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!..- THIS HAND-00T IS A COMPILATION OF VIEWGRAPHS AND-
'

:

|-- INFORMATION PRESENTED AT THE SECOND EPRI CONTRACTORS'

| OVERVIEW MEETING HELD IN DALLAS - FT. WORTH, TEXAS,

ON APRIL 6,1977. ALL DATA PRESENTED HEREIN ARE

! CON;IDERED PRELIMINARY.
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PilASE 2

PWR DEMONSTRATION IRRADIATIONS !

OBJECTIVES:
,

| DETERMINE EFFECTS OF DIFFERENT;

,

- MATERIAL PROPERTIES

- DESIGN PARAMETERS
,

I

DN FUEL R0D PERFORMANCE: |

1

| FUEL INTERACTION EFFECTS'

I;

|
|

. _ _ _ _ _
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| PHASE I

!. " CREEP COLLAPSE" :
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Fuci Assembly Number: 2C15 2C57 2008 2C21*

Test Assembly Number: 118 115 117 116

.

|
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|

Oconce II, Cycle 1 Core Locations of Experimental
Cladding Test Assemblics-

.
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| ASSEMBLY 118
,

i

i
RODS /N CLADDING TYPE COMPRESSIVE HOOP STRESS

!j 80004 V-1 12.5

i|
80005 V-1 10

'
80013 V-2 12.5

80018 V-2 0

80025 S-2 15

80026 S2 15

80030 S-2 12.5
80035 S-2 0

80042 S-1 15 [
80043 S-1 15

.

80050 S-1 12.5

80051 S-1 12.5
'

80058 S-1 10 .!
80059 S-1 10

,

80067 S-1 0 'i

80068 S-1 0 |

80069 S-1 0 !

; ARCHIVE'
j|

h
-
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N- Upper cnd fitting:
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Corrugated spacer:

1
*
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g Upper end spring-

_

> .

Zircaloy-4 Mandrels
,

I

''
147-1/4 ~

'4%
-

_

_

t
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|! r

|
'

.

Fuel rod cladding=

| \

|
I

!

L i-
.

U

h- - Lower end fitting
;

i
'

| Dimensions in Inches

NOTE:.

Cladding 0.D. = 0.430 1 0.001 ,

*

I.D. = 0.377 1 0.002
^

?

Crcep Collapse Specimen Rod

.

O

l
_ - - . . _ _ _ _ _ -.
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! HOT CELL EXAMINATION E001 ,

-
,

i 1. VISUAL
.

| 2. PROFILOMETRY

| 3. WALL THICKNESS ;

4. GROWTH -

:
'

5. BOW

| 6. RADl0 CHEMISTRY
'

l
7. UNIAXIAL TENSILE

! 8. BIAXl AL TENSILE

,.
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Upper end cap

rC - Vent hole -
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l ft.
4 V"9 TYP
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4
H
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Fuel rod .002 + .003 - 2.000 + .001c - -

.000 TYPcladding
TYP-

1

.

(b) Fiducial Marks
*

- Lower end capj,

Dimensions in inches
Vent hole-

(a) Overall Rod

Irradiation Crowth Specimen Rod
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CORE CENTER
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! ROD ORIENTATION OF CLADDING TEST

.

ASSEMBLY 118 ; VIEWED FROM TOP;

:

:
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!!NIAXIAL TENSILE
.

i
!

,

i .650F-

+/ 5 F DVER 3 INCHES-

I 30 MINUTE HEATING-

: !

7 INCH SPECIMEN-

!
,.

|

!
2 INCH GAGE LENGTH

'

j -

: 5 INCH UNSUPPORTED-

| '

0.005/ MINUTE STRAIN RATE|
-

g

PHOTOGRAPHY-
.

1

,

- _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _
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! VISUAL EXAMINATION
i

i
:
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!
i

!

i 2X AND 10X PERISCOPE-

:

|
4

UNIFORM LIGHT CRUD LAYER!
-
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! NO ABNORMALITIES-

4

*
.

I

i .

;

!

*

.

I ',

!

|
L ,

i

.

