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DISPOSITION OF RECOMf1ENDATIONS

Based upon the analysis presented in this document, the

L2 Series Experiment Operating Specification will be re-

vised to reflect the changes reconmended herein.
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RECOMMENDATIONS

To obtain the objectives of LOFT LOCE L2-6, the fuel pressurization

should be changed from 2.4 MPa to 4.0 MPa. After LOCE L2-5 is conducted, an
evaluation of the experimental data should be conducted to determine what

power level and hardware conditions should be used in the L2-6 test to cause
permanent cladding deformation.
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1. INTRODUCTION

One of the major objectives of LOFT LOCE L2-6 is to study the system
response to a large primary system rupture when fuel deformation occurs. The
original test plan called for fuel which was prepressurized to a typical
beginning-of-life pressure, 2.4 MPa, and initial test c:..iditions identical to
the conditions used in LOCE L2-3.1 Based upon L2-3 data, analysis indicates
that for the:e conditions, no fuel deformation can be expected.,

2
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2. ANALYSIS

Evaluation of the L2-3 data, substituting prepressurized fuel for the
nonpressurized actually used, showed that no fuel defor. nation would have
occurred. Appendix A documents this analysis. As this analysis was
equivalent to the previous plans for L2-6, further studies were initiated to
determine the conditions which would result in permanent cladding deformation.

A parallel analysis was performed for LOCE L2-5 to determine what could
be expected from this test based upon what was learned from L2-3. L2-5
differs from L2-3 in that it assumes a loss of offsite power resulting in ECC
delay and primary pump coastdown.

This revised L2-5 analysis (Appendix B)
showed no early rewet in the hottest portion of the core.

As this would make
L2-5 a more severe core transient, a preliminary recommendation for L2-6 would
be to use L2-5 test conditions and assumptions. (This is, of course,
dependent upon the actual test results from L2-5).

Using these L2-5 conditions as the base case starting point (case 1) a
parametric study which varied initial fuel prepressurization and power level
was performed.

The 6 calculations and their variations are listed in Table 1.

TABLE 1. L2-6 ANALYSIS MATRIX *

-_

Case Fuel Prepressurization Power Level
1 0.1 MPa 39.4 kW/m2 2.4 MPa
3 39.4 kW/m ''

4.0 MPa
4 39.4 kW/m,

0.1 MPa 52.4 kW/m5 2.4 MPa
,

'

52.4 kW/m6 4.0 MPa 52.4 kW/m
|

*

All other initial conditions held constant atL2-5 values.

i

|
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,

Appendix C documents this study. As discussed in depth in the appendix,
there is little chance of defomation for the 0.1 or 2.4 MPa pressurization
level either power level. The 4.0 MPa prepressurization, which represents
typical eni-of-life pressure levels, showed different results. At the
39.4 kW/m nower level (case 3) the hoop strain on the cladding showed the
beginni:igs of plastic defomation (creep or ballooning). As the codes are
generally constrvative these conditions may not, in fact, cause the
deformat. ,n re. quired to meet the L2-6 objectives. (Again, L2-5 test data are
necessary to determine this conclusion more accurately.) Case 6 indicates
that at the higher values of both power and pressurization levels, the fuel
should deform enough to meet the gr.als of the test.

4
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3. CONCLUSIONS

i
|

In order to meet the objectives of L2-6 the experiment should be
performed with an initial fuel prepressurization of 4.0 MPa. After LOCE L2-5
is conducted, experimental data will be available which will permit
establishing the linear heat generation rate and hardware conditions that will
ensure permanent cladding deformation.

5
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APPENDIX A
I

ESTIMATES ON CONDITIONS LEADING TO CLADDING BURST IN THE LOFT FUEL
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- INTEROFFICE CORRESPONDENCE

July 30,1979=

S. A. Naff,o

S. T. Kelppe //<Mjf,,om

subsect ESTIMATES ON CONDITIONS LEADING TO CLADDING BURST IN
THE LOFT FUEL - STK-1-79

Ref: D. L. Hagrman, " Code Development and Analysis Program /
Cladding Mechanical Limits (CMLIMT)," CDAP-TR-056,
May 1979

During a light water reactor (LWR) loss-of-coolant accident (LOCA)
or Loss-of-Fluid Test (LOFT) loss-of-coolant experiment (LOCE) a
potential exists for the cladding to balloon and fail by bursting
for pressurized fuel rods. Due to elevated cladding temperatures,
the plasticity limit of the cladding is lowered and the rod inter-
nal gas pressure may exceed the external pressure by an amount
sufficient enough to cause outward plastic flow of the cladding.

,o The problem is especially important for high rod pressurization.

(V) In the following letter, a rough estimate is given for the cladding
temperature and pressure conditions required for burst failure of
a pressurized water reactor (PWR) (15 X 15) fuel.

Most of the existing rod burst test data correlate the average
hoop stresses (pressures) or average tube strains at burst to the

,

: applied temperatures and usually a large scatter is observed. On
| the other hand, if the tangential component of the true local
| stress is compared to the true stress at burst a failure criterion
; with considerably small scatter results (see Reference). To apply

the failure criterion, the deformation distribution in the clad-'

ding needs to be predicted. In a general case, this will require
considering the local temperature, stress, and deformation histor-
ies in a tt.ree-dimensional treatment. This, in turn, may not be
possible without a sophisticated clad mechanical behavior model.

To get a rough estimate of average burst stress for the cases
I where performing a detailed clad deformation analysis is not

possible, the following equ tion is recommended which correlates
the " typical engineering burst stress" to the clad temperature
(see Reference):

1

( /
U

,

8

-



d:

LTR LO-14-80-069

S. A. Naff'

(] STK-1-79

Q/ July 30, 1979
Page 2

log 10 (S) = 8.42 + 2.78 10 N - 4.87 10 9 +
N

1.49 10-9 3T
:

| where S is typical engineering hoop stress at burst (MPa) and i
i is temperature at rupture (X). The burst stress of Equation (1)

is shown in Figure 1, attached.

| With assumptions of one dimensional stress state and thin walled <
.

cylinder the pressure difference across the cladding (LP) which '
'

causes the cladding to burst is given by

LP = S (2)

where 0 is clac'dir9 (inner) diameter, t is cladding thickness, and
S is hoop strass cf Equation (1).

Figure 2, attached, depicts this differential pressure versus cladding
temperature. Negative LP means here an inside pressure which exceedss\ the outer pressure and thus tensile hoop stress in the cladding.

]
If experimentally ac' l':ved clad temperature /systen pressure data
are to be compared w;th the pressure difference obtained above,
information on the rod inside pressure is needed. For initial
calculations, simplifying assumptions were made in order to hand
calculate internal rod pressures.

To estimate the rod inside pressure analytically, the fuel rod
plenum, pellet / cladding gap, and pellet dishing volu e were con-
sidered. Volu es and terperatures for these gas volumes are
suvarized below.

1. Plenum - 4.76 cm , 623 K (upper plenum cladding
temperature).

32. Pellet-Cladding Gap - 2.36 cm , equal to cladd'ing
temperature.

33. Pellet Dishes - 2.23 cm , 1370 K (average fuel
steady state temperature).

The pellet cracks and open prosity were neglected in this sin-
plified approach. These paraneters are modeled with the more
detailed fuel behavior codes, FRAP-S and FRAP-T.

]a

9
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Burst limit curves obtained with the assumptions above have been
calculated for several rod initial prepressures and are shown in
Figure 3, attached. For comparison, L2-3 test data and Olsen
data for unprepressurized rod buckling are included. Rod with
atmospheric filling pressure does not burst at temperatures below
or equal to 1700 K.

To test the sensitivity of the deduced burst limit on the above
assumptions to estimate internal pressure, the 2.4 MPa curve was
re-evaluated with 200 K higher plenum temperature (823 K). This
curve is included in Figure 3. It is seen that the above simpli-
fying assumptions affect the estinated burst temperature above 6
MPa; however, these results show that even with uncertainty in
the assumptions to estimate internal rod pressure, a 2.4 MPa pres-
surized rod during L2-3 would not have experienced ballooning.
However, for highly pressurized rods (4 MPa or above), the simpli-
fied method utilized may be inadequate.

