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Introduction
This report summarizes a study undertaken by Harstead

Engineering Associates (HEA) on behalf of Louisiana Power

and Light Company to evaluate the structural adequacy of

the Waterford 3 Nuclear Power Is’anxd Structure (NPIS)
basemat.

The following major evaluation items are addressed in
this report:

a) The geometric criteria employed by Ebasco to formu-
late the fini:e element model used to evaluate
the structural adequacy of the basemat;

b) The magnitudes and distribution of the loads em-
ployed by Ebasco to evaluate the structural
adequacy of the basemat;

c) A benchmark comparison between an initial HEA test
run (in which only the finite element used to model
the basemat is revised) against the comparable
Ebasco basemat computer analyses;

d) A detailed comparison between a final HEA computer
analysis and the corresponding basemat shear and
moment capacity.
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Ebasco Basemat Computer Mcdel

The finite element model and the corresponding loads
and load combinations generated by Ebasco to perform a
structural analysis of the basemat were transmitted by
Ebasco to a permanent HEA file (on a computer system
operated by United Information Services) on
September 1, 1983.

Additional supporting documentation which describes
the formulation of the geometry and the loads used to
analyze the basemat is found in References 1 - 3.
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Finite Element Model Geometry
Drawings and Plots

The extent of the finite element model cf the base-
mat and additional structures modeled by Ebasco is
detailed on a series of five Ebasco drawings (References
4-8) , which show the plan c¢f the basemat, as well as
additional plans and elevations of floors and walls lo-
cated above top of mat.

In order to confirm the modeling shown.on these
drawings a number of computer plots were executed and
are contained in Appendix A: the plan of the basemat at
elevation -41.0 ft (one plan with node points numbered,
one plan with elements numbered), elevations A through
D, and elevations at column lines T2, 1lFH and 7FH.
Basemat Finite Element

The STARDYNE computer code used by Ebasco to per-
form the structural analysis of the basemat enables the
use of two types of triangular plates.

As noted on page M-60 of Reference 9,

"Two types of triangular plates are available:

(1) A linear curvature compatible triangle

which simulates thin plate behavior (without

consideration of transverse shear effects)

for non-sandwich structures (see Reference A

(1)) and (2) the "Martin" element which simu-

lates thin or thick plate behavior in a

sandwich or homogeneous (solid) structure. The

"Mar+in" plate must be used when transverse

shear effects and/or transverse shear stresses

are desired. A denser nodal grid mesh is

desirable with this element. See Reference

A(2), page M-200".



3.3 HEA Benchmark Run

In order to confirm the validity of the basemat
internal shears and moments obtained by Ebasco using the
thin plate (type 1) element, a benchmark run for the
load combination designated as "South to North Design
Basis Earthquake" was executed. See Section 4 for a de-
tailed discussion of the loads and load combinations used
in the analysis.

This HEA benchmark run contained the following two
revisions to the input geometry:

a) the "Martin" plate element was used to model the
basemat;

b) the local coordinates of a number of finite ele-
ments contained in the basemat were rotated to
become parallel to the global coordinate system
of the rasemat, in order to facilitate interpre-
tation of the output shears and moments.

Page 1~4 of the HEA calculation contained in Appendix
B shows a typical basemat element, describes the formula-
tion of the local coordinate system for that element as
a function of node point order (connectivity) and de-
fines the global coordinate system used to reference the
locations of the node points.

Pages 1-6 through 1-8 of the Appendix B HEA calcula-
tion tabulate the identification numbers of the basemat
elements having their element coordinate axes rotated
parallel to the global coordinate axes, and the respec-
tive angles of rotation.

Page 1-5 of the Appendix B HEA calculation defines
the positive sense of the membrane forces Fx and Fy, the
transverse shears Fxz and Fyz, and the bending moments
Mx and My with respect to the element local coordinate
axes. Note that the positive sense of the transverse



3.

R

shears Fxz and Fyz, as shown on page 1-5, is oppusite to
the definition given on page M-70 of Reference 9.

The letter and two-page attachment contained in
Appendix C document the sign convention for the trans-
verse shears used in this report.

Benchmark Shear and Moment Plots

Appendix D contains three calculation pages excerpted
from the Reference 3 Ebasco calculation book.

Page El indicates the plan of the basemat at eleva-
tion -35.0 ft, and shows section marks A-A and B-B. Pages
E4 and E7 show plots of the shear and moment in the base-
mat along section B-B for the load combination containing
the North to South Design Basis Earthquake, for three
different soil spring moduli, as well as a plot of the
design envelope.

