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SUMMARY 

LTR 141-80 

The s t ress analysis and evaluat ion o f  the drag-disc tu rb ine  t rans- 

ducer (DTT) shroud and cover welds used i n  the Loss-Of-Fluid Test (LOFT) 

f a c i l i t y  i s  presented i n  tabu lar  form. The LOFT DTTs invest igated are 

e i t h e r  cu r ren t l y  i n  use o r  are planned f o r  use i n  f u tu re  experiments, 

both nonnuclear and nuclear. The purpose o f  the analysis was t o  deter- 

mine s t r uc tu ra l  adequacy. 

DTT shroud and cover weld locat ions,  numbers, types, and areas were 

obtained from Aerojet  Nuclear Company (ANC) Drawings, Nos. 207726, 

Rev. A; 204600, Revs, D, E, L, and M;  204645, Rev. K; and 206875, 

Rev. 0.  Some locat ions and areas are based on in format ion i n  ANC 

Q u a l i t y  Discrepancy Reports (QDRs) and analys is  as referenced i n  the 

tab1 es. 

Hydraul i c 1 oads were determined f o r  both nucl ear and nohnucl ear 

condi t ions "sing a x i a l .  and cross f l ow areas and a drag c o e f f i c i e n t  o f  

2.5. . . However, t o  a l low f o r  the sudden load app l i ca t ion  dur ing blowdown 

on the DTTs i n  the blowdown loop, an add i t i ona l  dynamic load f a c t o r  o f  

2.0 was appl ied. 

Thermal loads appl ied t o  the shroud and cover welds due t o  

r e s t r a i n t  o f  d i f f e r e n t i a l  thermal expansion between the shrouds and DTT 

body,. and the . covers . and DTT body were determined by using an average 

temp,erature d i f fe rence  between the shroud and covers and the DTT body. 

The requirements o f  the ASME B o i l e r  and Pressure Vessel Code, 

Section I I I . o f  the ASME B o i l e r  and Pressure Vessel. Code o f  1974, for .  

Class I compone~ts ' were used t o  evaluate the subject. welds. I n  those 

cases where s t ress leve ls  exceeded the . code a1 lowable, , a simp1,if ied 

e l a s t i ~ / ~ l , a s t i c  was used t o  ob ta in  the fa t igue  l i f e  o f  the . . 

weld.. This procedure was j u s t i f i e d  since the thermal condi t ions and the . . .  
. . r e s u l t i n g  stresses met the appropr iate c r i t e r i a .  
. . . . . . .  

. - 



The r e s u l t s  o f  t h i s  analysis may be found i n  Tables XXV - XXV.11 

summarizing the s ta tus o f  LOFT DTTs. The .meters cu r ren t l y  i n s t a l l e d  

and/or planned f o r  use i n  Experiment L1-5 are deemed s t r u c t u r a l l y  

adequate, pro.vided a modular u n i t  i s  i n s t a l l e d  a t  the PC-1 ' locat ion.  

u s e  o f  modular meters i n  the plenum and downcomer i s  recommended w i t h  

Core I 1  f o r  f u tu re  ' loss-of-coolant  experiments '(LOCES). For ' nuclear 

experiments fo1.l owi ng L2-1, i t  i s  recommended t h a t  modular DTT u n i t s  be 

used i n  a1 1 p i p i ng  locat ions.  
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

Those meters current ly  i n s t a l l e d  and/or planned f o r  use i n  

Experimqnt L1-5 are deemed st ructura l  l y  adequate as presently 

fabricated, w i th  the exception of the PC-! location. Analysis, using a 

modular u n i t  a t  P C - I  i s  included i n  a separate repor tC9l .  . . 

Those meters current ly  i ns ta l l ed  i n  the plenum locations and on the 

downcomer instrumentation s ta l k  (1ST-1, 2ST-1, 1UP-1, 3UP-1, 5UP-1, and 

dummy un i ts  above core locations 7 and 9) are adequate f o r  nuclear 

experiments t o  be run w i th  Core 1 i n  place, assuming Core 1 w i l l  

experience no more than four nuclear LOCEs, Use o f  the modular meters 

i n  the plenum and downcomer locations mentioned above i s  recommended 

w i th  fabr icat ion and i n s t a l l a t i o n  o f  Core 2 f o r  fu ture nuclear LOCEs. 

I n  addit ion, use o f  a modular u n i t  a t  the PC-1 locat ion f o r  a l l  nuclear 

experiments i s  recommended, subject t o  the resu l ts  o f  the analysis o f  
C91 tha t  design . 

For Experiment L2-1, the meters planned for  use i n  the p ip ing loca- 

t ions  '(PC-2, PC-3, BL-l, and BL-2) should not be u t i l i z e d  without .modi- 

f i ca t ions  t o  welds 4, 5, and 8. The fatigue l i f e  o f  each o f  these welds 

i s marginal , and i ncreasi ng 1 ength and/or, we1 d size i s  recommended., i f 
modular un i ts  are not avai lable f o r  use. 

However, f o r  nuclear experiments fol lowing L2-1, it i s  recommended 

tha t  the modular DTT u n i t  be used i n  a11 p ip ing locations. I n  the event 
t ha t  modular un i ts  are not avai lable f o r  the p ip ing locations f o r  

subsequent nuclear LOCEs, weld modif ications t o  welds 4, 5, and 8 are 

necessary i n  order t o  increase fat igue 1 ives t o  reasonable values. 

Analysis of proposed weld changes and evaluation i s  recommended. i f  the . . 

non-modular DTTs are t o  be used f o r  nuclear experiments. 

It i s  a1 so recommended tha t  weld 1 , on the ' dummy DTT un i t s  be modi- 

f i e d  if the un i ts  are t o  be i n s t a l  l ed  i n  Core 2. Length and/or we1.d . . 
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LOFT DRAG-DISC TURBINE TRANSDUCER SHROUD AND 

COVER WELD ANALYSIS AND EVALUATION 

- The purpose of the s t ress analysis and evaluat ion o f t h e  drag-disc 

tu rb ine  transducer (DTT) shroud and cover welds used a t  the Loss-Of- 

F l u i d  ~ e s t  (LOFT) f a c i l i t y  was t o  determine whether those meters cur- 

r e n t l y  i ns ta l l ed ,  and/or planned f o r  use i n  Experiment L1-5 are 

s t r u c t u r a l l y  adequate as present ly  fabr icated f o r  nonnuclear Test L1-5, 

and subsequent nuclear experimentation. The analysis dea l t  w i t h  predic-  

t i o n  o f  st ress l eve l s  i n  the subject  welds a r i s i n g  from reac t ion  o f  

thermal and hydraul ic  loads f o r  nonnuclear and nuclear (L2-4) condi- 
C11 t ions.  The pred ic ted stresses were compared t o  ASME Section I11 , 

Class I component stress al lowables f o r  evaluat ion o f  the  welds, and are 

summarized i n  Tables X I 1 1  - X X V I I .  
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2.0 GEOMETRY FOR APPLICABLE DRAG-DISC TURBINE TRANSDUCERS 

2.1 Weld I d e n t i f i c a t i o n  and Geometry 

The in format ion i n  Tables I - V I I  summarizes the DTT shroud and 

cover weld locat ions,  numbers, types, and areas f o r  ' the DTT drawings 

referenced below. These drawings are appl icable t o  the meters cur ren t l y  

i n  use and/or f o r  meters which are planned fo r  l a t e r  use. 

ANC 207726 Rev. 

ANC 204600 Revs. D, E, L, and M~~~ 

-ANC 204645 Rev. K~~~ 

ANC 206875 Rev. B~~~ 

2.2 Hydraul ic Flow Areas For. Shrouds And Covers 

Table V I I I  summarizes the  ax ia l  and cross f low areas o f  the shrouds 

and covers sub ject  t o  hydrau l ic  loads, The values were taken from 

previous analyses and/or ca lcu la ted from drawi ng dimensions as 

indicated.  



EXPERIMENTS L1-5 AND L2-4 

3.1 Hydraul i c  Loads 

Tables I X  and X summarize the hydraulic loads on the shrouds and 

covers f o r  both ax ia l  and cross f low f o r  nonnuclear and nuclear condi- 

. t ions respectively, The loads were determined using 

where 

Cd = drag coef f i c ien t  (2.5) 

A = f low areas 

p = density 

V = ve loc i ty  

c = grav i ta t ion  constant. 

2 The dynamic pressure terms (pV /2gc) were supplied by The.r- 

ma1 /Hydraul i c Branch person~e l  c6'7'81 (see Appendix B). An addit ional  

dynamic load factor  o f  2.0 was applied f o r  the DTTs i n  the blowdown loop 

t o  account f o r  the sudden load appl l ca t i on  during loss-of-coolant 

experiments ( LOCEs),. 

3.2 Thermal Loads 

Tables X I  and X I 1  summarize the equivalent loads app l ied  t o  the . . 

shroud and cover -welds due t o  the res t ra in t  o f .  d i f f e ren t i a1  thermal 
. . 

expansion between the shroud and DTT body, and the covers and .OTT body, 

These loads were determfned by using an average temperature di f ference . . 

between t h e  shroud and covers and the DTT body, as supdl i ed  by 'her- 

mal/Hydraul i c  Branch personnel C6'*81 ( ~ ~ ~ e n d i x  8). ,  he average tempera- 

t u re  d i  fference gives r i s e  t o  an. equf val ent thermal expansion load. ' 

determined by 
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and 
6L = L x a x.AT . 

where 

Peq 
= equivalent load 

K . = shroud o r  cover s t i f fness  

6L = change i n  length due t o  temperature di f ference . . 
L = shroud o r  cover length in te r fac ing  body 

a . =  coe f f i c i en t  o f  thermal expansion 

AT = average temperature difference. 

Previous analyses (Appendix A) out1 i ne the procedures f o r  obtaining 

these equivalent loads, and were used w i th  the referenced thermal data 

on the fo l lowing tables t o  generate the summarixed thermal loads. Note 

t h a t  f o r  the plenum locat ions (1ST-1, 2ST-1, 1UP-1, 3UP-1, 5UP-1, and 

dummy meters above "C" fue l  assembl ies) , the nonnuclear thermal loads 

were the same as the nuclear thermal loads. Due t o  lack o f  thermal data 

(ATs) f o r  the nonnuclear case, the ATs for the nuclear case were 

u t i  1 i zed and are conservative. 
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4.0 STRESS ANALYSIS OF LOFT DRAG-DISC TURBINE 

TRANSDUCER SHROUD AND COVER WELDS . 

Tables X I 1 1  - X X I V  summarize the stresses i n  the referenced DfT 

shroud and cover welds f o r  meters cur ren t l y  i n s t a l l e d  and/or planned f o r  

the subject locations. The stresses a r i se  from app l i ca t ion  o f  the  

hydraul ic and thermal loads summarized i n  Section 3.0 t o  the welds w i t h  

geometry summarized i n  Section 2.0. The loads were assumed t o  be evenly 

d i s t r i bu ted  along the welds, and a stress concentration fac to r  o f  4.0 

was applied t o  stresses i n  i n te rm i t t en t  welds. 

Eva1 uat ion o f .  the we1 ds was done i n  accordance w i t h  ASME Bo i l e r  and 

Pressure Vessel Code, Section 111, subsection NB-3200~'~. Simp1 i f i e d  

e last ic , -p last ic  analysis was used t o  estab l ish fa t igue  l i f e  f o r  the  

subject welds.  Supporting analysis and. evaluation i s  included i n  

Appendix A. 
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5.0 RESULTS 

The primary stresses resu l t i ng  from hydraul ic loads were combined 

w i t h  secondary stresses r e s u l t i n g  from the equivalent thermal loads t o  

y i e l d  a s t ress i n tens i t y .  This stress i n t e n s i t y  was compared t o  an 

al lowable ( three times design) in tens i ty .  I n  t h i s  case the al lowable 

was 45,750 p s i  f o r  the s ta in less s tee l  and weld materials. Although 

many o f  the ca lcu la ted s t ress i n tens i t y  values exceeded the allowable, 

the  c r i t e r i a  fo r  s i m p l i f i e d  e las t i c -p las t i c  analysis was met, and 

allowed determination o f  fa t igue  l i f e  f o r  these cases. 

Note t h a t  i n  some instances, a comparison o f  load and geometric 

data allowed evaluat ion o f  the welds on some DTTs without ca lcu la t ing  

stresses since those meters had less severe loading condit ions and l i k e  

o r  l a rge r  welds than other meters which were analyzed i n  de ta i l .  I n  

)jdPtfcular; f o r  the 1ST-1 and 2ST-1 locat ions,  resu l t s  f o r  the meters i n  

the 3UP-1 and SUP-1 locat ions were u t i l i z e d .  Also, f o r  the PC-3 loca- 

t i o n  f o r  L1-5 condi t ions,  r esu l t s  for  both types o f  DTTs are based on 

using ANC Drawing 204600, Rev. M. 

A summary o f  t h i s  analysis may be found i n  Tables XXV - X X V I I ,  

eva luat ing the s ta tus o f  LOFT DTTs. It should be'noted t h a t  the minimum 

fa t igue  l i f e  i n  the accompanying tables i s  based upon the worst tempera- 

t u r e  d i f ference between shroud and body. Although t h i s  condi t ion may 

occur on ly  once dur ing each LOCE, several slugs of hot  and co ld  water 

w i l l  pass the DTTs dur ing the experiment. These slugs w i l l  g ive r i s e  t o  

smaller stresses, adversely a f f ec t i ng  the fa t igue  l i f e  o f  the subject 

welds. For t h i s  reason, the recommendations f o r  use o f  modular un i t s  

and weld modif icat ions t o  non-modular un i t s  should be adhered to. (See 

Section 6.0. ) 
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size should be increased i n  order t o  increase the fet igue life', fo,llowed . . 
- 

, ' by review o f  the design 'change by Appl led Mechanics Branch personnel. , . . . .  



TABLE I 

LOFT DTT SHROUD AND COVER WELDS IDENTIFICATlOH AND GEOMETRY (207726, Rev. A)['] 

Length Area2 
We1 d Locat ion . Number Type ( i n . )  ( i n . )  Notes 

F r o n t  t o  r e a r  shroud 1 square groove 0.911 0.046 

Shroud t o  body ( r i g h t )  .2 0 f i l l e t  .2.055 '0.116 

Shroud t o  body. (1 e f t )  2 f i l l e t  3.280 0.186 . 