A more accurate method would be to utilize FRAP-T to predict the
'''N cladding pressure loading and temperatures and then to compare

) these with the burst criteria shown in Figure 2. The' ' ' thermal-hydraulic conditions for L2-3 were utilized to evaluate
the response of pressurized rods. 'he results are shown in
Figure 4, attached, and indicate no cladding burst failures
even for rods with cold prepressurization as high as 5.8 MPa.

It is recommended that the more refined MAPTRO failure limit
(CMLIMT) be utilized with detailed FRAP-T calculations to estimate
ciadding burst failures for LOFT tests.

mim

Attachments:
As stated

cc: V. T. Berta
M. P. Bohn
M. L. Carboneau
E. W. Coryell
W. E. Driskell
L. P. Leach
M. L. Russell
T. K. Samuels
E. L. Tolman BCf
J. R. Whitem

} Central File
S. T. Kelppe File( _,/

10

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



.

LTR LO-14-80-0692a & , . a c . _ ,.. - ._
7. _

-. ., y, . . v ., .,n, a ., .,
. ,.

., 1 , . ._4 7 .. ~..,
. . .

. - -. -. : _.w; 3 _.u, n, i - .. u, . {
.' . i ne _ L, , s i, . ,, 4 .

,
-. i

I g. |
- .-#.__.

. 4-I ,$
-

,

' ! _' !. j, 1 L
. ' _f - . .

17

-j',46
' , 41 -

{- 2 - f. i }t
I -

.- -

i
|

. . . . - i

_ u -

1s _ : m .. 4 { t. 'a t. - {: 1
-

L. , |
-

.a . - . ,
-

!
-

1
-

./ + r
*

.
- - -

2 : 3. . . . _ . . _.,. r . . . ., . 3s .
...u- ' +- + a : : :

- I .i ,i . . . is__
- .-. ii .- ,...

,
. 4.f | *** .r

. ,. , 4 .
--4 -T.- s ' * ~4 i- + -' i

.

. . . _ , _ , . ...i # ,
: , ,,1

';4
.

-,1.-1 4I:
+

|}- i-j -t t .-i-

. t-.
- . h' |.-

-

. .

*e,
'-*-t-- - . . , .i i . . ,

-

6

, : i . t* -

. 2 } ( .i1 j _ 14 , .

,| 4[-t-- -- , ; . ..4.-- - - --- 3 ,m--.i
{ ,4 [ t. r s

' : > - t
*

, - - 5
-.

,
.

-_i _t.v4-) ' $ * 4 1

--

. . 1 - I . : . -
:j

. .
n -

.4_..
{ j 1 1 | g. I * [. ' L f '

, ' : t. _ _ . .. Q,.t . - f . L ' ;'; , . _--

3 . i ; i. ! .i a *}i -' y : .;+ {|r i : - ;4 t t. ..
. i. .

. : .
t: , , .

2 - - l. .
t.

. .. .

+; t 1.: i tj
M; ,g ., - ' . ' t H-i

' '. . ' ~ .- .d. w rt:.. - --t -
-

:' ' . --i E-H .. : 2 :
Af , !. !!.''+:t. * t. I. . . 1. : :- 't . 1. . i. . . .

. . - - .'~:2 ~
~ " * * - ;- a s - -. . - .* *

. |
-

;1.. t. .: 7.1 r. .: .
-

.

-
. . . .

. . ..a
.

. - .
-.

, , . - . , . _ . _ ._.., t.
. ~ . . ......L , . . . . . . ... .. . .

. .I

4 . 4__
.

.,.. ~. .

~ . . .~... , .. . _ _ ~ ~.
-. ... ..-... ,

,
. .. . - . . ... , . _ .. .

. 6 . . . . . .
. . ~, _.. .

. _ _ . . . _ . _ . _ _ . . - . , . . _
. . . ,

.#.. . .
. . 6 .i+. 4 . . _ _ _ ., .. .4... | p.i i . ,, ,,

| ..4 i l... i. . e ' . .4 .
9

1
. .; 4 i . . .

4 . } .3
.

.g,a )
_. t .

. .. 4 .! { i | . . ;.

I @ . . . .

!.; t. .

._i , # - . i I.t t_ -.a +. 4

.i .-

,. .
i

.

: 2 .
.

,._,_..l. - w' I79

;i?j
-i i- .,e ! I i . i

.e i :
i e i- r i - :%

__ 4, __
g.,

i ' i + 1 , i ; ; -! >i i,
,4 . < p! ,

,

# s. j ; .i y }
' Ai.: _..|i i .! j ;

i # ,

4 . ~~~ ''-' i
3.i ! .; ! i. t. . i. - - ! . * lL ; Q. iLi.}c) .

.

_. . ;_ .4: --

.1
.

: 4 : i($ 1,a * i._..! - - i bi *I * h- i _.
...l . 8

I ' ~ _ _.! ,.N f '* i t '. . . f,
4

.
iy

m
-

. ' _ .
i , _7. .+, dd_4.4 _.

4, _r ,2
L

,

,4...__1l .i
mm ,1

, ,. - r +N
, ., %. :i

u. .
,

.D .._. .i_._r _i
4 .1 | ,

;

Lg; - .w . f_=__.... .e.:
-

M: i - i , ;
i r -

m . _.
t 4 + -__--._p.--.-

-

, - _ (_.! g . . it f _ . 7 _.i ...__s'.! I -m_. p - - - . 7 .i. - 2. _. ..J _ .5
- _ _ . .

.
t : I.i I -

_. .. _l ,.. !. !.l- .i..
.

di ' : 1_i _ -_ ;_ L;.~.! _ . _. ._1 _ u .___ 1- -. . ._, a_:. L ._____
, , .

.1! l

y
. '

.___.i._,_.. - -

t -
- -

; ; - - -

t_ M . q _. . _ q Li- . ;.2 .. . |'.._. ._ . N . LLL. yn
,

. , ;_ q [ ! L .._
y. _, a_ __: : _;_._._ . _ . . ;

| k +5
'

I I4 -+
. . i . .

'7 . r*-.
-. .-. . -:.

, . . 2 ..
. - . . ,

_.

I I !
. . , .

.
!, - . . i i

.
. . t. , .

$ ..... , _ . . - . . . _ _ , . . . i . . _. .. _ . . . _ . - - . _ . _
+ .

,, a
7

. 2 . . a, : _ . . _.

. . .. , . ,p <. ;
| .

. ,
.

| . .-....e i ,,
sa d t ..

. .

i, .
i,. .

.

40 ,.
,

a.
-

, . ,:._ ._. e, ,
- .

I
- . .' ,4

.. .

,,, ._ ___,_ ~ ~9 . _ . .
.a

. . .' * e
4 < ,.a'+ t, , i

1 4. . .
a- e , -

.... i. i j , .

_.i .. _ . _ .m_.L 3
.

r

. l(i-
! |

- :
) , > '

!
1 ,

> '

i
*

s)
.

t , 4 .
g 6 *

> > >
.

.

,. . , , .
t *

.

.
' t ; . ( ' i . ,

t| 4 : ,

; ; E ~

H ~

i
?+

i; i. i 1 - -- L
'

;.-
' - .- s _: : :_:_.L,_.;a__ ;.u___L.__

.

1] h. {: ' L.

. . * i ;

a .-- f, -.'q % JQ.'- .
i2;..

* _: __ . 3 - -
.:q .ld qi.) C

|-H .-i h I- . .+lii -

.. - 4

, - - - - .ff. . j,g ki f: ' ; .

h

-. 4
_ + . , -+-- ' i , ; ' -u,w : !i -

, . .

e' : ) ! : e . .yt4 r - . . - - - .i: !
-

4 -- . -- {!ie----m---m----
. * . -.t j i r

.i .I
x !! I-. . !-4,

.t
. .

! ;. e.t
# )

. 2
lc,' :. c !'

-

4 + r" l-! j--m---+ t

;j''
. -- .4 ,

_ Q-. _ ; : -.. . . ;
*

~

.

