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{— engineering and constructing a better tomorrow

‘November 11 2009

Mr: Craig Miller

. Progress Energy
(352) 795-6486 ex. 1026’
Craig. miller@pgnmail.com.

Subject: Report of Petrographic Observations
Crystal River Containment Wall
Steam Generator Replacement Project:
Crystal River Nuclear Generating Facility, Florida
MACTEC Project No, 6468-09-2535

MACTEC Engineering and “Consilting,. Inc: (MACTEC):-is pleased -onz- present this report of our
petrographic -observations performed on two concrete cores that were shipped to: our labof_fagory-_ under:
* chain .of custody: An additional core was received under chain of custody for limited observations. Ttis
- our understanding the: two_ cores submitted for petrographic observatibns are from ‘an ‘area of the
‘containment: wall where ‘a fracture was discovered .ruaning parallel to the surface at a depth..of
approxzmateiy 8 to 9 inches. We understand the core.that was subm;ttcd fof limited- observations was |

- from an area where the sub;ect fracture had not- occurred;

_The cores submitted are as foiib@’é:

Core Number | Laboratory Number R ‘Description of the Core
. Assigned by L ' T
3 21269 + From an area where the fracture had gecurred:
2 21270 _From an area where the fracture had not occurred
7 2127k | From an area:where the fracture had occurred.

Each core was photo-docurnented as received and: then saw cut IOngitudinéll y into halves. Each half was
Iabéleﬂ. with the same sample number and than A and B were added to designate the halves. As requested
the B half for cores 21269 and 21270 were shipped to CTL Group in Skokie lllinois. The B half of core
21271 is being held for possible future use. The A half’s Qf-vtheécqres;-w:erey;used for '.Qur'anaiysis;

The purpose. of ‘our work was to perform a‘:-petrograpi;ié analysis’ of samples“2E2‘>69A: and 21271A and
limited observations of sample-21270A. It is our understanding that you also require specific information

$ACTEC Engineering andbonsuni_ng. U

9177:Sky Park Court, San Diego, CA 92123 + Phone: 858-278-3600 +Fax: 858:278-5300- www.mactec:com.|.
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relative fo the age of the fractured surfaces on simples 212694 and 21271A. Sample 21270A was used

as a control:sample that did not have 4 fractured surfuce.

Petrograshic Observations

A Petrographic Analysis isa’visudl and microscopic analysis of cementitous materials: performed by &

qualified petrographer. Petrographic examinations are fy pically performed on nniishe,d sections. o thin .

sections. '?oliShed--'sect%ons' arc generaily cut scctions that'have becn | _appegs {_groun;i.ﬁ_at»andismaqth), and.

polished and are observed using reflected: polarized fight microscopes ai magnifications of up . 80X.

" Thin sections are samples mounted to glass slides and ground to .speciﬁc‘ thicknesses (generdilyi'.ZO,._30; or

40 microns depending on the application) and observediusing transmitted polarized light microscopes at

magnifications of up to 600X.

A petrographic evaluation may be performed to:identify and describe a specific item of interest such as

the ‘presence-or extent of “distress in concrete; or'to provide a general”characterization-and ‘measure of
quahty of  the: materials - bemg ‘evaluated:  The: petmgmphxc evaluduon :of concrete ;xammes the.
,;mst;me{&;s of ‘the concrete zm{udzng coarse’ apfrmmms, finé s agwrcgatcs {,mhcdded itenas;’ harde nedf

pasté, and airvoid structure, The examination: identifies cr a:.kmo present ‘in‘the’concrete: wd;mtmns Gt

corrosion, extent of ‘damage: from. ekterndl sources, aggregate reaction, c];zmumi_, altack; sulfate attack

froese, thaw: z.raf.kmg@ acid attacks. and other ‘mzﬁch’z’;ﬁéx'm of deterioration. The "pﬂ.tmzzmphié*ﬁi‘amirmim

can -alse- estimate: the waler 10 cement.atio, look mr md;c;m@m of mmemi addirives and. *mhxdi’ rod

' cement particles i {ha g}afwte,, lobk. for mcizmtmm 0? b&ccﬁ water and-exces porgsity in the amr«:i:&, fook

 for indications-of curing procedures uséd and mstméx of finishing; observe microlcracking present and

© other conditions:within the concrete which mic’rh;ﬁ-‘gmikpf:}r‘:mzim on the overaliquality ur*ih&ffg ality=of-

. any-particular constituent material. . Aggregate mmwmlog rock. types,. and mineral. ery sml %{mcmm zan

. e identified swhen thifsectibns are viewed undera tiansmngtq;i; polarized light microscope: -

TEST RESULTS AND'OBSERVATIONS-
PETROGRAPHIC OBSERVATIONS:

The petrographic analysis was performed in' géneral accordance with ihc:zipplécai;_le;.sg:c_tigg;s*qt’ ASTM C

$56-04 Standard. Practice for ‘Pé!x‘(‘)'gra;}&?: Examination: of ‘Hardened. Conerate: Théi?-_rssuitg- of our

petrographic: analysis are on thesattached” sheets, Summary of Petrographic' Observations of Hardened

Concrete:  Photographs. from: our examination are attached. A summary of our observations. and

discussion are as fllows.

