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Carolina Power & Light Company

SEP 101982

Office of Nuclear Reactor Regulation

ATTN: Mr. D. B. Vassallo, Chief
Operating Reactors Branch No. 2

United States Nuclear Regulatory Commission
Washington, D.C. 20555

BRUNSWICK STEAM ELECTRIC PLANT, UNIT NOS. 1 AND 2
DOCKET NOS. 50-325 AND 50-324
LICENSE NOS. DPR-71 AND DPR-62

RESPONSE TO REQUESTS FOR ADDITIONAL INFORMATION
SPENT FUEL POOL STORAGE MODIFICATION

Dear Mr. Vassallo:

On April 16, 1981, Carolina Power & Light Company (CP&L) submitted a
license amendment application seeking modification of the Brunswick Steam
Electric Plant (BSEP) Unit Nos. 1 and 2 spent fuel storage pools (SFP) for
increased storage capacity of spent fuel.

By letter dated March 16, 1982, CP&L provided information responding
to Mr. T. A. Ippolito's requests for additional information dated July 14,
1981 and November 5, 1981 and to provide additional information supporting our
April 16, 1981 submittal. Subsequent to our March 16, 1982 letter, NRC has
requested additional information pertinent to concluding the review on the SFP
codification. The attached information responds in toto to outstanding NRC
questions (NRC letters dated November 5, 1981 and July 14, 1981) and your
letter dated April 30, 1982.

We trust this information satisfactorily responds to your
qitestions. Should you require additional information, please contact my
staff.

Yours very truly,

;;:::^>

S. mmerman
Manager

Licensing & Permits

MSG /WRM/lr (n-42) CO
Enclosures

cc: Mr. J. P. O'Reilly (NRC-RII) h3.

Mr. J. A. Van Vliet (NRC) [, s, r^ *

Mr. D. O. Myers (NRC-BSEP)

82 0 9 21 c2_w n
411 Fayetteedle Street . P. O. Box 1551 * Raleigh, N. C. 27602

_ _ _ . _ - - - _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ -
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ATTACHMENT

CAROLINA POWER & LIGHT COMPANY (CP&L) RESPONSES TO
ADDITIONAL QUESTIONS REGARDING THE

BRUNSWICK STEAM ELECTRIC PLANT (BSEP) UNIT NOS. 1 AND 2
SPENT FUEL POOL STORAGE EXPANSION

NRC OUBSTION 1

Pages 3-1 and 4-3

The " Light-Gage Cold-Formed Steel Design Manual" 1961 Edition, AISI is
referenced. Besides being an obsolete edition, this document does not pertain
to stainless steel. Please specify a proper reference.

'

CP&L RESPONSE

Page 3-1, Item 11: -

Delete " Light Gage" and insert in its place " Stainless Steel."
Delete "1961" and insert in its place "1974".

Page 4-3, Item (e) under " Analysis ..."

Delete " Light-Gage" and insert in its place " Stainless Steel."
; Delete "1961" and insert in its place "1974".

Page 4-3, Item (c) under " Acceptance ..."
,

Delete " Light-Gage and insert in its place " Stainless Steel."

The changes noted above are found in Attachment 1.

NRC QUESTION 2

What are the standard ASME Code specifications for all the materials used in
the racks?

CP&L RESPONSE

All rack materials, except the neutron absorber material, are stainless steel
specified by ASTM standards for wrought materials and ASME standards for
castings.

g - w
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Tubes gr 304 ASTM A-240
Fittings ASME SA-351 gr CF-8
Clip angles gr 304 ASTM A-240
Closure plates gr 304 ASTM A-240
Closure pl shims gr 304 ASTM A-240
Lift lug gr 304 ASTM A-240
Base plate gr 304 ASTM A-240
Fuel support pla gr 304 ASTM A-240 or ASME SA 351 gr CF-8

The neutron absorber material and the slider pad material are not standard
materials. Materials for these two items are proprietary formulations and
accepted by specific testing.

NRC QUESTION 3

Load combinations seem to be at variance with 0.T. Position (Page 4-4).
Explain and justify if necessary.

,

CP&L RESPONSES

The load combinations recommended by the 0.T. Position were used. An
explanation of the results is found in the paragraph following (d) on
page 4-4. There were no live loads in accordance with the definition in
Standard Review Plan Section 3.8.4.

NRC QUESTION 4

Only Level D acceptance criteria are referenced for all loading conditions
(Pages 4-8 and 4-4). This is not in accordance with 0.T. position for loads
involving OBE or T . Provide an explanation and justification.o

CP&L RESPONSE
"

Level A and B acceptance criteria were used for the OBE loading condition
allowables shown on Table 4-1. The footnotes are in error and should be
revised as shown in Attachment L.

NRC QUESTION 5

Figures 4-1 and 4-2 show the same peak acceleration for OBE and SSE. Please
explain. What is the source reference for these figures?

CP&L RESPONSE

The figures were presented first in " Responses to AEC comments to DR 4
(Addendum B)", a document transmitted by Carolina Power & Light Company to the
U. S. Atomic Energy Commission (Mr. John F. O' Leary) on November 8, 1972. The
similarity of the peaks is coincidence. Please observe that Figure 4-1 is for
structural / equipment damping of 4%/1% and Figure 4-2 is for
structural / equipment and piping damping of 7%/2%.
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NRC QUESTION 6

It is not explicitly stated that the one-third increase in allowable stresses
(permitted by some specifications) was not permitted. The staff does not
usually accept such an increase. Please state that this allowance was not
taken, or provide justification if it was permitted.

CP&L RESPONSE

For the license submittal under consideration, a review was made of the
concrete pool structure. For this review ultimate strength design was used in
accordance with Regulatory Standard Review Plan Section 3.8.4 with the
structural acceptance criteria stated therein. The one third increase in
allowable stresses is not applicable to the method used.

NRC QUESTION 7

The statement at the bottom of page 4-4 that " thermal stresses need not be
considered in the stress calculations" is only true for Level D service
conditions. Provide an explanation and justification.

CP&L RESPONSE

The boundaries of the spent fuel storage module are not fixed, thereby making
temperature-induced stresses insignificant. But even if the modules were
restrained, at the maximum postulated temperature gradient (440F) for abnormal
conditions, the load combination D + L + Ta + E is less than the OT acceptance
limit of 1.6 times normal limits.

NRC QUESTION 8

Provide details and results of the analysis of the effects of the new rack
loads on the pool structure. Include a sketch of the mathematical model.

CP&L RESPONSE
,

The information requested may be found in Attachment 3

NRC QUESTION 9

State the proposed travel path of the storage racks during the modification.
Are procedures available for moving the racks?

CP&L RESPONSE

Specific travel path instructions requiring no heavy loads over stored spent
fuel will be part of the plant procedures to be developed for this
modification. By reference to Figures 2-1 and 2-6 of the April 16, 1981
license amendment application, it can be seen that no heavy loads need be
transported over stored spent fuel for this modification. During the



modification, spent fuel will be moved so that no spent fuel is located in the
racks adjacent to the work area.

NRC QUESTION 10

Provide a list and description of the lifting devices and attachments (i.e.
load rating, material, compliance with applicable ANSI standards such as
ANSI N14.6, ANSI B30.9) which will be used during the expansion modification.

CP&L RESPONSE

A single-failure-proof lifting device is provided by the manufacturer (see
attached Drawings C5472-E-113, 114, and 115 in Attachment 4) for placing the
new racks in the pool. The device is rated at 39,000 lb. and tested at 125%
capacity. The material is certified ASTM A-36 carbon steel.

Removal of the existing racks will use the existing lifting device. This
device is a rigid, structural steel frame designed to AISC, 7th Edition, with
a safety factor of 5 on yield stress for a design load of 9,400 lb. (maximum
empty rack weight).

!



OUTSTANDING NRC QUESTIONS

NRC QUESTION 1 (Requested by NRC letter dated July 14, 1981)

Provide key calculations of the natural convection analysis.

CP&L RESPONSE

The calculations of the natural convection analysis are contained in the
analysis for loss of spent fuel pool cooling. This analysis is provided in
the thermal analysis enclosed in Attachment 5 and its revision enclosed in
Attachment 6. In addition, the analysis of the radiological consequences of a
loss of spent fuel pool cooling is provided in Attachment 7

NRC QUESTION 2 (Requested by NRC letter dated November 5, 1981)

What volume of solid radioactive waste is expected to be generated as a result
of re-racking of the Brunswick, Unit Nos. 1 and 2, spent fuel pool? Estimate
the volume, as prepared for shipment (in drums, boxes or wrapped) to the
disposal site. Estimate the curie content of this waste.

.

CP&L RESPONSE

We conservatively estimate a maximum volume of 300 cubic feet of waste (in the
form of structural steel and miscellaneous tools) to be disposed as a result
of this modification. A conservative estimate of curie content is
200 millicuries.

1

NRC QUESTION 3 (Requested by NRC letter dated November 5, 1981)

Our records indicate that the spent fuel storage pool cleanup system contains
two 500 gpm, 300 ft. head, 60 HP pumps upstream of two heat exchangers and two
filter /demineralizers. Please indicate if your design for the proposed
modifications includes any change to the automatic backwash of the
filter /demineralizers or automatic bypass to maintain a minimum total flow of
1000 gpm through the SFP system (Figure 8-1). Also, indicate if the proposed
expansion is expected to have any impact on the anticipated annual volume of
demineralizer resin waste from this source; if so, provide your estimate of
the annual volume and curie content.

CP&L RESPONSE

No changes are proposed to the SFP Clean-up System. Since the loading on the
filter /demineralizers is primarily from the most recently discharged fuel, we
anticipate no increase of annual volume of demineralizer resin waste resulting
from this modification.

.

.,
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3.0 DESIGN BASES

The new rpent fuel storage system was designed to conform to the applicable
provisions of the following codes, standards and regulations:

1. General Design Criterion 2 (per 10CFR50, Appendix A) as related to
components important tc safety being capable of withstanding the effects
of natural phenomena.

2_. General Design Criterion 3 as related to protection against fire hazards.

3. General Design Criterion 4 as related to components being able to accom-
modate the effects of and to be compatible with the environmental conditions
associated with normal operation and postulated accidents.

4. General Design Criterion 62 as related to the prevention of criticality
by physical systems.

5. Regulatory Guide 1.13 as it relates to the fuel storage facility design to
prevent damage resulting from the SSE and to protect the fuel from mechanical
damage.

6. Regulatory Guide 1.29 as related to the seismic design classification of
facility compone'nts.

7. Regulatory Guide 1.92 as related to combination of loads for seismic analysis.

8. 10CFR20.

9. ASME Section III.

10. Branch Technical Position ASB 9-2 contained in the Standard Review Plan.

11. Stainless Steel Cold-Formed Steel Design Manual,1974 Edition, American
Iron and Steel Institute.

12. 10CFR100.

.
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conditions, and the minimum 2-inch clearance between modules precludes contact
during a seismic event.

4.2 STRESS ANALYSIS

The HDFS module has been designed to meet Seismic Category I requirements.
Structural integrity of the module has been demonstrated for the load com-
binations below using linear elastic design methods.

,

Analysis was based upon the criteria and assumptions contained in the following
documents:

a) ASME Boiler and Pressure Vessel Code Section III, Subsection NF.
b') USNRC, Regulatory Guide 1.92, Combining Modal Responses and Spatial

components in Seismic Response Analysis,
c) BSEP-1&2 Final Safety Analysis Report, Seismic Design Criteria.
d) OBE - Operating Basis Earthquake ~

DBE - Design Basis Earthquake
e) Stainless Steel Cold-Formed Steel Design Manual,1974 Edition, American

Iron and Steel Institute.

Acceptance criteria were based on:

a) Normal and upset (0BE) Appendix XVII, ASME, Section III.
b) Faulted DBE Paragraph F-1370, ASME Section III, Appendix F.
c) Local Buckling stresses in the spent fuel storage tubes were calculated

according to Stainless Steel " Cold-Formed Steel Design Manual" of American
Iron and Steel Institute in lieu of Appendix XVII, ASME, Section III,
because of its applicability to these light-gage tubes. Only the strength
of the outer wall thickness of 0.090 inch nominal is considered in thestress calculations.

