
ST O N E @ D309WW $N@lN3MWING @SMSf6CW( ;' ,

CALCULATION TITLE PAGE t( ''{ R l
- i.

a w,w .v.w.
PAGE tCLf E NT & PROJECTf-.,,

' ~~ '- TEXAS UTILITIES GD;ERATING CO./ COMANCHE PEAK SES - UNIT NO.1 & 2 TOTAL NO. OT PAGEs- 72_
t

Y C A LCUL ATioN TITLE (Indicotive of ine Ottective).

GENERIC CALCULATION: k - NU LE A R
P M &LLEL 6 N V S fb E8J . - SAFETY REL AT E O

'

O -NcN-rCLEAR |
SAFETY RI'_ATED |

C ALCUL ATION IDENTIFIC ATION NUMBER
RRENT

J. O. O R W.O NO. OlvlSION & GROUP g_ NO WOR P M

i545"4 NZ(c)- d EA)'/ - Z4 7, N/A

REY.ND SUPCRSEDES CO N FIR V ATION

I
PR E P A R E R (S)/ D AT E (S) R E VIE W E R (S)/D AT E (S) REVIEW $1/ D AT E(S) O R R E Y. N O. y S | N

r. c s . kw e 2k *g%2pg V
-

unnr1 to/it/97 cm in o &-

.
>

"T.UvW KdWM N' h g' f''

I h T\ h E*Y I ~E| ~ 00 |-2/-88 D
,

.~-

.

' [j,%
\ s .

-

' . _./
.

%

.

.,-

.d

DISTRIBUTION
I l I COPYi
| COPYSENT GROUP l N AME & LOC ATION I SENT

*
.

GROUP | N AME L LOC ATION'

I Revision i O'1 2 1 1 (A

I B. NICHOLSON 245 /1 |}( l |
TIRE FII.E ..

6 SR. CLEr , CHOC 4YL 4
*

I |
ORIGINALS TO
PROJECT FILE .. l IN I [

c,, u o . |'T. W wM.yv(f54) h | |

'

RECORDS MGMT. B. EXCELL - NYOC/36 f. _ ,

TUE INTERIM ID. GOODMAN I I | |

I I |
.

I I

} I | !CALC FILE
:

I I

h32OO307880331
E DOCK 05000443 ,

P D,~s

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



STONE & WEBSTER ENGINEERING CORPOR ATION
.

CALCULATION SHEET. .

A ssio ',.

.

*
CALCUL ATION IDENTIFICATION NUMBER

/"N. J.O. O R W.O. N O. DIVISION O GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE

/f.4 f 4 NE- Cc] ($ FNX- 2.4 7 ' ~

, .

2

3

' I ObE.X ' - -

* -

PtM E % .
.

TrTLE I

' IdbEx 2
80

R F A StorJ ' .S TPfT v.5 TO t G 3''

|2
~

'' O Ass G c11 t/E. 4
14

''
M E1Ro D 45'

16

'' RepEo2.s A c s.s 5 . -

i. -

2-GoMC L OS 1od E 6-''

i. . . to
< .-.. .,

c &L C U L A-TtodC 6-2V~

.: . ,,

23

24

'' 'ATT(MKMEAT.5 |-
A)T'EL99%OrdE. fnt.Mo Q.Mb@1 1

''

27 .

''
E > T EST ExF4.h AJ efTt odi F2cm

'' P Ht P-tc Scil >J Ti pl c . 15
,,

'' C) I.o c c F 09 tT I TUNT-Z
32 .

.

33 .5k mi4 C, fo 4 0 07c 4 o /: No'o/27 27 j
34

''
72.

j ss

37

>.; .

39

40

el

| 42 s

' ..< 45

44

45

46

1



STONE & CrBSTER ENGINEERING CORPORATION*
4 ,

CALCULATION SHEET
' -

a me .
s

CALCUL ATION IDENTIFICATION NUMBER-.

. J.O. O R W.O. N O. DIVISION & GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE

15454 NZ (C) G F N y - 2. 4 2. M' '

i
REVISION STATUS TABLE:

3
.

* REV PAGE DESCRIPTION N SON*

* NO. NO.
4

7.

