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l. DESIGN BASES

The high density spent fuel storage racks are designed to provide
B840 fuel storage locations in the Calvert Cliffs Unit No. 1 spent
fuel pocl and to maintain the stored fuel, havlnc an eguivalent
uraniym enrichment of 4.1 weight psrcent U~235 in U034, in a safe,
coclacle, and subcritical configuration during normal and abnormal
conditions.

2. STORAGE RACK ARRANGEMENT

The arrangement of the storage racks in the Calvert Cliffs Unit
Nc. 1 fuel storage pool is shown in Pigure 2-1. Froo thi figure
it can be seen that the fuel storage pocl will have six storage
acks with a 10 x 10 array of fuel storage locations and three
storage racks with an & x 10 array cf fuel storage locations.

-
P

13

Al

3. STORAGE RACK DESCRIPTION

Each storage rack ronsists of a wzlded assembly of Zuel storage
cells spaced 9.75 .nches on center. Each storage cell is a dGouble
wall Type 304-L sta.nless steel sguare box with an inner dimension
©f B.56 inches. The double wall construc-ion provides four compart-
ments in which pc-so" elements are placed. The poison elements
are centrally positioned on each side of +the storage cell at an
elevation corresponding to the active fuel region of a fuel as-
sembly located within the cell. The top cpening of each storage
cell is flared tc facilitate insertion of a fuel assembly; the
oottom memder of the storage cell provides the level support
surface required for the fuel assemtly and contains a cooling

flow orifice.

Storage racks consist of assemblies of 2 x 2 modular cell unit

A modular cell unit is a sguare arrav >f four storage cells des-
cribed above. Each 10 x 10 rack contains twenty five 2 x 2
modular cell units ané each x 10 rack contains twenty 2 x 2
modular cell units. Figure 1 D

=i shows & tTyrpical modular cell

w0

unit ané & schematic drawing of 2 10 x 1C storage rack structure.

Within each storage rack continuous spacer beams are provided at
the middle and top of the storage cells to ensure that the regquired
pitch (8.75 inches) is maintained between storage cells in both

rections (North/South and East/Wes:) under lateral load cordi-
tions.

FORM & NES 205 S/79
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The spacer beams which are intermittar antly welded %0 the storage cells
also maintain the vertical alicnment of the cells. Support pads
attached to the bottom of the rack base raise the rack above the

pool floor to the height reguired to provide an adeguately .sized
cocling water supply plenum (for natural circulatien). -ach support
pad contains a remotely adjustable jack screw to permit the rack

to be leveleld following wet installation.

The storage racks are positicned on the pocl floor so that adegquate
clearances are provided between racks and between the racks and pool

tructure to aveid impacting of the sliding racks during seismic
evenis. The horizontal seismic loads transmitted from the rack
STtructure to the pool floor are conly those associated with frictien
Detween the rack structure ané the pool liner. The vercical dead-
welght and seismic loads ere transmitted directly to the pool £loor
by the support feet.

The fuel storage racks are primarily fabrizated from Type 3f
stainless steel with 17-4PE stainless stezl used fo ]

Jack screws. The pnison materiazl consisss of a 34C cemposite
material fabricatec by Carborundum Compan. Tests have been com-
pleted to verify the compa -.-zl;:v of the peisor m i wi

Pool water environment, ¢“-lud ing the :nticipated radigtion fluence
nd thermal conditions. All materials useé in the s torage racks

re fully compatible with the anticipated Calvest Cliffs pool

water environment.

'H’

4. STORAGE RACK EVALUATION

4.1 Nuclear Analysis

A detailed nuclear analysis was performed to demonstratc that for
all anticipated normal and abnormal configurations of fuel assemblies

within the fuel stcrage racks, the Keegg ©f the system is below 0.95.
Certain conservative assur;:;*“s about the Zfuel assemblies and racks

ere used in the calculations ané these assumpticns are described irn
Setticn 4.1:1.