-f., : -

4h3:. -- N, " - t . j 2 '-W;
. .

c. O 4- ,-;"- '- - -,

i -"-- ~ - - - *

'1-
f.. . j

.
-

. .I
--- 4,..- .,

u ,. , i..e x . .. ., ,.
_. _ .

_ .,'. , . -

. , .

,.,P | 1
, , . ,

,
.

.
.. .

...

,

. . 6 # 1
- . -. . . . -

_t._.-.., . _ . . . . ,. ....
. . . . . . >

,
. _ . . ~ _ . . . -

. - _.m.#

( i j | -.- . - ,s _ . -*
. . j e i 4 . 6

; ) .
j ,'

. . , e a'

.' $ .

'

+v . . .. .
i f I 9

-
A |ft * ** * *

k $t
.

f *
i

.
.

. :
.

1
. y _ 4 .. p __ p: 7 ,__ 3 7 g % gfgo ; , % | f3,y-A gt-f3u -4_. n,fa

*j
_

- p __ ~ - _.k.__.--_y
_ _ _ _ _ ,

. _ ._i j .. f_ -
--- .- - f . -..a_.---_

a '*i i

__ A .___g g _
_

. _ . .

. __ _ _ _ _ _ _ _ _ _ _ _ . . _
. ,
4 .t.-._ _ __. _ . . _ . _ _ _ . , _

. ..__._-.I_;._.
r 5_1. 7 L.t . l . .- _. ..j_

g f9
-

-y e.. J.
.

.$.. .

.
t

. j

e 4 . c cmm ,L WS h._. _ _ J.. s 4 y. s.s H. 1, , g"
9

. _ _ . .. ._
. i + - -

-p

a 7i.. .y, :_ . a
, ,. . - - .q _ -ica

~. . ,v; , ..

t ~t
.

.. . _, ,.

a.g c. u. O T M i d.' . . _ . ' | ' i : -. 4

. j ,.4 . _ . . . ._..q. ,, ....j_._
.

.

. _ _ _ , . - _ __ . ... _ _.._... :
-- . *

; . . . t. ,

*

, - .
i

.~l-... _. . ..t_.....

- -.

. 4 .

. *

. 4 ..
. g

_ _ . _ _ - . . . - =_ _ .

. - _ . _ _ _ _ . . . . _ _ _ _ _ _ _ _ - _ _ . _ - _ . _ _ _ _ , _ . , . . . _ _ . _ _ _ _ . _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ - . _ _ _ _ _



LTR LO-14 80-069.

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

. . .

. . . . . . .
... -.

.

1. . -. l ,. , .,.

.
.l ....- ... . .,.,.. - . . . . _.l. _ ,

.,.. .,

. . . . t.. . .
.

.... 4.. , .. l . ... . ..
. . .

.
. . . .. . .

.. ..., . .... . . . . , . . l .i ., 4 .i. . . . , .
. . p

1 .i . ...
' '

.l. ..,
' *

.... . . ... . .,

|. !. . i
'

1. ;- .}- ''
. . ... , . . . . . . .

.M'}: '

. ... . . . . . . . .

.,, ,' . -j ;
.

.
t

.. . ,. .... . . 1. ..,,. .... ,

.{.
,
. . !. {. l_ .

g
, .

; I: '| 'l I

. . ,..4...-y ... ~ . .

.. :||- " ,;, -r. .. . . .

., .l'l 1- . . '. ' . ; e : .;...I'' -' *' :l;
| }

,

-) .l.. I

,

..

. ,. ... ....i.
, . .,.

.

..., .. . ,

.l. : ..
, 4.

, L . r . . . .. . , , . . . o. . ,, . .
.. 9 . ...,..r..

+
!.9..,l.!... .,l.. ...I,,... .,, . ..... , . ... ej

,

. > ...
i !

,. : - .. . ., r. - . ,
.

. .t,. .

i. I i: . . .- -.... ...
. , .te.

.

i
i. . , -- .~- . . .l'.

.

.

f. 4 ; .,.: ; :l.; .==%.
h'

.l. .|. ' 4. . . ....!.;''
.

...l..

'

.

....I .
t,,....

g .

.i.
. 4l , .. .. .

,.t.. }I
.

.i. .! ,
..

.. .a . ,

.. 5,.
... -..

. ,. _...
... ,.

| g. . . .._
. . . , . .,. .. ._. .... ,.

, .. ..,.g... j. , ,i ,...
.. .;.- . ,.

, .. .

. _ . . . .- .... ..... 4.. .. . ..
.. ..... .i,...I.

.. . ,,, ... .
1. ., . ,...f 6..,... , . _ . . . ... _ I

.. ,
,.4.

, .

. . . .,..L . I . .l, ...
, , . ,. ,

....1.,
.l.,. . . , ., . .

5

, . . . . . . .
: ..

.

..g. ., . . . . .

. ,.. ,.1..
.

, ..
.g ........l.

.

.i ....
.

,.l,,...., , .

. s. . .

.l.
.

.,.....,., .. . .
,. . , ,

.. . ..i l.
.... ,. ..... ,

. . . + . . .(.. . , .
L1 4

..

... . ,. .... . , . . . . . . ... j
. .,.

. 11. .
,, . .{ . .

.1 . . ., . ,I . ... .
. .i.

.t. 4 ... ..l.,..
. .,.

.,. . ... ... .. 6,., . .

....l... . . .
. .....

.

. g !. . .
,. ). ..

. . ,1. . .i. ..
... ... ..,. .. ... . -. . .. .....l.-.. . ... .~ .. . ..

... ..!! . .

.

. 11 ..

. . ,. ,. . . , , ,.. . , . ...
.

. ..

.l .. ..l.. . . , 0. .. .. !,... , ..
,

..... .. i

, .... . ,..N7 _ ,. ., . . . ,. %.-.. . . . . . . . .

,
.

.I . .. .. .
.. . , . . .

.
,

..... , ,
i.

., ,
.. ... . . ,. . .

...
. L ,. .I .

.f..., .. . , . ..i..
,

,
.. . . ,I. ..

...i
. . , . ..

-r
, .f.l. 3

..
*. . . , . . .

, . ,
. G

>

.e
i.

..i
: . . . ., .,

.. -
. .

. . . , . , . . ,
, .

, . . , . . L

. l ,.. . . .
.

-,.

., i. . .
-

.I, . ...,e.
.. . ..

.

..l,.
.

1,,.| ..... .. r
....i, .j, ..

-4._....
!. . .. , , . . , . ,. . ,, .46. .... p....i .1

-

.
.

i

. , . , . . . . . . .
.

. , ..
+. ... ... .

. . , .
. .. .4

,..o. .,l.,..,. , . . .
, , . .

,., ..
. e. .1 e.|. ; 9......

4 l .....,,,
...

,.||

. . .,.. .,.. .
. .l.4....i ..l

.
,.4, .

.. ..

. . J... .. _.
.t. ..i . . . .i.,

.l ...}
..

6.. .

..e..i ,...,I...
.. e. . - .. , ..

. . .
, .

1

. . . . . . . , . .. .,.. ,.,... .....
; . ...,

.

4.... . ............ .. . .i,. .i,.
,,. .

1.., . .. ...,. .l .,....g. . < ...... ...._g..,g...!,.... . . .. ...
. . .. .

.. . :

. _.. . .. .. l! . . . .
., .

.l. , . .

.,l I+ .i i. ..!. ...

.t. ... .C.
.. ..

..... 1...
. .. ..

...J'
.

. ....
.

9
is..;..s...L,.

g , . . . . 7, . , .
. . .

. , , , .
.

. . ! , , , . , . |' ., . .
. D1.. , .., . . .. .. .

..
. . . . . .,,.. . . .

. . .
.

.:
,

. ,

. . .

..,,.i...l

-. . . , .
.

. . . ,.

..c i...
. , . . ...., ,.,...

. _ . .

,.l...,,.,._..,_
.

l,- . . ,..g ..!. .i . ...., I. ...

.,. .
...

,s .

. . l i. e ..... .~.
.

; .
.. .. - - . . . . . p .i. ,

,1.
.

6.
... ..,. ..... ... ... ....L......... . ...