* O ALL ORIGINAL ISSUE
9

g 4 R Evtiti.D. Tb71%. .s u P P o(2. t Mo,''

si

S' Co n eLLTLc sfewan r-art. f4YO2A U U C.
,,

,

13

14

,
15

16
,

if
,

.a

18 .-

o

4 ..

,

se,.

_

-
at,

-

23

to

25

to

27

IS ,.

29

30

31

32

33 ,

34 ,

35
'

36
'

.' 37

36

39
,

40 ,

41

42

43

44

'

45
,

| |4



STONE P.WIBSTER ENGINEERING COkPORATIONs.

CALCULATION SHEET'' '

,g & 5010 '"+

CALCULATION IDENTIFICATION NUMBER

' ' ' '- J. O. O R W.O. N O. OlVISION O GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE.A
l /r4r4 A/s (c) G EN y - 2 4 2. -

. .

i
'

2

* O I33s cnyE : - REC E/2GC- 1
* //UC L ER2. .S TA M ) R e D NE - E- 71, 12 cric t /
,

'

' 31 5.I g LQ u al M 77tA 7 91/Zi; LL E L getone W.,^
?

.

' * SHALL Nor BE /mSt%-Tc HED iM 020 5 tL To
,

'* t'E R fo KM THE.t 2 /NTEND EL). F 0MC7Io TH E.

'' 2.E.Q u tK E D1E^HS .oP MMilHGb C.@BGE(2d h2 5.-

''
13 i

9 T H G. D t PF-Et2E.JTitt. l.-0S T In077od 8L7dE-X'*

,

'TkJo StJut$r3s(LJ SH4LL Md7 EsCFLD''

. ,,

6 0 2..utth .. by 7He of FFS/2GNT/R L. fic nu't; don'' ~~

*as

'*
S'HA lL Mo T EX'l GE.D O<s o J~ f O R. 's o?. o f~ -

,,

' '' ptE Sm4L t 5 ST g-C 71 V A-7 ton' L E t/ 2- L. , w t.
* o v:n en w n. tt w c.sacre. w ksmsn. TM suon,iu M

'** m t.s., nr M.ov a. A 1 b ) e rart n.m.
CO LIM 0 F AGG THE SUPPb&f taHtCR" M& 7koD ' --

,
.

HAVS / Hl2 Al L E L S/t V136Et2d /S Ct379tAJEL
'' "

'' ( eS F F E.II.Eg CE - 2.').

,?ISOID $l T& g & ff7-( .5NI186 E(7 MODE L.*

d

N L)M6 G(2. /9610 SEetn< N otr)is&t2. . TOTFL'*

3. . ..

40Or>o/2T.r M(2. E 'Z M ."
34

hY T hkY bN0 N N bh$ $Yb0
* 36,.

Ac71Unitod 4s vLL. p2 2ACH cF
. 34

* A8cv6 SNV 88 EJU N EtL G. Q4TmHQ

eaan, rac,pr e c e ,a n ri.ci c , 0 w e'
.

,,

'
, ' , ' c y airesseeMridt Lo.tT marioN f Ac7 Wr7tcH

leuet gewas pew ce sno u sa s<s

,,

.
. .



STONE 8. WEBSTER ENGINEERING CORPOR ATION

CALCULATION SHEET. .

r wn .
'A C ALCUL ATION 10ENTIFICATION NUM8ER

" J.O. O R W.O. fJ O. DIVISION & GROUP C ALCUL ATION NO. OPTIONAL TASK CODE PAGE'
~

lS4 r4 Nw CO G E tJ >(- 2 4 2. _
-

,

.' -
,

t

3

ME mod Go4T-) .'

,

' USED N EACH so P004.T Bft.E cAtcutNtEO
,

d i b w p l2.s A T t A 1. tY\OTo rJ G Co m (9A-rago @ TMF.'

,

' o.o 2. 14 mAxtMV M ,
,,

e) DiFFEPENTtat PettW 61to bl L.E.M EL (S
''

,3

C.Om M RED Th WE Q. 005 Q M Co '/, c P'"
.

,

THE s mn-u ss 7 Rc. in sin-rf ost L EVE L.''

,,
.

ie -

REF E.ttM CES (-" *

ro .