The principal calculational method used for the criticality

analyses was diffusion theory using HAMMER and EXTERMINATOR. Verification
calculations were done by using XENO, a Monte Carlo code. 2 des-
cription of the calculaticnal method and codes is presented in Section
«4.3, togetner with a description of a benchmark of the &iffusion

heor method

(

"4

— | ——
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4.1.1 Design Criterion and Assumptions

The criticality design criterion estahlished for the Calvert Cliffs
Unit No. 1 spent fuel racks is that the multiplication constant
(kegg#) shall be less then 0.95 for all normal and abnormal configura-
tions as confirmed by KENO.

The following conservative assumptions were us2d in the criticality
calculations performed to verify the adequacy of the rack design:

1. Stored fuel will be fresh and of a specified enrichment greater
than cor egual to that of any fuel available (4.1 w/o).

2. The reference configurationcontained an infinite array
of storage ;oca:.ons s,acec 9.75 x .75 inches on centers.
voviously the array is not infinite, but finite.

3. The abscrpticn of the fuel assembly spacers was icnored.

<. &ny burnable poisons it the Zuel assemblies were ignored,

5. The vertical buckling was ignored, i.e., the fuel
assemtlies are considered to be infinitely long.

€. Any scluble poison in the pocl water was ignored.

4.1.2 Conficurations Analvzed

The variocus configurations of fuel within racks that are possible

are classed as either normal or abnormal ﬂor“aura*‘ons. Normal

configurations result from the placement of fuel within racks

and the variation in rack dimensions permitted in fabrication.

Abnormal configurations are typically ves-lts cf accidents or
lfunctions such as seismic events, malfunction of the fuel pool

cooling system, etc.

Normal Configurations

The normal configurations analyzed were a reference configuration

at the nominal conditions, an eccentric fuel positicning configuration,
ans va:ia‘zons in fuel assembly fabrication tolerances, fuel rack
piteh, cell wall thickness, and rack poison ceoncentratior. A KENO
analysis of the reference configuration was made to establish

iffusicn tc Monte Carlo bias.

FORM ® NES 208 §/79
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Analveis of Normal Cases

1. Reference Configuration

The reference configuration consisted of an infinite array of

l

3041 stainless steel sguare storage cells with nominal dimensicns:
$.7%5 inch pitch, C.60 inch inner and outer cell wall thickness,
€.56 inch inner cell dimension and .06C inch poison thickness

with 0.015 gms/em® of BiC, Each storage cell containeéd a centrally
located fresh 14 x 14 Combustion Engineering fuel assembly, with

an average enrichment of 4.1 w/o. The water temperature within
the rack was 68°r.

-

2. Eccentric Puel Positioning Configuration

It is possidble for a fuel assexbly not toc be positicned centrally
thir a storage cell because of the clearance zllowed between the

assembly and the cell wall. This clearance is nominally 0.221
inches on each side of the fuel assembly. Calculations hnave been

performed to determine the effect of eccentrically located fuel.

In these calculations it was assumed that four fuel assemblies were

diagonally ~isplacec within their storage cells as close as possible

towarde each other.

3. Puel Assemblv Fatrication Tolerance

The important fuel assembly parameter determining Kess is the 2
ratio of the amount of U235 to that of wat The amount of U<33
per assembly is contrclled to within a few tenths of a percent by
weighing pellet stacks as the fuel is built and by using a known
enrichment. The fuel assembly parameters which determine the

volume of water in an assemtly are the clad 0.D. ané the fuel zuvd
pitch. These parameters are closely controlled to typicall

within + 0.4 percent. The effects of these fuel assembly tolerances
en keff have been determined to be negligible on the basis of

simple kgo cell calculations.

o

4. Fuel Rack Fistch Variation

Calculations were performed to determine the sensitivity of Kefs

to changes in pitch, the center-to-center spacing between storage
cells. The pi -h was varied C.l12% inch above and below the nominal
value. The criticality configuraticn was similar to that cf the
reference configuration except for the ozvious chanve in center-to-
center spacing.