The applied loads to the module are:
a) Dead loads which are weight of module and fuel assemblies, and hydrostatic

loads.
b) Live loads - effect of lifting an empty module during installation,
c) Thermal loads - the uniform thermal expansion caused by pool temperature

changes from the pool water and stored fuel.
d) Seismic forces of OBE and DBE.
e) Accidental drop of a fuel assembly from the maximum poss:ble height.

4-3
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TABLE 4-1

Comparison of Calculated Stress vs. Allowables (psi)

OBE SSE

Calc. Calc.2Location / Type Stress Allowables Stress Allowables)

Tube wall shear 5,520 9,260 8,230 15,400
Tube wall compression 6,470 13,900 9,380 23,100
Tube weld throat shear 5,520 9,260 11,640 15,400

Angle, weld throat shear 7,81 0 9,260 11,640 15,400

Casting wall shear 3,340 9,260 9,170 15,400
Casting wall compression 8,900 15,300 14,220 23,100
Casting base weld shear 3,830 9,260 7,660 15,400

Support plate weld throat
shear 3,870 9,260 15,330 15,400

Upper Closure Plate
Compression 5,820 13,900 7,800 23,100
Shear 4,470 9,260 5,260 15,400
Weld Shear 6,320 9,260 7,440 15,440

*

Lower Closure Plate
Compression 4,000 13,900 5,660 23,100
Shear 7,340 9,260 11,490 15,400
Weld Shear 7,340 9,260 13,580 15,400

Corner tube local 9,120 23,100- -

compressive stress
check for local
buc kling

.

I
Allowable stresses referenced in ASME Section III, NF3231.lc (Appendix F,

i Section F-1370) .

Allowable stresses referenced in ASME Section III, NF3231.la ( Appendix XVII).
!

|
|
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is , therefore, inconsequential so f ar as the 150*F pool temperature limit and
,

I pool boiling are concerned.

The pool temperature results for the various cases analyzed in Sections 8.3
and 8.4 are summarized in Table 8-8. All transient analyses performed are
conservative, as no credit has been taken for cooling by evaporation from the
pool surface or the thermal inertia of the steel module components or pool
walls. Additional conservatism includes the high continuous power level
assumed for the H. B. Robinson fuel, minimum available cooling time, and
maximum service water and closed cooling water temperatures. It is therefore
expected that actual pool water temperatures would be lower than those
calculated.

8.5 LOCAL FUEL BUNDLE THERMAL HYDRAULICS

The bounding thermal hydraulic conditions were calculated for fuel stored in a
HDFS module or basket in the BSEP pools. Bases for the calculations for
typical current generation fuel were the following:

Maximum Burnup 44000 mwd /MTU
Continuous Power Level 60 KW /K8Ut~ Total Core Power Level 2436 MW

t
Assemblies per Core 560
Assembly Mass 183 KgU
Transfer Time Core to Pool 15 minutes
Cooldown Time Prior to

Fuel Movement 24 hours
Fuel Storage Pool Bulk

Water Temperature 150*F

The methodology specified in the Auxiliary Systems Branch Technical Position
ASB 9-2 was used to calculate the decay heat for the bundle defined by these
bases. The result was a heat generation rate of 224.300 BTU / hour per
assembly.

The maximum fuel cladding temperature will be 196*F. The maximum water
temperature associated with the hottest fuel bundle will be 180*F. These
temperatures and the maximum storage tube wall temperature of 165'F are low
relative to structural integrity or corrosion limiting temperatures of the
structural components of the storage system and fuel.

8.6 RADIOLOGICAL IMPACT OF SPENT FUEL POOL BOILING

The radiological impact of bulk boiling in the spent fuel pools of both BSEP
units is most severe when the SFP cooling systems for both units are
postulated to fail simultaneously following a refueling, as described in
Subsection 8.4.1.

A radiological analysis has been performed to determine the thyroid dose at
the site boundary /LPZ. The following assumptions were made:

1. The time to reach boiling is 13 hours for both units.

42. The boiling rate of the pool water is 1.38 x 10 lbm/hr for each unit.

8-6
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1. INTRODUCTION
,

The purpose of this report is to amplify the information given in the "NRC
Docket 50-324 and 50-325, Operating Licenses DPR-62 and DPR-71, Brunswick

Steam Electric Plant Units 1 and 2, Spent Fuel Poo'l Storage Expansion Report,"
dated April 16, 1981. Supporting analyses on the following four subjects
were performed:

a. Seismic analysis

b. Stress analysis

c. Fuel drop analysis

d. Thermal hydraulic analysis.

In this report, the methodology of the analyses, input and output from the
analyses and conclusions are summarized.

_

.
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,

2. ~ SEISMIC ANALYSIS

The purpose of the seismic analysis is to perform the following calculations
| under the design seismic loading condition:

| a. To calculate the maximum seismic loads in the module. These 13 ads

| will be used as input in the stress analysis.
i

'

b. To calculate the maximum sliding and stability for the module.

2.1 SEISMIC ANALYSIS' INPUT

The design floor acceleration response spectra are given in Reference 1. In

order to convert these design requirements into suitable form for use in the
analysis, artificial earthquake time histories were generated to match the
design floor acceleration response spectrum. Constant vertical acceleration
equals two-thirds of maximum horizontal acceleration used in the analysis.
Both the OBE and the DBE earthquakes were considered. Damping values used
were 1% for OBE and 2% for DBE condition.

The time-histories were generated using SIMQK-01, a GE in-house, level-2-
approved production program based on a program by Professor VanMarke of MIT
(Ref. 2).

The acceleration time-histories generated are shown in Figures 2-1 and 2-2.
Also shown, Figures 2-3 and 2-4, are the comparisons of the calculated response
spectra with the input response spectra for each time-history. This comparison
is needed to verify the acceptability of the generated earthquake time-histories
per NRC Standard Review Plan, Section 3.7.1.

2.2 HYDRODYNAMIC MASS

The hydrodynamic virtual mass effects due to pool water were included in the
analysis of the modules and support system. The General Electric computer
program WATERMASS (Ref. 3) was used to compute the added-mass values which

.

2-1
-- _ .- - _ - .~. ._. - , . - - - . . - . -
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represent the inertial properties of the.wster surrounding the submerged

modules. WATERMASS is based on the finite-element method (Ref. 4), which

assumes that the' water is incompressible and that surface effects are negli-

gible. Added-mass diagonal and coupling terms were computed for all modules

as e single two-dimensional body. Figure 2-5 shows the plan view of the

two-dimensional models of the modules and basin used in the hydrodynamic-

virt tal mass analysis for Brunswick. The calculated hydrodynamic mass is '

then modified to correct for surface effect before it i< added to the mass
' '

of the module for seismic analysis.
,

? .

,,

2.3 NATURAL FREQUENCIES AND SEISMIC LOADS '
,

'

t
!

! Atwo-dimensional (2D)stickmodelhaving11massesiskonsidered' sufficient '

to represent the dynamic behavior of the module. Because the interior plates

represent a major portion of the module they are used as the basis for develop-
~

ing the 2D seismic model. This approach aisc provides conservative res9 ts1

since the interior plate has lower n&tural frequency that the exterior plate

elements. The procedure of developing the seismic model is described below:

.

A 2D finite element model is first developed to represent the typicala.

interior plate, assuming the two ends of the bottomIedge are sup-

.
ported on a rigid base. See Figure 2-6a for a sche $atic illustration.

.

b. Frequencies for both horizontal and vertical modes of the 2D finite

element model are computed using GE computer code:3APdG06.

/
/

c. An equivalent fixed base, ll-node stick model is then developed to

represent the interior plate finite element model witI/th' total mass'

of the module preserved. The equivalent sectional properties are '

| based on the interior plate sections, and are so; adjusted that'the
first mode horizontal and first mode vertical frequencies' of the stick

model match those of the finite element model . See Figure 2-6b for
,

illustration of the fixed base stick model. '

,

. ,
.

|

-...e

*

| -

I h e
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f' d.
"

The fixed base stick model is modified by including the hydrodynamic
1

mass and the effect of the flexibility of the fuel support plate.
'

The inclusion of the latter is necessary because the module is in,

reality supported on the fuel support plate which in turn is supportedu

only at the four exterior corners. The final model is shown in
, Figure 2-6c in which the springs K , H and H represent the effect

H e y~' ' of the fuel support plate flexibility.

I'.

-

The GE computer code SAP 4G07, (Ref. 5) was then used to compute the frequencies,-

. mode, shapes, etc., of the flexible base stick model. Comparison of natural

' frequencies for the FEM and stick models for different sizes of modules are
~

summarized in Table 2-1. Natural frequencies for modules considering proper
boundary conditions and the hydrodynamic mass effect are given in Table 2-2.

Seismic response of the flexible stick model was also computed using SAP 4G07.,

!

j This seismic input is the 2% damping DBE or 1% damping OBE design floor spec->

trum as specified in Section 2.1.-

Computer code SAP 4GO7 was used to compute the seismic responses - acceleration,
shear and moment. It was found that, however, for horizontal analysis, the

-

} first mode spectrum acceleration is sufficient to represent the seismic responsei
J

of the module as far as base shear and base moment are concerned. This simpli-

fies the input preparation for the module seismic stress analysis in
i

Section 3.
1

, ;>
h ,'~ The modules are essentially " rigid" in the vertical analysis because the firstf

, mode vertical frequency, fyy, always exceeds 30 Hz.

Table 2-3 summarizes the OBE and DBE seismic design acceleration.

Figure 2-7 shows the configuration of the ll-node flexible base stick model
considered in the seismic analysis. Properties of the model, i.e., mass per
unit length, section properties and material properties, are summarized in,

L -Table 2-4 For the 13x15, 13x17 and 13x19 modules, where applicable the proper-.

ties are adopted from those previously developed for Hatch HDFSS (General Electrics

,

P

'
2-3
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Report File No. C5469-EC-152, September 28, 1980). For the 15x17 module, the

corresponding properties can be extrapolated from the 13x15 and 13x17 modules.

Table 2-5 shows the equivalent spring constants, K ' 6 "" V, thatH
represent the flexibility of the fuel support place. Spring constants for

the 13x15, 13x17 and 13x19 modules are adopted from the Hatch HDFSS, and

spring constants for the 15x17 module are extrapolated from those for the

13x15 and 13x17 modules.

The effect of hydrodynamic water masses are also accounted for in the seismic |

model. Such effect is represented by two water mass parameters. The first

one, denoted by o', is the diagonal water mass term after the end effect

correction. It is to be added to the module mass density p, to produce the

combined module and water mass density for the seismic model. The second

parameter, denoted by o", represents the sum of the diagonal and all off-

diagonal water mass terms. It is always a negative quantity, and its magnitude

is, according to theory, equal to the cross section area of the module times

the water mass density. The effect of o" is equivalent to modifying the input

seismic motion by a scale factor a,

p + o"
, , o+o'

Table 2-6 summarizes the values of o + o' and o + p" (after correction for

end effect) and a for the different modules considered.

SEISMIC RESPONSE

..

General Electric Computer Code SAP 4G07 was used in the seismic response

analysis. The input seismic motion is the 2% damping DBE floor response
spectrum, which has a zero period acceleration of 0.65g.

Table 2-7 summarizes the frequencies of the first two horizontal vibration
modes and the first vertical vibration mode. Because all the vertical fre-

quencies exceed 30 Hz, the modules were treated as " rigid" for the purpose
of vertical analysis.

2-4
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The DBE seismic base shear is also tabulated in Table 2-8. It is the basis

for the seismic stress analysis of the modules, to be described in Chapter 6.

2.4 NONLINEAR DYNAMIC ANALYSIS OF HDFSS MODULE

2.4.1 Introduction
.

The bottom of the HDFSS module is not anchored at the four corners. Instead,

the module simply rests on the four module support pads. During earthquakes,

the module may slide, or tilt, or slide and tilt in the same time. The

stability of the module depends on the relative magnitudes of the seismic

loads, the submerged module weight, and the friction forces between the
,

module and support pads. For Brunswick, the friction coefficient between

the module and the support pads has been determined by test to be in the ra'nge
of 0.108 to 0.222.

The nonlinear stability analysis of the module is based on a 3-mass model that is

a further simplification from the flexible base stick model described below. Com-

puter code DRAIN 2D, a plane structure nonlinear analysis program developed at the
University of California at Berkeley, California (Ref. 6), was used to perform|

|

the stability analysis. The seismic input is the DBE synthetic floor motion

time history which was generated to match the required DBE design floor spectrum.