H
*' f) M0GLtidi 6.TertJ.D fra D NE-5-79 mE cu pics.,

.

-- ,
_

6ND BYD R Ayut S N Ut3/b E R C Fo(2. NotL E 6(1 21
''

,

pr@l.1 C.MtO ed " EB e TEM lbE tt [9 74 .
''

,

2) T.rAcom ta q CcMo s t'or3D63 CE " 0. H ItPT.- gr 5''
.-

28

.D STE.D Sh3 Ir7 To a %ect. R 2 1 2. .''

,

.

3' 5) T. a c.o oua 4 C.S.RoaP0AD64CE CR- \ CPI. '19 2. ,
,,

33 ',.
34

3S

J 36

37

30,

39 !

40

44

42 .

. , 43

44

45

46

-
. -. - -

-- -.



STONE P.CEBSTER ENGINEERING CORP 00AT10N
', CALCULATIOtt SHEET,

A $010 M
' C ALCUL ATION 10ENTIFICAT10N NUM8ER

O fiJ. O. 0 R W.O. N O. OlVISION & GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE

|6 A O| N 9:- ( 0 0 0.Y Y ~ ?. A 'L *

I

2

CoblC.LVItofdS.*-
' THig, com P A-6.t C o 4 0F Lo !.T moTio d Fo R. MM C Kt.c

'

? M V (6f5^1r d S 5 Mo W ft.D he 'T W% btGF-Es2EM 7tR'

' LOST mo"R 0 N VJ M \J|"TH 14 'TH 1!t. 0.C 2 I4 L\MiT,

io,

Fo e,. g4LL $s)ppog."TS, @E ( omp ket Lod eP''

,

'' A- C~t d ,+T t o M L IIV E L. S RO VJ EO 3 Mt Fo E. \'l '/.
'' oF . SUPPORTS, TH E. o n FF E R.h) Tt fH. M.Tr/ (tm od
16

L EV EL F Y. C E E ) E,D Tks. o.oo S' S C R. h,op-Sm[rktETT''

-
,,

ACTWFtio4 LiiN E L , Kow rz.91E.R 99 PEM.0\X ZI S1 0 k THE"
20

'' REF -l 'ET A TIES 'M (4t Lor 8 O S Kh4.tn 15 A StRowRr
22

'' F0 9tti.ct4 CF mt sm tyt < R og Lost enomod R.ta.o Ewti

**; FtTTw A S c Le st. ka ts. No (4 La.SS L(L FORC.Tiod 0F
24

| png 3 m pcq op gc,.tiMTlord I.Et/EL AfdC #LLE/H g #tt7tr~. , 'l27

; rr is -om -my . emmu o m- my

>' me. c<uema m m mou os sa aesiiucs 20 its wa e.
32j

'' h? Pf2AfE8 LO /tO SKf'W!t4G oF rno LTI Pt n SN08%Cl21.

'; cs u mtm.amtae a ). m s.o o n w s ix is coacwoto
,

'' rnet met. Tie ts suusstAt ou etee Joeport.c cw
,,

,; c gr o smam m e. co m sx+a.io; ca.tr u * en>

-

aEsuc~u -i.
2

43

| as

| ..

86

l



STolif & UEBSTER ENGINEERING CORPOR ATION
,

CALCULATION SHEET-.

r...n
'

CALCUL ATION IDENTIFICATION NUMBER

5J.O. O R W.O. N O. OlVISION O GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE

1.5~4 34 N bCO (, gD '2'.4 % -

[ Z 3y/3 x1 = g9y f,4f (2.ED SNo B Se-H2E

{
'

'

,,4 c T Lo sT- Reut2.
$oppsgT' S00 90*'t L L"WL O M6 TON O* **

o
s q. No 1 6 6 sM /Al
cS I -to& - 9,25- o <o 14 cool 6*

ft, 000 % 0'00( ele-' 7 y - ccjz oc To7f e<olz o<oiT

f2 c - / - / 3 </ -33 f q jg9 c. c l 2 2. o.o If'

s gg3zy y o'#* A 3 *'O*' ' ' ' ''* c c 1 )C ,,, y c.o2O

|2H -I ~38 ~01& II 4Q 4
"

bw = c. C
o o 'I - 7. - 9137 m,,

/2H-/-58-0/L 77 2.c 1/L g1Hd-

'' '

