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. Remgreves |\

Corrésion Potential
Passivation Mechanism in Reinforced Concrete

In order to assess the potential for corrosion in the
reinforcing steel of the NPIS basemat, several references
concerning corrosion of steel in concrete were reviewed
(References 14-18),

As noted in Reference 14, "the corrosion resistance of
steel in Portland cement concrete has been recognized for
more than a century. The prbtective mechanism, not des-
cribed until recent years, is due to a passivating film of
gamma ferric oxide which is formed and maintained in the
alkaline environment produced by cement hydration".

As noted in Reference 15, "Iron and steel are not
thermodynamicaliy stable in water. Either acid or neutral
water corrodes iron and forms a ferrous solution. This
solution, in contact with oxygen, oxidizes to form hydrated
ferric oxide -- a major constituent of rust. If the water
is sufficiently alkaline, at pH 8 to 14 for example, the
Fe203 and Fé304 which form are relatively insoluble and

.deposit a protective film on the metal surface. The metal

is then said to be passivated”.

| The passivating mechanism, therefore, requires an
alkaline environment (pH of about 12.5) and an absence of
oxygen in order to form a protective film on the surface
of the reinforcing steel.

The alkalinity of the water derives from the hydra-
tion of the cement, which generates .calcium hydroxide.

A relatively oxygen-free environment is generally
insured by careful control of the concrete mix and its
subsequent placement.  Depth of concrete cover is also a
factor.

As noted in Reference 16, "In addition, concrete of
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low witcr-cement.ratio and well cured has a low perme-
ability which minimizes penetration of corrosion inducing
factors -- oxygen, chloride ion, carbon dioxide, and water."
Job Specifications

Section I, Paragraph 7.3 of the Ebasco Concrete Masonry
specification (Reference 19) stipulates that: "The aggre-
gate, sand and water combined in the same amounts as in
the concrete mix shall not contain a total scluble chlor-
jde ion content of more than 250 ppm watér when water is
extracted from the combination after being thoroughly
mixed, unless the Engineer allows a deviation in writ-

ing...
* Section I, Paragraph 9.7 of that specification further
requires that: "No admixture containing chlorides tc an
extent that the reguirements of Paragraph 7.3, with the
admixture mixed with the water, are exceeded shall be ac-

ceptable unless the Engineer allows a deviation in writ-

.ing...'.

Section II, Paragraph 8.4 of that specification also
stipulates that: "Calcium Chloride shall not be used for
accglerating the set of the cement in any concrete con-
taihing reinforcement or embedded metal parts”.

The limitation on the maximum allowable soluble
chloride contained in the concrete mix defined in the
Reference 19 specification is subsequently verified by
the sampling and testing procedures mandated by that
specification. ! ' '

Laboratory Testing

In order to deduce any evidence of corrosion in the
basemat reinforcing steel, several water samples and a
solid (leachate) sample were subjected to laboratory
analysis.

3=



The three water samples subjected to laboratory
analysis were obtained at the following locations:
a) Water rising in Conduit No. 33074, which rises

near the West Temporary Electrical Pit, runs to

the southeast for approximately 90 feet, and

again rises above the basemat. At the south end,

no water was rising, indicating a blockage to the

flow of water. The conduit is located approxi-

mately 3 feet below the top of the basemat. |
b) Ground water flowing through conduits which extend
from the side of the mat to the East Temporary

Electrical Pit. : ’ :

c) Water collecting at a crack in the Waste Gas Tank

Compressor B room.

The solid sample was collected along the top surface of a
crack located along an east-west axis between column lines
R and Q,, and straddling column line IM.'

The laboratory report summarizing the results of the
analyses performed on these samples is contained as Ap-
pen@ix M. ' '

As noted under 'Testing Methods and Results' each of
the three liguid samples were subjected to analysis for
pH, chleride, alkalinity, iron, calcium and sodium. The
results of these analyses are subsequently tabulated on
page 2 (note that samples designated 'l', '2' and '3'
accord with the order in_which.the'sqmple locations are
defined herein).

The value of the pH obtained for sample 1, 12.5, ac-
cords with the pH of concrete, as previously noted. The
pH of 7.5 obtained for samples 2 and 3 is due to the car-
bonation process which normally occurs at the surface of
concrete exposed to open air.