End p l a t e  t o  f r o n t  cover 3 square groove 1.206 0.024 

F ron t  cover t o  body 4 square groove 1.375 0.028 

End p l a t e  t o  body 5 square groove 0.756 0.023 

Torsicm bar  cover t o  body 8 square groove 0.278 0.006 
U3 

: s h a f t  cover t o  body 7, 21 square groove 2.080 0.069 
and f i l l e t  

combined leng th  and area 

End cover t o  s h a f t  cover 6 square groove 0.928 0.019 



TABLE I1  

LOFT DTT SHROUD AND COVER WELDS IDENTIFICATION AND GEOMETRY (204600, Rev. D AND E ) [ ~ '  

Length Area2 
We1 d Locat ion Number Type ( i n . )  ( i n .  ) Notes 

Front  t o  r e a r  shroud 2 square groove 3.796 0.190 

Shroud t o  b o d y . ( r i g h t )  1 bevel groove 2 . 0 6 ~ ~ '  0.063'~' 

Shroud t o  body ( l e f t )  , . 1 bevel groove 2. oCal 0.067'~' 

End p l a t e  t o  f r o n t  cover 

F ron t  cover t o  body 

End p l a t e  t o  body 

Tors ion  bar  cover t o  body 
A .  

0 .  

Sha f t  cover t o  body 

End cover t o  s h a f t  cover 

3 square groove 1.206 0.039 

4 square groove 0.720'~' 0 . 0 2 2 ~ ~ '  

7 square groove 0.663 0.021 

6 square groove 1.48 0.053 2 welds inc luded 
and f i l l e t  

5 square groove 1. 50 '~ '  0.032'~' 

8 square groove 0.72 0.023 

[a] Amended t o  requirements s ta ted  i n  Appendix B, Got&-4-76, f o r  1ST-1, 2ST-1, 3UP-1 and 5UP-1 
1 o c a t i  ons. 



TABLE I11 

LOFT DTT SHROUD AND COVER WELDS IDENTIFICATION AND GEOMETRY (204600,. REV. L ) ' ~ ]  

We1 d Location 

Front  t o  r ea r  .shroud 

Shroud t o  body ( r i gh t )  

Shroud t o  body ( l e f t )  

End p l a t e  t o  f r o n t  cover 

Front  !cover t o  ' body 

End p l a t e  t o  body 

Torsion bar cover t o  body 

Shaf t  cover t o  body 

~ n d  cover t o  sha f t  cover 

Number Type 

2 square groove 

1, 10 f i l l e t s  

1 . f i l l e t s  

3 square groove 

4 square groove 

7 square groove 

6 square groove 
and f i l l e t  

5 square groove 

8 square groove 

Length Area2 
( in.)  ( i n . )  Notes 

1.48'~' 0 . 0 5 3 ' ~ ~  2 welds included 

[a] Amended as per  EGbG Qua1 i ty D i  screpancy Report TF-104 (December 15, 1976) f o r  meter i n  spare "C" 
assembly (S/N 13). 

[ b l  Weld geometry suppl ied by LOFT Experimental Measurements Branch. 



TABLE I V  

LOFT on SHROUD AND COVER WELDS IDENTIFICATION AND GEOMETRY (204600, REV. 

Length Area2 
-Weld Location Number Type (in.) ( i n . )  Notes 

Front t o  rear  shroud 2 square groove 1.16'a1 0 . 0 5 8 ~ ~ '  

.Shroud t o  body ( r igh t )  1, 10 f i l l e t s  l.80Ca1 0 . 1 0 8 ~ ~ ~  

Shroud t o  body ( l e f t )  

End p l a t e  t o  f r o n t  cover 

1 f i l l e t  1.80Ca1 0 . 1 0 8 ~ ~ ~  

3 square groove 0. 52!iCa1 0 . 0 1 7 ~ ~ '  

Front cover t o  body 4 square groove 1-11 0 . 0 3 6 ~ ~ ~  

End p la te  t o  body 7 square groovc 0.663'~' 0. 02lCb1 

Torsion bar cover t o  body 6 square groove 1. 4aLb1 0.053'~' 2 we1 ds included 
and f i l l e t  

Shaft cover t o  'body 5 square groove 1.20'~' 0.038'~' 

End cover t o  sha f t  cover 8 square groove 0. 7zCb1 0 . 0 2 3 ' ~ ~  

[a] Amended as per Q u a l i t y  Discrepancy Report QDR TF-106 (December 20, 1976) f o r  meter in- lUP-1 
loca t ion  (S/N 14). 

[b] Weld geometry supplied by LOFT Experimental ~easurements Branch. 



TABLE V 

LOFT DTT SHROUD AND COVER WELDS IDENTIFICATION AND GEOMETRY (204600, REV. M ) ' ~ ]  

Length Area 
We1 d Location Number Type ( in . )  (in.2) Notes 

0,046 Front  t o  r ea r  shroud 2 square groove 0.911 

Shroud t o  body ( r i g h t )  1 ,  10 f i l l e t s  1. 5oCa1 0 . 0 9 0 ~ ~ ~  combined length and area 

Shroud t o  body ( le f t . )  1 f i l l e t  1.75Ca1 0 . 1 0 6 ~ ~ ~  

End p l a t e  t o  f r o n t  cover 3 square groove 1.206 0.030 

Front  cover t o  body 4 square groove 2.50 0.063 

End p l a t e  t o  body. 7 square 0. 756Ca1 0.019'~' 

6 square groove 0.640 0 . 0 1 3 ' ~ ~  Tors ion bar cover t o  body 
- .  
W 

Shaft  cover t o  body 5, 9 square groove 2: 0741a1 0.073'~' combined length  and area 
and f i l l e t  . 

End cover t o  sha f t  cover ,$ square groove 0.720 0.018 

[a] We1 d geometry suppl i ed by LOFT Experimental Measurements Branch. 



TABLE V I  

LOFT DTT SHROUD AND COVER WELDS IDENTIFICATION AND GEOMETRY (204645, REV. K ) ~ ~ '  

Length Area2 
Weld Location Number Type ( in . )  ( i n . )  Notes 

Front  t o  rea r  shroud 2 square groove 0.91 1 0.046 

Shroud t o  body ( r i g h t )  1 f i l l e t  3.280 0.197 

Shroud t o  body ( l e f t )  

End p l a t e  t o  f r o n t  cover 

Front  cover t o  'body 

End p l a t e  t o  body 

Torsion bar cover t o  body 
- .  
P . 

Shaf t  cover t o  body 

End cover t o  sha f t  cover 

1 f i l l e t  3.280 0.197 

3 squere groove 1.206 0.030 

4 square groove 2.50 0.063 

71a1 squae  groove 0.756 0.019 

6 square groove 0.640 0.019 

5, 9 squa-e groove 2 . 5 6 0 ~ ~ '  0. 098 combined length  and area 
and f i l l e t  

8 square groove 0: 720 0,018 

[a] Weld number n o t  shown on drawing. - 
C'bl Weld geometry suppl ied by LOFT Exper ime~ta l  ~eas~ remen ts '  Branch. 



TABLE V I I  

LOFT DTT SHROUD AND COVER YELDS IDENTIFICATION AND GEOMETRY (206875, REV. B ) ' ~ '  

Length Area2 
We 1 d Locat i an Number Type ( in . )  ( in .  ) Notes 

Front  t o  r ea r  shroud 2 square groove 0.91 1 0.027 

Shroud t o  body ( r i g h t )  1 f i l l e t  1.64 0.070 

Shroud t o  body ( l e f t )  1 f i l l e t  1.64 0.070 

End p l a t e  t o  f r o n t  cover 4 square groove see note see note weld length  and area corn- 
. . b ined w i t h  W4 below 

Front  cover t o  body 3 square groove 2.50 0.075 

End p l a t e  t o  body 4 square groove 1.26 0.038 - 
--I Torsion bar  cover t o  body - - - - - - none ~1 no cover on dummy DTT 

Shaft  cover t o  body 5 f i l l e t  2.464 0.052 

End cover t o  s h a f t  cover none - - - - - - no. cover on dummy DTT 



TABLE V I I I  ' 

LOFT DTT SHROUD AND COVER AREAS FOR HYDRAULIC LOAD CALCULATIONS 

Axial  Flow Cross Flow 

Component Area (in. 2 ) Notes 2 Area ( in. ) Notes 

shroud (plenum type) C3 31 0.717 Appendix B 7.70 . . calculated 

.: Shroud (piping type) C2,41 

Front . . cover 

End' p l a te  . 

'Torsion bar cover 

-1 

Or 
Shaft cover 

Appendix B calculated 

0.963 calculated 0.469 calculated 

0 .  . ~ o e s  not see 0.755 calculated 
ax ia l  f low 

0.108 calculated 

0 ax ia l  f low load 
from shaf t  cover 
end 

does not  see 
cross f low 

calculated 

Shaft cover end- 0.102 calculated 0 does not  see 
. . cross f low 



TABLE' I X  

LOFT ~n SHROUD AND COVER HYDRAULIC [GADS (NONNUCLEAR) [~~  

Locat ion and Drawing 

PC-2 204645 Rev. pC4' 

PC-3 204600 Rev. d3] 

PC-3 204645 Rev. 

9 1 
-l. ; 

i 
CblC21 0L-1 207726 Revt Acbl[21 

BL-2 207726 Rev. A 

~ ~ 1 ~ 3 1  1ST-1 204600 Rev. Dtc1C31 
. 2ST-1 204600 Rev. D 

CdIC31. 1 UP-1 204600 Rev, L 
 UP- I , ceyfij 204600 
Rev. D 
Dummys ,206875 Rev. B [51 

d Axia l  Loads (1 b) 
2g- Tors ion Shaf t  

L Front  Bar Cover 
(ps i )  Shroud Cover Cover End 

a x i  a1 C71 11.6 15.6 1.75 1.65 
6.47 

cross 

cross 
1.40 

a x i  a1 C71 11.6 15.6 1.75 1.65 
6.47 

cross 
1.40 

a x i  a1 c71 31.0 41.6 4.66 4.40 
8.63 

cross 
1,86 

a x i  a1 c71 2.91 3.90 0.44 0.41 
1.62 

cross 

a x i a l  O 43.1 57.9 6.49 6.13 
24.05 
cross 

0 

\ 

[a] Orag c o e f f i c i e n t  = Cd = 2.5. 

Cross Flow Loads ( l b l  

Front  Shaf t  End 
Shroud Cover Cover. P l  a t e  - - -- 

[I Dynamic load f a c t o r  o f  2 appl ied. 
. . . . 

. . [c ]  Welds pe r  Appendix B, Gott-4-76. .. 

. .  - . . . [d) We1 ds p e r  EGM; Qua1 i ty Discrepancy Reports, QDRs TF-,1:04rand - 106, (~ecember 1976). . . . . . 



TABLE X 

LOFT DTT SHROUD AND COVER HYDRAULIC LOADS   NUCLEAR)'^] 

h Ax ia l  Loads (Tb) Cross Flow Loads ( Ib )  
2gc 

Tors ion  Shaf t  
Front  Bar Cover Front  Shaf t  End 

Locat ion and Drawing (ps i )  Shroud Cover Cover End Shroud Cover Cover P l a t e  

C21 PC-1 207726 Rev. ACZl a x i  a1 C73 11.6 15.6 1.75 1.65 26.9 1.64 3.06 2.64 
PC-3 207726 Rev. A 6.47 

cross 

PC-2 207726 Rev. A [ ~ ]  a x i  1.40[73 a1 11.6 15.6 1.75 1.65 0 0 0 0 
6.47 

cross 

CbIL-21 BL-1 207726 Rev. ACblC2] ' O c 7 ]  31.0 41.6 4.66 4.40 71.6 4.36 8.14 7.02 
BL-2 207726 Rev. A 8.63 

cross 
A 

03 1 1. 86c71 
: 1ST-1 204600 Rev. DE:~, a x i a l  2.91 3.90 0.44 0.41' 0 0 0 0 

1ST-1 207726 Rev. A 1.62 
2ST-1 204600 Rev. DE;~, cross 
2ST-1 207726 Rev. A~c lC31 
IUP-1 204600 Rev. LCZ1 , a x i a l  O 43.1 57.9 6.49 6.13 0 0 0 0 
1UP-,I 207726 Rev. A 24.05 
3UP-1, P-1 204600 C21cross 
Rev. DcgY, 207726 Rey4]A 
Dummys 206875 Rev. B a x i  O a1 43.1 57.9 6.49 6.13 0 0 0 0 

24.05 
cross 

0 

[a] Drag c o e f f i c i e n t  = Cd = 2.5. 

[b] Dynamic load f a c t o r  o f  2 appl ied.  

[c ]  Welds per  EG&G Q u a l i t y  Discrepancy Reports, QDRs TF-104 and -106, (December 1976). 



TABLE X I  

-- - 
Cfl; .LOFT DTT SHROUD AND COVER EQUIVALENT LOADS DUE TO RESTRAINT OF DIFFERENTIAL THERMAL EXPANSION (NONNUCLEAR, L1-5) 

- .- ... -__-_ - .-- . ... . -  . 

Shroud/BoQ Front Cover/ End Plate/ Torsion Bar Shaft Cover/ 
Both Sides ( lb)  Body ( lb)  Body ( lb)  Cover/Body (1 b) Body (lb) 

c81 Shroud/ ["I Trans. Trans. la] Avg. Trans. Trans. Trans. Trans. Trans. la] i 
Location & Drawing AT Shroud ( lb)  Axial Horiz. Vert. Horiz. exial Horiz. Vert. Horiz. Horiz. i 

I 

PC-2 204645 Rev. D~~~~~~ 7sCe1 39441 1970 6.7 805 5.9 54 1 687 189 403 1290 5-1 : 

PC-3 204600 Rev. H~~~~~~ 
PC-3 204645 Rev. K [ ~ ]  

EL-1 207726 Rev. A [ ~ ]  7!iCe1 3940 1970 6.7 805 5.9 541 687 189 403 1290 5.1 
EL-2 207726 Rev. A['] 

IST-1 204600 Rev. D~~~~~~ 121cc1c81 6360 3180 10.9 1300 9.6 874 11 10 305 650 2090 8.2 
2ST-1 204600 Rev. D~~~~~~ 

/IUP-1 204600 Rev. L~~~~~~ 6830 . --I 3420 10.3 937 1190 328 . 698 2240 11.7 1400 8.8 1 
I 3UP-1 204600 Rev. D 1 3 0 ~ ~ ~ ~ ~ ~  6830 3420 11.7 1400 10.3 937 1190 328 698 2240 
5UP-1 204600 Rev. D I 
Oumny 206875 Rev. B l~~~~~~~ 6830 3420 11.7 ,1400 10.3 937 1190 328 698 2240 8.8 - 
[ a j  lb/ in. weld length. 

