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Robert L. Mitti General Manager
Nuclear Assurance and Regulation

January 26, 1984

Director of Nuclear Reactor Regulation
United States Nuclear Regulatory Commission
7920 Norfolk Avenue
Bethesda, Maryland 20014

Attention: Mr. Albert Schwencer, Chief
'Licensing Branch 2

Division of Licensing

Gentlemen:

HOPE CREEK GENERATING STATION
DOCKET NO. 50-354
NRC REVIEW OF STRUCTURAL /GEOTECHNICAL 'IOPICS

Pursuant to the agreements reached at the meetings held on
January 10, 11, and 12, 1984, to review HCGS structural /geo-
technical topics with the NRC, attached is one (1) set of
responses to those items denoted as Category I target date.
A listing of the attached Category I target date items,
broken down by date of meeting, is as follows:

Meeting of January 10, 1984:
Items B.6, B.8, B.9, and B. ll

Meeting of January 11, 1984:
Items A.7, A.10, A.11, A.15, A.17, B.1, B.2, B.3, B.4,
B.5,B.6, B.7, B.8, B.9, B.12, and B.13

Meeting of January 12, 1984:
Items A.1, A.2, and A.3
(Items C.1, C.2, C.4, C.5, C.6, and C.7 will be-

included as part of Amendment 4 to the FSAR)

In addition, please note that four (4) advance sets of these
responses were transmitted to D. Wagner via Federal Express
on January 23, 1984.
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Letter to Mr. Albert'Schwencer -2- 1/26/84

Should.you-have.any questions in this regard, do.not
hesitate to contact us.

Very truly y/ours,
.

[7'

R. L..Mittl
-General Manager -
Nuclear Assurance and Regulation

JES:db

Attachment: Resolution of NRC Comments on
Structural /Geotechnical Topics

CC: D. H.. Wagner (w/ attach.)
USNRC Licensing Project Manager

OQ 14 01/02-A
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R00pon30 to NRC Audit

Meeting Date: Ja nua ry 10, 1984

Question No.: B.6

QUBSTION: Provide tabulations of shear moduli used for:
|

soil column model.

. design basis model

RESPONSE: The attached Figure 1 shows a typical soil column
used for the deconvolution analysis.

The attached Figure 2 shows a schematic representation
of the soil model used for the soil-structure
interaction analyses.

The attached Table 1 shows a comparison of the final
iterated shear moduli used in the deconvolution
analysis (which corresponds to free-field conditions )
and the final iterated shear moduli used in the SSI'

analysis. The column * soil f rom which the SSI
values have been extr.:ted corresponds to a location
underneath the reactor building , as indicated in
Figure 2.

Note that the data provided corresponds to layers 20
to 53 in the soil column 's model . The corresponding
element numbers at similar depths underneath the
reactor building are elements numbers 804 to 837.

l
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B.6-1
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FIGURE'1

IDEALIZED FREE-FIELD SOIL COLUNi FOR DECONVOLUTION
(POWER BLOCK AREA HORTH-SOUTH DIRECTION)
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Responso to NRC Audit

Meeting Date January 10, 1984

Question No.: B.8

QUESTION: Provide calculation showing how torsional stif fness
was established for the reactor building.

RES PONSE: A typical calculation of evaluating torisonal
stif fness is provided in the attachment. This
calculation is performed for beam element between

.

nodes 101 and 294 of Figure 1.

The procedure consists of assigning a number to
each wall contributing to the torsional stif fness
of the system. (This is shown in Figure 2). For
each wall, axial and shear areas are computed.
The total shear area in a given direction is
computed by adding the contribution of each
individual wall in that particular direction. The
contribution of the perpendicular walls is
neglected. For example, in determining the total
shear area in the Y-direction, wall 2 will
contribute but wall 13 will not be considered.
For special cases such as wall 1 (circular section ) ,
half of the area is contributed to each direction.

- The procedure for arriving at the total torsional
stiffness at the location of interest is shown in
the tables attached.

B.8-1
.
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Rocponco to NRC Audit

Meeting Date: January 10, 1984

Question No.: B.9

QUESTION: Provide calculations showing drywell stick model
developme;st ( provide for one seetion only ).