The shears and moments derived from the HEA bench-
mark run are superimposed on these plots, and are labeled
"HEA (Variable Modulus)".

The extraction and interpretation of the shears and
moments from the HEA computer run is also detuiiled in
Appendix D. The shear and moment ocutput for th:2 »asemat
finite elements cut by section B-B are tabulated, the
local coordinate system for each of these elements is
defined, and either Fxz or Fyz and Mx or My (along with
the appropriate sign) is plotted based on the orienta-
tion of the local coordinate system and the sign conven-
tion defined for the shears and moments.

Note that the rational procedure defined above for
the selection of the shears and moments to be plotted
does not accord with the procedure used by Ebasco. See
pages E36 and E49 of the Reference 3 Ebasco calculation.
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There is an excellent corresponience bestween the
plot of the HEA benchmark moments and the plot of the
moments (for variable spring modulus) yenerated by
Ebasco, and this was expected.

The correspondence between the equivalent shear plots
is not as good, even if the differences in the procedures
usad by HEA and Ebasco to select the magnitude and sign
of the shear to be plotted are taken into account.

The decision was therefore made to retain the "Martin"
finite element for the formal structural analysis, which
incorporates additional revisions to the model geometry
(see Section 3.5) and to the magnitudes and distribution
of the input loads (see Section 4.1).

Simulation of Shield Building Wall

Ebasco simulated the stiffness of the Shield Build-
ing wall by a series of 3 ft wide by 40 ft deep beams
spanning between (adjacent) node points 21-40.

The moment of inertia of the beam about a horizontal
axis (3 x 403/12) is 16000 ft‘. The magnitude of the
moment of inertia employed in the Ebasco computer anal-
yses was 1600 ft4.

In order to simulate the Shield Building wall more
realistically, a moment of inertia of 250,000 ft4 was
selected, equivalent to a beam 100 ft de2p. Review
Section A-A of the Reference 10 Ebasco drawing, which
shows the cylindrical portion of the Shield Building
wall to be 10 £t thick from top of mat (elevation =-35.0
ft) to elevation -18.17 ft, and 3 ft thick thereafter to
elevation 184.07 .t.



4.0 Loads and Load Combinations
4.1 Dead and Seismic Loads

The dead and seismic loads employed by Ebasco in
their computer analyses were reviewed by HEA against the
applicable Ebasco calculations (References 1-3, 11).

The total Reactor Building dead loads tabulated by
Ebasco on page 39 of Reference 1l were reviewed, as shown
on pages 2-1 through 2-3 of the HEA calculation contained
in Appendix B. .

As shown therein, the total dead weight of the
Reactor Building less the weight of the concrete shield-
ing is 108,270 k, which yields a uniformly distributed
load of 6.1 ksf over the circular area having a radius of
75.5 £+ to centerline of Reactor Building wall, and con-
tained within the ring of basemat node points 21-40.

The magnitude of the distributed dead load acting
over the above defined area was therefore revised from
5.3 ksf to 6.1 ksf for the formal computer analysis.

An additional 39,680 k was distributed equally to node
points 21-40 to account for the dead load of the Reactor
Shield Building, which had not been input by Ebasco.

The Design Basis Earthquake (DBE) seismic loads used
by Ebasco for the Fuel Handling Building and Auxiliary
Building in their computer analyses were rev: wed
against the maximum accelerations tabulated on page 5
of the Reference 1l Ebasco calculation (FHB mass Nos.
29-32, AB mass Nos. 33-38, from page 2 of that calcula-
tion), and were found to be consistent.

The DBE seismic loads used by Ebasco for the Reacto:
Building Internal Structure in their computer a.alyses
were compared against the base shear and moment tabulated
on page 5 of the Reference ll Ebasco calculation.



As reviewed on page 2-4 of the HEA calculation con-
tained in Appendix B, the base shear used in the Ebasco
computer analysis is approximately 7C percent of the
base shear tabulated in the referenced Ebasco calcula-
tion (not considered critical), while the total moment
is substantially higher. The magnitudes and distribution
of the total base shear and moment as generated by Ebasco
were therefore left unchanged.

Finally, the total base shear and moment used by
Ebasco for the Reactor Shield Building in their computer
analyses were reviewed against the base shear and moment
tabulated on page 5 of the Reference 1l Ebasco calculation,
and were found to be consistent, as shown on page 2-6 of
the Appendix B HEA calculation.

