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The high density spent fuel stcrage racks are designed to provide
840 fuel stcrage locations in the Calvert Cliffs Unit No. 1 spent
fuel pool and to maintain the storef fuel, having an equivalent
uranini enrichment of 4.1 weight percent U-235 in UO,, in a safe,
coclable, and suberitical configuratien during normal and abncrmal
conditions.

,

3_. VMoL-.-
..,3.. ,2-. -. A Jw, c,a .mw6. ca.

The arrangement of the storage racks in the Calvert Cliff s Unit
N0. 1 fuel storage pocl is shown in Figure 2-1. Frer this figure
it can be seen that the fuel storage pocl will have six s crage
racks with a 10 x 10 array of fuel s:crage locations and three
s:crage racks with an E x 10 array cf fuel storage locations.

,
_eTo- ce - ,

L. n r S -3 .P . 2 m. n.m o_ m- u_ .. i.

Each s Orage rack c onsists of a welded asst =bl cf fuel storac.e
cells s: aced 9.75 .n:hes on center. Each storage cell is a double
wall Type 304-L sta.nless steel square box with an inner dimensien
of E.56 inches. The double wall construction provides four cc part-
ments in which poisen elements are placed. The poison elements
are centrally positioned on each side of the storage cell at an
elevation corresponding to the active fuel regien of a fuel as-
sembly located within the cell. The top cpening of each storage
cell is flared to facilitate insertion cf a fuel assembly; the
botton menber cf the s crage cell provides the level support
surface required for the fuel assembly and contains a cooling
flow crifice.

Storage racks consist of assemblies of 2 x 2 modular cell units.
A modular cell unit is a square array of four s:crage cells des-
cribed above. Ea:h 10 x 10 rack centains twenty five 2 x 2
modular cell units and each E x 10 rack contains twenty 2 v 2
modular cell units. Figure 3-1 shows a typical modular cell
unit and a schematic drawing of a 10 x 11 s:crage rack structure.

Within each storage rack centinuous spacer beams are provided at
the middle and tcp of the storage cells to ensure that the required
pitch (9.75 inches) is maintained between storage cells in both
dire ctions (north / south and East / West) under lateral lead condi-
tiens.

i ,
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also maintain the vertical alignment of the cells. Support pads
attached to the bottor of the rack base raise the rack above the
. cool floor to the hei-ht required to .orevide an adec.uatels . siredv .

c o ^ .' .d . . e w a .e.- s"-,y .' y r .' e ." .. ( ' o. . .c- *."- c .' . .i - -"- .' * *. 4 c . ) . a . . s "y,c . -*.. . . . .
r " - ^.

'ya -^...a.4...e - -d.-a o *.e .' ' ' c j ' s *.a' .' e a P. s .-- a. w *. o ,ce. .. 4 *. *ne .a...>.''-- c 2 _ s .

te be leveled following wet installatien-
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4.1 Nuclear Analysis

A detailed nuclear analysis was performed to demonstrata that fer
c.'l a..i .4 a.a# . . . . - . ~ = ' d

. .. . .. v.. . y . an a'n.+ =.' - '.' c, _ = *.4 ^ ..e
- a' ''a..' a s s e _" .' .i e s. a _

2.w4, ._ e ,o. s. .... .w
, . . . ..<< c.e .w; s., *,. 4e , ,.e. .. , :... .c.... . . . . .. .. -- ... . . . -
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calculations were done by using KD;D, a Monte Carlo code. A des-
.
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.;.l.1 Desien criterien and Assu ctions

The criticality design criterion established for the Calvert Cliffs
n.4.. r. o . , 3,3e . s.ae., .a -k. .4 s ~.5.=.*. ~.5a. ."..' .4 ,-1.4 a*.4 .. . o . . s * a. . ~.u. . .. . . . 2 . . . .

(k < e) shall be less then C.95 fer all normal and abnc=al conficura-...

tions as confirmed cy KI';O.

The feliowing conservative assumptions were used in the criticality
calcula icns performed to verify the adequacy of the rach design :

1. Stored fuel will be fresh and of a specified enrichment greater
than or ecual to that of any fuel available (4.1 w/c).

"'

. The reference configuration contained an infinite array
of storaje locaticas spaced 9.75 x 9.75 inches on centers.
A y.ae...,v *ha a . a v .i s . - *. .i . '. .' . .4 . e , "".* .' .i . 4 . e .
-

. . . . .. . . .

3. The absc.eticn of the fuel assertl' s.acers was ignored.

Any burnatie poisc..s 3- trie fuel asserilies were igncred..

5. Tne vertical buckling was ignored, i.e., the fuel
asser11ies are censidered :: be infinitely long.

Any soluble m0ison in the .co:1 water was ignored.e. r

4.1.2 Conficurations Analyzed

The varicus configurations of f Lc '. within racks that are possible
a.e .'asse' an e .'. ". a. .- . . ...a 1 c.- a". . . . a- l . ' .d -"-a ..d . . s . r.......'. m . . . . . _

configuratiens result from the placement of fuel within racks
and the variatien in rack dimensions permitted in fabrication.
Abnomal configurations are typically results of accidents er
.a .s .s .. . 4 c.n.e s u..*. a c. s c. .i .e . i .- a. v e .. . e , -. . . . . . . 2 ' '" . - . .d e . . .' ~.5 e ''a e. .' ,co+1. .. .. .. . .

cooling system, etc.