!

I

_ _________- - ______-__ _ _- - - __ _ ___ _ - _ __- - -... _-_-- - - - - . _ - - - _ _ _ - _ - _ - - __ __



>

@ ,-@E . ,. . .i i .

'

_

B

_ .

, ,

'

!

1'

. - . _; =,
. _

,
.

.

| -s mW
N O D~

1, w
, .1 =

1 w
- ;

., . . . 1
, [ . >

,

! E

,I t
, i

-[ *
. .

| ,f' i l m

L 4|
- ') - E$ |; -E - 1 :- 1 - E -

'

I s = i

I "
i ',,

| E
.i

| (|
-

E, m
1w. - , *

' l , o< u
baJ E'

) s{
*

' ~=> s 4
NE

.

~
- - - - ') - _ ,i

, _
- -.

i w e'

}
'

'
l , i

> :, w .

- ** - -
7

. . gm
W,'. m.aa w

, @
I'

N ==

., are >=>
* "

_ _ _ _ _L _. I _ _-- .
e - -

>= m
i >== m|

a w
M 2 M

- P . W 1 m
M 5) | = =e

,

4
a<

I w a

I
- _ _ _ _, _ gw

i o
E

. >= ,= 4c

'
w

- t5
,

l
,

i

'

. ,' . . .. .

h

EED'l

U i |

-

(,y
I

'"
,- o

.

LI 4 . , , . , , o, , , O
M - N O w W M === N

%-NROOd3383 %-NE00d3333 %-NROOd3333

.

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



I

|

|

|
.

)
i

1 .h . . h [
- I i-( .*-.-. ).+ - . . , 3 ;- .. . p.. * g.

.bk''Y.eQ,...5$ .J"'
' '

41 C !!( h .. { .I e1 . .p T. , i / }f h.' . y
+ 7r- gr- . .: ;nu m

rWe . u 4iT.n-f~t i ~+..
y- | ''t. '.t; ''' p y .'.j- ![

'

+ -b- i ?pa4 +a .
e >a uwq. .n..

. -

m -me +t -% -

$b i [ YIP ' t . 'l .]

~ &-v,
i

, . . .

3/~ ; ,. p.i
"j .

.

p,.t {p .i.j'19..L.1. ,s .L. ..cL., .,;. '. ;;", - uid it.ii.:
i.A.. .c

-

g .c , . . -.. y : 1. * *a.- v; . .,r

t '!, 1 i!? * . . , . . . . !4 '.]P
' *' ' ' ' .: * 'bI

$ . l k ('t > ' ' f-

. . p. .s : .+ a. . i , :i...,

I ' * ' *

I /, . + . d. , 6

' '

O| r{-'E%'I h
' j - ' k ' l ' l dip . ..h]; d-;4

; . L, A . .'a..f' 1.,I i.q I'%i .

k i. ' f'') f ib. . a. d .p 1 h' ' ' # d ......

f.M. - 'G. {1711 .o. ; .-. i *7 "*

, f. .|i"}"j:E,f- ''*r *T, '*7
_ . ,

_

4'. . . ' . k ' 't
-

b
4 .i.an .,y. . eA '9.'. ..N1 ..p H..

g.I .* '4 8' ' O ; . .w .p:. ..i .
'I;4 5 ~' - ;J r' .: :. I tr '' k gi'.!:I

-

j'ii." .31', M*
, . .

: ': ' ''
.,

'[' ''li..ip . ' .IlM|.'g
j-' uta .

ih.J
';l. ,. 'u... : : .h u Mj* .lk |i L,- ..(* : r

iL.L ' b N[..i"l$ '' ' ' M
j 't. '

..o.,.' ?. + h .'' i
ti

k d.5. b
' ..[ 1. W j

.i''-.,p . .a.: .li s: . . d.7.'L.
b

.

I* .... k .( .,t .q,.t.
3' W.. ! i;

. h;| 6.- - ' ' 'th. ,9 ' ;! t . I 'i 1.f1 . W't

. ' , N
[ ,...'l.,.J.1I' [ W. . . .n,a . ...r.p. 4 . m,. 4, 2 r. ,c.m

'

? .