FORN & NES 208 §/7¢
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5. Cell Wall Thickness Variation

The base case wall thickness was 0.060 inches for each of the

tainless steel sheets forming the cell walls. This thickness
was varied upr to 0.070 inches and down to 0.050 inches to determire
the effect on kges

L&

€. Poiscn Concentration Variation

5
The polson slabs coatain a nominal concentration of 0.015 gms/cm*
of 810, This concentration was varied + 10% to determine the
sensitivity of kges to variations in this parameter.

7. "Worst Case" Normal Configuration

The "worst case" normal configuration considers the effest of
eccentric fuel assembly positioning, the minimum average pitch
(center-to-center spacing) permitted by fabrication, the minimun
wall thickness and the minimum poison conccn ration.

Abnormal Configurations

The abnormal configurations analyzed were single storage cell
displacement, fuel handling incident, pocl temperature variation
anc rack deformations due to 2 fuel assermbly drop incident, 2
heavy object Grop in~ident, or a2 seismic incident.

analvsis of ‘bnormal Cases

l. Single Steorage Cell Displacement

Displacement cf a single si'race cell within the array is precluded
by the welded construction and the presence of structure between
cells. Therelore the effect of such a dis-lacement was taken to

be zerc.

(8]

<. Puel Handlinz Incident

Accidental placement cf fuel between the fuel racks or the racks
and pocl wall will be prevented by structural material. It is,
however, conceivable t.at an assembly could be laiéd across the

top of a fuel rack, 1In this case, the distance between the tops
of the stored fuel and the bottom of the misplaced fuel will be
greater than 25 inches, a distance which according te calculations
effect.vely "decouples” the two groups of fuel. No iancrease in
kegff will result from this incident.

FORM ® NES 208 3/7%
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3. Pocl Temperature Variation

Calculations were performed to determine the sensitivity of kess
for the reference config ~ation to variations in the spent fuel
pool terperature. The pu.. temperature was varied from 29°F,

where water density is a maximum, to 250°F, the approximate bciling
point of water near the bottom of the fuel rack.

4. Puel Drop Incident

The maximum height through which a fuel assembly can be évopped
nto the fuel storage racks is limited. The droppeé fuel assemzly
will most likely impact Lhe tops of the fuel storage rack cells.
Because of the fuel rack design, damage will be limited to the
upper € to € inches of the storage cells. Since the active fuel
region is about 18 inches bexou this area, no significant change
in fuel/cell gecmetry will occur. However, it is possible for a
dropped fuel asscm.’v to enter a cell cleanly and impact directly
on the "uel stored in the cell. The effect of this :ype of fuel
drop incident was evaluated from a criticality viewpoint by as-
suming that the stored assemdl' would be compressed axially.

A calculation base‘ °n an axial compression of 2 feet yielded a
0.06 decz ease in kKggo c. the fuel cell. It has been concluded,
therefcre, that this incident would reduce kgss and need not be
considered further in this analysis.

S. Heavy Object Dreop

In the unlikec.y event that a heavy cbject is drorpeé on the
storage rack with suff;c;e“. impact to cause structural
deformation, it has been concluded that kesf will decrease.
The basis for this conclusion is that the principal effect of
dropming a heavy object w-l; be to scueeze water from the rack.
Both in the case of compacted fuel ané voided pool water, de-
pletion oI water leads to a decrease ‘n Kefs.

It would not be possible for a dropped heavy object to ejact
the roison material from the rack; the crushing effect of

the heavy object could only act to compress the fuel ané peisoen
together.

€. Seismic Incident

Seismic analyses nave determined that during an SSE the pitch
Detween two adjacent fuel assemt._ies cculd narrow locally by as
mach as 0.005 inches, due to coscillations about nodal points de-
termined by structural members locating the cells wiilhin the racks.

FORNM = NES 208 S/79
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However, at the same *ime, the local pitch at ozher locations

is greater by the same amount, with the net effect that although
the pitch may vary locally, the average pitch is unaffected.

