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By letter dated October 18, 1996, the NRC staff transmitted nine (8) requests to
Northeast Nuclear Energy Company (NNECO) regarding issues related to the Millstone
Unit 3 Containment Basemat Concrete. Accordingly, in Attachment 1 to this letter,
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REQUSST 1

Provide a complete description and findings from Phase |, Phase Il, and Phase Il (to
the extent available) mockup testing.

RESPONSE 1

This response is divided into three portions, one for each phase of the testing.

PHASE |
PURPOSE OF PHASE | TESTING

The Phase | test was designed to assist in an understanding of the residue phenomena
emanating from under the Millstone 3 Containment Structure. The mock-up test molds
were intentionally constructed differently than the field conditions, by elimination of
some of the intermediate layers, as a conservative model of the containment structure
with a breachec membrane. In addition during the concrete placement, the objective
was to loosely place the concrete to maximize the voids between the aggregate which
would provide the worst case for potential accumulation of laitance and concrete
washout from the aggregate surface due to the hydrodynamic force of the introduced
water.

MOLD CONSTRUCTION/MATERIALS

A total of three test molds were constructed in the Phase | test One mold consisted of
a 9 inch thick single layer of calcium aluminate based porous concrete sandwiched
between (1) Portlant cement based mortar at the bottom, and (2) calcium aluminate
cement based mortar on top. The other two molds consisted of 10 inches of Portland
cement based porous concrete and a 9 inch layer of calcium aluminate cement based
porous concrete, placed directly on top of the Portland cement based porous concrete.
The top of the mold was sealed with a calcium aluminate cement based mortar layer.
The molds were provided with inlet orifices on the side forms to allow for the
introduction of water, and two 6 inch diameter internal perforated drain pipes installed
in the top porous concrete layer for removal of the water

The materials and mix proportions of the concrete and mortar mixes duplicated the
original construction mixes to the extent possible, including procurement of aggregate
from one o. the quarries used during original plant construction. The molds were cured
for 7 days prior to hydraulic testing.

HYDRAULIC TESTING

Water was applied laterally to the test mold through the inlet orifices on the side of the
test mold at a hydraulic pressure of 22 psi, and removed from the media through the
embedded perforated drain pipes. The mold was subject to four 8 hour tests, during
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which any residue emanating from the test mold was filtered and collected. After the
completion of the 8 hour tests, the test mold was subject to a 30 day hydraulic test at
the same applied pressure.

OBSERVATIONS

White residue similar to that from the Containment underdrain system was collected in
the two layered test molds

No white residue leached out from the single layer mold

Some of the core samples were damaged during the coring process in the double layer
mold and could not be tested for compressive strength.

Core samples were successfully removed from the single layer test mold.

CONCLUSION

A more representative test was required for any conclusions related to the affects on
the porous concrete to be reached.

A complete copy of the Phase | test results is included as Attachment 2.

PHASE I
PURPOSE OF PHASE Il TESTING

The Phase [l test was designed to study any effects on the porous concrete that may
be occurring due to removal of the concrete laitance or concrete washout, and to
evaluatc the potential for cement erosion to occur as a result of the hydraulic pressure.
The test molds for Phase Il were constructed to be more representative of the actual
geometry of the Containment underdrain system, such that some correlation could be
made with respect to the effect on the porous concrete layers.

MOLD CONSTRUCTION/MATERIALS

A total of three test molds were constructed in the Phase |l test. Mold A consisted of 10
inches of Portland cement based porous concrete, and a 9 inch layer of calcium
aluminate cement based porous concrete placed directly on top of the Portland cement
based porous concrete and a 2 inch layer of calcium aluminate mortar was used to seal
the top. Molds B & C c~nsisted of 10 inches of Portland cement based porous concrete
and a 9 inch layer of calcium aluminate cement based porous concrete separated by a
rubber membrane protected by a 2 inch thick Portland cement seal mortar. A 2 inch
layer of calcium aluminate mortar was used to seal the top of the mold. The molds were
provided with inlet orifices in the side forms to allow the introduction of water, and an
internal perforated drain pipe for removal of the water. The rubber membrane and seal
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mortar were intentiona'ly breached to prcvide a flow path through the encapsulated
layer of porous concrete which simulates the leaking containment structure membrane.

The materials and mix proportions of the concrete and mortar mixes duplicated the
original construction mixes to the extent possible, including procurement of aggregate
from one of the quarries used during original plant construction. The molds were cured
for 7 days prior to hydraulic testing.

