81’ Bending .
4 ext. wall N. | Vertical Reinf. lfgg’ég’?;;o 58% No 58%
. - Embedment &
£l -26 Bending .
25 ext wallN. | Vertical Reinf | SPfe Length 48% No 48%
Ei 51" Veri. Reinf. Embedment &
. | Benwling at Col. | Splice Length 33% Na 33%
4 ext. wall 8. _ Ling 1 increased 17%
E. 61 '
& st wall N, in plane ghear A 65% MNa 55%
ElL 81
2.5 int, EW in plane shear NA 0% Np 0%
wall
gl -81'
2 5 int. NS wall in plane shear NA -1.8% No -1.8%
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A.8 Methods Employed fo Gain Additional Margin
The methods used to gain additional margin in the evaluations were as follows:

. In evaluations for two walls, the reinforcement credited in the calculation was less than the
amount of steel that was actually installed. The margin was recaleulated using the actual
reinforcement present in the walls.

¢ For cight 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 minhmum reinforcement
requirement from Reference 3, Equation 10-1, which is applicable to beams.

» For three walls, the shear siress in the wall was calcitlated with & finite element maodet of
the RHR Vault. The load applied to the vault was the hydrostatic Joad. The seismic load,
which is small in comparison te the hydrostatic load, was not applied for this scoping
evalyation,
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“Table A-3. Review Results

RHR Vautlt, Variaus Rooma
i Lovation: RHR Vault
Aseas Affested by ASR: All walls, -6§" to -16°
Caleulations: PB.10, Rev. 9
Drawings: 101510, 101517, 101318, 101319, 101534
:
As Dioc emesed Options to Increase dargn
Conater
Stouctursl .
Optiann to 3 . ABR
Cancem dus Betual Hebar UPwr | Anticipated
fabar 10 ABR Rwdv_m’m o Cornern?
cate ail Evgmation | Pages | Mettod | Loade l;;i) EGoit | v | Copscly | Demand | Sangie [ Rens oo s * Risk? v Prosont ; Opfiors ik
PR | B 817 - _0‘;“‘ . o T C&nm‘ﬁm
%0 4 ext. wall s}l:nuh m Nate A flydso 300D | 31256 1 NA | 1:iSpsd 101 psi 12% No R . Yes 4 25% Neo
Copacity
. Cancrate
. Cail of Iaternat
PR ISP plae 70 iNeweA | focd, 5000 ] 202851 MR 110ps TPT IS RV OulofBimme | ¢ s 1% o
0 25" im. wall ey stismic Note | Shear
S : R e
n’ P . ¥ - 1.
PB- | El A% ! , . , W8, {176 < . a. . Sphice Lap 208 in'R,ER .
0 | 5 o wall E::g 7 78] NA NA | nA NAG oo i p |1 Yos L'n;ﬁ 5% et Yes Do, 181547 2 65% No
132 N
pe B4y . . . Hydre, | . . , T . . Splice Lop 208 i ER )
16 £ oxt, well Bending 72 Nate A sisHin 3N ¢ 3126 | NA § 393 f-kap 248 fkip (370 Yes ;:l‘rﬁ, I End of beant Leoaih Ho Dwg. 101817 No
N BT Ot of Hydro Ot ot Pvno
" 4”& waall zl::: 72 Nowe & se'tsuuc 3600 § 312E6 § NA | 109 st 83 pai 24% Neo Shear Yes 7 4% Yes
M TAS :
PR EL.3 o ! L tEembn, §1as ) Splice Lap 169 i R.EF. o
0 (gextwan (R T el RACENA VA S gy EZ NI Rt A At Legh | Dug 101517 | ° o No
) 110 - P
PB- Bl " Hydra, Y a . 1, . ) Spiice Lap 159 inR EF.
. 4 oo, oall Beding 3 74 Nowe A ianic 3000 | 30266 } NA | 322 2kip | 210 Bkip | 35% Yer ?F‘n, s £nd of bvam Leng®h No wg. 101517 No
Concrete
Ontof
PB- in 32 0 . Hyitro, e b . . . o of Piase | .
30 4 ext, wall };{l‘i:; 74 ke A ignic 3000 § 30286 § MA {109 pu 68 y15i 38% Mo S8 Ne Ho
Copaclty
.32 & ; .3, .
N Min. _— I.19 - 1.33 b /R B
MR Rewt. 1% | vand NA INa IwA  fnailWEYRCLEIS b e wAL | 1% Selicebap |y, Dug. 101518 |2 s6m No
0 25 e Hod: & A, BF. - Loyt 101534
wafl N. Haomr L¥ £3
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Caleutation No. Prapared By Chacked 8y Page A8
0326-0058-63 JUtlonn 0 P '\%-»’ Revision. ]
3 A Dorumemied * - Qptiony 00 Icreasy Margin
s 3 - "
} : Structural Cansides
Opliona to ASR
X Reber Ay Comum O | peucengn | Aswsifabar | O | AnBeiatedt | goncgmy
G W Fvatattan | #: Matod | Lewds | T § nip Damana | Marge | Nebe Ares | 1p RIS Locaonst | W0ASK Rz ArcaProsent | Options | Margin
" valiatian | Pages * | wen by o Copacity o B | Creditady Regied Aemaaa | Max Moment
PR 1.6 1020 t Outof Hydrn, . Outof ;‘elam:
Y 28 e rlane 87 Handcale | selsmie. | 3K ¢ NA NA 110 psi 107 psi 2% Ny Yes 3 Neo
0 wall W, shewr soft ’ S
i Coapecity
Min .2 050 s 2 "
M. EL>e o . : . t03 Al | G.90 o . 3 Splice Lap s 1S REF. | . .
30 et weall N, 5[::1“5 87 Haxd NA NA I Na NA EF. i, ELF. 14% Yes E}lzm 4% Lanh Yes Dwg 101934 3 Ne
i -61° Beading . s . : . R
B . § AR Intersezion | Hydro, | ., [ . . 139 &.kip . . ~ ) Splice Lap 279 ¥ B, EF, ,
30 -fi ext. wall ;;r::al a5 Ditgeam | seiamic UG P TIREG | HA [ 330 Rkip Note E SR Yoy No Cale Length Ne 101517 No
N PR S Heading . . - : o
Py ma | vemial g jlntemction iHvdn gy pecina | ok [ BTRD dape fves | Mecae Splcelap oy, 079 m /A EF. Mo
ED] . + Dhiegram | selsmic Nite F Length 01517
o Tomli N Reinf
Vet Y
. . L2 1.06 106 158 m/f
F1 -61° Reinf. « . LS8 iy, |, o . g
3. v o Nete }, Not e o . WA, ’ mift, " . Splice Lap Quiside Face, ;
30 4 eat vl Be-nhm. 301 Hand ' ke 3000 { - NA § Outside Chitside 3% Yes Outside 33% Ead of bearn Lerpéh No DWG 103817, No
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N Fare Face Nate C
________ Line | e -
PR. . 61 1nplane 13yidr,
" 1 et wall sk ! 103 MHand T 13000 3 NA Na | Nepd 34 psl 4% ™o ®A Ne No
3 N shemr seizgic
Ry EL 61T
il BT ] e B Y VIR P Hrdio, Laang ina inaltiops 177mi [30% | Na No No
30 wad shear sestnic
. | B0 ns jlepiee b {Ried | By, 3006 | NA 1 RA ] 110ps TP T B B NA N Ne
iy ;:“mt b shear seigmia | b } bl “ps Noie | a h o.

Qptions to increass Mangin:

{. 'The scimal reinfireing stexl srea insialled is greater than that used in tix calculation.

H 2. The minimum reinforcement in PR-10 was calculated with die Tesser of {1) p=0.0833 and (2) 473 times the stecd zequired for flexure loads based on Reference 3. 10.5.1.4. This seinforcement fimit is

: applicuble tv beams, bui is tonservaiive for walls. The minimum required reinforcement is reduced using the minimun required reinfircemen far a wall from Reference 3, Section 14.2(f).

3. The<levefion for the cvabimation is above the focrtions that lnve ASR based om the wallalowe nssessments (Blevation -61° 10 -16%)

4. Anticipated margin based oz a scoping calculation with a 3D finite clemeni mode! of the RUR vault. The result is for external hvdrosiatic pressure only, The caleulated shear siress is 52 ksi. Accountitg
ior the load factor of 1.3 and the phi factor of 0.8 pves v, = 86 psi.

S, Anticipated margin based un a scaping calcolation with 2 31 finite efoment model of the RHR vault. The resubt is for internal hydrostatic pressure from on internad flood anly, The calculated shear stress is
22 kst Accouniéng for the.load factor of 1.4 and the phi factorof 0.85 gives v, = 36 psi.

8. Wogused.

7. A scoping 3D finite element model of the RHR vuult confirmed the results reported in calculaiion PB-3Q
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Seaxitic Notos:

A, Awo-dimeosional beam stnkiure sith 17 elrends mmmﬂm wally of the vaglt strmciore way ased 16 solee for the toads and proments doe o applicd loads with a tompuier program. A team modal
was asad with different benm properties to salve for fads and moments af &iflerant stevaiions in the Wilding.

B. PB-30 evaluaies 48 on 9 in conters. Review of Dwg. 100534 dhirors thar € reinfnrcensont 1s prenter than this ou e West wall mm redu is ool shian becaise there is uncentainty about the esttent
of walls covered by the cale,

C. PB-30 indicates the malysis i3 (0w venicsd mdar (. 100). The Fgwe showtay (he 58 on 6§ i comttrs an p. | 102 shovws this rabr a1 the sutside Face of e bsse i oxtending up to the wadl. Tl fgoe fo
the cal¢ is consistent with (e avtual rebay irstalled bused ox Dwgs. 101518 and 101534

. The pinimum wsqni'ad reisforvenneni caleuation i5 set in the calcubadon, The result the is provided in Ws table was ealoulsted bosed o tho = 0.0033,

£ Thercis an evor in the mumwlszgn au p. 92, The rimment with tortected kigh s farget, but morgin i3 eboe2ed 10 be aocepinbde and jroatet thaa the ASR eriterion.

F. These is g0 ecvor in the monwnt sige, but the coor esulls in & copseyvative pmiment.

€. This guaniity was calculnied by hend by MPR, and was not in P8 30,

H. Deleizd. )

U The negntive margin for conerere shear stress was deemed goeeptabdle in the calcutation and no rebar was credited with carrving the shear loads. There 15 a6 anficipated 25% iacrense in the concrete shest
capscily eompared to the wahies used i the caloidmtion, With this additional capmeity. the eveluation will lzxw positive margin without requiring shend minfoscemant

1. Lnads were derived in separawe ealevlations, then evilaated in PR30
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Calculation No. Prapared By _ Chacked By Page: B-1

0326-0058-63 D ig/ rn /% 4 | Revision: 1

Emergency Feedwater Pumphouse, Room EFST1

B.1 ASR Affected Areas

The North and East walls in the Einergency Feedwater Pumphouse Swairwell, room EFST! show
evidence of cracking, potentially by ASR, The areas evaluated for potential degradation by ASR
are the North and East walls m EFST], 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 6f EFST1. Only the relevant information pertaining to the evaluation of the

| ASR-affected areas listed above was reviewod as part of this effort. The results of the review are
presenied in Table B-3.

B.3 Calcufation General Methodology

Calculgtion EF-4, Revision 9 evaluated the walls and a column in the Emergency Feedwater
Pumphouse and Electiical Penetration Arca. The seismic loads on the structure were calcilated
using a computer model. Remaining loads were calculated by hand. Only the in-plane structural
walls were credited with resisting a given direction of seismic load. Tn-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 calcutated {(either by hand or from a computer madel),
the walls were evaluated by hand to ACI Code limits.

B.4 Evalustions without Sufticient Anticipated Margin

The evaluation for vertical reinforcement required for the in-plane moment from elevations 0" to
27" in Table B-1 did not meet the screening criteria for lap splices 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 scroening criteria of Section 4.0. Saction B.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 and the potential benefit from such efforts is
unknown,

MPR QA Form: QA-3.1-3, Rev. 0
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Calculation No. Prepared By Checked By Page: B-2
| 0326-0058-63 : (/c’/ _ : Revision: 1
Db G | B MK
Table B-1. Evaluation Without Sufficient Anticipated Margin
Emergency Feedwater Pumphouse, Room EFSTY
Wail Evaluation ASR Effect Documented Additional Anticipated
: Margin {%) Margin Margin (%)
Calculated?
Vertical
Reinforcement | Embedment &
East for in-Plane Splice Length 4.4% Yes 8%
Moment EL. 0" { Increassd 17% '
to 27

B.5 Evaluations with Sufficient Anticipated 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, s0 additional
margin was extracted from the cvaluation 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 margim.

Table B-2. Evaluations With Sufficient Anticipated Margin
Emergency Feedwater Pumphouse, Room EFST1 -

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin (%)
Calculated?
Harizontal
Flexure and In | Embedment &
East Plane Shear | Splice Length 35% Yes 25%
EL Increased 17%
-28'to '
East Out of Plane Concrete
Shear EL Shear Capacity 40% No 40%
26"t O Reduced 25%
Vertical Axial | Embedment & :
East Tension EL Splice Length 7% Na 37%
26'to 0 Increased 17%
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Calculation No. Checked By Page. B-3
0326-0058-63 : ﬂ L Revision: 1
: Table B-2. Evaluations With Sufficient Anticipated Margin '
Emergency Fsedwater Pumphouse, Room EFSTY
' Wall Evaluation ASR Effect Documaented Additional Anticipated
fargin (%) Margin Margin (%)
Calculated?
Vertical Axial
East toadand | STRe0T ennttg 89% No 89%
Flexure £L 0 | ,OP'o° -8ng ° "
; increased 17%
{0 27
Qut of Plane Concrete
East Shear EL O’ to | Shear Capacily 85% #o 65%
27 Reduced 25%
Embadment & :
East InPlane Shear | Splice Length 10% Yes 32%
v increased 17%
Vertical Axial N/A
g Load and {Has through-
North Flexure EL -28' thickness 18% No 18%
tal? rebar)
' QOut of Plane NIA _
North Shear EL {Has through- 32% No’ 32%
y p thickness
Vartical Axial
Load and En*:pedment & .
HNorth Flaxure EL 0 Spiice Length 21% No 1%
' g‘g.’ Increasad 17%
Vertical Reinf,
tor In Plane Empedment & °
North Morment EL Splice Length 54% No 54%
2810 0' increased 17%
in Ptane Shear | Embedment &
North EL Splice Length 57% No 57%%
26t O Increased 17% .
. Embatment &
North InFiane Shear | Spice Length 10% Yes 32%
be Increased 17% '
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B.6 Methods Employed to Gain Additioriéai Margin

To gain additional margin for the single evaluation that did not meet the screcning criteria (sce
Table B-1), the loads were slightly reduced by using the values documented in Revision 2 of the
calculation. The more accurate loads from Revision 2 of the calculation were bounded by the
loads from Revision I, so the new loads were not explicitly evaluated in Revision 2. Accounting
for the ncw 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
horizonial 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
builtding 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, which are more conservative than
fixed-fixed boundary conditions,

For the remaining evatuations that required additional margin, the reinforcement credited in the
calculation was less than the amount of steel that was actually instailed. The margin was
recalculated using the actual reinforcement present in the walls,

MPR QA Form: QA-3.-3, Rev. D
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Emergancy Fredwalge Pumphouse, Room EFST1
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58 10 Icreasn

1. Evaluate a5 pinned-pinned or fined-fixed. Calculation E¥-4 evalualed fhe wall ns 2 catifever hased oy the porion of the wali pearest the containmen? enclosure building, bat ASR is not observed in this
area. ASR hos heen observed i the siairwell, and the stairwell cast wall is braced by the 1sorth and south walls of the stsirwell. For pinned-pinned, moment is wL/8 railier than wL272, 50 moment is
reduced by 75%%. The Roxuee joad is 29% of the Jond, so the demand decreases by 22%. °

Not used. :

Nt used.

Not used.

Consider reduced load from Rev. 2 of calenlation.

Account for additional stect presant over that which was credited in the calculation.

el

Specific Notes:

A, Nof Used

The 1oml availadble reinforcement was not explicitly valeulated in EF-4, thoagh a methodology is prescribed and the seinforeement present s judged to be sufficient. The avmilable reinforcoment presented in
the table above §s ealeuluted hased an the preseribed arsthodotogy in £F-t. Rebar aren presented is for 40% of the wall plus 24 fi of the north wall (considering compression cebar erily).

(. Theconcrewe maierial ¢lastic modulus and Poisson’s ralio used in the computer analysis weye it provided. These propesties wese not used in the hand cakastation portion of the calowlation.