, . .

|.,,.....1.u,,... .. ..,., .f .,

..

..a.. ... ... . .
. ..

. .
.l..,. .I....l.... . . .

. . ..,,.4
l ,. . . ..|. ..|.

.
,.p+

..

4 .. . . . ...

.|.
. . ... . . .,,. . ..

., ..
. .. , ,,

.., ,.,.,.. ,,, ,, I
. , ,......

.. . ........ ...,.4...

+. .. *
.g ,].e .a . , .,. G:

..~,.1....L.....,..,.., .i.. .,., 5 .. .. .. .. . w. . . | .
. . . . . . . .. . . . .. , . . . ,

i . . - ~ ... .. ,

.l,.-~.+. -...A,,+..
.., ...

-.s,
l .

..,-a.. , . .
4..

, . . . . .
.

. i. .
.t

I..+~. ... . . . .....~..,....Q
*

..I. .. .
. ,....i...... .la ...l.

- ., .-- +

41
.

.I.
. . .- il.i.... ,

6 5,. ,

I.,.
.

.!

. , . . , ..
,. .. pd.

1 . , , , . . .

,. i-,.

. .l.. ,1 . I 6 ;..,, l e. .i. ... ...l . ,4 ., . . , . ,. , . , . . f.
..i .....

..LJ. . ._ I . J

.i. . l .s . .. 1
: .

.

. . .
.......!..

..,

. . .. . . . . . .

..

l. . ...... ,i . ... . . . . .
. ...

., ..
. .

.., ....,.l.g.. .... .

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

- - . ... . .
.y., . . ., , a . , .,

,., . .. , . . . _ . . .
..... ..

. : - ....
. i. . , . . , , ,

., .

. .

. . ,..p.,. ., ~.

. . , ..

.,
. . . . . . .. . . . . . . ..l.-..4..... ......

.4.. . . . . . , ._ , ..-..
. .

.a..I..4.,..
.. ..

. ...,, ... . . .
.

,

.. ,! . .. . . . , .
all..1s. 1 1. .iJ,.,.,,f.,.,.

. ,. ..,.

41 . . ..t.
.

l 6. . .

|...I. ,..,1.,.
."*I.

, . e .. . ... I.. .,
.,

[ .,. . I,61. l...
. i . -.i ) .. f. , .... ! ... 4,a -9-..+.i...,...i .

..
f. 4

- .1 l. .. . , . . .
.

. . .w ,... ,. .

o. , . l
.. .

.

.

1

, ,. ...
.

.
a .

4.

.

. .-
.

..4 .. .+ . .... .. . . l . . . . . . . } .1. ,, l. . . . . . . . . . . . . . .
..m.

, . , . ,.. l.t. .....,...
. . .l ., . i . ,. . . . . 8 . l . .i l , , ,.ll..|Il .!... . . .. .... 1

. ,.

.. ..., .. |4...+ .,

*..+ 8 u.
... ..

. . . .. . .6.. . . .
.1. tI., .

-

.l ,1. ) * ...- .l...,
.,...

l.,. | 1 ! .
...

l .,. . l . . .
. l ,

.. e .t. 1
.i 6 ....i . ., ..

4. l. l. . . I.
.. .e.. , .. .!.- .l

- , . . .
. ,.,|,,

. . . . .o.l ..
.. . ... . .

. 6 : .. ... +.-.. .....4 ...

# 1..l. ..
. . ,... .... . . .

..l...... . ' . . . .
.. . . ...

, . . .. .I.
.

... .. !

.l.

... ..I

1. i .1!..
. 6 .''

!. ....l..'.t.. 6. .'. .. t
- 6 ..

. .it..
*

i...s
(..,

>. . !.* -

l .. .... . .. .. . ...s.. ....l.. 4
.. . .......

...l l.l .,.
.. .l..

..!

. ., . . . .. .. . . .
.

.. .o..- .. ...
,. 4 . ..

I
..

.,& 1... ..
.

i. . ., . $ .i . . . 1 ... . o. .
,

. i k. ...

,.. ,. , j ! ,;
.. ... ..

..l.. .

fI ;.l.....A..,.,. .e.4,
.

. . . ...-...u.Io . . . ~ . . . . . , ...l. ,.lll.
, I.. .... .... ..,,.L.. . l!!. . ,.i.. .. I... ..

. . l ,. l gil4l..s.
..

.! .

. . . . . 4 ... ,.....-
.. +t,

1

.

.l.

l..6

. . ! i . . f. ... . \. .I.
: .., e

.t . . ., , I ...46s1.....
..!. .,.. . .. . , . .

. ..

II . ..l.! . ....... l.
.

. . e ,1....... e ., 1
. ,

..

.
byn 3 .. . , .

- .

...

.... .. .
. ~ . . .< 3e - e. .

... .

. i.
. l. . 1., i. . , ,.,.,.l.

.. % .. ~., ,. . . . , - -

- u .. . . k..
.

m w ~- 1.. ! .

t..
. ..

. .!I.. .
.i . 4

. . . , , .
.

.... , . . -., .

. . . . . . .... . .m- r J. ,
, 2 6.4, ..

.
.

...,.l
,

...... , .. ... ...
.

, .
...

t . . ... ... .
l..

,

.. . , . + . . . . r",.'N , J, . .

. . . . .
. . . . . . , . . . . .

.
1.,... , . t

- .. .
. . . . . i

.f..),..,,
. .

.,..
f....... !.1...,lf. ....

. . .,l..
. . . .

1.,........
..

.C.. .

.

...l.... ....it..
.

. . fl.4.....l 1
. ..... . , .

....1. . . ~ . ..... , .. .t...

. . . , . , . . . . .. . . . ., -~.. . , ..
-,

.t.4.,
.. .., .,. 1..l...

. . .| .
...

. . . . . ..~ ... . _ . . . . . . .....

.t. .I..l
.

.

, ,

l.
.

..
.,.....
.. . . , . . .I.

..

..! l.11.
. .,.,.. ...... .

,.
.,,. ..

.j.4.
., .

. . , . .....l. .... ... ..., . . . !
.

,i .
. .. a

....h.. .~.||t.
, ,

.

1..
.. . 4.

. . , . .

.
1i

.l...

. . ..i. . ...

,. . .. .. , . .l. ..,... . . . . .

l.l.... 1.f.3. .i,..
, . ..

:i .... . . . . , , ......... . ,. .

. 14 !.|. . .. ,... . . . . . .
. . . . .

.

q

. . .... . . . . l6...... .i........ .. , . .. .. !... , ..
.

6

, .. ... ..
.. I,. .,!

.. .
.

. . . . . .
i...,. .

.

..4w., . . . , . . ....

.i.... . . .
i..

,

. 1, .

. .... ... l.. i...., i.. .. .. ,.., .

....
. . .. . l.

u .
..l!.

.l.
! s!. . i.

,
. ... .. ,. ..., . ..-..

. .. . . .

., ,. .. . . . . . .a ... . . . . .

...,Tl,.
,

... ,.,.

.

. . . , . . ... ...,.. ,.
..

. m,

. ..)........
. ..I .l4.. . . ,.

... l.| ... , a.
.. .|- .i

l. . .. ! . ,. l ,. ,
. ..

..!., . . , ,. 1.:
.

.. ..
4,,.,

.. .... ..4 ... .,p.
.. .. a e

, 6.. ... .1 .. 1 i .. ...... .. . .. 1,.i . .

i. .. . . .4

.
. . i. .. . .......l ..

.I.|.6.,..~. ..,l
..

< ... . . .. ..,. . . . . . . . . , .. . , ..
. . . . . . . .

. . . . , . . ., . . ,
. .

..
..Is .l..

. .. .. .... .,

.. .l..
, . .

.. 1. e.. . . . . ,+

. . .

....!
l. ....,

.

,. .. .
..,1 ,.l.

. . .

.

. i . .l .,. .... . .. .. ,
.l

. .
, . . . . ....... . - . . 4.. . ,-t

..
.! .s .

... . ..

.
.-i 6.

. . .l..
. . .

,
. .-

..l. . . . . . ,. ...
. ...,

.. . ...., 4u ...
.