[bl  Welds p.er' 207726 Rev. A. 
[c] Weld per EGBG Qua l i t y  Discrepancy Reports, QDRs TF-104. and -106. . . 

: [ d l  These are f o r  ,nuclear condit ions and are conservative f o r  L1-5. 
[ e l  See Appendix 6, KAH-1-76. 

- If] Force f n Table.XI i s  the r a t i o  o f  the AT i n  Table X I  t o  the AT i n  Appendix A, (JSM-1-77) mul t ip l ied  by the force i n  Appendix A (.EM-1-77). 

Cgl Welds per Appendix 8. Gott-4-76. 



TABLE X I 1  1 
Cblj 

LOFT DTT SHROUD AND COVER EQUIVALEm LOADS DUE TO RESTRAINT OF DIFFERENTIAL THERMAL EXPANSION (NUCLEAR, L2-4) 
. - ._ _ _ _  _ _ _ _ _  - -  - - ' . - 1 - - - . . 

Shroud/Body Front Cover'/ End Plate/ Torsion Bar ' Shaft Cover/ 
Both Sides ( lb)  Body ( lb)  Body ( lb)  Cover/Body (.I b) eo9 ( lb) 

- -- 

Avg. "I Shroud/ Trans. '"I Trans. Trans. [a] Trans, Trans. Trans. 
Location b Drawing 

Trans. '"1 
AT Shroud ( lb)  Horiz. Vert. Horiz. Horlz. Vert. Horiz: - Horiz. 

PC-1 207726 Rev. AC2] 220 11650 5820 19.8 2370 17.5 1600 2030 . 560 1180 .3820 15.2 

PC-2 207726 Rev. AC2] 
PC-3 207726 Rev. AC2] 

EL-1 207726 Rev. AC2] 
8L-2 207726 Rev. AC2] 

1ST-1 207726 Rev. 121 6360 3180 ' 10.9 1300 .9.6 874 11 10 305 650 2090 8.2 
' 2ST- 1 207726 Rev. AC2] g i . . 

/ IUP-I 207726 Rev.. AC2] 130 6830 3420 11.7 1400 10.3 937 1190 328 698 2240 8.8 
3UP-1 207726 Rev. AC2] 
SUP-I 207726 Rev. 

. . 
Ourmy 206875 dev. eCs1' 130 6830 3420 11.7 1400 10.3 937 1190 328 ,698 , 2240 8.8 ; 

i 
[a] Ib/ in. weld .length. 

[b] Force i n  Table X I 1  i s  the r a t i o  o f  the AT i n  Table X I 1  t o  the AT i n  Appndix A (JSM-1-77) multiplied by the force i n  Appendix. A (JWl-TI). 



TABLE XI111 

'primary st.ressesCel (psi) Secondary Stresses (psi) 

Typecf1 & cb l  
[cl sacdl Allowed 

Ueld 
Weld Location . No. 

Typecf & 'R No.- 
Direct ion Hagni tude Direct ion Magni tude (psi ) (psi) Cycles 1 

Fronthear. shroud 1 ox/-- 1,008/0 ox/-- 85,650/0 86,660 3.33 132,560 520 1 
Shroud/bod& ( r igh t )  20 K /-- 400/0 

YX ryx/Kyz 16.980/120 34,160 1.0 15,700 >lo6 

Shroud/bocty ( l e f t )  2 K /-- 63/0 
YX ryx/ryz 10,590/120 21,310 .1.0 9,790 >lo6 

End p la te l f r on t  cover 3 --/-- O/O --/-- o/o 0 1.0 0 >lo6 , 
Front cov~r/body 4 Ox'Kxy . 

.. End plateibody 5 --/-- 

2 i Torsion bar cover/body 8 ox/-- 

-' Shaft cover/body ?, 21 r /-- 
YX 

End coverishaft cover - 6. ax/-- 

[a1 Welded per 207726 Rev. A. I 

[b] Sn = calculated stress in tens i ty  (primary p lus  secondary). I 
! 

[c] Ke = fat igue l i f e  reduction factor. . 
I 

[ d l  Sa = a l te rnat ing  stress i n tens i t y  (modified by Ke and nodu1"s o f  e las t ic i ty ) .  

. [el Stress concentration factor  of 4 applied t o  ncmcontinlsous welds. 
. .  i 

[ f l  x - =  pa ra l l e l  t o  shroud axls; y = pa ra l l e l  t o  f r on t  c o h r  axls; z = pa ra l l e l  t o  tors ion bar axis. i 



LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION ~l-513' AT PC-3 ' 

Weld Location 

Primary stressesCa1 (psi) 

Weld ~~~e~~~ & 
No. O i  rec t ion  Magni tude 

Secondary Stresses (psi) 

& 
Direct ion Magni tude 

Cbl [ d l  Allowed 
sa No. 

(psi ) (psi ) Cycles 

Fronthear shroud 2 ox/-- 1 ,008/0 ax/-- 85.650/0 . 86,660 3.33 132,560 

Shroud/body ( r igh t )  1, 10 
Tyxhyz 256/596 r YX /T Yz 21,890/112 44,320 1.0 20,360 >lo6 

Shroud/body ( l e f t )  1 T /T 220/5~8 . r /T 
YX YZ Yx Yz 18,580/111 

37,680 1.0 17,310 >lo6 

End plate/ f ront  cover 3 o I-- 88/0 --/-- 0/0 88 1.0 
Y 40 >lo6 1 

Front cover/body 4 ax/Txz 248/26 % Y / ~ X Z  12.780/234 . 25,560 1.0 11740 >lo6 I 
1 End p l  ate/body 7 u /-- 

N Y 556/0 ryx/Tyz 28,470/36,160 92,040 3.33 140;790 420 1 
N i 

! ~ o r r i o n  bar cover/body 6 ox/-- 540/0 14,538/31,000 68,480 2.64 83,050 2,500 ! 
. 'xy/Txz I 

Shaft cover/body 5 
Tyx/Ty z 200/372 tyx/Tyz 39,090/278 ' ' 78.580 3.33 120,200 700 1 

End cover/shaft cover 8 ox/-- 92/0 .--/-- O/O 

La1 Stress concentration factor  o f  4 applied t o  noncontinuous welds. 

[b] Sn = calculated stress in tens i ty  (primary plus secondary). 

[cl Ke = fat igue l i f e  reduction factor. 

[ d l  Sa = al ternat ing stress in tens i ty  (modified by Ke and modulus o f  elast 'ci ty). 

[ e l  x = para l le l  t o  shroud axis; y = pa ra l l e l  t o  f r on t  cover axis; r = pa ra l l e l  t o  tors ion bar axis. 



j 
TABLE XV 

LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION LI-sC2' AT BL-1 AND EL-? 

Primary ~ t r e s s e s [ ~ ]  (psi) Secondary Stresses (psi) 
[ b l  [ d l  A l l d  

Veld 6 ~ y p e ' ~ ]  6 'n [c] Sa 
Weld .Location No. Direct ion Uagni tude Direct ion Magnitude (psi)'. Ke (psi) Cycles 

. . 
Fronthear shroud 1 ax/-- 2.700/0 ax/-- 85.650/0 88,350 3.33 135,150 500 

Shroud/body ( r igh t )  20 
'#YZ 536/1,236 zyx/Tyz 

16,890/119 35.140 1.0 16,140 >lo5 

~hroud/bodi  ( l e f t )  2 8V192 
'#Yz 'yx/zyz 10,590/119 21.360 - .  1.0 9,810 >lo6 

~ n d  plate/ f ront  cover 3 a/-- 293/0 --/-- O/O 293 1.0- 134 > lo -  6 

End p l  ate/body 5 a/-- 1.220/0 ' . 
ryx''yz .. 23,520/29,870 76,040 3.19 111,310 850 

N ( ~ o r s i o n  bar cover/body 8 ox/-- 3.108/0 
= x p x z  31,500/67,170 148,420 .3.33 226.990 

W .  
125 

1 shaf t  cover/body 7. 21 256/472 
'yx''yz *yx/=yz 18,700/154 . 39,940 1.0 18,350 >lo6 ' 

End cover/shaft cover 6 ox/-- 232/0 me/-- O/O 232 1.0 107 >lo6' 

[a] Stress concentration fac tor  o f  4 applied t o  noncontinuous welds. 

[b] Sn = calculated stress i n tens i t y  (primary plus secondary). 
[ c l  Ke = fatigue l i f e  redurt ion factor. 

[dl Sa = a l te rnat ing  stress i n tens i t y  (modified by Ke and modulus o f  e las t ic i ty ) .  

[ e l  x = pa ra l l e l  to shroudl'axis; y = ~ a r a l l e l  to f r on t  cover axis; z = pa ra l l e l  to tors ion  bar axis. , 



TABLE X V I  

LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION L1-5 AND L2-4 AT IUP-1 

Weld Location 

Fronthear shroud 

Shroud/body ( r igh t )  

Shroud/body(left) . 

End plate/ f ront  cover 

Front cover/body 

, End ,plate/body 

1 Torsion bar cover/bady 

Shaft cover/body 

End cover/shaft cover 

Veld 
no. 

Primary Stresses Cbl (psi) 