2.4.2 Analvtical Model

Figure 2-8 illustrates the 3-mass analysis model. It consists of four truss

elements (springs), and five beam elements. Details of the model are as follows:

a. Mass - Because the hydrodynamic water mass varies in the two

horizontal and vertical directions, values of m , m3 *" "7 **#7.

4
accordingly. In any given direction, however, the following
relation was used:

1
4 7 *5 module + water mass

m = m

2

3 5 " module + water mass
m "

__ _ 2-3_ .



NEDO-24948

Such mass proportioning not only preserves the total mass of module

plus hydrodynamic effect, but also preserves the mass moment of

inertia of the module about either node 4 or node 7, provided that

is located at a height of H/ d above the base (H = 172.8 in. =m
5

height of module). Table 2-8 shows the values of the module and
water masses.

b. Static Load - The static loads P and P , represent the combined
5 6

effect of the submerged weight of the module and a constant vertical

OBE/DBE floor acceleration a acting upwards

Submerged Module Keight (1-a )2PP ==
5 6

Table 2-8 also shows the submerged module weights.

~

Truss Elements - Truss elements 1 and 4 have the same sectional areac.

A such that EA /L K /2. To allow for sliding of the module=y 7 H
whenever the seismic force in the element exceeds the specified

friction force, f , element I has an elastic-plastic stress-strain
R

relationship. The yield stress is t f * " *#" R" " "
R

coefficient (0.222) times (1-a ) times the submerged module weight.
y

Truss elements 2 and 3 have the same section area A , such that
2

EA /L K /2. To allow for tilting of the module, these two"
2 2 V

elements buckle whenever they are in compression.

Table 2-9 summarizes the sectional properties of the truss elements,

d. Beam Elements - Beam elements 1 and 2 represent the module base plate

and were intended to be very rigid, with the following sectional

properties:

51x10 h.2Axial Area =

Shear Area lx10' in.=

Moment of Inertia lxlO in.=

l

| 2-6
|
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Beam elements 3 and 4 represent the two module pads, having the

following properties:

700 in.Axial Area =

583 in.Shear Area =

22,300 in.'Moment of Inertia =

Beam element 5 represents the module. Its sectional properties are

so determined that the first mode horisontal and vertical frequencies

of the entire model match the corresponding fundamental mode fre-

quencies as previously shown in Table 2-7. Table 2-10 lists the

sectional properties of beam element 5. Note that the shear deforma-

tion is intentionally neglected, so as to simplify the calculation

of the sectional properties of beam element 5.

e. Damping - A stiffness proportional system damping was assumed, such

| that the fundamental mode damping is equal to 27. of critical.

|

f. Input Motion Scale Factor - The scale factor, a, as previously

j specified in Tab'le 2-6, was applied to the input motion in the

i nonlinear analysis.

2.4.3 Analysis Results

:

! In each analysis, the horizontal synthetic floor motion was applied to the
i

| base of the model. The vertical floor motion was not applied; instead, as

previously mentioned, a constant vertical upward acceleration of 0.42g was
assumed.

.

The horizontal floor motion time history is digitized at a uniform time

interval of 0.01 seconds. For accuracy in the numerical integration, however,

an integration time step of 0.005 seconds was adopted.

.

2-7
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Table 2-11 summarizes the values of the following maximum responses:

- horizontal sliding distance;

vertical uplift of either support pad;-

rotation of module;-

support pad vertical reaction force.-

The safety factor against seismic overturning is defined as the ratio of the
potential energy required to overturn the module to the maximum potential
energy actually attained during the seismic analysis. Referring to Figure 2-9,

S.F. against overturning = ma . a i Table 2-11

Table 2-12 sunnarizes the safety factor calculated for the individual modules.
It is concluded that there is a substantial safety margin against overturning

in every case.

.

S

2-8
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Table 2-1

NATURAL FREQUENCIES OF INTERIOR PLATE-FEM AND EQUIVALENT
FIXED BASE MODEL

Ho rizonta." Vertical

lH 2H IV

Module Direction FEM Stick FEM Stick FEM Stick

13x15 13-tube 15.9 15.7 49.6 56.9 46.1 45.7

13x15 15-tube 16.9 17.0 48.2 58.7 42.9 42.9

13x17 13-tube 15.9 15.7 49.5 56.9 46.1 45'.7

17-tube 17.5 18.0 46.3 60.1 39.9 39.9

13x19 13-tube 15.9 15.7 49.5 56.9 46.1 45.7

19-tube 18.0 18.9 44.4 61.1 37.3 37.1

15x17 15-tube 16.9 17.0 48.2 58.7 42.9 42.9

17-tube 17.5 18.0 46.3 60.1 39.9 39.9

Table 2-2

FREQUENCIES (Hz) 0F THE FLEXIBLE BASE STICK MODEL
INCLUDING HYDRODYNAMIC WATER MASS

Module Direction f
1H 2H IV

13x15 13- 7.81 24.2 35.8

15- 9.26 28.6 35.8

13x17 13- 5.89 18.2 33.3

17- 9.13 28.0 33.3

13x19 13- 6.77 21.0 30.9

19- 11.8 36.2 30.9

15x17 15- 7.52 23.2 34.8

17- 8.70 27.0 34.8

2-9
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. Table 2-3

SEISMIC DESIGN ACCELERATION (g) FOR STRESS ANALYSIS
.

OBE 1% Damping DBE 2% Damping

Module Direction Hatch 2 C (*} Brunswick Hatch 2 C runswickH H

13x15 13- 0.31 1.29 0.40 0.55 2.55 1.40
15- 0.25 1.44 0.36 0.50 1.91 0.96

,

fVertical 0.06 1.00 0.06 0.12 1.00 0.12

13x17 13- 0.33 1.21 0.40 0.60 3.07 1.84 <

17- 0.25 - 1.72 0.43 0.50 2.00 1.00
Vertical 0.06 1.00 0.06 0.12 1.00 0.12

13x19 13- 0.36 1.14 0.41 0.60 2.70 1.62
19- 0.25 1.76 0.44 0.50 1.57 0.79
Vertical 0.06 1.00 0.06 0.12 1.00 0.12

15x17 15- 0.41 1.59- -

17- 0.39 1.11- -

Vertical 0.06 0.12- -

,

* "y '

BRUNSWICK
C = .

HATCH
, ,

The OBE values are computed using a non-linear analyses while the DBE values
are computed using a linear analysis

2-10
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Table 2-4
-

PROPERTIES OF EQUIVAl.ENT STICK MODELS FOR BRUNSWICK llDFSS MODULES

Member 1 Member 2 to 10
p A A, I p A, I

(Ib-sec / (1b-sec/
Hodule Direction in.2) (in.2) (in. ) (in. ) in.2) (in. ) (in. ) (in. )

513 tube (NS) 0.487 6.30 60.6 1.'3 x 10 3.093 114.6 95.4 1.19 x 1013 x 15 5 515 tube (FW) 0.487 63.0 52.5 1.53 x 10 3.093 114.6 95.4 1.58 x 10
513 tube (NS) 0.552 63.0 68.7 1.50 x 10 3.506 129.9 108.2 1.35 x 1013 x 17
517 tube (EW) 0.552 63.0 52.5 1.97 x 10 3.506 129.9 108.1 2.30 x 10

5 5 *13 tube (NS) 0.617 63.0 76.7 1.68 x 10 3.918 145.1 120.9 1.50 x 10 @13 x 19 5 519 tube (EW) 0.617 63.0 52.5 2.45 x 10 3.918 145.1 120.0 3.21 x 10n

b
5 5" 15 tube (NS) 0.637 63.0 68.7 1.53 x 10 4.045 149.8 124.7 2.07 x 10 %15 x 17 517 tube (EW) 0.637 63.0 60.6 1.97 x.10 4.045 149.8 124.7 2.65 x 10 *

Material Properties: -

7Young's Modulus = 2.8 x 10 psi
Poisson Ratio = 0.30
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Table 2-5

SPRING CONSTANTS REPRESENTING EFFECT OF FUEL SUPPORT
PLATE AND END WALL PLATES

K.H
K* K **

g y
Module Direction (lb/in.) (in.-lb/ rad) (lb/in.)

6 11 0
13- 9.92 x 10 2.00 x 10 1.08 x 10 8

13 x 15 7 11 8 (1.16 x 10 )15- 1.37 x 10 3.08 x 10 1.25 x 10

6 11 713- 9.10 x 10 1.76 x 10 9.56 x 10 813 x 17 11 8 (1.08 x 10 )17- 1.56 x 10 3.95 x 10 1.25 x 10

0 11 713- 8.14 x 10 1.58 x 10 8.56 x 10 8
13 x 19 11 8 (1.05 x 10 )19- 1.74 x 10 4.93 x 10 1.25 x 10

11 8
15- 1.05 x 10 2.62 x 10 1.08 x 10 8

15 x 17 7 ~11 7 (1.02 x 10 )17- 1.35 x 10 2.98 x 10 9.56 x 10

Note:
K B /4, B = Distance between support pads*K "

O V
** Values shown in parentheses are average values between the two direc-

tions. The average values are used in the vertical seismic analysis.

Table 2-6
COMBINED MODULE AND WATER MASS DENSITY, AND

SCALE FACTOR a FOR INPUT MOTION

o+c' (1b-sec /in. ) o+o"

Module Direction Beam 1 Beam 2 to 10 Beam 2 to 10 a

13 x 15 13-(NS) 4.911 7.517 2.543 0.34
15-(EW) 4.149 6.755 2.543 0.38
Vertical 0.807 3.413 3.413 1.00

13 x 17 13-(NS) 10.588 13.542 2.900 0.21
17-(EW) 5.630 8.584 2.900 0.34
Vertical 0.914 3.868 3.868:- 1.00

13 x 19 13-(NS) 6.887 10.188 3.260 0.32
19-(EW) 2.823 6.124 3.260 0.53
Vertical 1.022 4.323 4.323 1.00

15 x 17* 15-(NS) 7.239 10.647 3.372 0.32
17-(EW) 5.983 9.391 3.372 0.36
Vertical 1.054 4.462 4.462 1.00

*Value shown here is the average value of o' between the 15 x 17 and 17 x 15
Modules.

2-12
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Table 2-7

HORIZONTAL AND VERTICAL FREQUENCIES, AND DBE BASE SHEAR

Module Direction fy (H ) f2 (H ) DBE Base Shear (Kip)

13-Tube 7.81 24.2 206
13 x 15 15-Tube 9.26 28.6 140

Vertical 35.8 - -

13-Tube 5.89 18.2 306
13 x 17 17-Tube 9.13 28.0 166

Vertical 33.3 - -

13-Tube 6.77 21.0 301
1 13 x 19 19-Tube 11.8 36.2 146

vertical 30.9 - -

15-Tube 7.52 23.2 309
15 x 17 17-Tube 8.70 27.0 215

Vertical 34.8 - -;

i

d

; Table 2-8

SUBMERGED WEIGHTS AND COMBINED MODULE AND HYDRODYNAMIC WATER MASSES
,

Submerged Total Module and
2Module Wt (lb) Direction Hydrodynamic Mass (lb-sec /in.)>

Horiz. Vert.

