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8O0 o ihe FORTLAND CLLIENT A330CIATION

‘.

5220 Qid Orehard Road, Skokie, Hinpis 60077 » Area Code 372

Mz. Phillips:

This letter &nd repcrt weve transhitte
by telecopier to you on $/20/78 aac =C

Mr.. Bernie Meyers at Bechtel Power Corz
: on 4/20/78. Copy is also being mallec
April 19, 1978 to Mr. Meyers. .

4/24/78 3. J. Shideler

Mr. Chris L. Phillips .
Project Civil Enginecr '

Paniel Internaticnal Corporatien

P.O. Box 146

Serawn, Xansas 66839

Pe: Reactor Basement Concrete
ol £ Creek Generating Station :

Mr. éhi}lips:

Attached are repoxts by D, H. Campbell and L. M. Meyer giving
results of petrographic examination, compresszive strengths

andé chemical analysis of conercte cylinéers and other samples
covered Ly your Purchazse Order 7158-NS-00417 dated 3/27/7%. |

Thesc{feports will confirm informstion diccussed with you =t J
our meeting on April 6 &nd in.subsequunt telephone coaversatl

- beliébe +he reports are complete and sclf-explanatory, bul ‘

please consider them tentative at this time.

|
I+ is our opinion that the concrete in the "hasemat", as rep:l
sented by the semples tested, 1B of high guality and mest 1liki
exceecs the 5000 psi strength reguirement of the specificatio:
It would appcar to us that the Aisparity betwe:n the S0-Zay |
etrength data for the "basemat" and the more recent comparati
ceries with PCA mzsy have been due to impzoved maintenance el
the testing eguipment, and testing procedures by Daniel. |
_Sincerely ycurs,

-~ |

~ N 77,

4 fden”
Je eler, Dircctor
Administrative & Technical Services

lg ; |
CT-0407 ‘

Cepy t0o - " ., ¢
Ww. E. Kunze ' B T 2
E. Hognestad N o. o we gl oy

L. M. Mever o v -
p. E., Campbell R,

781211027
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Eleven COﬂ:ression-teste; concrete cylinders, and sa=mples
of coarse and fine aggregates, cement, and admixtures were
received (late March) from Mr hris Phillips of Daniel

International for study relating %o ted loss of strensth
at 90 days. The sampleg represent 3 reportedly used
the Wolf Crxeek Reactor Basemat. In , 20 previously
untested 6x12" cylinders and 32 remn broken (compressicon-
sted) cylinders were received on A 1878, for furtNer
testing. '
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enc confcal forms. It was noted that many of the untested 6x12°
cylinders displayed rounded bottum-ends, reflecting a non-planac

rol€ curlszcc, anc noerhaps ¢xplaining the Cocurrence of diago-
nelly Zozmed buigaks.

Methods
Each cylinder in the above list was sawn transvessely at a dis-

tance of approximstely 2 inches from the capped end. The capped
end-picces wete then polisched for determinatieon of air centent
By Limear Travovce (iTr C-487). X emall oero (2,4 ineh diam-—
eter) was taken from each capped end-piece for thin sectioning.
A thin section is a concrete slice mounted on 2 glass microscops
slide with epoxy cement and reduced to 2 thickness of 25 microns
for microscopic examination with plane polarized light. Thin
sections were numerizally coded s0 that observations would not
be biaszed by strength cata.

The renzining portion ©f the cylinder was crusched for cement
content determination. ,

Descripticn and Discuszion

Cylincer Mo. 6784 - Fracture surface produced by compression
test passes through aggregates. Fracture surfaces form sub-
cenicel pattern with transverse crock st mid-cylinder. Paste

is hard and firmly binds the aggregates. Aygregates appear
evenly graced, properly proportioned, and uniformly distributed.

Coartse aggregate is crushed limestons describded as fossili-
ferous, pyritic, medium-grained, microcrystalline, or combina-
tions of thesce types. Aggrecate top-size {5 3/4 inch.

Tine agoregate coun.ists of a natural sand contesining quartz,
picrocline feléspar, and metagquartzite. Chert is scarce.
Aggregate (limestone) dust occurs in trace amcunts. .

The scgregates are normally considered non-reactive in low-
alkali cemonts anéd are judged to be of low porosity and per-
meability and moderate durabllity. No reactioh products were
observed.