,y,df3 & 
O i  rec t ion  k g n  i tude 

Secondary Stresses (psi) 

~~~e~~~ & . 
D i rec t ion  b a n i  tude 

[a] Welds per EG&G ~ u a l i t ~  Discrepancy Report, QDR TF-106 (December 20, 1976). 

[b] Stress concentration fac tor  o f  4 applied to noncontinuous welds. 

[c] Sn = calculated stress i n t e g r i t y  (primary plus secondary). 

[ d l  Ke = fat igue l i f e  reduction factor. 

[ e l  Sa = a l te rnat ing  stress i n tens i t y  (modified by Ke and modulus of elast i ic i ty) .  

[ f ]  x .= pa ra l l e l  t o  shroud axls; y = pa ra l l e l  t o  f r on t  cover ar ts;  z = pa rn l l e l  t o  to rs lon  bar axis. 

I,[=] No. 
(psi) Cycles 

184,690 200 

71,040 4,500 



TABLE X V I I  i 

LOFT . . DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION L1-5.AND L2-4 AT  UP-1 (SPARE$ 

Primary Stresses cb l  (psi) Secondary Stresses (psi) 
[ e l  Allowed 

Meld 1ypecf I 8 ~~~e~~~ & 'a No. 
Weld Location No. Direct ion Magnitude Direct ion Magnitude (psi) (psi) Cycles 

Fronthear shroud . 2 .  ax/-- 2,690/0 ax/-- 10,670/0 109,400 3.33 167,300 250 

Shroud/body ( r igh t )  1, 10 1 I-- 853/0 
YX 'yxhy z 33,860/209 69,430 2.71 86.340 2,000 1 

Shroud/body ( l e f t )  1 ryx/-- 724/0 
lyx/'yz 28,740/177 58,930 1.95 52,660 16,000 ( 

End p la te / f ron t  cover 3 --/-- O/O --/-- O/O 0 1.0 0 >lo6 

Front cover/body 4 ax/-- 7,237/0 
' X ~ / ~ X Z  43,750/358 87,720 3.33 134.200 500 

End plate/body 7 --/-- 010 1 /I 44,620/56,670 144,260 3.33 220,700 130 
YX YZ 

/Torsion bar coverlbody 6 ax/-- 490/0 
'xy/'xz 6,190/13,170 29,100 1.0 13.370 >lo6 

5 i ~ h a f  t cover/body I /-- 645/0 
yx lyx/'yz 58,950/278 119,200 3.33 182.340 210 

End cover/shaft cover 8 ax/-- 267/0 --/-- O/O 267. 1.0 123 ' > lo6 

Eal Welds per EG&G Qua l i t y  Discrepancy Report, QDR TF-104 (December 15, 1976). . . 

[ b l  Stress concentration fac tor  o f  4 applied t o  noncontinuous welds. 

[c] Sn = calculated stress i n t e g r i t y  (primary plus secondary). 

[ d l  Ke = fatigue l i f e  reduction factor. 

[ e l  S a  = a l te rnat ing  stress in tens i ty  (modified by K, and modulus o f  e las t ic i ty ) .  

[ f ]  x = pa ra l l e l  t o  shroud axis; y = pa ra l l e l  t o  f r on t  cover axis; z = pa ra l l e l  t o  torston bar axis. 



TABLE XVIEE ! I 
I 

LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION L1-5  AND L2-4  
j Cf1'C31 AT 3UP-1 AND SUP-1 j 

Primary ~ t r e s s e s ~ ~ ]  (psi) Secondary Stresses (psi ) 

Weld Typece1 6 Typece1 6 
Weld Location No. Direct ion Magnitude Direct ion Magnitude 

FronVrear shroud 2 ax/-- 227/0 ax/-- 35,950/0 

Shroud/body ( r igh t )  1 . r /-- 1 ,368/0 
YX Tyx/zyz 54,290/383 

Shroud/body ( l e f t )  1 r /-- 1,287/0 
YX Kyx/Tyz 51 ,044/349 

End plate/ f ront  cover 3 --/-- 0/0 --/-- O/O 

Front cover/body 4 ax/-- 10,530/0 
' x~ '~xz  63,640/310 

7 --/-- End p l  ate/body 0/0 
*yx/ryz 44.620/56,670 

N ;Torsion bar cover/body 6 ax/-- 490/0 
Cxy/Kxz 6,190/13,170 I 

' Shaft cover/body 5 r /-- 766/0 
YX ‘ y ~ / ~ y z  70,000/413 

End cover/shaft cover 8 ax/-- 267/0 .--/-- 0/0 

[a] Stress concentration factor  o f  4 applied t o  noncontinuous welds. 

Cb] S,, = calculated stress i n t e g r i t y  (primary plus secondary). 

[c] Ke = fat igue l i f e  reduction factor. 

[ d l  Sa = al ternat ing stress in tens i ty  (modified by Ki and modulus o f  e1ast;city). 

[ e l  x = para l le l  t o  shroud axis; y = pa ra l l e l  t o  f r on t  cover axis; z = p a r i l l e l  t o  tors ion bar axis. 
[ f ]  Wilds per Appendix 0, Gott-4-76. .' 

std' No. 
(psi) Cycles 



TABLE X I X  

Primary ~ t r e s s e s ~ " ~  (psi) Secondary Stresses (psi) 
[dl Al l@ 

- Weld Typece1 6 . TypeCe! & . . . No. 
Weld Location Mo. Direct ion Magnitude Direct ion Hagni tude (psi) (psi) Cycles 

Fronthear., shroud . 2 ax/-- 6,385/0 . ax/-- 252,960/0 259,340 3.33 396.700 30 

~hroud/body ( r igh t )  . 1 x /-- 308/0 
YX = y ~ / ~ y z  48.860/550 98,340 3.33 150.430 370 

. . 
Shroud/body ( l e f t )  1 ' x - / - -  308/0 T /T 48.860/550 98.340 3.33 150.430 370 

YX YZ Y?cl 
--/-- --/-- ! 

~ n d  plate/ f ront  cover 4 '  O/O O/O 0 0 >lo6 . . . 1.0 

Front .cover(body ' . 3 ax/-- 772/0 
'xy/=xz 18,670/195 37,350 1.0 17,160 >lo6 

~ n d '  plate/body . 4 &-/-- . O/O 
xyx/xyz 24,660/31.320 79.720 3.33 121.950 700 i ' !  

ru i ~o rs i ' on  bar cover/body None 
u N.A. I . 

I 
I Shaft' cover/body 5 

xyx'-- 472/0 ~ y x / ~ y  z 43.080/417 86,160 3.33 131,800 

End cover/shaf t cover done 

[a] Stress concentration fac tor  o f  4 applied t o  noacontinuous welds. 

[b] . '.Sn = calcblated stress i n t e g r i t y  (primary plus secondary). 

[c] K, = fat igue l i f e  r e d l r t i o n  factor.. 

[ d l  Sa = a l te rnat ing  stress in tens i ty  (modified by Kg and modulus o f  e las t ic i ty ) .  
. [ e l ,  x = pa ra l l e l  to shroud axis; y = pa ra l l e l  to f r on t  cover axis; i = pa ra l l e l  t o  tors ion bar axis. 
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TABLE XX:- 

LOFT DTT SHROUD' AND COVER WELDS STRESS IVIALYSIS- FOR LOAD CONDITION ~2-4'*] AT PC-1 . - ; 

~rimry ~ t r n o e s [ ~ I  (psi 1 Secondary Stresses (psi 1 

~ e l d  ~ y ~ [ ~ ~  6 rypete1 6 
~ e l d  location No. Direction Magnitude . Direction Maanitude 

Front/rear shroud i ox/-- 1,010/0 ax/-- 253.260/0 

Shroud/body (r ight)  . 20 'yx"yz 200/464 '~yx /~yz  50,170/350 

SAroud/body (1 e f t )  2 'yx'rY~ 30/72 'yx/'y~ 31,290/350 

End plate/ f  ront cover 3 a/-- 110/0 --/-- O/O 

Front cover/body . 4  Z X ~ X Z  04,640/860 ~ x ~ x r  2,230/234 

End p l  ate/body 5 a/-- + 460/0 'yx''yz 69,570/88,260 , 

hl ' Torsion bar cover/body 8 
03 1 ox/-- 1,170/0 [ X ~ X Z  93,330/196,670 

I Shaft cover/body 7. 21 Tyx/xyz 95n  80 cyx/Kyz 55,360/458 

End covedshaft cover . 6 a&-- 87/0 --/-- 0/0 

[a] Stress concentration factor o f  4 applied to noncontinuour welds. 

[b] Sn = calculated stress intensi ty (primary plus secondary). 

[c] Ke = fatigue l i f e  reduction factor. 
[dl Sa = alternating stres. intensi ty (modified by Ke and mdulus o f  elast- :c i ty) .  

[e l  x = paral le l  t o  shroud axis; y = para l le l  to f ront  cover axis; z = paral le l  t o  torsion bar axis. 

SF] 
(psi) 

A1 l#ed 
m. 

Cycles 



TABLE X X I  I 
LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION L Z - ~ L * ]  AT PC-2 AND PC-3! 

P r i m r y  ~ t r a s s e s ~ ~ ]  (psi) secondary Stresses (psi) 
[ d l  Allowed 

Veld ~ y p e [ ~ ]  6 ~~~e~~~ 8 K 'a No. 
Weld Location No. Direct ion Magnitude Direct ion Magnitude _ (psi) (psi) ' Cycles 

Front/rear shroud I ax/-- 1.010/0 ax/-- 153,100/0 . 154,100 3.33 238,300 100 . 

Shroud/body ( r igh t )  20 Tyx/ryz 200/464 = Y X / ~ Y  z 30,330/210 61,080 2.10 58,960 10,000 j - - 
2 Shroudibody ( l e f t )  

'yx/lyz 30/72 r YX /r Yz 18,920/210 37,900 1.0 17,400 >lo6 ! 
End plate/ f ront  cover 3 a /-- 110/0 --/-- O/O 110 1.0 51 >lo6 

Y 
Front cover/body 4 ax / r~z  2,230/234 ' X ~ / ~ X Z  51 ,170/520 102,380 3.33 156,600 320 1 
End plate/body 5 a d - -  460/0 

=yx/'yz 42,060/53,360 135.880 3.33 207,850 
N 

0 a Torsion bar cover/body ax/-- . 1,170/0 ' 56.420/118,900 236.220 3.33 402,640 27 
'xy/Txz 140 I 

Shaft cover/body 7, 21 
= ~ x / ~ y z  95/180 r YX /x  YZ 33,470/277 67,140 2.54 78.730 3.200 1 

End cover/shaft cover 6 ax/-- 87.4 --/-- O/O 87 1.0 40 >lo6 

[a] Stress concentration factor  o f  4 app1,ied t o  nom:ontinuous welds. 

[b] Sn = calculated stress in tens i ty  (primary plus secondary). . i 

[c] 'Ke = fat igue l i f e  reduction factor. 

[ d l  Sa.= a l te rnat ing  stress in tens i ty  (modified by Ke and modulus o f  e las t ic i ty ) .  

[ e l  x = paral le l .  t o  shroud axis; y = pa ra l l e l  to f r on t  cover axis; z = para l le l  b tors ion bar axis. 



TABLE XX1.P 

LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR EDAD CONDITION LZ-4"' AT B L - 1  AND B L - 2  

Primary ~ t r c s s e s [ ' ~  (ps i )  SeCondary Stresses (psi 1 
Cbl I c l  Sa 

[ d l  Allowed 
Weld ~~~e~~~ 81 & fn No. 

Weld Location No. Direct ion Magnitude Di rec t ion  Magnitude (psi) Ke {psf) Qcles 
I 

Front/rear shroud 

Shroud/body ( r igh t )  

Shroud/body ( l e f t )  

End plate/ f ront  cover 

Front cover/body 

End plate/body 

o Torsion bar cover/body 
01 

Shaft cover/body 

End c&er/shaft cover 

[a] Stress concentration factor  o f  4 applied t o  noncontinuous welds. 

[b] Sn = calculated stress in tens i ty  (primary plus secondary). 

[c] Ke = fat igue l i f e  reduction factor. 

[ d l  Sa = a l te rnat ing  stress in tens i ty  (modified by Ke and modulus o f  e las t ic i ty ) .  

[ e l  x = para l le l  t o  shroud axis; y = pa ra l l e l  to  f ron t  cover axis; z = pa ra l l e l  t o  tors ion bar axis. 



TABLE X X I I I  
! 

. LOFT DTT SHROUD AND COVER WELDS STRESS ANALYSIS FOR LOAD CONDITION ~2 -4c2 '  AT 1ST-1 AND 2ST-li - 

Primary stresses[a1 (psi) Secondary Stresses (psi) 

Weld T ~ ~ [ ~ ~  6 lFCe1 & Wo. 
Weld Location No. Direct ion Magnitude D i rec t i on  Magnitude (psi) (psi) Cycles 

Fronthear shroud 1 ax/-- 3,750/0 ax/-- . 139,290/0 143,000 3.33 219,000 120 i 
Shroud/body ( r igh t )  20 

'yd-- 740/0. Tyx"yz 27,590/ 193 56.600 1.78 46.300 32,000 . 

2 . Shroud/body ( l e f t )  
xyx'-- . . 1 10/0 . T YX /I Yz 17,210/193 34.660 1.0 15.920 >lo6 

End p la te / f ron t  cover 3 --/-- O/O --/-- 0/0 0 I .  a 0 >lo6 

4 Front cover/body ax/-- 8,290/0 
' x p x z  46.550/470 93,480 3.33 143.000 400 

End platelbody 5 --/-- 0/0 38,260/48,540 123,600 3.33 189.000 
=yx/=yz 200 

1 Torsion bar cover/body 8 ax/-- 4.350/0 
'xy/'xz 51,330/108,170 239,500 3.33 366.000 - I 

35 ! 

! Shaft cover/body 7. 21 
'yd-- 350/0 1 YX /T YZ 30,450/250 61.600 2.14 61,000 9.000 

6 320/0 --/-- End coveh'shaft cover ax/-- O/O 320 1.0 147 >lo6 

[a] stress concentration factor  o f  4 applied t o  nmcontinuous welds. 

[b] Sn = calculated stress in tens i ty  (primary plus secondary). 

[ c l  Ke = fat igue l i f e  reduction factor. 

[ d l  Sa = al ternat ing.stress in tens i ty  (modified by Kg and plodulus o f  e las t i c i t y ) .  

[ e l  x = pa ra l l e l  to shroud axis; y = pa ra l l e l  to f r on t  cover axis; z = pa ra l l e l  t o  tors ion bar axis. 



TABLE XX,W 
! 

LOFT DTT SHROUD AND COVER WELDS-STRESS ANALYSIS FOR L O M  CONDITION LZ-4''' AT I - ,  3-, SUP-1 AND D M  LOCATIONS 

~riwuy ~ t r a s s e s ~ ~ ] '  {psi ) Secondary Stresses (psi ) 
[dl A l l d  

Weld & 1y,de1 6 KF] Ib. 
Weld Location No. Direction k g a i  tude Direction Magnitude (psi) (psi) Cycles 

Fronthear shroud . 1 ox/-- 3 ; 750/# ox/-- 148,500/0 152,250 3.33 233,000 100 

Shroud/body (right) 20 r J-- 740/O 
'YX/'~Z 

29,420/205 60,320 2.05 56,700 13,000 
Y 

Shroud/body ( le f t )  2 x I-- l l0 /0  
yx = ~ x / ~ y z  18,3$0/205 " 36.920 1.0 16,560 >lo6 

End plate/front cover 3 - -/- 0/a --/-- 0/0 0 1.0 0 >lo6 

Front cover/body 4 ax/-- 8,290/0 . 
J X ~ / ' X Z  49.630/504 99,600 3.33' 152,000 340 

End plate/body 5 -/-- ?/C* 40,790/51.750 131.800 3.33, 202.000 150 =yx/ryz ,W Torsion bar cover/- 8 ax/- - 4.350/0 '=xy/l[xz 54,73O/Tl5,320 255,400 3.33 391,000 30 
I Shaft cover/body 7.21 %/-- 35010 32,460/269 65,620 2.43 73,300 4.000 =);x/=yz 

End cover/shaft cover 6 a$-- 320/0 , --/-- O/O 320 1.0 147 >lo6 

[a1 Stress concentration factor o f  4 applied to noncontinuous uelds. 

[ b l  Sn = calculated stress intensl ty (primary plus secondary)- 
[c] 'Ke = fatigue l i f e  reduction' factor. 

[d l  Sa = aiternating stress intensl ty ( d i f  led  by Ke and n~odulus o f  elast ic i ty) .  

[ e l  x = paral le l  to. shroud axis; y .= paral le l  to f ront cover axis; 2 = paral le l  t o  torsion bar axis. . 



TABLE XXV . . ;  I 
LOFT DTT STATUS S W R Y  .'(TEST L1-5)! 