D Notnsed.
E
¥

=

2. The applied foads and load cases used i the compiter un used. to ped the moment, axial load, and sheas oa the wall were oot identified.

F. Not nsed.

G. The cequired rebas was calculated loliowing the same methodology presented in the EF-4 calculation, but with progressively lower values of steel area wntil the limit was reached.

H, Notused. .

I Notused. )

}. The minionnon eemforeament aves is more limiling and i5 the required rebar area listed,

K. Kehar arca presentod is the tofal from hoth faces.

T. Laad P, is given for a 25 wall used in 2 comprter model.

M. Laad P, ;s given for 8.22.5' wall used in a computer model.

N. The requircznent for mimitnum shear reinforcement area ts boundieg.

(3. The mintoum reinforcement requirement is most hmiting.

P. Calcutation was performed assuming 27 4 127 EF., but <he actual design has #8 @ 12" £ F,

Q. Notused,

R. Nat used.

S, A iechnical issue with the dexivation of this rebar mes was identified during review and bas been comomaunicated 1o the plant by sepamte correspondence. The technical issue is addressed outside of thic
review. The margin presented is based on the meihodology documented in EF-4,

T There bs theomgh-thickaess (3-way) rebar in the lower region of the wall wirere the momenn is highest and where rebar splices are present. When through-thickness rebar is present, there is 5o significan
negative effect on lup splices from ASR.

U. Thae is through-thickness rebar, so there 15 ne anticipated reduction in shear reinforcement capacity {rom ASR.
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Electrical Tunnel ‘B’, Room CBST1

C.1 ASR Affected Areas

Patiern cracking has been observed in the North, East, and West walls below prade in the
Electrical Tunnel B stairwell, room CBST1. As such, the three walls arc evaluated for potential
degradation from ASR in addition to the floor slab. '

C.2 Reviewead Calculations |

Calculations CD-20, Revision 4 and C-8-1-10159, Revision 0 were reviewed. - Caleulation
C-8-1-10159, 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 effort. The results of the review are presented in
Table C-2.

C.3 Calculation General Methodology

The loads on the East wall of room CBST1 are calcnlated using a computer model. These loads
are then evaluated using hand calculations and an interaction diagram to ensure thal the wall can
carry the required loads, For all ether walls of CBST1 and the slab, the loads on the structure are
calculated by hand. The caleulaied loads are from hydrostatic pressure, seismic loads, and
deadweight. Hand calculations and design aids are used to evaluate the arcas for the required
loads. ' :

C.4 Evaluations without Sufficient Anticipated Margin
None.
C.5 Evaluations with Sufficient Anticipated Margin

| The evatuations in Tablc C-1 satisfied the screening criteria desctibed 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 evalvation by one of the methods described in Section 5.2. The

~ additional margin was sufficicnt to satisfy the screening criteria. The applicable evaluations for

{ which additional margin was calculated are indicated in Table C-1 and Section C.6 describes the
methods used to extract the additional marpin. For the cases in which the documented margin
met the screening critenia, the “Anticipated Margin” column reports the documented margin,
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Table C-1. Evaluations With Sufficlent Anticipated Margin
Electrical Tunnal 'B’, Room CBST1
Wall Evaluation ASR Effect Documented Additional Antisipated
Margin (%) Margin Margin (%)
- Caleulated?
Horizontal Embedment &
East Minimum Splice Length B.9% Yes 54%
Reinforcement | Increased 17%
Vertical Embedment &
East Reinforcement, | Splice Length 18% . Na 168%
Flexure Increased 17%
Embedment &
East In Plana Shear | < ice Length 16.8% Yes At Loast 17%
(ElL.-20t00) | o8 } 17%
Embedment &
Splice Length
Increased
7%, but £.1%
East \n-Flane g?e;“)r margin 11.9% - No 11.9%
(kL e requirad to -
- meet screening
criteria {see
Ssction €.6)
Horizontal Ermbedment &
West Reinforcement { Splice Length 26% No 6%
Flexure Increased 17%
Vertical Embedment &
West Reinforcement. | Splice Length 15% Yes 19%
' Flexure Increased 17% =
Vertical Embedment &
Narth Reinforcement: | Splice Length 80% ~No - 60%
Flexure increased 17%
l Congrate 279,
oy Shear Capacily 8.2% NAC
West Omsifgf ne Reduced 28% | (for f.=478D Yes {for £, = 3000
(for F. = 4780 pst) : psi)
psi)
l Concrete 279
f Shear Capacity -3.2% %
West QutoRDIaNe | Reduced 25% | (for . = 5458 Yes (for . = 3000
{for £, 5‘}5458 psi) psi)
psi
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Table C-1. Evaluations With Sufficient Anticipated Margin
Elsctrical Tunnel 'B’, Room CBST1

- Wall Evaluation ASR Effect Documented Additional Anticipated

Margin (%) Margin Margin (%)
Caleulated?
Embedment &
Slab Fiexure Splica Length 34% No 34%
increased 17%
Concrate _
Stab O“g‘ﬁ;’r‘"’m Shear Capacity 44% No 44%
Reduced 26%

C.6 Methods Employed to Gain Additionat Margin

For the East wall (all elevations} ACI Code minimum horizontal reinforcement evaluation,
additional margin was gained by accounting for the additional reinforcement installed beyond
that credited in the calculation.

For the East watl (El. -20 to ) in-plane shear evaluation, margin was found bv accounting for
an anticipated increase in the conereie shear capacity (see Section 4.0). This reduced the shear
demand on the stee] reinforcement. The anticipated increase in shear strength compared to that
credited in the analysis is 25%, even afier accounting for a potential reduction in strength from
ASR. However, only a 2% increase in shear strength is required to meel the screening criteria
from Section 4.0, For the West wal] vertical flexure evaluation, additional margin was credited
by using an accurate value for the dcpth of the rectangular compression block. A wmcrvamc
value was used to calculaie the margin documented in the calculation.

For the out-of-plane shear evaluations of the West wall, & simple 3-I finite element model of a
plate fixed on all four sides was used to calculate 2 more accurate value of shear load. The
calculated shear load was compared to the unreinforced shear limit for concrete with 3,000 psi

compressive strength (calculated from 2,/ 7, ). Based on the information in Reference 3, the
anticipated increase in concrete shear strength beyond the ACE Code allowable will exceed the
potential reduction in concrete shear capacity due to ASR.

Faor the in-plane shear evaluation of the East wall for elevations 0' 10 21.5, no additional margin
was able 10 be credited, but the demand on the lap splices was able io be reduced, Of the two

~ rebar mats installed, only one raat was snehored using lap splices. The other rebar mat was
anchored using rebar hooks, which ure not 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 carry additional load to reduce the demand on the rebar anchored with splices.
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| 1. Creste FGA model to beltor aspprextmate Jead distritution, ot pecalvatlatr shoar lond 3 distanee (@ awry from the face of the sapport walls.
2. Notused
3. lise acalculated value of ‘o’ (depth of squivaiat jectangular stress hiook ) rather thian the cunservative vadue asseated Cl)-iu
4. Not umend.
3, Wolused
6. Actoam o addidonal reinforcement abeve thet oredited 1 the anslysin
7. Ascomnt fox incvensed eounrete sheay npncm based on naeipated concrete sength.
& Sice rebar op ope 150e s anchomed using lay spises and the other five ueds gandsed tooks (i which tho strength s ot impeeted by ARH), scoomt for 2 reducoi devnumd on the splicod rebae.
Baecific Notes:
A. The rehar area presented s ihe toia) robar e fram bty Saces.
B. Tere s no details given shonn what Joads wens actually ovaluated in the computer run. though Shoet 7 destribes the limiting load cases.
T Catculnted basod on the axial load capprity for s mowont sejinl 1 M,
D. The matenal pioperties used to devedip the fotezaction dixgram were not provided,
B, The rebar on the doside faer of the vt framelevation I % 1 aod 278" to 17,5 is oot anchored ssing splicey (DWG FP11545). The robar botwemn elevations 1" amd 2.75 are splicnd, but tere T three-nay
ninfixeement sugoundieg the sphior. Thus, splices vulnerabic to redueed. strength from ASR are onty on the owtside face of the wall. Since thore is 11.9%¢ margin for the inside fanc steed, i can canry
2dditiona foad & reduce fiw: dewumd on e dutside oo siped. The margin reguirsd o offser the lap splice strengit reduction from ASR will 12 17% - 11.9% = 51%
E. Totad sheat tond above BL 21.5" was caleslated in CN-14.
G. Instead of winngeler krdmstatic lowd, Yoad was approximased a5 rectangular,
H. Plate was considered to be fixed on all sides. .
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Fult height of wall Iy ascd (427 fox decemiining 151018 & ole- cr twg-way Siuh, un the wall is inersetted by a tlab ot the wall erid-height. The postion of the wall bolow the steb is thre anly portion of the
walt with hydrostatic pressure and is 200 x 11.33% 1o the calculation, #w liydrostatic lond was gives o trangulur Joad distribotion along the horizomal span of tha wail and the horizomial spae was esnunsed
as i onesvesy stab. Fhe hydrostatic Toad should be constant over the horizontal span: however, evaluating the wall 83 2 one way slab with the misngulay load dlsbxbmmn produces corMavalive resuits
cuenpared o 2 1wo-way slab malysus. which is e appaopriste.

A comaguted analysis was ssed fo caleniae the ads 0n the stucime. The conarsi mskrial properties psed in €6 inode] were e specified in CD-29. ©

. Nt used. . :
. I the conerete shear capacity is inorvased by 234, (he Kreeming Sriterion fix lap splives is met. Tl aaticipated incregse iy shear sirength is 25%, even after accounting foo potentind shesr strenpts reduction

from ASK, s0 1he evaiuation is expecied 10 have sufficient mangiy to offses any adverse ASR eflocts,

. Mot used

. Wil wes ircated as fixed on taee sidey, pinned on tep. This wes 0 that s luble for 8 trisagaler ked Soinbution condd be used.

. Mot used.

. Netusd.

. Not useg,

- Notused.

. The minfmum peguired reinfarcement évaluation contenls che rebar raquired for Sexure, 50 the minitaun: mnfomemcm requirement i preserded bore.

The mrocnent and axiel force gt were cach calculated sssuming thit 1he otdrer losd (farce oo moimnd} svac equalt to tha demssd value,

. This somnber is sot presencad in calowlalion CL:-20. Insend, it is calonlated asing the sams methadelegy docurmented therein,
. Mot used.
/. Sinee this evaluaiion elready accopnted for nn incrense o the concrets compressive sirength hayond HM0 ps (s, tocnesing the concrete shear strengsh), trere I3 an anficipated 25% reduction m ths:

calontated ouncrte sheut capatity (see Section 4.0).
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RCA Tunnel, Unit 1 Tunnels

D.1 ASR Affected Areas

The West and East walls in the RCA Tunnei of Unit 1 show evidence of tight pattern cracking
and active seepage, The areas evaluated for potential degradstion by ASR are the north end of
the East wall from elevation 0' to the ceiling and the West wall at the location of core bores
RCAW 14,

D.2 Reviewed Calculations

Calculstion SG-1 Revisian 2, CD-10 Revision 1, and WB-62 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 evatuation 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.

D.3 Caleulation General Methodo!ogy

Calculation SG-1, Revision 2 evaluated the walls of the RCA Tunnel in the Mon-Essential
Switchgear Room. The walls were conservatively designed based on the larger loads determined
for the RCA Tunnel which runs from the Tmergency 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 Joads were calculated, the walls
were evaluated by hand 10 ACI Code limits (Reference 3).

Calculation CD-10, Revision 1 evaluated the walls and mat slabs in the RCA 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, Revision 7 evaluated the walls and slabs for the pipe tunnci of the Waste
Processing Tank Farm. The tunnel was modeled as a two-dimensional rigid frame and was
gnalyzed by a computer. The reinforcement in the walls was evaluaied against the minimum
required by code. '
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D.4 Evaluations without Sufficient Anticipated Margin

The evaluations in Table D-1 did not meet the screening criteria described in Section 4.0. Unlike
the other areas evaluated in the calculation, the reinforcement in this poriion of the RCA tunnel
consists of No. 6 bars. As discussed in Section 4.0, bars smatler than No. 7 require 40% margin
to meet screening criteria for development and splice length. No simplified methods for
extracting additional marpin were able to be employed to meet these criteria. For the two flexure
_evaluations, more margin may be found from re-evaluating the structure with & detailed
computer model, but this effort 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®
colurnn reports the documented margin,

Table D-1, Evaluations Without Sufficiant Anticipated 8argin

RCA Tunnet, Unit 1 Tunnels

Wall Evaluation ASR Effact Pocumentad Additlonal | Anticipated
Margin (%) Margin Margin (%)}
_ Calcutated?
Vertical Reinf, | Embedment &
_ “Eﬁ?";‘;’ o | kexuwreand | Splice Length 18% No 18%
Compression | Increasead 40%
. Embedrment &
NE Gomerat | Horzental | Spice Lengtn 3% No 39%
’ Increased 40%
Wast Wall
Embedment &
{Controt Bldg} - Flexure and Sphice Leagth 18% No - 18%
Cere Bore Tension Increased 40%
RCAW-182 ’

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 ar¢ in a different portion of the RCA tunnel than the evaluations
discussed in Section D.4. The reinforcement in this portion of the RCA tunnet consists of No. 8
bars. For both cases, the “Anticipated Margin" column reporis the documented margin.
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Table D-2. Evaluations With Sufficiant Anticipated Margin
RCA Tunnel, Unit 1 Tunneals

Wall Evsaluation ASR Effect Documented | - Additional Anticipated
Margin {%} Margin Margin (%)
Calculated?
West Wall
. . Embadment &
(Control Bldg) - |- Vertical ;
Core Bore Minimum Reinf ﬁgg;;;gqgg 72% No 72%
RCAW-384 °
- _
(Caﬁiﬁ! \g;"g) i Horizontal Embedment &
Core B Minirrwm Splice Length 54% No 54%
RCAW-384 Reinf. increased 17%

D.6 Methods Employed (o Gain Additional Margin

For the evaluations in Table D-1, no additional margin could be gained to meet the screening
criteria outlined in Section 4.0. It should be noted that the loads used on the walls were
calculated based on a different portion of the RCA tunnel, which runs from the Emergency Feed
Water Building of Unit #2 to (he Administration Building. Reevaluating the RCA Tunpel with
the actusl loads applicable to this portion of the RCA tunnel could identify additional margin.

For the evaluations in Table D-2, no additional matgin needed to be gained to meet the screening
criteria outlined in Section 4.0.
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A. Margin for winforcement 1equired is grester than screening criterian of 17% for development and splice length,
B. Conservaitvely assumed afl of the moment fom the mut spanning the tuned is teansferred 10 the res of the 2wt and the shear [s ransierred 1o the wall - Sheet § of 1D,

T Caicuiation No. Prepared By " Checked By Page: D~
0326-0058-63 Sl Dy // — | Revision: 1
B e ‘ 5
Tadble D-3. Review Resuits - .
RCA Tunns)
Tocation: REA Tunnel
Aress Aftected by ASR: NE Wall @ Bl ¢ & Ali Cored Walls
Calculstions: SG-1 Rev. 2, CD-10 Rev. 1. WB-69 Rev. 7
Dvawnngs: 112000, 111340, 111342, 111814, 111821
As Documenied Optloos 18 ncroase Margin
Consfder Biber
Brromtural
f.oxatine of Dypfions o Actust Ot ASR
j T Raber | Reber At Aregal o Cm’;;vi he Hlatrar Avet " M'{;:{';ﬁ“ Conoam?
Cale Wai Evnlumtion Pagos Mathod Lesds (P;i! E v Capactty Dernand Margin | oot “mw 1- A“"._; Noriont b ASR Riak? Franent
o
M Comic E - " A= 034 Development . =034
seep | MEComuT G Rei a0 | HadCoke | Q1 e R R ETO § JEPVR TS o labind (‘g; Yo |GSRBE 8%l *Splice Ye ) | iR . 1% Yes, 1)
Compresica ) o1 Length EF.
v~ 138
: . .= 108 psi | ped : Developmea A= 0,44
NE Comer | Honzental FEM, Haral b _ ~0.51 , : ey
5013 ) P 62-63 ' [13] B H A, = D.38 Agens™ 394 Yes L3 9% - S Splice AN {%] w8 - 3%% Ves, (L3
af fusncl Reinf Shear Calc ini‘ﬂ 057 iR R EF. Longih EF
(&)
oy Axiat,
Axiyl: 1521k
West Wall 22 {ten) (c;np )
- (Control - B . liydso, Moment: ' - A =036 Devetopment A, > 029
1 mag - Core ;2_;;‘;"“‘ 2 Domdtion IDL,LL, | 3000 [ A | A | S0 8% :g";Q Yes  {mmEF | 18% - 7 Splice Ye () |inve |- 18% Yes, (1)
Bore el Selynuic (R} - [t2] Length 8¥
RCAW-1&2 » 844 ATy
WE F. gzr“ b8
West Wall
WB- {Comrel Vertical 4%, =079 Agom ™ A ¥ Developroent A,=0M
&0 Ridp) - Cere § Mininam 43, Hand Cale  { NYA NiA | A | MA A: in F ¢ .32 in*/8 %% Yeu 22 in' R [ TI% - f Splice N, (A) e i - No
Boea Reiaf M3 HAET e e o E PR Lenpih E.F.
RCA R34
Wes Watl
WB- {Control Haovizontal €3, -0 Development A0
b Bldg) - Core | Minimum 15, | HandCake | NA (7SR FOT EUPR ) ML p (DM S yes 54% - # Sglice. o, (A2 i - - o
Roe Reinf. i3 WREE R Ry f.eagth EF.
RCAW-544
Somcific Motes:
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€. The demand Jonds for tids section of the sall are not cloarly defined. The calenlation states ihat nominal tefafbreeruent is adoquats bassd on ipspretion. From page M13 o thiz calenbation, nominal
reinforcement is defined as 0.0023<bA1 for horleontel reinforvement ang ¢.001 Xxb=t jor vertical reinforcement. Thix is the origan of the required reieSncenten for dis saciion.