I:or .al Conf 1=urations

The normal configurations analyzed were a reference conficuration
at the nominal conditions, an eccentric fuel positiening configuration,
and variations in fuel asserbly f abrication tolerances, fuel rack
pitch, cell wall thickness, and rack poisc. concentration. A KENO
analysis of the reference configuration was made to establish a
w.4 .s e,, s .4 . . ..2 . .. .u....,. a ,, w4as.,. . . .. ...

,. . ,e
| f '

) ' f
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Analysis cf Ner.21 Cases

1. Reference Confieuratien

The reference ecnfiguration consisted of an infinite array of
3041 stainless steel scuare storage cells with nominal dimensions:
9. 75 inch pit ch, C.60 inch inner and cuter cell wall thickness,

E.56 ineb inner cell dimension and .061 inch .coisen thickness
with C.C15 ges/c 2 ef B10 Each storage cell contained a centrally
located fresh 14 x 14 Oc=bustien Engineering fuel assembly, with
an average enrichment of 4.1 w/c. The water te=perature within
the rack was 6 EOF.

2. Eccentric Fuel P:sitiening Configuration

It is possible for a fuel assc bly not to be positiened centrally
within a storage cell because of the clearance allowed between the
asse=bly and the cell wall. This clearance is nominally 0.221
inches on each side cf the fuel assembly. Calculaticas have been
r .. .#c .- e .' .c d e .a. .~ .' .n a. . .k. e e ". a. .- . ' e - . a. . . .. .d ~ .2 .' l v.
-a

. . -- . . 1' c . a . e- .' u e .' .d

In these calculations it was assumed that four fuel assemblies were
diagonally cisplaced within their s:crage cells as close as possible
towards each other.

3. Fuel Assembl*. Fabricatien Tolerance

Tne important fuel assembly parameter deten.ining k s.e is thee
ratic cf the amount of U235 to that of water. The amount of U's,D, _

per assembly is controlled 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 deter =ine the
volume of wster in an assembly are the clad O.D. and the fuel rod
pitch. These parameters are closelv. centrolled no typically

.

within . 0. 4 pe rcent. The effects of these fuel assembly tolerances
en keff have been determined to be negligible en the basis of
simple kc- cell calculations.

.

4. Fuel Rack P t:b Variation

w = .' .- .' a *. ." . . .= w e . e - a. . .' . ... c. ' .c d a..e.--' s. * h a. s e..e .4 . 4 v." .": ' P.e _e
^ ^

r .c .. s . s

to changes in pitch, the center-to-center spacing between s:crage
cells. The pitch was varied 0.125 ineb above and below the nominal
value . The criticalit', configuraticn was similar to that cf the

reference configuration except for the obvicus change in center-to-
center spacing.

, 1

FcRV * NES 2m5 5/79
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5. Cell i.'all Thickness va-iation

The base case wall thickness was 0.060 inenes for each of the
stainless steel sheets fernin: the cell walls. This thickness,

was varied up to 0.070 inches and down to 0.050 inches to dete=ine
. s.. e .t .ee .- .. . , . p. e ., ., *.. .

E. Pois:n Concentration variation

,

The p iser slabs co.;tain a nominal 00ncentration of 0.015 gts/cr'
Of 31C. his cencentration was varied + 104 to dete=ine the
sensitivity cf k ef to variations in this -arameter.e r

a n o e. e.e,n v......a., e.4 ,. a.4enn . . .< . s . m... .. ..s.

.ne ..v. .s. ase o ,-- ., . . . c .a .,. . a 1 - ,. -,,.s : de s .h,. e . .se .-. ze.. . . . . .. .. . . . . . . -.

e: entric fuel assertly positioning, the minirc= average pitch
(center-to-center s.tarin ) permitted by fabrication, the minimum.

wall thickness and the minimum poison concentration.

Abn:=al Conficurations

The abnormal confi=urations analyzed were single stcrage cell
displacement, fuel handlinU incident, .soci te.nerature variation

.

and rack deformations due to a fuel asscrily drop incident, a
heavy obje : drop it.-ident, er a seismic incident.

A.nalysis o f '_ine=al Cases

l. Sin le Sterace Cell Displacement

Oisplacement of a sinvle st * age cell within the array is -recludedr
bv the welded construction and the .cresence c' structure between.

e,,g. n...,_. ,z..e u.a. g z.en.. < e . . -u. a a.:.e,.s.a emg ... ygg . g y.g , .c. ..
a

.. . . . . . . . .

be :ere.