In the event that the entire rack is displaced by a seismic
event, the average pitch will also be una‘ffectes,

t is concluded, therefore, that if the fuel assemblies deflect
ndependent.y in random directions or move together in a single
direction, the average pitch between assemblies and, consecuently,
the kg ; are unaffected.

o 4

- .

7. lMworst Case" Ahnormal Configuration

™2 "worst case" abnormal configuration considers the effec: of
the most adverse abncrmal condition in combination with ¢he
"worst case" normal configuration.

i » . -~

4.1.3 Calculational Method:

Code Descriptions

The HAMMER Code

HAMMER (see Reference 1) is a multigroup integral transport theory
c>de which is used tc calculate lattice cell cross sections for
diffusion theory codes. This code has been extersively benchmarked
against D0 and light water moderated lattices with ¢o0od results

The EXTERMINATOR Code

EXTERMT) 2)

SXTIZRCRATOR (see Reference 2) is 2 2-D multigroup éiffusion
theory code used with input from HAMMER to calculate kKgse values.

Tne KENO IV Cod

LY

% S5 TLY o 206D 3 e W - - N5 e - =
KENO IV is & 3-D multigrour Monte Caric criticalisy code uses to

detesrmine koss (see Reference 3).

Benchmark Calculations for Diffusion Theory ans Monte Carlo
Methods

Both HAMMER and EXTERMINATOR were used by NEZ as versions available
at Combustion Engineering at Windsor Locks, Connecticut. The
combination has peen benchmarked aczainst a colé crisical experiment
performed at the laCrosse 3ciling Water Reactor with excellent
results (see Reference §).

FORM & NES 208 /7%
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The calcu
2.0017.
16 group
differed from
Detail
are presented in Reference

-

Results ¢f Analvsis

F 33
b
FF 38

Normal Conficurations

.
Results for

as follows:

normal configur

No allowance for fuel enrichment var

lated k ¢ differed from the experimental value by only
A similar benchmark has beern performed for KENO-IV using

Hansen-Roach cross sections, resulting in a keff which
the experimental value dy only 0.001.

§ on the calculational methods, codes and input/output data

=
-

ations carn be summarized as follows:

ke2s or lkess

i. Reference Configuration 0.9246
2. Minimum Cell Pitch 0.0046
3. Minimum Poison Concerntration 0.0050
4. Cel. Wall Thickness Tolerance 0.000%

iation was reguired since the

fuel on which the calculations were based is of the highest en-
*1~hme*t considered. The Lk due tc eccentric location of fuel
within cells was determined to be negative and therefore was not
.ncluded.

The effects of these normal variations were combined stati cally

Ligss =

Conficurations

Kefs due

tion. However,
Positive Lk,
tc the "worst

the
case"

V (.004€)

The "worst case" abnormal configuration

Mcnte Carlo Reference Configuration

conbines the change in

to the occurence of the mos: adverse abnormal condition
with the kges value associated with

-
-

"worst case” mormal configura-

s-.-e none of the abnormal conditions gives a
"worst case" aoncrmel condition is simply equal
normal cor lition.

c&élculation

KENC=-IV, a Monte
reference configu

" 0
1
._l
5]

used to calculate keff for the
te check diffusion theory results.

-
, ’8
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from the diffusion thecry reference ke#¢ by +0.0068.
e.

lculational Uncertainsy

A calculational uncertainty of 0.71 Akeff was conservativels
assumed and com:ined tatistically with the uncertainties due
to normal variations to provide the following upper limit of
uncertainty for normal configurations:

tketz = V(0.0068)2 + (0.01)2 =  0.0121

Maximum Kgef Value

t for the "worst abnorual" configuration results
o

e normal conficuration at the upper limit of it

uncertainty and acding the Lks#f values for the worst acnormal

! conficuration andé for the calculaticnal bias between cGiffusion
theory and Monte Carlo theory.