13, Valus is based go a seoping calculstion 1o determine the minimim ares of reinforcement reaprdred to resist the applied leeds, This value Is grester than the mindmurn Teguired by the Code.

E. The moment and axial foree Bimits wene sach calenlated &vwm:tq, that the otfer 1oad { foree ar moniend) wa tjual 1o the divarnd vaive,

F. Point iy within the fnzeraction diagean curve for the 6 @ 12, Based on » scoping calmlalzon, the ares oF seel roguired & resiel te moment mxd exied force will be ks thaa the urinirrem Togujtement

€. Margin based on axial fvad.

| H. These properties werr it used in the evaluation of tie wall as documersed in the indicated. enlmdnticn. The caladnbon tha develope the lowds used n this caleuliion, EM-7, gives aa B of 3L.000E+06 psi,

but does tol styw the value of -

T The ioxds usod in the calculation were smferenond om calsulation FM-7. The loads cossidered fn EM-7 an: dead, Bydresiatie, soil pressure, conpaction and srchasge, and seismic (OBE).

3. Bawexd on iiviensn vequived horizonsal reinforcement for wails, .0025 k>, .

K. Margin bosed on Ager

. Marxin for reinforcement roquired &5 less than e screning criteriy of 0% fos developmen; aod splice fenyth for bars snsller then No. 7.
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Diesel Generator Build_ihg, Room DG102

E.1 ASR Affected Areas

The East wall of the Diesel Generatar Building, reom DG 102, shows evidence of cracking,
potentially by ASR. The area evaluated for potential degradation by ASR is the East walj in
DG102 from elevation (-)16' up to grade. Though the West wall was reviewed to document
existing margin, no indications of ASR were teported in the walkdown report for this wall in
room DG 102 (Reference 7). :

£.2 Revigwed Calcujations

Calculation CD-18, Revision 5 was reviewed to determine the documented margin for the Fast
wall of DG102. Only the relevant information pertaining to the evaluation of the ASR-affected

| areas listed above was reviewed as part of this effort. The resulls of the review are presented in
Table E-3.

£.3 Calculation General Methodology

Calculation CD-18, Revision S evaluated the walis below grade and the mat foundation for the
Diesel Generator Building. The walls and slabs were designed as vertical frame sections, in the
North-South and East- 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 band 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 Imeraction
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 lap spice/embedment
length described in Section 4.0, Additional margin was calculaied 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. '

: MPR QA Form:; QA3.3-3, Rav 0
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Table E-1. Evaluations Without Sufficient Anticipated Margin
Diesel Generator Building, Room DG 102

Wall Evaluation ASR Effect Documented | Additional Anticipated
' Margin (%) Margin Margin {%)
Calculated?
Embedment &
East Flexure Splice Length 5.3% Yes 10%
Increased 17%

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 describedin
Section 5.2, The additional margin was sufficient 0 satisfy the screening criteria. The
applicable evaluations for which additional margin was calculated are indicated in the following
iable 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 DG102

Wall Evaluation ASR Effect Bocumented Additional Anticipated
Margin (%) |  Margin Margin (%)
- Calculated?
N/A .
{ASR not '
West Flexure obsefved in West 18.3% No 18.3%
Wall)
_ N/A .
{ASR nat ) =0,
West Flexure obs {in West 7.7% Yes 13%
wall)
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Table £-2. Evaluations With Sufficient Anticipated Margin
Diesel Generator Building, Room G102

Wall Evaluation ASR Effect Bocumented Additional Anticipated
Margin (%) Margin Margin (%)
Galoulated?

NA
{ASR not
cbaerved in West
Wally

N/A
{ASR not
observed in West
Wailly

N/A
(ASR not
cbserved in Wesl
Walf)
ng’iiAnot B.8% - 30%
o ! o
West {n Pianie Shear observed in West 8.6% Yes {See Tz\ab&e
Waill) E-3}

NiA
{ASR not
pbserved in Wast
Wall)

: Embedment& |
East in Plane Shear Splice Length | 8.8% Yes 30%
Increased 17%

Embedment &
tast Fiexure Splice Length 20% No 20%
' increased 1 7%

Embedment &
East Flexure Splice Length 25% No 25%
increased 17%

West Flexure 25% Mo 25%

West. Flexure 23% No 23%

Wesi Flexuwre 20% No 20%

West Flexure 17.7% so . 17.74%

. Concrele Shear
Capacity -1.2% Yes A%
Reduced 25%

Out of Plane

Fast Shear

MPR QA Form;, QA-3.1-3, Rev ©
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E.6 HMethods Employed to Gain Additional Margin

The evatuation of the East wall for flexaure, 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 in-plane 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 East wall for out-of-plane shear identified margin based on a
scoping calculation with a 3D solid finite element model of a wall with the same dimensions and
loads as the Fast wall, The wall was fixed on all sides and was evaluated for hydrostatic,
seismic, static, and dynamic soil loads,

Although the evaluations of the West wall for flexure and in-planc shear, listed in Table E-2,
were considered acceptable, additional margin was identified in some cases. The 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 loud, 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 stapgered 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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Page 135 of 182




[ |

3]

&3 ¥Fa 59

g1 &y B3

{

'3

WMPR

MPR Associates, Inc.

120 King Street

Alexandria, VA 22314

Page: E.S

Cakculation No. Frepared By Checked By
] - . ~ - e
0326-6058-63 P A P [0 | Revision: 1
V e
Tabie £-3. Review Results
Controf and Dissel Ganerator Building, Reom DG102
Location, Conirol and Diesel Geuerator Bldg - DGI02
Areas Affected by ASR: East Wall « EL <16
Calculations: CD-18, Rev. §
Dirswings: 101381, 101382, 111384, 111383, FP10288, FPI3396
A3 Docomemned comer Tiptions to Inciaaae Masgn
H 08| 3
i Structurst Qther
Locatinn ol | Oations ko Actiat i ; ASR
Aybur Ae A aax Concemous | Reduce ASR | Rubr Area Optioes “"mﬂ Concern?
Calo | Wstt | Gvaluation | Pages |  Mathod Loats .1 & | v { Cepaciy | Demend magm | ceont | oo | ¥ LT Moment Riak’? Proaent
""""""""" Hysdro_ Stafic Aty Ay
FEM. Suit Pr., - 163 16.5% 158 'R A=
(v 2 - - Moment surchurge, ) . 2 0R i E.F. $ . Ef. : EL 28 Ensbediment! Ne D DO i Na.
18 West | Flonae pr] Sserbution | compats IONSA NA L(I}-’“ in'ift D™ g::_oaon Yes K™ 16.5% @& Splice Length | - o, (12} ;%8 miR a, D, &1}
ethod and scismic - 174 taVk ’ 174w S
- (OBE) £ (W) EF (W)
: Asivaty ™ Axaan ™
M, D Staie U BY X+ T 192 it Ae
- , Moner N - . - PR A RF - o . £F. o EL 2167 Eabedment/ i Y . Ne,
1% West { Flesure 26 fistribution surcliarge. i NA WA 148k AR Ao (tasedon | Yes Ares™ kNS @) Sphice Lewy Yo 1.0? wi |t 13% T
method campaction E¥ 1.8 meA roquized) L3 snked G EF.
{Na Seisrmio} EF. (W) EE, (W)
Tydro., Sehic Tonshon
imeraciion Sodl Pr., Pu=130 | Tensiom: A= A=
CD- . R Diugram, waclrrge, \ ; k Pu=G6biX | 28% 2 o, AW Embedmut’ |, Nof wdin | .
'8 West | Flemme ) 62 Compure: aion, 11 TYA NA L s {Mes197R | ¢ , Y ‘1_ ?ﬁ xZ,L;ﬁ 25% BLAFEA) | sonee Leoger | V0 0 Ezs il Na. (D, T}
Male) and seismic ik | 41} il o
(OHE) ) 1
Hvdro., Suitic i
3 t
ﬁ::w “Yensipn: H
. hblind Pa= 120 | Temsion: = |
Iernclion  § comnpeclion, A= N . A=
Cie o N ST ey ix huys iK% Yu=6b1%k | 26% L2, &g _ Embedment! | - | q
1K Wem | Flearre &34 :?‘g‘gtazn._ ?(u;;},g;nw 1 3A PVA Ma=278 | Mao2043 | g ) Yes ::(;0 ?;-‘ i 1% Sptice Length | | o, (I%) ilﬁ n'ifl i Ko, (D, 1N
. fik kO i ) :
seiunic €
{3 l
ressaue due
] w swchurpe !

Pags 136 of 182

MPR QA Form BA13, Rev. 0




e T R gew e S M B 200 M DUR SN NS A NS g W aam

_ MPR Associates, nt.
WMPR BaE
{ Adwxandeia, VA R34
Caicgiafion No. Prepaved By Checked By Pegac B
0326005863 YA AR Vs %——* Revisior 1
- 43 Dot umanted - Cpidare \a (ncrusne Marghs
st i Kovenicor
tocwion o | concorndue | LPHEED Acwrt A 4 ASR
" lax, b ASR Riiis ASR | Qe Arma tre <
Cale | Wl | Evalomisn | Pegey | Medeg Loadn AR v § Gapmay Dt sagn | Fabat Bavar Aees 1 BONEL Mot Ry Beepert Worg
Tvdrn., Statc
Seil Py,
wycharge, s
e Tanrvey:
! mecaction w’f"";@? Fowi0 | Tensicx A= A
£ ST F6A- | Dhageen, " " ¥ ¥ Pe=at1k § 2% ' LR oF] S Ymbedmam " ;
Y Wat  Hrawe D62 | Comiprtes @")‘L.” . TR A e | Mes 2000 fmoten) Yo £F. e - Splieu Leagih Ne : ;3(;,8 il o, Qi
rodd = '.dn: Dk [ ¥ {5] . X} A
o sovhage, ©w
dyraasis soil
peessuse
A N
| Desd Lend, byns 'z
- Comapiiter Ao OJ&,n A ) A
Clk § ., | i Pane Live Losd, . A~ . ) Emnbedmei, o L] -
s Wt SJ,M % Made] & and migmia |1 PA F¥A Lotoiag 8% Yex BA% - Sptior Length Yo 0.9 i’ 2% (V) B, (0. 1)
ACICode | hae EF. (V)
Hydro., Stitie
Soi! P
surchege, I
FEM, e i~ |
A e H >
Ci " T6A- 1 Momwem iinis - L5 M, - AR . - Emhedment’ i Na,
O Rl e L el = R Rl el ECEL R e Ve - - - Splie Leagn | (P | - - @ D.un
edbind nnw't&ue
¢ srtape,
st woil
porsture .
N [rod Load,
o In Piane Compter 1Yz Load, R RpT Eambestoery’ A=
; Fan 76 Model & POES 11 A BeA JU9EUR femintt | 8@ Yes B4% - e Yes 078 i 3% Re
® Sher AT Coe | e oS FFCi LEF ' Spitee Lesgtt EF.
tiydra., o = Ewive
FEN. St ¥, e 187 i 187 'R An
CD. N N 3 Moment. swchange, = A .. b EF . EF. now Ble-079" | Embedmord " P .
(B LRwae b3s o R [T Na N lz_';sz?; - @ Yos POl £ P Selive gt | R0 2w - Ko
raabad al wiamie o 1.8 fn‘??'ﬁ. HE 231 -0
(OBEY EF. £.5
- Az ™ Aoy ™
FEM, i Suatie An LT 800 157 R ]
P fses newe fo M Lo, us pen | 2inn 3{':.;,- sm e Rb L s Imoare | e 234 by {1 Yes
weled wu s 130 VA 150 'R EF ;
hic) ir EE. H
2251 QA Foves:

Page 137 of 162

Qa2 18 Rew & ‘



3

X

BY @ S8 8 w4 ww Bl L4

MPR Associatas, inc.

BMPR ‘ ' | el Lo o

Calculation No. Chackad By Faga L.7
0324-0058-63 IR (5/ ~ 1§ Rewimion 1
K G
At Docuasin - B & bwies Hogh
H ; . Servienin $ater Ghae
Locarion of Cone Optony o o, . ABR
svwr A ; W an | e AR | masar oo | Ariipeed | conew?
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Qptions tu lsersass Margie:

1. Use aa nonction disgram to evatuate, considering s compressive 1oree avaitadle when saismic load is absent in the lateral disectfon (will mcludc poiendal reduction in deadweight foad due to vertical
scisrgic acericration).

2. Reduciion for staggered rebar gplices.

3. Evaludte the Fast well explicisly with 2 3D finie c!e,mcm enodet.

A. Max moment - refey to Sheet 27

B. Maa tecaneny - refer t Sheet 34

£, Omly the West wall wos exaluzted. Calcadatioa: states thit (oe Fast wall does sot exsend above grade sof therefore should ube the same steal a8 e West wail

1, Evaluation i5 bommded by the Boxurs evalustion of the West Wall medadicog the revived dynarnic sofl presae.

E lhmmmmum{mmsw 375 IR, Static soil poesswre is decveased froem 720 50 623 o,

f. Evaluaton iy bownded by the Geauce svaliation of the Exst Wall using e mteraciion disgrany

€3 'The only poriiom of the wall thai has hess pwrgia Fan (e anticipated roduction o lup sphee strength doe o -\bR is Rem dovatia ((H2 @ 18.5.

| B Cslentation CO-18 25stmes thes 2 sﬂMmmmhphmmfm:M‘ generazys herweon oodutnn lines 7 & 9 and A & E wil! noe vecur o1 the samc time.

. Sheat 3.0 =300 pst ;

L fhe evaiuation S out-0i*plsne shear for ihe Lavr wall was oot capliciity tnchnded in cakulation 0018, The caiculation gnaiyaed 1be Merik wall only, as # was boupding.  The revsits for ik Norh wail are
docwnented bere.

K. Notused,

1. Txtimation hased on uacfsmm citrve given on Sheet 62

M. Notased-

K. A teehaical issun with the Josd demsnd was shantificd Suming review and has bocn covomanieated 1o the pism, The eechmion issue is sidressed cutside of this revkew, The margin proscasd b tascd on v
rethodology docunentes in CI-IR.

0. The momes: and gxiad Brce roits were cach cakeudaled sssamiay that the otber load (Fxee or momestl w23 equal fo the demand value.
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P, Not used,
£ Notused
R. Not uzpd
S. This is conservative, the point lies inxide of the #11G812 fine o5 the interaction dingram,

T. Notused.

U, ‘The Bortzong) rebar is not saggend frosm covation (16 to (-8.3° However, the rebr oo the insice fave of the walt fam clovation £-316" to {-312 are not avchored using splices. No addfitlnnal mavgin
vould e gained for the wall in this vepion becanse rebar :pl;ccsarv nof siaggersd in Uils seesion. but the margia mq.med o ofisei ibe tap splice shength sedaction fom ASR will be 17% - 8.9% = 3. 1“’
where rebvar is sphced on one fsen anly.

V. “Fhe borbronmd reba s staggerad from elevation (-18.3 t0 17,5, Since the splioas are stappered, te are classifiod as Class B splices. The required splice lenpth for Class B splices is 1.3 a3 opgosed 1o the
1 Tl splier that exisis in she design. AckBitions) nmrgin is gaamed by m:cumnmg fior the excess splios length.