2. Flel Handlin: incident

n' .d .d e. . . . .=. ' ,e.' a e .a. . . . c' 'ua.' o" - .w a a. . *'..a. .'".e..' * a - k. .e e "-.a. .a-ke*. . . . . . . . . ..

and peel wall will be. prevented bl structural material. It i .= ,
however, conceivable :.c.at an asser11y could be laid across the
to,e of a fuel ra:?. In this case, the distance between the tops
of the stored fuel and the botto: cf the misplaced fuel will be
greater tha . 25 inches, a distance which acecrding te calculations
ef f e ct/. vel; "decouples" the two groups of fuel. No increase in
^ . , , . . . , ,* - - - e s - - -- " - i s 4 n 1' c e .. . .
-

,- '' # ' -

e.. - .

s
L

-
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i
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3. Pool Tenperature Variation

Calculations were performed to determine the sensitivity of ke<.<
.

f or the reference config. m-'n- - variation: in the spent fuel
pool terperature. The pu.1 temperature was varied fror 390F,
where water density is a maximun, to 250cF, the a.r reximate boilingc
point of water near the botto cf the fuel rac'..t

4. Puel Drop Incident

The maximum height throuch which a fuel assembly car be d opped
onto the fuel s:Orage racks is limited. The dropped fuel assembly
will most likelv impact he to s of the fuel storage rack cells.. r
Ee:ause of the fuel rack design, damage will be limited to the
u,rper 6 to E inches of the storage cells. Since the active fuel
region is about 18 inches below this area, no significant change
in fuel / cell geometry will occur. However, it is possible for a
droYYed f uel assembly to enter a cell cleanl'a,- and inna:t directiv--

;. +, ,
. a

- he ..el .c. .ea .. ...e -c.... . .,,. e .a.se n. .. .c ..u..; s .ype c. .su ,. .,... . w .. . . .

drop incident was evaluated from a criticality viewpoint by as-
suming that the s:cred assembl" would be ccrpressed axially.

A calculation based en an axial : =pression cf 2 feet yielded a
C.06 dc:rease in k cf the fuel cell. It has been concluded,o
therefore, that this incident would reduce k .<.< and need not bee
Ocnsidered further in tnis analysis.

5. Heavy Object Drep

In the unlikcly event that a heavy object is dropped on the
storage rack with sufficient impact to cause structural
deformation, it has been concluded that k .<< will decrease.e.
The basis for this Ocn:lusion is that the principal effect Of
drop;ing a heavy obJe:: will be to s~ueeze water fro the rack.
Ecth in the case of : pacted fuel and veided pool water, de-
pletion vf water lea 6s te a decrease in keff.

It would not be possible for a dropped heavy object to eject
.-.ne ,,. s n a..e..c., .. -r- . .. .

< .. .a y,. .~ , ...,s.u...% e .e.se . .c.m . .n. . v

the heavy object eculd only act to compress the fuel and poison
together.

6. Seismi Incident

seismic analyses have determined that during an SSI the -itchr
between two ada"acent fuel assemblies oculd narrow locally bv as

.

much as 0. 005 inches , due to es illations about nodal points de-
termined by structural members locating the cells within the racks.

. c_ !.k i

>
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However, at the same -ine , the local pitch at e-her locatiens

is greater by the same amount, with the net effect that al* h ou c.h
.w.. . e _.4 .w. ya - 10 a.,.,_;, .he ave.a e .'*...'r _s u.a".e. ed.... 'r .s . ... : . .. r r . .

.' n *. .k.a. a. v e .*. *. *.' * *. * '. c c .*. .' . e . a .- k .4s w'i s.- .' a a. .#. * a s e.' e 4 -. . . . .; ..

event, the averac.e .ritch will also be unaf fected.

.v .. 4 c. . o n ., ,., 2 e . , n..e.s. e, .ha. 4 s . h e .s , ,, ,... csse a..4e.e L, e .s ., e. . ..o . . a m. . . .. .
- ,

. ..
, . .

. . .

incerencentiv in randem directions er move to9etner in a sin:,e
.

,,
. . . .Cirection, t.ne averac.e .OltOn Detween asseno.3les anO, OO ns e O.u ent.3V,

..e .
, s a

.

. k. a. y , ave a..eec.. .

't . mg .e.... vage- a -w
. . . . . .u..n % ...c-, e , . e. 4 e_ , ., 4 e,. .s

".'.s " w.- s *. . a s e " abn.^.~...a .'. . .c...d .c-~.46- .~ .~. .e .d d c * .e * ' e e .". e .- *. . .'*
. ; ..r . . . .

.w...e ,s. a2N.c se aw - .a., C n,.:4 4-. 4.. ...s4.a 4. C. . k. 4 w .h.. . . . . . . .w.. . .. . . . . ..

" worst Case " nOr .a1 Co .figura*iCn.

....N .a , , , ,
. . ..x . . . . a . 4 . a ., .v.,. . w _2 ,. . . .

vo4. D s 4 4 o c.
-

. .. .. ..

~. w. e h. .v. er.2 _, a .. n - n

u - e.v- r- ( s a. e Re .'e.-a..n .a. ' 'i 4s c- .."...4,.--"...x -

. .o.,. ,a.e .,'*-.
4.m.

.'..e .-a. ..a.ns- -. .'e .. * ' ** ., e. *n .. . .

C %ae s.w4 w 4 e. usoa .. . . . c... . . . . . . ..,, c ,e.s e. 4,.e .e - .. . . .. . . . . . . . .

diffusion theory codes. This code has been extensive 1v. benchmarked
a:ainst D-0 and lic.ht water moderate lattices with cood results.d

r.. = r .. . .n a r. n e y . . . . . . . ,- . vo2.e-

EM-'E F.'CI;ATOR (see Reference ) is a 2-D nultigrcup diffusien
. p. m. . .-2.,. a,,,e w.e.g .4

- ..s...- .v,;3n. .p- . . *^ .a.' u.' a *.e k e ,s ,e va.' 2 e.e .-
. . .. .. ..r . ..