Thermal/ Appl ied  Minimm 
. Type/ Drawing Hydraulic Mechanics Fatigue 

Locat ion  Configuration Nusber Revision Report Number Report Number L i f e  (Cycles) Status 

PC- 1 mdu l  ar/rake 208191 -- LTR 141-74 LTR 141-77 480,000 useable f o r  L1-5 

PC-2 .piping 204645 ,C21 LTR 141-74 LTR 141-80 125 useable f o r  L1-5 

PC-3 p l e n d r a k e  o r  204600 H LTR 141-74 LTR 141-80 
p ip ing  204645 K 

420 useable f o r  L1-5 

EL- 1 p l e n d r a k e  207726 A LTR 141-74 LTR 141-80 125 useable f o r  L1-5 

EL-2. p lenudrake 207726 A LTR 141-74 LTR 141-80 125 useable f o r  L1-5 

1 ST- I plenum . 204600 ~ [ b ] .  LTR 141-74 LTR 141-80 130 
LTR 141-67 

useable fo r -  L1-5 

S T -  . plenum 
! 

IUP-1. plenum 

3UP- 1 plenum 

5UP- 1 plenum 

204600 ~ C b l  LTR 141-74 
LTR 141-67 

204600 LTR 141-64 
LTR 141-67 

204600 ,Cbl LTR 141-64 
LTR 141-67 

204600 DCbl LTR 141-64 
LTR 141-67 

LTR 141-64 
LTR 141-67 

LTR 141-80 

LTR 141-80 

LTR 141-80 ' 

LTR 141-80 

LTR 141-80 

useable f o r  L l -5 

useable f o r  L1-5 

useable fo r  ' ~ 1 - 5  

useable f o r  L1-5 

useable f o r  L1-5 

Cal Welds per EGMi Qua l i t y  Discrepancy Reports, QORs TF-104 and -106 (December 1976). 

Cbl Welds per Appendix 8, Gott-4-76. 



TABLE XXVE -. , 
e I 

LOFT DTT .STATUS .SUMMARY (TEST L2- 1 ) 

Tkml/ A w l  l ed  
TYPE/ Drawing . Hydrnul i c  Mechanics 

Location Configuration Nmber Revision Repwt Number - -  Report Nmber 

M l n l w r  
Fat ig~ce 

L i f e  (Cycles) Status 

use not reconmended PC- 1 p l e n d p i p e  20T726I2] A LTR 141-74 LTR 141-80 
LTR 141-67 

PC-2 plenm/pipe 207726~~ '  A LTR 14-1-74 LTR 141-80 
LTR 14--67 

weld modif ication reconasended p r i o r  
t o  use i n  L2-1 

PC- 3 p l e n d p i p e  LTR 141-74 LTR141-80 . 
LTR 141-67 

weld modif ication recolsmended p r i o r  
t o  use i n  L2-1 

L-TR 141-74 
LTR 141-57 

LTR 141-80 ve ld  modif ication recommended p r i o r  
to use i n  L2-1 

! EL-2 plenum/rake 2 0 7 7 2 6 ' ~ ~ ~  A , LTR 141t74 
P" i LTR 141-67 

LTR 141-80 weld modif ication recommended p r i o r  
t o  use i n  L2-1 

i 
-- 1ST-1 . plenum 204600C31 ' DCbl LTR 141-74 LTR 141-80 

LTR 141-67 
useable f o r  L2-1 

2ST- 1 plenum 204soo[31 D[bl  LTR 141-74 
LTR 141-67 

LTR 141-80 useable f o r  L2-1 

IUP-1 plenum LTR 141-64 LTR 141-80 
LTR 141-67 

vseable f o r  L2-1 

3V- 1 plenum 2048D001 LTR i41-64 
' LTR i41-67 

LTR 141-80 weable f o r  L2-1 

2o469oC3] D~~~ SUP-1 plenum LTR 141-64 LTR 141-80 
LTR 141-67 

meable f o r  L2-1 

0-Y d~ - 2 0 6 8 7 5 ~ ~ ~  8 LTR U1-64 LTR 141-80 
LTR 1'4167 . 

ujeable f o r  L2-1 

' 

Cal Welds per EG&C Qual i ty  Discrepamcy Reports, Q D L  TF-104 ard -106 (Deceber 1976). 

Cb3 Welds per Appendix 8, Gott-4-76. 



TABLE XXVII I 

LOFl DTT STATUS SUWARY TEST, NUCLEAR; L2-4 CONDITIONS: 

Thermal/ Applied 
Type/ Drawing Hydraulic Mechanics 

Conf jguration Huber Revision Report Number Report Nuraber 

Minimum 
Fatigue 

L i fe  (Cycles) Location 

PC- 1 

status 

207726'~' A ' p l endp ipe  LTR 141-74 LTR 141-80 
LTR 141-67 . 

use not recomended 

p l endp lpe  207726[~] A LTR 141-74 LTR 141-80 
LTR 141-67 

weld modifications and reanalysis 
recoomended p r io r  t o  use 

'plenum/pipe or  207726'~' A LTR 141-74 LTR 141-80 
p l end rake  LTR 141-67 

weld modifications and reanalysis 
recomrended p r io r  t o  use 

p l end rake  2 0 7 7 2 6 ~ ~ ~  A LTR 141-74 LTR 141-80 
LTR 141-67 

EL- 1 weld m d i  f ications and reanalysis 
recamnended p r io r  to use 

LTR 141-74 
LTR 141-67 

LTR 141-89 weld modifications and reanalysis 
recamended p r io r  to .use 

plenum ,207726'~~ A LTR 141-74 LTR 141-80 
LTR. 141-67. 

weld modifications and reanalysis 
recotmended p r io r  t o  use 

LTR 141-74 LTR 141-80 
LTR 141-67 

weld modifications and reanalysis 
recomended pr ior  to use 

plenum 207726'~~ A LTR 141-64 LTR 141-80 
LTR 141-67 

1 UP- 1 weld modifications and reanalysis 
recormended pr ior  t o  use 

plenur 207726'~~ A LTR 141-64 . LTR141-80 
LTR 141-67 

weld modifications and reanalysis 
recamended p r io r  to use 

plenum 207726'~~ A LTR 141-64 LTR 141-80 
LTR 141-67 

weld d i f i c a t i o n s  and reanalysis 
recommended p r io r  to use 

206875[~] . B LTR 141-64 LTR 141-80 
LTR 141-67 

weld d i f i c a t i o n  recamended p r io r  
to use i n  Core 2 
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INTEROFFICE CORRESPONDENCE 

date January 19, 1977 

to M. W. Schulz 

J. S. M a r t i n e l l  y,." qGkukv 
wb).st EVALUATION OF LOFT PLENUM TYPE DTT SHROUD AND COVER WELDS - 

JSM-1-77 

Ref: (a) Document Change Notice, DCN-L-2544, October 7, 1 976 
(b) "LOFT Dummy Drag Disk Turbine Flowmeters", ANC 

Drawing 206875, December 24, 1976 
(c) "LOFT Drag-Dls k, Turbine Flow Meter Assembly"., ANC 

Drawing. 204600, Rev. K, January 14, 1972 
(d) ASME B o i l e r  and Pressure Vessel Code, Section 111, 1974 

This l e t t e r  documents the  s t ress analysis and prel iminary evaluat ion 
o f  the  .welds at taching the  shrouds and cover pieces t o  the LOFT plenum 
wed fin's as defined i n  Reference (a). The geometry and mater ial  
types f o r  the components included i n  t h i s  analysis were taken from 
References (b) and (c). Hydraul i c  and thermal ly induced loads as- 
sociated w i t h  LOCE condit ions were considered.. 

Thermal stresses indaced by r e s t r a i n t  o f  f r e e  end displacement o f  
the  DTT body by the shrouds and cover pieces were calculated f o r  a 
"worst case" temperature di f ference o f  530°F (body a t  6000F and shrouds 
and cover pieces a t  700F). This approximation gives r i s e  t o  secondary 
stresses which exceed the requirements o f  Subsection NB-3222.3 o f  
Reference (d) as sumnarized i n  the Table below and documented i n  the 
accompanying Attachment. I n  addit ion, combination o f  thermal stresses 
w i t h  those induced by hydraul ic  loads y ie lds  stress l eve l s  which 
exceed the requirements o f  Subsection NB-3222.2 o f  Reference (d). 

We1 d No. Expansion Stress In tens i t y  
(Pe) 

A1 lowable w 
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since the welds do not meet Code requirements on secondary and com- 
U 

blned primary p lus secondary stresses resul t i ,ng from the assumed 
load condi t ions, fa t igue analyses t o  determine the a1 lowable number 
o f  cycles fo r  each weld was deemed inappropr iate a t  t h i s  time. I t  
i s  recommended t h a t  a more de ta i led  thermal/hydraul i c  analysis o f  the  
subject DTT' s be considered t o  determine the f o l  lowing: 

(1).  a more representative terhperature d i s t r i b u t i o n  i n  the 
DTT body and shrouds and cover pieces f o r  use i n  ca l -  
cu la t i ng  thermal stresses I n  t h e  subject welds, 

(2) the number of thermal cycles which occur a t  t h e  DTT 
locat ions dur ing LOCE' s f o r  use . i n  eval uat ing the welds 
from a fa t i gue  standpoint. 

Revised weld evaluat ion w i l l  depend upon the r e s u l t s  of the recommended 
deta i led  thermal/hydraulic analysis. 

Attachment 
As stated 
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WelA . r e  -k, 
b "'3 th'w load. is J6'' 

I t ,  4" I. 
. "3 

,k i l d v  eq 

0Lrou4j fhuz  t o t a l  e f f e c t ; . c  ewe,, 
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< 

to R. L. Crumley 

from J. S. Mar t ine l l  

ruwoct EVALUATION OF LOFT-PIPING TYPE DTT SHROUD AND COVER WELDS - 
JSM-2-77 

Ref: (a) "LOFT Piping Drag-Disk, Turbine Flow Meter Assembly", 
ANC Drawing 204645, Rev. L, May 22, 1972 

(b) Personal Communication, C. E. Winsel t o  J. S. Mar t ine l l ,  
Jan 26, 1977 

(c) ASME A oiler and Pressure Vessel Code, Section 111, 
Subsection NB-3200. 1974 

(d) R. C. Go t t u l a  ltr  to L. Y. Ybarrondo, dott-4-76, 
LOFT Drag Dlsk Turbine Meter Shroud Welds, June 9, 1976 

(e) Personal Communication, K. A. Hedquist t o  J. S. 
Mart inel 1 , Feb 9, 1977 

(f) Personal Comnunication, K. B. Wilson t o  J. S. Mart i -  
nel 1 , Feb 9, 1977 

  his l e t t e r  documents the stress analysis and evaluation o f  the welds 
attaching the shrquds and cover feces t o  the LOFT p ip ing type DTT's as . . Y def I ned I n  References (a) and (b . Hydraul i c  and thermal 1 y Induced 
loads associated wf t h  LOCE condi t i ons  were considered, and eval uat ion 
was performed according t o  the c r i  t e r i a  of Reference (c) . Data f o r  
est lmat i  ng hydraul l c  1 oads was taken from Reference (d) . .Thermal l y  
induced 1 oads were ca l  cul ated assuml ng r e s t r a i n t  o f  f ree end d i  s- 
placement o f  the shrouds and cover pieces by the DTT body. Temperature 
h i s to r i es  f o r  the PC-1 and BL-1 locat ions were taken from Reference (e) 
and are based on experimental data from previous tes ts  a t  LOFT. 

Analysis o f  the subject welds on the p ip ing DTT's a t  the PC-1 and BL-1 
locat ions i s  s u f f i c i e n t  f o r  evaluation o f  these welds as wel l  as f o r  
those on the p ip ing DTT's a t  the PC-2, PC-3, BL-2, and CS-1 locat ions 
since the DTT's a t  the l a t t e r  locat tons experience hydraul ic and 
thermal condit ions near o r  less severe than the condit ions a t  the 
BL-1 locatton. Results o f  the attached analysis for  the subject welds 
on the DTT a t  the PC-1 locat ion ind icate  t h a t  stresses resu l t i ng  
from combined thermal and hydraul ic loads do not meet the 3% re-  
quirements o f  Reference [c) due t o  a temperature d i f ference o f  2400F 
between tbe shrouds and DTT body. Weld stresses f o r  the BL-1 locat ion 
meet the 3Sm requirements w i t h  the exception of weld number W-2, 
which i s  not c r i t i c a l  since f a i l u r e  o f  t h i s  weld would not  cause shroud 
separation from the DTT body. Even though the  weld stresses a t  the 
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PC-1 locat ion do not meet the 35, code requ'lrements, i t  i s  f e l t  tha t  
the DTT a t  t h i s  locat lon can be safely u t i l i z e d  f o r  L1-4 without 
deslgn modifications. Basis f o r  t h i s  decision i s  drawn from the 
fol lowing: 

(1) The 3Sm requirements o f  Reference (c), which are not met, 
are controversial, wi th  some members o f  the ASME Code 
comni t t e e  be1 ievfng tha t  the type o f  thermal stresses we 
are considering should be exempted from the 3Sm l i m i t .  
The ru les  were t h i s  way a t  one time but were changed as 
a r e s u l t  o f  an inconsistency between piping and vessel 
requirements . Thi s inconsistency was resol ved on the 
conservative side as might be expected. 

(2) Quench tes t ing  o f  a piping DTT wi th  ident ica l  welds In-  
dicates no visual damage t o  welds a f te r  30 thermal cycles as 
documented per Reference (f ), . 

(3) Fatigue analysis using the procedures o f  Reference (c) 
wi th  relaxed requirements on the thermally induced stress, 
indicates the most highly loaded weld (ie, W-2) .can with- 
stand 600 thermal cycles. 

The subject welds on the DTT's a t  the PC-2, PC-3, BL-1 , BL-2, and 
CS-1 1 ocations are deemed adequate f o r  conditions expected during 
L1-4. However, i t  i s  recomnended tha t  the shroud and cover designs 
be reviewed and/or modlf ied  i n  order t o  reduce thermal stresses, and 
a more ref ined stress analysis be performed f o r  evaluation o f  the 
designs p r i o r  t o  nuclear LOCE's. 

It should be emphasized tha t  t h i s  analysis applies only t o  the subject 
welds on the plping type DTT's, and does not apply f o r  the plenum 
type meters i n  the fue l  assemblies o r  those i n  the downcomer. The 
resu l ts  are dependent on the thermal data o f  Reference (e) as men- 