$ 0 0 s ~ 1- 973 @
,

,,

A F-I- o'Fo M I?9%b ; Dy , el
"

-

S) E 5 13o0 6,,
,

" AF-I-s % - o t o t153" ) **'G O'#''
o.co 2 0 002. a k.as

S ~$ b 5- 1953 i oibl4A
'

o.ols.,,

F*yl- l.0 9 /.- 7ou la t F 6**

|O D L' E T'ED," SG1W- ta 7q 0
'' AF-I'*99-005 issoS '' & -. c,o i s-

3 ,,,,7,

S4bl' to5o6 FI R-
~~

c.~o I 3,,

Ap-t- o 9 f .0 ot- n.$2 @
**

| D * A' h, g ..

, ' , ' S 3 3 5- gafggej --

A F -I' 09-9 ''DC 7 %S S 2. o. .o IS' . . . . 90l ...

"

V2. 0 '9.* 5 *'# 2' , ' ,- . s'33 ,e -jag a 9.- ,,p. pcn,

_Af_ .I -dt 9-o:13 4.y.1g9 o oc6 0 01Y"

, , ' J43 X- - 44299 _! "'8*l /'"*

oggg gm g

Fv-t-I- 19h7e o IJ 70"

g(, zg., yyqs |C
-. - - . -

** 46 t tisLO .
.~ y -i-.s s v.- ,..o isev -- - . %.L& M(-

.

l-
. -- .

, , ' 5 q z,, ic . . . . p,g g*
.

* ' , _ -.

,

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

|



' STONE & WEBSTER ENGINEERING Cof1POR ATION,

CALCULATION SHEET--

e w.
,

C ALCUL ATION IDENTIFICATION NUMBER

71.0. 0 R W.0. N O. OlVISION O GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE

int 4 aMo 6 sax-zds -
,

,

'
P4ltaED sNosse25

g
' ,Ac t t_o st.

'

$ o ppsgT- SAM 9 Belt LGVhfL O M6ToO $*
o

s q. No T. 4 4 # AJ /A/
A p-I-le l-o* 7 28 55* d.o t o e,o20

S 3 3 /c- 2 8 9 'L- ljf - 0' d' 3'

o.oto o.o z 3e

' s t -l~051 -6% (*16tS d ' '' * 9' * * d % 2-
; '' 00 ^ " * ' 3 d "'"' ents isoss s,,04 o. O n

.s I - I- c4 7-a t 83oc ^ A- d'0 of''

O'O '
|' 4 42 K- 64)'/ g o. o |
" yl- |-0% 2 ~ ol'? I4o3 6 0 006 d'd2 6

I eso t d< o d 2\1 es

C 4 t #" /9 0 '/ k o,00 7 d. d Mir

''

3 |- /- 0 98 - oo) 19o44 e. do t 0*026
| o'on I e.oo9,,

C4 t A- 42. oG1 o.,o 7 o, o I.cno

' ''

SI -- |- 05 0 ' * l o I44I9 bl # 0 ' 0 16
3 d.00 6:: -

C42 $ hb AJQ. os QlO,,

3 |-t. ls t - o0 5 15 a ca s e.00 7 a.02V"

|O o.o o 1 c.oo 6 O * * ',*$n c, q ; p. ,g,3 $
o*014 o a 01'l $ , , ,1as -

e.O 10 4 0 li'' y /- I-30c, o z.y ggeg$
||y o,co| c.co Sne 9bp f.8e99 o, o 09 o,022.- as

" s t -| ,) olo- o L G j.17 go c.co Y e 0t7
e g g,g | o.oo I o ce 9se

t6a45 d. co ~) 6.'024se

.1I-L.-399 ~-. SS . t *D 1.b o.co&- e.oI8
" O

'
--- h- . cL4.L K -

79/52.. o,olt o , c 2 5'
2 * * 4- droo 7

"
n
" .SJ..L.1.00~~O.11 4 ') So S b. col . . . 01328- 'g m-

0**4"
. . . . . . C'U l. c q y y. ;

Jg s 1, 4 0,olo o, s 133.