W. The reilo for minimum reinforcement foe floxure is wsed (L0033 The ratio Sor walls should be used (0.0015} which weu!d resali in 8 minimum arca of reinfarcemens of Agein > 0.86 in’Al (wial from btk
Eaocy).

X, The inforcoment Ihait was coadfioned by s indpendent scopseg caloulation.

| ¥. The calculased dettand for the Bamt wa$l presented berein was determined based ob & seoping caleularion with a 3D tinke clemerm model of a walt fxed on four aides urder hydrustatic: pressuce, sialjc sodl
pm.wxr tynite soil pressure, wid isiiic acorleTation.
The wall was evalusted with a finie element model. The elastic modulus and Polssords Ratlo msed ip the evaduntion were not provided in £0-18.

Geoerml Note:
. Eas Wall flexume with dynamic seai pressure net explicitly evalusted mesfeulsiion. Wall was qualited by compuison i ¢ie mevalintiog of the West Wall,
I Only tie Nurth vall was evaluatad for out of plane shaar, Mordy wall was gualitied without erediting steel. Wall wes focally nenrsiressed by 0.5 kip/ft, but wae judged o be OK_ {Bheet A9 of AD)
Y ASR depradatinn on the Wes! wall was not docummated during the walkidown sveltintion of DG 02 The anticipated margin for the Wiest wall should not be compered agwing the screening criteris of
Secsion 4.0, .
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F

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' 0 3.

F.2 Reviewed Calculations

Calculation PB-20, Revision 4 and WB-§2, Revision 1 (see the assumption in Section 3.1) were
reviewed to determine the documented margin for the East and South walls of PB205. Aftera
review of the drawings, it was determined thaf the East wall of PB205 is also the West wall of
the Primary Auxiliary Buikling. Therefore, calculation PB-20, whick evaluntes 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 effort. The results of the review are prescnted in
Table F-2.

F.3 Calculation General Methodology

Calculation PB-20, Revision 4 evaluated the West wall of the Primary Auxiliary Building based
on a finite element analysis. The required area of reinforcement was caloulated using the loads
from the finite clement analysis. Calculation PB-2{ states that the West wall of the Primary
Auxiliary Building is subject to additional Ioads, which were evaluated in calculation PB-65.
~ After review of this calculation, il 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 WB -82, Revision 1 evaluated the walls of the Wasle Processing Building below
eievation 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 withou! Sufficient Anticipated Margin

None.

MFR GA Form: QA-31-3 Rev O
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F.5 Evaluations with Sufficient Anticipated Margin

The evaluations in Table F-1 satisfied the screening criteria described in Section 4.0. For all the
cases, the "Anticipated Margin" column reports the documented margin.

Table F-1. Evaluations With Sufficient Anticipated Margin
Primary Auxiliary Building, Room PB20§

Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin (%)
Calculated?
Verttical: Embedment &
South Wall Flexure and Splice Length 34% No 34%
Tension Increased 17%
Horizontal: Embedment &
Flexure and Splice Length
South Wall Tension & In- Increased 17% 51% No $1%
Plane Shear .
Vertical: Embedment &
: Flexure and Splice Length
West Wall Tension Increased 17% 38% No 38%
(Element £124)
Vertical: Embedment &
Flexure and Spiice Length
West Wall Tension Increased 17% 23.7% No 23.7%
(Element #125)
Vertical: Embedment &
; Flexure and 8plice Length
West Wail |. Compression Increased 17% 1% No 1%
{bounding)
Horizontal: Embedment &
Flexure and " Splica Length o o
West Wall Tension & in- ingreased 17% 34% No 34%
Flane Shear

F.6 Methods Employed to Gain Additional Margin

The documented margin for the evaluations of the South and East walls of PB203 met the
screeming criteria of Section 4.0. No additional margin needed to be calculated.
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P20 ol | Tasiatls | D amptet Do T fidapy RRER e e % Splice Lesgis | V4 WAL Y.
Phare Shose Sy Caie e =
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AN Drsateniod Oyt i keoding Mbiyio
S Corid =
~ P  thiag Sptions in Ak Doy . KSR
o . ) ) P At Anta o ASR Bacace ABR K203 Aeta wm’""ul gy
Cxts Wal Evatiation Puges 1 Wkl Lomis !l('i) e Cepmoity Uerand Worgm | odiwd? | Requirsd Risk? Presest
:cﬂ o Teatn & -
BB { Ly | Shear AS §hemdCat: 1B . i - - - - - - - Ne (K3 - - . %0
) Resnforeomnm
Y -\- AR RARLAAE AR LR P A -
sl Notaa:

1. Caloadation PR-20 referenced calcuimting PR-63 for addiilons} loads on the West wall Review uf PB-55 by shown that the revised loads wers dug © pipe supports, it the evalusted elevations were
ouiside the seep of the pexluntion.

A Arownd half of the clernent bas double the sineunt of fisted vertica] reinforcement. However, elemenis §26 and 127, which are ihs clomaats nearest 1o where ASR was observed only have the reinforcement

isted.
. Mgt uyed.

S, Cass 2 Maximum tension with corespending morigny iz

> Loads fron Cale WR-62,

2D+ 1.9Fego).

bi]

e

D. Case 1: Maxiraum compression whh corresponding smoment (U1 = 140+ 1.71, + 1 9¥eqol.
E .

F:

T Not used.

G. Based on the slargin presented for she load, the owluation with maximuep &nzion epd $he correspending mement 1s hounding in teoras of reinforooment destyn. The Joud case evalunied by also very

consarvative far the clomenss tbat are nifocted hy ASR (126 and 1273, :
B Requirerneent from the combination of both B-plane shonr and horizoal fexire reinforoeaent zaleulations.
L Computer modet wiis wed. fo extorct foads on walls, 3t is not kopum winst concrese elastie modulus and Poisson's ratio ware used fa the maoded,
¥ Margin for reinforoemnetst reyuired by greates thun soreening critesie of 17% for development and splios engsh
K. Orpbels mre lovated betwesa BL 1710 27 No indications of ASR degradation on the actual enchels.
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" Primary Auxiliary Building Mechanical
Penetration, Room MF102

G.1 ASR Affected Areas

| The thickened portion of the North wall (8-ft thick below elevation (-)26' and 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 conerete degradation due
to ASR.

G.2 Reviewed Calculations

Calculation EM-31, 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 potentally affected by ASR) is only evaluated
for the minimum reinforcement requirement from the ACI Code. [.oads on the wall from
external loads are very small, so the minitnum reinforcement requirement is limiting.

G.4 Evaluations without Sufticient Anticipated Margin
None.
G.5 Evaluations with Sufficient Anticipated Margin

The margins documented in the reviewed calenlation for all evaluations satisfied the screening
criteria described in Section 4.0. Note that the calculation did not decument the amount of
margin, but it was staied that the reinforcement in the wall would satisfy the minimum
reinforcement requirement. For the results tables and the summary tables presented herein, the
amount of minimum reinforcement required per the ACT Code is caleulated and compared to the
reinforcement present in the wall. The “Aniicipated Margin” column and the "Documented
Margin" columns report this value.

MPR QA Form: GA-3.4-3, Rav 0
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Table G-1. Evaluations With Sufficient Anticipated Margin
Primary Auxiliary Building Mechanical Panetration, Room MF102

¥all Evaluation ASR Effect Documented Additional Anticipated
Margin (%) - Margin Margin (%)
Calculated?

North vertical | Embedment &
(8ftthick | Minimum Splice Length 67% No 87%
portion) - Reinforcement | increased 17%

Nortn * Horizontal Embedment &
(8-ft thick Minimum Splice Length 31% No- 3%
partion) Reinforcement | Increased 17% '

G.6 Hethods Employed to Gain Additional Margin

No recovery of analysis conservatism was required.
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Table G-2. Rewviow Reaults
Primumry Auxilisry Bullding Machenizul Panetration, Romm RIF10
Location: ) PAB Medimnienl Pemctration Area - MF102
Arcas Affecied by ASR: North Widl (Coturmn nezr XE Corner of Rison), EE 238
Catendatinns: RM-31, Rev. &
Drrawings: 101625, 1 S162€, 101627, IDIGER, HOR63D
B b = Opiand D tograssy %
. Coersionr [
Strucerad
4] % 3¢ Actund Cplicns § ASR
! v | Locaisant] © s | e noR Reter Arva _‘ Ancipatnd | ooy
- " Svaeon | B r. ) fotuw Rt aong | 3. Nvan ok to ASR Risk? Proset Rargtn
Rat awatien g Method Lomds (pai) - v Lspucity Drraznd fsrgin Crutivd? By [ e *
ol s, | vaal A=z laote AT Fahrement A, =302
EM-8Y Y ﬂ;". g || Maomam |32 Now A N/A NAA WA NA [ R EE, [ ROREF, | 7% Yes . EF, | 678 A siplice No R B F, ‘Mo
& ’“,‘ Rebar Not B Hele € Noto & Lesath Note B
Norih . N s 1
iall 207 Harizoom A= 208 =143 f\}." 1.3 ) h:lbc:ma:& li\.,:’loﬂ
FM-3t B8k U SSmimuen | 33 Note A NIA WNiA NA NiA § P B R, | RREF, | IS e mYVE.F, ; 31% 2328 Bplic No i, EF. No
RNt Reber Nuw B Nate O Noe D Lengh Neae B
ortisn)
Qptinon to Incrsans Mergin:
1. Mot ased.
Speni; Hope:

A, The exdoutstion pxdges that minieon reinforecent requirerments o e ACHeody gre sufliclent for the thickened ptiea of e wall, The acsial selcci2tivg of the quintity of rebgr required o maet the
nrnizsam cequirements is nod performed. The calonfation is performrad as part of diis review and the resuits am prescrmzd in the table.

B. From drawing 105627, _
. Tht minionem reisrcament i3 caleviated based on p = 0.0018. This mauirement fs more someervathe thes the requirement Tov wails {(p = 05015}

1. The misimmm reinforcement is calenlated based oo o = GOGIS. This renuirenis is applicable w wails, and it i3 more consesvative than the requirement (or smperahies aud shrinkage eirforcement o

Refrenae 3, Sechinn 713 {p = 3.0018).
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Electrical Tunnel ‘B’, Room EF101

H.1 ASR Affected Areas

Pattern cracking and discoloration has been observed on the North and South Walls of EF 101
between elevations (-)20' and {-)2'. These walls and the floor slab at elevation (-)20" are
evaluated for potential degradation by ASR.

H.2 Reviewed Calculations

Calenlations EF-4, Revision 2 and EF-11, Revision 1 were reviewed. Only the relevant

| -information pertaining to the evaluation of the ASR-affected walls listed above was reviewed as
part of this efort. The calcutation for the North wall was already reviewed and the results were
previously presented in Appendix B, so onty the results of the South wall evaluation are
presented herein. Note that the evalyation of the South wall in EF-4, Revision 9 has been
superseded by calculation EF-11, Revision 1.

The calculation containing the design basis evaluation of the floor slab was nat available for
review. Thus, no operability judgments are made about the floor slab of EF101 hercin. The
results of the review are presented in Table H-2.

H.3 Calcufation General Methodology

Faor the evaluation of the South Wall in calculation EF-11, the deformation of the West Wall
froin north-suuth direction design basis loads is calculated, and the South wall is assumed to
displace wiong the same profile. The deformation of the West Wall is calculated froma
combination of bending and shear hehavior, The stresses in the South Wall are then calculated
from the derived displacement. For the East-West direction loads, the South Wall is assumed 1o
behave like 4 cantilever, though a reduced effective length is used to account for the reduction in
moment that would occur with a fixed-fixed end condition. :

H.4 Evaluations without Sufficient Anticipated Margin

Mone.

MPR QA Form: QA-3.1-3. Rev. 0
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Revision: |

H.5 Evaluations with Sufficient Anticipated Margin

All evaluations of the South wall satisfied the screening criteria described in Section 4.0, For
these cases, the documentied margin met the screening criteria, so the "Anticipated Margin®
column reports the documented margin.

Table H-1. Evaluations With Sufficient Anticipated Margin
Elactrical Tunnel ‘B’, Room EF10¢

Wal Evsaluation ASR Effect Documented Additional Anticlpated
Margin (%) Margin Margin (%)
Calculated?
; Embedment
Verlical ;
South Reinforcement, Le“f;':";g"” 34% No 34%
BLEROWRO | \reased 17% |
Embedment
in-Plane .
Seuth Shear, €. Le“g’;ﬁ*g"@ 18% No 18%
{)2v Increased 17%

F.6 Methods Employed to Gain Additional Margin

No recovery of analysis conservatism was required.
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0325 005563 2o é{f—* 2. L | Reveo 1
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Tahis H-2. Reviow Rasuita
Elactricat Tumsd ‘B, Roow EF101
Losation: ‘B Electrival Tuneet - EF101
Areas Afiected by ASR: North and Sowh Wolls and Floor Blab £t -20°
Calevlations: TF-4, Ree, Qand EF-11, Rev, 1 .
Drawiags: 1016140, 101612, 101662, 101664, (31655, 1U1661
A Tocpmpnted Tigoonn o berases Margin
» Conaliter Caher
Sirukfiind .
Dipthons 2tk Ciptioes . ASRH
3 . Concre das Angripetac
An . | Locwting of Npduve Rtwr Apve:
oo | @} Baieten | Prge | Beed Lowks | ‘;_‘,, ¢ i tamcry | Oevand | Sugie § Tom R S { 2000 g BASE | ASRSBRY | Proesct Ssargis
i B WERNETE
Sead + e
- +hydro <

Vordeat | Compatt | samn A2 ~132 Ag=13T Emhedment A~2
EF-{1 { Spwih { Refwforooment | 10 Y\f{mf\“-llh wesme~ | 000 ] in"ﬂ:FF ' EF, 343 Yes wYEF, 384 EL 20 Sptice Ng A 4 No

B0 Had Calo | dmasiic TER @ (E) Leagik ’

. - * @y

OBE

I Plane Shesr T .
E£1 §soutn § -1V g CPORE 2 I R Wi = lim v frofonl EL TR EVPY S Nen Ao o
o Mot |7 b - ia'i, (Cy ﬁ}s ."z n ’ VR K " Lengch : h‘n.ff) !

Rciaforcement; )

Cptipus to Incresss Macyin.

1. Notusoxl

Spocific Motes.

A Compues rune Were niot docsmented in e coleatution, but froms eftier ditte & appears that the eveluated loadh are dead loud, e lead, kydrostatio, tntess] exxthpmne dyaanie ewth presswe, snd selamic,
B. Sinee computer tums were eed 10 gei loads aad vere not documented. the maistal proparies that wore uscd in the models are ynkrown. Onfy maiedsl properties used in the hand caleglaton ponmn e

provided.
. Rewntorcement listed is toted from both fwes.
. Not lised,
A techaicai issde with (he derivation of s rebrr reqesicement wos ledslie! dirdeg review and hns bovtt comnrunizated b the plav. The teckmical issur i mhdreseed onssde of his readew. Inrmsryn

mo

presewted i hased un the methedology dcaammmed s HP-1L
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. Netwsed, _ . ;-

G, Notused,
L Marpin for reinforcement requited i grearer dumn sorecuing eriteria af 1734 for development s splice kength.
Seneral Nofos:

L The evalustion of the South wall in catculstion EF4 was superseded by the evalmtion in caloulstion EF-11. Thos, ey the esnlts of e sauth wall sealnation i EF~1 s preseated.
. The calndution for the North wall was already reviewed and the resulis were proviousty presented in Appesdix B, so only the resulis of the South =i} evaluation ere presented bereln.
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0326-0058-63 ?f_ /7’ 4 7% éf’ Revision; 1

I

MS/FW Pipe Chase (East), Exterior

i1 ASR Affected Areas

The East wall in the Main Steam Feedwater Pipe Chase has pattern ¢racking along with larger
. eracks running at various angles on the exterior surface. The area evaluated for potential
degradation by ASR is the East wall, above grade elevation (EL 20").

1.2 Reviewsd Calculations

. Caloulation EM-19, Revision 7 was reviewed to determine the documented margin for the East
wall of the MS/FW Pipe Chase. Only the relevant information pertaining o the evaluation of the
ASR-affecled areas listed above was reviewed as part of this effort. The results of the review are

presented in Table I-2.

1.3 Cakeulation General Methodofogy

Calculation EM-19, Revision 7 evaluated the slabs, columns, beams, and walls above and below
grade in the Bast MS&/FW Pipe Chase. The Pipe Chase behaves as a shear wall structure for
MNorth-South excitation 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 horizantal
reinforcement was often limited by the minimum reinforcement reguired by the code.

{4 Evaluations without Sufficlernit Anticipated Margin
None.
15 Evaluations with Sufficient Anticipated Margin .