.L' 7-
,.6 .,

,:
..

a u;
.i .i,. - h: 4- .. | c : '. I:

c- r .
": e cas-H , , m .- w

.

3 t - .I. .d h,k; [h.s.. 3A . ! ^ .. | .y .1,:! ' d. & [a :h.1,dt. .. Z. 9 1. 1. .

. m .

beu .i W
pies .e '_J ,i -

' ]'t; W,'. ':.].. |.

[* * ~ .. J.: .!.. ''
g'". y :. f ,j gi'.,1, . ; p.., ,

p. .- p a 1- p i . ::, . 13

4 u. .-
; :

p.-Q.14 .j. {'.
, _3 .

* w.

[' ib[dfk" "h' ji, 5.'h'~
.., :p

. ; .| . j .:
*

r -

[ ,v,.
"'- - g. [ ,

w.j*- . . . ,

,

7... ;| -
-

,h
,

..i . . a. .L. q

,pp.}
e

!. s. .r. . , . a. . _ . , _
- '

, yy 1 *y.
' .. ,

L- [th,../h. , '. ;.'t '
/ L' .

'
_L L 1.

; . !% . . . .

-

.J.h. L rp'; j - '"i '3'. E* 1 ....i ; # l'''

: t .

.# .1, .,'..
.t

,

I S. + . ,. -. L' ,
...i- @.. :| J#... ,,

. ( .+. .a.(..i. b.a.
. i

r-.
t f 'l* -t. ====..

I . , ' .(n i . ;,.

- , ;
'

, Wj :a,; .. y '3 : i

.L u---t.+'ty p', ....L.. .:.,;l,'.;p. M t L-4 . }.:a. j
i---| -- u i.- '-

if I ;

lt---'d,
.. r r. ;. .r;.e W

t .j ' 7 .hF r+-+r,.- ! .%.. - ti .t

i? ' ' 1' . i'U ..gj-s
3: - MC ', ejn GF " .1 ". .g

..

Q.n. .-
. . .6' 1- r.. .L ;g . ; .. 3

W
p{. :m ; a. m q, , . . . - -

. . . .;g.-,
. . . . .

-ni7 ;Wy 1,.- g3 g h -. 77,q. 3:f.-1 ;.
g,

:tr
.

8Y- , ,. . . .

. 3. " .g
+4

m.. i ,

..h a b. .mg: Q. . ..Mpp gl " '+F o a1 p ...j.- .[i,th- "pri 3 La,.
r----

p- ;;;- p
' O.; p'' '4 b' . Hhs :'i.P "*;*;ii | '.'h 1 - Q its.'T". [.4".

. c' a .i- /'i 4 W hiri;. ...r m
-I'*h 'iM**M, I!.' -- t

-
! i.. -.5. .. f .p. .i.
. , . . . 4.. , y

...p.. u.Q : q:. . g., . I e
h., 47: , .4:h.i.

Hi,. - I : i -- + / +--

: e i ki * * ' ;; h. sjti:, i. . 1id u% .. ..1.., . a, .
.. "r

. ' g-i:M, .W.: i:l.ii.:i 4gn. ,a u.. 'h.i n.. a
. g

Q' : : Ph 1~6:: ...: & .E i ,+.<+:7 6- -e .

t. g
r:i qt ..:. 3: ." t

n .?.V~.H-%...H.+ , - ,.o-0- -i.. .. #
-

pPr-L+H4 ..

g E.t,A.i.!.+ ~ + -.f. . at: . ., ;i . ..

m. ~

.A
- +

. . .

. . y
i ,(l.. Mh .

! +in
.m ..

T r. ~c'..N.. .j; ..; a. .
- h.. E
6 k, 'N~'L j dd: 37.. [u .,

L e!%
i Y.3. -

~ m
M '"?E. r,i .mj 1 i., t

'
.. . :

'-

. ;.g. .

; .- . ,,., -

-p p 3.t
p[ r.di:.i!..

1 :: c. .

. pg. -
Si $@l'ia .