..,,.2,. , , ve r. . -a.. .- .- .vo.

. _r. . n .- - 4. .e
. .L a:. ,c..s . . e . u. . . ..4..;.. ,.3 ce .,g g. .a .... . . . . + . . .... . c . ... .. 3 .. . . . . .. . . . . . a ., . ..

determine keff (see Referenec 3).

t,,.-....p.c.,-,s.-a*.4 ..:- ' c ' " .' .' ." e .' ^. n . w. a .. . v_ c..' ' . . . e c^ a.. .' o_ .. .. . . . . . . .
-

..

Me thod s

Both F.A'O'IR and EX''EF2C.ATO? .eere used by I;E as versions available
a *. C....'- " s *..' - . .r..e. ; ." n e e .' n y F .' .A s - w' . ' s , v . . ..n. a. .- *. 4 -". . . *".e--

X. .. . a . .. . ..

o..." ' .a *..' o.n .". a s "a. a. . k a . . -". s. .= - P. a. d. a . a .' a. s *. a - ^ .' d. . - . ' * . . " . . = . ' e x e .' ". . .a..*.. .. . . . .. . . . . . . .

performed at the :,a^rosse 3 iling Water Reacter with excellent
results (see Reference 4).

- n ~ }
i-
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The calculated k ,, differed fror the experimental value by Onlye.
0.0017. A similar benchmark has been perferred for Y21:D-IV using
16 c.rou. Hansen-Roach Orcss sectiens, resulting in a ke.<.< which
differed frc= the experimentr.1 value by only 0.001.

Details on the calculational methods, codes and input /out, rut data
are presented in Reference 5.

4.1.4 Results of Analysis

::=al Conficurations

Results fer nc=al configurations can be su=arized as fc11cws:

h ase.. cr Lke..es

1. Reference Configuration 0.9246

2. 1:inir = Cell Pitch C.0046

1. F'.ini== Pcison Concentration 0.0050

4. Cell Wall Tnickness TO.'.erance 0.0000

I;o allowance fer fuel enrichment variatien was required since the
fuel en which the calculations were based is of the highest en-
rithment Considered. The ik due to e::entri lo:atien of fuel
within cells was dete=ined to be negative and therefore was not
in cluded.

The effects of these n0=al variations were corbined statistically
as follows:

/ ( . 004f )-. (.0050) ' - (.0003)4 = + 0.0069.
9 mLk << = \ +e

Abn =al C nfiturations

The "wcrst case" abncr a1 Configuration 00rbines the change in
k e .e .' due to the occurence of the rest adverse abnormal condition
with the keff value associated with the " worst case" normal configura-
tien. However, since none of the abnormal conditions gives, a
positive ik, the ''wo: st case" acncrral ecndition is simply equal
to the "wcrst case" normal carlition.

".: n t e Carlo Reference Confieuratier Calculation

TII:C-IV , a P.onte Carlo code, was used to calculate heff for the
reference configuration in crder to theek diffusion theory results.

gf; i t
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The k .<.< value obtained with KENO is 0.9314. This value differse
from the diffusion theory reference ke.<.< by +0.0069.

. a .' . l a ~. i a .a.' ". . a_ . . a .4 . v_.. . .

A calculational uncertainty of 0.01 ?keff was conservatively
a.e s ,. ..e.a. a..a. ,,-we. ~.ne.a S.a s.4 a..,}. k. . w .h e \ . CG .a., ... : e s .e., e. ... . . . , . .. . .. .
. 7 C ."...al ". a. .' a*. 4 ^9 s . O " .-*. V .i #.a. *he #. C.I LOW.i "."; "o f ye. 1.4 ".. # *. C.y . .. .

~ " #.. . w.

, , e ..a.4..*"2 .# .- r. .. = .' c .#.4 . . a *. 4 ons .-.. . . . . .. 3

/ -

!.keff = \ (0. 0063) * + ( 0. 01) '> = .* 0. 0121

Maximu. Ee.s.e "alue

S.. g g r ..v 94..4 . .s- , .g Hg s.v3. gb n. ,1..a . nf . . - . .. .
imo w . . .s . a. 4 , , , e .e. 1. s--

y . . . . . . ..

.s .r e - . - 9. . 4 . y *wg 7w . .. e..a , e.4 , a.1,, a. ge L,7p _34 4...
- : ..e, . :.a . ... .... ; . . . . .. , ...

..

....e...:...- a .#. s,#.'.d ." '"e 'k..e#,# Val'J a. e #.^,.- '.he w^ * .e *. a.b, n *,, . .. = .'
^

w. . s. . . . . ; . . .. . . ,

. . . .e . .~ - .m .1 v- - g;..2., . v. u. .a.- . . ., ,,.L. , g.1 a .' .u la mw
-,

. . .ya e.e, C' .a s s. . g .e . n ,:Da.... w.
.w.- a.a .U..- .*. e C a. .' v- .'a..-",.-..; ...- . . .

u . c. .e -wen .s e :e e ., ,., u.- . .s e , .% 4 ,.. , - ,

. . . . .. . . . .