4.2 Thermal Bvdraulics

$.2.1 Method of Analvsis and Assumptions

fuel assemblies is prevented by the stairless steel cells in

The Keff value obtained with KENO is 0.9314. This value differs

0.224¢ Reference Configudation

C.0xr21 Upper Limit of Uncertainty for Nermal Configuration
C.000% "Werst Case™ Abnormal Configuration

0.0068 Monte Carle/Diffusion Theory Bias

0.9435

T.as the upper limit for the keff including the effects of

normal ané abnormal variation, uncertainties, anéd difference
between codes is 0.9435; it is concluded, therefore, tha: the
Celvert Cliffs high density fuel storase racke when loadesd with

the specified fuel are safe frem a criticality standpoint.

In the NES rack design the crossflow of water between acdjacent

tne fuel rack. The effect is such that each of the fuel assemblies
becomes isolated and, therefore, sits in its own thermal chimney.

g

EQRNV = NES 205 5/79
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The chief thermal-hydraulic concern is the possibility of local
boiling due to flow starvation in some cells of the rack matrix
as a result of excessive pressure losses in the natural circu-

lation loops established in the spent fuel pool.

The adequacy of natural circulation flow to cool the spent
fuel assemblies in the rack matrix was verified by establilshing,
for the worst row of assemblies, a thermal-hyérauclic balance
betweern the driving head produced by decay heat generation
and the pressure losses existing in the natural circulation
flow path. The pocl itself was modeled as a large volumne

#ith a bulk water temperature unazffected b, iocal disturbances.
Pressure losses ir the downcomers, in the rack inlet plenum,
anéd along the fuel assenclies were explicitly considered in the
an*lysis. The effect of an assemtly lying heorizontally across
the top of the racks was also considered. Cross-flows in the
rack inlet plenum arra have been conservatively neglected.
A4 ten bundle (fuel assemdbly anéd its surrounding fuel rack
cell) was sele*:ei as the worst row of assemblies since

rer rese. the greatest distance between any fuel assen
anc the nearest downcomer area. The assermblies in the t
bundle mocel were part of a freshly discharged batch. The
rack inlet plenunm, which acts as & manifold to the bundles in
the model, was assumed to consist of a discrete channel
bounded by the flocr and the bettom of rack cans. This repre=-
sentation neglects the crossflows that would be expected in
an cpen channel.

A bulk fuel pocl temperature o. .50°F was a23sumeé in the analysis.
Bundle decay heat was calculated from APCSE ©-2 assuming infinite
irradiation and 2 cocling time of 4 days. Reacter power is 270C

-~ -

MWt with 217 epssemtlies in the core.

The detailed thermal-hydraulic calculations are presenteé in
Reierence €.

Results cf Analysis

The thermal-hydraulic calculations indicated that even with the
most conservative assumptions, the natural circulation in the
spent fuel pool is adeguate to preclude local boiling by a sub-

stantial margin. The maximum temperature increase in the assembd)
with a minimur flow is 45.8°F which would result in an outles
temperature of 125.8°F,

FORM & NES 208 §/7¢
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An assembly lying horizontally on top of the racks would in
the temperature increase to 51.3°F ith a resultant cutlet
temperature of 201.3°F, which is still substantially less than
the 236°F saturation temperature at the top of the racks.

crease

These results are exceedingly conservative in that the heat

gensrati assumeé in the analysis is eguivalent *i,

spot linear heat generation rate cf 17 kw/ft.

-
.

-

The pool cenfiguration anéd the natural circulation patterns
indicate that the pocl water bulk temperature will maintain an
acceptable temperature distribution.

Structural and Ssismic Analvsis

The Calvert Cliffs Nuclear Plant Unit #1 high density spent fuel
storage racks have been designed to meet the regvirements for
Seis' ic Category I structures. Detailed structural and seisric
analyses of the high density storage racks have been performesd
to verify the adegquacy of the design to withstand the loadings
encountered during installation, normal operation, thes severe
ané extreme environmental conditions of the Cperating zasis and
Desigr Basis Zarthguakes ani the abnormal loading cerniZitions of
an accidental fuel assently dror event.