t ioned previously and subject t o  the 1 i m i  t s  o f  t ha t  analysis. 

Attachment 
As stated 
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to R.. L. Crumley . +  . .  - .  
. - .  

(ram K. A. Hedguist *, Q. 
mbtrot THERMAL ANALYSIS OF LOFT DTT AT LOCATION PC-1 and BL-1 

OF L1-1 TEST KAH-1-77 
- .  

References : 
a) "LOFT Piping Drag-Disk, Turbine Flow Meter Assemblyn, 

ANC Drawing 204645, Rev. L, May 22, 1972. 

b) Personal Comnunication, J. S. Mar t i ne l l  t o  K. A. Hedquist 
February 9, 19776 

c )  3.  S. Mar t i ne l l  l e t t e r  t o  R. -L. Crumley; JSM-2-77, "Evaluation 
o f  LOFT P i  p ing  'Type DTT Shroud and Cover We3 ds " , February 10, 1977. 

e) S. A. Naff, Quick Look Report, LOFT Loss o f  Coolant 
Experiment L1-1, March 11, 19/6. 

f )  Personal Comnunication, J. K. Jacoby t o  N. E. Pace, 
February 2, 1977. 

g) R. T, French, An Evaluation o f  Piping Heat Transfer, 
Flow Regimes and Steam Generator Heat Transfer f o r  
i sca le  Mod-1 Isothermal Tests, ANCR .. 1229 August 1975. 

This l e t t e r  i s  t o  document the thermal t rans ien t  analyses o f  the LOFT 
p i p i n  type DTT's as defined i n  References (a) and (b) which were f done n support o f  t he  s t ress analysis as - reported -.  i n '  Reference (c). 

A hor izonta l  c u t  through the  DTT body and shroud was taken and a 
two dimensional symnetric f i n i t e  element model was made ( see Fig. 
1 and 2). The small covers and extensions t h a t  protrude from the 
main body o f  the DTT were neglected i n  the  computer model. They were 
taken i n t o  account by assuming the  DTT body s o l  i d  whereas i t ac tua l l y  
has small voids wi th in .  The model was. used i n  the  COUPLE I1 Code 
(Reference (d)) t o  obta in t rans ien t  temperature h i  s to r ies  throughout 
t he  body and shroud. Several computer runs were made using the f l u i d  
temperature h i s t o r i e s  a t  the PC-1 and BL-1 loca t ion  from the LOFT 
L1-1 t e s t  (Reference (e)). The PC-1 l oca t i on  i s  the i n t a c t  loop 
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co ld  l e g  vessel i n l e t  and BL-1 i s  the  broken loop c o l d  l e g  vessel 
e x i t .  The t ime scale o f  these temperature h i s t o r i e s  was modif ied, 
by a f a c t o r  o f  .73 t o  represent a l a r g e r  break area ( Reference ( f ) )  . 
Since the  heat , t rans fer  coe f f i c i en ts  are  d i . f f i c u 1  t t o  ob ta in  fo r  t he  
var ied  l oca t ions  and s r faces o f  t he  DTT tu rb ine  meter, a lower 
l i m i t  of 400 Btu/h? fty OF was used as a constant value during. t he  
LOCE t r a n s i e n t  f o r  both locat lons  (PC-1 ,and BL-1) . .Figure 3, taken 
from Reference (g), shows themeasured p i p i n g  heat t r a n s f e r  coef-  . . 
f i c i e n t  a t  t he  i n t a c t  loop c o l d  l e g  vessel i n l e t  .from the  Semiscale 
t e s t  t h a t  corresponds t o  t h e  LOFT L1-1 t e s t .  By using t h i s  lower 
1 i m i  t, a s l i g h t l y  conservat ive est imate o f  t h e  temperatures w i ' th in  
the  DTT body w i  11 r e s u l t .  

The st ress ana lys is  c a l  c u l a t i  ons requ i red  the  d i f f e r e n c e  between the  . . 

shroud and the.average body temperature. Temperatures a t  i n t e r i o r .  
po in ts  w i t h i n  the  DTT body and shroud were volume weighted t o  ob ta in  
an.average temperature. Figures 4 and 6a show the  . f l u i d ,  average 
shroud, and average body temperatures f o r  locat ion+ PC-1 and BL-1, 
respect ive ly .  The maximum d i f f e rence  between the  average body and 
shroud temperature was 2400F f o r  l o c a t i o n  PC-1 and 750F f o r  l o c a t i o n  
BC-1. Figures 5 *d 6b show t h e  average body and shroud temperature 
d i f f e rence  throughout .the t rans ient .  Lower temperature d i f fe rences 
may ,be obta.ined by.  us ing higher f i l m  c o e f f i c i e n t s  a t  times dur ing  
the  t rans ient ,  bu t  because o f  t he  uncer ta in ty  o f  c a l c u l a t i n g  these 
' coe f f i c i en ts ,  the  conservat ive lower 1 i m i t  as shown i n  Figure 3 w i l l  
r e s u l t  i n  a maximum boun'd f o r  t he  shroud and body temperature d i f fe rence.  

cc: R. D. Wesley* R. C. Guenzler* 
K. B. W i l s ~ $ * ~ ~ ,  G. B. Shul l *  

i- N. E. Pace' H. A. Rau* 
W. C. Kettenackerbdc L. P. Leach* 
J. S. M a r t i n e l l  J. R. Karvinen* 
J. K. Jacoby* T. L. Klnnaman 
S. A. Naf f  
K. A. Hedquist ( 2 )  
J. L. Liebenthal* 

. ,  , . . (* w i thout  attachment) . . 







Page 5.  
R. L. Crumley 
March 7, 1977 
KAH-1-77 

LTR 141 -80 

Timu otter Rupture (see) ANC - A -  6343 

FIGURE 3 - FILM COEFFICIENTS AT INTACT LOOP COLD LEG VESSEL INLET 
FROM SEMISCALE TESTS (Reference (,g) Figure 7) 
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THIS ATTACHMENT CONTAINS : 

1. hthod of Calculating the Average Body Temperature 
for  the LOFT DTT 

2. Input Echos of Data Used for  Runs* 04 and 05, Locations 
PC-1 and BL-1 

3. Lfsting o f  Modal Nades and E l m n t s  

* Note Runs 01 thru 83 used higher f i l m  coefficients that 
ware not included as part  of the report. 

Attachment 
March 7, 1977 
KAH-1-77 
Page 1 o f  10 









0000000011 11 111111222222222233333333334444444444555555555566666666667777 I777778123456789012§45678901234507890123456/8901234567890123456789012345678901234567890
.. ji_:*1 -  -  mpuT ECHO euNLet__-** COOPLE LE  CPDE   **                                                   1
r --

Tl TLL
LOFT DRAG DISK THREE BOT MAKE ASSEMBLY R UN    C4
LOCE - ECC FEB. 3 1977 COUPLF r E

•                         AUTO,AESII
-- .- I. Ju 16 4 1 0. 0. - 0,- 0.              11  10.    0.       1 16 0. .4                             11 16  .0     .4       8 16 .944   .4                                 1

10 16 1.007 .4C 10  1 1.007  0.9                                1

---8-16-.-944--.4 ------   8   1 .944 0.00                             1
8 14 .904 -34 in 14 1.007 .35                             1lu /6 1.OC/ - .4 11 16 1.031 --04                       111 16 1.03/ .4 11 14 1.100 .35 1

"                                                                                                                                            1
10 14 1.007 .35 11 14 1.1 .35

. 11 11 1.1 .35 11--1-1.1 0.0                              1
I„ 11 16 1.037 .4 20 16 1.7 .75 30 16 2.45   0.0         311 14 1.1 .35 20 14 1.1     .7      30 14 2.4 0.0         3-              -·-30 .1-6 2.45- -G.0 .--20 14 -2.4 0.0                             1.

1. 9. 1 .9795 0.0 9 16 .9755   .4                                1
„ 8  1 .944 0.0 1  .1 0.0 0.0                              1
"

1.                    1     1 11 1   14  0.0
11 8 14 16  0.0
1 10 30 --14.- -16 - 0.0

1" 14 16 0.02    8   10
,.

MATERIAL                                                     -.

2     1
1" w        1 1.0 316 STAINLESS STEELt. (A) -2.3148E-5-2-31486--5- 578.7OE-6 1 1 2

--

2 1.0 GAP IN WALL
1.OE-7 1. OE- 7 1.OE-7

I"

1.              STEP
0.0 50. 1.0 1 540. -10    2

FUNCTIONS
4
1 8 2

200. 8.9 300. 9.35 400. 9.8--450.. 10. --500. In,14 ssn_ 1 n. 45600. 10.7 650. 10.92 8 2
200. 57.494 3On- 56-812 600, 60-121

*b
450. 61.013 500. 61.664 550. 62.055600. 62.663 65C. 63.335 35,3 9 1
0. 540. 7.3 1530. 14.6 520. 4-

...,

21.9 480. 25.55 400. 29.2 300. 7032.85 200. 36.5 100. 37.96 70."      4 3 1                                        0 0.
0.0 400. 25. 400. 50. 400.

0-

-

CONVECTSETS
1'..

123:;00001111'1 111 Q121252:221121313333 : 444441i4555559555566666go,-i    -----_-



I

00000000011111111112222222222333333333344444444445555555555666666666677777777778
123456789012}45678931734567:11012345678901234541890121456799012345678901234567890

.,

175D. 11 1   16 1.929OF-6 4 1.0              3
1 16 0   16 1.9290[ 6 : 1.0               3
8 14 8  16 1.9290E-6 4 1.0              3

D. 8   14   10   14 1.9290 E-6 4 1.0- 3
10---14-----16---16   1. 529(C G 4 1.0           3
10   16   30   16 1.9290[-6 4 1.0              3

/               11   1 11 14 1.9290E-4 4 1.0              3
11  1:  30  1: 1.529or 6 1 1-0              3

.'

1„ FL,JTS
"

1 -1
4                          3

1. 450.600. 500. 400. 350. 300. 250. 200.
150. 100. SC.

"                1    6   11 16 21   26   31   41I„
.

LOUPLE---·--- ·i-- ...---
1. . END UF DATA

n

000000000111111111122222222223333333333444444444455555555556666666666771777777781„ 123456789012345678901234567890123456/8901234567890123456789012345678901234567890
" ---6-0 UP  LE        I t

;-   LOFT DRAG DISK THREE CDT RAKE ASSEMBLY RUN 04
--106 6 -ECC FEB. 3 1977 COUPLE   I I.

1 ..
  BLANK C A R D
-,04

1

1 .

"

1.

.

„

„                                       In
\

..

E X4
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0* .J000011111111112222222222333333333344444444445555555555666666666677777777778                                            +
12345678901234567890123456789012345678901234567890123456789012345678901234567890

• ,              -4-*- -  . --iNPOT  -  E.C.tto - eu,Joc ** (OuplE In CODE **
.4

TITLE
LOFT DRAG DISK THREE CTT RAKE ASSEMBLY RUN 05
LULt   - ECC FFB. 7 1977 COOPCE-IT

AUT OMESH
30 16 4 1 0. 0. 0:--.-- -0&--- -        1

1  1 0. 0. 1 16 0. .4                           1
1 16  .0     .4 816 .944 .4         1
8 16 .944   .4       8  1  .944 '0.00

---
-- - ' - - -     - -                1

10 16 1.007 .40      10  1 1.007  0.0                               1
10 16 1.007 .4 11 16 1.037   .4                                1
11 16 1.03T   .4  -   11 14 1.100  -.35 -----

---
--1

10 14 1.007 .35 11 14 1.1 .35                             1
11 14 1.1 .35      11  1 1.1 0.0                                1
l I  16- 1.037 - .4 - 20 16 1./ . /5 30 16 Z.45 0.0        3
11 14 1.1 .35 20 14 1.7     .7      30 14 2.4 0.0           3

*30 16 2.45 0.0 30 14 2.4 0.0                               1
9  1 .9/25 0.0       ---- 9-16 -,9/55     .4                                                        1

8  1 .944 0.0 1 1 0.0 0.0                              1
,,

.              1    1 11 1   14  0.0
11 8 14 16  0.0

„    1 10 30   14   16   0.0
2    8 10 14   16   0.0

MATERIAL
2     1
1 1.0 316 STAINLESS STEEL

2.3148E-5 2.3148E-5   572.7OE-6         1          1          2
. - 3              2      1.0------GAP-IN-WALL

1.OE-7 1. OE-7 1.OE-7
"

„          STEP
0.0 100. 2.0 1 540. -10    2

FUNCTIONS
i      4

1-8 2
200. 8.9 300. 9.35 400. 9.8
450. 10. 500. 10.23 550. 10.45

-600. 10.7 650. -10.9
2 8 2

200. 57.494 300. 58.842 400. 60.123
450. 61.013 500. 61.664 550. 62.055
600. 62.683 650. 63.335 r 6/
3 11 1                               0.0--540. 7.3 535. 14.6 520.

21.9 480. 29.2 415. 36.5
370.                                                                                                                                         '449.6 340. 52.6 280. 54.8 340.

„ 73.0 320. liu. 310.
4  3  1                                                         --0e0.0 400. 25. 400. 50. 400.

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

CONVECTSETS

(:1- 000 0000001 11-11 1 11 1 1 LL Z Z ZZ LZZL 3 33 1 3.1 3 3 3 344444444442,3 2:)3 5 5,26 6*56 666666 i F r r < i i f f F IS
12345678901234567890123456789012345678901234567890123456789012345678901234567890



r-I

0000000001111111111222222222233333333334444444444555555555566666666667777777777812345678901234567890123456789012345678901234567890123456789012345678901234567890

175
11 1           1 6 1.9290F-4 4 1.0               3-- 1 16 8   16 1.929OF-6 4 1.0 -3
8 14 8   16 1.929OE-6 4 1.0               3
8. 14 10 14 1.929OE-6 4 1.0              310   14   10   16 1.929OF-6 4 1.0              3

10 16 30 16 1.929OE-6 4 1.0               311    1 11 14 1.929OE-6 4 1.0              3„                                                --  11  --- 14 30 14 1.929OE-6 4 1.0              3