The decision was made, however, to re-distribute
the base shear and moment in accordance with simple beam
theory, as shown on pages 2-7 through 2-11 of the Appen-
dix B HEA calculation.

Load Combinations

Four load combinations were analyzed in the formal

HEA computer run:

a) Normal Operating

b) DBE East West Seismic

c) DBE North to South Seismic

d) DBE South to North Seismic

These load combinations contain the component loads and
corresponding load factors originally formulated by
Ebasco. There were, however, revisions made to the dead
and seismic component load files, as noted in Section 4.1.
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HEA Computer Analysis

The formal HEA computer run exec:'ted to assess the
structural adequacy of the basemat was run with the
changes to the input geometry and loads previously noted
in Sections 3 and 4.

The primary objective in performing this computer
run was to make a direct comparison between the analysis
shears and moments derived from this analysis, and the
point-to-point shear and moment capacity of the basemat,
which is a function of the number, size and placement of
the rebar.

Basemat Shear and Moment Capacity

The reinforcing steel contained in the basemat is
detailed on three Ebasco drawings (References 12-14).

As shown on the referenced Ebasco drawings, the top
rebar is #11 @ 6 in each way, cver the entire mat. The
bottom reinforcement varies from zone to zone, both in the
E-W and N-S directions. The shear reinforcement is dis-
tributed over two broad bands located on either side of
the Reactor Building. The distribution of the bottom
steel and shear reinforcement is detailed on pages 1-10
through 1l-12 of the HEA calculation contained in Ap--
pendix B. The point-to-point shear and moment capacities
of the basemat are given on pages 1-13 through 1-15 of
that calculation.

Analysis Review Criterion

As detailed on pages 2-12 through 2-14 of the HEA
analysis contained in Appendix B, the analysis shears for
elements adjacent to basemat ncde points 21-40, the peri-
meter of the Reactor Building, are not evaluated in this
Report, because the Reactor Building was modeled only in
a global, rather than in a detailed, sense. That is, the



dead and seismic loads imposed on the basemat by the
Reactor Building and Internal Structure were modeled,
and a series of deep beams were modeled (see Section
3.5) to simulate the stiffness of the Reactor Building,
but no detailed finite element model of the lower portion
of the Reactor Building is contained in the structural
model originally formulated by Ebasco.

This assumption is consistent with the assumption
made by Ebasco. See Section II, pages 3-4 of the Refer-
ence 2 Ebasco calculation book.

10
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Analysis Shears and Moments
There are approximately 600 basemat elements. For

each element there is a corresponding line of output which

tabulates the membrane forces, transverse shears and
moments. In order to review this output in a systematic
manner the following approach is adopted:

a) any shear force greater than 172 k/ft is tabulated,
where 172 k is the lesser shear capacity of the
basemat; ,

b) any positive moment greater than 1915 k ft/ft is
tabulated, where 1915 k ft/ft is the lesser
moment capacity of the top rebar;

c) any negative moment greater than 3643 k ft/ft is
tabulated, where 3643 k ft/ft is the least moment
capacity of the bottom steel.

This summary is performed for each of the load com-
binations tabulated in Section 4.2, as shown on pages 3-1
through 3-6 of the Appendix B HEA calculation. Each anal-
ysis shear and moment summarized is then evaluated with
respect to the shear and moment capacity of the basemat
at that location.

As shown on pages 3-1 through 3-6 of the HEA calcu-
lation, there were only four entries tabulated for moment
greater than the least moment capacity of the bottom steel
(elements 192-195, S to N DBE), which were less than the
corresponding basemat moment capacities at those locations.

The analysis, therefore, clearly confirms the design
adequacy of the basemat with respect to the internal
moments generated by the imposed loads.

A total of thirty-five shears c«re tabulated with
magnitudes in excess of the lesser shear capacity of the
basemat.

11



Twelve of these shears act on elements located in
areas having shear reinforcement and have magnitudes lass
than t%e higher shear capacity of 270 k in these areas
(see page 1-13 of the Appendix B HEA calculation).

The remaining twenty-three tabulated shears are
evaluated with respect to Equations 1ll-4 through 11-7
of ACI Standard 318-71, which permit a detailed calcula-
tion for the allowable shear stress (instead of the de-
fault magnitude specified in Section 11.4.1) for members
subjected to axial compression. See payes 3-7 through
3-15 of the HEA calculation.

Of these twenty-three shears all but three satisfy
the detailed code requirements: the shears acting on ele-
ments 172, 188 and 199 for the load combination which con-
tains the S to N DBE.