...i...
.

.. . . 9
w. .i ,.

..it ....l ..

, ,. - .. .. . 4..4
.,

. , , . .

Q.i ..
| ..

. .

...4..l...3...i. ,

l....
,

|
4

. .l,.,. 4.
.

. V..*... . . . .,. .

.il. . ...i.

s
. . I

. . .

i. . . .. - .

.. .i l. l., , ..,.
.!.., .....,.i._......,.. !l,....

.

l ...t...
... .. .,.
..

..
...j .

. ; . ,..
. , . -

..,.6....j.. , . .
.. . .

.4.
..,, i

2,,

,
. . . ..i.. .i . ,. |. ..l.. .. .

.i. . ..... .. .

.... .......~.
.. . . .t .... ~d . . . ..j. . . . .,,.m......

,-
,

. + , . . . ... .&. { s . ,. l
]

.

.. f., .

e.,
3y. ..

.l....i
.E

.
.g. g . .).

. . .l
4 ,. . ..

.. .. . . . . . , . . ..
6.. ' .. g. .,. g, . ...l- . . . . -

. .i
.

.. ..,.5,
. . . . . . .

i.. .! . .! 1.. ., .. .. ..,, .
4. . t .. l,. i. 1 1...: ....t

. . o...........
,.

.. . .-.... , ...,i. .
l l. .

I,..~
...I, ~l... .

. .l.,,, .
.g.,

.

I .j ..

. , . . , i 6..

. , + . 77

f.. ,.. , . - .
,

.. . ..... ... -. . . .~....4 . . . . . ,. 1.1. -. . .. . .
, . .

. . , . . . . . ~ ..nr. .. - . - . .

..,t..... . .
- ,..,

.

1

... 6 .+ 1 . .. . ,...
-

., . , -
.

. .i.
...

1.
. .,

.
. I.

.. , .

.

t
..

t. . ..4., . . .

....., .

. ! .,.
,- .

..
.-

d, l, ..
. , , . , .

1
. .

j . g . g . . . !.

. .+. . . ...., !. ...,.
.. ..i... .

...
. . T.,

.;..).
...., .. ......,,

.r
t .

.. ... , ... .g

... .,...... a...

.. .... .I .,. ..
. 6

,

. . ,, . . .....t... . .. . .., ,
. , .

. . . . .
.

++
.. ,....... - . . -... ....
-_ ..B.... .,.... .... .

_.4 . . .

..

. . . . , - . ~ -
.t.

.

4..+.

3...,... .

.l . . l ...!. .l ...1+....- ..~!..+.-.... . .
. + . -

.. .
..

... ... . ..+4. . . ,
. .,.i- i ,

l .-- . f..
., , .

''.~'..*'''...I.'.-
..t ,. ,,

' L.3 '. .
. .

. ....I

i .. .
g... - .i ....'w'.i.4. l.4. ....

.. .. , ..l . . ., . .

g.....'.'.'*t.'.''.'.......,. . . ,.
,

. . , . ' . . ' . '
. .'l.... .. . 1 .

.t.

. . '
, . .. . .. ...

- . ....t.~......,.... e .4. . .
. . ....4.. l . . g . . ~. . u. l . .

. .+..- . . .., i..-..
. .... t. _1 .i. .. , . ..

.+
. 1 . ( ,, i. ... , .t . ..........,

..., l .i.., .. l.

. .. ..
.

o..l... 4.e.|!.g.t.
.

..t .6.. .,.. . . . : 6

. .... . . ....!. l.t, ,. .+. ...
.

..l.i..
4.-

| ..
.t.l.

.. .

.t....o..... , .. ..> . ... . i.
.

.t. . .. n... . _.. . -

. .,.
.. 4

i ...

.i T*. .. ..... . -,,..
... ..

.

1.......
_.... ... .. .

~ . . + ~ .

... . .
. . _ :_ ._.

...4..~....I.. . . . + . . ,. o....
..

.... 4..~.b .. ., .
. ..!

... . .t 1..
..... t...l..

. ..,
.

. ..

1,.,I

.I .1...
. .. .... . .. .... . ..

.

. .I . . . . . l .: o. . .. .. .., ; . .l .i
.-

i, 6... . . .... .
.l..

.. .
!, . a. . ..l... .

.... . . .....I . . . ..

. .
. . . . .u.

.

.,...,o...
.. . ... .

.6 ..

..U .

... . ...i, . t. ....
.

. . . . .. .+ .. . . . .
.

... +. . ..t 1,..
-

.- ..
i

.

1. ..-.
.1.... ...

..,il ..... ... 1..
. .r...

1.t..
.i

..i.
,

..l.l..
. 1,-.. .

11.
. . . . l . 1I. ,. .
. ...... t

..

..
..!. .i:1 ..... ... ..!. .QJ

,

......
!

.

!

i . . . . . .4 i...~ . ..,

!. .,...i+.I.. . , . .Ig.1
-.. ..

.

.. - - 1. .
i .

1.,
. . ..

.... i

... .. . . .. . . . . 5.
,..,

... . ...
. ...

. .-i. *.. . - .
.. ... .. ..

C. . . . . . d ')
.-

...l -. .I..
,. ..._t .. .. . 11.. 1 ...i.s.

... . ., g
. .

D i . 1. .r .;..I.. 6..l.e . .

.J .. ,j.. l... gen..
.. . .!- .

. . i.... .
,' -

.,.i. . , . . ,.t. .. . , . , -
. ,.. ..- . .. .

.f...
...Q.

!
4 T.

. ; . .

, .
i. g . . . #,-. .

i
.g ..

.

.,
. .. . .l,.C..-

. ,

. . . 4e..

,.s....
.. e.

. . + . . .
,

1. 0 .. . . . .~ i t -
i
.tn,...,. .. ...s*6.l..-

.++ ... ,. . l ..,. .. . .. .. . ~ . . .
-

,...... .,..
. . ..... . .6.s.. . ..

. .. ..: .
; , . .

.i *.
.. .I , g . .

..
| .... 4 . l.

|...!.
.. ' l...

.. - - i
..... -' .6. gy

1.
*

f.'3
. . . . ..,l

.. ....

..l
. U . 6 .u .9..|$.......

..

..-..,.I,6...=.+...i.,...l..,. . ....,i..
....

. 4.. l.i.
, ...

(.t.e..
.. ...

.i . . t .
h.. . . . .

...l.. o.,. ..._4

..t.... l.. ... . t
.

- ... ... -

. . . e. e ! ..>

.

...I ,. l. j |. -.. ..- .!... . ,..
| ;f:

: t' .! ' .' . g ' .,i !. ...
.. .... ,.. ., .. g. .. ,. ..

t .i . .! ..; ! _' ! h t . . ... ' .: .: 1..! .: .' . . . ' . i,' ..'g' u! '; j fl.; ,'' . ..' '
1, . . .

. . .{ .O, . . A *D. . . W. . . ., p *
' '

Z,D p.:. ... . ..

...-.

......,I.:
, . . . .

.i,..}... .......

. *
..... . . ~ . .

. .

, , .,.,,,8......
! ..... .

.t

. ,

,1
.t! ..

. ..... ......g...t. t *, l l , j. |..!||6 . t t ,o ; , a s.
. .,. i., .

l,
.I , ,. t. . , ) t..t., p . e .l

q.
.. . _ . . ... - ,...

,

. . . . ,. . . ..
u...

.. . m.r _. . 4., . .
,, .i. . . .. . ...II, ,

.
. . .

. ..L,- . . - - - . - - - , ...
i

| 12
' s

, . , - -



_ __ _ _ _ - -

i

. ;,. _. ., . .;. .

_ _ ~ . . . . _ _ . -. - . . . -- LTR LO-14-80.069 |

4

, . . _ _ . . , ~ _ . _ .
-- - - - . - -

|
.

' . , . ;. ,

I
.

. 1.Z | 211 ; . . . . . . . 14 . ' . = .- '. . _ L' l. ; ...
a

:t
' 'I .

- . . - . ..4-. . , i
g

: |
.

-

1

. _ _ i._ '
, . _ .. . ... _ _... - . . . ..