/2)]-/- Oc l- 8t? 2.').4 y B"

C y l /4 1 'D d d'- k. .

*

'2-)4 Ss.i
._

fiy-l.00l'oLO yS90 Q 6 <b
**

,,,

C'l I 5~ ~ ~49g |
~~

..

:
_ . . . ___. _ . _ . . . . .-

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



STONE & CE8 STER ENGINEERING CORPORATION,

CALCULATION SHEET>

a we n
,

CALCULATION IDENTIFICATION NUM3ER

J. O. O R W.O. N 0. OlVISION O GROUP CALCUL ATION No. OPTIONAL TASK CODE PAGE

_ |[A [A . h|'E'0) G $ N >< ~2.4 % ~~

' put twD SHassetS
'

~
, A C *T" t,,o ET-

yo pps4T- 50068et LEVA O go r104 6 MM*
,

s q. Na 1 (9 d, #M //./
2 H- | es L -o' *\ l to S e \ sl th o. of 6*

c q { IG. b 0 'o" A'

114gy s.oof s.o20e

* L y - t- so L ~ ol t. tseSS eoo)j d. 010
c 4I4 /o 0 < 4 0 2, o'o loio

j.7o1 d. o/3 o.02o,,

CT-I-007-0"7 i * ~l O 8 3''

y 2.2 J - DI'' C
~7 h 7 6 10i.

-
'S c7-i-co7-**8 / oL9 5

D G. bbkh ,$ 51114 1 t,q y t,
.. c7-t- o i s - u o. zt as L&;3 o e.| ., z z a" -

-

** %Ie* 4
'' c7-|- o 0-of o i u ') $ o ^3 8- O'Oll

N t o7 g ; N/}-
~

o.02'7
CT-t-O8% ~no'l ILSsft,/** 0 004 0017.

}[L .
p. 0 c 2, d,00 L'$

y g.t,;c., .

l L'S ['1 o*o 11 pr o l[as

| CT-I - o I 'l ~ of 1 I 4 tlto9
"

$ kt.0. D?g
..

. ..

" Syt,It
R.a f / 'kn

c T 639 -t/2- 5 9.g 3 s'*

c y t,)c., k
. P*o I60 0I7

o,00 5-
.

O< o o t''

To)6o 0 0tt osvI4n
" C $ -1- 09L=.9J5 -gCI 1

.. 4yLh?-- Y;t. . . .D E S-&. g'*

3g,g, ,,

CS-1. slt.- o 2.L. .gj 3 3.o"

___ c t.{s.t. - |k, DhL Y.
.____

"

l4/L
-

An

12c.-I // 5- 8 t l l ey.31 _. o4/6 ..- 04 70"

c') tg g, |O a.004 . . . . . o.0 0 I**

l/ 4 /9 o olt o. o t i. 4i

f2c-/ o/8 -05l to3c8 o<efo . _._ e 13 2.a'

. __ g g g g.. I o * Co '7 e.et
'

''

1t.jJC) y o.00't o . 6 2. 2<<

4S

46

. . . _ .-

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



.

STONE & t!!EBSTER ENGINEEftlNG CORPOR ATION,

CALCULATION SHEET
4.. n

'

CALCULATION IDENTIFICATl0N NUM8ER

J.O. O R W.0. N O. DIVISION & GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE

/f414 # %(O 6gaXw 2 4 2.
'

-

fAl12ED SHoS5525'

- _. {
* <A C T Lo s7-

Leven 4 geos3 6 ILMpte
| $~o ppsocr Sa0 00mt.*

o
* Ho He 1 6 61 IM /A

CC- / 15 9 - ee7 $ 4 4 4 'f o.o/2 o,024'

c $1y '/y .
00 0002'

$ 4V4 b o. o | 2. o n o 2. A*

' Cc -/" 2/L - esi l'L et 4 d,co '7 0, do ?
c g $ )g [ Cocat 0'00I'*

IL,eL,5 o< oo Y e.clo,,

CC-l-LI 6 * ol? loi5L C * Cl*2- 0.oIS'*

|r/ on0 0 2- o.003''
//cg 3 g% laibb on 0 l O e.o t ose

,
.

cc.- I-115 - ol t. /o)89| -
"

. /;y| $ cng D r., t. tn oc"

I4 L9 U''

c c- t - d.o 8 -- 0.L I 1kg.; e.oo 3 c.o26"

! 4 g ;c 3 o.ool o.oo"

tW ('8 6 o,oo4 o, o26! to
"

e s.-l-o/c - oc 5 lag ts' >> A- c. o I4''

.. ] o.002.'' 4 qi f .

