‘ SAN ONOFRE UNITS 2 AND 3

DOCKETS 50-3A1 AND 50-362

CEN-140(S)-NP

DATA TRANSMITTAL FOR
SCE FUEL AUDIT ".,ALYSIS

OCTOBER 10, 198G

COMBUSTION ENGINEERING, INC.
NUCLEAR POWCR SYSTEMS

POWER SYSTEMS GROUP
WINDSOR, COMNECTICUT 06095

THIS DOCUMENT CONTAINS
POOR QUALITY PAGES

801120007



POOR ORIGINAL



\7 B
.’l.

iU £GL0. 7004
hee C11)

VERDOR DAVA REQUEST FORL

TEST DATA

BCALL-COLUNN

RESULYS TAME &
: FIGURES 8,9
S L
RID-1CD
RICTION
RIS CRUSH

TRENC T (4P ACT)

E

TABLE 5

TYPE AYIAL LATERAL DESIRED FOAN
FORCEDEFLECTION FIGURE 4 FIGURE 3 :
(STANC) PLOTS
AMPLITUDE AT GRIDS
Ist 5 FIGURE 1
MODE SHAFES | po ol PLOTS
meguences 15t S TABLE 1 TABLE
. ; —7- 7777
PP TEST & prRop melguy | FIGURES 5,6 //
FORCE-TiME , . FLOTS
- RIS A O SV 4% A
7
MTEANAL 10D 10 GHD / 7
BAPACY SUFFNESS , TABLE 3 TABLE
EXTERN AL €R1D
BARACT Sif i 1iESS TABLE

.......

CISCUSSISN
TACLE BR FLOTS

DISCUSSION
TABLE CA PLOTS




DISCUSSION OF LATERAL LiRECTION TEST DATA

In the information that follows, spacer grid elevations are always given
with respect to the bottom of the lower end filting. Mcst of the tests were
run in air at room temperature (70°F). Some information is provided in

water at room temperature.

For the forced vibration test program the fuel assembly was supported in
special fixturing which simulated reactor end support conditions. The fuel
assembly was preloaded in the axial direction by compressing the holddown
springs 3/8 inch. Sinusoidal excitation was applied from a hydraulic shaker
by a rod link to the simulated core support plate which was resting on rollers.
The simulated fuel alignment plate remained fixed during the test program.

For the water environment tests, a cylinder with a 30 inch I1.D. was installed
over the fuel assembly. The water level was held above the simulated fuel
alignment plate during the in-water test program. The lateral displacement

of the assembly was monitored at every spacer grid.

In Table 1, the first five fuel assembly natural frequencies and associated
critical damping ratios are listed. These values were taken from a forced
vibration test. The assembly was in a simulated "end of life" condition

during this test series. The values are for the largest double amplitude input

used in each mode.

Fuel assembly mode shape data are given in Table 2. Plots of this data are
provided in Figurc 1 (a) - (e). This data provides an envelope of the peak
response of the fuel assembly at each resonant frequency and not a true mode
shape. The envelope of peak response is the maximum response of each grid

without regard to the phase between the response and the input. The dive ence



from a true mode shape is particularly evident near the lower end fitting
where the input excitation is applied. However, these data are the best
available. Refer to the static lateral deflection shape discussed below

for guidance in approximating the true first mode shape. Mode shapes

are not used directly in our modelling effort and therefore we .ave never

attempted to determine exact mode shapes.

The static lateral displacement shape of a fuel assembly with a load applied
+0 the central grid is given in Figure 2. This figure is based on many sets

of displacement shape data with central grid displacements of 0.4 inches to

1.6 inches.

The lateral load-deflection characteristics of a fuel assembly are shown in

Figure 3. The lateral load was ipplied %o the central grid (grid #6) and

the deflection of that grid was nonitored.