As noted in Reference 14, "Free carbon dioxide re-
duces pH by carbonation, but only to a depth of a few
millimeters in sound concrete”.

The report results indicate the virtual absence of
iron in the three liquid samples, a clear indicator that
the chemical constituents of rust are not present. The
pom of chloride are also well within the.maximum allow-
akle 250 bpm mandated in the Ebasco Concrete Masonry
specification ‘(Reference 19), as previously noted.

The solid (leachate) sample was subjeéted to spec-
trographic and X-ray diffraction technigues. Iron and
Calcium 2a:e jdentified as the two major chemical consti-
tuents contained in the solid sample.

As noted in the appended laboratory report under
'Remarks’, the ‘calcium hydroxide liberated during the
hydration of Portland cement will form calcium carbonate
in the presénge of carbon dioxide; the iron content con=
tained in the solid sample is jdentified 2s magnetite.

-3l



The results of the testing of the water samples and
leachate are consistent with the process of corrosion pro-
tection of the steel reinforcing bars embedded in the
concrete. As a matter of interest, it should pe noted
that the reinforcing pars are jarge. IR general, the top .
reinforcing par diameter ijs 1-3/8 inches while the pottom
reinforcing bar diameter is 2-1/4 inches. .

These properties accord with the properties of the
iron compound which}(under properly controlled conditions)
forms 2 pessiVating £ilm on the surface of the reinforc-
ing steel (see the initial extract from Rreference 15).

It is interesting to note that this deposition mechan-
ism also occurs in poilers, and is succinctly stated in
section 6, page 129 of Mark's gtandard Handbook gor Mech-
anical Engineers (seventh gaition):

"At saturation temperatures above moder-

ately low‘pressures. a second mechanism

predominates, in which jron removes oxygen

from water OF steam, forming iron oxide and

releasing hydrogen:

S I AHZO — Feq0y + BH

Jt is noteworthy that this mechanism does not

require the intervention of dissolved gaseous

oxygen in the water. which is often the

rate-limiting factor in the electrochemical

corrosion discqssed earlier in this sub-

section. B '

The stable oxide at boiler temperatures
in a non-oxidizing environment is magnetite,
Fe 04 (ferrous ferrite) . A normal protective
skin of magnetite is formed ¢grom the underly~

ing steel” .

«33-
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On the basis of the foregoing evaluation, it is
therefore concluded that there is no evidence to infer

the existence of basemat rebar corrosion in the vicinity
of a crack.

Steel Containment Corrosion ]

As noted in HEA Trip Report No. 6 (Réference 5), an
inspection of the annular area between the Containment
Vessel and the Shield Building revealed some surface cor-
rosion at the base of the Containment Vessel, which might

be due to the presence of water generated by construction |

activity.

As soon as this area can be adeguately controlled
with respect to the presence of such construction-related
water, it is the recommendstion of HEA that a program be
implemented to clean and field paint the base of the Con-
tainment Vessel to insure that the corrosion process has
been eliminated in this area. V

=3t=
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J. Ma  Question on4/4 /34

Provide shear capacity and design shear stress in the mat in two regions:

A. Bounded by column line 12M and 7FH in N-S direction and
T2 and R in E-W direction. This shear stress and shear capacity is measured
along the 45° line from R column line toward column 12M.

B. Bounded by column line 12 M and 7FH in N-S direction and column line RP.
This shear capacity and stress should be E-W direction.

ForA -34~4sS
E/B.13
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" */“ PLANT SYSTEMS 4| 5)sy
COMMON FOUNDATION BASEMAT
LIMITING CONDITION FOR OPERATION

3.7.14 The Structural Integrity of the Nuclear Plant Island
Structure (NPIS) Common Foundation Basemat shall be OPERABLE.

APPLICABILITY: At all times

ACTION:

With the NPIS Common Foundation Basemat inoperable, perform an
engineering evaluation to determine the effects of the condition
on the structural integrity of the NPIS Common Foundation

Basemat; prepare and submit a Special Report to the Commission
within 14 days pursuant to Specification 6.9.2, 1) Detailing

the results of the engineering evaluation, and 2) Justifying

the acceptability of continued operation, otherwise be in at least
HOT STANDBY within the next 6 hours and in COLD SHUTDOWN within
the following 30 hours.