The following table summarizes the analysis shears
and shear capacities for these three elements.

Element Analysis Shear
Number Shear Capacity
(k) (k)
172 429 420
188 232 204
199 433 422

These magnitudes of analysis shears in excess of
shear capacity can be re-evaluated with respect to a more
realistic concrete compressive strength. For example, a
test report appended to the Reference 16 Ebasco Concrete
Masonry Specification Qntitled "Compressive Strengths of
Cores Taken from Placement 499-19 (4-28-76) Lab. Nos.
A0826-A0838" by Peabody Testing, summarizes the results

12
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of compressive tests performed on thirteen cores taken
sixty-nine days after concrete placement. The compres-
sive strengths varied from a minimum of 4360 psi to a
maximum of 5930 psi, with an average compressive strength
of 4579 psi.

As the cores were tested on July 6, 1976 (sixty-nine
days after date of concrete placement, as previously noted),
the average compressive strength can be conservatively
employed to re-evaluate the shear capacities of elements
172, 188 and 199.

The following table summarizes the results of the
re-analysis.

Element Analysis Shear

Number Shear Capacity
(k) (k)
172 429 456
188 232 223
199 433 459

Only the analysis shear for element 188 exceeds the
re-computed shear capacity, by about 4 percent. We judge
this to be acceptable, because of the proximity of élement
188 both to the Reactor Building and to an adjacent zone
of shear reinforcement, and because this slight overstress
is localized.

HEA, therefore, additionally confirms the design
adequacy of the basemat with respect to the internal shears
gererated by the imposed loads.

13



5.4 Plots of Analysis Displacements

Plots of the vertical displacements of the basemat
for the four load cases generated are presented in Ap-
pendix E.

A number of qualitative observations can be made
which confirm the validity of the structural analysis,
and provide additional insight into the response of the
finite element model to the applied loads.

Note, for example, that the contours of constant
vertical displacement are symmetric with respect to the
vertical centerline of the Reactor Building for the Normal
Operation load combination, while they are skewed for
the load combinations which contain the E-W, N to S and
S to N Design Basis Earthquakes.

Note also that the internal bending moments and shears
are functions of the second and third derivatives of the
displacements. Therefore, the moment and shear acting on
any element whose normal is tangent to a constant dis-
placement contour will be nominal (zero for a beam), while
the moments and shears acting on any element whose normal
is perpendicular to a constant displacement contour will
be local maxima.

Furthermore, the more closely spaced the contours
of constant displacement, the greater the magnitudes of
the moments and shears.

It is clear, for example, that the most highly
stressed regions within the base mat for the E-W DBE and
the N to S DBE (or for the S to N DBE) occur at different
locations, as would be expected.

It is finally observed that the southerly region of

~the basemat underlying the Reactor Auxiliary Building is
loaded relatively lightly with respect to the northerly

14



region of the basemat, which supports the Reactor and
Fuel Handling Buildings.
SRSS of Basemat Shears

To quantify the observation made in Section 5.4 that
the most highly stressed regions within the basemat occur
at different locations, the square root of the sum of the
squares (SRSS) of the shears generated by the E-W and
N to S Design Basis Earthquakes were generated, as tabu-
lated on page 3-17 of the Appendix B HEA calculation.

The sample of elements for which this calculation
was performed included all elements initially tabulated
on pages 3-! through 3-6 of the HEA calculation, for
which the analysis shear exceeded the lesser shear ca-
pacity of the basemat.

Excerpted from that tabulation are the six largest
SRSS values of the shears Fxz and Fyz, along with a per-
cent increase in the magnitude of the shear, éomputed
with respect to the larger component.

Element

Numbers (Fxz) EW (Fxz) NS SRSS 3 INC
353 16.7 66.1 68.2 3.3
261 -16.1 45.7 48.5 6.0
150 - 8.4 36.6 37.6 2.6
172 -34.1 13.4 36.6 7.4
188 16.3 31.9 35.8 13.3
404 32.9 9.2 34.2 3.8

15



Element

Numbers (Fyz)EW (Fyz) NS SRSS % INC
261 -46.1 -24.9 52.4 13.7
230 38.1 21.9 43.9 15.3
391 -39.8 -16.1 42.9 7.9
188 13.9 26.6 29.8 12.1
235 -15.9 -21.1 26.4 25.2
211 9.8 -16.8 19.4 15.8

Recalling that the lesser shear capacity was exceeded
for all of the elements tabulated (for at least one load
combination), we first note that relatively little shear
capacity is employed to resist the internal shears gener-
ated by the SRSS response of the Design Basis Earthquakes.