,. ,t .- . , . . . . .
:.2 6' . .ii.2; m .i . 'U4 .L$'L::i ai; 3
,

!.. L,. :

, g;3 m:0 -|,. - .i ;@ p - em1 4 g: :

'' 1' #' 'w'j' n'S
*h.

;, : :. 77- ,,,2_. - &- '
p'4},,,

?h.; . ,h i -!:* ;;;-| . ' . h '.
'

f f..tw'- y,. - -+ .~w +h-7- [,
9.

- .1-
< gd 3: [Ji j M,.h" %, r. -% W. M j7 N',.

i .2 : .. i ur

: - f7t"6d

.. i. r. -.'. i. r. ,
i"

C L. .

.ct f, ,-g|

.

. a, .u, .,.i.-- .

~. d, j--
;

..t..
.

a.
.

. . .
6 7 m

7. . .
.

. h. ha s.e p i-f-

. . . f' -f +f,
. t. . t;:,::.

' --
'he.

-

'p,:f b . f. *i .. y . ' f ' , - *g' :

.. { 2,.J r.r
p ? .

a;
*; &

o 1 - i . -.43. . :.pr .4 + c.-

e u q- . q., ; - n .a

j . f. 1.., 4. . aa.a
,a .u.,

.d.JL.. L
. ,

_ f.pto a.. ...d.,. .L
:/ m, i.. .- , -- a ..

q. -

1m ,r.
.. .i ' ,,' . _

.. .

,. a,

|. !
,

.

*

."'.1 .J .- 7.' b. j''.:'. .' n;j. ,
9,.a. ....-r ~. - - -

2 y.
.

e . . ..i . n
, . t .v my i

' - k . Y- , .. j --NI

.L. .C.w.%g.&.: W .i.,.!wgN.F.
"

1
3.. C. . m.- . .tne. n m 4 . .L ..i.- - E. .

g: m -

p .

i <>

i.''- *''7.d.i w 7, .~r..~. .}Tf. *h.
, f g 1-. o q.~?

i
,,,t,-

i . .. T.i - W~5.'.~, .

.o.

( jh *4..- ..h
'

.)' ^ ! r. .-d) h
''

@'t ','i e i..'.;-7 . . . , , .

+' -

..m y rT--m-.;q a. gt
a ...

. . - . db
'+k; . . m. .. . [. Y}r, . ...:.. :

: - N
-

- |-. .a,

II
.

,.!----. d * *! M.T. ,H
..'..r.i
I ;i

. '.4 e. -.-3-

. :: .t. . . .+i--.--+n,. :
r. :r .n - ,-,..1

.

: :r.m.. ,..

.[ .M,.:ry.,. k' a'h.T .
.

4. .. . m . c.q . .' .1 -..a 3:

U 4h ' ' ' **
i. 'f '. * $'h ' 1 .** ;; '. . ..

I

-b,
La 4 .r. a.; w., . :.g;t g;- : pu } y .g - .I- "T ,

O
ev''n
W

.



s .
. - . ,

* * .

-

..t .

Irradiation Growth of Experimeatal Rods.
.

.

Rod S/N Cladding Prcirradiation Postirradiation Length Growth
Type Cage Length Length Change. (%)

(inches) (inches) (inches)

80069 S-1 127.97 127.97 0 0

80068 S-1 127.75 128.24 + 0.49 + 0.38

80067 S-1 127.38 128.28 + 0.90 + 0.71-

80035 S-2 127.82 128.91 + 1.09 +' O.85

80018 V-2 130.14 128.39 - 1.75 1.34-

.

O

*
. . - , . , . _.e

'

. -~ . .- . * -
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! DISTORTION (B0W;
i

! FIXED UT TRANSDUCER-

i
'

ONE RPM ROTATION- -

| AUDIBLE ALARM-

i

| ONE FOOT STEPS-

i

'

CAllBRBATIONj
-

:
'

DATA REDUCT!ON: - -

.

| MAXIMUM BOW AND ANGLE'

-

!. Z/8' PLANE
i
!