13 x 15 146,850 13-Tube 1,254 561
15-Tube 1,153 561

13 x 17 166,200 13-Tube 2,324 632
17-Tube 1,467 632

13 x 19 188,000 13-Tube 1,742 723
19-Tube 1,040 723

15 x 17 191,770 15-Tube 1,821 750
17-Tube 1,604 750

2-13
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-|

Table 2-9

PROPERTIES OF TRUSS ELEMENTS OF THE NONLINEAR ANALYSIS MODEL

A2("**f ! ^1 (psOModule Direction A7 (in. ) R

13 x 15 13-Tube 1.772 5335 19.3

15-Tube 2.447 3865 19.3

13 x 17 13-Tube 1.625 6580 17.0

17-Tube 2.786 3840 17.0

13 x 19 13-Tube 1.454 8320 15.3 ,

19-Tube 3.108 3890 15.3

15 x 17 15-Tube 1.875 6585 19.3

17-Tube 2.411 5115 19.3

* Based on a friction coefficient of 0.222.
E = 2.8 x 10 psi

Table 2-10

SECTIONAL PROPERTIES OF BEAM ELEMENT 5

Module Direction Axial Area (in. ) I (in. )

13 x 15 13-Tube 102 70,150

15-Tube 102 85,000

13 x 17 13-Tube 102 82,800

17-Tube 102 107,800

13 x 19 13-Tube 104 90,400

19-Tube 104 129,600

15 x 17 15-Tube 139 107,100

17-Tube 139 121,400

f
|
| 2-14
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Table 2-11

SUMMARY OF NONLINEAR ANALYSIS RESULTS

.lfaximum Maximum Maximum Maximum
Sliding Uplift Ro tation Reaction jModule Direction (in.) (in.) (rad) Per Pad (lb) |

1.7x10j 113,80013 x 15 13-Tube 0.40 0.013
15-Tube 0.35 0.013 1.4 x 10 106,300

13 x 17 13-Tube 0.31 0.005 0.7 x 10-4 125,200 1
17-Tube 0.41 0.005 0.5 x 10-4 115,200

-413 x 19 13-Tube 0.39 0.007 1.1 x 10 143,200
-419-Tube 0.53 0.006 '

O.4 x 10 121,000

0.6x10j 141,00015 x 17 15-Tube 0.46 0.005
17-Tube 0.45 0.005 0.4 x 10 128,700

E = 2.8 x 107 psi
Poisson Ratio = 0.30

Table 2-12

FACTOR OF SAFETY AGAINST OVERTURNING

Table 7-11
Module Direction 8 Maximum Rotation S.F.
13 x 15 13-Tube 0.461 (rad) 1.7x10j(rad) 2,712

15-Tube 0.520 1.'4 x 10 3,714

0.7x10j13 x 17 13-Tube 0.4614

6,586
j 17-Tube 0.576 0.5 x 10 11,520

-013 x 19 13-Tube 0.461 1.1 x 10 4,191.

-419-Tube 0.628 0.4 x 10 15,700
.

-415 x 17 15-Tube 0.520 0.6 x 10 8,667,

1 -417-Tube 0.576 0.4 x 10 14,400

1

.

i

!
i

l

i

|
|

4
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COMPAR OF CAL AND INPUT RESPONSE SPECTRA
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Figure 2-3. Brunswick NPP Horizontal Response Spectrum OBE 1.0% Damping
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3. STRESS ANALYSIS MODELING AND RESULTS

3.1 INTRODUCTION

Stress analyses were performed to determine critical internal stresses in the
module. General Electric's computer program SAP 4GO7, a modified version of

SAP 4 of U.C. Berkeley, was used in the stress analyses. Separate horizontal

and vertical static analyses were performed first, utilizing output of dynamic
analyses from Section 2 of this report, to calculate internal stresses at each
critical section. Results from these structural analyses were then used to
calculate maximum combined stresses in tube walls, castings, fuel support
plates, closure plates and welding in the module.

3.2 STRESS ANALYSIS MODELING

An isometric view of module is shown in Figure 3-1. The force path in the

module due to a horizontal earthquake is shown schematically in Figure 3-2.
This figure shows the path of the horizontal earthquake induced inertial
forces from the fuel elements to the module support pads. Part of the fuel

element inertial forces induced by motion of the module are transferred either
through the water or directly to the tube walls along the direction of motion
(point 1 in Figure 3-2). These walls then transfer the forces along the side
tube walls down to the casting walls and into the fuel support plates (point 2).
The portion of fuel element load that is not transferred to the tube walls is
transferred directly to the fuel support plate at the point where the lower
end fitting of the fuel element is supported vertically (point 3). The fuel

support plates, acting as a relatively rigid diaphragm, transfer the in-plane
shear forces to the long casting walls, which then transfer the shear forces
to the module base assembly plate (point 4). The forces are carried in the
plate (point 5) until they are ultimately transferred to the module pad and
to the support pad and the pool slab (point 6).

The path of the vertical forces induced by module weight and vertical earth-
quake motion is somewhat more complicated. The inertial forces from the fuel
elements will be transferred by tube walls in both directions and the ratio of

|
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. _ _ _ __ _a



NEDO-24948

transferred shear forces will depend on the stiffness of plates (series of

tube walls or closure plates) and location of the fuel element in the module.

Exterior plates and first interior plates (Figure 3-1) will carry more load

than other interior plates because most of the inertial force will be trans-

ferred to module pad through exterior or first interior plates. To perform

conservative stress analysis, exterior and first interior plates only are

assumed to carry all of the vertical loads.

Based on symmetry of structure, only one half of exterior or first interior

plate (Figure 3-3) and one quarter of base place (combination of fuel supporr
plate and part of casting) in horizontal direction (Figure 3-4) were used in

the modeling for structural analysis. Plate /shell elements were used to

represent tube walls, closure plates, castings and fuel support plates in

the plane of applied #orces. Beam elements were used to represent tube walls,

castings, closure plates, fuel support plates and base assembly in the direc-

tion perpendicular to applied forces.
.

Places with holes, such as castings or fuel support plates, were replaced by

plates without holes with equivalent thickness. Equivalent mass density or
,

weight density was used in the structural analysis to provide proper body

forces to plate /shell elements. Submerged weight of module was used for
.

calculating equivalent weight density. It was assumed that module mass was

uniformly distributed throughout the module.

For the horizontal DBE stress analyses, the seismic input to the SAP 4GO7

Computer Code is an equivalent horizontal acceleration, a , in g units.g
This horizontal acceleration is determined as follows:

1
1

Base Shear / Module Wt.a =

H

Table 3-1 lists the values of a ree u es. Note that they all sub-
H

stantially exceed the value of friction coefficient between the module pad|

|

| and the support pad, indicating sliding of the module would actually occur.

3-2
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|

| Sliding of'the module will Itait the acceleration of the module to the value
i

| of the friction coefficient. Therefore, stress analysis using the full value

of a in effect neglect sliding of the module, and are Very ConserVatiVO., g
Shear force induced by horizontal earthquake effect in interior part of module

will be transferred to the exterior. plates and the first interior plates by

the base plate. This shear force was assumed to be distributed in proportion

to shear stiffness of the exterior plate and the first interior plate. Short

castings contribute a negligible nodal stiffness in the analysis because they

are not welded to the other castings nor the base assembly. Because of this

reason, short castings were neglected and it was judged that this approach

is conservative.

In calculating stresses in the long and short castings and the fuel support

plates (analysis of base plate), one nodal point on the corner of the model
was used to represent the friction resistance of module pad. This simplifi-

cation in the analytical model is conservative to predict stresses in the

aforementioned elements and shear stresses in the weld.

To calculate stresses in a perforated plate, e.g., fuel support plate, large

casting and lower closure place, an equivalent solid plate with modified

thickness is developed. The equivalent plate is used in the module model

for structural analysis. Stresses in the perforated plate are then obtained

from stresses in the equivalent plate from the structural analysis.

In the vertical stress analyses, the vertical OBE/DBE acceleration equal to

2/3 of the horizontal ground acceleration was used. This was done because the

modules are, according to Section 2, rigid in vertical vibration and the module

acceleration would be equal to the ground vertical acceleration.

3.3 SUMMARY OF MAXLMUM COMBINED STRESSES

The maximum horizontal and vertical DBE combined stresses are listed in Table 3-2,

which also lists the allowable stresses for comparison. Most maximum stresses

are found to occur in the 15x17 module. In spite of various conservative

assumptions used in the analysis, the maximum stresses are well below the

allowables.
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,, Table 3-1

EQUIVALENT HORIZONThL DBE ACCELERATION
,

Module Direction aHM - y

13-Tube 1.40
13 x 15s.

15-Tube 0.95

15-Tube 1.84, ,

! 13 x 17 -

17-Tube 1.00 .

13-Tube 1.62; .

19-Tube 0.79 j
;-

,

15-Tube 1.59
15 x 17

17-Tube 1.11
., ,

'!

9

I

I
i

+

1

. .

I

j

a
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Table 3-2,

' *

COMPARISON OF CALCULATED OBE AND DBE STRESSES
.

,

VERSUS ALLOWABLES (psi)

!

OBE Condition DBE Condition
| Calc. Calc.
{ Location / Type Stress Allowables_ Stress Allowables
!

Tube wall shear 5,520 9,260 8,230 15,400Tube wall comprescion 6,210 13,900 9,380 23,100Tube weld throat shear 5,520 9,260 8,230 15,400

, Angle, weld throat shear 7,810 9,260 11,640 15,400

Casting wall shear 3,340 9,260 9,170 15,400,

Casting wall compression 8,900 15,300 14,220 23,100
Casting base weld shear 3,830 9,260 10,530 15,400

j Support plate veld4

throat shear 3,870 9,260 15,330 15,400

Upper Closure Plate
Compressior 5,820 13,900 7,880 23,100Shear 3,060 9,260 4,010 15,400Weld Shear 4,330 9,260 7,440 15,400,

b
Lcwer Closure Plate

Compression 3,970 13,900 4,730 23,100Shear 5,060 9,260 8,550 15,400Weld 3 hear 7,150 9,260 12,100 15,400

Corner tube local
compressive stress

, 9,120 23,100- -

y

[' check for local
j

j buckling
' > ,

,

s.

'\ 1
Allowable stresses referenced in ASME Section III, Appendix F, Section F-1370.

I

; NOTE: The OBE values are based on a " base shear" computed using non-linear
! analysis, while the DBE values are computed using a'" linear-analysis-base-shear."

|

\ |

.

'- '

3-5i:
. . . _ _



-- _ _ _ _ _ - _ _ .

NEDO-24948 >

!
,

,

*e

.

.

~

Hoodle
Tuea

.

.

/ -

(
~

\ *
.

Puct.
w - h ,BusMey$Y

_ r ,

/ > s
- ,

! ; /,

' i ' UPPee[ cLosdRS@

-

L

) | | \ '*7*P

/ | \ )'
J

y t
,

i
'

:

k'
i j-s ? '

y'%
' - p

e'
,

- s
% y
* / LOLJeg

ci 17g p / - TE

/ Sass
MoodLe pao __ / Assam 6LT

suPPog7 pao

Figure 3-1. Isometric View of Modules

3-6
- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



NEDO-24948

.

4

@
\

i

*AETl+atJAKE F**ce -gl
- -TLJ EbE W ALL

| !
s ' '

- fuel EleMePT; N
4

, N'

s| |

/ s|g.

,
;

,

f 'Ng NO gygg-'

cusTlW/-a-

r=ueL sdryogT
s FLATe

s

Lopp . Hood LE
cAsTik:1- e BASE

A.sseHESLY
|

fCdLE7M ibdPPORT PAC
4

1
3

i

Figure 3-2. Path of Earthquake Horizontal Forces in Module

2

; 3-7

--
-- - . .. . - _ _ _ - . _ _ _ _ - _ _ _ _ _ _ _



.- - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ - _

u t f- '|
l lilii i

I I ' Ill | I I| |||1:-
|| (1- || Il I lil j |

'

|| | | Il|I IIIIII I'

ill l! lil I l l i it} |
|| :I || | || l 1 lillll |4

i Iiiillli c illiil j
| | !l l | | | | | |!I i

I|| | ||1-

' i

il ill lilli |
|| || Hilll i

||| lill |
'| || | 'l Ii|

! ! ,! !! ! g - -g i
,

MODEL FOR VERTICAL LOADS

I

lli l| || ||1Il W i

l l-- I all- IIIII t i,

Illi Il l i l i it
'
,

I l i l! Il I l i ff i

Illililli || IW '

ill! Il 11 || li t |
ul l ii: i li i lii t |C : l l i i m.,il li I 'ti : i

lli l i || | lli M I

II a l || IM |
|| || | 11 ill W i

II I,II'l I~ ||||| f
Il I il !! Il I 11 W |
1I l II || || | ||| M I

i , . i . g - - _;. . . . . . . 4 ,

9.
MODEL FOR HORIZONTA L LOAD S

Figure 3-3. Typical Plate Model

3-8

.. _ _ _ _ _



. _ _ _ - - _- . - _ - . _ . - - . _- _ . - . - _ _ . . .-_ .. . _ - _

YA % YA %
___.____

7 ._ _ _ _ _ _ . c_______ _ _ _ _ _

l | | |
I 8 I | |

|
| 1 |
1 1 I

| I I I
i

1 1 ''
Iy i ,

I I I M*

Q A__q_q_q_q_q_4 g_ _ _ Q 8y * w w_* * * wr_ _ _
l

_ _ _ ._ .g i,
_ _ _ _ _ _

3 e
_ _ _ ._ _ _ | __ _ _._ _ j g

| _ j |- _ -
_ - ,_g

i
.3

_ -- _ _ _ g g_ _ _ _ __ _

|__ __ _ -_ ---

3
__ __ _ __ __ _ _:g g

- - - - - -4 ,i |
_ _ _ _ _

3 ,
_ _ _ _ _ _ .4 ,

g __ _ _ ___ dI - - - - - --.I

MODEL FOR X- DIRECTION MODEL FOR Y-DIRECTION
LOADS. LOADS.