7           PLOTS
4    -1
3

600. 500. 450. 400. 350. 300. 250. 200.150.
-

100. 50.        -       --  - -   --    - - --„,              1    6 11 16   21   26   31   41

-C[XI PL E
„

END OF DATA

I          00000000011111111112222222222333333333344444444445555555555666666666677777777778„,          12345678901234567890123456789012345678901234567890123456789012345678901234567890.    L  U  U-irL t i .1- .- - -   -. ----  I -           *.-'- --

LOFT DRAG DISK THREE DTT RAKE ASSEMBLY RUN 05LULt - tli HEB. / 19// COUPLE    It

Rt BLANK C A R C

4

3 t'
ajo
'1
00
0 *



b

MESH _J T P U T D A T A                                                                                                        
C O U P L E    11

16* ALODPi.. AJODES *Si LOFT  rr -*.*
f. > Lul.,   DRAG DISK      IHREE  OTT )AKE ASSEMBLY RUN 05                                                                          w
D   LOCE - ECC FEB. 7 1977 CnUPLE II

-.-            -

,:  NODE DATA

. --NJ]E  NUMBERS,   1-J, R-Z COORDI NATE INFORMATION
D. I   J  NODE     R         Z        I   J  NODE     R         Z        I   J  NODE     R         Z
:   1-  1-- 1 0.0 0.0 2  1- -2  1.349F-01 0.0-- - - -3-1 - -3 2.697E-01 0.0

/:  4  1
4  4.046E-01 0.0 5 1 5  5.394 E-01 0.0 6            1                6            6.743E- 0 1    0.0

7  8.091E-01 0.0 8   1    8   9.44OF-01 0.0 9   1    9   9.755 E-01 0.0
,-la--1-10--1.007E 00 0.0 -11-1--11-1.100E 00-0.0 ---  ---

D. 1 2 12 0.0 2.667E-02 2   2 13 1.349 E-01 2.667E-02 3 2 14 2.697E-01 2.667E-02
,    4   2   15   4.046 E-01 2.6668-02   5 2 16 5.394E-01 2.667E-02 6 2 17 6.743 E-01 2.666E-02
. -1-2-- 18 -- 8.091E-01 2.667E-02 - -8 L     19-9.440 E-01 -2:6679-02--9--2-20--9.755E-01 2.667E-02

,„ 10 2 21 1.007F 00 2.667E-C2  11   2 22 1.1 OOF 00 2.692 F-02
„    1   3 23 0.0 5.333 E-02 2 3 24 1.349£-01 5.334B-02   3 3 25 2.697E-01 5.333E-02
„        3 26 4.046F- 01   5.333E-02  - 5--3 -27 -5.394 E-01 -5 .333 E-02-6 3 28- 6.743E-01 5.333E-02

D" 7 3 29 8.091 E-01 5.333E-02 8 3 30 9.44OE-01 5.333 E-02 9   3 31 9.755 E-01 5.333E-02
10  3 32 1.007 E 00 5.333 E-02  11  3 33 1.10OE 00 5.385E-02

n   i  4-4-0:0 -  - 8.OOOE-02--2--4-5---r. 348 E-01-7.999E-02 3 4   36--2.697E-01 7.999E-02

/,  4 4 37 4.046 E-01 7.999 E-02   5 4 38 5.3940-01 8. OOOE-02 6   4 39 6.743 E-01 8.OOOF-02
7 4 40 8.091F-01 8.OOOE-02 8 4 41 9.44OE-01 8.OOOE-02 9 4 42 9.755F-01 8.00OE-02

-10    4   43-1.007E 00 8.OOOF-02 --11--4--44-1.100E 00 8.'077F-UL                ----           -       - -
/ .    1   5 45 0.0 1.06713-01 2 5 46 1.349 E-01 1.067E-01 3 5 47 2.697E-01 1.067E-01

4 5 48 4.046E-01 1.067E-01 5   5 49 5.394 E-01 1.067 E-01  6 5 50 6.743E-01 1.067E-01
. -7-- 5--51 --8.091 E-01 1.067E-01 - 8- 5'--52-9.440E-01--1.067E-01 4   5   53-- 9.755F-01 1.067E-01

I. 10 5 54 1.007 F 00 1.067 E-01  11   5 55 1.10OE 00 1.077E-01
w '1 6 56 0.0 1.333E-01 2 6 57 1.349E-01 1.333 F-01 3   6 58 2.6972-01 1.33315-01
v "4 6 59 -4.046 E-01  1.333 E-01  - 5 --6 - 60 -0394F-01-1.333F-01 --6-6-61 - 6.743E-01 1.333E-Ul

D    17   6
62 8.0918-01 1.333 E-01 8   6 63 9.44OE-01 1.333E-01 9   6 64 9.7556-01 1.3332-01

'1 0 6 65 1.007E 00 1.333E-Cl  11   6 66 1.100E 00 1.346E-01
.r-1-- 7-67---0.0 --7--  -1.600 F-01--2--7--68---1.349E-ut 1.6006-Ul 3 by 2.697E-01 -1.60OE-01

/„  4 7 70 4.046E-01 1.600E-Ct 5 7 71 5.394E-01 1.60OE-01 6   7 72 6.743E-01 1.600E-01

.1
7 7 73 8.091 E-01 1.60OE-01 8 7 74 9.44OE-01 1.60OE-01 9 7 75 9.7556-01 1.60OE-01

10 7-76-1:OOTE-00 1.60OE-01 --11--77-:10OE 00-1:615F=01
---Il - .--I..   --- .Il     - .--Il

D:    1   8 78 O.0 1.867E-Cl 2 8 79 1.349 E-01 1.867F-01 3   8 80 2.697 E-01 1.867F-01
4, 8 81 4.046 F-01 1.867 E-01 5 8 82 5.394E-01 1.867E-01 6 8 83 6.743 E-01 1.867E-01

- -7-r--84-8.091E-01-1.867E-01-8-8---85-9.44OE-01-1-:867E-ul    y u .9 9./Mit-01-1.867E-01

D.   10 8 87 1.007 E 00 1.867E-01  11   8 88 1.100E 00 1.885E-01
1 9 89 0.0 2.133E-01 2 9 90 1.349 -01 2.133E-01   3 9 91 2.697E-01 2.133E-01

.,-4-9--92 -4.046/-01 2.133E- Cl - 5 - 9 --- 93 --5.3 94 E-01-2 .133 E-01-6-9--94-6.74,E-01- 2.13'IF-41
,„  7 9 95 8.091 E-01 2.133 E-01 8 9 96 9.440E-01 2.133E-01 9 9 97 9.755 E-01 2.133E-01

.. 10 9 98 1.007E 00 2.133E-01  11   9 99 1.1OOF 00 2.154E-01

. -1--10-100-0.0 -- 2.400E-Cl -2 -10- 101--1. 349E-01 -2.4OOF-01---3-10-102--2.697 F-01-2.4OOF. -01

':  tio
103 4.046F-01 2.40OF-01 5 10 104 5.394F-01 2.40OF-01 6 ·10 105 6.743E-01 7.40OE-01
106 8.091E-01 2.40OE-01 8     10 107 9.440E-01 2.4008-01 9  10 108 9.755E-01

2.4OOE- 01                     e, -120---10--109-1:0072- 00 2.40OE-01--11 10 110 1.10OE 00 2.4232-01                                      - ---

D "    1  11  111 0.0 2.667 E-01 2 s11 112 1.349 E-01 2.667E-01 3  11 113

2.697F-01  2.667E-01                                         3    -*,., 4 11 114 4.046E-01 2.667E-01 5 11 115 5.394 E-01 2.667 E-01 6 11 116 6.743 E-01 2.667E-01" 7 11 11T 8.091€-01 2.667 E-01 8 11 118 9.440E-01 2.667E-01   9 11 119 9.755E-01.667E=ut
D.                                                                              00 .-0 0

W

ts

D

b.



D

t

D I J NODE  P    Z    IJNODE  R    Z    IJNONE  P    Z
r-»IO-11  120 -1.0075 00 2.667£-01  11  11  121   1.10OE 00 2.492F-01
D  1 12 122 0.0 2.933F-01 2 12 123 1. 349E-01 2.933 E-01 3 12 124 2.697&01 2.933E-01

4 12 125 4.046E-01 2.933 E-01 5 12 126 5.394 r-01 2.933E-01 6 12 127 6.743E-01 2.933E-01

 . -r-12  --128 -- 8.091F-01  2.933F-Cl     8   12
129 -9.44OE-01 7.913 F-01     9   12    130 9.755E-01 2.933F-01

D .   10  12 131 1.007E 00 2.933F-01  11  12 132 1.1 OOE 00 2.962E-01
1  13  133 0.0 3.20OE-01 2 13 134 1.349 E-01 3.200=-01 3 13 135 2.697E-01 3.20OE-01
4    13--136 --- 4.046E-01 3.20OF-Cl 5  13  137'--5.394E-01 3.2OJE-01 - -6 ' 13 138 - 6.743 E-01 3.20OE-01

I. 7 13 139 8.091 E-01 3.ZOOF-01 8 13 140 9.440E-01 3.200E-01 9 13 141 9.755E-01 3.2bOE-01
' ,   10  13 142 1.007E OC 3.20CF-01  11  13 143 1.100 E 00 3.231 E-01

,--1-  14  -144 -0.0 3.467E-01 2 14 145 -- 1.349F-01 3.467E-01 3 - 14 146 - -2.697F-01 3.467E-01

D "     4  14 147 4.0%6 E-01 3.467 E-01 5 14 148 5.394E-01 3.467E-01 6 14 149 6.743E-01 3.467E-01
7 14 150 8.091E-01 3.467E-01 8 14 151 9.44OE-01 3.467 F-01 9 14 152 9.755E-01 3.467F-01

.,-10-14-153
-- 1.307E 00 3.50013-01 11 14-154--1.100F  00  3.50OE-01-12-14-1 55--1.153E  00  4.299F-01

, .   13  14 156 1.2178 00 5.017 E-01 14  14 157 1.291F 00 5.64OE-01 15  14 158 1.372E 00 6.157E-01
16  14 159 1.459E 00 6.556E-Cl  17  14 160 1.551 E  00 6.831 E-01    18 14 161 1.646 E 00 6.976E-01

, ---19-14-162-:743 E  00  6.989 E-01 -20 - 14 --163-1.838E  00  6.87OF-01 -21-14-164- 1.931E 00 6.62OE-01
D .   22  14 165 2.019E 00 6.244 E-01 23  14 166 2.102 E no 5.75OE-01 24  14 167 2.177E 00 5.147F-01

25  14 168 2.243 E 00 4.447E-01 26  14 169 2.298F 00 3.662E-01 27 14 170 2.343 E 00 2.808E-01
--28--14--171 -2.375E 00 1.902 E-01  29 '14 172 -2.394 F 00 9.596F-02-30 - 14  -173 - 2.401*  00 0.0

D ,    1 15 174 .0.0 3.733E-Gl 2 15 175 1.349F-Ol 3.733 E-01 3 15 176 2.697E-01 3.733E-01
4 15 177 4.046E-01 3.733 E-01 5 15 178 5.394E-01 3.733E-01 6 15 179 6.743E-01 3.733E-01

„ -7--15-180 -8.091F-01   3.733 E-01  -8-   15 -181  -9.44OE-01 -3.733E-01--9--15-182--9.75SE-01   3.733E-01
, „   10  15 183 1.007E 00 3.733E-01  11  15 184 1.068E 00 3.75OE-01  12  15 185 1.130 E 00 4.5282-01

13  15 186 1.198E 00 5.24OF-01  14  15 187 1.275E 00 5.859 E-01 15  15 188 1.359E 00 6.371E-01
--16-15-189 - 1.450€ CO 6.763E-01  17 15 190-1.544 E On 7.03OE-01-18--15-191--1.642E 00 7.166E-01

D  .        1 9      15 192 1.741 E 00 7.168 E-01 20  15 193 1.838E 00 7.037E-01  21  15 194 1.933 E 00 6.774E-01
22  15 195 2.024E 00 6.385E-01 23  15 196 2.108 E 00 5.877E-01  24  15 197 2.1852 00 5.26OE-01

. --25- 15--- 198 --2.253E--00 4.544E-Cl- 26--15-199---2:31 OE 00-3:742E-OI 2/ 15--200-2.356 E 00 2.871E-01

D-  28  15 201 2.39OF 00 1.945 E-01  29  15 202 2.412E 00 9.819E-02 30  15 203 2.425E 00 0.0
u 1 16 204 0.0 4.00OE-01 2 16 205 1.349E-01 4.00OE-01 3 16 206 2.697E-01 4.0003-01
0'   4-1 6 -207 - 4.046 E-01 4.00OE-01 -5-1 6 208 -5.394E-01-4.00OE-01 --6 -16--209 --6.743 E-01 4.00OE-01

7  16 210 8.091 E-01 4.OOOE-01 8 16 211 9.44OE-01 4.00OF-01 9 16 212 9.755E-01 4. 00OE-01
10  16 213 1.007E 00 4.00OE-01  11  16 214 1.037E 00 4.OOOE-01  12  16  215 1.099E 00 4.823E-01
13  16 -210 i.171E-00-5.556E-01-14-16 zi/ 1.25/t OU O. luot-ul L D 16-218-:34OE-00-6.703E-ul

D .   16  16 219 1.435E 00 7.097E-01  17  16 220 1.535E 00 7.36OE-01  18  16 221 1.637E 00 7.489E-01
19  16 222 1.739E 00 7.48OE-01  20  16 223 1.841E 00 7.335E-01 21  16 224 1.9402 00 7.0552-01

, --22-- 16 -225 --2.034 E 00 6.646 E-01-- 23--16-226---2. 122E-00-6.114£-01-4 -16--227--2.202E  00-5.4 fit-Ul
D.   25  16 228 2.273E 00 4.726E-01 26  16 229 2.333 E 00 3.893 E-01 27  16 230 2.382E  00 2. 987E-01

28  16 231 2.418 E 00 2.025E-01  29  16  232 * 2.441E 00 1.023E-01 30 16 233 2.45OE 00 0.0
9 .B L A N K C A R D

D"

,.

,
.-1

.                                                                                                                                                                                                                                                                                                                                                                                         T
-

\                                              X 1-0D '.                                                                      -J 1

*4
.

D„
a.

.
-

Di -                                                                                                                                                                                                                                              0:

b



I 3.
E L E M E N T D A T A **   MODEL  E-z.EMENTS  AS-*   LOPT  brr *1 -

D  g      ELEMENT  NOEELD.CORVAR  NODAL  NOSCI.J.K.L).MATFRIAL,NOIMATI.AND  CONDUCTIVITY ANGLES<BFTAl 'f

I     EL I J K L  MAT BFTA FL 1 J K L  MAT BETA EL E JK L  MAT RETA EL T J   K   L  MAT BETA

1 1 2 13 12 1 0. 2 2 3 14 13 1 0. 3* 4 15 14 1 0. 4 4 5 16 15   1   0.

 :  --5-- 5- 6 - 17
-16 1 0. 6 6 7 1 8 17- 1- 0. 7 r- 8 1 9 1 8 1-0. -8' 8 -9-20-1-4-7-0.

D,    9   9  10 21 20 1 0. 10  10  11  22 21 1   0.    11  12  13 24 23   1   0.    12  13  14  25 24 1   0.

13 14 15  26  25   1   0.    14  15  16 27 26   1   0.    15 16 17 28 27 1 0.    16  17  18  29  28   1   0.

-17-18-19-30 29 -1 --0. 18  19  20  31  30--1- 0.--19- 20- 21-32-- 31- 1 -- 0.--- 20 -21-22-33---32 1  3.

, .   21  23  24  35  34   1   0. 22 24 25 36 35 1 0. 23 25 26  37  36   1   0.    24  26  27 38 37   1   0.

25  27  28  39 38 1 0. 26 28 29 40 39   1   0.    27  29  30  41  40   1   0.    28  30  31  42  41   1   0.

-29 -31-32- 43  42 -  1 0. 30 32 33 44 - 43'-1--0.-31--34--35- 46--45--1-0.-32 - 35-36-47-46  1  0.

33  36  37  48 47 1 0. 34 37 .8 49 48 1 0. 35 38 39 50 49 1 0. 36 39 40  51 50 1  0.

„ 37 40 41 52 51 1 0. 38 41 42 53 52   1 0. 39 42 43 54 53 1 0. 40 43 44 55 54   1   0-

, -41- 45 -46- 57 -56 -- 1  - 0. 42  -46 -47 -58  -57-1--0.---43- 47- 48-  59--58--1 - 0. -44-  48-- 49-60-34 1   0.

D ·  45  49 50 61 60 1 0. 46 50  51 62 61   1   0.    47  51 52 63 62 1   0.    48  52  53 64 63 1  0.

  .--53-58--59-- 70  69---1-- 0.  --54  59  60-71 --70-1--0:---55--60--61-72-71 --1---0.----56 -61 -62  73  72    1   0.

49  53 54 65 64 1   0.    50 54 55 66  65   1   0.    51 56 57 68 67 1   0.    52  57 58 69 68 1  3.

57 62 63 74  73   1 0. 58  63  64  75  74   1   0. 59 64 65  76  75   1   0. 60 65 66 77 76 1  0.

61 67 68  79 78 1 0. 62 68 69 80 79 1 0. 63 69 70  81 80 1 0. 64 70  71  82  81   1   0.

-65-71--72   83    82 -  -1----0.-  --  66   72 -73    84    83--1--0.--67-   73 -74'- 85 -  84--1 -0.---68    74-  75-- 86-- 85      1     0.