‘The evaluations in Table I-1 satisfied the screening criteria describved 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 criteris. The applicable evaluations for
which additional margin was calculated are indicated in the following table and Section 1.6
describes the methods used 1o extract the additional margin. For the cases in which the

- documented margm met the screening criteria, the "Anticipated \/Iargm column reports the
documented margin.

MPR QA Form: GA-3.1-3, Rev, §
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Calculation No, Prepared By Checked By | Page: 1.2
0326-0058-63 AN : é’ Revision: 1
B K g
Tabte I-1. Evaluations With Sufficient Anticipated Margin
MS/FW Plpe Chase (East), Exterior
- Wall Evaluation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin (%)
Calculated?
East 2 wat | OUiITPlane NIA 0.5% No -0.5%
Embedment &
East; 2' Wall Fleﬁggven. Spice Length 3% No 33%
} increased 17%
. Embedment &
East: 2" Wall Flexféza(gonz. Splice Length 77% No 7%
Increased 17%
Embedment & :
East 2 Wall | TOMRAN | gpice Length 21% No 24%
{ncreased 17%
Embedment &
East: 2' Wal F'e";‘égég"”z- Splice Length 8.4% Yes 28%
Increased 17%
Bast 2 Wall | o oif:";ggar} gplice Lmeingttg 06% Yes 23%
’ intreased 17%
Embedment &
East @ Bl 22 | in-plane Shear | Splice Length 7% Na 77%
' increased 17%

1.6 Methods Employed to Gain Additienai Margin

The splice length reduction factor for staggered splices mecting the requirements for Class B
splices was used (o identify additional margin {or the two evaluations for horizontal rebar subject
to pipe whip foads.

MPR QA Formy, QAJ13, Rev. O
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. Not used,
. (Gl psed.

A sechnical issue with the ealeulatinn of the fexare capaciy wie Identified. durig rview atd has bheen cosrremitatod 10 the ;,wa: The technial tssne s nifdressdd ouddede of this review. The margin
grus: aed is basod ant the rethadology docmmenad in calcutation Eﬁ—i?

I3 Notased.
E. The aren of reinfoscemens required to carry e shear v negligible, wiwimur relforeement is cogtnolling.
F. A computer nun vaas used w calewdnte forces and moments it a frame. The maznial propartes used in the model wera nat listad,
G. Since ihe shear capatity was newdy equnt the sheer denund, no addiional yebar was needed despiie simall regative margin. However, 8 25% increasa in shear cupmﬂw campared to whit was doewtmened
veam he justiBed (sve Section 4.0% resulting, in approximately 19.6% margin.
-7 W Caleulawd Stk ing the se ethodology used ia the calculation w dermine the ultimats momznx froem a given weinforeing sted ares.
b L Lomds oWt vl ane veed in the evabuntion because they aro bigher than the loads o e 1ad wlt - Sheo 94
b Maryin for yeiodroament requited i gramiet ther screening criteria of § 7% for development and splice length,
K. 2325-222W hay the recised (aod fivad) Ioeds snd designe
{. ihe med of xeinforcenna sequined was pat presenied i de calculation. The oqustions on pages Z22F and 222F wore used W hack-caiculate e pmznbers prosented heye.
| &% The East »ofl at motion b-b was avver re-avaluated, Tho eesult shows negative margin
N. ‘fhe mininum reinforoemen requirement is more Ritiag than the seef reaabed 10 carsy e design oames.
©. The migfmur rethBncemen rogured is not presented in the calesiaton, The minimum reinforcement teqmmm:nl Trosented berein is based on a reinforcerent area 1o gross eection asea of 0.0(725.
P, Noi used.
Seneral Nolep:
i, Sheet3 - foe3000pa
1. Not psed,
. Sixet 66 - shight misteke in computer nuts, bit if the resubts were nos more then 2% different berween the {ncorrect and correct computer run the analysis was not revised
IV, Al leads resisted by vertical rebar. Borizonka) sebsy desigoed. ® rutn code regulterens,
¥, onservadvely ises west chase pipe break foads - Sheet 48
V1. Sheet 49-- actual accidert pressire on wall (Pa) is smaller han what was wsed in evaluatios
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J

Cooling Tower, Unit 1 Exterior

J.1 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 i),

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 listed above was reviewed as part of this effort. The results
of the review are presented in Table J-3,

J.3 Calcuiation General Methodology

The analysis is based on a finite element model calculation of stresses in the South wall. Hand
calculations are used to caombine stress results and an interaction diagram is used for the
reinforcenient evaluation at some locations. :

J.4 Evaluations without Sufficient Anticipated Margin

The evaluations in Table J-1 did not meet the screening criteria described in Section 4.0. In one
case, additional margin was calculated above what was documented in the caleulation, 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-1 and Section 1.6 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” column-reports the documented margm.
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Caleulation Na. Checked By Page: ]-2
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Table J-1. Evaluations Without Sufficient Anticipated Margin
Cooling Tower, Unit 1 Exterior
Wall Evaluation ASR Effect Documented Additional Anticipated
Kargin (%) Bargin Margin (%)
Calculated?
Hariz, reinf. for
Scuth, El 32 in-plane Embedment &
10 39, Cols. shear, Splice Length 2% Yes 14%
A-D hending, and | Increased 17%
tension
Cengcrete Shear
Soun £ -8 | Outorpane Capacity 7% Na 7%
Reduced 25%
. Embedment &
South, EL 21 | Vert. reinf. for
o N 8 Length -2.5% N -25%
to 45 bending mffé’:;ed 17% ¢ ’
P % p %
34 50 &0
South, L. | Verreinf.for | Embedment & 3B |63 B8
>50', Cols. D- §  bending and Splice Length a5 83 No 35 8.9
K tansion Increased 17% g 20 26 8o
a7 a8 il 8o
38 11 38 11

J.5 Evaluations with Sufficient Anticipated Margin

The evaluations in Table J-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 methads described in Section 5.2, The
additional margin was sufficient 1o satisfy the screening criteria. The applicable evaluations for
which additional margin was calculated are indicated in Table I-2 and Section J.6 describes the
methods nsed 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.
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MPR Associates, ing.

320 King Streal -~
Alexandria, VA 22314
Calculation No. Preparad By Chetked By Page: J-3
0326-0058-63 JUdlon, P {%—/ Revision: 1
Table J-2. Evaluations With Sufficisnt Anticipated Margin
Conling Tower, Unit 1 Exterior
Wail Evatuation ASR Effect Documented Additional Anticipated
fRargin {%) " Margin Margin (%)
Calculated? '
EL %
£l % 81012 | &4
South £1 g | Horiz reinf. for in- [ Embedment & | { 810 12- | 51 - 'Z:’ — 2;
S plane shear, Splice Length | [ 1210
t°4i'_§°’s‘ bending, and Increased ;i mz‘: 2: Yes  22tos | 29
] : ) {0 2
tenSIonN 17% 0 0 |
254032
3Dio4s § 3t
391045 | 10
£l %
' 8|2 glo12 | 5
South EL -g | Horiz reinf. for in- | Embecment& || gwi2 | 53 ;2 2 T
t0 28" Colg. plane shear, Splice Length | 7" — T 0 Yes to '
O.G bending, end increased PP R 22125 | 33
" ¢ i [7
ension 17% 0 owam |
25i032 | 14
32t038 | 23
. 321038 | 8
South, EL. 21 Quf of Plane
1o 4 M hear NA 5% No 5%
Embedment. &
South, EL -8 . O
A Vert. reinf. for Splice Length
to 21A :[():os. bending Increased 25% No 25%
0,
17%
Embedment &
South, Ei. -8
Vart. reinf. for | Splice Length
to 21", Cols. pending Increased 50% No 50%
-G o
17% ..
Ei. % £l %
South. Bl Horiz reinf. for in- | Embadmemt & {{ ss5ws3 | a5 451053 | 45
e PN plane shear, Splice Length p
45A_7E‘}7‘,£§ls. benging, and o g S3to81 | 41 No 83081 | 41
b tension 17% 81068 23 S1ip 69 53
8977 | 53 g9to77 | 53
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MPR Asgsociates, ing.

320 King Sireet
Alexandria, VA 22314
Calculation No. Prepared By Checked By Page. J4
0326-0058-63 JUb bl P %/ Revision: 1
Table J-2. Evaluations With Sufficient Anticipated Margin
Cooling Tower, Linit 1 Exterior
Walt Evaluation ASR Effect Documented Additlonal Anticipated
Margin {%) Margin Margin (%)
- Catculated? :
South, El. 48- | Vert. reinf. for %g?;d&er‘ntt:
76, Cols. A- | bending and oo seg 33% No 3%
B, K- tensinn
17%
South, Et. 46~ | ert reint. for %p,”?:edg?tg
7€, Cols, A~ bending and ' thorea seg 7% Na 77%
D, K-N max comp, .
17%
South, E1 46- |  Vert, reinf for gmgi“;ﬁf
78, Cola. A- | max bending Increased 33% No 33%
D KK and comp, 17%
South, El. 46-
78, Cols. A- | OUDrPne NA 89% No 89%
D, K-N
p- % P %
i 34 26 26
s utﬁ g | Horiz reinf, for in- | Embedment & LA il “
,,50? Cois D. |  Plane shear, Splice Length [ 48 Yes %8 7 1
"R bending, and Increased 31 23 3t 33 |
(]
tension 7% 31 a7 31 a7 |
32 15 32 19
13 18 § 33 18
South, El. A P %
>50, Cots. D- | OU0 Plane NA 0 | 41 No @ | a1
K hear
42 30 42 A0
South, EL 50- | Horiz. reinf for %g?;d?e?‘tg
77, Cols. F | bending, tension, | & s 27% No 27%
and H and shear 17%
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MPR Assgcciates, Inc.

m 320 King Strest
- Alexandria, VA 22314
Calcuiation No. Prepared By Checked By Page: J-5
0326-0058-63 JUtba) | ’) -~ %—w Revision: |
Table J-2. Evaiuations With Sufficient Anticipated Margin
Cooling Tower, Unit 1 Exterior
Wall Evatuation ASR Effect Documentad Additional Anticipated
Margin {%) Margin Margia (%)
Calculated?
South, EL
50, Gols. - | In plane shear NA Significant ™ No Sigrificant™
F, H-K
. South, €l
50, Cols D- | OV PEne NA 0% No 0%
F, H-K i
South, EL 50- | Horiz. reinf for %"“?;dm“’tg
59", Cols D | bending, tension, | “R'°% 27 0% Yes 24%
&F and shear 478
%
South, Ei. . .
50, Cols. D- | OViOT Plane NA 7.3% No 7 3%
K ear

J.8 Methods Employed to Gain Additional Margin

‘The following method was used 1o recover margin from the calewlation:

» Where lap splices are staggered, i.¢., 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
develapment length requirement for 2 Class B splice is 1.3lg. The actual development
length used in the construction is 1.7lg, which is the development length requirement for a
Class C splice (see ACI 318, 7.6.1.3 for ACY Class C splice and Reference 2 for Seabrook
drawing requirement for fap splice length.). Accordingly, the margin in the development
length is (1.7-1.3)/1.7%23.5%. |

' CT-28 did not caiculate the margin, but conclnded the margin was significant. Approximating the sheer strength
of unreinforeed concrete as 2,77, =126 psi, the margin would be 52%.
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MPR Assasioted, la
370 King Street

AMPR | Nocendss VA 22714
i Calasdation No, Preparea By Checked By i Page: 10 i - : o
0326008863 St | i {%,_,,‘ ! Revison: |
B. A finite elermeer analysis wis itwed Toalculitr toadson the sonsh wall The elastic modulus and Poisscu's ratio wsed fise coserele e ot Hsted in the doewment.
F. Thow = ahigher domand st Hevations -8 10 4, however, the shear i in 8 dincction such thatthe wall bears against fill concrete and the shieer load will ransfer divectdy to this medium (s¢¢ p. 38), Since this

location is below the elevation of contem for ASR {ahove grade elevation 201}, the thear a1 this lotation is pef presemed i the sumpsary 1ahe.
Q. The sdipeeity was caleudated by datermining the roaximun sllowable moment for 48 rebar 22327 given s axial lowt eyual to Po xs provided in thw Demand column,
H. The required reinforcoment was etimated based oft the perennage margin providad in (re Margin coluan. Given the tocaton of the pomton the iite notion dispiam, diis is likaly conservative.
1. Fhe amount of murgis is wn caloulated in CT-28, bul assureing 9 conarefe altowabke shear stress of 2F, =126 psi, ihe margio would be $2%.

Bensral Nodas:
. ‘The calcutation i s exphicit sialysis ol e South wall, which i also aysplicabde o the North wall due te the simifority of fhe walls. Tirere is 5o gvaleation ot the pipe chase bunp out ou the Nonh wail.
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MPR Associates, Inc,
320 King Street
Alexandria, VA 22314

Calculation No, Prepared By Checked By . ~ Pags: K.l

03260586 B Ml | Dw g | oveon 1

" Service Water Pumphouse, Exterior

K.1 ASR Affected Areas

| The North wall of the Southwest bump out and the South wall of the Serviee Water Pumphouse
- have intermittent, localized pattern cracking on the exterior surface. The areas evaluated for

| potential degradation by ASR are the North wall of the Seuthwest bump out and the South wall,
‘above grade elevation (El 20").

K.2 Reviewed Calculations

Caleulation CW-29, Revision 7 was reviewed to determine the documented margin for the North
wall of the Southwest burnp out and the South wall of the Service Water Pumphouse. Only the
relevant information pertdining 10 the evaludtion of the ASR-affected arcas listed above was
reviewed as part of this effort. The results of the review are presented in Table K-2.

In addition, caleulation SBSAG-iMA, Revision 1 was reviewed to determine the desi gn basis for
the tornado missile loads for the Service Water Pumphouse, '

K.3 Calcuiation General Methodology

Calculation CW-29, Revision 7 evaluated the walls above grade, the roof slab, and the hatch
covers in the Service Water Pumphouse, The design of the walls was based on a computer
program, which outpul loads on different sections of the wall. Regardless of the calculation,
Ne. 8 bars at 12" spacing were provided in the oxterior walls to meet the missile shield
“requirements, Based on the loads documented in calculation CW-29, the loads on the exterioe
walls generally required less reinforcement than the provided amount.

Calculation SBSAG-1MA, Revision 1 evaluated the tormado missile loads for the Service Water
Pumphouse. The calculation compared the capacity of the exterior walls to the demand from a
steel pipe, automobile and waod pole tornado missile. The calculation also evaluated a typical
wall for light aircraft impact loads and caleulated the impact velocities at which failure was
anticipated.

- K4 Evaluations without Sufficlent Anticipated Margin

None.

MPR QA Form. (QA<3.1-3, Rav. D
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MPR Asspclates, inc.
320 King Stres!
Alexandria, VA 22314

Calculation No.

0326-0058-63

Prepared By

B ekl

Checked By ’

M A

Page: K.2

Revision; 1

K.5 Evaluations with Sufficient Anticipated Margin

The evaluations in Table K-1 satistied the screening criteria described in Section 4.0. For ail
cases, the "Anticipated Margin" column reports the documented margin, Note that the minimum
reinforcement to react tornado missile loads was not calculated in SBSAG-1MA. To calculaie
the margin for the torpade missile cvaloation, 4 scoping analysis was performed following the
same methodology documented in SBSAG-1MA, but with progressively lower values of
reinforcement ares. Note that the light-aircraft impact analysis was not re-evaluated, since that
portion of the calculation was for a "typical” wali and did not represent the limiting wall in the
structure. The resuls for a "typical” wall are unchanged.