C . O .' .'' .' " a..- '.'.4. ..# "u n a. . a .4 . *. "; .# c - r~ . ....= ' C - . .# .4q". a ..i o ~-.fr u . . . . . . .. .

v.nnD.- n . . . s - a s e ~ n. .,~, . ...a- , n,, c.e ., ...nnn . u . . . . . . .c....

0.006E Monte Carle/ Diffusion "heory Eias

0.9435

~. . . .~ s . h e. u ~f .- 14.t+ c-- .b.e ge,z . r..nn.a..t y . na. e .e.se-.s .c
<

. .y o w. v
a s,f .. ... .

,.....2., c..A. .m_........a. n..,. .a.:...m..,.
- w , u.. e ....,.<Ca., a. . 2 d.4 .e .se ,.e.. .c .. ....

, . . .a. C . ...4e .e 4e. e . a ,e .t .c, ,. .J . .i .e . o .. .9 ,J .4. 2 , .w e -

ne...e e.o e, .U.2. .-..a . s . . . .

. . , . , , . ., . . . . ..3. ...::, ..,.2.,.e.s...w w . .. .: , ....s.- .e..- a a. . a . l. e 's .-'. e , .' . .a .d . #. w.'*.*..... -
'

c.. . .

* ha. s e . .#.4e#. .# u a. .' a e s a # e .# c. ... a c. .' *..d .= .' .d ." s .ar. .#- ^ 4 n *. ... r . . . . . +, ..

, . n ...a ., u.c.4_.a..,. .e... ._ . ....

4.2.1 Method of Analysis and Assu ptions

In the NES rack design the crossflow of water between adjacent
fuel assemblies is prevented by the stainless steel cells in
. x.,. < , , e ., c... ~. n e . : e .-. 2.. -). ... o s.,.-n . a. a .w- c.e . h ,. e,ao , a s s e._..w 3 . e .,n..... . . o .

becomes isolated and, therefore, sits in its own ther .al chi:.nev. .

s s . **f^

t. ,
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The chief ther:21-hydrauli: concern is the possibility of local
boiling due to flow starvation in some cells of the rack ratrix
as a result of excessive pressure losses in the natural circu-
lation loops established in the s. cent fuel pool.

The adequacy cf natural circulation flow to cool the spent
fuel assc blies in the rack matrix was verified by establ; shing,
fer the worst row cf assemblies , a thermal-hydraulic balance
between the driving head produced by decay heat generation
and the pressure losses existing in the natural rculation
flow path. The pool itself was modeled as a large volume
eith a bulk water temperature unaffected b. Local disturbancts.
Pressure losses in the downtomers, in the rack inlet plenum,
and along the fuel assemblies were explicitly considered in the
an=1ysis. The ef fect cf an asse=bly lying heri entally a rcss
the top of the racks was also considered. Cross-flows in the
rack inlet plenur arca have been conservatively neglected.

A ten bundle (fuel assembly and its surrounding fuel rack
cell) was selected as the worst row of assemblies since
represents the greatest distance between anv. f uel as s en.
and the nearest downcomer area. The asse=blies in the t-
bundle model cre part ef a freshly discharged batch. The
rack inle plenus, which acts as a manifold to the bundles in
the model, was assumed :: consist of a discrete channel
bounded by the floor and the better of rack cans. This repre-
sentation negie ts the crossflows that wculd be expected in
an cpen channel.

A bulk fuel poc1 temperature c. 150 F was a,sumed in the analysis.
Bundle decay heat was calculated fror APCSE 9-2 assuming infinite
irradiation and a cooling time of 4 days. Reacter power is 2700
mt with 117 essentlies in the core.

The detailed thermal-hydraulic calculations are presented in
Reference 6.

* . . , . , t o_ _e._, , . e..e e. . a ., ,,. e .4 s
, .

_ w .. w

The thermal-hydraulic calculations indicated that ever with the
most ecnservative assumptiens, the natural circulation in the
spent fuel pool is adequate to preclude local boilin. bv. a sub-
stantial margin. The maximur temperature increase in the assembly
k. . w. .. , a : . . e l o. < 4.s aa : . 8 c. k.w...-w., w. . , l 4. s b.1 +.. .a. a o...ie..... ..... . w s . w. - .4 .< m..

temperature Cf 193.8 F."

7\
'; CE)r'
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'

.

0the terperature increase to 51.3 F with a resultant cutlet
Cter.rerature of 201.3 F, which is still substantially less than

.he .w c.r sa... . 4 ,n .e,.,.fe a ,,,.e a. .ne . , c. ne a.h,s..-- . .- < - ,.,se .-. .-....e . .

These results are exceedinglv. conservative in that the heat
c a..a .= ~ 4 - , a s _e".~m d .' . * k. .a. a .a .' " m 4 .e .' c e.. 4 v.=. l e .*. *.r , a -^ . a 5-.. .. . . . . ; . . . ..

,
e ,-. . .en e = . ha. a- . a. . e a . 4 .. .a *.=_ c ' .' 'i P.w/ .' * .r-. . 3 . . . .

.ne 3 ,.. .-. ,c..ra.4o, a.d. .he na." a.' . .i .- -". ' a 4. ^ .". ya ..a.....c,, - *
r . . . . . . . .