HYDRAULIC TESTING

Water was applied to the test moid through the inlet orifices on the side of the test mold
at a water pressure of 5 psi. This water then passed through the intentionally breached
rubber membrane and seal mortar. The water is removed from the media through the
embedded perforated drain pipes. The mold was subjected to four 8 hour tests, during
which any residue emanating from the test mold was filtered and collected. After the
completion of the 8 hour tests, the test mold was subjected to a 30 day hydraulic test at
the same applied hydraulic pressure.

TEST RESULTS

The average of the laboratory cured Portland and calcium aluminate cylinders prepared
at the time of the placement were 2152 psi at 28 days and 1787 psi at 28 days
respectively.

The average of the unconfined compressive strength cores from mold A, after hydraulic
testing, were 1094 psi for Portland cement and 1119 psi for calcium aluminate cement.

The average of the unconfined compressive strength cores from mold B, after hydraulic
testing, were 1355 psi for Portland cement and 1394 psi for calcium aluminate cement.

The average strength of the unconfined compressive strength cores from mold C, after
hydraulic testing, were 1531 psi for Portland cement and 1263 psi for calcium
aluminate cement
GCBSERVATIONS

No variation in compressive strength porous concrete samples with respect to location
of water flow was observed.

Residue similar to that from the Containment underdrain system was collected.

Some of the test samples were damaged during the coring process and could not be
tested for compressive strength.

A complete copy of the Phase |l test results is included as Attachment 3.



U.S Nuclear Regulatory Commission
B15985\Attachment 1\Page 4

PHASE Ill

Note: As previously committed in Reference 3 the results of Phase Il testing are
scheduled to be completed and forwarded to NRC by the end of 1996. Where
available the data has been provided here, in a preliminary form. This data will be
confirmed, observations assembled and conclusions drawn as part of the final
report.

PURPOSE OF PHASE ill TESTING

The purpose of the Phase Ill test is two fold. One objective is to study the long term
effects that water flow creates on the porous concrete strength, and the second
purpose is to test the Portland concrete on top of the test mold to determine if there is
any impact on the Containment mat. The concrete representing the mat is placed on
top of the porous concrete mold similar to the design condition. This testing is
coripletec by subjecting the test mold to water flow and periodically removing core
samples for compressive strength testing. Similarly for the concrete representing the
Containment basemat, cores were periodically removed and simultz yeously core
samples were removed from a sister mold which was not exposed to the porous
concrete or water flow. Laboratory cured cylinder samples were also cast during the
concrete placement. Core and cylinder samples were tested for compressive strength
at predetermined intervals.

MOLD CONSTRUCTION/MATERIALS

CEMENT

PORTLAND CEMENT
Portland Cement is Type Il (low Alkali) conforming to ASTM C150.

Cement Properties (Mill Test Report)
Si0., percent 20.7

Al.O:, percent 47
Fe. O percent 31
Ca0, percent 634
MgO, percent 34
SO, percent 31
Na: O, percent 0.58
Ignitior: Loss percent 08

Insoluble Residue, percent 023
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Physicai
Fineness, Blaine m2/kg 367
Time of Setting(VICAT)
Initial (minutes) 110
Final (minutes) 230

Air Content, percent 6.3
Compressive Strength
at 3 days (psi) 3840
7 days (psi) 4820
28 days (psi) 6250

CALCIUM ALUMINATE CEMENT
mical Properties (Mill Test rt

AL.O: + TiO; percent 50.22
Ca0, percent 3583
SI0., percent 7.1
Fe:0;, percent 549
MgO, percent 050
SO, percent 046
Ignition Loss, percent 039
Physical Properties
Time of setting (VICAT),
ASTM C403:

Initial hours: min. 2.38

Final hrs: min. 3.38
Fineness, Blaine m#/kg 331

Compressive Strength,
at 24 nours ASTM C109 (Mpa) 395

AGGREGATE
COARSE

Coarse aggregates wero obtained from the Wauregan Quarry, owned and
operated by Tiicon Conneciizut Incorporated. The # 4, # 57, & # 67 gradations
are in accordance with ASTM C33 and C136. Table 1 shows the gradation
analysis of these aggregates.
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FINE

Fine aggregates were Millbury Sand from Concrete Service Company, no
gradation analysis was performed.