—



Urvstul-River Condrere Core Observationy
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Crvetaf River Nucteor Ganeriting Focifity, Flavida

Aggregate

The coarse aggregate generally consisted of a-natural carbonate crushed:rock with a-maximum-size of 3/4.
inch. The rocks types observed included limestone, fossiliferous limestone, and a few particles of chert.
and/or limestone and chert; ‘The particles were generally anguiar to sub-rounded in shape and fairly
evenly distributed.. The coarse aggregate appeared to comprise approXimately S0% of the total-aggregute: |

guantity with the remaining: fmctibnﬁb‘eingﬁne;a_ggregutc.,

On sample 21271, ihere: Were 4 coarse aggregale pieces on the cut.surfice: of the. core that retained

‘moisture (and moisture in the:surrounding paste) longer than other portions of the'sample. These pieces

are shown in Photographs S, 6; 7, and 8. ‘One of the pieces (Photograph:S for core 21271)-had 2 datkened
rim.- A-thin.section was preparcd from the piece'in photograph 7 and this piece contained microcrystalline

quartz and radial silica and exhibited Tocalized evidencs of alkali silich teaction:

The fine aggregate; was ohserved to:be a natural sil'iice‘qusv%sun'df;;on'sistihg ,md@l_y*ofﬂ,qﬂani: The particles

weré gererally sub<angular to-sub-rounded in shape-and fairly-evenly distributed.

Cement Paste
The cement paste was ‘medium Hght gra?i{_Refareme' Colors. from The Geological Sociéty, 6f Amefica-
Rock-Color Charr, 1991). The paste appeared moderately hard and not easily scratched with a hardened

5

steet point. The <ontréte-appeared to have been placed at a moderately low water tg cement ratio, -

possibly in thé range of 0.4 10 0.5, ladication of placemént at a high water fo cement ratio such: as

signiticant bleed channels-and water gain voids'were not observed:

Air Voids, Voids, and Cracks

The concrete appeared.to:be air-entrained and had a total air content estimated to-be around 3.t0-3%.. The
voids were generally small and spherical: Some air yéjid'élu:st'_cri'ng was observed around-a few. coarse
aggxcgz_x_te“;p;_ltti,c_lés. The: ait- void. distribution was moderately unteven and some-small areds facked-air’
entrainment. There was limited mineral growth observed:in some.of the air voids. Calcium hydroxide

was observed lining some-air voids.



Covstaf River Canovety Core Obfervitions

?s?: poet of Pw wgraphic Observarians MALTHC Prgieet
e rss?rzf River Nuclear Gyne rasing Facilits, Flovida

SPECIFIC OBSERVATIONS OF THE FRACTURED SURFACE ON SAMPLES 21269A AND 21371A

Observations.of fractured surfuce onsample 21 .?éQA

@

[

The edge of the fractured surface had sharp distinct edges:

Generally the coarse aggregate (predominately izmcstone) fractured..as opposed o being pulled
out ef'the aemmt paste matrix.

The fine aggregate ( pfedcmmateiy quartz) ucnemliy was pulled out of the.cement: paste although
it:appeared thata few pieces of the.quartz did fracture.

The paste portion of the: fractured  surface did not appear c‘!rb(ma?ed and.produced a pink color:
when phenoiphthd!cm was applied.

Some.of the air VOldb that. were exposed on the. fractured surfacc had: somc mineral grown in
them. ‘We did not-observe the mineral growth on the fractured surface. around: {huc %ub;ect voids:

Pieces of this sample: were purposely fractured 'in our laboratory and:the purpo';::ly fractured.
surfaces had similar observations to. {heysubmltted fractured surface:

There was a white colored deposit on a few areas:of the fractured surface. The. depom was casliy
scratched oft and. contained. desiccation mekmg Based .on our observanons of immersion
mounts :viewed under a pctmgmphlc microscope: the depo%.t appeared “to: contain ‘very fing’
material and small sharp: angular pigces of quartz. These obscrvations are conmtem mth what:
we would expect fromvcore drilling § lurry.

Observations of fractured suiface onsumple 21271A

e

2.

The edge of the fractured. surface had sharp distinct edges.

Generally the ¢parse aggregate ( predammamiv limigstong) fractured ds- opposed to being:pulled:
out of the cement paste matrix::

The fine aggregate- {predominately qum’tz) generally was pul led out of the cement paste although
it appeared that'a few pieces of the:quartz did-fracture.