SURVEILLANCE REQUIREMENTS

4.7.14 The NPIS Common Foundation Basemat shall be demonstrated
OPERABLE:

a) At least once per 92 days by verifying that the mea-
sured differe:'“ial settlement of the Common Foundation
Basemat does not exceed 1/2 inch and the total differ-
ential settlement does not exceed 1 inch.

b) At least once per 92 days by analyzing a sample of
groundwater obtained in proximity to the NPIS Common
Foundation Basemat and verifying that the Chloride
content does not exceed 250 ppm.

¢) At least once per 18 months during shutdown by veri-
fying that no cracking exists with a width in excess

of 40 mils at the lowest levels of each of the build-
ings on the NPIS Common Foundation Basemat.

Fo/A - 34-455
g/B."



, 3/4.7.14 NPIS COMMON FOUNDATION BASEMAT

The OPERABILITY of the Nuclear Plant Island Structure (NPIS)
Common Foundation Basemat will ensure that the structural
integrity of the plant foundation will remain functional during
normal operations and in the event of a safe shutdown earthquake.
The limitation on the foundation basemat differential and total
settlement 1s conservative with respect to the Final Safety
Analysis Report Section 2.5.4.13.3.

The limitation on chlorides in groundwater in proximity to the
NPIS 1s consistent with concrete design specifications Tor
Waterford 3 and is well below the threshold foér breakdown of the
passivating film on structural rebar which is taken as 710 ppm
in the presence of free oxygen and up to 3550 ppm when frse
oxygen 1is not present.

In the event that the chloride limitation is reached, the effects
of seepage of groundwater into minute cracks in the foundation
basemat will be evaluated and mitigative measures defined as
necessary and reported to the Commission.

The limitation on crack width assures protection of rebar against

corrosion as discussed in the Commentary to ACI 318-71 Section
10.6.



PLANT SYSTEMS A (A }

COMMON FOUNDATION BASEMAT 2 L

L. Hee f*)‘**rm
LIMITING CONDITION FOR OPERATION ' Pésrs Wy

Daa
3.7.13 The Structural Integrity of the Nuclear Plant Island Structure (NPIS) ‘u
Common Foundation Basemat shall be OPERABLE. :s,;
APPLICABILITY: At All Times t‘*{; C
e

ACTION: K/

<. dt(
With the NPIS Common Foundation Basemat inoperable, perform an engineering s
evaluation to determine the effects of the condition on the structural integrity“Jc,
of the NPIS Common Foundation Basemat; prepare and submit a Special Report to the .
Commission within 30 days pursuant to Specification 6.9.2, 1) Relating the reSultlZ?S
of the engineering evaluation, and 2) Justifying the acceptability of continued &
operation, othervise be in at least HOT STANDBY within the next 5 hours and in coyp,
SHUTDOWN within the following 30 hours.

SURVEILLANCE REQUIREMENTS ¢I¢L

4.7.13 The NPIS Common Foundation Basemat shall be demonstrated OPERABLE:

a) At least once per 92 days by verifying that the differential settlement
does not change by more than 1" as determined by Table 4.7-2.

b) At least once per 92 days by analyzing a sample of groundwater obtained
in proximity to the NPIS Common Foundation Basemat and verifying that
the Chloride content does not exceed 250 PPM.

€) At least once per 18 months by verifying that no visible cracking

exists with a width in excess of 15 mils on the accessible areas of
the basemat.

WATERFORD-UNIT 3 3/4 7-44
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3/4.7.13 NPIS COMMON FOUNDATION BASEMAT

The OPERABILITY of the Nuclear Plant Island Structure (NPIS) Common Foundation
Basemat will ensure that the structural integrity of the plant foundation will

remain functional during normal operations and in the event of a safe shutdown
earthquake. The limitation on the foundation basemat differential settlement

ensures that the structural integrity of the foundation basemat will be maintained
comparable to the original design standards. The limitation on chlorides in
groundwater in proximity to the NPIS is consistent with concrete design specifications
fot Waterford 3 and is well below the threshold for breakdown of the passivating

film on structural rebar which is taken as 710 ppm in the presence of free oxygen and
up to 3550 ppm when free oxygen is not present. The limitation am crack width
identifies any significant cracks that would require an engineering evaluation to
determine the structural integrity of the foundation basemat. In the event that any
of the limitations is reached, the effects on the foundation basemat will be evaluated
and mitigative measures defined as necessary and reported to the Commission.