CONCRETE MIXES
Mix A - Porous Concrete with Portland Cement Type |i, quantities per cubic
yard
Cement, pounds/sacks 560/5.96
Coarse Aggregate #57, pounds 2670
Water to Cement Ratio (maximum) 0.384

MixB - Porous Concrete with Calcium Aluminate Cement, quantities per cubic

yard

Cement, pounds/sacks 560/5.96
Coarse Aggregate #57, pounds 2670
Water to Cement Ratio (maximum) 0.320

Mix C - Mortar Seal with Calcium Aluminate Cement, quantities per cubic yard

Cement, pounds/sacks 800/9.57
Coarse Aggregate #57, pounds 2757
Water to Cement Ratio (maximum) 0.439

Mix D - Mortar with Portland Cement Type I, quantities per cubic yard

Cement, pounds/sacks 900/9.57
Coarse Aggregate #57, pounds 2757
Water to Cement Ratio (maximum) 0439

MixE - Containment Foundation with Portland Cement Type Il, quantities per
cubic yard (10 foot thick mat)

Cement, pounds/sacks 500/5.32
Fine Aggregate, pounds 1315
Coarse Aggregate #4, pounds 7?2
Coarse Aggregate #67, pounds 1127
Percent Air Admixture 3to6

Water to Cement Ratio (maximum) 0.532
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MEMBRANE

The membran:: consists of two layers of waterproof membrane installed as
recommended by the membrane manufacturer.

FORMS

The concrete forms and boundaries for the water separations consist of poly
coated plywood for waterproofing.

WATER

The water used for the concrete batching and curing were tested and found to
be free of unacceptable quantities of oils, acids, alkalides, salts and organic
materials in accordance with ASTM C94. The results of the chemical analysis
are presented in Table 2.

IPTI F ™

The test mold represents a typical cross section of the Containment porous concrete
and basemat. It has nominal dimensions of 11 feet by 11 feet with an inlet water
reservoir constructed at the water inlet end and outlet pipes at the discharge end of the
mold. One half of the mold contains a rubber membrane similar to the actual
Containment layers and in the other half of the mold the rubber membrane has been
intentionally eliminated.

The cross section of the mold in the area of the membrane consists of. the bottom form;
& 10 inch layer of Mix A Portland cement porous concrete; the waterproof membrane; a
two inch layer of Mix D Portland cement seal mortar; the 9 inch layer of Mix B calcium
aluminate cement porous concrete; a two inch layer of Mix C calcium aluminate cement
seal mortar, and a 12 inch layer of Mix E Portland cement structural concrete on top.
The cross section in the portiz., without the rubber membrane is similar except the
rubber membrane, the M.x D mortar on top of the membrane and the Mix E concrete
have been omitted. The center wall of the mold as well as the inlet end wall have been
provided with perforations to allow water entrance. One inch diameter orifices are
provided for draining of the mold prior to the coring operations. Details of the test mold
are shown in Figure 1(a-c).

MOLD CONSTRUCTION

Table 3 includes the placement schedule of each layer of porous concrete and seal
mortar. The number of days indicated in the table between pours are the conservatively
selected curing days before the placement of the next pour.
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POROUS CONCRETE MIX A (Portland cement)

Mix A was placed in a 10 inch thick layer of porous concrete on top of the bottom
of the mold form. The concrete was consolidated by the rodding method to
represent a density of approximately 118 to 131 pcf. This concrete layer was wet
cured for 5 days prior to further construction activities.

MEMBRANE

Two layers of waterproof membrane were placed on top of the Mix A The
membrane extends to the top of the mold, such that it encases subsequent
layers of the concrete.

MORTAR MIX D (Portland cement)

Mix D was placed in a two inch layer on top of the waterproof membrane as
protection for the subsequent concrete placement. This mortar was cured for a
minimum of 48 hours prior to further construction activities.

FLOW PATH

As a flow path for subseauent testing, the rubber membrane and Mix D are
intentionally breached at the predetermined locations of subsequent core-bore
samples.

POROUS CONCRETE MIX B (calcium aluminate cement)

Mix B is placed in a 9 inch thick layer of porous concrete on top of the
waterproof membrane. The concrete was consolidated by rodding to represent a
density of approximateiy 118 to 131 pcf This concrete was cured by applying a
thin spray of water at the top surface to remove the heat. This process was
continued for 24 hours after initial set of the porous concrete.

MORTAR MIX C (calcium aluminate cement)

Mix C is placed in a two inch layer on top of the 9 inch layer of porous concrete
This mortar was cured similar to Mix B for 7 days prior to further construction
activities.

STRUCTURAL CONCRETE MIX E

Mix E was placed in a 12 inch layer on top of the 2 inch layer of calcium
aluminate cement mortar. An additional sister mold, measuring 3 feet x 3 feet x
12 inches high, of Mix E was also constructed from the same batch of concrete,
and maintained separate from the mockup (Figure 2). The sister mold was
constructed in a wooden form carefully constructed to be free from any calcium
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aluminate cement products. Both sections of Mix E concrete were wet cured for
7 days prior to any flow testing Five concrete test cylinders were made at the
time of the placement in accordance with ASTM C31.