Table K-1. Evaluations With Sufficient Anticipated Margin

Service Water Pumphouse, Exterior

wall Evaiuation ASR Effect Documented Additional Anticipated
Margin (%) Margin Margin (%)
Laicu Ia_ted?
Embedment & :
Wall &Sa}fionh glee::.lcl':’ Spﬁce Length A4%, Mo 44%,
Increased 17%
Embadment & ] -
Wall wa#om Flexure Horlz. |  Splice Length: 58% - No S4%
Increased 17% a
- Embedment &
increased 17%
. Embedment &
S”g;’; ﬁ;n ff‘er?cﬁ Splice Length 42% Na 42%
e Increased 17% -
wal3- | g’;’,bedme"ﬁ‘ 649 N 54%
exure Horiz. te Leng b ] '
South Wall increased 17%
Embedrent &
el s n Piane Splice Length 54% No 54%
“Increased 17%
wWall 10 -North | Core Bores:
wall Vertica) Reinf Ni& 2% Ne 1%
) Embedment &
Wall 10 North | Core Bore&: | spice Length 41% No 41%
IR increased 17%
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MPR Associates, inc.

m P 320 King Street
. . Alexandria, VA 22314
Cailculation No. Prepared By _ Checked By Page: K-3
0326-0058-63 ~ : (,.j Revision: 1
B AL | e S5
Table K-1. Evaluations With Sufficient Anticipated Margin
Sarvice Water Pumphouse, Exterior
Wall _ Evaluation ASR Effect Documented Addttional Anticipated
KMargin {%) Margin Wargin (%)
Caiculated? | -
Limiting Wall | Responseof | Embedment &
of Service 12 dis. x 18 Splice Length
Water Stesl Pipe increased 17% 44% No _ 44%
Pumphouse Missite
Jimitirg Wall - Embadment &
rseves | ST | Scaiongn |y o | em
Water Missite Increased 17%
Pumphouse
Limiting Wall Embedment & _
A Response of : -
of Service Splica Length _
Watter W&”gsgg le Increased 17% 4% o 44%
Pumphouse

K.& Methods Emp!ayéd to Gain Additional Margin

The documented margin for the evaluations of the North and South walls met the screening
criteria of Section 4.0. No additional margin needed to be calculated.
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: M p 320 King Sreet
. Alemurs, VA 22314
Caiculation Mo, Prepaced By Crecund By Page. K4
0326-058-6) - ¢ D -~ | Revision: 1
B AL | i Sy
Table K-2. Review Results
Satvick Water Pumphaoiste, Extorior
Tvaiion: Serviex Warer Pumphotise

Arcas Affected by ASRC

MNorh Wall of SW Bump out & South Wali - Above Grade, Exterior

Caleulations: CW.29, Rev. 7 and SB&iAﬁ-lMA, Rev. ] {(Toreada Missile b oad Bvalustion)
- *
Drawings: {01088, 101094, 101092
for ) T Ao i omarmad - T H " “Diptors w0 ncredse Vamin
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Implementation of Reinforcement Embedment
Criterion

ASR has the poteniial to reduce the effective strength of reinforeed concrete at locations 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 tap splice length and in the embedment length to fully develop the strength of
the reinforcing steel in ASR-aifected areas.

| The sections below calculate the splice and embedment length required in ASR-affected areas
for two loading cases: flexure and in-plane-shear. The caleulations consider 4 potential 40%
strength reduction in the splice as observed by Chang (Reference 8) and 23% conservatism in the
ACI Code equations for reinforcement lap splice strength 25 documented in ACI Cede
Committee reports (Reference 5).

L.1 Reinforcement Embedment in Flexure

This section considers the moment capacity of a reinforced concrefe section with rebar on the
tension fuce, neglecting any-rebar on the compression face. Neglecting rebar on the comgression
face is a conservative assumption, typically used in design, and is neglected I many of the
safety-related calculations for 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
celculation below will determine the effect of the potential 40% strength reduction and the 23%
code consetvatisin on moment capacity. - :

The moment capacity M. of a concrete section crediting the rebar area A, to carry tension and the
concrete to react compression (assuming a rectangular concrete stress block: derived following
Reference 3, Section 10.3.1) is:

M. = 4,f,(d~%) (0
whetef, is the specified yield strength of reinforcing sieel, d is the distance from the concrete

extreme compression fiber to the centerline of reinforcing bars in tension, and a is the depth of
the concrete compression block.
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The required development length [; of a reinforcing bar of size #11 or less (applicable 1o alt
areas of concern for ASR degradation) (Reference 3, Section 12,5(a)) is;

! 4= i%%’_lu (2)

| where 4, is the cross-sectional area of a single bar and f*, Is the specified compressive stength
of the concrete.

The required development length of a reinforcing bar accounting for the actual area of steel
provided {Aspro. 3) bevond that required by design (As(raq)) (Reference 3, Sec. 12.5{d)) and a
potential 40% reduction of development strength due to ASR (Reference 4, Table 4) is: '

Aafreq X 12 . {3)

bigasey = 1.4, I

In 4 case where the required dcvelbpmcm length is not provided, the allowable stress on the
rebar must be reduced. The relationship between the required development length and the
atlowable rebar stress fy(o¢r) 18t

* {hgask) - ld (grov ) (4)
By Fyettry

Solving the relationship in Eq. 4 for [, eryy resulls in:

Lagpras Wy 5
ld(AsR ) (3)

fyerpy =

Substituting f,(e¢r) for £, in Eq. 1 and considering a 23% strength increase relative to the ACI
Code Equations (as justified in Reference 5) results in:

M, = 1'23As(pruu )fy(ef'f)(d - %) (&)

Substituting the right side of Eq, 5 for fy,0¢y results i

M, = 1234009 (Mﬁl) {d-1) {7

fgiasa )

" The variable /f7, carries the units psi and the coefficient carries the units -,

2 See Section 5.2 of this calculation for a discussion of the applicability of the factor A,ays?Ascpraw) (0
reinforcement which requires development for full £,
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Substituting the right side of Eq. 3 for [y ,5ey results in:

g (praz ) z
MC = 1‘2339(39701;} % (d - :_;}. (8)
LT '
Simplifying the expression:
. 2
‘ 2’! s{prov ) [ (prov ify N
@zt -9 ®

Substituting the right side of Eq. 2 for {; and setting Ayequal 10 Agpray) Tesults in the moment
capacity for @ wall width equal to the rebar spacing:

M = )| el (4 -3) (10)
e
Simplifying the expresSion:
M, = {D.B?'ﬁ)( :sfp::;))) (ld(vrmr Wi ) ( d - _) (11)

The effect of the potential strength reduction and the documented code conservatism on the
moment capacity 15°a factor of 0.879 on capacity, or a 13.8% reduction in margin. The 13.8%
margin reduction is less than the 17% margin requirement that results from the arithmetic sum of
the 40% reduction and the 23% increase. Therefore, it is conservative to use 17% as the
screening criterion.

L.2 Reinforcement Embedment in in-Plane-Shear

. This section considers the in-plane shear capacity of a reinforced 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 second term represents the
additional shear capacity provided by the rebar, The calcuiation below will determine the effect
of the potential 40% strength reduction and the 23% code conservatism.

The shedr capacity V; provided by the rebar (Reference 3, Equation 11-13, where v, = v, - v.) is:

¥ 1t is noted that the caleulated 13.8% reduction in margin is also a conservative result. The actual reduction in
margin is Jess than 13.8% because the depth of the concrete compression block sould be recaloulated for the reduced
effeciive reinforcement sirength.
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] where A, is the area of shear reinforcernent, £, is the reinforcement specified yield strength, b,
is the thickness of the wall, and s is the shear reinforcement spacing.

The required development length {4 of a reinforcing bar of size #11 ot less (applicable to all
areas of concern for ASR degradation) (Reference 3, Sectivn 12.5(a)) is:

la’ = u..u4;l;,f Y4 { 13)

| where A, is the cross-sectional area of a single bar and , is the specified compressive sirength
of the concrete.

The required de vc]opmém length of a retnforcing bar accounting for the actual area of sieel
provided {A,yrop)) beyond that required by design (A,(;¢q)) (Reference 3, Sec. 12.5(d)) and a
patential 40% reduction of development strength due to ASR (Reference 4, Table 4 is:

= 1. ‘”d Faran) g5 (14)

Id (AS8#} v{pm.a 3

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 development length and the
allowable rebar stress f(oppy iS5

facasry _ ldiprov) 1
HASRY  ldiprov) 5)
b Fyters) ¢

Sviving the relationship in Eq. 15 for f,c.zry results in:

- Lgimron ‘!fy (16) .

£ yleff) {4iasr )

Substituting £y (er5y for f; in Eq. 12 and considering a 23% strength increase relative to the ACI
Code Equations (as justified in Reference 5) results in:

- 123?.1\3.'2;:_;.’151& an

* The varigble /f7, carries the units psi and the soefficient carries the units | =
# See Section 5.2 of this ealculation for a discussion of the applicability of !hc factor Ayreq Y Avipra) W
reinforcement which requires develapment for full £,
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Substituting the right side 0T Eq. 16 for f, .z resultsin

’ds’wn[ ey
. *"’(”‘“"")( TIASH) )
vy = 1.23-

(18)

bas

Substituting the right side of Eq. 14 for Iy sz, results in:
Aurs (’_'éﬁqxu. \
swlprog )\ e . ’im)-{ .
V_; = 123 S viprew ) (} 9}

bus

Simplifying the expression:

- (123 v(grev ) ld(prou )f Y)( 1
Vs = {.1-4 ( 4‘_“"‘.\ )( 14 [y ) (2{'})

Substituting the right side of Eq. 13 for [y and setting 4} equal 10 4,74 results in the
reinforcement shear capacity for a wall width equal to the rebar spacing:

v, = () cpgmmle (1) en
“i4 A 3 ¥ bws t
vivegy Sy T .“_Sr{;?ﬂ) w
Simplifying the expression:
(‘U 379)( v{proy )) (i?(ﬂlv'a s’vf l) (ﬂw !} (223
A (regy

The ¢ffect of the potential strength reduction and the documented code conservatism an the stee]

component of the shear capacity is a factor of 0.879 on capacity, or 8 13.8% reduction in margin.

The 13.8% margin reduction is less than the arithmetic sum of the 40% reduction and the 23%
- increase. Therefore, it is conservative to use 17% as the screening criterion.

arasarpaa e
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Normalized Hilti Kwik Bolt Capacities

This appendix provides capacities for Hilti Kwik Boltl and Kwik Bolt 2 designs in service at
Seabrook Station, The anchor capacities are nommalized to the theoretical capacity using the
same method applied to test results performed at FSEL as part of this assessment
{Reference 9.2.7). Plots of normalized anchor capacity as a function of embedment depth, -
shown in Figure B-1 and Figure B-2, are discussed in Section 7.3 of this report.

Table B-1 and Table B-2 list the design tensile allowable lvad for the range of Hilti Kwik Bolt
apd 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
faiture 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-1 and Table B-2. The theoreticat
anchor capacity is calculated using the following equation, which is explained in Section 7.4.2,

v BekJRRF
Nb PP AL A
E, .

where:

Np =  Concrete breakout capacity for a single anchor remote from edges (Iby)

TS 1.0 for cracked concrete

k = 17 for expension anchors

fo =  Specified 28-day concrete compressive strength (5,000 psi}

he =  Effective embedment depth {in}

Fn = (0.7, factor to correct from 5% fractile to mean failure. This ratio represents
standdard industry practice, and is based on typical sample sizes and
coefficients of variation for breakout fest.

MPR-3727 .
Revision 1 B-1
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Table B-1. Hilti Kwik Bolt Normalized Capacities

MPR-3T27
Revigion )

Page 177 of 182

Diamster | Embedment | Design Allowabls | Design Tenslie | Theoretical Nomnafized
{in) Depth {in}) | Tensite Load {ib) | Capacity (s)° | Capacity {Ib)’ |  Capacity’
225 1,255 5,020 4,489 112
2.5 1,440 5,780 5258 .10
275 1 825 6,500 5,066 1.07
o3 35 2,065 8,220 8,710 0.84
4.5 2,315 8,260 12,698 073
55 2.540 18,160 17,158 0.58
2.75 1,500 8,000 6,066 0.99
35 1920 7,680 8,710 088
0625 4.0 2 145 8,580 10,641 Q.84
45 2375 8,500 12,698 075
55 2730 10,820 17,158 064
8.5 3 005 12,020 22,044 0.55
3.25 2290 9,180 7,764 1.18
40 2 800 11,580 10,641 1.08
0.75 5.0 3525 14,100 14,872 D.95
6.0 3,975 15,800 19,550 0.81
7.4 4,600 18,400 24635 0.75
4.5 3,750 16,000 12,698 1.18
5.0 4,300 17,200 14,872 1,18
1o &.q 5130 20530 19.550 105 |
7.0 5,200 20,800 24,635 0.84
58 5,250 21,000 17,188 122
! 8.5 6.000 24,360 22,044 1.11
195 70 6,465 25,880 24,635 1.05
7.5 8,840 27,360 27.321 1.00
85 7 485 28 860 32,654 4o
g5 8,000 32,000 38,948 0682
Notes: :
1. Reference 9.6.5
2. Design Capatily = Design Allowabie Load x 4 (Safety Facior)
3. Theoretical capacity based on mean fallure in cracked concrete {See text above).
4. Normalized Capacity = Design Capacity / Thecretical Capacity
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Tabie B-2. Hilti Kwik Bolt 2 Narmalized Capacitiss _

Embedment

Diamator Dasign Aliowable | Denign Yensile | Theoretical Normalized
(i) Depth (in) | Tenslle Load ib)' | Capacity (ib)* | Capacity Ib)* | Capacity®
0.2% 1.125 308 1,370 1,687 0.78

2.0 555 2,680 3,762 0.56
3.75 C 825 2,990 B8.6680 0.28
D375 1626 613 3,420 2,755 0.89
2.5 1,208 5,830 5,258 0.82
4.25 1,300 8,845 11,855 0.45
Y 2.35 1,231 5,355 4,489 110
35 2,000 8,185 8,710 D.82
6.0 2,163 8,830 18,550 0.44
0.625 276 1,750 7,750 6,066 1.15
4.0 2,668 11,335 10841 1.00
7.0 3,250 43,850 24,635 0.63
0.75 328 24175 4,100 7,794 112
4.75 2,875 15,985 13,771 1.13
B.0 4,626 21,970 30,099 D51
1.00 48 3.800 16,200 12,608 128
8.0 5,625 22,500 18,550 1.15
| 0.0 7,188 28,750 35,915 080 |
Notes: - '
1. Reference B85
2. Design Capacity = Design Allowable Load x 4 {Safety Factor)
3. Theorslical capacly based on mean failurg in cracked concrate (Ses texi above).
4. Nomalized Capacity = Design Capacity / Theoratical Capacity
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FP 100716 Supplement |
- Supplement to MPR Report 3727
Seabrook Station: impact of ASR on Concrete Structures and Attachments

Discussion

FP 100716 (MPR Report -3727) “Seabrook Station: Tmpact 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 arcas of concem for a total
of fifteen) where there may not be sufficient margin to satisfy the applicable design
requirements per ACI 318-71 (FP 100716, Table 6-6). This supplement identifies
additional available margin (o assure structural integrity.

The additional available margin, based on the existing design basis calculations, at the
nine locations identified was computed in Calculation C-8-1-10168. The approach used
the design basis calculations as an analysis template and guantified the available margin
based on removing load factors applied to the load dead load, live load, hydrodynamic
and seismic loadings. Where apptopriate 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.
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Table of Margin Assessments

Wali Evaluation ASR Effect Capacity Demand Margin vs ASR Effect
(FP 100716) | {C-5-1-10168) Reduction
RHR Vault, Various Rooms
El (1} 4% | Out of Plane Concrete
4 Ext Wall Shear Shear v, = 108 psi v, = 58.3 psi 48.5% > 25% reduction
Capacity
Reduce 25% |
Emergency Feedwater Pumphouse, Room EFST?
East Vertical )
Reinf. forin- | Embedment & | A=3.18in%/ft | A= 155in%/f 51% > 17% reduction
plane Splice Length
Momeni Et | Increased 17%
O to 27
RCA Tunnel
ME Corner Vertical '
Tunnel Reinf. Pe = 26.8 kip P; = 13.9 kip 47 .6% > 40% reduction
Flexure and | Embedment & -
Compression | Splice Length
NE Comer | Horizontal | lncreased 40% 39% ~ 40% reduction
Tunnel | Reinf. Shear A=088inYft | A=0.54in%fl | (within conservative methods of
_ determining the reduction)
West Wall | Flexure and
Core Bore Tension P, =220 kip P, = 10.1 Kkip 54% > 40% reduction
RCAW-12
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Table of Margin Assessments

{Continued)
Wall Evaluation | ASREffect | Capacity DPemand Margin vs ASR Effect
{(FP 100716) | (C-5-1-10168) Reduction
Diesel Genarator Building, Room DG102
East Flaxure Embedment &
Splice Length | A=208in%ft | A=141in/ft | 47.5% > 17% reduction
increased 17% _
Cooling Tower
South, £} Horiz. reinf. | Embedment &
3210 39, | forin-plane | Splice Length | A= 158in% ft A = 1.25in% ft 20% > 17% reduction
Cols A-D shear, Increased
bending and 17%
tension
i South, El. | Outof Plane Congrete
{-)8to27 Shear Shear v, = 141 psi v, = 73.6 psi 34% > 25% reduction
Capacity '
Reduce 25%
South, El. | Vert. reinf. for | Embedment &
21" to 45 bending Splice Length | A=0.78in¥ft | A=054in%ft 32% > 17% reduction
Increased
17%
South, El. § Vert. reinf. for | Embedment &
>50', Cols | bending and | Splice Length | A=0.79in% f A =0.53in"f ft 33% > 17% reduction
DK tension Increased '
17%
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FP 106716 Supplement il
Supplement to MPR Report 3727 -
Ssabrook Station: impact of ASR on Concrete Structures and Attachments