RESPONSE: The methodology used in the development of the
Drywell stick is covered in detail in Attachment
I (Reference: Impell Report No. SED-76-017, Rev . 5).

In summary , equivalent beam properties were obtained
based on analyses of the drywell structure using an
axisymmetric model. To develop the correct
displacement pattern and benchmark both models, an
anti-symmetric unit load was applied to the
axisymmetric model . As seen by the results in the
attached Figure B-228, the equivalent beam model
used for subsequent analysis reproduces very closely
the displacement pattern obtained by the axisymmetric
shell model.

A sample calculation of the equivalent beam properties
between elevation 86.92 f t and 91.06 f t is provided
in Attachment II.

|

|

|

l

l

B.9-1
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SED-76-017, Revision 5
_.

.

9.0 DISCUSSION OF SPECIAL STUDIES.

During the course of the Hope Creek seismic analysis, a number.of special
* studies were required in order to evaluate the effect of isolated structural

components on the overall structural response of the Power Block area. In.-

i_ addition, work was performed to summarize and envelope the floor response
i .. spectra for individual buildings, in order to generate building envelope

curves. In addition, a study was performed to investigate effects on seismic
response due to cancellation of Unit 2.-

~
g.1 Drywell Study

.

The mathematical model for the Drywell constructed by the conventional
approach of classical beam theory, when incorporated in the Reactor-

Building model, appeared to produce unrealistically high response results
'" for the Drywell base shear and moment. In order to cccurately identify the

interaction effects between the Drywell and other structural components of_

the Reactor Building, the Drywell dynamic properties were re-evaluated by
means of an axisymmetric shell analysis under static and dynamic loadings..

Initially, a unit static shear was applied at the shear lug location of--

- the axisymmetric shell model (Figure B-225). As can be seen from Figure
;' B-226, the results showed that large longitudinal moments and circumferen-
|_ tial forces occurred at those critical areas having abrupt change in

geometric shape. An " equivalent" beam model was then constructed to match
the static deflection of the shear model. This model had two (2) flexible.

short segments at the base of the Drywell and at the intersection of the
'- cylindrical shell portion and the spherical shell portion (Figure B-227).

As a result of these flexible segments, the model is much more flexible*
than the " classical" beam model.

-

A comparison of static displacements between the three models is presented
in Figure B-228. As can be seen from the figure, the revised beam model=

closely matches the displacement pattern of the axisymmetric model, with
- both being considerably more flexible than the " classical" beam model.

''
In order to confirm the dynamic properties of the " equivalent" model,

_ frequency and mode shape analyses, followed by a fixed base response
spectrum analysis using the Regulatory Guide 1.60 Design Spectrum, were
performed for both the axisymmetric shell model and the equivalent beam=

model. As evidenced by Figures B-229 through 8-233, good agreement-

between the response of these two models was found.

I' 4: c result of the above analyses, the Drywell properties for the Reactor
L- Building analyses were based on the equivalent beam model.
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Development of Equivalent Beam Model Properties-
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Response to NRC Audit

Meeting Date: January 10, 1984

Question No.: B.ll

OUESTION: Define location of (x, y, z) "0" reference points
for auxiliary building model. ,

|

RES PONSE: The attached Figure 1 shows the auxiliary building
mathematical model. The auxiliary building plan at
the ground elevation (elevation 54.0 f t ) is shown
in Figure 2.

The reference coordinate system used for the
calculations of building properties is shown in
F igure 2. Based on this coordinate system the
following is calculated:

a. The center of rigidity for the Control /Radwaste
area has x,y, z coordir. ate (in f t . ) of (0.84,
114.09, 54.0). This joint corresponds to nodal
point 39 in Figure 1.

b. The center of rigidity of the Diesel Generator
area has x,y,z coordinates (in ft.) of (0.0,
-89.70, 54.0). This point corresponds to nodal
point 128 in. Figure 1.

c. The center of mass of the complete plan system
of walls has x,y,z coordinates (in f t.) of (0.0,
-13.00, 54.0). This point corresponds to nodal
point 2 in Figure 1. This is the node at
which the translational and rotational motions
are input to the building model .

|

.