HYDRAULIC TESTING

The Sequence of the Flow Testing is as follows:

CYCLE 1

1

The 6 inch diameter inlet # 2, the 6 inch diameter outlet #1, and the two 1
inch diameter drain orifices are closed, (refer to Figure 1).

The 6 inch diameter outlet # 2 is maintained open.
The inflow of water is regulated through the 6 inch diameter inlet # 1.

The water is stopped for 7 days and the mold is drained through the two 1
inch diameter orifices located at the far end of the mold.

Core samples are removed from the moid in the sequence identified in the
results section.

Cored holes are filled with crushed stone.

The water flow is restarted in the reverse direciion in the sequence
outlined below:

Close inlet # 1
Close outlet # 2 and the two drain orifices
Open outlet # 1
Regulate the water flow for 21 days
Stop the water for 7 days and drain the mold for the coring operation.

Continue the same cycle for the duration of the testing. The rate of flow of
water through the test mold for the first twelve months is presented in
Table 4*.

* The information provided in Table 4 was previously submitted to the NRC in
Reference 19, (October 10, 1996, Response for Additional Information), however
the data had two errors. Corrections have been made to the Total Flow in the tenth

month as well as the total flow for the year
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RESULTS
TEST CYLINDERS

PORTLAND CEMENT POROUS CONCRETE (Mix A) AND CALCIUM ALUMINATE
POROUS CONCRETE (Mix B)

Laboratory Cured Test Samples

Five (5) test cylinders measuring 6 inches x 12 inches high, were made from concrete
Mix A (Portland cement porous concrete) and also from Concrete Mix B (calcium
aluminate cement porous concrete) at the time of placement into the test mold. These
cylinders were cured in a laboratory fog room for Mix A, and water misted for 24 hours
for Mix B. Two cylinders from each mix were tested at 7 days and the remaining 3
cylinders were tested at 28 days. Table 8 shows the cy.iiders weighed between 127 to
130 pcf. The cylinders cast from Portland cement had an average unconfined
compressive strength of 2130 psi at 7 days and 2357 psi at 28 days, about an 11%
increase in strength. Where as the porous concrete containing calcium aluminate
cement, with an average weight of 129 pcf had an average unconfined compressive
strength of 2367 psi, and no strength gain was evident after 7 days.

PORTLAND CEMENT CONCRETE (Mix E)
Laooratory Cured Test Samples

Five 6 inch diameter by 12 inch high cylinders were prepared for compression testing
from Mix E, in accordance with ASTM C31 and C39, at the time of concrete placement
in the molid. After laboratory curing, two cylinders were tested for compressive strength
at 28 days and three cylinders were tested at 56 days At 150 pcf de1sity of the
cylinders, the average unconfined compressive strength was determined to be: 4935 psi
and 5257 psi corresponding to the age of 28 and 56 days respectively. The results are
included in Table 5

R RE SAMP FROM THE MOCK-UP
PORTLAND CEMENT POROUS CONCRETE (Mix A)

Table 7 show the average unconfined compressive strength of the core samples taken
at the end of each hydraulic flow cycle. In the 12 month test, the Portland cement
based porous concrete maintained its strength without any degradation. The minimum
tested strength of 1570 psi occurred at the end of 3rd cycle and a maximum tested
strength of 1887 psi occurred at the end of the 11th cycie.
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CALCIUM ALUMINATE POROUS CONCRETE (Mix B)

Table 6 shows the average unconfined compressive strength of the core samples taken
at the end of each hydraulic flow cycle. The strength of the cores varies with the
duration of water flow. An average unconfined compressive strength of 1333 psi
occurred at the end of the 1st cycle. The successive specimen s‘rength varied with
respect to the first month samples. An average maximum strength of 1667 psi occurred
at the end of the 5th cycle, which is approximately a 25% increase in strenath. The
minimum tested strength of 877 psi occurred at the end of 10th cycle, ich is
approximately a 24% below the initial strength, and approximately a 47 % below the
maximum strength.

PORTLAND CEMENT CONCRETE (Mix E)

After being exposed to a continuous flow of water for 24 hours a day and 21 days, the
following core samples have been extracted at the specified time intervals. The cores
from the test slabs (both the test mold and sister mold), were tested for unconfined
compressive strength at 40 days, 60 days and 98 days after construction. The location
of these core samples are shown in plan view, Figure 1a

At 40 days; Two cores located at C-6 and E-6,
At 60 days, Two cores located at D-7 and E-7,
At 98 days, Two cores located at C-8 and E-8

The average compressive strength values of the cored samples have been summarized
in Table 5. The 60 day average strength of 4925 psi corresponds to a core density of
149 pcf, with water flow.