The llowing loaéd cases anéd locad combinaticons have been
considered in the analysis in accordance with the reguirement
cf the UNSRC Standard Review Plan, Section 3.8.4 (Reference 7).
load Case . - Dead Weicht of Rack, D + L (Normal Load)

Under normal operating conditicns, the rack is subjected to the
dead weignt loading of the rack structure itself plus the loads
resulting from the stcrage cells and fuel assemblies stored in

the cells.

oat Case 2 - Dead Weight of Rack Plus 1 G. Vertical
nstallation load, P + I.L. (Normal load)

During installatior the rack is subjected tc the loading
resulting from its own structural weight, weight of empty
storage cells, plus a 1 G. vertical lcad resultinc from
gJddenly applieé crane load.

FORM ® NES 205 S/7¢
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Load Case 3 - Dead Weight of
Load, (D + U.L.

Rack Plus Uplifting
) (Abnormal Load)

The possibilicty of the fuel handling bridge fuel hoist grapple
getting hooked on a fuel storage cell was considered The

-

axial upward force considered for this .ioad case was ¢.00.
pounds.

Loac Case 4 - Operatinc Basis Earthcuake, E
(Severe Envircnmental Iload)

The rack fuel assenclies, and virtual water mass reart to the
simultanecus loading of the horizontal and vertical component
of the seismic response acceleration spectra specified for the
Cperating Basis Earthguake in the Calvert Cliffs Dnit 1 PFuel
Storage Rack Specificaticons (Reference 8) and presented in
Figure 4-1 and 4-2. The effects of fuel assembly impact durinc
a seisxi: event were taken into account.

load Case 5 - Desicn Basis Earthguake, E'
(Extreme Invironmental Load)

" as ~oad Case 4 except that the seismic response acceleration
r: ectr rresponding to the Design Basis Ears hguake was used
ia the ana-ysxs (F;g;re 4-1 and 4-2).

Load Case € - Assemblv Drop Impact Load, F.D. (Abnormal load)

The possibility of dropping a fuel assembly orn the rack from
the nighest possible elevation during spent fuel handling was
considered. A 1300 *oun‘ weight (fuel assembly) was postulated
tc drop on the rack from a height of 24 inches above the tor

o‘ the rack. Three cases were considered: 1) a direct arop on
he top ©f a 2 x 2 module, 2) a subses suent tipring of the as-
emhly onto the surrounding tcrage cans, 3) a straight éror
:h: Ugn the storage cell and ‘= 42t onto the rack base ¢
tructure.

"

agc

Thermal loading, T (Normal Load)

The stresses and reaction lcads due %o thermal loadings are
insignificant since clearances are crovideé to allow un-
restrained growth of the racks for the maximus pCol temperature
of 150°F,

6%
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wad Combination

For service load conditions, the fcllowing load combinations
were considered using elastic workiig stress design methods
of ASME Section III, Sub Section NF, Class 2, 1977 Edition

(Reference 9):

(1) D+1L (la) D+L + T
(2) D+ I.L
(3) D+ L +E (38, P+ L« T+ E

For factored load conditions, the following load combinations were
considered using elastic working stress deszgn methods of ASME
Section III, Sub Secztion NF, Class 2, 1977 Edition.

() D+ L+ 7+ £

(5) D+ L <+ Ul

(6) D+ L + T+ F.D
4.3.2 Design ané Analvsis Methods

Staczic, dynani: né stress 2nalyses were performed using fin. .

element methods. An individual fauel storage rack was mathematically
modeled as a finite element structure consisting ¢f discrete three-
dimensional elastic beam and plate elements interconnected a: a

finite number of nodal points. Stiffness charac c:;s:x.s of the
structural members were related tc the plate thickness, cross sectiosnal
area, effective shear zrea and moment of inertia cf the element
secticns.

A;p:O; iate support connections were provideéd at the support
feet for both static and dynamic analysis. Six degr:zs of
freedom (three transls:ions and three rotations) wer: permitted
t each nodal point.