The paste portion of the. fractured, surface did- nm appedar (:'z:bc‘nmcd and - ‘produced a pink color
when phedolphthaléin was 'xpphed

Some of the air voids lhm werg exposed on the fracrured surface had some niineral grown in
therm. We did riot observe the mineril growth on the fractired qurmce aroundithese subject voids.

Picces of -this -sample: were.‘purposely ‘fractured. in- our Iaboraxory and ‘the purposcl) fractured-
surfaces had similar obscrvanons to the Submitted fractured surface.

METHODOLOGIES TO. FV'ALUATF THE RFLATIV& AGE OF CONCRETE CRACKS

Several articles have been written about dating ‘cracks: by- mez’x‘sur’ing"“ca‘rbh’nmibnw Carbbriation is a.

reaction that taKes place berween: hydroxides in_the cement paste-and ¢ arbonic acid. The carbonic acid

reacts :with ithe alkaline components (the hydroxides) in ‘the ceinent paste and neuiralizes them. The:

carbonic: acid can be derived froin the: dissolution ‘of atmiospheric carbon.dioxide (C€(.) inuthe: concrete



Crvie? River Concrete Core Observetions.
Reportof Petvbgrapitie Obseriaiions ‘ MAUTEC Proje
Crysiab River Nuclear Generating Focilite, Florida - ’

pore: water.. Generally, the longer the concrete is exposed (0 the atmiosphere, the greater the depth of

carbonation..

In Adam Neville's.article, Can We Determing the Agc of Ciacks by Measuring Carbonation?, Mr; Neville:
states' it his conclusions that “On the basis of carbonation-meisurements and of ditect observation; it is-

fisnew”. Mr. Neville also states.

often possible to say that'a crack'is old, but it:is'not possible to say that.i
"‘If"‘\fcry little;carbonation has taken place, thén this'can be due to one:of two reasons: either the crack is

new orthe conditions-of exposure were such:that:carbonation could not proceed.”

In the article, Carhonation as.an-Indicator of Crack.Age;by Dipayan Jana.and Bernard Erlin; the authors
. staté: that *...carbonation can, at-best be used as a qualitative measure of crack age: In most ‘cases;
however; determining the age of a crack by measuring the.depth of carbonation.along itswalls is highly

ry

¥ The-authors present some alternative crack age indicators-as follows:

uareliable.
o Cracks’spanned: by ‘bridges of pasté: indicate they were: formed when the: concrete was- semis
- plastic..

s Crack surfaces. that-are smooih indicate they were formed before concrete. had, attained much.
strength. ‘

o Cracks. that interséct air voids-and pass thfough secondary deposits indicate formation fter’ the
deposit precipitatesy

o ‘Where 2 &rdcks intérseet and one contains secondary -deposits; the. crack containing seéondary.
deposits’is usually older., S ' '

- Additionally, i the Book Congrere Petrography by Donald A, St. John, Alap W Poole,an Tan Sima, the

auithors- point cut that Conceete eracks inthe hardened staté: butcan ‘only {orm channels, fissures and-

voids in the plastic state before setting,

DISCUSSION'

In general the! concrete. appeared o Be: in good condition: There was some evidence that-the chect
' particles are undergoing dlkali silica redction However Significant distress due 1o alkali silica. reaction.was;
. not observed:in the samples-and the chert particles comprised @ very stmall percentage of the-aggrezates.

Ivis not unusual to see-evidence of some ‘alkalj silica reaction in older concrete.

" We understand:the original mix: designused fof the project (copy attached) specified approximately 37%

sand and' 63% coarse-aggregate: Based on our obsérvations of .the icore samples’ we sstimate. they

(923
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contained approximately 30% sand ‘and 30% coarse aggregate. The mix design indicited ‘0 water o
cement ratio of 0.38. Based on our observations of the- core ‘samples. we.estimate the. water io cement
ratio may have been:on the order of 0.4t0.0.5. However, the evaliition of water to'coment ratio of oider

concrete i$ very.subjective and may not be reliable..

Based on the sharp distinét edge of the fracturéd surfice, obsérvations of fractured coarse aggregate
{limestone, which is relatively easy:to fracture), the:observations of u few. fractured fine aggrega& (quartz,.
which: is relatively hard to fracture) pieces we expect the fractured surface observed in the 'samplc’s:
occurred-after the. concrete had hardened and attained significant overall strength as. well as sufficient