CORE BORE SAMPLES FROM THE SISTER MOLD PORTLAND CEMENT
CONCRETE (Mix E)

Concrete Mix E in the sister mold was constructed and cured similar to the mock-up but
it was not subjected to either water flow or contact with calcium aluminate cement. Two
sets of two 5.72 inch diameter core samples were removed from the 3 foot x 3 foot x 12
inch high sister mold. A set of two cores were removed from locations SM-1 and SM-2
at 40 days, and a second set of two cores were removed from locations SM-3 and SM-4
at 60 days (Figure 2). The samples were then tested for unconfined compressive
strength. A 60 day average compressive strength of 4695 psi was achieved, at a core
density of 148 5 pcf. Table 5 summarizes the test data for the sister mold samples.

OBSERVATIONS

PORTLAND CEMENT POROUS CONCRETE (Mix A) AND CALCIUM ALUMINATE
CEMENT POROUS CONCRETE (Mix B)

The observations for this portion of the test are in the process of being assembled, and
will be provided in the final Phase |l test report.
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PORTLAND CEMENT (Mix E)

During the 21 day flow test into the mold, close observations were made regarding
white residue

Upon core sample removal all cores were inspected for their structural integrity and
sound appearance No visual differences were noted between the cores from the slab
on top of the calcium aluminate cement mortar mock-up, and the cores removed from
the sister mold

The 3 foot x 3 foot x 12 inch thick concrete slab on top of the mock-up with water flow
remained in position until the end of the sixth month. The slab was removed with little
effort. When removed, the concrete slab showed lack of bonding to the seal mortar at
the interface The impression at the interface was smooth with any adverse affect
between the cements limited to the face of the surfaces.

CONCLUSIONS

PORTLAND CEMENT POROUS CONCRETE (Mix A) AND CALCIUM ALUMINATE
CFMeNT POROUS CONCRETE (Mix B)

The conclusions for this portion of the test are in the process of being assembled, and
will be provided in the final Phase Il test report. The results of the Phase Il test have
been factored into the operability determination contained in Reference 2.

PORTLAND CEMENT (Mix E)

The Containrnent structure is designed for the loads and load combinations presented
in the Millstone 3 FSAR Section 3.8.1.3.1. The allowable stresses are in accordance
with ACI 318-71. Mix E was used to construct the mock-up of the Containment mat
slab interface with the calcium aluminate cement layer below the Containment mat.

From Table &, it can be seen that there is a close correlation among 60 day strength of
the concrete samples cored out either from the mock-up mold subjected to water flow or
from the sister mold which was not subjected to the water flow. The variation in
strength is insignificant and their value, to a degree is influenced by their densities.
This indicates there has been no degradation of the concrete as a result of the
exposure to the calcium aluminate concrete and the water flow . In addition when all
cores were removed from the mock-up slab and inspected, as well as from the sister
mold, the concrete integrity was intact with no visual difference. Therefore it can be
concluded from the mock-up test that the Containment mat concrete containing
Portland cement has not experienced any decrease in strength as a result of interacting
with the porous concrete layer containing calcium aluminate cement.

Even though lack of bond at the mating surfaces of Containment mat slab with the
porous concrete layer was observed in the mockup testing, this is not expected to have
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any adverse impact on the structural integrity of the Millstone 3 Containment basemat,
as discussed in the response to Request 3.
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REQUEST 2

Reference 3 describes the Phase |l mock-up test as related to the study of interaction
between the calcium aluminate concrete, and the portland cement concrete of the
basemat Provide the information regarding the relative deterioration of the two
concrete types by comparing the 60-day strengths of (1) portland cement mold before
and after the test, and (2) that for the high alumina cement concrete. Comparisons with
the specified strengths (as shown in the Conclusion) is inappropriate

RESPONSE 2

(1)  Portlant Cement

A comparison of the strength of cores samples representing the Containment
basemat is included in Table 5 This table compares the strength of core
samples exposed to water flow to samples removed from the sister mold which,
was not e. posed to water flow, and to laboratory cured cylinders.

(2)  High Alumina Cement Concrete

Further explanation is contained in the Pnase Il portion of the response to
Request 1 using cycle number 1 for the baseline strength.
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REQUEST 3

The Phase ill mock-up test also indicated that there was a complete lack of bond
between the portland cement concrete mold (representing the basemat concrete), and
the calcium aluminate concrete of the test mold. Provide information regarding the
consequences of the lack of bond on the load transfer to the foundation, and on the
dynamic behavior of the structure.