B.ll-1
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Response to NRC Audit

Meeting Date: January 11, 1984

Question No.: A.7

QUESTION: Provide a simplified calculation for overturning

,

of reactor building foundation mat.moment ,

,

RESPONSE: The factor of safety against overturning for the
reactor building as'given in FSAR Appendix 3H was
based on the energy method approach described in
BC-TOP-4A (FSAR Reference 3.7-1) . During discussions
with the NRC, the NRC requested the factor of safety
against overturning be esiculated using conventional
methods. The factor of safety against overturning
using conventional methods is 3.60 which exceeds the
minimum safety f actor of 1.10 specified by SRP
Section 3.8.5-11 of NUREG-0800 FSAR Appendix 3H
will be revised to indicate the factors of safety
against overturning by both the energy method and
conventional method.

|
t

i

.

A.7-1
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Response to NRC Audit

Meeting Date: January 11, 1984

Question No.: A.10

QUESTION: Justify the boundary conditions used at the base of
the drywell shield wall.

RESPONSE: The drywell shield wall was modeled using a finite
element analysis. The base was assumed to be at
el. 83 f t-0 in., since this is the elevation of the
junction with the support pedestal.*

Calculations and drawings indicate that the
reinforcement required at al. 54 ft-0 in. was
extended to el. 83 ft-0 in. The reinforcement
design was reviewed by Mr. L. Yang of the NRC
Scaff during the NRC Structural Audit.

l
.

|

.

A.10-1
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ROCponco to NRC Audit

Meeting Date: January 11, 1984

Question No.: A.ll

QUESTION: Justify the boundary conditions used for the
analytical model of the reactor building dome.

RESPONSE: As presented to Mr. L. Yang of the NRC Staf f,
the model boundary is cut off at el. 201 ft.
The boundary at el . 201 f t is assumed to be
restrained. Our justification is as follows:

- A plot of the deformations under lateral
loads shows that most of the displacements
die out at the elevation of the corbel
(elevation 239 ft), which is well above the
cut-off elevation.

- The cylinder wall is continuous below the
'

cut-off elevation to provide for the continuity
effect in the vertical (meridional) direction.
The cut-off elevation also corresponds to the
elevation of the operating floor diaphragm
which provides a fixed condition in the radial
and circumferential directions.

|
!

!

A.ll-1
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Response to NRC Audit

Meeting Date: January 11, 1984

Question No.: A.15

QUESTION: Explain whether a heavy load drop event needs to be
considered for the intake structure gantry crane. If
so, provide the results of a heavy load drop for the
intake structure roof.

RES PONSE: As discussed with Mr. D. Jeng of the NRC Staff, a
heavy load drop event need not be considered for
the intake structure gantry crane for the reasons
stated in HCGS FSAR paragraph 9.1.5.3.3hh .

|
|

1

|

|

-

A.15-1
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Response to NRC Audit

Meeting Date: January 11, 1984

Question No.: A.17

QUESTION: Provide a typical calculation for the knuckle region
of the re:ctor building dome using critical loads.

l
:tES PONSE: As presented to Mr. L. Yang of the NRC Staf f, the I

area of transition from the cylindrical to spherical
portion of the dome (knuckle region) sustains the
highest moments and axial forces. In the meridional
direction, the maximum f actored moment of

| 5375 f t-lbs/f t is combined with 32,590 lbs of axial
compression. Meridional reinforcement of No. 7 bars'

spaced at 18 in. is provided on both faces. The
circumferential reinforcement of No. 9 ba rs at 18
in. on each face is based on the maximum f actored,

| tension of 5320 lbs/f t and moment of 1401 ft-lbs/ft.

|

|
|

l

l

t

.

A.17-1
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Response to NaC Audit

Meeting Date: January 11, 1984

Question No.: B.1

QUESTION: Provide the deflected shape and the soil contact
pressures for the reactor building foundation mat
(if contact pressures are non-uniform).

RESPONSE: As indicated in FSAR Appendix 3D, Load Combination
1.4D + 1.7L + 1.0F1 (F1 la load due to post-
accident containment flooding) governs the flexural
reinforcing requirements for the reactor building
basemat. This load combination also governs the
maximum deflected shape of the reactor building
foundation. As shown in Sketch B .1-1, the maximum
deflection occurs under the drywell pedestal and
radiates outward in an expected dish shupe pattern.