It is finally noted that the percent increases in the
SRSS shears calculated with respect to the larger compon-
ents are nominal.

HEA therefore concludes that a lcad combination con-
taining the SRSS of the Design Basis Earthquakes will not
significantly alter any of the analysis shears and moments,
and therefore need not be evaluated.

16



6.0 Discussion of Results

The basis of our evaluation of the basemat was the
finite element analysis of the model and loads as modi~-
fied by HEA. All the elements are assumed to be homo-
geneous uncracked concrete as far as stiffness relation-
ships are concerned. For each plate element of the
computer model, moments, shears and axial forces are
calculated for each plate element. In addition, displace-
ments at each node are calculatad for each load combina-
tion of interest. Vertical displacements have been plotted
and are presented in Appendix E.

The controlling locad combinations are:

a) Normal Operating
b) DBE East West Seismic
c) DBE North to South Seismic
d) DBE South to North Seismic

The East-West component of the earthquake was taken
in only one direction due to the symmetry of the struc-
ture about a north-south axis. On the other hand, the
North-South component of the earthquake was taken from
North to South and from South to North. This was required
due to the lack of symmetry about an east-west axis.

The moments and shears due to the EW and N to S
(or S to N) Design Basis Earthquakes are greatest at dif-
ferent locations and, therefore, an SRSS combination would
not significantly increase any of the design values.
Therefore, this combination was not required for the eval-
uation of the basemat.

While the periwater walls and a few major walls were
represented in the finite element model, many walls were
ignored. This is conservative because such walls would
assist the basemat in carrying loads and in redistributing




any moments and shears which might be substantially
greater than in surrounding areas.

A review of the results indicates the response of the
structural system to the load combinations. Under normal
load conditions the maximum displacements occur under the
Reactor Building. This is because this region has the
softest soil springs and the greatest dead loads. It is
very evident for the normal load conditions that the
establishment of variable soil springs will result in
greater calculated shear and moments as discussed in the
Reference 17 HEA Report.

We are in complete agreement with the conservative
selection of the variable soil springs based upon the
expected soil subgrade modulii.

The seismic loading combinations in general did not
control as much as the normal loading conditions due to
the fact that the dead load is increased by a factor of
1.5 and 1.1 in normal and seismic load combinations,

respectively. Inasmuch as the Waterford 3 plant is in a
low seismic site, the dead load is the major load.

Since the basemat is located well below grade, active
soil pressures are acting on the perimeter walls during
normal conditions. During seismic events passive soil
pressures will develop on the face of the perimeter wall
which is being pushed into the soil by the earthguake
forces.

With the resultant moments, shears and axial forces,
the adequacy of the various sections of the mat was in-
vestigated to the requirements of ACI 318-71. 1In general,
the stresses due to bending moments are well belo.s the

_ allowables for all of the controlling load combinations.
In no case was it found that the reinforcing steel stresses

18
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were close to allowables; in fact, the imposed bending
moments were usually only a fraction of the section
capacity.

While a similar situation exists for shear, there
are a few cases where the applied shear is very close to
structural shear capacity as developed by ACI 318-71.

However, the ACI capacity reduction factor, @, for
calculation of shear capacities is 0.85. This factor is
applied during design due to uncertainties in random
phenomena which could cause loss in strength. These phen-
omena cover items such as isolated drops in concrete
strength, reinforcing steel, and errors in the placement
of reinforcing bars. The basemat was constructed under
controlled conditions, and :vidence of strengths indicates
that values are well above the minimum. For example, the
age of the basemat concrete is now almost seven years,
so that the concrete strength is considerably above the
28-day strength which was conservatively used in the cal-
culations. Since the mat is twelve feet thick, errors in
the placement of steel would have little effect on the
section geometry. In fact, the job records indicate no
problems in placement of reinforcing bars.

A very strong case, indeed, could be made for justi-
fying substantially increased section shear strengths.
However, without taking advantage of this, the results
indicate that the basemat has adequate shear strength
for the imposed load combinations.

The basemat is very structurally redundant and is
very capable of carrying loads well in excess of the ap-
plied loading combinations. This is due to the fact that
if local capacities were exceeded, there would be a re-
distribution, rather than a progressive failure.

19
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In fact, there is no structural reason why the
basemat could not consist or individual building mats
or even spread footings and still function very well.
The use of a continuous monolithic mat combined with the
very low soil bearing pressures provides the structurally
most conservative foundation solution.