RESPONSE 3

The impact of the lack of bond at the interface of the Containment Structure foundation
structural concrete and the porous concrete layer containing calcium aluminate cement
are addressed in Reference 13. This calculation addresses two aspects related to the
loss of bond: (1) The ability to transfer vertical loads across the interface of the
Containment foundation and the porous concrete, ard (2) The ability to transfer the
horizontal shear force from a seismic event across the interface of the Containment
foundation and the porous concrete.

Section 3.8 of the Millstone 3 FSAR provides the applicable load combinations for the
design of the Containment Structure. Load combination No. 9 Abnormal/Extreme
Environmental 10D + 10L + 10Pa + 10Ta + 1.0SSE + 1.0Ra is considered the
limiting load combination for this condition. The SSE case includes loads from both the
vertical and horizontal excitations acting simultaneously. The loads at this iocation are:

10D +10L+10Pa+10Ta+ 10Ra= 155617 kips +
SSE Vertical Force = 29,087 kips T
SSE Horizontal Force = 55,152 kips

The impact of the lack of bond is summarized below:
(1) Vertical direction

The net vertical force from this load conibination is 126,530 kips in compression
resulting from a vertically upward SSE force and the resulting downward force
from the remainder of the loads. No bond between the Containment Structure
foundation and the porous concrete layer is required to transfer this net
compression load.

(2) Horizontal Direction

For the horizontal direction the load transfer can be accomplished by friction
resulting from the net vertical downward load of 126 530 kips at this interface In
the condition of concrete to concrete the coefficient of friction (u) of 06, and a
interface reduction factor (v) of 0.8 is used to account for the porous concrete
interface with the normal weight structural concrete, per ACI 318-89 Chapter 11
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Net Compressive Force (N) = 126,530 kips
Frictional Coefficient (u) =06

Reduction Factor (y) =08
Resisting Capacity (uyN)  =60,734 kips
Horizontal SSE Force = 55,152 kips

Margin of Safety 60,734/55,152 = 1.10

In summary, during an SSE event there is sufficient net compressive force which
produces enough frictional resistance to transfer the inertia loads without crediting any
bond at the interface f Containment Structure foundation and the porous concrete.
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REQUEST 4

UFSAR Section 5.C 1.6.1. states, “In general, concrete mixes were of a 28-day strength
of 3,000 psi unless otherwise specified by the Engineer.” However, in response to
question |.1 (Ref. 1), the strength of the containment basemat concrete is indicated as
3,000 psi at 60-days. Provide information on what was really used. If available, provide
information regarding the strength of lab-cured and field-cured cylinders taken from the
basemat concrete during construction. This information is useful in comparing the
degradation effects, if any, with the results of the mock-up tests.

RESPONSE 4

in preparation of the responses for Reference 1, project specification 2199.141-281
‘Mixing and Delivering of Concrete” (Reference 10) was reviewed. This specification
indicates that concrete mix 302 is a 3000 psi at 60 day mix. A review of the actual pour
records indicate that the laboratory cylinders were tested at 28 days and had an
average strength of 4451 psi.
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REQUEST §

Provide a relationship between the grain size distribution of the sump slurry
(Attachment 3, Ref. 1) and the finer particles and cement particulates in the porous
concrete layers. This information is useful in understanding and predicting the ability of
the erosion process to continue.

RESPONSE §

The particle size distribution for (1) the calcium aluminate cement used in the Phase IlI
mock-up test and (2) the Portland cement type |l of a representative sampie has been
provided in Attachment 4 The particle size distribution for the porous concrete
aggregate is similar to that presented in Table 1 for the # 57 aggregate. The grain size
distribution of the residue removed from the sumps was previously provided in
Reference 1. We do not believe that a direct comparison of these particle sizes is
appropriate, since the calcium aluminate residue is removed from the Containment
structure foundation in a ground water solution. It appears that once the water enters
the sumps in the Engineered Safety Features Building the residue crystallizes from
solution and the particle sizes may be different in this state.
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REQUEST 6

An Operability Determination (OD) has been provided in Attachment 2 to Reference 2.
In item F.1a, a gross assumption has been made that the full 800 feet of drainage pipes
are filled with eroded cement. Figure |1 2-3 attached to Reference 1 shows the daily
count of the total amount of water collected in the sumps in the year 1994 The peak
flow shown is about 5,700 galions of water per day. Such a large flow is not feasible if
the pipes were even half filled with the hardened cement. There is a vast uncertainty in
estimating the yearly accumulation of dry weight of the cement residue. Based on the
results of the mock-up tests and other information (e.g., the latest estimate of 1996
cement residue), provide one reasonable scenario in your OD that can be compared
against future accumulation of cement slurry in the sumps.