TADLE 1

pLL HID-Y

TR-[5E

A) Aiv

- -

e RS EERS e RESRS PN b

. FUEL ASTEMDLY FREQUENCY AND DAMPING TEST DATA

APID 15YY HEL ACGEMELY

S04 ¢ TRAT

ENYIEONMINT 1N RPOOM TEMPEFATURE

m\'m: AL DAMP VG oo |m~uT PECPLNLE
FREQIZNLY FATIO BICPL, AP L TUDE
(23 €x) CiN) CiMd
n) t-‘vc‘; TV ER A g '"'"!"T Ih F n); 1,’,‘?‘.'\#!,[}(‘
T naTuRar  paNRING DA IMPJT RESPOMED
FREGUENTY RATIC DIShL, SMPL I TUNE
(HT) (&9 \ v I

---.‘--o---------_--.——.-—-----.-------_.---a c

CALDONTLE AMPL [TUDE
HAMEDT AVALLAILE

FETAUEHCY £00 DA NG DATA Tavel FRom THC LACGEST A It
TESY JETFRLMEn EA0 EACH MOLE, THEST [ATA FALL DR Rl S

WUT
LapCE
AFPLIIOOE AIVEPDT IS FESICHS OF THE FREQULNCY MG DamPIHG O

lQ\l L

POOR ORIGINAL

e e LTI A L - 8 IR S R . e SR SO SRR R N = W U T A S ST SR -
TP s e T

S —



YALLE 2. %uMwepy ofF $UVCLORES GF pCOPONLE (l TSI FULL B ML IES
1)

Fuceey oDt BOE SUAMPE TEST DATYTAH

MODES SHAPRTS [N AR aY P2OM TEMPEVATLRE

16X06 (avvantasy ity eunit g

TR-EZE-110 ; VESY SERJES HO & ¢ 3716 DA 16PUT DICFLACEMEMT

ELEVATIONG 20T GIVEN FITHN PESHOLT TO THE FOTY M SQoRfacy 0F THE

LOHES CED FIVYIINY €195 OF SIMLATLR COVE kiR PLATE), THE

DIGCTANCE TUWEN TEC TOP GF THF SIMulAYElR: OOET SOftieT [LATE

anb 10 !" YOM OF THE SIMULATED Full ALIGMEALHT FLATE (S 175,053 1IN0

GEID HD [Lf”\T?fﬂ MODE § nNGLE 2 MOLE 3 Hee 4

C11Y) ,€2) I CiH) Cind CIn)

’ ———

2

3

4

A

&

)

&

o

10

it

i? ) —

Hotles 1Y 4 moiz shapes were odbilerned during this tes? series

FUEL BUNMNOGLE MODE SHAaPE TEST Do =

1M AR AT &N TEMOL SATHEL

ALL HID-1 CGRIEG 1924L Tur| A*'Etf-v

TR-ESE-204 5 §1/3° D& 1NPUY b TELACEMLNT

Rt me B R EE e G e e e

GRID NOD CLEVATION NMODE &
QLS oy

i“"""u;;"‘---- e
2

3 )

4

-

G

7

2

o

ie

11

o NPSEARE eOads.c ot B, .- s



FIGURE 1a

FUEL MODE SHAPE TEST DATA

M AIR AT ROOA T MPERATURE § TR-ESE-118

) pISPLACERENT (W)
MOLE 1 ]

guveLnree or
P L s sPoNst

LE-.A..‘-L._J-VJM—L__L’L——L._A-—‘ PR TR SR S Y Rniifhsanl .L__J—.&—»L.-.L._J-_,L.-.-l—ﬁ PRI W :‘~
[ CLEVATION (1D
FIGURE 1b
FUEL MOIE THRARPE TESIT TIIRTH
IN RIR AT ROON TEWMPERATURE j IR-ESF-118
l 'l}l:.:"__{-{((rlﬂl r”‘ l—_l[()--_
“U]JE 2 T : : : : ; : 3 : : R ;:ﬂ
CHVELOPE o
r_ PERK FESPONSE
L] R BN W TR 1 1 TR THROID TR TR 1 I P

" CLEVATION (1)




FIGURE 1c

FUEL MODE SHAPE TEST DATA
IN RIR AT $00R TEFPERGTURL TR-ESE-110
] pSPLECLHENT (W)
:| HVYELOFE ﬂ"'

rsee oo PEAY, RESFOMSE
-

3

EL

FPPTS PTETY FPRTY PUTes SweRs FETEE BT PPTWTR TOTUN FPUTE PREeS powwas FEE WS T
L

et tamasalcmnid Cif)

| S

CLEVATION (1H)