Load combinat' ion D + L governs the soil contact
pressuree for the reactor building foundation. As
shown in Sketch B.1-2, the maximum soil contact
pressure is 8.21 ksf (compression) and does not
exceed the estimated allowable static bearing
capacity of 12 ksf for the Vincentown Formation
as discussed in FSAR Section 2.5.4.10. This maximum
contact pressure distribution is assumed to occur
during the construction stage when all dead and live
loads are applied and the site dewatering system is
not turned off.

The above was discussed with Mr. L. Yang of the NRC
during the NRC Structural Audit.

l

.

B.1-1
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FOR LOAD COMBINATION D + L

(" " indicates compression)
.

SKETCH B.1-2
.

_ _ _ . _ . _ . . . _ _ _ _



- - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ - - _ _ _ _ _ - _ _ _ _ _ _

.

.

Response.to NRC Audit

Meeting Date: January 11, 1984

Question No.: B.2

QUESTION: Provide calculations for the factors of safety against
sliding and overturning for OBE and SSE cases for the
drywell shield wall.

RESPONSE: The maximum overturning moments at the base of the !
drywell shield wall are

410,000 k-ft (OBE case )
820,000 k-ft (SSE case)

The f actors of safety against overturning are:

F.S. = 6.42 > 1.5 (OBE case)
F.S. = 2. 7 3 > 1.1 (SSE case )

The maximum shears at the base of the drywell
shield wall are

4580 kips (OBE case )
6380 kips (SSE case )

The factors of safety against sliding are:

F.S. = 3.79 > 1.5 (OBE case )
F.S. = 2.72 > 1.1 (SSE case )

Calculations for the factors of safety against sliding
and overturning for OBE and SSE cases for the drywell
shield wall were reviewed by Mr. L. Yang of the NRC
Staf f during the NRC Structu il Audit.

,

.
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Response to hRC Audit

Meeting Date: January 11, 1984

Question No.: B.3

QUESTION: Provide calculations of seismic shear force distribution
in the cylinder wall.

RESPONSE: The seismic shear forces are distributed to the shear
walls in proportion to the relative rigidities of the
shear walls. |

The total seismic shear forces at the base of the
reactor building shell are

Condition Direction l Shear (kips)''

OBE , North-South 27,400

OBE
,

East-West 30,500

SSE | North-South 48,000

SSE i Eas t-Wes t 71,000

The seismic shear forces at the base of the cylinder
wall and the percentages of the total reactor building
seismic shear forces are:

Shear Percentage of
Condition Direction (kips) Total Shear

OBE North-Sou th 6,356 23
,

OBE East-West 6,482 21
i

SSE | North-South 11,134 23

SSE i East-West 15,090 21

It should be noted that the values represent the
results of the analysis performed prior to the
cancellation of Unit 2. The calculations incorporating
the result of the Unit 2 cancellation study are in

j process.-

l
Calculations of seismic shear force distribution were'

reviewed by Mr. L. Yang of the NRC Staf f during the
NRC Structural Audit.

B.3-1
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RsOponOS to NRC Audit

Meeting Date: January 11, 1984

Question No.: B.4
1
,

QUESTION: Provide calculations for overturning of the cylinder
wall.

RES PONSE: The maximum overturning moments at the base of the
cylinder wall are:

1.792 x 106 k-ft (OBE case)
3.05 x 106 k-ft (SSE case)

The factors of e:fety against overturning are:

F.S. = 3.8 > 1.5 (OBE case)
F.S. = 2.1 > 1.1 (SSE case ) !

Calculations for overturning of the cylinder wall were
reviewed by Mr'. L. Yang of the NRC Staf f during the,

NRC Structural Audit.

f,
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Response to NRC Audit

Meeting Date: January 11, 1984

Question No.: B.S

,UESTION: Explain the assumptions used for tha deep beam designQ
of the fuel pool walls.