2.4.4 ,.. .ge y,o .,....e w.,p. .e .,e a. .e w.i.~.' .~ ' . . ' . * . = . ' . r. -.. .. . -..a. .. . u.. . . .. .: . . .

a- a.: a"'e .e.oe a.ura. e .d - ..-ibu*..i c 1.. . . . - n .

- .- .c..,-..,,.a, a2 .e ,,. _e 4 ,. nnaa, .e.4 s.
.- _ . ... . . .

-

.

-'.h e .. a- ' v e - . w" .' .' ' .# s ", . " s' a. a ' a n *. U . 4 +. p .' k. . .ig.", c' a.. . e. 4 * ", .e.s.... - e.''"a . . . . - r . . . a

s tcra c.e racks have been desic.ned to meet the rec.t irements for
S e.is'.i w a .e s.-v. .' .e * *". - .u e c . ../ e *. a .' ' a_ ' s..1 .L.a.' a. . #- s e .i .e..~4 .. .. . . . . . .

-

.. c .i , . s e.e c.e . w .. 4 w C ,. e .4 .. , s ..,., e ,.a.ke
*

.; . -; . . nsJe bee, -, c. ,34- ,,,-

e...o....; . . . . : .4 .. .

ve.' .4 # v k. a. a #c.""-'**"; "s .# * " =_ d e_ .e .' . . .O w.' *.b.e * m .# * h. e.
*^

.' ,. .# .d .". : .t'v*_. .. . .. . . . . - .

g . , g. . . . e e a . . g m.2 : ,,,

.. .. .....3.. .... ,
, ge_ g. .., . w '. s a". e ."e_... . . . . -...; .-. ..... ... . . ,

a .,., A.. e X. ,.e e. c...;.~_.....c...~.

. . . <. ...c. n. .z _ :..n e nc .ne L c_v 4.- c se;e. . c . . .a.- % -

.a....; ... - . . . .

qg.ic. ::>g g .e _c - .v v.g-. . a. . e .e ~-.2 .
a. g n _. ...a , .s,a .n .~ :..:-.e c, -:.n o .s .. --. -..c .. ..-..s... ..

a .,, a- so ..-.a. - _.
e,,,, a.e .e , _.- ., ,; a,.e:. ey...- .. u-

.. -- . . . . .

, , ma - 2o- e a..2 ..~ a - ._w.2 . ; c ,..s.... v
-

. .m..

'"ne fcilowing load c.ases and load cor.binatiens have been
.- .a .a a , e_ :- . . , .4c

; .u- g .a ., . , ,. :; .. g ...e g- o.,ag e g.i u.<.
: -: . . . . . ..g .-,p. e.,...e.n. . ... .. ..

c . . n e ~L.'.w .r.a .c.a 2a 2s -

c . . .. .. .n.e. 4 ... r. ., a.,. , 5 e . 4 n. . 8 . .e.;
( n. .c , , e . ,. 7 ,, ., n .. ...... . . . . . ..

,
s.~n a , _e e_ , DaaA. ha_.s. ..a ._ .e ~.a~ ~ k. ,r . s s fy- n. ,1 v~aA\,v,. - - .m. -

U.n d e. .- . .'- ..= .~ ^ ^ a. .' a *. 4 , ~ .- . .# .4 . i r .". s , .k. .a. .-.-k ~ic .e"' .,6 e - . a. # *o 'ha.a - . . ., . . .: 3 . . .

d a a . w e. .' . . .' c a " .' . . 3- " .k.4c . a A'- s u- "*a. 4.sa'.' r .' " s .e 1' o a d .e,d
. ..

-

. . - . A
- "

:

es a..:. .s,-. . %. et.s a.2 e . 2 c ., a s s e- ...w. . .eee,, . , a.c.c e. 2.. . . . . s . .,. a re, , .. .4 .. . . . .. . ..

.s. . e , e ., , s .- .

Load ^ase 2 - Dead dei-ht of Rack rlus 1 G. Vertical
. . , , . . - . ..-.

a , ,.u. . e . a- . a. _a .,,4 .oa-, m ( l. - ,., , l v ~n , ,a ).
. . . . . - --

3. . 4 - ..,s. ,,a.2 .k.. e a- ~ k .ds s _'M,, e . . a. '. '. c '. h a.: ' ^ a d .i - .,.. % .. .a.. .. . . . - -.4

resulting frcr its ot.m structural weicht, weic.ht of eretv.
.

s o a- e- e ' .' s , e .' " .c. - .' v" . v a. ..# a.' .' c a ' * a. s " .' . 4n #...-.. a. y a . . .

. = = , -r ,- 1.4 . 2 . 7,.e x,ca-2.e - .., 2-
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Lead Case 3 - Dead weight cf Rack Flus Uplifting
Load, (D + U.L.) (Abnormal Load)

Tne possibility of the fuel handling bridge fuel heist grapple
getting hooked en a fuel storage cell was considered. The
axial upward force Onsidered fer this load case was 1,000
pounds.

Load Case 4 - Oceratino Easis Earthquake, I
(Severe Environmental Load)

The rack fuel asses lies, and virtual water mass react to the
simultanecus loading of the hori: ental and vertical components
cf the seismic response acceleration spectra specified for the
c.,~ . . . . a . ,.. -...a _am._e.; _r,...-..... 2.,, .n e u c. , v. .. ., t .e.es Lv..4 . 1 . nae.,-

. . . % - c. . . . . . . -

Stcrage Rack Specifications (Reference 8) and presented in
Figure 4-1 and 4-2. The effects of fuel assembly in,:act during
a seismic event were taken into at= cunt.