! Figure 3-4. Typical Plate Model

i



,

NEDO-24948

4. FUEL DROP ACCIDENT ANALYSIS

4.1 PURPOSE OF THE ANALYSIS AND ASSUMPTIONS

The purpose of the fuel drop accident analysis is to evaluate whether there
is any safety concern as a result of fuel bundle drop into and between high
density fuel storage modules. Several critical configurations of fuel bundle

arrays resulting from the postulated fuel bundle drops and local deformations
of the module have been examined. The module design criteria requires that
K, remains less than 0.95 under the worst configuration.

The integrity of the pool liner due to fuel bundle drop through the storage
module was not studied since the fuel impact load is less than the case of

the fuel bundle drop outside the rack wher e it freely and directly impacts
the liner. The latter case is not related to high density rerack activity
and has been addressed elsewhere.

In estimating the energy absorption capability of the module and the extent
of local damage as a result of fuel bundle drop, a lower bounding value
established from limit analysis was used. The material is assumed to exhibit
bilinear hysteresis relationship with yield stress and tensile strength as
the two control points. This assumption is deemed conservative.

4.2 CASES CONSIDERED

The following worst configurations of the fuel bundle array have been evaluated
from a criticality point of view. K,was found to be less than 0.90 in all
the cases.

4-1
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Four poison plates and stainless steel plates missing surrounding one
fuel bundle e.g. 5 bundle stored together with no poison.

1
1 a.
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t
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.

.

b. Two opposing fuel bundles in two separate modules with no poison
in between.

p,-Wp -#
_

\ M
,

e
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c. Four fuel bundle penetrate fuel support plate and rest on liner.

(Worst case). %
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"

d. One fuel bundle stuck between two modules.

so
,

;2
f* g%

um +
% /

4.3 CONCLUSIONS

The cases considered and results obtained are summarized in Table 4-1.

|

|

!

!
|

|

|
|

l
l

I
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| Table 4-1 ;

HIGH DENSITY SPENT FUEL STORAGE SYSTEM ASSEMBLY DROP ACC'IDENT

Case Sununary |

No. Case Description Effect on Reactivity

1. A fuel assembly drops 27-1/2 Analysis indicates that localized tube
inches vertically and impacts damage or fuel support member damage
the top of a fully loaded will occur, but neutron absorber material
HDFSS module. The dropped will not be removed from its position
assembly comes to rest hort- between adjacent fuel assemblies. A
zontally on top of the HDFSS. fuel assembly resting horizontally atop 2

the HDFSS does not increase the system 7
reactivity because the reactivity assumes |
an infinite vertical length of fuel (no I
neutron leakage in the vertical dimen- j
sion). k,gg < 0.90 j

'2. A fuel assembly drops from 27-1/2 Structural analysis indicates that local-
inches above the HDFSS, enters ized tube damage will occur and one
an empty storage position, and neutron absorber plate may be damaged.
falls to the bottom of the A reactivity analysis of this case,
storage position. with the neutron absorber plate between

two fuel assemblies totally missing,
shows that keff remains less than 0.90.

3. ,A fuel assembly drops from Same as Case 2
27-1/2 inches above the HDFSS
and strikes a tube wall at an
oblique angle.

4. A fuel assembly drops from It is not possible for a fuel assembly
27-1/2 inches above the top drop of 27-1/2 inches to drive four
of a fully loaded module and stored assemblies through the bottom
strikes the upper tie plates of the module. Even so, the reactivity
of 2, 3, or 4 fuel assemblies effect of this postulated event was
in storage. calculated as a limiting value. An

18-inch section of fuel in four bundles
in an unpoisoned square array was found
to have a keff approximately equal to
that of the system. There would be no
increase in the overall reactivity

k,gg < 0.90.
5. A fuel assembly drops from 27-1/2 This case was analyzed for normal

inches above the HDFSS, falls handling conditions; k,ff < 0.90outside of the loaded HDFSS,
and lodges adjacent and parallel
to an unpoisoned, occupied fuel
storage position.

4-4
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5. THERMAL-HYDRAULICS ANALYSI3

5.1 INTRODUCTION

The analysis includes the evaluation of the maximum temperature increase of the
cooling water through a fuel bundle and through a gap between fuel bundle and
storage ttbe wall to assure that boiling will not occur in the storage pool
during the normal operation. Also, the maximum water temperature inside the
assembly lying horizontally in the pool has been evaluated.

5.2 FUEL BUNDLE CHARACTERISTICS

The 8x8R bundles have a 5.2662-inch-square cross-section area containing
62 fuel rods and two water rods, according to the specification for Brunswick
2, cycle 5. The fuel pin is 164.3-inch overall length with 150-inch active
fuel length. Each fuel bundle contains 456.4 pounds of uranium enriched
maximum up to 3.16 percent. Figure 5-1 shows the bundle geometry relative
to the spent fuel storage tube.

The burnup and specific power considered were provided by Carolina Power and
Light as follows:0

Burnup - 35,000 MWD /TU

Specific Power - 4.35 MW/ bundle

Full on-line time was assumed.

ORIGEN was used to calculate a bundle heat load of 79,340 BTU / hour at the
specified cool time of 24 hours and irradiation history given above.

5.3 MAXIMUM BUNDLE AND GAP OUTLET WATER TEMPERATURE

Evaluation of water temperature increase through the bundle is necessary to
insure the bundle is adequately cooled and the water outlet temperature from
the bundle is not excessive. The bulk water temperature of both pools is
150*F during the normal operation. The local water temperature will be

t '
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highest when the maximum decay heat generating fuel bundle, surrounded by
the same type of fuel bundles, is located at the place where the pressure

drop generated by the flow to the bottom of the bundle from the bulk pool

water is largest. This situation occurs when the fresh bundle from the reactor

is located at the corner of 13 x 17 module as shown in Figure 5-2. The methods

of doing this are given in the following sections.

(A) Driving Force

The water circulated through the bundle to remove the decay heat is

induced by the density different betweea pool water and water inside .

of the bundle. Further, it is assumed that the heat flux is uniform i

through the active fuel rod and the water density is a linear func- |
.

'

tion of temperature for the temperature range from 150'F to 190*F.

Then, the driving forces for bundle and gap become functions of the

flow velocity and the heat generated by the bundle for a given

geometry.

A portion of the decay heat is released as photons and is absorbed

by fuel channel, boral storage tube and water in the gap. The

amount of energy absorbed by each component is estimated as follows:

Fuel channel 870 BTU / hour / bundle

Gap water 2,940 BTU / hour / bundle

Boral tube 320 BTU / hour / bundle
,

All the energy listed above is assumed to be transferred to water

in the gap. Further, the heat is transferred from the water in the

bundle to the water in the gap due to higher temperatures in the
bundle. The amount of heat transferred is proportional to the

temperature difference between bundle and gap flow.

With the assumption of the temperature difference being 3.0*F the
heat absorbed becomes

20.7 BTU /sec/ bundleQ =
b

Q 1.35 BTU /sec/ bundle=

.
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where

Q heat absorbed at the bundle
b

Q heat absorbed at the gap

The driving forces created in the bundle and the gap are equal to
the sum of the various pressure drops generated by the water flow
under the storage rack assembly, through the rack, through the fuel
bundle and through the gap.1

(B) Pressure Drop Under the Storage Assembly -

The bulk water on the top of the storage assembly travels down through
I the gap between the storage wall and the storage assembly, then under

the storage assembly to reach the bottom of the fuel bundle. Pres-

sure drops under the storage assembly has been determined under the
assumptions listed below:

1) All rne storage spaces are filled with the fuel bundles, and the
ar. aunt of water flow through the bundle and gap is the same as
that through the bundle and gap with the maximum decay heat.

2) The pressure drop caused by the flow between side wall and
storage assembly is negligible.

1

3) The main pressure drop under the assembly occurs at the entrance
to the assembly due to the entrance effect. Other pressure drops
are negligible.

4) The support pads with their legs are rectangular parallelepiped
shaped, blocking flow completely under them.

5) The existing grid will also partially block the flow along with
the support pads at the entrance near the storage wall.,

I

5-3
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6) The water flow through both sides of the entrance has the
.

same velocity. Then, the pressure loss through the entrance near

tae wall is higher than that at the other side'due to the existing
grid. Therefore, the entrance pressure loss is evaluated based

on the geometry of the entrance near the wall.

With the above assumptions, the pressure drop under the storage
assembly can be expressed as a function of tr.s flow velocity at
the bundle and at the gap.

(C) Pressure Drop Through the Rack

The pressure drop occurs when the water flows through the base plate
and the casting holes in the storage rack. This pressure drop, also,

is a function of the velocity at the bundle and the gap.

(D) Pressure Drop Through Fuel Bundle

The pressure drop through the bundle consists of two parts; the
friction pressure drop and the pressure loss through the spacers
and tie-plates. The flow is laminar for calculation of the friction
pressure drop through the main regions of the bundle and the pressure
loss coefficient developed for the turbulent flow is used to evaluate

the pres;ure loss through the spacers and tie-plates. Then, the

pressar drop through the fuel bundle can be expressed as a function
of the bundle flow velocity.

(E) Pressure Drop Through the Gap Between Fuel Bundle and Storage Tube
The pressure drop through the gap consists of two parts; the friction
pressure drop through the gap itself, and the pressure loss through
the support plate. The flow through the gap is laminar and the flow
through the support plate is treated as turbulent. Then, the pres-
sure drop through the gap becomes a function of the flow velocity
at the gap.

,

5-4
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(F) Overall Force Balance;

Figure 5-3 shows the water from the side of the pool flows under

the storage assembly, through the rack, and then is divided into the
*

bundle flow and the gap flow. Therefore, the force balance can

be described by the following two simultaneous equations:

H +H +H (1}"
d,b u r b

H H +H +H (2)=
d,g u r g

where

H Driving force through the bundle, ft of H O
d,b 2

'

H Driving force through the gap, ft of H O
d,g 2

H, Pressure drop under the storage assembly ft of H d
2

H Pressure drop through the rack, ft of H O
r 2

,

H Pressure drop through the bundle, ft of H Ob 2

H Pressure drop through the gap, ft of H Og 2

Since Equations (1) and (2) are functions of the velocity at the
bundle and the gap for a given geometry and bundle decay heat, the

'

velocity at the gap and the bundle can be obtained by solving
Equations (1) and (2) simultaneously. Then, the velocity at the

'

bundle and the gap becomes

0.22 ft/secv =
b

0.038 ft/secV =

8

5-5
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.

where

V Flow velocity at the bundle, ft/sec
b

V Flow velocity at the gap, ft/sec

(G) Bundle and Gap Water Outlet Temperature

Mce the velocities of water leaving the bundle and the gap has been

Jetermined, the water outlet temperatures from the fuel bundle and

the gap can be obtained from the heat balance.

Ob
T T + (3)=
o,b p pC V

b

Q
ET T + (4)=

o,g p pCAV
p88

where

T Bundle outlet water temperature 'Fo,b

T, Cap outlet water temperature, *F

T Pool water temperature, *F

A Bundle flow area, ft
b

2
A Gap flow area, ft

8

C. Heat capacity of water, BTU /*F lb
p

o Density of water at pool temperature, lb/ft
z

b

For the pool temperature of 150*F at the normal operating condition,
the max,imum bundle and gap water outlet temperatures become

164.1*FT =
o,b

155.3*FT =
o,8

5-6
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.

The average temperature dif ference between bundle and gap water
flow becomes

164.1 - 155.3 4.4*F=

;

This value agrees reasonably well with the previous assumption of
3.0*F difference.