paste-to-aggregate bond to enzble failure inthe Timestone aggregate,

It is’ our understanding that the subject crack was an: int@rnnl_:;cmck.a_ﬁd' not rgadif_'y» exposed (0. the:
atmosphere. The cutside surfaces had some levels of cirbonation but the cracked surfaces did not. We-
expect the lack of observed carhonation on the crick surface could be 'd'ué.’ cither to the lack: éf sufﬁur.nt
'c;Oz ‘in the crack space to.cavse carbonation even though 'a:‘:lo‘r‘ig period of timecould have e!’z’zp’sed‘sihce
cracking or the érack was recenily formed even though sufficient CO2. was:available.  If the cracked
surfice had been carbonated, thar would indicale that there was sufficiedt CO2 fo initiate-carbonation and
sufficient time had elapsed for the carbonidtion 16 progress into the:conérete.. In the.case of thése concrete
samples and the pr@?%ﬁd@x;)(}:&ﬁifﬁ coudition.of the cra,‘ck.mri“ace»,_ the‘_iaékféf obsiervad carhonation of the

fractured surface of the'samples is inconclusive tegarding an estinuite on the age of cracking,

A significant observation on the fractured surfaces'of the samples is the mi"r‘mr’zd‘ growth that wai observed
in some of thé: air. voids exposed at the feacturcd surface, but mineral growth was not observed on the
fractured surface: There was not an extensive amount Qf 'm'ib';z;;hf gréwtﬁ observed: in the voids indicating
the concrete was reldtivel y’d'zjyi ii-service {"po‘ssib‘iyf?(fubvw,thé:eievated te m;icrature;_i}r_x‘s.idevg_hc%c’:bh(aipmenﬁt’
area). Had the crack been in existence for a.loqgfﬂ‘periéd.of‘: time, we wotld have expected to ses fome

mineral growth on the fractured surface.
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SUMMARY

The lack ot carboration oft the fracture strfice i, inconclisive with- respect to-dating the cricks. Our
findings indicate either the crack is-relatively new or:the crack'could be old But the ‘atmospherethe crack
was exposed to (an internal fracture not cxposed m. the ‘j'ou.t_side:;.,a:mesphcr_é} was not congducive’ (¢
carbonation:

* The fractured limestone coarse: aggregate particles on the:fractured: Surface indicate the:concrete had -

gained sufficient strength and bond with-the-coarse: aggregate to-prevent aggregate pull-out and cause the
fracturing. The limestone coirse dggregate generally’ does not have a high'[tcnsi.le';sfﬁrengg_h;ax}_d'is,,_e:xpc_.ctel
to fracture relatively easily. A few of tﬁe'-qua'rt'z"ﬁhe aggregate particles had fractured indicating the
concrete had gained sufficient, strength and bond. with. a few-of the-fing aggregate particles: 1 cause
fracturing; ‘The quartz fine -aggregate-generally has a relatively high tensile strength.. The fractured
aggregates indicate' the: fractured  surface:of the samples .probably. did not occur soon \Vaf",ter the-concrete
placement when the concrete was relat'iVEzl"y_ffesﬁ. W,e:uhdér:stand\tﬁ%s mewmiber-i§ post-tensioned and it {8
 likely that:the rendons were tensioncd wegkgf'qt;l_bwing;;ﬁ’?«_{?'iiit:cmgm'af":e'rigufﬁcicnz*sirength gain-for P/T
tensioning was attained but still relatively early in the service life. We:anticipate the.cracking occurred

after this stage howevetr exact correlation'wo (his 6ceusrence/ lvad induced cracking was inconclusive

based on.the findings.  Dating thescrack based on- ohsgrvations.of aggregate fraciare was inconclugive

beyond-a period of after post-lensioningtorelatively new/recent.crack occurrence.

The mineral growth tha was obsérved in.some 6fithé.air voids ¢Xposed at' the fractured surface, Bur was

not observed on the ‘fractured; surfice: indicates the air voids ‘have existed longer than<the fractired’

surface: Obviously the air voids have been  there' since the concrete was'in a plastic-state and ‘over fime

under-favorable cofiditions; the minéral growthin the voids has;octurred: Had the crack been in existence

"

for a [ong period: of time; we.would have expected to sée Some mineral grewth on“the fractured surfacs; -

- The lack of mineral growth on the fractured surface, of the samples indicates-thecrack is either relatively.

‘new or occurred after favordbie conditions for mineral'growth were diminished.

Had carbonation or mineral gtéw,th »fbpexx observed on the fracturessirfuce of the §a mpics; that.woueld have
indicated the crackiis-relatively old. The lack of ’ca_'rbnvnqti'o,nv and mineral growth on the fracture surfice
of the: samples is an indication that either’ the crack could- be: relatively new or the conditions: for
- carbonation-and mineral growth had not been favorable sirice the:crack developed, in which tase the age

~ of the crack coutd not. be determined..




Crystal River Concrete Core Observations Noveniber 11,2009
Report of Petrographic Observations MACTEC Project No, 6468-09-2535
Crystal River Nuclear Generating Facility, Florida ‘ '

We trust. this information meets your current needs.. If more information is needed of if you have any
questions, please contact us.

* Sincerely
MACTEC ENGINEERING AND CONSULTING; INC.