RES PONSE: The design of the fuel pool walls is in conformance
with the Portland Cement Association (PCA) publication,
" Design of Deep Beams" . This method considers the
nonlinear stress distribution along the height of
the wall. The stresses and tensile forces were
determined from the appropriate design curves in the
PCA publication as a function of the height to span
ratio of the wall. The reinforcing steel was designed
to resist the tensile forces.

.

Calculations and drawings of the fuel pool walls were
reviewed by Mr. L. Yang of the NRC Staf f during the
NRC Structural Audit.

|
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Response to NRC Audit

Meeting Date: January 11, 1984

Question No.: B.6

OUESTION: Explain the method of inputting the loads into the
ASHSD dome model.

RESPONbE: As presented to Mr. L. Yang of the NRC Staff, the
lateral seismic loads were input into the computer
analysis employing a partial Fourier Series
representation of the load. A uniform lateral
load was applied by combining the second harmonic
of the radial and tangential loads.

.

B.6-1
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Response to NRC Audit

Meeting Date: January 11, 1984

Question No.: B.7

)

QUESTION: Provide calculations demonstrating that the dynamic )
effects of tornado depressurization are not
gove rning .

RES PONSE: As presented to Mr. L. Yang of the NRC Staf f, the
computer analysis is performed in the following
manner

- Dead loads, live loads, seismic loads and
tornado depressurization loads are applied to
the model individually.

- For each individual loading the shears, moments
and axial forces are established for each
element.

- The above information is then input into a post
processor routine which combines and factors
the individual loads into the potentially
controlling load combinations.

- The resultant moments an'' forces are generated
for each element.

- To simplify the interpretation of the output,
the routine selects the shears, axial forces,
and moments from the loading combination that
yields aither the maximum or minimum value in
each direction for each element.

. These maximum and minimum values are then used

[ for the design.
!
'

Accordingly, the controlling elements may have
loads and moments in various directions
conservatively combined from more than one loading
combination. Therefore, it is not possible, nor
is it necessary to confirm that the effects of
tornado depressurization are not governing.

-

t
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Response to NRC Audit

Meeting Date: January ll, 1984
{

Question No.: B.8

QUESTION: Provide worst case calculation of auxiliary
building room subject to abnormal pressure.

RESPONSE: A calculation of the design of an auxiliary
building room subject to abnormal pressure
was shown to Mr. D. Jeng of the NRC during l
the structural audit.

The following areas of the calculation were
reviewed:

- Calculation of forces and momer.ts due to
abnormal pressure

- Cambination of forces and moments due to
abnormal pressure with forces and moments
due to other loads

- Determination of reinforcing steel
requirements.

All areas of the calculation were described to the
satisfaction of Mr. Jeng.

|
,

1
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Response to NRC Audit

Meeting Date: January 11, 1984

Question No.: B.9

QUESTION: Provide maximum tangential shear stresses in the
drywell shield wall and the cylinder wall.

RESPONSE: The maximum tangential shear stresses are:

136.2 k/ft for drywell shield wall<

148.1 k/ft for cylinder wall

The shear calculations were reviewed by Mr. D. Jeng
of the NRC Staff during the NRC Structural Audit.

.

!

.

B.9-1

|

.__ . __ _ _ _ . _ _ _ - _ , - . . - - _ . _ - . - - . . _ . . . _ . . . . . - _ - - - .



_ - __ _________ _____ ______ ______ _ _ _ _ _ _ _ _ _ . _

.

,

R3npon;e to NRC Audit

Meeting Date: January 11, 1984

Question No.: B.12

QUESTION: Provide static factor of safety against
overturning for intake structure.

RESPONSE: The factor of safety against overturning for the
intake structure as given in FSAR Appendix 3G
was based on the energy method approach described
in BC-TOP-4A (FSAR Reference 3.7-1). During
discussions with the NRC, the NRC requested the
f actor of safety against overturning be calculated
using conventional methods. The factor of safety
against overturning using conventional methods
is 1.12 which exceeds the minimum safety factor
of 1.10 specified by SRP Section 3.8.5-II of
N UR EG -0 800. FSAR Appendix 3G will be revised to
indicate the f actors of safety against overturning
by both the energy method and conventional method.