~

(H) Maximum Cladding and Tube Wall Temperature

Since the flows through the fuel bundle and gap can be treated as
laminar (Reynolds numbers are 2300 for the bundle and 570 for the gap),
the Nusselt number becomes 6.5 for the bundle based on the rod

10 11,

' diameter and 7.4 for the gap at the constant heat flux condition.
From the heat balances, c'he maximum cladding and tube wall tempera-
ture are

3600Q DbT +=
c o,b A Nu k

4 r b

3600Q D
" +w og A Nu Kg

where

T Maximum cladding temperature, *Fe

D Rod diameter, ft

A Rod surface heat transfer area, ft

k Conductivity of water, BTU /ft hr *F

Nu Bundle Nusselt numberb

T Maximum tube wall temperature, *Fy

A Tube heat transfer area, ft

Q Heat absorbed by tube, BTU /sec
D Cap hydraulic diameter, ft

Nu Cap Nusselt number

5-7
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.

Then, the maximum cladding and tube wall temperature becomes

176.4*FT =
C

155.6*FT =
w

i

5.4 MAXIMUM WATER TEMPERATURE IN THE BUNDLE LYING HORIZONTALLY'

The maximum water temperature inside the bundle lying horizontally across the

top of the racks is evaluated in two steps; the natural convection heat

transfer from the channel surface to the pool water and the natural convec-

tion heat transfer from the water inside the bundle to the channel surface.
In this evaluation, it is assumed that both ends of the bundle are closed to

the pool water in order to simplify the problem conservatively. Also, the

maximum water temperature will occur in the' BWR bundle fresh from the reactor
which produces the highest decay heat.

(A) Heat Transfer from the Channel Surface to Pool Water
It is reasonable to treat the BWR bundle with channels like.a
cylinder even though its outside configuration is rectangular
parrelepiped. Then, from Reference 12, the heat transfer coeffi-

cient for the natural convection from the channel surface.to pool
water becomes

0.25
,D og8aT Cu

0. 53 f--h (7)= -

2
o U,

for

910 <N
NGr < 10p

!

where

h Heat transfer coefficient, BTU /hr ft

D, Outside channel width, ft

8 ?
g Acceleration owing to gravity 4.7 x 10 ft/hr-

5-8
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Viscosity, ib,/ft hru

3 Coef ficient of volumetric expansion,1/ *F

AT Temperature difference, 'F

N Prandtl numberPr

N Grashof numberGr

From the energy balance

Q h A 0 (0)=
d e c

Where

Q Total bundle decay heat, BTU /hr bundled

A Channel outside surface area, ftc

With the proper physical values, AT from Equations (18) and (19)
becomes

29 'FaT =

and

9 9N N 3.4 x 10 = 10=
Pr g

For the pool temperature of 150*F at the normal operating condition,
| the channel surface temperature (T ) becomes

h!

T 179 F=
h

5-9
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(B) Hrat Transfer From the Water Inside the Bundle to the Channel Surface
Wooten and Epstein have developed an equation to predict the maxi-
mum water temperature inside the cask for 17 x 17 bundles based on

'

the experimental data and found that the correlation is similar to
that for single horizontal cylinders shown in Equation (7). The

geometry-dependent coefficient for 17 x 17 bundles (0.4) is smaller
than the value 0.53 given for simple cylinders. For 8 x 8R bundles,
it is assumed that the geometry-dependent coefficient is 0.46 which
is midpoint between 0.4 and 0.53.

Then

1/4
H o SCk

h}5/4
0.46 A p

Q =
d e II ku m }~

,

where

H Height of a side of the fuel elements, ft

A, Area of the fuel elements envelope, ft

T, Maximum water temperature inside bundle, 'F

From Equation (9), the maximum water temperature inside bundle is

T, 211*F=

5.5 CONCLUSIONS

Thermal-hydraulic analysis of Brunswick 1 and 2 spent fuel storage pool
rerack design has been performed on the fuel data provided by Carolina Power
and Light. The results indicate that boiling will not occur either in the
fuel bundle or in the gap between the feel bundle and storage tube wall.
Also, it has been shown that the water inside the bundle lying horizontally
across the top of the racks is close to the boiling temperature. At this

temperature range, the integrity of the cladding will not be degraded.

5-10 i
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LEAD ENGINEER: S. D. Lin MANAGER'S INITIALS \ ,

7 L

PROBLEM WORK REQUEST PIN CALCULATION JOB
CLASS NUMBER NUMBER SET NUMBER CHARGE

Speed Letter From

i B. J. H. To K. K. N. 9527.10.00-12 9527.085
11/4/80

PROBLEM STAIEMENT:

Perform the thermal analysis and revise the draft for Chapter 8 and
Section 9.5 of licensing application for BSEP-1 and BSEP-2 spent fuel
pool storage expansion based on a new storage arrangement.

'.

O

REVIEW & APPROVAL

EN R S. D. Lin DATE: /N'

//f/r
'

CHECKER C. W. Tseng /d DATE: // 8f [O
- - <

REVIEWER K. K. Nivort WN % DATE: I2.E O|

- o

Nh'>[rW)-
FINAL n

DATE: 12' 3-APPROVAL K. K. Nivori

U
COMMENTS:

?v

1 / 1
*
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FORM 3500

MEMORANDUM

@mitad engineers.--'

'r
( Sos No. 9527.085 OFFICE: Philadelphia

DEPT. Engineering-Power Division DATE: November 25, 1980

To: B. J. Huselton-11U9 Copics: R. M. Anzalone-11U8 w/o att.
J. A. Hanlin-11U9 w/o att.
Day File
Chrono File

FROM: S. D. Lin-7U3 gg pii,
C. Q. Miller

SUBJECT: Carolina Power and Light Company
Brunswick Steam Electric Plant Units 1&2
Spent Fuel Pool Storage Expansion
Thermal Analysis

PIN: 9525.10.00-12

1. PROBLEM STATEHENT

Perform the thermal analysis and revise the draft for Chapter 8 and
Section 9.5 of licensing application for BSEP-1 and BSEP-2 spent fuel
pool storage expansion based on a new arrangement as shown in
Attachment I.

{ II. RESULTS OF ANALYSIS

As in PIN: 9527.10.00-11, the analysis has been carried out for two
cases: (1) Refueling Case, and (2) Core Unload Case. The projected
spent fuel pool inventories for the Refueling Case are given in Tables 1
and 2 for BSEP-1 and BSEP-2, respectively. Those for the Core Unload Case
are presented in Tables 3 and 4. The decay heat loads calculated on the
basis of these inventories are shown in Figures 1 and 2 for the Refueling
Case and Core Unload Case, respectively. It is seen that in both cases,
the heat loads for the two units are practically the same.

1

The calculated pool bulk temperatures for the two heat load cases
under various cooling modes are summarized in Table 1.

The draft for Chapter 8(Sections 8.1 through 8.5)and Section 9.5
has been revised according to the results of this analysis and attached
herewith (Attstament III) .

III. CONCLUSIONS AND RECCNMENDATIONS_

It is to be noted that the expansion allows BSEP-2, whose current
spent fuel inventory is lower than that of BSEP-1, to continue operation
without shipments offsite for about 2 years beyond BSEP-1, if the spent
fuel of each unit from future refuelings is stored in its own spent
fuel pool.

O

_ _ _ - - - --



To: B. J. Huselton - llU9 November 25, 1980-

-

' From: S. D. Lin - 7U3.,

page: two

The heat load for the Refueling Case has been based on the projected
pool inventory for the last refueling operation which would leave storage
spaces enough for a full core nload but not enough for an additional
refueling plus a full core unload. Refuelings thereafter would result in
lower heat loads for the spent fuel pool if, during each refueling, 140 old
BWR assemblies stored in the pool are removed before the 140 BWR assemblies
from the core are inserted to the poc'. This is primarily due to the
decay of the old PWR fuel remaining The pool. Replacing the 4x4 PWR-

racks with the 6x6 BWR racks to ste u.a BWR assemblies from the core in
the succeeding refuelings would a7 triuce the heat load, since the
higher storage density of the BWR racxs is not enough to offset the lower
irradiation power of the BWR assemblies.

The above rationale also applies to the Core Unioad Case. Therefore,
refueling and reactor operation of BSEP-1 & BSEP-2 can be continued inde-
finitely into the future as long as the afore-mentioned restrictions are
observed.

O
;

'

- 7/? }'

S.jffi[n RE/
''

,

Approved by:
;

i
'!

T
K. K. Ni (ogi, Manager

i Fluid Analysis Group
i

SDL/sr'

Attachment I: Work Request and Storage Arrangement
i Attachment II: Calculation Package
| Attachment III: Draft for Chapter 8 and Section 9.5

Attachment IV: Computer Printout
|

|
|
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C?re''na Uc. r:r 8 Lic' . Cer-my
j .

h SM *O 9 3
eCU-10540

File: 0011-301-704-296B ?- .

RE: 1. UC-29765 dated 8/20/80 f
.

-

?
) 2. UC-29752 dated 8/21/80
i . SEP 2 : 1980 3. UC-29769. dated 9/3/80

4. UC-29767 dated 8/29/80
* 106 t-iLE i1U9,
..Nr. R. F. Duerr, Project Manager RF DUERR 4ygUnited Engineers & Constructors, Inc.,

| 30 South 17th Street gj gyggg,,-~ .g 7 ,* gg
,

Philadelphia, Pennsylvania 19101 .r u. FLh-.n-- , .,- j;y9
,

'
' . -

| CAROLIM POWER & LIGRT COMPANY g. /(, S /t6 L.8 A A
-

/
RM jib:.c..c. m ;3 ;7gg V

BRUNSWICK PROJECT 4vy ,

; 1975-1977 - 1,600 W - UNITS 1 AND 2 y~ r-'.< n : m . .

a UBNI~-.h2 .4MO
'

SPENT FUEL STORAGE EXPANSION PROJECT RR r 14U3i .

D L M n R R,Ic.;V ( ,Y N C d M ....- .,.v14 W4
-

Dear Mr. Duerr: .~ . _. n... - =w. , - - . . .c
:

The referenced letters provided input to CP&L for the licensing application,

for the subject project. These input were prepared consistent with
CP&L's earlier instructions to emphasize the latch-down basket concept,

| which was the basis of our, earlier feasibility study.
'

'

.

Per discussions between Messrs. J. Piorella and B. Huselton of UE&C and
'

t

!
C. I. Ramsey and W. M. Biggs of CP&L on September 12 and 13, 1980, the.,

|.E' -

They have verified thatUE&C floor calculations have been completed.
the floor vill support the use of fr,eestanding racks on the two grid

.
'

| rows on the west side of the pool and 13x15 and 13x19 freestanding racksAs these options offer *i over the current control rod storage area.
several attractive features superior to the latch-down baskets, UE&C

| should revise the licensing input and referenced letters as soon as
possible to reflect use of the above combination of freestanding racks.

j
'

1

Additionally, we believe that Reference 1 should be revised to reflect|

Based on our previous heat-loadj
the most conservative heat-load case.
calculations, this limiting case should be the full-core dump at the endi

i of one-year's operations, rather than the full-core dump of a freshly
|

| g refueled core.
,

p9 CP&L's review of GE's proposal for spent fuel storage racks is nearing
4

p[\ *
| We have scheduled a working meeting with GE to discusscompletion.

their proposal on September 25 in Raleigh. Per previous discussions, we!

understand that Mr. J. Piorello will be present to represent UE&C.:
j
;

4

i

!

\ 1 '.: ,r3 . ... . . .
----r

q;
*

.

} - .- . . -
--

- ~ : . - : ~._ : : .:. . .:: ::
'

I - . ~ . ..
*

j ., . .

s i-- .=-- ~ :: ; .1:: ; -~~ ; . . m .

,

t
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Co-lu2*u
SEP 2 1980. .

'

*
.

If you have any questions concerning the above comments, please call meh or Mr. W.,M. Biggs at Extension 6402.
,

Yours ve truly,, , , ,.

|
i r
'

.

A. B. Cutter - Man \ger,
Nuclear Power Plant Engineering Dept.

ABC/WMB/bkp (3679)

cc: Mr. S. Bohanan
Mr. R. J. @ 4=ngi
Mr. F. R. Coburn
Mr. A. B. Cutter '

*Mr. R. F. Duerr (2) ,

Mr. S. D. Floyd
Mr. E. Grimm
Mr. R. J. Groover
Mr. L. H. Martin -

Mr. C. E. Ramsey
Mr. J. M. Rucki -

Mr. A. C. To111 son ,

~

Mr. R. G. Tunell
Mr. L. V. Wagoner^

h Mr. J. M. Waldorf *

Mr. T. H. Wyllie
BC/C-10

. .
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ATTACHMENT II

Calculation Packages

.