The paste centeins portland cement hydration productes (calcium
gilicete hydrate and calcium hydroxide, primarily) &nd unhy-
drateé portlzné cement grains (UPC's), the latter ranking S5 on

2 relative ahnnAdanca menle of Q-—ii. UrgC's CO?!iSt mainly of
dt:ﬁ ? rrite and yellow=amber be te. the relatlve adbuncance

of ferrite suggests an iron-rich cement. Residual alite crys—
tals show prominent rims. Calcium hydroxi@e crystals occur as
small irregular masses in the paste ané acjocent to aggregates; ,
blzde~form crystals are common. The abundance of calcium
hvdroxide and UPC's suggest 2 moderate water-cement ratio.

Minar econcentration of UPC's adjacent to coarst :ggregates sug-
sests the possibllity of scme inadceguate mixing. HMost of the



voides contzin traces of calcium silicate hydrate or ettringite
occurzing as very thin films only portially cocating the void
surfaces.

Cvlindey No. 6444 = Fracture surfaces and &cgregates &s pre—
viously described. Tracturc surfaces fomm half-conicel pattera’
with transverse fracturc at mid-cylinder. Paste characteris-
sics are apparently no diffcerent from Cylinder No. 6784, except
UPLl's =are slightly mor¢e abundant, ranking 5?. In additian,
atrrincite needles nmenr in tracge asueunts in & few voids.

Cylinder No. 6850 - Compression test fracture surfaces and
aggregates as previously described. Fracture surfaces oriented
mainly aleng cylindcr length. Paste characteristics are gen-
erally similar to+Cylindc: No. €784, but UPC abundance is
higher, ranking ¢ on the 0-10 scale, sucgesting a relatively
low water—-cement ratie. Relative air content ie lowest in. this
csample.

Cylinder Ko. 6503 - Fracture surfaces and aggregates 25 pre-

viously cescribed fcor Cylinder Wo. 6784. TFracture pattern show
prominect orientation along cylinder length. Paste chazacteris-
tics are also similar.

Recsults of Linear Traversc Tests (aST™M C-45T7)
‘ Specific Spacing

. Unit Wt. Surface Factor  Absorpt
cvi. Mo. __oef ¢ Air voids/in. in.27tn.? _ inm. .
6503 . L45.5 4.8 7.7 640 .007 5.4
6444 = 146.3 5.8 8.7 600 .007 S.7
6784 145.8 5.6 8.9 638 .007 5.0
6850 147.1 3.3 4.3 S15 011 5.8

mhese dats indicate 2 relatively low air content and water=
cement ratio for the reported high srrength cylinder, and may
account, in part, for some of the differences in strength

between the cylinders.

Compressive Strencth Tests -
Compressive strength data €or the 2x2" cubes cut from selected
broken cylinders, rece{ved April 13, 1878, are given in Table I.
Note that these have been corrected by & velue of 80 percent tc
indicate the éifference between cylinder and cube strenghts.
The compressive strength cf the evlinderse tected by Daniel,
£rom which the cubes were cut, are a.sv reporcted in the table.
mhe average compressive strength ¢f the cubes (go::ected by the
20 percent) was 897C psi as compared to 5370 psi on :hg cylin-
ders. The avercge compressive strengths of the 20 cylz;de:s
ctested by Daniel ané PCA arc 6470 ané 6220 pesi, respectively,
vhich indicates gook agreement.
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Chemicul Nnalvsis Revort

A. Detcrminztion of Cement Centent and Approximute Waser-Cenonl
Ratio of Hardened Concrcete

The cement contents and approximate water-cement ratios of the
four tested cylinders chosen by Dr. Campdell for petrographic
analyses and measurements of air content a2ls0 were cdeterminec.

vhe results are presented in the attached analytical report by
Ms. D. L. Glochowsky. '

The data shows the cement contents of Cylinder Nos. 6503, €784
and_ssso were c0m9§rable to that specified in the concrete nix
design (564 lbs/yé¥). Although | ‘e cement content of Cylin-

der No. 0444 was slightly below tne specified emount, the value
edra1ned W3S witiiln Ly sa8Nnge Of capeiliculal sdrox nesmalily

anticipatced for this test (230 1bs/yd”). The approximate
water-conent retio of all four eylinders, assuming an overall

acgregzte absorption of 1.5%, was below the level indicazted iz
the mix design (w/c = .0.48).

E. Analysis of Chemical Admixtures,

The samples of water-reducing admixture, {dentifiec & Mastar
Builders Pozzolith 300-w (ASTH C-3i%4, Type A), anc air-
centreinine agenk, idenbifiss =c Yacrtar Bnildere MBYVR (ASTH
C-260), weze subjected to certain chemical ané physical testis
for purposes of characterization.