WATERFORD-UNIT 3 B3/4 7-8
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TABLE 4.7-2

FOUNDATION BASEMAT DIFFERENTIAL SETTLEMENT MONITORING

s ACCEPTANCE
BASELINE* CURRENT#* CRITERTON
ELEV. AVG. ELEV.  DIFF. SETTLEMENT | | ELEV. AVG. ELEV. DIFF. SETTLEMENT i
ko B |
2) )
» ) o N )y B
) 4 ) ‘x-vl-l(x-v +1"
|(X-Y) l I(xl‘Yl)I (X;-Y1) )|+
z; ) 5) )
) 6) )
n ) ’ TR
8) ) 8) )

%# Baseline is the differential settlement as of September 1, 1983

#% Current is the differential settlement as determined in accordance with surveillance requirement 4.7.13.a.



QUESTIONS ON WATERFORD 3 BASEMAT
"~ 3/26 WEETING IN BETHESDA

JTY)- Tee
Y. -

Allec2tions recently reported in a GAMRIT newspaper article and in staff
investigations concerning the GAMBIT article have lead to the assignment

of additional reviewers to evaluate the base mat adequacy. This transmitta)
is a composite set of Questions from the reviewers, and is intended to
faciliate LP&L's preparation for the meeting on March 26, 1984 in Bethesda.

Kg. 1.

How many nonconformance reports were issued on the basemat? 'How many
relate to poor concrete placement practices? What were corrective
actions taken? Provide justification to substantiate vour position
that these practikes cculd not have lefd to the development of cracks
or.localized porous zones which may b the cause of water intrusion.

Where was water table when 1977 cracks were discovered?
Is there any evidence of convex curvature due to ring wall loading?
Provide X-Section maps of mat flexure over time period zero to present,

Provide complete documentation of groundwater contrel and foundation
heave from the start of dewatering until the present time. Include the
history of sofl excevation and backfill beneath the mat.

Provide the foundation loading history under each block during construction .
of the mat and walls. This should include the distribution of pressure
under each block. Include the location and history of loads due to
backfilling adjacent to foundation blocks.

Provide complete settlement history for each block from initia) pouring pw~uﬂ¢
until the present time. %;fu:a».

Analyse and discuss the relationship of the above variables (0s 5-7 above)
on the historv of a1l cbserved mat cracks and leaks.

What basis is there for accepting the adequacy of construction of the first
3 blocks? 4

If engineering judgement was involved in accepting those blocks, what was
the basis for that judgement? Where is ¢t documented?

What corrective actins were necessary for the first 3 blocks? What cerrective
actions were taken, and provide specifics for each pour? Where are these
2ctions documented?

Were any cracks discovered in 1977 outside of the ringwall? Provide document-
tation. If none were discovered outside ringwall why not infer that these

three blocks were poorly constructed? Fo T -gq,q,ss

E/B. 12




13.

14,

o ¥

Did Kominsky recopy illegible cadweld records? Under whose direction?
Why? What happened to the original records?

Provide summary of actions taken following Hill's presentation of OA
deficiencies. Provide detailed report on document review urdertaken
and 211 results.

Provide LP&L's evaluation of adequacy of Harstead's third report.
Does LP&L assert that it represents their views as well?

Provide specific basis for Harstead's conclusion that the doucmentation
problems do not affect their prior conclusion as to basemat's strength.
What documents did Hartstead review? What did he Took at? Did he see
the Phearson-Brigg memo? Hill's NCR's? Other NCR's?

Provide differential settlement contours for 6 month periods, starting
from early 1977 to present. :

According to the settlement contours shown in figure 2.5.118, the curvature
is concave downward in both directfons. This implies cracks on the top
surface in both directions which would not penetrate ail the way through.

In view of the above why did the water seep thru? Why dosen't the crack
pattern match the given differential settlement?

It is possible that there are localized convex surfaces on the mat
which are not shown in the figure (the gorid is quite rough)?

Please provide all soil properties (re. results of soil tests, reports

“confirmed compression test results, boring records, shear modulus etc).

Provide é\l concrete property data, rebar data, placement data (fe also
detailed as built drawings of mats). :

Provide any revised czlculations that include settlement effects.