Part A: Parameters Affected By Storage Expansion

Part B: Cooling Systems Design Parameters
(Same as in FIN: 9527.10.00-11)

.
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MEMORANDUM

gmited engineers a-m
Joe No. 9527. Omcr: Philadelphia

D rPT. Engineering - Power DATE: January 22, 1981

To: B. J. Huselton 11U9 Corits: C. Q. Miller 7U4
R. M. Anzalone 1108 .

J. C. Fiorello 11U8
J. A. Hanlin 11U8 -

FnoM: C. W. Tseng 7U3 Day File e

Chrono File
SG File

SusJECT: Carolina Power & Light Company
Brunswick Steam Electric Plant Units 1 & 2
Spent Fuel Pool Storage Expansion
Thermal Analysis.

PIN: 9527.10.00-13
.

I. PROBLEM STATEMENT

Revise previous thermal analysis and the draft of Chapter 8 and Section 9.5
of Licensing Application For BSEP Units 1 & 2 Spent Fuel Pool Storage
Expansion using new fuel unload information as shown in Attachment I.

,

-

II. RESULTS OF ANALYSIS

As in FIN: 9527.10.00-12, the analysis has been carried out for (1) refueling t
case and (2) core unload case. The new projected spent fuel pool inventories |
for the refueling case are given in Tables 1 and 2 for BSEP Units 1 & 2, !

resp ec tively. Those for the core unload case are given in Tables 3 and 4 i

accordingly. The decay heat loads calculated on the basis of these new
inventories are shown in Figure.1 for the refueling case and Figure 2 for
the core unload case. It is seen that the heat loads are higher for Unit 1
in both cases than those for Unit 2.

The calculated SFP bulk temperatures for the two cases under various cooling .

modes are sum =arized in Table 5 . The draft of Chapter 8 (Section 8.1 through
8.5) and Section 9.5 has been revised according to the results of this
analysis and included in Attachment III.

III. CONCLUSIONS AND RECOMMENDATIONSt

|

It is to be noted that the SFP storage expansion allows BSEP Unit 1, whose i

current spent fuel inventory is higher than that of Unit 2, to continue i

operation without shipments off-site for about 4 months beyond Unit 2, assuming
'

the spent fuel of each unit frem future refuelings is stored in its own pool. -|
- !

|

|

! .

|
.

5

I

.)

.
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I r

- B. J. Huselton -2- January 22, 1981

|

|

Although the operation of BSEP-1 is extended for two years from previous 1

analysis (PIN: 9527.10.00-12), the increase of heat loads in only minimal <

compared to the results in PIN: 9527.10.00-12. This is primarily due to the
Idecay of the old PWR fuel remaining in the pool. The operation of BSEP-2 is

shortened for approximately one year. As a result, the heat loads are |
somewhat lower than those in PIN: 9527.10.00-12.

i
i

*
i.

'
|

r
.

C. W. Tseng (
Approved By:

i 4wwer
_

'

.

K. K. Niyo $ Manager ~
Fluid Analysis Group

CWT /KKN/kf .' -

Attachments I - New Fuel Unload f

!II - Calculation Package
III - Draft of Chapter 8 and Section 9.5
IV - Computer Print-Out

*
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TABLE 1

SPEhi FUEL POOL INVENTORY FOR
BSEP UNIT 1 - REFUELING

MARCH 7, 1987

Assembly Irradiation Cooling *
Batch No. Of Power Time Time

No. Assemblies (%T) (Dav) (HR) ,

F

1 140 BWR 4.35 1197 24'

2 140 Sw(2. 4.35 1197 8784

3 140$WE, 4.35 1197 17544

4 140SwE 4.35 1197 26304
*

'(
5 140 (wit. 4.35 1197 35088 -

6 140 Gwl2 4.35 1197 43848
;

7 245 GwE 4.35 1197 59400'

,

- i

8 87 8W(L 4.35 1197 71424
-

'

9 6 fb712. 14.65 985 79704

10 50 (wif., 4.35 1197 82344

11 4 g u/It 4.35 1197 96144

12 45 FW(l 14.65 985 100128

13 102 b li 14.65 985 112632

14 7 fWIL 14.65 985 122592

i

) At beginning of fuel transfer.*
;

!

I

_

i

|

,-

.
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TABLE 2

SPENT FUEL POOL IhTENTCRY FOR
BSEP UNIT 2 - REIVELUiG

NOVEMBER 15, 1986

Assembly Irradiation Cooling *
Batch No. Of Power Time Time

No. Assemblies (MT) (Dav) (HR)
*

i
, ,

1 140 gW(L 4.35 1197 24

2 140 $ 4 4.35 1197 8784 !

3 140 swfL 4.35 1197 17544

4 140 SwIl 4.35 1197 26328
~

5 140 IWIL 4.35 1197 35088 -

;

6 136 $u)IL 4.35 1197 43848 i

7 132 6w(f. 4.35 1197 58800

8 4 fwg 14.65 985 66600

9 132 Cwd 4.35 1197 67560
*

10 40 pwrl 14.65 985 77136

L11 90 Gw(L 4.35 1197 79680 |

12 51 FWR 14.65 985 88008

13 6 9WA 14.65 985 97464

14 43 kWff- 14.65 985 119880

At beginning of fuel transfer.*

.

.

l
. |

,

j. ,

i
;

. .
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AA/ALV.s / f y s t/ s M D G A f d* W a t/J 4'J /
Wf Alfp/ AA/44VJ/.y /J AdGW.f60 ,

23 M LY %A $4 A 4WG/ 7/,W F 3sep tmtr ng
/.s Aarwoores ro arcs erseo/rc in'd Axxwsn.

P007 IN'7ENTOEY ON NARCE 7,1988 (PULI. CORE UNI.0AD DATP.)

:-

I

.

r t

No. Assemblies Me tin in Core Dave Cooled Remetor Power
*

140 3WR .299 Days 0 Yes., 1 tay 2,436 Wt
"

140 EWR 599 Days 0 Trs., 1 Day 2,436 W e
-

140 BWK 898 Usys 0 Yra., 1 Day 2,436 We j

140 EWR 1,197 Days 0 Trs.,1 tay 2,436 MWt |

!

,-|140 BWK 1,147 Days 1 Yr., 1 Day 2,436 We
.

140 Swa 1 '.17 Days 2 Yra., 1 Day 2,/.36 MWt

it.0 BWR 1,197 Days 3 Yra., 1 Day 2,436 Wt

140 EWR 1,197 Days a Yrs., 1 Day 2,436 MWc

140 EWR 1,197 Days 5 Yrs., 1 Day 2,436 Wt

140 SWR 1,197 Days 6 Yrs., 1 Day 2,436 Wt

245 ^' 3WR 1,197 Days . 7 Yrs. , 284 Days 2,436 We of.

!
87 BWR 1,197 Days 9 Yes., 54 Lays 2,436 MWt

6 FWR 955 Days 10 Yrs., 34 Days 2,300 W t

50 EWR 1,197 Days 10 Tra., 144 Days 2,436 Wt

4 BVR 1,197 Days 11 Yes. , 354 Days 2,435 We

45 PWR 985 Days 12 Tes., 154 Days 2,300 s t
; _

102 WR 985 Days 13 Trs. , 310 Days 2,300 MWt .

7 FUR 985 Days 14 Yre. 360 hays 2.300 MWt

1,786 3WR issemblies

160 I%'R Assen: bites

- ..

-- - - - r _~ _ . _ _ _
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TABLE 3

SPD;T F POOL INVENTORY FOR

BSEP UNIT 1 - CORE UNLOAD
MARCH 7, 1983

Assembly Irradiation Cooling *
Batch No. Of Power Time Time
No. Assemblies (%T) (Dav) (HR) -

F

1 140 ( w g. 4.35 299 24

2 140 gu $. 4.35 599 24

3 140 IrWIf- 4.35 898 24

4 140 (y 4 . 4.35 1197 24
-

5 140 f(Wg. 4.35 1197 8808

6 140 S W [2 4.35 1197 17568

7 140 6w&. 4.35 1197 26328 .

8 140 g e (f. 4.35 1197 35088

9 140 flW rf. 4.35 1197 .43872
,

10 140 ifW 6- 4.35 1197 52632

11 245 ds t. 4.35 1197 68184f

12 87 ffW 4 4.35 1197 80208

; 13 6 fwrf. 14.65 985 88488

14 50 8W6- 4.35 1197 91128

15 4 6srL 4.35 1197 104928'

,

'

16 45 f Wt. 14.65 985 108912 it

17 102 fWL 14.65 985 121416
1

18 7 [WA 14.65 985 131376
-

| .

| * At beginning of fuel transfer.

i

1
.. ..

.I
;
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TABLE 4

~

' SPENT FUEL PCOL INVENTORY FOR
BSEP UNIT 2 - CORE UNLOAD

NOVEMBER 15, 1987

Assembly Irradiation Cooling *
Batch No. Of Power Time Time

. No. Assemblies (MWr) (Dav) (HR) -

1 r

1 140 gvg. 4.35 299 24

f2 140 $wf - 4.35 599 24'

3 140 6w/ 4.35 898 24

4 140 gwrt. 4.35 1197 24

5 140 g wi- 4.35 1197 8784
~

t

6 140 g wit 4.35 1197 17544

7 140 SWA 4.35 1197 26304
.

~

8 140 Gud- 4.35 1197 35088

f9 140 Kvf- 4.35 1197 43848

10 136 b A- 4.35 1197 52608

11 132 $w A. 4.35 1197 67560

f 14.65 985 - 7536012 4 fWi
13 132 6WA 4.35 1197 76320

14 40 fvJtf- ~ 14.65 985 85896

15 90 gigt!. 4.35 1197 88440

f16 51 9Wf. 14.65 985 96768

17 6 [u)/I 14.65 985 106224

18 43 (W 4, 14.65 985 128640

.

At beginning of fuel transfer.*
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BEEP 1: NIT NO. 2

POOL INVEh70RY ON NOL'M3ER 15,1987 (FUl.L C0F2 IRCCAD JATS)

.

,
No. Assemblies Tyne Time te Core Dsva Cneled Reactor Power

l

.

140 BW 299 Days 0 Trs., 1 Day 2,436 We si

140 BVR 599 Days 0 Tes., 1 Day 2,435 We -

140 BWR 895 Days 0 Yrn., 1 Day 2,436 Wt

140 B*a'R 1,197 Days 0 Yea., 1 Day 2,436 Wt

140 EWR 1,197 Days 1 Yr., 1 Day 2,436 Wt -

140 EVR 1,197 Days 2 Yra., 1 Day 2,436 MWt j
i

140 EUR 1.197 Days 3 Trs., 1 Day 2,436 We '
,

140 BVR 1,197 Days 4 Yes. 1 Day 2,436 W t

140 5WR 1,197 Days 5 Yes . , 1 Day 2,435 W e i

i

136 EWR 1,197 Days 6 Trs., 1 Day 2.436 W e .

132< BWR 1,197 Days ' 7 Yrs., 259 Eays 2,436 Wt j

4 PWR 935 Days 8 Yrs. , 218 Days 2,3C,0 Wt

132 BWR 1,197 Days 5 Trs., 258 Daya 2,436 We

40 FWK 935 Days 9 Yrs., 292 Dsys 2,300 We

90 BWR 1,197 Days 10 Yes., 33 Daya 2,436 W:

51 PWR 955 Days 1L Yrs., 15 Days 2,300 W t -

6 PWR 985 Days 12 Yrs., 43 Days 2,300 We
~

43 PWR 985 Days 14 Trs., 247 Dsys 2,300.W e

1,750 RWR Assed lica

144 IVP Assembliev

' __

M M6 g F % W W M,'h 4 64 6M 6+ _&@i + . - - * - . m w+im miig.i
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cE2.1- B -SS - 5 5-F /- 0 - wo.