_.-.. _.... |j r

i t.
. . . . . . . .

. , ,i .. . n'

. . _ . . , - _ . .. . . . ..-'"n..-.-- -

,

. _ . . . . . . _. I.
.

. . .} w... .. . . + . . . . . i

l. . . . . , . _ .,

,

I
.

p
- . - . . - .} ;

,

. .

|,~...t_....
, 4

;

. ...... ...
. . . . 4

, ... . . . .. . . . . . .i. . . ~ .- .. . . ....t
. . . . , _ .. . . . ._. .- .H, . . ._ . . . . . . _ . . _. .

, ,

. .. . , . .

e.n. -.
. .-

.

.|
.. py , .?

*
5 '

4
.

ig

j I - 1. ~ ' . . . .

-.. . . . . . . .. ... .. ... %),..d..
'

s e
.

..l_ ...
.4

s *
v.. - .

d, ..: ' .s no. . ..._..d. I

< ....... . - --- . M" .. . . _ . - , . - . . . . - ._.
k. :_ p ..

.

. =*
. . ..

' * : n . . . . - -" .! A. :*--. : 1 : * . . ' . . :* . . . . . . . ._i...** ' .: . . = =:= . ..=:;.......*
~. . . .

'

. ' - - '- * - : }' -' O
-

b .....-.+a.a.

:{ :?~ ' ' ! ~.C .
'

2 I._.. ....."Y...,
__. . . . - .- i ; e._ . . .' .

D, * ,

m.___. *

i
|

*- N'M -
-

.3
. . . . . . . . . _

'

. ' . . -.. .-..!^...._..!_. ...._. '

*.*:. *

,

! - .
.._ . . . . . - . . . . . . . . _ 4 . - ..- . . .. _... . . . .,) ,

,- . ., ,

.. ..: = :. . ; . -
, ,

,L.. - . L,
. . .

. t
. _ . , .

i . -- '

.. ,..

. 4

. . . _ . . ' . C. ("3 . " . . . - . _: ~ [
;

- - - .
.1 .7

. .~. . . ~ *. .. 1 .1
_. . . . . . . - . .C'.. . 1 * il "I_.. . l.C = . _ . .

'

.
.

..
.

. . . , . . . ,. I .
. . .

. . .

...__.e.._..c,.

.|. ..

.,
.

. .

-.,
. . .

.

.m. -_ . . . . * . .. . . . . .. .4 ,

}
- . . - . . . . . - -

. .

..' - .g '~~' ' ' '' *' . .. . . . ::. '. '. .Z..I* C . .. . . , . . .R.1:.1. . . - y ,J.
'

,..

k. .** C '._ f *: " * . : .. : . ' .:d' .? n.n.
- ^'''.t

- - - " " ~ . ....
%.

' (J'"
...

"*
.

. . . . ' ''

. Q _ f.
h.i * *.,

'
.: ! .- . :. . . - -

: =:. n- .; 9"*-,, . g . , ,s
. ;;_ - _. -. 11.1 G' 4 . . . . .

' - .~ - . T . . -. .
_ . .. . _ _._. ,g

. ...

- - _ .: *~" ~ 1. 2_....

. . : . 4 [d'". . . .
. .

in :!
.. >l. : =. :

-

. - . . . . . . _ . . _ . . =.

.

V ,.
,

. . . _ . . .i..
. . . i. . . . . ... . . . - -

.

. . .

.
..g ... ..

% . . . . _ . . .(. . C] .:
. . . _ . . . ...... . _%.

.- .

'| 3 f'J I'N.
.. .

"

a -
., . .. - ! ,

%.
.

. . .
,

*.
..._...,s. . _ . . . . . . . ...... ._

s . .*. . - . . _ . . - . - . .

4 .. L
*

. . . . . . $. . ' ' .
'

.. *

. . . . .. . ..
..4,

.. .. .._.'.'M.* .

.

: * o'. _ . . . ... .-

. , -_ _ , . . ' . . ....- ~.. _. ... . .. . . *.. ... . . .

...1 . .1
. ,.. .n,4

. .L . . * -s. . . . . . .i+-
.,

.1.
.

-- _.c,,. ...d.._. _

. -

.. t,g
.

...

*

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

9) .. .

.- .. ...
. . 4 _m ... .. .

. . . . ..f.
*

.
. ,n.s

.

.g.
.....

. , .. .

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

. . .. e.. * * * . . , .. . . . . . .
......~..+._.b.

.. . .e. . . _ . . . . .- . . ...
..

e . . - . . * .
.

, ,
. . . . ,

M [ ; . . - -
. . JJt.

( ~.

f, .,. ,, . . .
.

g $ "*-- - *

.1 ,. . j ,.. .'l | . .-- .. =- Q .
s./ ,g.,

C*
a. ,

.. .
. .

,

\ .'I;. 2w' *
=* ,

, .... e,
. . .

- . ..._- L . ... .. . . _ - . . ,, . . , - . - _ .. . . _ -.,..-1g

.

_i_
- . . . . . . . . ..

_. .. .. . .. ! . . ..
.. .....- ...

.- _ _ _ - . . . . . _ . _ . . ..
. ~ . . ..

,.

.!. ...

.
i

-

,

_..a..j --< .... . , . . .
.

bg,.
r .

<

-i. .

.. , - -
. . .

-

--'

i
-

! . . ' ' ---'~;. ; .r.; -

' O. * .: .. _ h_' _. \ * * ~. .=_e . m_ . .

, .. y
__, _ ,' *

i ,. .. . 1.-.... .. 1._ .....
. ,... . . < . . .
. . . . . & . ._ W . .|

n.
~. . . . _ . . . . . . .

.

. , . . . -. __
. . ...-.

'

.,) .* # - - - j .

;
. . .. . p.. . s,

. - -".: --
- ; - P. - ,

.). . . .. ..

,V . .
-

..<-.
... . . . . , . - - ._. - - . ., .

. - - - . . , . . ,........ ..

.. s

_ %e
~,..l..... .,.

.

.... . . . . . . . .

.--........l......... . . ._ .... . . - . .
., . . ... ..... . . . .

. . . . ......... .. . e

7.- -
s -. . .;

. . . . . . ..a - . . \ . . .. - . . _ . . . _ . .. _ . . . .. . . .. .._6... ....C
.. . . .

.

f. . . . . . ~ .
."|

-
. _.. - - _ ..-

.

. _

|
.. .

i: .:.-. *.!..
'

| : : '

... i .[

.

*
, s. -

.. .

- *: =.. : ;. . - .-.'1,' . ... h .f.+ , . .
'

. : . 8'. ..
.. ... ...

.g . . . .

"_ - *

o,t . * -#$
.. ..

'

t :| . .. (;
.t. 'g

.

i'
I,

. . 'Z. :. . _ ... .
/* . .

.

,.
. . . . ._. .

. ., . . . . #).._....._
, . .j . i .

. . . .. . . - - . -
..

. . .
-

,

f.... _ C_. : 7 - -
_ , . - - . a,.,.. . . . . . . ..~ __. .

.

.i CQ..
( . ' . ' '. ; ..

; a _

= sfl

1 g; . . . . .

t. . -

, s. ''.-- . . - -f" .
>

.

, ; .fy -

,. ..3- - . _ .. ... ;- . . N.s t *- *

[~

. .}.....
. , C--. . .. . . - . . _ . . . .y .. ,

l.. .: .
.

. ....L- . . - - - - . . .... . . .
=* ,

,Q
*---

. .h. . G . . . -~ j, -/= '
.

.

* - D. .~~~.....y~... 3- s.
, .

... . &. | . :: .5. '). . . ' {r ' qY-
'

,e , s. ~ *- -- *~*--
-

3-- + - - -e
.. y

. . J
. . . . . . . . . . ..
. - . . . . . . . . . -r.... .g~

..t. ...'.
p. ., .. ,

[. .I ' - . - - -.:~~C^--".'''.-..I..
*

..
,,

. .. .~.
-

- 7 ,- p ,
..,

,C. i - : I
,, _

I' - -a* .

,fg, ,. .
+ - -

: c, . .: - t .