/ W $i (d A.l6 6'0 l5as

CC -l- o 4 % - c' I . IMG 1 ne- c.ol7**

A y $ $.--. b d' 00 2-| ''

i k 4 6 'L xl4 i.o Ifas

C C - I- o LI $ - O l'/ . .Q.L9 y o r.017 . . . . c. 0.10."

g y y:. |0 ~ ~ 0; o t t
o.o o.c o tn

4(19 6 d . d d''':.

cc /- / fib oo k. _g a gt.,"

e ....4534-_.. 3 MQ. T ''''

_6_3 s 9
.

#

cc -1_.AM4- 2e * 21L 4 c.ote 0 02."

10
.

._ '4xt t .

I l 7 t.i5 o.o i4. . _ . .
o.00 4 0' oof"

c.otrn

sc L*0.45-2eL .LL35'.9-
$.

"

.._. 4 3 Sf ..__ .D.0?. . .- - . . . .

"

/ 4 fle..
.--. .

n

(W - /~ o *1~ * ' ' .t L9$1
~$

- . - - - . e o la" K& o.c oS<o gg _ . - _ . _ . g. . . . . . . _gg .,,

5 t ~ L~.0 2 I * o o_4 59Ku Jith . *'o !Y**
.

3~
-

0 0064 gg ~

T~ff~VT XV
~~~

o o|2..

**
..._. _ ... _ . ..__...... _ . _ . . . .

\.

, . .-_-.--____.



STONE & WEBSTER ENGINEERING SdRPORATION
'. CALCULATION SHEET.

4.. n
'

CALCUL ATION IDENTIFICATION NUMBER

/0-

J.O. O R W.O. N O. OlVISION O GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE' in ra Ws &3 6 &Mx- 24L- -

; P,4;raeo sNossees-

'
~ ( ,Acr t.o s7-
So ppsgr- SaoeBet t evert. b u cto*3 6 Egege..*

a
'

* Ho Hu 1 4 ds IM /A
flH-t- ott/-e*4 It.o S 11 gg- d.o t!'

$1 Lp, 3 0 0 0 5''

I V $ l th NA CroM*

gf./.e7y.et5 g q ..
' o,co y o, o (3 e > g.G e'd

c 5% l'- ;|L 0'" S "#0 A'*

s e,i, I ,,9 ,oo9 gs,cory, ,

Mf /- 07 Y - 8 '9 8375 e ' 0 I s- d oIS''

|Li * * * * * *'*#I''

C S 2 W- B l ?V o, ols o.oI4..
.

_

-
'' HS~l-ISI- 0 L e 415wh c pt X, Idi 'D s L.E TES''

'

/o ? s'7 7"
;

HS-/- / r/ - o 5 L I2.,3s4''

c $Lle fy D 6M. TS-D
, ,

' ''

19fS(fso -

*' Mf l-l 5/ - oV8 /o3'18 g QcgLS I se A
, ,,

/oliIn

MS-I-I SI- on sgoy S g, g"

c 52. A / tt *."

$4 Ilu

Rf-/-/ F 8-o32. 3,49 gj g ..
o.a24" e.co s-

as c.004
,

g. 0 0 2.
j$Ly/ c.c / 2 e,d26n

M$= E * / $0 ~ O S* 3 $L).1 | o.O lO O Q~Z,0
"

~

d. 00 4gg y, ce008'
.

,$.$ L 1 | O'O 10 o r Q 5A33
,

$4$=l=b.9_tjy=.k e.V.|LL $ % |.
'

d. 005' e'0 ZV
f C* 00[ 0002| s* aj > l MdC-----g--e ~ ~ ~ SyLIt/ o .o t o.02.4 f1

n

MS-1 J 4 5' ~.00 y .41fo .Ij - o of 4 .- osoLL
.0 'o *5

"

~T)$/...
I t.- oeOn L - - . . '"

._._.. c3 w . . .- . a.Olt 000 0 Tse
__

} LL L o. M ~019 I16e8 o*W ? 1.L3 .

"
.j s, o e.os2, <a

| j'f|gg) O . O'o T NTQM<,