4 -
Ll _ . .
A piaC. Wiison ol bt k,f(, Bads.
" Senior Principal Professional : Senjlr Principal Professional.

: (2 copies submitted)

Attachments;. References: . ‘ o
.Summary of Petrographic Observations for Cores 21269A and 21271A.
‘Photographs for Samples 21269 and 21271
Reports. from Pittsburgh Testing Laboratory-
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'SUMMARY OF PETROGRAPHIC OBSERVATIONS O
__HARDENED CONCRETE - ASTM C-856-04

PROJECT NAME Crystal vaer “ore Petrograp _ y PtOjeCt
PROJECT NUMBER o H468-09-2535
DATE SAMPLED RECEIVED , - 10-21-09
SAMPLE L.D. | LZI269A
SAMPLE SIZE AND DESCRIPTION Concrete core,. approxxmately 3 % inches'in
AS RECEIVED dlameter. approxirnately 7 to 8 inches long
OBSERVATIONSBY - David Wilson
CHARACTERISTICS
‘ COARSE AGGREGATE: 4
Shape Angular to sub:rounded
Grading: "‘ ' - ' - Approximately % maximum size i
Distribution ' Even, Approximately 50% of the |
aggpegates appeared to:be coarse 1
aggregates with the remaining fraction:
: being the fine aggregate
Texture. Fine:
Composition’ | ) - Carbonate:
Rock Types B Limestone, fossiliferous limestone
Alteration: ; Notobserved
- Degree
- Products : :
Coatings: ) ' Notobserved: .
Rms " Not observed |
Internal-Cracking - ' Generally not observed except in the.
vicinity of: the fractured surface-
Contamxnatxon o ' ' N_ot observed
FINE AGGREGATE: _
Shape N . Generallv sub-rounded to sub-angular
Grading: : » #4 and smaller
Distribution.. . Even.
Texture o E Fine:
Composition ' 1 Siliceous
Petrographic Observations, Sample 1.D, 21269A Page 1 o_f 3

Form Reviewed and Approved for Use on Crystal River Cores Project 6468-09-2535 Jv Allan Tice, Project Principal.




Rock Types

Alteration:.
- Degree
- Products

Not Observed

Coatings:

-1 Not Observed

Rims

Not Observed

“Internal Cracking

A few internal fractures were observed

| Not observed

Contamination

CHARACT ERIST ICS

_CONCRE!

OBSERVATIONS

- Air-Entrained or.Not

- Appeared to have some air entrainment:

Total air content based on visual

observations appeared to be 2 to 3%

Ait Voids:
R Shape
- Size: .
- Distribution: -

Mostly small and spherical. Someairvoid

,cluatenng was observed.around a few:

coarse aggregate particles. The air void-

distribution was moderately un-even, some

small:areas lacked air entrainment. ‘There

“was some limited mineral growth observed

in somie of the air voids.. Calcium.
hydroxide.was observed ‘,hmfng_some_ -air

voids..

Blce&ing'

1 Not Observed

‘Segregation

Not Obsérvéd:

Aggregate-Paste’ Bond

-Coarse and fine aggregates appeared to
have a good bond.to.the cement paste. with-
few openings. Some aggregate particles

had increased.calcium hydroxide in the
paste surrounding | the perimeter.of the

particle.

Fractures:

Oneend of the core contained a fractured.
surface. There were some. other minor
fractures'on the end with the fractured-
surface. On the fractured surface there was
‘a white deposit in a few areas. The deposit
exhibited desiccation-cracking and
appeared to contairi:fine cement paste.
particles-and some: angular quartz
-fragments. This. deposxt is expected to be
“drilling slurry:

Embedded Items
- Shape
- Size

Not observed

Petrographic Observations, Sample 1.D. 212694
Form. Reviewed and :Approved for Use on Crystal River Cores Project 6468-09-2535 1. Allan Tice, Project Prmapal

Page2of3.
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- Location
- Type

Alteration: ,
- Degree & Type
= Reaction Products
- Location
- Identification

th-dbservcd.'

Nature and Condition of Surface

Treatments:

' '_ There appeared to.be white pamt on the.

exterior surface of the core

Estimated water-cement ratio (based on.
visual observations only)

Appeared to have a moderately low w/c:

ratio possibly in the range of 0.4 t0 0.5

Estimated cement content (based on visual -

Appeared to have a moderately tugh

observanons only) cement content
~ PASTE:
Color (GSA rock color.chart 1991) : Medlum llght gray
Hardness Appeared moderately hard when scratched
with a‘hardened steel point
Porosity Did not appear very porous. It took from
' 10 minutes to‘over 20 minutes to.absorb:15.
o ‘micro liter drops of water.
Carbonation The outer:¥% to V2 inch of the exterior

surface was.carbonated. The fractured

surface was not carbonated.