- - - - - - m' , ,,

. . t . ,-,. _ _ _ . - _ .y. .

, g,
_._ .. - . .

.,3
.. .

..|*--- .

.j

. . - . - - _._, .. .
,

.
t .

, ,
.

. . . . .....-i.... -... ~ . ... . . . .. .. -.. 7....t
. . . , y..,.g. . . .

. w.,
. .

.

... _ .. .. I-.. . . . .

. -

,,- ....-

C,,_
. - . _ . . .

. . .

t
.

i
. .L

..
.

s. . . -..
-.tA. . 1.D.... .4. . , .

.

... ..

... . , ,
. .

. - - - - - - *

. . , , _ _. . . . ~ p-
. ;

; I. ,. ..

.s,

.' -~ - - - - ~ < f .. . ,

. . - . , .. . _ _ ; - . . - -
- . - . . . - * - t

--V'-/...(,.
,

.. s. . . . _ _ _ . . .. . . ~ . . . ..
. - . --I-

.

4....

..e .. . ._ . ...
..

. . .. _ . . .....
3 .. .

y.. -- - -

*
, - ;- {\

, ,
....-.~*..v - -.-

, - .y .3
''-#~

.
4
-

. m
*

. .s. .2 . .. . . _ . , ... . _''-" .. .sf. |.. . s(.' .
%,.M< , ' . !'' .

.c.d .. ~ _I ~Q *, e
, ..% ~~. Q : -

.'~ ~*

Q . _ L.. = _: . .. = _. - _ = . _ :: - . L - - ~ - - . - _ - - &( . -_

g

. ... . . . ..... .(', M ) ._a.M u . n * c A .TH . - -.: .=E... . .s .. -+

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

.

. . - .....-..-.
; .

... .
. t ..

-

. . . .
...

w _. - _ _ .&. . ....' . . - - - _ . . . . -. . _ - . -

1

s

_ , _ _ , , , . , _ _ , - - _ . . - . - . . . - , . - - - - - - - - - - - - - - ' ' - ~ " " ' ~ ' - ' ' " * * * ' ' ' ' - " ' ' " " "
_ '



* w- <n

LTR LO-14 80 069
.

-

2

+

0
* cQ

f MO m ~
3^

.E grw 6 g9 - ~

o 5U M r
e" eq f / / n- -e-

4m rt .u
/8 m' b y f ,/ )4

I 7' 2s ,

$ & 8 / g
/ /r u

aw g /j .. ".w
** 5 / F

~

$w mi b //gch N' e 8 /
-

EI R oo s '

XT .-
.

,

o ama

",,a
, # *

| e
- N -O

O ,

8$ *
Mo i c

r a
e w.

e 4
%h ' ou ..M - .

s {w m
\

= =
h Nan

*
r (

% ..
A

<> .-
t

.

.2

9
,,



LTR LO-14-80 069

APPENDIX B

PRELIMINfAY PREDICTION FOR LOFT LOCE L2-5

.
,

|

|

|

|

|

1

i
i

15 |

!
. . _ . _ . - . - - - - - - - . - ._ - _ - - - . _ - - - . _ . - - - - - - . . - , _ - - -



f LTR LO-14-80 069S',q E G a G neano

M INTEROFFICE CORRESPONDENCE
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PRELIMINARY PREDICTION FOR LOFT LOCE L2-5 - JRW-17-79
iaint

Attached is a report whith documents a preliminary L2-5 calcula-
tion performed by C. D. Keeler. The analysts sas performed

. using the same code veruon (RELAP4/M006 with Biasi's CHF!

correlation) that successfully predicted the early rewet behavior
we observed in L2-3.

|

| No early rewat is predicted to occur in L2-5, however, rewetting is
predicted to occur later in the transient after. accumulator in-
jection begins. It is concluded from this analysis that L2-5 will
be a significantly different transient than L2-3 and L2-2 due to
the differences in core flow behavior, which in turn are due to
differences in intact loop cold leg and broken loop hot leg flows.

h Your questions and comments are invited.

mim

Attachment:
As stated

cc: V. T. Berta
C. D. Keeler
L. P. Leach
M. L. Russell
T. K. Samuels
E. L. Tolman
J. R. White. File
Central File

A |

]
. a.

av t so 2 4
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PRELIMINARY LOCE L2-5 EXPERIMENT PREDICTION

A preliminary analysis using RELAP/MOC6 was performed to predict the
results of Loss-of-Fluid Test (LOFT) Loss-of-Coolant Experiment (LOCE)
L2-5. LOCE L2-5 is designed to simulate a 200% (100% of the break area
in eac'r. leg) double-ended shear in the cold leg of a large four-loop
PWR. LOCE L2-5 is almost identical to LOCE L2-3 with the exception
that loss of sita power coincident with break initiation is assumed for
LOCE L2-5, which requires that the primary coolant pumps coast down,
and HPIS and LPIS flows be delayed until after the emergency diesel
is delivering power. In LOCE L2-5 flows from HPIS and LPIS are set to()' initiate at 22.0 and 35.0 s respectively, and the pump simulator in the
broken loop is in high resistance configuration, simulating a locked
rotor pump.

The initial conditions used in the LOCE L2-5 analysis were identical
to those of LOCE L2-3, shown in Table 1.

Table 1

LOFT SYSTEM INITIAL CONDITIONS FOR LOCE L2-5

Calculated
Primary

Calculated Hot Leg Differential Cold Leg Coolant
Core Powera MLHGR Temperature Temperature Temperature Flowa

(MW) (kW/m) (K) (K) (K) (kg/s)

36.9 39.4 591.5 35.8 555.7 185.8

O, a. The calculated core power and calculated core flow are based on a
'b total peaking factor of 2.45. The actual core power and core flow

will be based on peaking factor measurements done prior to the
experiment.

17
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The LOCE L2-5 syste= analysis was completee to 40 s of bicwc:wn tire.
Conditions in the system at 40 s shewed that refleed would tegin at I
approximately 45 s. Since the hottest rod was ;redicted to quench j
before the start of core reflood, a RELAP/M006 reficed analysis was r,ot
perforred. The najor event ti es for L2-3 and L2-5 RELAP4/M006 ex-
;erfrent predictions (EP) nay be seen in Table 2.

Table 2

L2-3 A.'C L2-5 F.AJOR EVENT TIMES

L2-3 EP L2-5 EP (prelf )
Event Event Tine (s) Event Ti e (s)

Test Initiation 0. O.

Pu o Trip none 0.5
.,

HPIS Flow Initiation 15.2 22.0,

Accumulator Flew
Initiation 15.6 17.3

LPIS Flew Initiation 23.0 35.0

End Of Blowdown / Refill 44.0 46. (estinatec)

Accumulator empties 59.0 61. (esti atec)

Figures 1 through 3 snew cer:arison plots of L2-3 ex:erirent predicticns
and credictions from the ;reliminary L2-5 analysis. Figures 1 an: 2
sbcw systec pressure response in the :ressuri:er ar,d intact loop n::
leg res;ectively. The pressure traces free both runs essentially
cierlay until the pressurizer empties. Fro: that cin On the sicwer
depressurization of L2-5 may be seen; the sicwer depressurizatien
being due to a icwer het leg break flow, caused by the increased ; ump '

simulator resistance in L2-5.

.-
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e
( Pump speed is shown in Figure 3. For L2-5 the purrps are tripped, and

start coasting down at 0.5 s, the coastdown being modeled using a
variable-inertia pump model. Flow in the intact loop cold leg just
downstream of the pumps is shown in Figure 4. Due to flashing in the
pump suction, which started coming into play at 5 s, the flow rates
are very similar for L2-3 and L2-5 cfter approximately 6 s. However,
the difference in flow between L2-3 dnd L24 from 2 - 6 s is signifIcant.
Analysis of L2-2 and L2-3 test data showed that early rewts in the
core were due to more intact loop cold leg flow entering the reactor
vessel inlet annulus than was leaving the inlet annulus through the
broken loop cold leg during the first 6 s of blowdcwn. This mass of
water flowed down the downcomer and up through the core, cooling the
fuel rods r.J causing them to rewet at approximately 6 s.