It the Phearson memn accurate? What kind of actions has LP&L taken to
respond to and resolve his allegations?

Meros of inspectors Hill ard Davis, as reported in GAMBIT, stated that they
found a broad range of deficiencies in virtually every record packace
examined and the situation demanded a complete review of all civil/
structural records. What is your response to this allegation?



28,

31,

GAMBIT reported that there was falsification on cadweld splices of
reinforcing bars. What is LP&L's response to this alleocation?

Khat were the problems in the seven NCR's on QA deficiencies in concrete,
as mentioned in the last column on pace 28 of GAMBIT, and how were they
disposed of?

What were the problems of soils, waterstops, cadweld splices, and the
placement of concrete, as mentioned in the third column on page 22 of
Gambit, and how were they resolved?

Do the allegations described in Phearson's memo and the Gambit article ,:;ﬂ¢ﬂ**/
reflect generally what happened during the construction of the mat? If ! 'y
yes, how would these non-conformance of QA/QC requirements affect the ¥l
structural integrity of the mat? If not, identify those allegation which

are unfounded and the basis thereof.

In 1ight of the allegations, documented NCRs, and QA/QC deficiencies,
what has LP&L done or what does LP4L intend to do in order to resolve the
allegations and deficiencies?

Does maintain that the mat possesses adequate carability to resist the
design loads and confirm to the criteria commited to in the FSAR despite

all the deficiencies and allecations listed? If yes, provide the supporting
technical basis. If not, propose specific means to resolve them and thus
render the mat acceptable to the staff,

In any case, the "as-built-mat" should be shown by the applicant, if
feasible, to maintain adequate safety margins to perform its safety
function and maintain its structural integrity.

A quantitative demonstration of the "as-built" mat capacity, including
adoption of test, monitoring and strengthening programs, if needed,
should be provided for staff review.

What is LP&L's technical rationale for explaning what has

happered (incTuding, water seepage, potential throuch-thickness cracks,
predominently one-way cracks within containment reginn, uneven settlements,
etc) to the mat? What monitoring proaram(s) has been implemented s
urcderwvay? What zre the results of these pregrams? Did the monitoring
data show that both the cracking and water seepage problems have
stebilized and there is no sign of continued deoration? What improvements,
could be applied to the on-going programs?

Are there any known voids of some significant size to affect the mat
structural integrity? If yes, what are the sizes (best estimates) and

extent of these voids? What is LPEL's succested diposition to the fccue of
voids. If po disposition is needed, what is the technical basis?

A



-4-

I3z, Conservatively assuming the existence of extensive through-cracks of the
ke mat, assess the impact of the presence of water on the long-term
stuctural integrity of rebars and mat capacity. Also assess the
- same impacts due to other potential corrosive elements.
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ms DRRHON-REEE Loborotone

CHEMISTS ENGINEERS » 'Q’.g{,

' REPORT OF /Qo
or EBASCO SERVICES, INC., P.Q. BOX 70, EILICUA, LOUTSTANA 70066
oe WATSRFORD THREE, STEAM ZLECTRIC STATION, TAXT, LOUTSTANA
AMPLE FROM _BATCH PLATT BY DARROW-AGEE LADORATORTTS . T4I0.
OURCE OF MATERIAL ____LOUISIAUA LIDUSTRIZS - PRICT PIT DEPOSIT AGGRGATES

& W3-AA-la v i3-AA-2a “ W33-la ~ U-Ai-3a
k000 PSI 4000 PSI 2000 PSI k000 PSI
£ %x_n_ ZXTRA CEET PLAIT ADMIX
:ment, TXI, Type II, 1bs. 58T i3 687 517 564
iter, gallons 33 »9 73" 33 33 a
.ne aggregate, lbs. 1269 figa) 1235 1295 1277
o aaeae: SN, as By 2 1379 2160
i aggregate, lbs. 10395 -
A, o8, 3.9 8.6 3.4 2.5 [forA-84
A, o=, 0 0 0 2k
ump, In. 3 3 b.25 .5 4§56
r Content, % 3.5 5.8 5.25 6.25
4t We. fresh, pef ‘I B.2
cuotudbe Avg.) 1k2.6 1kk.8 1kk.0 1h2.4
Wi-AA-ka W3-B-2a W3-AA-5a W3-AA-6a
k00O P8I 3000 P8I Looo ps1 k00O PSI
ADMIX ADMIX ADMIX PLAIN
b ¢ %gggg FED, AIR 32 eg
sent, TXI, Type, lbs. Lok .96k :
ter,gallons n n 2 36
ne aggregate, lbs. 1260 1319 130k 1387
4" aggregate, lbs. 562 608 601 566
" aggregate, lbs. 1LAT 1200 1187 117
A, os. 1.5 1.0 0.0 0.0
A, os, 28 2 2h 0
wp, ia. 3.75 2.5 3.25 5.75
' Oﬂtut. ’ bo’ to’ 3-1’ 202’
it Wt. fresh, pef
wnotube Ave.] e Wze _ uaa TV ST P
"EMARKS:

Cement Type II test results reported on Barrow-Agee report No. MWL
Price Pit Deposit fine Aggregate test results reported an Barrov-Agee report o, LR
83912, Price Pit Deposit coarse aggrezate test resylts reported cn Barrov-Agee

OPIES TO: ‘_":;;‘“30- LR-83911, mm{ oy | b‘ [1/ Q ?
CIVIL // Besns Lgee Lioitons &

ABORATORY NO.




PARAON-ROEE Lotoratio

CHEMISTS ENGINEERS

LITTLE ROCK, ARKANSAS

JASUARY 9, 1975

REPORT OF
or BBASC) SIRVICIS, INC., 2.0. BOX 70, KILLONA, LOUISIAMA TO066

SUILUARY OF MIX DESIGH

op _am==oXD TIRZT, ETZAM ZLOCTRIC STATICH, TA

y LOUISIAOA |

AMPLE FROM _ =a=-Ck PLAT 3T 2

TRCTLAGEE LASCRAICRIZO, I5C.

OURCE OF MATERIAL _ LCUISIATA IJTUSTRISS - PRICT PIT DEPOSIT AGGREGATSS

SAPRESSIVE SJTI%T5, T2

Wi-Z=la

I - Wl-Ad-la i3=Aa-2a W3-AA-3a
4 Hours - - - 12350
1320
1380
i3S - - - 3150
tays 2
3270
[ koT5 k330 3450 k780
- k050 LL9o 35¢c0 4530
4k20
28 6370 6150 5940 6190
- 5980 6900 6010 6490
6830
Jnit Weight, pef (Sonotube Average)
3 Days 1k0.93 1k3.32 12,40 141.1%
[ Days 140.53 1k2.95 1k1.82 140.79
L4 Days 140.53 142,99 141,73 140,66
28 Days 140.%3 143.00 161.75 140.65
1EMARKS:

Cement Type II test

83912. Price Pit Deposit coarse aggregate

. .report Ko. LR-83911.
OPIES TO:

-ABORATORY NO.
LR-83818

results reported on Barrov-Agee report No. LR-83819.
Price Pit Deposit fine aggregate test results

reported on Barrov-Agee report No. LB~

test results reported on Barrow-Agee

el "}M . thelond]

EBASCO o/c. ¢y
v



CHEMISTS

MARCH 12, 1975

IiNCORPORATED

ENGINEERS -

1
- .

e DRRVON-REEE Lok

RKANSAS -~

Rl N A

REPORT OF a2 CONT.)
‘OR e 70 A S A 70066
08 X ) 0 (8} /s LOUISIANA

{AMPLE FROM _BATCH PLANT BY BARROW-AGEEZ LABORATORIZES, INC.,

SOURCE OF MATERIAL _LOUISIANA INDUSTRIES ~ PRICE PIT DEPOSIT AGGRIGATZ
B

COMPRESSIVE STRILGTH, PSI

M W3-hA=-la W3-AA-24 " Wi-B-la W>=-AA=-3a
90 Days 7870 7750 7250 7560
7430 7960 7630 8530
7780
UNIT WEIGHT, PCF (SONOTUBE BVERAGE)
60 Days 140.60 143.25 141.87 140.65
fo Days 140.96 143.25 141.86 140.77
COMPRESSIVE STRENCTH, PSI
MIX W3-AA-4a W3-B-2a W3-AA-5a W3-AA-6a
90 Days 9340 5970 7530 7250
8880 6720 8140 7320
8840 6970
UNIT WEIGHT, PCF (SONOTUBE AVERAGE)
60 Days 146.65 143.00 144.47 146.49
90 Days 146.80 -4+ 143.05 144.43 146.13
s ECEassmermTCREie:
REMARKS:
REVEW/ED 2
COPIES TO:




e = e e

BRRHON-RGEE Loboratores

CHEMISTS ENGINEERS

LITTLI ROCR, APKATSAS

JATUARY 9, 1975

REPORT OF __SU04ARY QOF MIX DESIGH

ror BEBASCO SERVICES, INC., P.0. BOX 70, XILLOJUA, LOVISIAIA 70056

Jos _WATZRPOPD THRFE, STEAY ZLSCTRIC STATION, TATT, LOUISTANA |

SAMPLE FROM __BATCE PLAV? 3Y BARROW-AGIT LaBORATORIZS, LiC.

SOURCE OF MATERIAL _LOUISIAHA

CC-PRESSIVE STRZUGTH, PSI

1 9.4 : W3-Ad-4a ¥W3-B-2a W3-AA-5a W3-AA-Ea

2% Lours 1340 1420 - *
1560 1520
1610 1360
3 Days 3930 2920 - -
3960 2940
3940 3180
T Days STs0 3500 k510 3570
5390 3290 k950 38Lk0
5610 k1ko
28 Days N0 5840 6900 6720
7500 5850 5940 6370
7610 6010 5940
Unit Weight, pef (Sonotube Average)
3 Days 146,87 3.7 144,99 146,89
T Days 146.59 143.20 1kk .60 146.60
14 Days 146,45 142.87 1kk 43 146,27
28 Days 146,61 142.89 1Lk .46 146,37
) "
REMARKS:

Cement Type II test results reported on Parrow-Agee report No. LR-83819.
Price Pit Deposit fine aggregate test results reported om Barrow-Agee report No. LB~
83912, Price Pit Doputweoi.ru'wto test results reported cn Barrov-Agee

COPIES TO: "”n Ko. M”no Pl‘i 3ot 3 / /\
Bane
| Revewen gy Qb . tfrldand]




KEMORANDUM

Kovember 24, 1975
4.0

™: J. 0. 39oth ' g5 . .

R 7 Uiy Ao

Ln./Ao‘ ‘He Wesn

SUBJEZCT: LOUISIANA POWIR AND LICHT COMPANY
. WATZRTORD ST=AM ELECTRIC STATION
1980 = 11565 ) INSTALLATION - UNIT 1D. 3
. A CONCRETE DESIGN MIX .

The following concrete =ix is to be used for conmcrete in the
Combination Structure Mat. 2 F v, 3

er ¢n Mix = 1446: (Quantities per .cubic yard Aggregates SSD)
" Cement 517 1bs. '
Water 232 1bs,

Tine Aggregate : 1316 .1bs.

. L' Aggregate 707 Ibs.
1" Aggregate ' 1074 1bs, .
) AZA: Protex 2.0 oz;
iu.: " Protex FDA 21 oz. (4.0 oz. per cut)
25 Type D : g
W/C Ratio 0.45

The water cement ratio used may be lower than the above mix provided
--adequate workability is achieved and it may vary up to a maximum of
0.50. This will provide for vari_:ziczs in the workability of the

concrete and to tailor the workability for the specific location
where it is being placed. This criteria is based upon the following
design/tzial mixes. ' . : .
Mix 1449 utili=ing the same ratios of ingredients as 14A6 with ;
the exception of water which was 238 1lbs, resulting in a w/C
ratio of 0.46. e
i
Mix 14A10 uzilizing the same ratios of ingredients as 14A6 with
the exception of water which was 231 1bs, resulting in &

. W/C ratio of 0.45. . . -‘ ?O]A""‘" ‘}”
ele.3

.
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3. Booth ; e sovesber 24, 1975

‘Mix 14A11 utilizing the sazme ratios of ingredients as 14A6 with

the exception of water which was 258 lbs, resulting in a
W/C ration of 0.50. -

Mix 14A12 utilizing the same ratios of ingredients as 14A6 with the-
exception of water which was 243 1bs. resulting iz a' W/C
zatio of 0.47.