‘Residual un-hydrated Cément:

- Distribution
- Particle Size
- Abundance

- Composition

Some un:hydrated/partially hydrated.
cement parucies were observed:

‘Mineral Admixtures:

- fSize
- Abu_nda;xce v
- Identification

Fly-ash was not observed

Contamination::
- Size
- Abundance
- Identification

Not observed.

Equipment Used:

Cannon EOS:Digital Rebel with:SOmm macro lens and microscope adapters

Olympus. BH-2 polarized light microscope

Aven Digital Microscope:
Starrétt 6 inch rule SN 109000003

‘AmScope 7X t0'45X stereo zoom macroscope (thh and without polanzed llght)

Zeiss Photomicroscope 11 polarized light mlcroscope

Note: No M&TE used is subject to calibration requlrements.

O T e

Petrographic Obsenatimzs, Sample 1.D. 212694 Page 3 of 3
Form Reviewed and Approved for Use on Crystal River Cores Project 6468-09-2535.J. Allan Tice, Projacf Principal




SUMMARY OF. PETROGRAPH_IC OBSERVATIONS OF

E’ROJE(ZT NAME.

ASTM C-856-04
Crystal River Core Petrography Project

' PROJECT NUMBER

6468-09-2535

DATE SAMPLED RECEIVED

0-25:-09

SAMPLE LD.

21271A

' SAMPLE SIZE AND DESCRIPTION
AS RECEIVED

_ Concrete core; approximately 3 % mches in
‘dxavmete_r. approximately 7 to 8.inches long

OBSERVATIONS BY

David Wilson

COARSE AGGREGATE:

-Shape

| Angular to-sub rounded

Grading

Approxunately % maxxmum size

"Distribution

Even. Approximately:50% of the

aggregates appeared to.be coarse

aggregates with the remaining; fraction

.‘bemg the ﬁne ag g;regm&,

Textore

Fine

‘Composition

Carbonate, a few with siliceous deposits

Rock Types.

Mostly limestone and. fossiliferous
limestone. 4 coarse aggregate particles.on;
the cored surface retained moisture:much
longer than the-other particles and one of

these partlcles had a darkened rim.

Alteration::
- Degree
- Products

\i()t nhsen vid

‘Coatings.

Not observed:

‘Rims

| Not observed except for one particle

Internal Cracking

Generally not observed except-in'the.
vicinity of the fractured surface. One of
the particlésthat retained moisture longer:
than the other particles (referenced in rock
type section) was observed in thin section

and contained microcrystalline quartz.and

Petrographic Observations; Sample 1.D. 212714 Page 1 of4
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radial siiice- (essegtiélly chert) with {he
limestore, several c¢racks were observed

‘going through the portion which was
-predominately chert.. There appeared to'be:
‘minor amounts of ASR gel but a positive

identification could not bé made duéto the

small amounts present.

Contamination

‘Not.observed.

FINE AGGREGATE:

Generally sub-rounded to sub-angular

Shape
Grading | #4 and smaller
Distribution Even
Texture Fine
Composition. Siliceous:
‘Rock Types Quartz.
Alteration:. Not:Observed

- Degree '

< Products ~
Coatings Not Observed
Rims: Not Observed-
Internal Cracking 1A few internal fractures were observed
Contamination _Not observed.

'CONCRETE:

"Air-Entrained or Not

Appeared to have sornc air entrmnment

Total air content based on visual
observations appeared to be 2 to 3%

Air Voidst.
~ Shape
- Size
- Dastribution -

Mostly small and spherical.” Some- air‘void

clustéring was obsefvéd around a few
| eoarse:aggregate particles. The air void
| distribution was:moderately’ un-even, some -

small-areas: lacked air:cntrainment: There:
was:'some limited mineral growth.observed
in'some of th¢ air voids; Calcium
hydrox1de was-observed lining some mr

| voids:

g

Bleeding..

Not:Observed

Scgregation

Not Observed

Aggregate-Paste Bond

Coarse'and fine aggregates appeared to
have a- good bond to the cement paste with.
few.openings: Some aggregate particles.
had increased calcium hydroxide-in the

Petrographic Observations, Saniple 1.D. 22714
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partxcle
Fractures One end of the core contamed a fractured
surface. There were some other minor
fractures on the end with the fractured.
| surface.. There were some fractures
associated the.chert particle discussed
. ‘previously.
"Embedded Ttems Not observed:
- Shape '
- Size
- Location
- Type ; o
Alteration: Not observed
- Degree. & Type '
- Reaction Products:
- Location
- Identification

‘Nature and Condition of Surface

Treatments-

There appeared to be white paint-on the "

exterior surface of the core:

Estimated water«cement ratio (based on.
'visual observations only) _

| Appeared to.have:a moderately low w/c

ratio possibly in the range of 0.4 to 0.5

Estimated cement content (based on visual

‘observations only)

| Appeared to have a moderately high

cement _‘c‘:ontem'!