Although the top and bottom reinforcing appears
Juite substantial it is quite low when compared to the
concrete area. From a structural point of view, this is
very beneficial since the basemat will possess greater
ductility. Furthermore, the concrete compressive stresses
due to bending will be quite low, probably up to only
about 10% of the 28-day compressive strength of the con-
crete.

Comparison of Results with Previous Analyses and Design

Due to certain refinements, more complete and con-
sistent results were obtained which were used in this
evaluation, as discussed in Section 5.

It must be kept in mind that the top and bottom rein-
forcing bars were conservatively selected on the basis
of primarily manual computations and, therefore, the
quantities of top and bottom reinforcing are well in ex-
cess of ACI 318-71 requirements. This also applies to
shear except for a few isolated elements in which the
applied shear did approximate the capacity as required
by ACI 318-71.

Effect of Cracking on Structural Response

Cracking of the type evidenced at the top of the
Waterford 3 basemat is expected in reinforced concrete
construction, and is assumed in establishing the struc-
tural capacity requirements in the ACI 318 Code. The
fundamental reason that cracking has little influence on
the structural capacity is, of course, that concrete is

20
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not assumed to have tensile strength, the tensile forces
being carried by the embedded reinforcing bars. The
reinforcing bars are bonded to concrete by adhesion as
well as the mechanical interlock of the deformed reinforc-
ing bars themselves. The loss of bond across a very narrow
crack is insignificant. If a crack exists where compres-
sive forces will develop, the crack will tend to close up
so that the compressive forces are transmitted in bearing
in local regions across the crack. Therefore, while the
crack may still be in evidence it will have closed suf-
ficiently to transfer the compressive forces.

The effect of the closing of a narrow crack on the
total compressive strain of the concrete is negligible
for widely spaced cracks.

The completed analyses were performed using currently
accepted methods for the design of reinforced concrete
structures in nuclear power plants. For a complicated
model such as was developed for the Waterford 3 basemat
and superstructure, this was a formidable task in itself.
Nevertheless, consideration was given to refinements such
as incorporaticn of cracking. While this would have in-
troduced complex nonlinearities into the analysis, its
effect upon the structure would have been negligible.
Therefore, such exotic approaches were discarded. The
general low state of stresses calculated offers further
justification for this assessment.

Conclusions and Recommendations

The results of the finite element analyses indicate
that the basemat will be functional for all the required
load combinations for the design life of plant. The
minor amount of cracking is insignificant in affecting
structural response and has no effect whatsoever on the
structural integrity of the mat.

21



The fundamental purpose of a foundation is simply to
transmit the dead weight and any other applied loads to
competent soil. Of all the foundatior systems that are
possible from a structural point of view, the continuous
monolithic basemat provides the most conservative system.
Furthermore, this type of foundation tends to smooth out
locally high soil bearing pressures. Such large con-
struction tends to be most susceptible to cracking from
benign causes such as shrinkage, differential soil settle-
ment, and temperature changes. However, the evidence of
such cracks should not be a cause for concern any more
than deliberately constructed expansion joints would have
been a cause for concern. The cracks are expected and
should not deflect consideration of the inherent superior
structural capability of multiple redundant structures
such as the Waterford 3 basemat.

The presert soil bearing pressures are a small frac-
tion of the soil capability and are in fact less than the
pressures existing in the soil prior to the start of
excavation and construction. Thereforc, the functional
requirements of the design have been met.

The major loading on the basemat is, of course, al-
ready present, namely, the structural dead load and
equipment load. The observations of the basemat covered
in the Reference 17 HEA Report provide additional corrob-
oration not usually encountered when a structure is
under design.

In closing, the information presented herein as well
as in the Reference 17 HEA Report are the result of an ex-
amination of all aspects of the design of the basemat.
While the seepage of water from the cracks precipitated
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the investigation, all aspects of the design were con-
sidered, not just that which could be associated with

the cracks and seepage. It is our conclusion that the
design of the mat is extremely conservative, which, under
the circumstances in which the design was carried out,

we consider prudent and justifiable. Therefore, we see
no need for any remedial measures or the necessity of
additional analyses.
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Figure A-7

WATERFORD 3 ELEVATION AT COL LINE T2
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Figure A-8

WATERFORD 3 ELEVATION AT COL LINE 1FH
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Figure A-9

WRTERFORD 3 ELEVATION AT COL LINE 7FH
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