Load Case 5 - Design Easis Earth =uake, I'
( r. . . . . , _ _ r.,.4 -..me ..l _,a). < . . . . . . . . . . . .a s__

F - as Load Tase 4 except that the seismic response acceleration
.: ectra corresponding to the Design Basis Earth:uake was used

.in the analysis (Figure 4-1 and 4 -2 ) .

Load Case 6 - Assenbly Dror != pact Load, F.D. (1.bnormal Load)

The possibility of drepping a fuel assently en the rack free
the nighest possible elevation during spent fuel handling was
co ns idered. A 1300 pound weight (fuel assembly) was postulated
to dr:p cn the rack frer a height of 24 inches above the to,:
of the rack. Three cases were 00nsidered: 1) a direct drc. en
the top of a 2 x 2 module, 2) a subsequent tipping of the as-
ser"ly ent; the surrocnding s:crage cans , 3) a straight dre:
throuc.h the s:Orac.e cell and d - set ent the rack base e.rtd
s *. %' '.' *.'.' ." a ..

Thermal Loadine, T -(Normal Load)

The stresses and reaction leads due to thermal loadings are
insignificant since clearances are provided to allow un-
restrained c.rowth of the racks for the raximur .00 1 ter.rerature
C.e .' . n o.r .

-

w
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For service load conditions, the following 1 cad combint.tiens
were c nsidere:, usine e.,astic Ear.in stress c.esign met.nors

. .

v
c .c e :.v._r s o_ -. 4 o n I * , .e , b _q e . 4 m.,.. .. er.,* e., ass *), 1 C. 7 *e a a.1' . 4 o .r. .. .... . . m . .

(Reference 9):

(1) D+L (la) D+L+T
( ., ) ;. .v . -&.

(3) D+L+? (3a, D+L+T+E

For f actored load 00nditions, the following load CO2.binati ns were
censidered using e., astic wornn stress des ign met. o s c., n. .,. . .

s . .rv
c e 4 ., . - . . , 5. . w. Se..4-... . e. ,
- ,

r .a .4 1 c , ..-e.l a .,. s ., , .3 0. , e... . -, v

( .,. ) .uv . . r. ..
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( >) .m . .--
-

. , ,
..

(6) D + L + T - F.D

4.3.2 Design and Analy sis Methods
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dimensienal elastic bea. and plate elements inter:cnnected at a
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at each noda1 point.
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For the static dead weight and live load analysis, the distributed
masses cf the structural elements, stcrage cells and fuel elements
a. a .'~..re4 a*. *.".a. e v .e .e..- d'' --

. . . .,..o--.'..e.. .c .4 . d .' a '. ' .- ' ad. .asa. . .. . .. -
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1,000 pounds was applied at the worst location cf the s:Orage rack.
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2 x 2 Modular Cell Unit Model

This model was a detailed three-dimensicnal finitt element nodel
cf an equivalent 2 x 2 module on the stcrage rack base structure.
It was used in determining the natural frequency and seismic
response (displacement, velocity, acceleration, member forces
ard stresses) of the 2 x 2 module.

10 x 1 ^s Ra ck. Model

This model consisted of twenty five single mass cantilever bears
(representing twenty five 2 x 2 modules) rivid1v. attached to the
rack base structure and attached to each other at the top by spacer
bars. Each single mass cantilever beam has the same dynamic (fre-
quency) characteristics as a 2 x 2 dule. This model was used
in calculating the maxinur stresses in the rack base stru ture and
the reaction loads and stresses in the rack support feet. The
distributed masses corresponding to the fuel assembly storage cells,
poisen elements and contained plus hydrodynanic = ass were lumped
at a.:. Orc.eriate nodal .ocints. The hydro ".-=-4- ass calculationsd

.

were based on re::=nendations given in References 10 and 11. The
heri ental and vertical weights were c_stributed su:h that the

resulting lumped mass multi-degree-Of-f reeder model best represents
the dynari: characteristics of the fuel storage rack. The seismic
analyses were performed for the fully loaded racks only since this
loading condition results in lower frequency, higher seismic a -
celerations, higher stresses and reaction loads.

The eigenvalues (natural frequencies) and the eic.envectors (mode
shapes) for each of the natural modes of vibration were calculated
using the Lancros Modal Extracticn Methods. The Seis=ic Response
Analyses were performed by the response spectru 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 syster were combined in a : rdance with Section
1.2.1 cf Regulatory Guide 1.92 (Reference 12). The maximum re-
sponse cf the syster for each of the th ee erthoc.onal s.catial
. _.__ _ .n e . . _ _e ( * . s* ' + _d _- _ . . *. a .' a.n d ^7a. va__-'__d__=_',' ' a . e _* _- k. s . a k a.

^
, . _ .. . .

were combined en a square root of the sums of square (SRSS) bases
(Regulatory Guide 1.92),

Oc=pi.er code

The static, seismic and stress analyses for the fuel storage racks
v ere perforned utilizing the STAR 7.'::I : uter code (Reference 13)..

Details of the cathematical model, input and calculated data are
, resented in Reference 14.