PASTE:

-Color (GSA rock.color chart 1991)

Medium- hght gray.

Hardness | Appeared moderately hard when scratched
with a hardened steel point
Porosity. | Did not appear very porous.. It took from
' 10 minutes to over 20 minutes to absorb 15
micro liter drops of water. '
Carbonation-. The outer % to V2 inch of the exterior .

surface was carbonated: The fractmje_c_i
surface was not carbonated..

Residual un-hydrated Cement:
Distribution .
Particle Size. -
Abundance
Composition

Some un-hydrated/partially hydrated.
cement particles were observed

Mmeral Admixtures:
- Size:
< Abundance:
- Identification

Fly-ash 'was',."ncv_t observed

Contamination:
- . Size.
- Abundance:
- Identification

Not observed

~ Petrographic Observations, Sample 1. D. 21271A. _
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.

,zi

Cannon EOS Digital Rebel with S0mm macro lens and microscope adapters.
AmScope 7X to 45X stereo zoom microscope (with and without poianzed hght)
Olympus . BH-2 polanzcd light microscope

Zeiss Photomicroscope II polarized light microscope:

Aven Digital Microscope:

Starrett 6 inch rule SN 109000003

Note: No M&TE used is subject to calibration requirements.

Petrographic Observations, Sample I1.D. 21271A
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Photograph #3 Remarks

Close-up of the side of
the core at the fractured
surface end.

Photograph #4 Remarks

Close-up of the side of
the core at the fractured
surface end.
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Photograph #5 Remarks

The exterior surface of
care 21269,

Remarks
The fractured surface
of core 21269,
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Photograph #7 Remarks

Close up of the
fractured surface of
core 21269. Note the
desiccation cracking
where the white deposit
is thicker (shown by
red arrow).

Photograph #8 Remarks

Polished section
21269A prepared from
sample 21269




River Concrete Curve Observations, Somple 1), 21269

of Perrnernphic Observiations

Crvsiat Rivesr Nurlear Generating Factlite, Florida

MACTEC Droject Nn. 6368-6G9.2535

Neveriber § 1, 20

Photograph #9

Remarks

Close-up of the
polished section
prepared from core
21269A. The exterior
end is to the right.

Photograph #10

Remarks

Closeg-up of the
polished section
prepared from core
21269A. The fractured
surface ts 1o the left.
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Pbohsraph #11 Remarks
Photomicrograph of the
fracture surface. Red
arrow points to an air
void with some mineral
growth. Due to the
uneven surface and
limited depth of field at
this magnification,
some areas are out of
focus.

Remarks
Photomicrograph of the
fracture surface. Red
arrows point to an air
voids with some
mineral growth. Due to
the uneven surface and
limited depth of field at
this magnification,
some areas are out of
focus.
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Photograph #13 Remarks

Photomicrograph of the
polished section. The
fracture surface is
towards the bottom.
Width of view is
approximately 0.5 inch.

Photograph #14 Remarks
Photomicrograph of the
polished section. The
fracture surface is
towards the bottom.
Width of view is
approximately 0.5 inch.
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Photograph #15

Remarks

Photomicrograph of the
polished section. The
fracture surface is
towards the bottom,
Width of view is
approximately 0.5 inch.

Photograph #16

Remarks

Photomicrograph of the
polished section. Note
the un-even distribution
of air voids, Width of
view is approximately
0.5 inch.
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Photograph #17 Remarks

Photomicrograph of the
polished section. Note
the un-even distribution
of air voids. Width of
view is approximately
0.5 inch.

Remarks
Photomicrograph of
thin section using plane
polarized light, The
fractured surface is to
the left. Note fractures
(red arrow). Width of
view is approximately
0.5 inch,

Y
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Photograph #19 Remarks

Same view as in
photograph #18 taken
with cross polarized
light. Red arrow points
to an air void Width of
view is approximately
0.5 inch.

Remarks
Close up of the air void
identified in
photograph #19. Note
the small mineral
growth (red arrow).
Width of view is
approximately 0.5 inch.

10
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%i e ; ——

Photomicrograph of a
thin section taken with
plane polarized light.
The fracture surface is
towards the bottom.
Width of view is
approximately 0.5 inch.

Remarks
Same view as
photograph #21 taken
with cross polarized
light. The red arrow
points to an air void
with mineral growth
(white area around
void). The blue arrow
points to a fractured
surface (note lack of
mineral deposits). The
yellow arrow points to
a fractured piece of
quartz. Width of view
is approximately 0.5
inch.
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| Photograph #23 : Remarks
Another view of the

area in photograph #22.
Width of view is
approximately 0.5 inch. |
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Photograph #1

Remarks

Core 21271 as received.
The exterior surface is
to the left. The fracture
surface is to the right.