This mix and the 2llowed variations thereon are approved based upon
tests showing the following properties:

Mix 1446 1449 . 14410 14411 AR
Atz Content 5.0 . 4.8 40 4.8 4e
Sluzp 4y 2-3/4"  1=3/4" . 7-3/4 7%
Wet Weight 145.7pcf  "146.1 .4 143.7 164.8
Stzemgth 26 hr.  73psi 1603 1928 1210 1150
. 34ay 3637 2831 . 44s8 2446 2258 .
7day 4456 4728 5318 3219 3607
28 day  (6037) (5406) (7205) - (4361) (4887)

Test data for 28 day strength will be available prior to first concrete
placement., Data from sixzilar concrete placed for the barge dock and

- concrete weights indicates that the 7 day strength averages 73.87% of the

28 day stremgth; the 28 day strengths are extrapolated based upon

. that data. The 28 day strengths for the barge dock and concrete

weights averaged 6103 psi with a range £rom 5509 psi to 6516 psi.

Specification requirements for laboratory trial mixes are a specific
weight between 133 pecf and 147 pcf with an average of 138 pcf and a
28 day concrete compressive strength of 4600 psi. The dry specific
weights have in previous tests on similar concrete been approximately
3 pef less than the wet weights, Therefore all of the mixes are -
expected to meet specification requirements.

It is expected that the master design mix (14A6) and mixes 14A9,

14A10 and 14A12 actual 28 day strengths will meet or exceed the
specification requirements for trial mixes., Mix 14All may be marginal
4n peeting this srrength., All of the mixes are expected to meet the

requirements for compressive strength for Class AA (4000 psi) production
concrete which are:

i a = No individual strength test results falls wore than 500 psi
below the required class strength at 28 days.

...



3. Booth ‘ -3« Jovember 24, 1975

b = The averages of all sets of three consecutive strength test.
results equal or exceed the required class strength at
23 dayl.

The zat placenent =ay be considered as a reinforced footing, a slab
and, in porticns, unreinforced heavy mass coanstruction. As such the
10 batch average slu=p can be between 4 inches and 1 inch and the
single batch slu=p can be between 5 inches and 1 inch depending upon
the portion of the =at being placed and the workabilicy desired.

For the mat the first paragrzph of Part 10.9 of Section I of the
concrete masenry specification shall be the guide namely: "Concrete
ghall be a consistency and workability suitable for the conditions
cf the job". ) .

PEV/1ls |
Attachzents: " .

1 = Desiga Mixes Lab Test Su=mary Sheets

2 « Producticn Concrete Si=sary Shoets _

3 - Trial Mix Testing Schedule (Mixes 6 througlh 9)
4 « Strength vs. Time Chart

ce: J. M. Brooks
R. K. Stl:.!plcy
¥. L. Sheehan y '
2+ Co Liu E . ' - ' .
* Je We Seaver .

-ee:  12-4-75

C. R. Satterfield (2)

R. W. Zaist ' .
B. D. Fovler . B -
‘c A. a‘ttn.t: : .

W. C. Criggs



August 5, 1977
COR-LW3-77-55M

Tot P Grossman !527 .' g /4‘4) ,0 '
From: A W Peabody/M D oxm& : _
Subjact: LOUISIARA POWER & LIGHET COMPANY

WATERFORD SES UNIT 3

CORROSION OF REINFORCING STEEL AXD
STEFL CONTADOMENT VESSEL FLATES IN CONTACT WITE WATER

1n accurdance with your telephone Tejuest, we have analysed a possible
situation in the coumon mat where supposedly ground water veeping from
concrate cracks found on the surface of the mat could corrode the
reinforcicg steel 2nd the outside bottom plates of the Steel Contain-
ment Vessel. '

It 4s a proven fact that concrets by its alkaline mature passivates
carbon steel embedded in it.

It 4s also known that water in contact with concrete becomes alkaline
apd consequently its corrosivity to steel decreases considerably.

1o addition to these factors, assuming that ground water is left inside
the crack necwork to & certain extent, this wvater will be pear strgnant
and without repleaishment of oxygen. Cousequently, the rate of corrosion
under the above circumstances, {f any, will be pegligible. This applies
to the rainforcing rebars as well as’ to the outside of the vessel bottom
plates, in case the repairs presestly being conducted do not fully
prevent the vater ¢rom reaching the vessel.

\
MD0/hn
ce!

K Staczpley _

0 Booth/B D Fowler . a
R i
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