For the static dead weight and live load analysis, the distributed
masses of the structural elements, storage cells ai:d fuel elements
are Jumped at the system nodal points. Similar'y, for lLoad Case

2, rack installation /nd removal analysis, the distributed masses
of the structural els ments and the cells were lumpeé at the system
nodal points. The ¢ ‘fect of suddenly apgpliec crane loaé was con-
sidered by applying a 1 G ver:cical load in addition to the dead
weight loading. For Load Case 3, a net vertical uplifs load of
1,000 pounds was applied at the worst location ¢f the storage rack.

For the “o:;~cn:al and vert.cal seismic analyses, the following
mathematical models were de'relcoped:

W
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2 % 2 Modular Cell Unit Model

is model was a detailed three-dimensicnal finite element model
an equivalent 2 x 2 module on the storage rack base structure.
was used in determining the natural freguency and seismic
gponse (displacement, velocity, acceleration, member forces
& stresses) of the 2 x 2 module.

0O 3
e :!

"

€
r

10 % 10 Rack Model

This model consisted of twenty five single mass cantilever beams
(representing twenty five 2 x 2 modules) rigidly attached toc the
rack base structure and attached to each other at the top by spacer
bars. &tach s-ﬂgle mass cantilever Leam has the same dynamic (fre-
guency) characteristics as 2 2 x 2 module. This model was used

in calculating the maximum stresses in the rack base structure and
the reaction loads and =t'esse= in the rack support feet. The
distributed masses corresponding to the fuel assembly storage cells,
pcison elements and contained *l*s h -drodynamic mass were lumped

at appropriate nodal points. The hydrodynamic mass calculations
were based on recommendations given ir References 10 and l1ll. The
norizontal and vertical weights were c.stributed such that =he
resulting lumped mass multi-degree-of-freedom model best recresents
the dynamic characteristics of the fuel storage rack. The seismic
analyses were performed for thne fully loadeé racks only since thi
icading condition results in lower freguency, higher seismic ac-
celerations, righer stresses and reaction lcads.

The eigenvalues (natural freguencies) and the eigenvecters (mode
shapes) for each of the natural modes of vibration were calculated
ing the Lanczos Modal Extraction Methods. The Seismic Response

Analyses were performed by the response spectrum modal superposition

methods of dynamic analysis, using the Calvert Cliffs Unit #1
Spectrum Response Curves (Figures 4-1 and 4-2). Individual modal
response of the system were combined in accordance with Section
1.2.1 of Regulatory Guide 1.92 (Reference 12). The maximum re-
sponse ©f the system for each of the three crthogonal spatial
components (two horizontal and one vertical) of an earthguake
were comoinel on & sguare root of the sums of sguare (SRSS) bases
(Regulatory Guide 1.82).

Compr _exr Code

The static, seismic and stress anazlyses for the fuel storage racks

were performed utilizing the STARDYNE computer code (Reference 13).

De:ails of the math tical model, input anéd calculated data are
resented in Reference 14.
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Water Sloshing Eifects

The sloshing effects of water on the fuel racks have been evaluated
using the analytical methods given in USAEC's TID 7024 "Nuclear
Reactors and Earthguakes" (Reference 15).

Fuel Assemblv Impact lLoads

Clearances are provided between fuel assemblies and the storage
cell=s to avoid interferences dnring fuel storage and removal
operations. The storage cell/fuel assembly clearance or gar

could result in the impacting of the fue' assemdly and the storage
cell during a seismic event. The Calv -t Cliffs Unit 1 fuel

torage racks have been analyzed using the linear response spectrum
modal superposition methods of dynamic analysis. n these seisnic
analyses, the effect of impacting masses has been conserv tively
accounted for by imposing the following assumptions:

-
I

-
-
P
-
s

4. Each storage cell ¢ ntains & fuel assembly.

2. BRll fuel assemblies simultanecusly impact the
storage czlls.

3. The effect of fuel assembly impact is a2 vo-fold
increase in the seismic inertia loadings produced
by the impacting fuel asseillblies mass.

4. The impact and seismic inertia loads of the
~2p2cting masses are added to the seismic inertia
loads of the non-impacting masses.