~he recults ©f our tests showed both admixtures were eimilas in
ohysical ard chemical properties to other samples similarly
identificd and characterized previously at PCA. Ore of the
major cemponunts of Pozzolith 300-N, lignin sulfonate, appeared
to have bcen sulfonated to a somecwhat lesser extent than had
been found in the emsrlier samples, but we do nct know what
affeck, if any, this might have on admixture performance at
this tinme. -t

€. BRnslysis of Hardened Concrete for Presence of Chezical
hdzixtures

Four concrete eylinders were selected for chexical analysis ct
the basiz of their reported 90 dey compressive sirength velues.
These cylinderzs were &g follows: Ro. 6857 (6420 pei), Ne. 6422
(5020 psi), No. 6414 (5110 psi) &nd uo. 6623 (2870 psi?). Tie-
latter two cylinders were combined into one sample because of
insufficient sample size. The three concretce samples then werse
analyzeé for the presence of a2 water=reducing aédmixture, .
po=zolish 200-M and an air-entraining agent. :

= sult
ure

3
31

re s of our chemiczl anslyeces showed 2 woter-reducing
imixt similer in compezitien to Pezzolith 300-N was pres:inic



in 2ll three zamples ©f concrete at a level of less than 3
£l.0z./100 1lbz of cement (approximate threshold level of detec-
tability). No significeant difference in admixture level was
observed between the three samples.

Analvsiz of the concrete sawmples for the presence of thz ais-
entraining adnixture wae more difficult due to some minoz con-
gamination by "oxidized" o0ilgs (possibly materials from lubzgie-
cstineg 2gents or nmaterials present in sulfur capeing conpound).
ke 2aount of these "oxdimed" oils was less than 0.005% by
weight of concrete. The alir-entraining agent ranlA have hesn
masked by these "oxidized" oils, but it appears there was aot
an cxcess of air-entraining agent present in the conccete.

D. Analysis of. rportland Cement

Two samples of portland cement, reported to be Ash Grove Type
I (Chanute, Kansas rlant) and identlficd as C~UT=10 (8in £3§,
11/21/77) and C-UT-17 (2in £#36, 12/12/77), wece subjected to
selected chemical and physical tests to determine (£ signifi-
cant differences existed between them. The chemical tests
included X-ray diffractlion analyses (¥RD) and detegsminaticns of
50. content ané loss on ignition (LOI); the physical tests
inCluded speclfic surface (Blaine, 2ir permeability) and parti-
cle sizc distribution (Sedigrapgh 5000).

The results zhowed there were no significant ﬂlff‘tences
between cement samples bazsed upon the test res ul: btained
date. Both XRD scans o&nd Sedigraph particle size d;stz;uct

curves were virtuully identacal. wne ocher values vbialoed
vexre am Lollews:

L.0.1. 503 Contant Specific Surface

Sample (¢ by wt.) (% by wt.) (Blaine, cm?/cm)
C-UT-16 - 1.07 2,08 3460
C-UT=17 0.96 2.08 | 3465

ra
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Project No.:

CT=~0407

Tess Me .o

Sample Identification:

Cement. content, 1bs./yd:3
3

.
-

Unit Weight, 1bs./ft.

SOSOD.

oven Dry (€ 105°C)

Free watex absorption, %:
(Oven dry weicht basis)

‘v

Combined water conient, %:
(Oven cry weight basis)
+21 water, lbs. /yd.3:
\Free walsr t combined
‘water)

- Approximate Vi/C:
(Corrected for aggregale

. absorption)
Totel dry aggzcgate,

Approximate C.A./FP.A.:
Air void content =

"% ASTM C457:

. Estimated: ‘

Comments: !

sarole
*x¥LCe

£6444

£€503

* $6784
§6850

Cer

Aggregates
Fine and C.arse)

Cement SO,“
gultu.

-
Abs./ye.”

.Ssé report by D. H.

.28% as detecrmined
as S0;).

Completion Date: 4/5/7¢

Sulfur Trioxide Method f |
> X 1’ PO |
€444 €502 5734 gg%
540 570 560 . 578
'145.4 145.5.  145.8 147
137.6 1328.0 138.9 129
5.7 5.4 5.0 5
2.41 2.61 2.59 2
300 300 285 310
0.47 0.45 0.42 e
3085 3060 3050, 3508

. Not Detexnpined

Cenmpbell

ASTM C-114 (Modifiad) .
¢ SOy (by wt.)

0.33
0. 35
0.34
0.35

Negligible

Leco Inducticn Furnace (totd

.»/fl&bérvliwkuﬁy

A
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