This behavior was not seen in the L2-5 prediction due to the pump trip
at 0.5 s, and a resulting lower intact loop cold leg flow from 2 to 6 s.
Since the intact loop cold leg flow essentially equaled the broken loop
cold leg break flow during this time period, there was no early rewet
of the core predicted for L2-5. Figure 5 shows core inlet flow, which
is essentially stagnant for L2-5 from 3 to 16 s.

Figure 6 shows the broken loop hot leg break flow, which was lower
than in L2-3 due to the increased number of orifice plates in the

f, , pump simulator in L2-5. Figure 7 shows broken loop cold leg break flow,
which was essentially the same for both L2-3 and L2-5. Figure 8 showse 4

LPIS flow, which was delayed until 35 s in L2-5.

Figures 9 through 20 show predicted cladding temperatures on the hottest
rod in the core for three different analyses: (1) the L2-3 experiment
prediction, (2) a post-test L2-3 analysis using the Biasi CHF cor-
relation, and (3) the preliminary L2-5 analysis, which also used the
Biasi CHF correlation. The Biasi CHF correlation has been found to
give good agreement with L2-2 and L2-3 data in predicting the early
rewets which occurred in those experiments.

The hottest rod in the core is modeled by 12 axially-stacked heat slabs
of equal length; heat slabs 1 and 12 being at the bottom and top of
the rod, respectively. Figures 9 through 20 show predicted cladding
temperatures for each of these 12 sections of the hottest rod for both
the L2-5 and the two L2-3 predictions.

In the L2-5 analysis the hottest rod did not rewet at approximately 6 s
as it did in L2-3 due to the pump coasting down. However, the analysis
showed that flow through the core was sufficient during the blowdown
phase to rewet the majority of the heat slabs modeling the hottest rod
by 35 s. When the hot pin analysis was terminated at 35 s, only heat
slabs 3 and 4 had not yet rewet. It is likely that these slabs would
also rewet by the time reflood would start at approximately 46 s.

p
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APPENDIX C

FRAP-T5 ANALYSIS FOR FUEL BEHAVIOR IN LOFT L2-5/L2-6
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FRAP-T5 ANALYSIS FOR FUEL BEHAVIOR IN LOFT L2-5/L2 3%.a

BLOWDOWN - STK-1-80

Ref: J. R. White ltr to S. A. Naff, JWR-17-79, Preliminary
Prediction for LOFT LOCE L2-5, July 11,1979

In this letter results of FRAP-T5 calculations for loss-of-Fluid Test
(LOFT) L2-6 test with some parameter analysis are described. L2-6 test
is planned to be run with a number of prepressurized fuel rods in the
core, with one of the goals being to produce ballooned fuel. In light
of recent LOFT test data, this goal may not be achieved with conditions
similar to those of the L2-3 test and typical beginning of the life rod
initial gas pressurization. Therefore, applying L2-5 thermal hydraulic
conditions, and variation of the fuel rod power, has been suggested.

These calculations have been made with L2-5 boundary conditions from
RELAP4 preliminary predictions (see reference). Two power levels, peak
powers of 39.4 kW/m (12 kW/ft) and 52.5 kW/m (16 kW/ft), as well as two
pressurization levels 2.4 MPa and 4.0 MPa, are considered. Power levels
represent those of the planned L2-5 and L2-4, respectively. Lower
pressurization is typical of a pressurized water reactor (PWR) rod while
the higher of the pressures is in the range of typical end-of-life
pressures.

Results include the unpressurized case on both power levels which thus
represent the L2-5 (39.4 kW/m) and (modified) L2-4 (S2.5 kW/m) experi-
rents.

The rod with 4.0 MPa helium prepressure and 52.5 kW/m initial power is
predicted to burst to failure near the end of the blowdown. The 2.4 MPa
pressure rod sees a maximum permanent hoop strain of 1.6*. and does not
burst. Neither does the lower power rod even at 4.0 MPa initial pressure.

Some of the input data are given in Table 1. FRAP-T5 input deck is
shown in Table 2 (L2-5 unpressurized, 39.4 kW/m).

.
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Axial power profile and radial distribution of heat generation rate in
the fuel are seen in Figures 1 and 2, respectively. Rod maximum power
versus time for both power levels with decay heat included is shown in
Figure 3. Decay heat is assumed te be proportional to the steady state
power. RELAP4/M006 surface heat transfer coefficient history is given
in Figure 4. The prediction suggests quenching to take place from top
down to segment number 5. Thus, axial segment number 4 provides the
cladding with more severe thermal conditions than the peak power segment
number 5 does. ~

Calculations includc six cases; i.e., prepressures 0.1, 2.4. and 4.0
MPa, all with 39.4 kW/m and 52.5 kW/m. Cladding surface temperatures,
cladding average hoop strains, fuel surface temperatures, fuel center-
line temperatures, gas gap thicknesses, rod inside pressures and gap
heat transfer coefficients are given for segments 4 and 5 of each case.
Results for 39.4 kW/m unpressurized case are seen in Figures 5 - 11.
s,'ladding collapse is predicted (Figure 6). Different clad temperature
behavior of segments 4 and 5 due to quenching in segment 4 is obvious
from Figure 5.

Figures 12 - 18 give results for 39.4 kW/m po,<er with fuel pin pressurized
to 2.4 MPa helium pressure. Clad temperatures decrease slightly with
increasing prepressure (F.,are 12). Cladding strain essentially consists
of thermal strain only (Figure 13). No collapse is predicted. The
effect of cpening fuel-to-clad gas gap is reflected in the heat transfer
coefficient in the manner seen in Figure 18.

In Figures 19 - 25 results for the case with 39.4 kW/m power and 4.0 MPa
pressurization are given. Creep / plastic strain contributes markedly to
cladding total strain after 10 s (Figure 20). No burst is predicted.

In unpressurized higher power (52.5 kW/m) case (Figures 26 - 32), maxi-
mum cladding surface temperature of about 115 K higher than with 39.4 kW/m
power is achieved (Figure 26). Cladding collapse is accordingly predicted
to occur somewhat earlier (Figure 27). Fuel maximum temperature is
390 K higher than with the S wer power.

Introducing 2.4 MPa helium pressure in the 52.5 kW/m case leads to
results depicted in Figures. 33 - 39. Cladding sees a permanent hoop
strain of 1.64 by the end of the calculation.

Results for 52.5 kW/m, 4.0 MPa pressurization case are given in Figures-
40 - 46. Cladding burst to failure is seen (Figure 41). Differential
pressure of 5.6 MPa over cladding is seen before failure (Figure 45). In
FRAP-T5 a probablistic approach for rod failure is assumed. The proba-
bilities of rod failure versus time as returned by FRAIL subcode are
given in Figure 47 for the analyzed cases.
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Finally, calculated clad temperatures in pressurized cases versus
the differential pressure between the coolant and the rod inside are
depicted in Figure 48. Clad burst failure limit has been included
for reference. The figure suggests that 52 kW/m case with 2.4 MPa
pressurization is not far away from bursting, which actually might
have happened if the analysis had been carried on a bit further.

The calculations with higher power have been performed with the same
L2-5 thermal hydraulic conditions because these are the only avail-
able so far. Cim<ated power should have some influence on the thermal
hydraulic behavior. More appropriate boundary cor.ditions would ob-

|viously increase the propensity of the rods to balloon,

tc

cc: L. P. Leach
S. A. Naff
J. R. White
Central File
S. T. Kelppe File (2)

|

|

|
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TABLE 1

LOFT FUEL ROD DIMENSIONAL DATA

Fuel pellet outer diameter 9.294 m

Fueltocladgap(diametYr) 0.190 m i

Clad inside diameter 9.484 m

Clad thickness 0.62 m

Rod outer diameter 10.718 m

Fuel pellet stack length 1.680 m

3Fuel density 10126 kg/m

!

(92.4% of T.D.)

Pellet end dish volume 1.9% of fuel volume

Plenum volume 5.38.10-6 ,3

Fuel surface roughness 0.64 u m

f Clad inner surface roughness 0.41 pm

|

|
|
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