D ,   69  75  76  87
86 1   0.    70  76  77 88 87 1 0.    71 78 79 90 89 1   0.    72  79  80  91 90 1  3.

„ 73 80 81 92  91   1 0. 74  81  82 93 92 1 0. 75 82 83 94 93 1 0. 76 83 84 95 94   1   0.

,--77---84-85 - 96   95  --1 --0.----78   85-  86 -97-  96-1-0.-9- 86- 87- 98-  97-71 -0.-80 87-88 --99---98    1   0.

D ,   81  89  90 101
100 1   0.    82 90 91 102 101   1   0.    83 91 92 103 102   1   0.    84  92  93 104 103 1   0.

85 93 94 105 104 1 0. 86 94 95 106 105   1   0. 87 95 96 107 106 1 0. 88 96 97 108 107 1   0.

, -89---97--98-109  108 --1 -0.--- 90-  98 --99 -110 -109 --1-01- 9 r-100-101 112 -111--1- 0.--92 101 102-113 -112 1  0.

,„   93 102 103 114 113    1 0. 94 103 104 115 114 1 0. 95 104 105 116 115 1 0. 96 105 106 117 116   1   0.
97 106 107 118 117 1 0. 98 107 108 119 118   1   0.    99 108 109 120 119 1 0.   100 109 110 121 120 1  0.

.-101-'111--112-123 122 --1---0.---102 112 113-124 123 1      Or--103-113-114  125  124  -1-0.---104 -114  115 126-125 1  0.

D"  105 115 116 127 126    1 0. 1£6 116 117 128 127   1 0. 107 117 118 129 128   1 0. 108 118 119 130 129 1   0.

.co 109 119 120 131 130  1 0. 110 120 121 132 131   1 0. 111 122 123 134 133 1 0.   112 123 124 135 134 1  .0.

w-113 -124125 136-135--1--0. -114 125  126  137 136 --1-0:-115 126-127 138-137--1 - 0.--116 127 128- 139  138     1    0.

D   117 128 129 140 139   1
0. 118 129 130 141 140 1 0.   119 130 131 142 141   1 0. 120 131 132 143 142 1   0.

121 133 134 145 144   1 0. 122 134 135 146 145   1 0. 123 135 136 147 146 1 0.   124 136 137 148 147 1  0.
„ -125 137- 138 149 148-1--0.--126 138 139 150-149 1  01-127-139-140-151-150---0.7--128 140-141-157 151  1  0.

, ,  129 141 142 153 152   1
0. 130 142 143 154 153 1 0.   131 144 145 175 174   1 0. 132 145 146 176 175   1   0-

133 146 147 177 176 1   0.   134 147 148 178 177   1 0. i35 148 149 179 178   1 0. 136 149 150 180 179 1   0.

.-137 150 151- 181-180 --1-0.--138-151 152 182 181 2 0.-139---152-153-183  182-2-0.--- 140  153  154  184-185     1     U.

D -  141 154 155 185 184    1 0. 142 155 156 186 185   1 0. 143 156 157 187 186 1 0.   144 157 158 188 187 1  0.
„  145 158 159 189 188   1 0. 146 159 160 190 189   1 0. 147 160 161 191 190   1 0. 148 161 162 192 191   1   0.

, -149-162-163- 193-192-1-00-150-163-164-194-193 1 u.         151-164-165--195  -194-1-04-152   165   166'-196   192         1        0.
D "  153 166 167 197 196   1

0. 154 167 168 198 197   1 0. 155 168 169 199 198   1 0. 156 169 170 200 199   1   0.

„  157 170 171 201 200   1 0. 158 171 172 202 201   1 0. 159 172 173 203 202  1 0. 160 174 175 205 204 1   0.

„- 161  175  176 206 205 -  1-- 0.-'-'-162 176  177 207-206---1-0.-163--177 -178 208-'207--1-0.-164'178  1,9 /UY Luu    1    U.
, „  165 179 180 210

209 1   0.   166 180 181 211 210   1 0. 167 181 182 212 211   2 0. 168 182 183 213 212   2   0.

„  169 183 184 214 213   1 0. 170 184 185 215 214   1 0. 171 185 186 216 215   1 0. 172 186 187 217 216 1   0.

. -173 -187-188 218 217 ---'-1--0.----174 188-189-219-218 1 0      -175-189-190 -220-219--0-176   LYU   191   221   Liu        1        U.
, „  177 191 192 222

221 1   0.   178 192 193 223 222 1   0.   179 193 194 224 223   1 0.

180 194 195 225 224   1   0.      „ 181 195 196 226 225   1 0. 182 196 197 227 226 1 0.   183 197 198 228 227 1 0.   184 198 199 229 228 1 0.

.-185-199 200-230-229-- 1---0:----186 200 201 231 230   1 0. Lu,  zur--202--zjz  ,31      1 0. tuu Lut LU, L33 £34 1  U.
-

D » T]TAL NUMBER OF NODES = 233    '                                                                   S 0
„ TOTAL NUMBER OF ELEMENT = 188 -

00014
"

0                                                                                                                       .-0
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Interoffice Correspondence

June 9, 1976

L. J. Ybarrondo
CSC-TSB

LOFT DRAG DISC TURBINE METER SHROUD WELDS - Gott-4-76

As a result of the failure of the LOFT PC-3 drag disc turbine (DDT) flow-
meter shroud, calculations have been made to determine the weld area required
on the shrouds of the other DDT flowmeters to prevent another similar
occurance.  The maximum fluid forces on the flowmeters in the blowdown pipe,

operating loop, and core simulator locations have been estimated, at their

respective locations, for both best estimate (nominal) and worst case con-
ditions during steady state, blowdown, or ECC injection conditions.  The
stresses in the shroud welds have been calculated on each flowmeter for
the following conditions: 1) present condition taking credit only for the
estimated good weld area, 2) best fix assuming all good edge remaining on
the flowmeter body can be welded, and 3) proposed new weld design.  The
following table summarizes the safety factors for each flowmeter and each
condition.

It can be seen that the PC-2 flowmeter is the only one with adequate welds

and can be reinstalled into the loop with no rework.  Also, PC-1 and BL-2

cannot be repaired without removing the shroud and rewelding.  Flowmeter
BL-1 can be fixed by additional welding (.035 inch throat thickness new

weld, total length 1.73 inch outboard side and 1.46 inch inboard side)

without removing the shroud.

The proposed new weld design should be satisfactory for the core simulator

and BL-2 flowmeters.  The safety factors listed for the PC-1 flowmeter are

based on loads estimated at the PC-3 location.  However, the loads on the

PC-1 flowmeter should be between those estimated at the PC-3 and PC-2 loca-

tions.  Therefore, the proposed new weld design should be satisfactory for

the PC-1 flowmeter, particularly in view of the fact that the proposed weld

design provides more weld area than presently exists on the PC-1 shroud, and

that the PC-1 flowmeter has remained intact during the Ll-1 and Ll-2 blow-
downs.

For the DDT flowmeter at location PC-3, the highest forces on the shroud

should occur during normal operation at the highest pump speed.  The flow

at PC-3 will be highly turbulent and swirling effects caused by the 900 bend
at the steam generator outlet will probably not be damped out at the PC-3

location.  The actual flow pattern at the PC-3 location is unknown.  Also,

vibration forces caused by turbulence canno€ be defined.

100
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Before the f a i l u r e  o f  the PC-3 meter, two meters had been i n s t a l l e d  i n  the 
PC-3 locat ion. During steady s ta te  operation, both of these meters measured 
a ve loc i t y  about h a l f  t h a t  measured a t  PC-1 .and PC-2. This ind icates , t h a t  
a la rge  amount o f  crossflow was occuring a t  the PC-3 meter preventing a good 
ve loc i ty  measurement by t h i s  instrument. Also, crossflow on the PC-3 shroud 
w i l l  r e s u l t  i n  a much higher ' f l u i d  force than f low p a r a l l e l  t o .  the shroud 
would give. Due t o  the uncertainty i n  determining the maximum f l u i d  and 
v ib ra t ion  forces on the PC-3 flowmeter,, there i s  sti.1.l a ,s ign i f f  cant r i s k  
t h a t  the PC-3 flowmeter may no t  stay i n t a c t  f o r  extended operation. Also; 
since there are good ind icat ions t h a t  the PC-3 flowmeter i s  i n  a poor loca- 
t i o n  t o  obtain a good f low measurement, i t  i s  s t rongly  recommended tha t  the 
PC-3 flowmeter not  be i n s t a l l e d  . i n  t h e  LOFT primary coolant system f o r  
e i t h e r  steady s ta te  o r  blowdown operation. 

~econhenda ti ons 

CS: Attach shroud .with new procedure c a l l  i ng  f o r  3.5 inch weld o f  .035 inch 
minimum thickness. 

P C 4  : Attach shroud w i th  new procedure o r  I n s t a l l  PC-3 instrument here w i t f i  
added weld (minimum 1.29 inch outboard and 1.46 inch inboard). 

PC-2: OK as is. 

PC-3: O m i t  instrument a t  t h i s  loca t ion  o r  use f u l l  length welds on shroud. 

BL-1: Add weld t o  present shroud (minimum length o f  new weld 1.73 inch 
outboard and 1.46 inch inboard). 

BL-2: Attach shroud w i th  new procedure c a l l i n g  f o r  3.5 inch weld o f  '.035 inch 
minimum thickness. 

The assumptions and calculat ions f o r  . th is  analysis are shown i n  the attach- 
ment. Best estimate and worst case values used f o r  various factors i n  the 
analysis are given i n  the attachment. .: 

A & ( .  , ~ 4  
R e  C. Gottula 
Thermal Analysis Branch, 

.-5'k w 
R. G. Rahl 
Appl i ed  Mechanics Branch 

j.h 

cc: LFBurdge RCGuenzl e r  JLLiebenthal i f  RPWadkins 
'HMBurton . ' DWHood c ~ ~ o o r e e  RCGottula . , 

,RLGump JRKarvi nen' MLStanl ey 
.... . .. RGRa h 1 
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SUmARY OF SAFETY FACTORS FOR SHROUD WELDS 

***These loads are thought- to  be between PC-2 and PC-3 load values. 

**Best F i x  assums good edges welded as indicated by LNW . . 

outboard add. we1 dl (inches ) *Length o f  addit ional new we1 d (inboard add. veld 

o c.ne: 
m to- 
cO =- 
ab-92- 

NEW DESIGN 

S.F.N 

17.5 

2.4 

28.5 

2.4 

5.3 

5.3 

- 

, . 

BEST FIX* 
. . 

. . LOCATION 

CS-1 . 

PC- 1 *** 

PC-2 

PC-3 

BL- 1 

BL-2 

Consider 
PC-3 I n s t r  
i n  PC-2 
Location 

F 

S.F.I( 

4.7 

.8 

7.9 

.8 

1.6. 

1.4 

- 

S.FON (LNW)* 

- 
0.  

' *6(. 23) 

- 
1 31 

2.2(1:46) 

4 )  , 

I .7(*0) 
5 

1 31 
24.9(1:46) 

PRESENT 

S.F.w (LNw)* 

. -  . 

0 2 (  .!3) 

- 
I .  

*7(1 1:;) 

1.5(1:46).. 
1 73- 

I 

5 
*5('0) 

1.29) 
7e2(1..46 

S.FON 

- 
0 

10.1 

.14 

.4 

1.6 

1.6 

. . . -* 

AREA REQ'D 

S.Fy 

- 
0 

3.4 

.05 

-1  

.04 

0.5 

Nominal 

.0070 

-0508 

-0043 

.0508 

LOADS (1 bs) 

Worst 

.0221 

.I355 

.0133 

.I355 

. 
Nominal 

21.1 

152.8 

12.8 

152.8 

69.8 

69.8 

12.8 

Wont 

41.6 

254.7 

25.0 

254.7 

1.37-4 

137.4 

25.0 

,0232 

.0232 

.- 

,0043 

.0731 

.0731 

a0133 
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INTEROFFICE CORRESPONDENCE 
, . .. October 22, 1976 - M. L. Schulz 

w e l d  FLUID LOADS ON LOFT DTT SHROUDS LOCATED ABOVE "A" AND "C" FUEL 
ASSEMBLIES - GOTT-10-76 

~e fe rence :  , (a) "LOFT Drac Disc Turbine Meter Shroud Welds", GOTT-4-76, 
June 9, 1976. 

The maximum momentum f l uxes  a t  t he  DTT shrouds have been estimated f o r  t he  
transducers located i n  the LOFT reac to r  vessel upper s t r u c t u r e  above' the 
"A" and "C" f u e l  assemblies t o  determine weld requirements f o r  t he  shroud 
attachment. Momentum f 1 uxes have been c a l  cu l  ated fo r '  both steady s t a t e  
and blowdown condi t ions.  T e steady s t a t e  ca l .cu la t ion  assumed t h e  h ighest  

were considered: 
2 loop flow r a t e  t o  be 3 . 9 ~ 1 0  Ibm/hr. The fo l l ow ing  blowdown cond i t ions  

1. 200% simulated co ld  l e g  break 
2. 200% simulated ho t  l e g  'break 
3. 100% simulated hot  l e g  break 

,The momentum f l uxes  f o r  these cond i t ions  are  summarized'on page 4 of the  
attachment. . . 

A1 1 o f  the  momentum f luxes  are  l ess  than the  maximum momentum f l u x  ca l cu la ted  
fo r  t h e  DTT shroud located i n  the  blowdown p ipe (Reference a).  Therefore, 
t h e  weld requirements given in. Reference a f o r  t he  DTT located' i n  the  blow- 
down p ipe should a l so  be s a t i s f a c t o r y  f o r  t he  DTT shrouds located i n  the  
upper s t ruc tu re  above the  ."A" and "C" f u e l  assemblies. 

I f .  LOFT ever runs a blowdown t e s t  where on ly  the  ho t  l e g  blowdown valve i s  
opened, these weld requirements should be reanalyzed. 

. . . . 

J r  

Attachment , , 

as s ta ted 

cc: R. L. Crumley 
J. R. Karvinen 
J. L. Liebenthal 

, R. G. Rahl 
H. A. Rau 
R. R. Rohrdanz 
R. P. Wadkins - 
R. D.  Wesley 
C. J. Ybarrondo 
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