<
^
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Water sloshing E fects

The sloshing effects of water on the fuel racks have been evaluated
using the analytical methods given in USAEC's T!D 7014 " Nuclear
Reacters and Earth: akes" (Eeference 15) .

Puel Asse-tly Irpact Loads

Clearances are provided between fuel assemblies and the storage
celin to avoid interferences during fuel storage and removal
cperations. The stcrage cell / fuel assertly clearance er gap
eculd resul' in the _irpactinv cf the fuel ass ebiv. and the sterage
Cell during a seistic event. The Calv';t Cliffs Unit 1 fuel

s:Orage racks have been anal:":ed usine. the linear response spectru-
nadal superposition methods of dynaric analysis. In these seistic
analyses, the effect of impacting masses has been conservatively
accounted for bv i=:csine. the fellowing assumptiens:. .

1. Each storage reli : r.tains a fuel assertly.

2. All fuel assertlies sirc.cltanecusly impact the
storage calls.

3. The effect cf fuel assertly i= pact is a vo-feld
increase in the seismic inertia loadings produced
by the impacting fuel assettlies mass.

4. The impact and selsric inertia loads of the
iq10 ting masses are added to the seisric inertia
loads of th( ncn-irpacting masses.

Accidental Fuel Assertly Dro: Analysis

'inear and non-linear analysis technic.ue- usin:. e'ierc.v. balance.

rethods were used to evaluate the structural damage resultin:
free a fuel asser:1y drop onto the rack.

.

3.3 Structural A :e.rtance Criteria

Che fcilowing allowable stress li its constitute the structural
acceptance criteria .used for each of the leading cortinations
presented in Section 4.3.1.

Load
Certinatiens !.irit

, , , eos eo a ma

la, 3a 1.SS r,
} .1

. - ,

%, ; 2.6e-
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design neti.ods and the allowable stressen defined in ASYI:

"ASMI Eoiler and Press"re Vessel Code an A..erican National-
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-
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* Tne acce.ctance criteria for Load Case 6, the accidental fuel
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cool ad]acent fuel elenents.

3.; Results of Analysis

. w. . e.w o .e. . , , ._ _e r. .c . ". O s e .' s . 4 C c .#. .e..-'u'-*.'..=.' a..a')'s.4s 4 .4 4 a*.e* . . * . . .

. 2. .. .

.w...a. .w...e..
a e :-...a.-.:....n ..a a . 2,/.. : - . a y. s . e. . - . u, , e.. .e. ,c.e.ps .,, .na. , . . . . .. a...
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.....: . .. s . : - . . . -
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. v . . .
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The m inu: cal:ulated stress in he fuel rack structure
is a canding stress of 11.82 ksi (24.43 ksi allowable) ,
...w a. w -- '- v . .-. . . s . . c a . e.v. .e . .4 .* .e".,,-..-. .h. e .. - ".'k. e may. .' .~" ... a.' c" ' a *.a. d.. . . . .

.. . . . . .z . . n. .- ..-
.

.e. eee , .,. .4s a .m. a.:ng s..ess cc 6.= . .e .m kc.:.s r. _e,, ,~ ..,
. . . .- .. .

(1 1.26 ksi allowable). These maximum stresses result frc the
naximun DEI seisnic loading. The fun'amental frequency of
v.4' u^.4o.. c' .b.a. .'u a. .' e * . . .= : a..a-P. .is 5.3.^7 ,s.. . . . .. .

,
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It is con:1udad that the design of the Calvert Cliffs Unit 1
high density fuel storage racks is adequate te withstand the
leadings of ncrmal and abnormal conditions.

4.4 Sliding Analysis
-

4.4.1 Method of Analysis

The Calvert Cliffs Nuclear Plant Unit NO. 1 High Density Spen
Fuel Storage Racks have been designed te meet the ret.irements
fer Seismic Category 1 structures. Detailed non-linear time
histerv. seismic anal"ses have been performed to evaluate the2

.axinur shding cf the s crage racks and to detern;ne the
maxi == frictional resistance load transmitted by the storage
racks to the pool flocr liner plate during the Design Basis
Ear thscake (DEE).

Tne fuel rack was mathematical 11 modeled as a multi-degree-
of-freeder finite element structure incorpern i2g the stiffness
characteristics Of the s crage rack and f dl asse-11ies, and the
structural non-lineari. _.es that exist at the fuel assertly/ storage
cell interface and the stcrage rack leveling pad / pool fleer
interface. The hydrodynamic effect of the s. cent fuel . ecol
water and the ef fect of fuel assertly impact have been included
in the analyses.

The nen-linear ttre history seismic analyses have been performed
b-; step-by-step integration techniemes (Houbclt method - Ref-

erence 16), using the ANSYS computer program (Reference 17).
The details of these seismic analyses are contained in Reference
1 c. .

4. 2 Results of A .alysis

The results cf the non-linear time history seismic analysis
indicate that during a DSE seismic event, the maximum sliding
cf an ind.vidual storage ra:k is approximately 0.85 inches
(censervativel; assuming a low coefficient of friction of
0. 20) . Th ere f ore , the gaps provided between storage racks
(3 inches minimum) and between storage racks and pool walls
(1. 25 inches mini ==) are sufficient to preclude racks in-
pa: ting each Other er the poci structure.

, . .
- -

't
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