.

i
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R2ponco to NRC Audit

Meeting Date: January 11, 1984

Question No.: B.13 !

|

QUESTION: Provide two or three calculations illustrating use of
|0.9 dead load factors.
i

l

RESPONSE: Three calculations illustrating the use of the 0.9
~

dead load factor for the reactor building were
reviewed by Mr. L. Yang of the NRC Staff during the

{the NRC Structural Audit. Similar celculations '

eximL for other Seismic Category I structures. I

_
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'' R30pon2s to NRC Audit

Meeting Date: January 12, 1984

Question No: A.1

Question: Describe the procedures which assure that the I

post-modification seismic loads for the torus
were examined and that the torus structure was
found to be adequate to resist the post-modifi-
cation seismic loads.

Response: The evaluation of post-modification seismic loads
for the torus was separated into two parts: An
evaluation for horizontal loads and an evaluation
for vertical loads. The support design for the
torus, i.e. pinned-pinned vertical columns and
pinned lateral restraints, assures that horizontal
and vertical behavior are uncoupled, thus allow-
ing consideration of them separately. This was
confirmed by the results of the selsn.ic analysis
of the unmodified structure, which also show that
responses in each of the horizontal and vertical
directions are dominated by one structural mode.

For horizontal loads, an evaluati7n was made of
the effects of the torus modifications on the
horizontal seismic analysis for the unmodified con-
figuration. It was concluded that the effect of
the torus modifications on the horizontal seismic
response of the torus is negligible. The modifica-
tions added to the torus consist mainly of local
column connection stiffening which does not sig-
nificantly change the dominant horizontal torus
frequency. The original analysis for horizontal
loads is conservative, since the stiffening effect,
though insignificant, would tend to increase the
dominant frequency, resulting in lower accelerations
applied to the torus because of the position of the
frequency en the response spectrum curve. The
evaluation described above was performed as part of
the Hope Creek Plant Unique Analysis.

. For vertical loads, a new analysis was performed
| using a finite element model of the modified torus.

The results of this analysis are documented in the
Hope Creek Plant Unique Analysis Report.

_
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R0gponso to NRC Audit*

Meeting Date: January 12, 1984

Question No: A.2

Question: Justif,y the methods used to consider fluid structure
interaction ef fects for analysis of the torus.

Response: Fluid structure interaction effects are considered
in the torus analysis through the use of a fluid
added mass formulation which results in a " consistent"
mass matrix, i.e. a mass matrix having off-diagonal
terms, representing the mathematical coupling of the
fluid. Fluid compressibility and surface gravity
effects are neglected. It is also assumed that
there is no irrotational flow (viscosity), no steady
flow (aerodynamics) and no non-linear effects
(cavitation).

The assumption of an incompressible fluid is apy. -

priate if structural frequencies of interest are
not in the range of either fluid sloshing frequencies
or fluid accoustic frequencies. Fluid sloshing fre-
quencies for the Hope Creek torus are less than 1 hz.
Accoustic frequencies of the torus are obtained by
dividing the velocity of sound in water by a charac-
teristic length. Using the maximum water depth in
the torus as the characteristic length, gives a corres-
ponding accoustic frequency of over 50 hertz.

The dominant structural frequencies of the torus for
the loadings defined in NUREG-0661 range from 15 hertz
to 35 hertz. They are sufficiently far removed from
the sloshing and acoustic frequencies of the fluid,
so as to justify the assumption of an incompressible
fluid.

!
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; Respor.se to NRC Audit

Meeting Date: January 12, 1984

Question No: A.3

Question: Describe how the effects of relative seismic dis-
placements of the torus were considered for the
stress evaluation of the vent system.

Response: The effects of relative seismic displacements of
the torus on the vent system were considered by
approximating the maximum relative support dis-
placements using the floor response spectra. The
maximum dispigcement for each support is predicted
by Sd = Sag /w, where Sa is the spectral acceleration
in g's at the high frequency end of the spectrum
curve, g is the gravity constant, and w is the

.

fundamental structural frequency of the torus in
radians per second.

The resulting displacements from this calculation,
0 01 in. in the horizontal direction and 0.017 in,
in the vertical direction, are small compared with
those of other major vent system loadings such as
SRV discharge and pool swell and have a neglible
effect on the vent system.
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