Supplement [I: Remainder of Structures with CCl > 1.0

1.0 ASR Affected Areas

The remainder of the structures with CCI > 1.0 and not previously evaluated in Interim
Assessment of ASR Affected Structures are described in Table 1,

TABLE 1 -~ REMAINDER OF STRUCTURES LIST

BUILDING ELEY. STRUCTURAL ELEMENT MPR ID NO,
RHR Vault 258" Roof Slab : RHREVR-01
RHR Vault (- 810" East Wall RVST2.01
East Pipe Chase - MF207 3.0 Floor Slab MFE207-01
West Pipa Chase - MF203 0 Flogr Slab MF203-01
West Pipe Chase « MF204 12-0° Pipe Tunnel _ MF204-01
PAB Penetration Area - PB103 -y 280 North Interior Wafl FB103-01
PAB Peretlration Area ~ MF102 - () 19°-0° East Wall - Cortainment MF102-1
PAB Penetration Area — MF103 {-) 260" North Interior Wall MF103-01
Condensate Storage Tank 23;0;}0 Exterior - Cylinder Walls CSTE-O1
86" . :
Electrical Tunnel B —~ MF101 (-} 20-0" - Floor Slab - MF101-01
Electrical Tunnel B - MF101 - (-) 200" ‘Walls MF101-01
_ ' CA-O1
Electrical Tunnel B — MF101 (- aU-0* Floor Slab MF101-01
CA-O1
Electrical Tunne! B — MF101 () 200" Walis T MF101-01
- CA-01
Electrical Tunnel 8 — EF101 () 200" Fiogr Stab EF101-01
Discharge Structure 230" West Exterior Wall DSE-{01

MPR ID No. refers to the FP 100705 ASR Walkdown package identification number.
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FP 100716 Supplement Il

Supplement to MPR Report 3727 ~
Seabrook Station: Impact of ASR on Concrete Structurss and Aftachments

2.0 Reviewed Calcuiations

The calculations and/or documents reviewed to determine ASR impact oo the Remainder
of Structures are listed in Table 2. '

Table 2 ~ CALCULATIONS IEWED
BUILDING STRUCTURAL ELERENT MPR I NO, CALC
RHR Vauit Reof Slab RHREVR-01 PB-32
RHR Vault East Wall RVST2-01 FP 100718
East Pipe Chase - MF207 Floor Slab MF207-01 EM-18
West Pipe Chase - MF203 Floor Siab MF203-01 EM-20
. \West Pipe Chage - MF204 Pipe Tunnel MF204-01 NA
PAB Penetration Area - PB103 North interior Wall PB103-01 PB-21
PAB Penetration Area ~ MF102 East Wall - Containment MF102-1 AR 1804477
PAE Penstration Area - MF103 North interior Wall MF103-01 EM-31
Condensate Storage Tank Exterior - Cylinder Walls CSTE-01 MT-21
Electrical Tunnet B — MF101 FloorStab MF101-01 EM-2
Electrical Tunnel B ~ MF101 Walls MF101<01 EM-2
Etectrical Tunnei B — MF101 Floor Siab MF101-99 EM-15
Elactrice Tunne} B — MF101 Walls MF101-01 EM-156
Electrical Tunnel B ~ EF101 Floar Stab EF101-01 FP 100718
Discharge Structure Vvest Extador Wall DSE-O1 CW-38

3.0 Evaluation General Methodology

The general area of ASR degradation for a given structure is identified from walkdown
reporis (MPR ID MNo.) in FP100715 Seabrook Station: Summary of Alkali-Silica Reaction
Walkdown Results. The calculation that governs the design of the structure is reviewed
for the design parameters assoctated with the general area of ASR depradation. The
element demand and capacity are recorded, 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 further
investigation is performed to establish more represemtative demand for the area of

irterest.

‘The results of the evaluation are found in Table 3,
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Bupplemsnt to PR Report 3727 -
Seabrook Statian: Impact of ASR on Concrets Structures and Attachments
T 387 3.
BJiLDING " ELEV. : STRUCTURAL | MPRIDHO. | CALC | PAGE | w0ADE | £ EVALUATION DEMAND | CAPAGITY { MARGIM | TARQET ASR NOTES
ELEMENT ipsl) {sheer/floxure) A} % CONCERN
ccgm —— (/)
RHR Vit 26"6° . Roof Sizb RHREVR-0Y | PB-S2 7 TE 3000 Fleae £.082 iR | 0,79 b 0% 4% N
‘ Min. Reinforcing | G.648 £/ | 0.73 int/l 16% <4R%% N Acceptable, nne Nele ©
- Cht of Plane Shear | 16.8 pei 108 pai 6% S25% N _
RHR auit (510 vzl RVST2-01 | Evakmsted 3 FP 100718 Tabls A us part of RHR Vauils
Esit Pipes Chase | 307 Floor Sleb MF207-01 | EM16 | 69 E 000 | Outof Plane Shinar | §1.8 KR 824 KH 1 42% 2B N
mEzay . __Flexue 526 Rkl | BE1 MR % <40% N Acceptatle, aee Nals C
Wee, Ppe Chaso | .07 Floor Stab~ §- MFR030% | EM-20 | 148D E 3008 Floyivg 158 fim 1 B G A BE% 240% N -
MF203 ) Quit of Plane 21,8 pat 110 p¥ &% »28% N
Weet Pips Chase 20 Pipe Tynnsd WMFI0401 | Pipa timnal 5 8 a0 (it 1uns theough the 13 toot thick personnat infch anes mal. Theea Is no analysia of the mat The gurpage of the mat 8 1o provide &
MF204 fourndation for the personne: hach area .
PAD Penayation | 1) 2607 | Norh terlor | PO103-01 | PR-41 | 322 3 3000 | Flewwro (veit) TEA4 R | 68 feiuht Ta% prtirny N
, Aros - PRA0G sl : Flexurs (horz) | 243668 | BARWR | S8 L 240% N
PAB Panabation | [-) 18°0° East Wall WE102-T | Coviamnent wally ars evaieated i inpect of ASR on Seabrook Sieton Cerisinment Sl (AR 1BE4477). The evakiation was. completad for AR
Area — MF102 Cortairmment 1804477 Prompt Operasility Dmenninmhn snd Is found in the AR EDMIS falder. The evakation damonsirates that Gontainment struchsral conaidering
dogradabon fiom @&g‘g’m__qj_ns abova the Rl current Heenuin ign B} of ASME Section I, Division 2.
PAB Penatimtion | () 26'0° | Nonh interior MF183-01 | EM3Y 19 E Flexyre (vert) [ D37 In Th2amM | B4% | 40% N
Alng — MF103 Wall Flaxyo (hortz) 1 082N 1 1.20 ovA- 48% >4D% N
Condersate 230" | Cytinder Walle CSTE-1 | MT.23 | 70, 71 E 2000 Flaxire 1I8RKM ; 9D RIE oB% ;|  >aD% N
Storage Tark _.. 66'0" e Qutof Plane Shear | 5.02%A_§ 2344 78% >26% N
82, 83 T Haop Reinforcing | 014 ta 1137 in'm 95% »40% N
: Verticsd Rednforeing | 0,38 /R 11864 7% »30% N
Eleclrical Tunnet 8§ () 200" Floor Mab MF101-01 EM-2 | A2A HE 3060 Flaxure 175 | 34210 44% . >40% N
~WF101 ’ 828 Out of Pl Shear {  58.8 oni 114 pxi $7% »25% N
Elacirical Tuanel B | () 20T Wals METDT DY EMZ 31,417 HE 3030 Flexurs 267 BNt | R15 gl 3B% ~40% N Accaptable, see Note €.
- ME101 CA-01 Ou of Plang Shear 76 pai 110 pai 31 % w255 ] With reduced Ioag factars,
referance C-S-1-10185
Ewedrical Tunnel B { {5209 | Fror Slab WFI0T01 | EM1E | 30 HE 30 Floxure | 028im7% | 312000 | 92% »49% N
~ME101 : Ca-01 Ouiuf Plons Shasr | 24pw 110 o Te% >25% N
Bledirical Turmed B § () 2000 Wadp. WMF104-0Y | EM-1R | 40 H E 3000t Freve BROGNM | 1a7fm | S5 ~40% N
~ NF01 . LAt Ot of Plane Shear @ S8 pisi 110 psl 7% >25% N
Emngr Tgnne{ 8 (oD Flioor b EF101-01 | Evalusied in FP 100718 Table H. Thers &no caltgstion :m:mbseﬁn' the design of this flour statyrat.
- EF10¢
Dimcharge I3 | Weat Exdarnat DEE-GT | CW-38 | 30 T 3900 | G Place Ghaae | 10 psi 128 sl 82% 225% i) Abave grade loads,
Structure wali ! Floare (hord | DA7i0M | 20800 | 92% 1 ~40% N refzeenoe C-5-1.10108
SUPPI-301§




FP 100716 Supplemsnt Il
Supplement to MPR Report 3727 -
Seabrook Station: Impact of ASR on Cancrate Structures and At&chments

T — Tornado

E — Earthguake
H - Hydrostatic
S - Surcharge

Notes:
(A) Margin = 100 { capacity — demand ) / capacity

(B) Lap splice length and embedment length are important to three fypes of
evaluations: (1) reinforcement to carry bending momerts, (2) reinforcement to carry
in-plane shear Joads, 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 concrets is not
representative of the expected lap splice performance in ASR-affected concrate at
Seabrook Station.

- The 40% reduction is based on a test method which is outdated and known to
be unrealistic. in Referance 8.1.2, AC! Committee 408 indicates that the rebar
pulicut test is “the least realistic” test of the four test methods that they
evaluated. Further, they state that. ".. the use of pullout test resulls as the sole

- basgis for detesmining development length is inappropriate and not
recommended by Committee 408.” The 40% reduction value was applied
despite this admanishiment as # is conservatively derived from the most
relevant data available.

~ The test used rainforcing steel much smaller than typicat reinforcing steel used

at Seabrook Station. Remforcement anchorage is known as a limit state that
does not scale wall,

- 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 ACH 408
Committee's strong statement on the suitabllity and reliability of rebar pullout

- jesting suggest that there is significant uncertainty in the screening criterion that
was applied: Ifis concluded that there Is reasonable assurance that the
structures are adequate for an interim period.
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Seahrook Station: Impact of ASR on Concrete Structures and Atlachmenta

4.0 Evaluations without Sufficient Antfcipated Margin

None,
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FP 100716 SUPPLEMENT Ill to MPR REPORT 3727

EVALUATION SUMMARY FOR ASR AREAS WITH COMBINED CRACKING INDEX > 1.0

MPR
Room/ CClL:
Structure & Elev Structural Walkdown Evaluation Conclusions of
rt Rerference Evaluation
Element ID Number {(Two values |
means two areas
wi CCl > 1.0}
Condensate Structure .is capable of
Storage Tank ngggstfure CSTE-01 1.275 mmim Fpmggissupp H performing its design
Enclosure basis function
. Structure is capable of
o Couoling Tower 1.75 mm/m FP100716 Table J. . )
Coaling Tower - ; CTE-O1 performing its design
Exterior 1.575 mm/m C-8-1-10168 basis function
. | FP100718 SUPP H Structure is capabie of
E‘e‘:‘"‘;“‘z'g unnel B 1 MF101 (Walls) | MF101-01 1.1 mm/m Table 3 performing its design
(-) 20~ C-8-1-10168 basis function
, o . Structure is capable of
E“e"tg‘;azfg‘:_‘g.‘."e’ B MF101 (Floo) |  MF101-01 1475mmm | FP100710 QSQJPP | performing its design
basis function -
. Structure is capable of
! E'e""’caz'g Hne! B 1 EF101 (Floor) | EF101-01 1.85 rmi/m FP100716 Table H performing its design
() 20~ : basis function
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FP 100716 SUPPLEMENT i to MPR REPORT 3727

EVALUATION SUMMARY FOR ASR AREAS WITH COMBINED CRACKING INDEX > 1.0

: MPR :
Room / cCk:
Structure & Elev Structural Walkdown Evaluation Cnncluaio.ns of
Report Rerference Evaluation
Element ID Number (Two values
' meang two areas
w! CCl > 1.0)
Main Stesm and Structure is capable of
Feed Water East | MF207 (Floor) | MF207-01 3.225 mmim FP"’%&SSUPP 1 performing its design
Pipe Chase 3-0" basis function
Main Steam and | East Pipe " Structure is capable of
Feed Water East | ., v torins MFE-01 1.85 mm/m FP100716 Table | performing its design
Pipe Chase 12°-0" basis function.
Main Steam and _ Structure is capable of
Feed Water West | MF203 (Floor) | MF203-01 1.0 mmim FPA00716 SUPPIL | performing its design
Pipe Chase 3-0" basis function
Main Steam and MF204 (Pi See Notes - Structure is capable of
Feed Water West TQ A ne!}pe MF204-01 1.375 mmim FP100716 SUPP 1l performing its design .
Pipe Chase 120" Table3d - basis function
_ . _ Structure is capable of
RHR Vault RHR Vault RHREVR-01 1.1 mm/m FP100716 SUPF performing its design
(Roof Siab) | ) Table 3 basis funclion
SUPP il -2 of 6
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FP 100716 SUPPLEMENT HI to MPR REPORT 3727

EVALUATION SUMMARY FOR ASR AREAS WITH COMBINED CRACKING INDEX >1.0

Room / Waﬁ?: n Cet: Evaluation Conclusions of
Structure & Elev Structural W .
Report Rerference Evaluation
Element (D Number {Two values
: means two areas
w/ CCi > 1.0)
. ' . _ Structure is capabie. of
Jorvioe Water | SWRREXterior | swE-01 LA mn”;ﬁ" FP100716 Table K | performing its design
P ans Lo m basis function
' FP100716 SUPP 11 - Structure is capable of
Discharge Structure | Exterior Walls DSE-01 1.45 mm/m Table 3 performing its design
' C-8-1-10168 basis function
Structure is capable of
EFW Pump house |  EFST1 EFST-01 1ismmim | D078 Table B performing its design
basis function
PAB Piping Structure is capabie of
Penetration MF102 (North | MF102-02 1.9 mm/m FP100716 Table G |  performing its design
{-) 346" basis function

SUPP il -3 of 6
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EVALUATION SUMMARY FOR ASR AREAS WITH COMBINED CRACKING INDEX > 1.0

MPR
Room/ cCl: . . '
Walkdown Evaluation Conclusions of
Structurs & Elev Structural : - \
Element IDRk:fm i (Two values _ Rerferance Evaluation
it means two areas ‘
w! CCl > 1.0). |
PAB Piping MF102 (East FP100716 SUPP {i Structure is capable of
Penetration Wall) MF102-01 1.675 mm/m Tabie 3 performing its design
{-) 346" ' AR 1804477 basis function
PAB Piping Structure is capable of
Penetration MF103 MF103-02 1.45 mm/m O s | performing its design
{-) 260" basis function
PAB Piping : Structure is capable of
Penetration PB103 PB103-01 145mmm | TPIOOTIESUPPH 1 pertorming its design
{-) 26’-0" _ ' : basis function
Primary Auxilary _ Structure is capable of
Building PB205 PB205-01 2.525 mmdm FP100716 Table F- performing its design
(- e-0" - ' basis function
SUPP lil 4 of 6
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FP 100716 SUPPLEMENT Il fo MPR REPORT 3727

EVALUATION SUMMARY FOR ASR AREAS WITH COMBINED CRACKING INDEX > 1.0

MPR :
Room / ; CCh: .
Structure & Elev Structural Walkdown Evaluation Conclusw_na of
Report Rerference Evaluation
: Element ID Number (Two values . :
' means two areas
wi CCi> 1.0}
- Structure is capable of
RHR Vault RVIOTCBS | pyypi.0 1.35 mm/m FP100T16 Table A |  performing ifs design
() 61-0 Pump A Room basis function
. , Structure is capable of
RHR Vaul RV301 RV301-01 1425 mmim | TPA00716Table A, 1 ° orming its design
() 3110 C-8-1-10188 basis function
' , - Structure is capable of
RHR Yau’!‘t RV302 RV302-01 2.0 mmim FP1 0_071 € Tabie A, - performing its design
{-) 3110 C-S-1-10168 basis function
- ' Structure is capable of
RVST2 - Table M.3, s .
RHR Vault Stairwell B RVST2-01 1.2 mm/m FP100716 Table A pen;)o:sr;;nf% :;t:t icc!;s:gn
- : | - Structure is capable of
DGB DG 102 East FP100716 Table E, . .
(-} 16-00" Wall Calc CA-01 0.638 mm/m C-5-1.10168 ;:nerlfjcarﬁ:\;nfg‘;j r:fzrgisngn
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EVALUATION SUMMARY FOR ASR AREAS WITH COMBINED CRACKING INDEX > 1.0

MPR
Room!/ col: . ]
Walkdown Evaluation Conclusions of
Structure & Elev Structural .
Element !D%:lxlr?tger (Two values Rerference Evaluation
means two areas
wi CCI > 1.0)
Electrical Tunnel B | MF 101 West FP100716 SUPP | | Stuctureis capable of
PP Calc CA-01 0.77 mmim ' performing #s design
¢) 200 Wal Table 3 basis function
L . Structure is capable of
e o | casty | Corebore - FP100716 Table C | performing its design
samp a | basis function
,_ Structure is capable of
Core bore FP1007168 Table D i .
RCA Tunnel EM104 . ? performing its design
sample arsa C-5-1-10168 basis function
SUPP Il -60f6
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FP 100716 Supplement IV
~ Supplement to MPR Report 3727 —
Seabrook Station: Impact of ASR on Concrets 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.