Photograph #2

Remarks

Core 21271 as
received. The exterior
surface is to the left.
The fracture surface is
to the right.
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Photograph #3 L1 Rewmarks

The fracture surface of
core 21271.

Photograph #4 Remarks

The exterior surface of
core 21271,
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| Photograph #5 Remarks

An aggregate particle
on the cored surface.
This particle has a
darkened rim and the
area around the particle |
appeared to retain
moisture longer than

the rest of the core.
Marks on the ruler are
0.1 inch.

o

on the cored surface.
This particle has a
darkened rim and the
area around the particle
appeared to retain
moisture longer than
the rest of the core.
Marks on the ruler are
0.1 inch.
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e

Photograph #1

An aggregate particle
on the cored surface.
This particle has a
darkened rim and the
area around the particle
appeared to retain
moisture longer than
the rest of the core.
Marks on the ruler are
0.1 inch.

Photograph #8

Remarks

An aggregate particle
on the cored surface.
This particle has a
darkened rim and the
area around the particle
appeared to retain
moisture longer than
the rest of the core.
Marks on the ruler are
0.1 inch.
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Photograph #9 Remarks
Close up of the
polished sections |
showing voi |
coarse aggregate.
Width of view is
approximately 0.8 inch,

Photograph #10 Remarks
Close up of the
polished sections
showing the fractur
surface (top of
photograph). Note
uneven distribution of
atr voids. Width of
view is approximately
0.4 inch,
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Photograph #11 ' " Remarks

Close up of the
polished sections
showing the fracture
surface (top of
photograph). Note
uneven distribution of
air voids. Width of
view is approximately
0.4 inch.

Photograph #12 Remarks

Close up of the
polished sections
showing the fracture
surface (top of
photograph). Note
uneven distribution of
air voids. Width of
view is approximately
0.4 inch.

(¢}
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Photograph #13 Remarks
Close up of the |

polished sections
showing the fracture
surface (top of
photograph). Note
uneven distribution of
air voids. Width of
view is approximately
0.4 inch.

Photograph #14

Remarks

Close up of the
polished sections
showing the fracture
surface (top of
photograph). Note
uneven distnbution of
air voids. Width of
view is approximately
0.4 inch.
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Close up of the
polished sections
showing the fracture
surface (top of
photograph). Note
uneven distribution of
air voids. Width of
view is approximately
0.4 inch.

Photograph #16 Remarks

Close up of the
polished sections
showing the fracture
surface (top of
photograph). Note
uneven distribution of
air voids. Width of
view is approximately
0.4 inch.
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Photograph #17 Remarks

Close up of the
polished sections
showing clustering of
air voids around an
aggregate particle.
Width of view is
approximately 0.2 inch.

Photograph #18 Remarks

Close up of the
polished sections
showing uneven
distribution of air
voids. Width of view is
approximately 0.2 inch.

9
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Photograph #19 Remarks

Close up of the
polished sections
showing the fracture
surface (top of
photograph). Note
uneven distribution of
air voids. Width of
view is approximately
0.2 inch.

Photograph #20 Remarks
Close up of the
polished sections
showing the fracture
surface (top of
photograph). Note
uneven distribution of
air voids. Width of
view is approximately
0.2 inch.
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Photograph #21

Remarks ¢

Photomicrograph of the |
fractured surface !
showing an air void

with some mineral
growth (red arrow).
Because of the un-even
surface and the
magnification the focal
depth is limited and
some areas of the
photomicrograph are
not in focus. Width of
view is approximately
0.06 inch.

Photograph #22

Remarks

%

Photomicrograph of the
fractured surface
showing an air void
with some mineral
growth (red arrow).
Because of the un-even
surface and the
magnification the focal
depth is limited and
some areas of the
photomicrograph are
not in focus. Width of
view is approximately
0.06 inch.

&
i
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Photograph #23

Remarks

Photomicrograph of
thin section in plane
polarized light. Note
the mineral growth in
the air void that was
exposed at the fractured
surface (red arrow).
Note lack of mineral
growth on fractured
surface (blue arrow).
Width of view is
approximately 0.3 inch.

Photoﬁraph #24

Remarks

Photomicrograph of
thin section using plane
polarized light. Note
fractures (red arrows)
coming out of chert
deposit (blue arrows) in
a limestone particle.
Width of view is
approximately 0.5 inch.
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Remarks
Same view as
photograph #24 taken
with cross polarized
light. Width of view is
approximately 0.5 inch. |

a8

Photograph #26 ~ Remarks

Cracking in a chert
deposit in a limestone
particle (red arrows).
Width of view is v
approximately 0.5 inch. |

13
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Photograph #27 i Remarks

‘ Same view at
; photograph #26 taken
with cross polarized
light. Width of view is
approximately 0.5 inch.

14
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