RESPONSE 6

The operability determination referenced intentionally assumed conservative
hypothetical scenarios to maximize the potential loss of cement emanating from the
porous concrete layers. This was partially due to uncertainties in the total amount of
residue that may have been removed from the Containment foundation. We recognize
that it may not be possible to receive such large amounts of water if the drainage pipes
were even partially full, but since the amount of data available on the residue is limited
we provided the conservative approximations. As mentioned in response to question IV
in Reference 1 some of the variability in the amount of residue collected is explained by
the duration between the sump cleanings. Since this time frame was not constant,
variability in the data would be expected.

With the average of 80 pounds of dry weight of residue being received in the sump
each year, an estimate of 100 pounds per year may be more reasonable, considering
small amounts of residue may have passed through the underdrain sumps in solution
and some residue may be retained under the Containment foundation. Based on the
data to date, we believe that the 100 pounds per year accumulation of residue is the
most reasonable for prediction of future quantities
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REQUEST 7

Four additional hypothetical scenarios have been postulated in the OD (Attachment |1,
Ref. 2). In the evaluation of each scenario, a statement is made at the end of the
evaluation, “The containment mat has sufficient rigidity to span over these hypothetical
gaps without any impact on the mat qualification.” The results of the calculations, if any,
have not been provided. Provide the results of the calculations (stresses and
deflections) for the fourth scenario (where a 5-foot diameter gap has been assumed)
considering the gap to be under the heavily loaded area, for example, under the fully
loaded crane wall, or reactor (primary shield) wall.

RESPONSE 7

In this hypothetical scenario a total of five areas were considered to have degraded in a
5 foot diameter pattern. Four of the areas considered were at intersections of the
drainage pipe sections, and the fifth was at the centerline of the Containment Structure.
The 10 foot thick containment mat was determined to have sufficient structural rigidity
to redistribute vertical loads over the hypothetical gaps without any impact on the
Containment mat qualification. This scenario was based on engineering judgment
considering the classical load distribution method by shear transfer mechanism of the
vertical load from the mid plane of the mat section to the bottom porous concrete
support. Industry practice indicates a 45 degree shear angle for load distribution in
normal weight concrete is appropriate. Conservatively using a 30 degree distribution as
a lower bound from the vertical plane a gap of approximately 577 feet could be
predicted, which bounds the conservative gap of 5 feet

Alternately this has been verified by computing the rigidity of the Containment Mat by
employing the classical method of Beams on Elastic Foundations, as proposed in
Reference 18 Here it is proposed that the limits of the variable AL can be used to
determine the rigidity. If AL is less than n/4 then in local areas the bending is not
influenced by the subgrade stiffness.

A=4 L 1) - -._.ih_.__:_. 1‘ =
v4l) 12(1 - v*)

Where

&ly
N

D = Flexural Rigidity of the Mat

h = Thickness of the Mat

k = Porous Concrete Spring Stiffness

E = Modulus of Elasticity of the structural concrete
L = Rigid Length of the Beam
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in 't r

h=10feet f.=3000psi
E. =29x10° psi
v=0167
3
1= ——h——z— =8572 "
12(1-v°)

Porous Concrete Parameters

Total thickness of the two layers is 19 inches (1.583 feet).
Minimum average monthly unconfined compressive strength from the Phase il mockup
test was 877 psi (Table 6).

y =110pcf
f. =877psi
E.=y"33f . =112x10° =162,355ksf (Reference 15)

AE  (1)162,355

k=
/ 1583

= 102,540k / fi

From Reference 13 the following values have been computed:

D = 35,798 38 1kft*
A=0164
L =48 feet

From this it can be stated that the 10 foot thick reinforced concrete mat would behave
as rigid to a gap up to approximately 5 feet and the load path would be in the shear
transfer mode
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REQUEST 8

Erosion of cement from the porous concrete layers is continuing, and it is necessary to
monitor the movement of the foundation basemat under heavily loaded areas of the
basemat (e.g. crane wall and primary shield wall). Provide information regarding your
plans for monitoring the settlements under such areas.

RESPONSE 8

The response to this request is included in the response to Request 9.
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REQUEST 9

The effects of uniform and differential settlements could be monitored by inspecting the
surface conditions of the walls near discontinuities, and pipe alignments around piping
penetrations in the containment wall, crane wall, and the primary shield wall. Provide
your plans to implement augmented inspections for this purpose.