Accidental Fuel Assembly Dror Analysis

Linear and non-linear analysis technigues using energy balance
methods were usel to evaluate the structural damage resulting
from a fuel assembly dror onto the rack.

Structural Acceztance Criteria

The following allowatle stress limits constitute the structural
acceptance criteria .used for each of the loading combinations
presented in Section 4.3.1.

Load

- : 4 et
Combinaticons Lamit
e e .
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Where § is the reguired section streng:th based on the elastic
design metiods and the a-.cui-$e stresses defined in ASME:
"ASME Boiler and Pressure Vessel Code an American National

a”da.d", ANSI/ASME BPV-1I1, Sub Section N F, Class 2, 1977
Edition.

* The acceptance criteria for load Case &, the accidental fuel
assemcly drop on the rack is that the resulting impact will not
adversel:’ affect the overall structural integrity of the rack
the leak-tightness integrity of the fuel pool floor and liner
plate anc tnat the deformation of the impacted storage cells
will not adversely affect the value of kef‘ or the ability to
cocl adjacent fuel elements

Results of Analvsis

The results of the seismic and structural analysis indicate
that the deflections and/or stresses in the rack structure
resulting from the loadings associated with the normal and
acnormal conditions are within allowable deflection and
stress limits for Seismic Category I structures.

The max ] lculated stress in the fuel rack structurse

5 ress of 11.B2 ksi (24.43 ksi allowable),

an extericr support beam. The maximum calculated
€l rack support lec is a bending stress of €3.52 ksi
lowable). These maximum stresses result from the
i
he

stress £u
(121.26 ksi al
maximum DBE se
vibration of ¢

smic loading. The fundamental fregquency of
fuel storage rack is 5.387 cps.

in a2 seismi
i Storage racks.

The analysis of the accidental fuel assemtly drop condition
indicates acceptacle local structural damage to the storage
cells with ne bucxl;ng or ccllapse, and nc puncturing of the
stainless steel liner. Therefore, no significant changes in the
value of kegs will occur and the leak tightness of the fuel pool
willi be maintained.
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It is concludad that the design of the Calvert Cliffs Unit 1
high density fuel storage racks is adeguate tc withstand the

lcadings of normal anéd abnormal conditions.

£.4 S8lidino Analvsis

-
C—

4.4.1 Method of Analysis

The Calvert Cliffs Nuclear Plant Unit Nc. 1 High Density Spent
Fuel Storage Racks have been designed to meet “he reg.irements
for Seismic Category 1 structures. Detailed non-linear time
history seismic analyses have been performed to evaluate the
maximum s.iding of the storage racks and to determ :'e the
maximum frictional resistance load transmitted by the storage
racks to the poocl floor liner plate during the Design Basis
Earthguake (DBE).

The fuel rack was mathematically modeled z: a multi-degree-
of-freedon finite element structure incorpcriting the stiffness
characteristics cf the storage rack ané f.11 assemblies, and the
structural non-lineari’ _ss that exist at tae fuel assembly/storage
cell interface and the storage rack leveling pad/pool floor
interface. The hydrodynamic effect of the spent fuel pool

water and the effect ¢f fuel assembly impact have been included

in the analyses.

The non~line time history seismic analyses have been performed

by step-by-step integration technicues (Houbolt method - Ref-
rence 16), using the ANSYS computer program (Reference 17).

The details of these seismic analyses are contained in Reference
18.

4.4.2 Results of Analysis

The results cof the non-linear time historv seismic analysis
indicate that during & DBE seismic event, the maximum glidine
cf an individual storage rack is approximately 0.85 inches
(conservatively assuming a low coefficient of friction of
7.20). Therefore, the gaps provided between storage racks

(3 inches minimum) and between storage racks and pool walls
(1.25 inches minimum) are sufficient to preclude racks im-
pacting each other or the pool structure.
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The maximwn horizontal frictional resistance locaé transmitted
by the storage rack to the pool floor liner is 182,600 pounds.
The maximum frictional resistance load for an individual rack
support foot is 30,430 pounds. This data assumes that the
coefficient of friction is sufficiently high to prevent sliding.
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