FIGURE 1d

FUEL MODE SHOHPE TESY DATH
IN RIR RY KOON TEMPERATURE ; TR-ESE-110
oty D_Ls:.& rﬁ:r’r ﬁfmmlnn
MODE 4
ENVELOFE OF
b= PEAK KESPOUMSE

3

saasdasaadasaalisaatoasalssastassalsasaslasastisas lasasdassahosasianardans alasaalsnas | Py

R )

fLEvaTion (mn




FIGURE le

FUEL MODE SHAPE TEET DATA

N GIP BT FOON YEMVLEATURE § TR-FTF-304
) DISFLACIMINT (IH)

MOUDE &L
et ENVILGRE OF
PLON PLIPONSE
-
& 3
lu.;.s [PRWYS FTUTE PRTYE PHTTT PUTTYE PUPTE FPRTE SRS WS PEW IS RS S sadasas i onasiarasd aidad Ariddiiisl
[

CLEVATION (IN)

-

TP A AR TR PRSI A N N -

A T PR oA &

——

e — p—————



FIGURE 2

SCE FUEL STATIC DISPLACEMENT SHAPE

IK RIR Y KOOM VEHPCEATURE ; TR-FTE-353
) PISPLAZCMINT (1)

HOENAL 126D WP YALUE 1 l
OF LAECE fimbL I TUlTr & ;
JNITIAL DEFLECTICNS.

&

.
o TU FETEE FUETE PUTES PETES s S s e E———— adasssbaasalasaalaasaslaarsdlarsalasialos sl

1 ]

ELEVRTION (IHW)

¢ E F U EUNDLE ST AHTIE SHAPE
ROPMAL 1760 MEAN VALUE FROM LARSGE AMPLITUDE TEST DATA

L
[
IRN-ESE-353 0.4 - 1.6 IN. IMITIAL DEFLECYION
3
(

61D ELEVATION UEFLECTION
no. o 1H) CIi ra
1
2
3
4
S
6
7
&
a
10
1
— -




n

'r.. ——————

L B g — -

oy ———e

.!.-
]

'
3

A
™

i
S S il

|

T ey - m——

o p——

SR PR

t

‘97 - QYO WYIANT

' l
.

. —— - — -

B

- — ——— 4 S—— - — — A —

.'_"ﬁ‘[

s

— — e~ —

€ 3UNo14

$15929384y 359l [eId3TT] A1quassy 1en3 z-QqIH

| | 1520 v Wiy |
SAND BSATVIV S ATTWISOV NIAd W

o 2
=

e e

T —

|
|
|
o R
|

y
i
P S ...._
.

i |

| | } ESE
»* { | !

_ | e R st

| ] ' { i

i

}

|

4

__.._' -k




9

o sm

;
:
{

.. - —
‘
-

AR - ——
N ¥ . '

oo p—
] ' '

P ——

of o vy s g e o 2 e

1 i '
Ll AUAL LEAD, LB, -+

' | ' .
—— - ——— — - - #5
i .
I '

NID=2 Fuel Auscmbly Avial Load versus
Axial Compre

P —— . O e




PEAK IMPACT LOADS, LES
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TABLE 3

GRID IMPACT STIFFNESSES (HOT)

One-Sided Thru
(Internal PRod (External Grid
to Grid Imp. ct Impact
Stiffness) Stiffness)
{¥/in) (#/1n)
HI1D-2
HID-1

Coefficient of Restitution =[ I(in place of impact damping)

-

Uniform Beam Models of Fuel (HOT) !

El =[ ]inz-]b Ku iy Torsional Spring Representing
PP Upper End Fitting
Kenour. "L Jinr1b/rad
Klower = Torsional Spring Representing
Klower =£' ]inllb/rad Lower Ena Fitting
TABLE 4

GRID-ROD FRICTION

BOL (HOT) Force Per Rod Per Grid (A1l Grids Same) f )
cOL (HOT) Force Per Rod at Top Zircaloy Grid

Force Per Rod at Lower Inconel Grid

Remaining Grids |

ASSUME STATIC FRICTION FORCE EQUALS DYN'MIC FRICTION FORCE



TABLE 5

Spacer Grid Crush Strength

(to be supplied following completion of production testing)
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BEAM COLU: RESULTS

The following data gives the results of a test progran designed to determine

the dynamic response characteristics of a bowed 16 x 16 fuel assenbly (see Fia.7) sub-
jected to axial impact loadings. The experiments were performed in air with
simulated reactor end conditions. The fuel assembly was incrementally deflected

and raised, then released, and allowed to strike a rigid impact base. For eachv'
drop cycle the impact load, the displacement, the velocity and acceleration
characteristics at the lower end fitcing location were to be monitored as a

function of time. In addition, time history traces of the lateral deflection
behavior at three spacer grid locations were developed. A tabular summary of

the laterzl amplitude excursions as measured from the LVDT traces is presented

in Table 6.