RESPONLE 889

Permanent benchmarks have been installed on the Containment exterior shell since
plant construction. These benchmarks have been periodically monitored since
installation for any signs of Containment settiement. The latest survey results have
been previously reported in Reference 2, and no differential settlement has been
observed to date. Periodic monitoring of these benchmarks will continue as part of our
Condition Monitoring of Structures for compliance with the Maintenance Rule.

Visual inspections will be performed to monitor potential settlement of the containment
internal structure. This monitoring will be included in our existing program for Condition
Monitoring of Structures in compliance with the Maintenance Rule. A baseline
inspection will be completed in our present outage and subsequent inspections will be
completed each refueling outage.
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TABLE 1

P T MAT POR N TE

PHASE Il MOCK TEST
Ti IS OF T
NATION: nd C1
RESULTS
SAMPLE No. 67 No. 57 No. 4
Retained on 1 1/2 inch - - 0
sieve, (percent)

1 inch sieve - - 58
3/4 inch sieve 1 4 96
1/2 inch sieve 34 47 99
3/8 inch sieve 77 82 99

#4 sieve 98 96 949
#8 sieve 99 97 100
Fineness Modulus 6.76 682 7.94

The gradation distribution of the 3 samples meet the requirements of ASTM C33-92a for concrete
aggregates.
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TABLE 2
MP3 CONTAINMENT MAT POR NCRETE
PHASE Ill MOCK-UP TEST
HEMICAL ANALYSI ATER
SOURCE

SPECIMEN A: WELL WATER FROM ALDEN RESEARCH LAB
SPECIMEN B: BATCH WATER FROM CONCRETE SERVICES INC.

TESTP R

1. STANDARD METHODS FOR EXAMINATION OF WATER AND WASTE WATER. APHA-
AWWA-WPCF, 17TH EDITION, 1989

2. METHODS FOR CHEMICAL ANALYSIS OF WATER ANN WASTES. EPA 600/4-82-055,
1983

RESULTS
DESCRIPTION SPECIMEN A SPECIMEN B
(expressed in ppm) {expressed in ppm)
ACIDITY 7 7
ALKALINITY 7 94
SOLIDS 70 180
(includes salts)
ORGANIC None None
(3.0% NaOH)
OILS & GREASE None None

The water samples analyses are well within the limits of ASTM C94-92a requirements for ready-
mixed wash water as presented in Table |l of that Standard.
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T1ABLE 3

MP3 CONTAINMENT MAT POROUS CONCRETE
P | T

PHASE Ill MOCK-UP TEST
CONCRETE PLACEMENT SCHEDULE

DATE MIX PLACELIAENT REMARKS

MAY 11, 1995 Place Mix A 10 inch thick Portland cement porous concrete

MAY 16, 1995 Place Mix D 2 inch thick Portland cement seal mortar on the membrane

MAY 18 1995 Place Mix B 9 inch thick calcium aluminate cement porous concrete

MAY 25, 1995 Place Mix C 2 inch thick calcium aluminate cement seal mortar

JUNE 11995 Place Mix E 12 inch thick structural concrete with Portland cement

' representing the 10 foot thick containment mat, and also

constructed in a 3 foot x 3 foot x 1 foot thick sister mold.

JUNE 8 1995 N/A Water flow test started
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TABLE 4
T T MAT
PHASE 1l MOCK-UP TEST
FLOW TEST
(based on a 24 hour day for 21 days in a one month period)
MONTH GALLONS/MINUTE GALLONS/MONTH
1 320 967,680
2 269 813,456
3 18.5 559 440
4 297 898,128
5 216 653,184
6 219 662,256
7 16.6 501,984
8 18.0 544 320
9 216 653,184
10 19.0 574,560
11 18.0 544 320
12 19.0 574,560

TOTAL 7,947,072 GALLONS/YEAR
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TABLE 5
MP NTAINMENT N T
PHASE Ill MOCK-UP TEST
UNCONF MP T TH STRUCTURAL CONCRETE
(MIX E)
LAB CURED CORES FROM MOCK-UP CORES FROM
DESCRIPTION OF CYLINDERS SLAB SISTER MOLD
oy NO WATER FLOW WITH WATER FLOW NO WATER FLOW
AGE OF TEST 28 56 40 60 98 40 60
(in days)
CORE DIAMETER 6 6 5.72 8.72 572 572 572
(inches nominal,
12 inches high)
AVERAGE 150 150 151.5 149 162 151 148.5
DENSITY
(pef)
AVERAGE 4935 5257 5335 4925 5260 4640 4695
COMPRESSIVE
STRENGTH
(psi)

From the above table it can be concluded:

1.

-}

The compressive strengths are in very close agreement.
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