C ALC. SET NO.
Wited engineetS.-~-

, , g g , ,.
e

CALCULATION CONTROL SHEET ginat

SO/~I /OI88~/ 6 2- 2 [I- VOID (enoncT Tirt.s ossemuNE
t
!

|SYSTEu SfP < o o z in c s>sren
SUBJECT SULK ?cMffRA7ur's 70-Hj3 L y % st 9 0 /2 E f f $ 7 D W A A f & " y'--

ffp.s t o As ,

~
DESIGN CL ASS!FICATION ,

/ / 8/STARTED BY N- 8 8 /./ h DATE

/ /O /AUTHORIZED BY k . E. /// YO C / DATE

PROBLEM STATEMENT [M] a ff27*/O*OO-/3
K. QG7Gfl.M thlE Trf 6 $ |; P IH V E M A Y f-ort (I) VZ E F U E u n & c A s e- '

'

P N o G-) Cot 2.G UMLo4D CASE fo t. @SG P-t L,1 US I a Ca-
^

r
IU t3%) f-UGL U~ L* A O I M P~ tt r-t hT' o rJ.

"E.. bc Y1E/" M iev C -THer S F P 1,J if f AL c.o s o,7 , o ca s o rf e u Mio la -6
IT'He bt. 1 E M p ertA,-u rt s rir,qu s t er.,7 Foi_ewms A tos e c r- -

S P P Cso -o.-I ~ Cr 5v37em sn 12 G Fuf t s a G- c.as e .
E. pareemuoa rue r-,w,uvs eoou reu eees r unes v.u.w > ~6-

A Cof2C UN L*AD %) t 71-1 (I ) Goo-1 (2.H v2 AHn SFp 3 Y STEM 3
e a c r* d r t e* C# (~2J kH G TV STCAA Cr> G (?rk s-, =J (~r- A LoHr='r *

DESIGN B ASIS

-
.

.

|

|
|

.

<

.

TOTAL NUMBER OF SET COMPUTATION SHEETS /d

FINISHED PY d I4/ 75~/* A/ 6" CHECKED BY

caseman otsien surta cosmirauf tus'n ogssem arview

BY ,/Ns Nh- [(A.) '7"'
DATE : / 3/fi / /1 n / p i '

REVISION 1 STARTED DATE BY

.

~AEP' p--, ***-*'hp -* * an- .m%.



9 :!;,n , c . s s 55 -9:sm seos a .o,

C ALC. SET NO. [mited eng.ineers .-m --

,,,u,. ;

CALCUL ATION SUMM ARY iFisat
& REFERENCE SHEET |

" 'oc p s A / e m p s z z. o,$c,.<,~. z u2- !.. .c , ,,,a

SHEET / OF /0 }

J.O. 4f 2 ~/. o P j~ |,
S Y S T E u .) F F C0 0 / /~ C- f w re= M "c, CoMr.ev C>,x'o av }
SueseCr E' w 7~cunfits run e . dusty rir ,c,o _ SPP

**cus s-i gA- .;u
0e5roit A Gf & r.aa sioa ,' c ,,p ';5 ;p '.

~ ^

DESIGN CL ASSIFIC ATION

!
DATE DAT6 *

P/Af: 7e2.7. to o o - L5 1

{SUMMARY / CONCLUSIONS

E. Tus' .3FP Invearutz.tec AaE G oven in T+eteS I,2,31.4. !
i~'

E. TH G Ira urt Au Co u o ' To o u s H e. rH e S p(=> rw i*ert a run.c

'Tr2.A M 5' E ~ f F* L t = +2 s "6- A Los.s aF s Fto c. cot.s ~ s. S y s r ey; .

AdE -4.* 3 f H FE , Q , == 14. I x , e IIJu/an , T. = l er. 2 's
.

E Tee max,m0M po-u. rempetu rune ir 12 4- q ' e ma
C ci"M (2 H P1 A 4 0 $ f:F C.c oL.'* G- TVDEN3 4./1E O # E r2 A r rN C--
i=.ei.L o W i,.a G. A C.* r?. E UN '* ^D e /NC 1S | 3 / .7 * F Kis c,ot

(2 H Y2 C a o t.i n (r 5 y Cr~c m 17 0 f 2r2 A ron G %gy,

REFERENCES: (SpecincAf roms, OR Awinst, coacS, cat.cWL ATION SE TS TEXTS, RE POR TS, cou.UT E R DATA
PSAR E TC. )

f2hl fr27 10. o o - //
f'^l $527 - I o s o - / 7-

.

--

. _ , , - . . - .. . _ . . _ . . _ . .._ ._. - ..._.. . _ , . . .. _ _ - . . . , . .
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s rm soor a m 2.n GENERAL CO*APUTATION SHEETe

C ALC. SET NO.
* '5C' * * '' mited engineers Pastiu.

a constructcrs <c

FIN A L

.f / VotDNaut op COMPANY UN4?g

susascv EW fu ff.a A 0 O l T!2/.A.$rs" A $ A N I'0^J
J.O. 9st7. crff |

"t . COMP. BY CHK'O BYy

$. f006 V O S Y_ O f gyg , ,'
~

-
~

i/;; /ff N.'./?t

b. (D/2 E V^ttoAD

.
, .

A ccoxo <~ ar- ro 7se 'v e ~ /=u c e <<~L Ao
.

5~CH c auf,.6 , rxg putt Co!?C Un C.o A o CATE L.'"

7"D CDC eo q ou ppitcp 7, ifc5? Ast /!fEP / *

/4ao cw A ra v'e n e rt: /5,i787 h tE SW - 2- .
ru e s;=p i~ve~ r- ves m me- ccee u~<.no

c4<c A>2 e pie e s ea rep /~ i m i: c c.s' / s. z

F =/2 O u'r r / E 2 /tG U=r! c rv v ec.y ( Asexr FAGFj
.

13 . /2r pu e c. i~ ca- case

THE SPP p vcarorties h <. rue /2efu e ci~ ci-

CA-s C CAu (1e' DJ"Q v go i:/2on fB!!Ld; / L- 2

7ffg 7/M c osc f A cr 12dfu rf /~ C,- // fyA cycy CHF
_

%
.

/A/ v VN T' oat G".s, 779u.t" Dc /t/ v Go A At E /3rdc cc:arE~a

/^) TP Q L G-L 3Zf j=c it O ^' ' 1~ / 5 L /CG3 -

Pec ra ve Ly . C prx r s's G e)
!
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r ,ln soot na ur GENERAL COMPUTATION SHEET

C ALC. SET NO.

hmited engineers* * ' ^ ' " *
PaEtiu.

FIN AL

W P
uaue or COWANY UNIT /S I**: - VolO t

SHEET 3 0F /p |f/g gus/ ogsumatcY [[[/S7" #uff,, Pool JZ3_ge A G,g" o

J.O. S.-zj. o pf- |
*t, COMP. BY CHK'O BYg g 7

CL<.) *T" . l.A*
9sn fa r e. Pa.< /~ veu r.ay F.<c **|f,, /ri **U.y u :

2tEP usur 1 - Coier u a' t. A o ,,,, ,,,,

MoacH ~7, / 9 ??

AArCU 4/0. of A.rfcut:c>< it?tzpoiAnad Lercu4 ^
No . - MSE/ r elia ,0a w e/2__ -riar nxe

(A 7w t) (P A >') (ya)
.

/ /do iswr l/.Ty A99 z. y
2 /Vo awa %3r 299 z y-

.3 tVo awa V. ?T 892' z y- '

-

V 31G(23 t 4-0 awa V. 55 /i97 2Y
.S als 's, tYo atua. v.Ir // f 7 88o8
C 316'S s / V- o G w a W3C // 9 1 ( ~156 8
7 3/t.'tr /W Bs/2 %. ;f // f 7 7_/,323

? 11$14. /%D Ew2 '/.35 Il f *7 55*88
9 :/(,'f1 /Wo 5 s/2 g. T // J' 7 43312.
t o sh'h iso sse 4.37 it 77 52s3 Z

^ || s 's. 2 95 e wiz cf. 3 r ii 7 7 Ge I8?
,t j '79 87 ewa M 3r isf 7 to L= 2
/3 z '78 & Pws 15 6r frr 8947?
i4 se '77 rs 8 v!/t 4. 7f // 7 1 gl / 2. t
a .~2'76 4 aw2 e. .T 5 // 7 7 o o 49 z. ?
I6 to '75 45 Pwt / St. Gr 9Pr loMIL
/7 t 't + /o2 I'wr2 ig s[ gpr q1 | '+tL
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es.m 5007 am 3 n GENERAL COMPUTATION SHEET [C ALC. SET NO. -

hmited engineers' '' ' " * ' '
eaEtiu. i
FINAL

unue or coupauv._ (. 8 8" d bd /!2-UNIT VOID j
/ . ,

sumanci ( A d/" '1" f U T d f ** L (7.? M A G V O A A # 3' ' A
J.O. 9; y 7. o ?f" |
"t . COMr.BY CHK'O BY |y

M ),( ,

b/ 6 H7" 6 f. fo o L M V6&TD 11-> b/Z0 / /t|/ o/P/ *

'

EsGP umr z - Cute Um.n ..,, ..re

A/>vem net ir./9e7
-

STW A/O. Of sACIGM/ FLY //2/% ADsA rt ON 0 0 */-/M G
N0 p ::g M ft.tff 9026/2 r/M e _ '7/A 4E' -

-

(M wr) (oA D (Hft)
/ /Yo awA f4 2[ 29] at/
1. / 4 o twA V'. 35 599 2-Y .,

3 i se o swa y. 3r 298 'z e>L -

4 nl,*lti /te o $wa a.3r // 77 W
( S'no+ftG /yo S w/L 4.1,[ // 77 7 ~1 t if '

C nInitt /yo asta. 4,75 // 77 i ~7 S t+ 4
~7 o I,9its /t;co GaA 4. JC //f7 2 c,*1 o 1-

r ul,*In iyo awa m25 ti77 17077
9 nInist 14. awe 4.35 // 77 4384'7
= utsltl / 3 6 2WL 4.35 /t77 $ 2.6 0 S

// 3 ' to /12 Bal 4.35 //1,7 6756o
/2 4'M st Pwa /4. cf ffs 1r3(o
/J 3' 71 / 3 2 SWa 4. II //17 ~7d.72c
sa t'78 go Pwd 14. C5 y/[ Ef896

"'A 4K //77 29W O/f to '11
9*) "PutC 14. f f grr 961G9f f. It'76

j7 to'75 | f* A / 9: ($ fPT I o G L't f
I f. If fff I'L8f +o1 7 . 3 '13 VJ PWA l

prat r?rotwa
/Hs PwA'
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Po,m soor a m 3.n GENERAL COMPUTATION SHEET

CALC. SET NO.

haconsmceneinited engineers* 5c'''' ~ ''
eactiu. ;

FIN A L

Naut op couPANvI[ b 7 '
UNITF - - - - V010 '

iSHEET ,5 OW /o
suesEcr & f f h z f y g_G PooC 57Dsygr gypAprioa

J 0- 9527.oPrypjycg 3
"E COMP. BY CHK'O BYy

c*,f
.htf|H

W6AIT fuGl $wot. /Nudprb /ty S$ -g
i/se . 'l tiL"*

ESEP (_ Jni,- / - /2e fu e L.iw G
_

DATE DaTE

M erzcn 7, t 9e 7

2 Arch' A8 cf M.TEMGLY // MAO /M/od Goo t wG .

- No Auwtur.t /ootv it -rin e 7iac ,e
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( M A T)' ( D Ay ) fac)
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/ J/s/g7 /4 o aug (4.5 r || 9 7 2t}t
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Poem sco? aev. 3-77 GENERAL COMPUTATION SHEET
C ALC. SET NO.

haconstncas mmited eng:neers" ' ' ' " ' ' muu.
FINAL <

unut or cournuv CP f. L / 8 5 S'P //z.u ,,,, vonD

SHEET 6 0f /0suaancr $ PEA /T fu GC, Ps aL fi%te Agg 5kPANrs oN'
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I# O ' E "n, COMP. SY CHK'O BY h
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po4m soo7 m m > n GENERAL COMPUTATION SHEET

C At.C. SET NO.
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FIN AL
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-

N$ fam$ b* fY f5hh Of ff O $ |h C. A O b.m/ N *
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C c- o L i-C,- S v.s rrri'-r o o c c v re /J S o ss e use r/zer
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oa eox a es-r io no As 7"r n o<- ren-
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f/po psy pg to oo4 7"E't-7Pc F2 A f*L)''? 6 f~)C 4" Ei CH Y

i
C J 7 4 /N & $ff fd M OY [M 7") # & s& ( f*p ! $hY\ C
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C ALC. SET NO. t,
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^
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