]
'

! R00 CENTERLINE
.

|' VERTICAL TO ACTUAL
.

i VERTICAL SHIFT

)
i

:
J

_ _ _ _ _ _ _ _ _ _ _ __ .. .. ..
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650 F UNIAXIAL TENSION

|
'

UTS 0.2%YS UE TE

S-1 PRE 70.5 54.7 3.3 23.1

| POST 94.0 81.2 2.7 20.7

% +33 +49 -17 -11 ,

S-2 PRE 36.2 20.6 17.2 54.6 ,

POST 79.1 76.2 0.7 10.0

% +119 +269 -96 -82

V-1 PRE 66.4 488.3 3.0 15.4

POST 79.0 74.9 1.4 11.0

% +20 +55 -53 -28

'

V-2 PRE 58.2 45.1 4.3 16.4

| P0ST 78.9 75.3 1.1 9.9

% +36 +67 -75 -40

__
. -- . _- ._ _
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) BIAXIAL TENSILE
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. . 1

650 F BIAXIAL TENSION

UHS TCE

S-1 PRE 86.1 8.9'

.

'

POST 120.3 5.4
'

% +40 -39
.

,

! S-2 PRE 53.2 53.9

i POST 99.2 15.7

% +86 -71
|
: V-1 PRE 74.0 21.1

! POST 100.7 6.0
i

|| % +36 -71

V-2 PRE 70.0 30.3
.

POST 100.4 14.3-

.

% +43 -53-

!

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



- - . -- -

.

:

i
! ,

; ,

EPRl/B&W COOPERATIVE PROGRAM ON |
!

| PWR FUEL R0D PERFORMANCE

! |RP 711-1

!
1 ,

| PHASE II :

|

"PWR"
'

.

! E0C 1
:

! POOLSIDE EXAMINATION :
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|

!-

.
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P0OLSIDE TESTS
-

.

t

VISUAL EXAMINATION: *
t

| PERISCOPE - PHOTOGRAPHY

| TV - VIDE 0 TAPE

!

GROSS GAMMA SCANNING! *

:
!

DIMENSIONAL MEASUREMENTS! * :

f DIAMETER PR0flLOMETRY !
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i
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-.. - - . ,

,

DIAMETER PROFILOMETRY RESULTS i

-

FUEL CLAD ROD NUMBERS MEAN DIAMETER AVG. MAX. OVALITY
,

S1 49,50,51,52153,54,55,56,57,58 .4269" 7.7 mils

S2 6, 8,18,20,30,32,42,44 .4287" 1.7 milug
V1 2,12,14,24,26,36,38,48 .4278" 3.3 mils

V2 4t10,16,22,28t34,40,46 .4280" 2.6 mils

'

,

S1 17,19,21,41,43,45 .4278" 1.4 mils

S2 5, 7, 9,29,31 .4290" 1.2 milsLRC
VI 1, 3,23t25,27,47* .4284" 1.2 mils

V2 11,13,15*35,37,39* .4287" 1.1 mils

,

* Carner Rods With Orthoganal Traces Obtained

.

- _ . _ _ _ _ _ - - .
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DIAMETER SCAN SEGMENTS FUEL CUDDING i

R0D TYPE TYPE

.430

19 L S1'

PELLET LENGTH, TYPE L - -

.425
i

,

J .430

~ 23 L VI
;

| .425

i.

.430
,,

%
15 L V2'

j $.425
: 5

$'

b
b.430 O^

,' s c2

C3

S 49 C S1,

-

$.425
|
|

|
' --

.430
- PELLET LENGTH, TYPE C

.,

! .425 3
.~
>

.430

10 C V2

.425

.

, - - - . , - - - _ . - -
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ROD-TO-ROD SPACING DISTRIBUTION

I i i i I I I

PRE-IRRADI ATI0ff END OF CYCLE 1;

NOMINAL AVERAGE
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|
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y 200
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| l'~150 - -

m,

25% 10% .| |-
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ROD B0W VS BURNUP

80 i i

e I - CYCLE ASSEMBLIES (OCONEE-1)
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- 50
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