Figure 8 summarizes the effect of axial impact on lateral deflection. Drop
height versus the percentage increase of lateral deflecticn from the fuel assem-
blies initial bow are presented for a 1.0" bow (at midspan). Tnree spacer grid
elevations are considere?  Fuel assembly hysteresis and friction effects tend

to mask the effects of axial loads on lateral deformation for initial bows of

less than[ :}

Further test data corroboration of the minimal effect of axial loads on the
lateya] deformation of a fuel assembly is shown in Figure 9. Figure 9 indicates
a less than[ Jincrease in lateral deformation due to a[ ]lb. axial load

statically applied to an initially deformed (0.5") 16 x 16 fuel asscmbly.




Bow

0.5"

1.0"

0.5"
1.0"

0.5"

1.0"

Spacer
Grid No.

TABLE 6

Drop Height S

0.25" 0.5' 0.757

Lateral fuplitude Excursions (in.)

-
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TES8T SLTUP 16 x 16 FUEL ASSEMELY DROP TESTS 19
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Component
Fuel Rod

San Onofre Unit 2 - Vendor Pata Request Form

Weight (1bs)

Material Description

Center of Gravity

(inches)

[ ]

Not Requested

Type of
Material_

»Clad & End Caps, Zr-4
*Plenum Spring, 302 SS
- Spacers: Alz03

*Fuel: Enriched UOp

23

Stiffness
and/or_Preload

Not Requested

-

Spacer Grid

wn10-1:( ]
| eHID-2: ]

«Inconel w/o
Skirt:
eInconel w

Skirt:[ ]

Not Requested

Ir-4
Ir-4
Inconel 625

+HID-1:
«HID-2:
«Inconel:

Not Requested

Top End Box,
i.e , Upper
End Fitting
Assenbly

i

Not Requested

*Posts: 304 SS

* Holddown Plate &
Flow Plate: 304 SS
Casting Type CF-8

* Holddown Springs:
Inconel X-750

Not Requested

Bottom End Box,

g g

Not Requested

304 SS Casting

Not Requested

—

i.e., Lcwer End Type CF-8
Fitting Assenbly
Fuel Jp%f Rod Not Requested U0 Not Requested
per
bunale

—

Fuel Asserbly,
i.e., Fuel
Bundle Asserbly

*End Fittings: 204 SS
+ Guide Tube: Zr-4

Not Requested

- — —

Holddown Spring
(5 Holddown
Springs per
Bundle)

1
_ ber
spring

Not Requested

Inconel X-750

Stiffness per

Springa:

Cold ilb/in
Hot 1b/in
Preload BUL Hot=

[ ]Jws per

spring




(52 ) o= w ~N
- - . -

o oo N o

Miscellancous Information

Requested at September 9, 1980 Meeting

Spacer grid axial spacing, outside dimensions, and assembly to assembly
gap - Figure 10

Guide tube/upner end fitting connection - Figure 11
Guide tube/lower end fitting connection - Figure 12
Guide tube/spacer grid connection - Figure 13

Fuel rod/spacer grid interface - Figure 14

Upper end fitting/fuel alignment plate interface - Figure 15
Lower grid/lower end fitting connection - Figure 16

Guide tube details - Figure 17

Fuel rod details - Figure 18

24



FIGURE 10_
Spacer _Grid Infornation
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! Guide Tube/Upper End Fitting Connection 26
pres i




FIGuRL 12

— .

Guide Tube/lower End Fitting Conncction
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FIGURE 13

v Guide Tube/Spacer Grid Connection 28

FIGURE 14

Fuel Rod/Spacer Grid Interface
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. FIGURE 16 30
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- - o v o e - a8 e v PO




Center Guide Tube

FIGURE 17
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FIGURE 18

Fuel_Rod Details
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