JABLE 1~ ADDITIONAL CCi > 1.0 STRUCTURES LIST

BUILDING ELEV. STRUCTURAL ELEMENT 1D NO.

Cooling Tower Exterior - CTE 25-0" | Exterlor South Wall CTE-Q2

PAB Penefration Area - MF105 (-} 260" | South Wall Room MF105 MF 105-01
| West Pipe Chase - MF202 120" South Wall Exterior Pipe Vault | MF202-02

2.0 Reviewed Cafculations

The calculations and/or documents reviewed to determine ASR nnpact on the structures are

listed in Table 2,
Table 2 ~ CALCULATIONS REVIEWED
BUILDING STRUCTURAL ELEMENT 1D NC. CALC
Cooling Tower Exterior - CTE Exterior South Wall CTE-02 C-8-1-10188
PAB Penetration Area ~ MF105 Sauth Wali Room MF105 MF105-01 EM-31
West Pipe Chase - MF202 South Wali Exterior Pipe Vault | MF202-02 EM-20

3.0 Evaluation General Methodology

The gencral area of ASR degradation for a piven structure is identified from walkdown reports in
FP100830. 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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FP 100716 Supplement iV
Supplement to PR Report 3727 —.
Spabrook Statlon: Impact of ASR on Concrote Structures and Attachmants

YABLE 3 -~ STRUCTURAL ELEMERT EVALUATIONS
BUILDING ELEY. | STRUCTURAL 1D NO. GALC | PAGE | LOADS 1. EVALUATION DEMAND { CAPACITY | MARGIN | TARGET ASR NOTES
E£LEMENT {pat) | (shearfflexurs) A % CONCERN
. [YIN)
Cooling Tower ~25-0 Wall CTE-D2 C-8-1- | 19-25 TE 3000 in Plane Shosr 126 0°1 | 158 In"R 20% 17% N Comparison to CTE-01,
Exterior 10188 | same fogation Unil 1 end of
siruciure,
PAB Piping -)28'0° Watt MF1058-01 | EM-31 | 5-10 E 3000 | Outof Plane Shear | 397kt | 8278 1R | 111.3% 5% N
Fan o AroA Fiexure Z32WR | 3012 | 406% | 40% ¥
West Pipe Chase | 12'0° Wall MF202-02 | EM-20 11454 - T.E 3000 Flaxure 108i°R | 156mR 41% 0% N
MF202 145F
T Tomado
£ — Earthquake
# - Hydrostatin
S - Surcharge
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FP 100716 Supplement IV
~ Supplement to MPR Report 3727 ~ .
- 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 puflout 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
relevamt 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 Statian 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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FP 100716 Supplement IV

Supplement to MPR Report 3727 —

EVALUATION SUMMARY FOR ASR AREAS WITH COMBINED CRACKING INDEX > 1.0

SUPPIV-4of 4

: Room / ' | Conclusions of
Structure & Elov | Structural ID Number cct: Evaluation Rerference [ - oo "% U8 ns
' Element 8 Evaluation
Structure is capable
Couoling Tower | Cooling Tower FP100716 Table J. of performing its
250 Exterior CTE-02 141 mm/m C-5-1-10168 design basis
function
PAB Piping Structure is capable
Penetration MF-105 MFE105-01 1.61 mm/m C-5-1:10168 of dpe’.f""'g‘“g its
) 26-0° ' esign basis
2 function
Main Steam and MF202 : S‘gfmurrfirifn?apa:‘e
Feed Water West | (Exterior Pipe | MF202-02 1.22 mm/m C-§-1-10168 haibalinlcd
Pipe Chase 12-D" Chase) m’g ’




FP 100718 Supplement V
Supplement to MPR Report 3727 -
Seabrook Station: impact of ASR on Concrete Stmctures and Attachments

Supplement V: Additional Structures with CC! >1.0 -
Electrical Manholes

1.0 ASR Affected Areas

Electrical manholes with CCl > 1.0 were identified in FP 100845.

JABLE 1 — ADDITIONAL CCl1 > 1.0 STRUCTURES LIST

| BUILDING ELEV, STRUCTURAL ELEMENT | 1D NO.
Electical Manhole W03 Below Grade | Interior Wall _ T CIWo3-Wall
Electrical Manhole W05 Below Grade | Interior Wall Cl-WO5-Wall
Electrical Manhole W11 Below Grade | Interior Wall Cl-w11-Wall

2.0 Reviewed Calculations

The calculations and/or documents reviewed 1o determine ASR impact on the structures are
listed in Table 2.

Tabls 2 ~ CALCULATIONS REVIEWED

BUILDING STRUCTURAL ELEMENT ID NO. . CALC
Electrical Manhole W03 Inferior Wall CI-wWo03-Wall | C-8-1-10168 |
Electrical Manhole W05 interior Wall CI-wWos5-Wall | ¢-5-1-10168
Electrical Manhole W11 Interigr Wall Chwi1Wall | C-81-10168

3.0 Evaluation General Methodoiogy

The general area of ASR degradation for the electrical manholes s identified in
walkdown report in FP100845. 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 100718. The
results of the evaiuvation are found in Table 3.
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TABLE 3= STBUCTURA, ELEMENT EVALUATIONS

FP 100716 Supplemant V

Supplamerd to MPR Report 3727 -
Smahmk Eintion: Impact of ABR on Concretn Struchres and Atlachments

PAGE

NOTES

BULDING ELBY. {STRUCTURAL D NO, CALL LOADS £ EVALUATION DEMAND | CAPACITY { BARGIN | TARSEY ASR
ELEMENT {pat) abearifioxure} (Y % CONCERN
{9
Elaotical Below Wak CRWOIWeE | C8-1. | 3743 | EHE | 3000 | Outof Plane Shear 534 19 8 29 N
Mardoke W03 Cinth 0148 Frexute 16.41 27 72 80 3A Y] The tyee walls were
' — quaificd iy a rejresand-
Elecirical Bolow Wak CLWOSWall | 8- | 3743 | EN.S | 3000 | Otol Plarwe Shesr | 53.4 0] 108 b33 Y tatives anatyshs Bl
Manhale W05 Grage 1oves T Femre 16.41 27.72 65 ) N enveioped the thees wals,
Electical Btow Wak | CrWOIWak | 61 [ 3743 | ERB | 5000 | CulofPlane Shear | 834 710 166 % N[ o the values ace the
Marhale W1t Grade 10188 Flexure 6.4 3792 ) 49 N '
T - Tornedo
E -~ Earthquake
H — Hydrastatic
§ ~ Surcharge
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Supplement to MPR Report 3727 -
Seabmak Station: iImpact of ASR on Concrete Structures and Attachnmnts

Notes:
(A) Margin = 100 ( capacity — demand } / capacity

{B) Lap spiice length and embedment length are important o three types of
evaluations: (1) reinforcement to camy bending moments, (2} reinforcement to carry
in-piane shear toads, 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 8.1.2, ACI Commiftee 408 indicates that the rebar
pullout test is “the least realistic” test of the four test methads that they
evaluated. Further, they state that *...the use of puliout tesf resulfs as the sole
basis for determining devetopment length is inappropriate and not
recormmmended 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 réinforcing steel much smalies 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 siatement on the suitability and reliability of rebar putiout
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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EVALUATION SUMMARY FOR ASR AREAS OF ELECTRICAL MANHOLES WITH COMBINED
CRACKING iNDEX >1.0
Room / i{ A % : Conclusions of
Structure & Elev Structural ID Number { CCI \ Evaluation Rerference ' N
\ \ the Evaluation
Element \ _
. : _ Structure is capabie
Electrical Manhole | interior Wall CHWO03-Wall 1.84 C-5-1-10168 of performing its
W03 ' ' design basis
function
Structure is capable
Electrical Manhole | interior Wall ClWO0S-Wall 1.03 C-8-1-10168 of perfarming its
WO0s design basis
function
Structure is capable
Electrical Manhole | Inferior Wall | Cl-W11-Wall 0.99 C-5-1-10168 of performing its
w11 {Note 1) design basis
s ~__function
Note 1 - CCl 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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1 INTRODUCTION

Farly 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-siica reaction (ASR) in substructure components in both
South Africa and iapan ultimately led local authorities to carry out full-scale load tests of the
structures.™? 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 engineérs 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
meechanics of ASR within reinforced concrete structures.”

A summary of research concerning the performance of ASR-affected concrete structures is provided
within this white paper. The concepts and conclusians 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 dotument builds directly upon the work of Deschenes, Bayrak ang Folliard (2009), tn which
authoritative international perspectives (refer 1o Structural Effects of Alkoli-Silica Reaction issued by The
Institute of Structural Engineers, ISE in 1992) on alkali-silica reaction were largely verified.*”

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
consequences of ASR deterioration for particular structural details. in general, the sensitivity of a
structural detail to ASR-related expansion and cracking is dependent on:

e Quality of Reinforcement Detaliing
*  Severity of ASR Deterioration

The following sections will briefly touch upon all aspects of the ASR problem, from the microstructural
damage mechanisms to the globat 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 DETER!ORET!ON MECHANISMS OF ALKAL-SILICA REACTION

The chemical and physical mechanisms of atkatisilica seaction {ASR} subject concrete to expansive
farces, causing premature distress and the ioss of serviceability in affected structures. The following
discussion serves two purposes: {1} ta infragduge the deteriaration mechanisms of zlkali-sitica reaction,
and (2) to illustrate the great number of factors that contribute to the farge variability in the
performance of ASR-affected concrete materials and structures.

2.1 MICROSTRUCTURAL DAMAGE PROCESSES

Alkab-silica reaction occurs between alkali hydroxides in the concrete pore solution and reactive
minerais within the aggragates, The development of destructive ASR may be visuslized as a two-step
ptocess, shown in Figure 1. '

Ntk b 1 e PR

atkali cement+ expansive gel cracking of the
reactive aggregate ' aggregate and paste

Flgure 1: Alkafi-Silka Reaction

Reactive sifica phases within the coarse and/or fine aggregates are chemically unstable in the presence
of the highly basic fluid (pH 2 12.5) of dissalved alkafi hydroxides. The sifica {SiC,) rapidly dissolves and
seacts with the alkalis (Na+, K+) to form a viscous gel The gel readily absarbs water and swells,
generating pressure within the aggregate particles and hardened cement pasta, In the presente of
sufficient maisture, the pressure has been shown to exceed 1500 psi.® Such pressure easily exceeds the _
tensile strength of conventional concrete. The most severe cases of ASR produce a damaging network of
microcracks, resulting in bulk expansion of the concrete {not necessarily isotropicl and severe
deterioration of its mechanical properties.

it is important to note that the presence of viscous gel does not necassarily indicate destructive ASR,
Swelling characteristics of the gel are influenced by 2 number of factors (bripfly discussed below) and
the resulting pressures may be gccommodated withaut deleterfous cracking. As s result, care must be
taken when evaluating deterlorated concrete as the presence of mnocuous ASR gel can fead to
misdiagnosis.” Physical deteripration is anly attributed to ASR when it clearly originates from the
reactive aggregate. Several petrographic features are commonly found within the aggregate and

OGUZHAN BAYRAK, P.E. 2
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surraunding concrete matrix: mucrocracks, reaction rims, cement paste debonding, and alkali-silica gel
{Figure 2).

; - , du? ‘T"l'
A4 &% ? Y g::%

Figure 2; Petrographic Features of ASR *

The potential for physical distress due to alkali-silica reaction is dependent on three conditions: {1} a
reactive aggregate, {2] a high ooncertration of alkalis within the pore solution, and {3) the prasence of
sufficient molsture.

Table 1: Three Necessities of ASR and Related Sources of Variability

Reactive

o Suffident gm, Sufficient
Aggregate - - Alkali T Molsture
T
Amacunt oF Rezctlve Aeuint of Cetnert volume1o-Sutfoce Aiea
il n Aggresnte | Ratio
Cemant Akah Conrent |
Roactity Level of Selica | WaterteC ement atio
Hkalisirom bggregates,
Ageregite Particls Sxe Asmintutes, 1. | Peomeata ity

:
Uistribution m Mixture | Migredonens Lesching Chimate pod Exposure
of Afkalls

I

i{fﬁcdammd by Eievated Temperature

%l

Once initiated, the reaction is highdy sensitive to any preexisting or transient conditions that may alter
the avallability of any one of the three necessities {as shown in Table 1). The wide range of matarials,
mixture characteristics and exposure conditions found within a single roncrete element leads to
significant variation of the associated deteriaration over the structure’s gepmetry and service life (aithin
a well-controlled lsboratory setting as well as in the field), It is aiso important 1o note that physical

0 Externai Sources of Atkal)

DGUZHAN BAYRAK, P.E. 3
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nnnssaAanA A

restraint of the expansion in one of more directions {as a result of internal reinforcement, external
forces, etc.) wilt further influence the magnitude and direction of the deterioration aver the structure's
geometry. :

2.2 EXTERNAL MANIFESTATION OF ALKALI-SILICA REACTION

in plain concrete materials, the deterioration process manifests ltself as map {or patiern] cracking at the
surface of the member over time {Figure 3}, The appearsnce of the cracking has often been the source
of much concern to practicing enginears as cracks typically indicate structural distress, It is not
uncommeoen {ar unwarranted) for those unfamiliar with the consequences of ASK to presume that the
growth of ASR-related expansion {and cracking) is related 1o a loss of structural capacity.

@) ~ @ K ~’/ o
L - P, ey v
/,f/ e 57 ‘L.\ P
f e
H PR 3 s ¢ } | Ravsiucas axpaotion foe ] . l Mucyezrack erazky
E % t b o e aching, evaporaliin, i M _f ¢ devekp m divecon
3 X . e ] i widpoiosty. i . acrmto surface
H " y; > 7 \ T Reductionin mlerne ey e = e Mitroeracks devilop
“ o A - resaninomao sutace. 1y | . TS | wiresidiosuae,
. . - Y
- v e O, ; s T et e e e
. 1 N TN
¢ Dol A v, 0 -
G . v | Expangionin sl 7 P ‘
P SRR L NIRRT beworaivicn
g 5 ‘-{ "‘{ sppliedluads presiress, . W .- # - restrarc i e xpansion.
2 e ar rginfottgment. . A A
=t » - - 7 -
5 g - N . . -
™

Figura 3: [A) Expansion and {B] Cracking due to ASR {Adapted from Reference 9)

A number of laboratory studies have been conducted to identify the strength and serviceahbility
implications af ASR in both plain and reinforced toncrete elements. State-of-the-art insights with
regards 1o the ASR-related luss of concrete material strength and structural performance will be
reviewed in Sections 3 and 4. As noted above, the vulnerability of a structursl element 1o ASR &
dependent on & number of factors and Is not necessarily controlled by the ASR-related Joss of concrete
material streagth (often determined by mechanical testing on concrate cores).

3 ASR-RELATED DEGRADATION OF MECHANICAL PROPERTIES

[EHEH

OGUZHAN BAYRAK, P.E. ' 4
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4 PERFORMANCE OF ASR-AFFECTED STRUCTURES

=

(b:

4.1 INFLUENCE OF STRUCTURAL RESTRAINTS

CHER
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4.2 SUMMARY OF STRUCTURAL ENGINEERING RESEARCH
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4.3 ROLE OF CONFINEMENT IN STRUCTURAL INTEGRITY
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5 MANAGEMENT OF ASR-AFFECTED STRULTURES

F'l'bi:M.:

5.1 METHODS FOR INITIAL ASSESSMENT

[HEH
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5.2 LONG-TERM MONITORING TECHNIQUES
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