,

pa~l 03$-Ool ($9u o.0 01 . o oll**

|C . 0 00 h - . .
0'00S1 " ... . _ gq 3.g _..

_f t. i B . o. c | o oI 7
'

~

. . . -

___

. . . ~ ~

'
. _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ __

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



STONE & UE8 STER ENGINEERING C0|IPOR AT10N,

CALCULATION SHEET
+ wo n

*

C ALCUL ATION IDENTIFICATION NUMBER

J.0. O R W.O. N O. DIVisl0N O GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE fl
if4 T4 d2-D C GNx-2 42 - '

' P4;(MD SNo S BE2.S
*

~ { ,,4 c 'r Lo ST'
$~o ppsKT' S00 90*it. L t'VhfL O MsDou 6 29hu*

o.

' Ho H6 % Ca dr oM /hl
* L/ A -/~00 S - 01Ce l'2 Ge 8 f.o j ocoy 0 60Y

c9t,g | Croo f 0*dQ Y'

jz ce g 7 s . o l'2.- d'Ol,

/ A. - |-oo S- o l a to373*

| DE O"g'*

C 9 2.G- .z g 3 9.z,
'

$ g - t -o'lcl~yotl t $ s ~? 8 - Ck W Fet

,s S q z g. ] 54o% Mth 7> STS tW
'2.C. 9 rs Ii.

S / -l - O S I-- 4 /7 / Z. ; e W N& /ro I/(
--

''

} zo,, q z g., j 0.o efss -

15 8ctI col oOM:

SI~l-oSI- 415 '2p Croi sido6 0*e2 2 sp)g. c g'8
''

c y t.p. | o. o. 4 e.0 0 6..

to Cp I L{ o.olo do OWto

| 5(~l-045-415 2.y u u9 or ao S~ or o 2Y
''

C t/ Ljc. 3 a._co I . 0 0 0 2-**
,

'll) Cf tey 6*00 6 6.o30
_,

, as

|
_

S/-?.-oS1-4// /.3.o i L**
o Co9 o.ol 3

cqtte. f 0100 % 0'0 G''

nig a d . oo '? o, o 3ose

51-l ~ Ubi~ 4/\ % I1'') c.00Y c.030''

c y z,f. | Croo I c' 0 0 2-**

''2.e 19(e o< O o' ''7 o , c'2X__

3.

O' OW**
$ l ~2 - o %'l- i!I.~} 2 a I.61% d 00 *|g

c q t.g. [ 0:.* * I''
. o.0 I4 .

Gg yo or o (0 c . d '2.1:
'' St-L. .C1SD-3401 . 4% L4 tW 0:0 tl,

39 - 5 --

s. 0 10
'' ''6MI-K. pg,,

S I l ~.0 6 8 ~ .4 0 9 ..'L<3RW. e s DDY .- .. Q2 0AA .**

. _ . f_. 4.dd.'3. ...## #0 2' 'D I l#C-t41/C." 4|
% Co t'7 #e005 d .012__. _ ..

. , ,

se

SI:-L~ 06 ~ W9 H.e:t- swtr %cn.n to - . .. -"

b opoue 2(~71P ( _1. amv., ' - + ' * C, t/t f--
. - .GoS 2-c#0-477<i

jj.- k SoGv.-yL(o I(a 4t.o l
~**

. or002.
).. ,o.0I s.ss.z sb.s . . . . c .q.g g .- - - .. - ,

. .

, ,,7
--

,,,,7,,

''
._. . _ . _ .

,,

.. _ .._

,---,__,.--y y-. . , _ .-- - -.-,-y.__,_-._,___.,_,,-,.,s., , , _ _ . , , , _ - , - . - , , , _ - - - - - -_ _ -



STONE 8. CESSTER ENCINEERING CORPOR ATION,

CALCULATION SHEET,

r we n
*

C ALCULATION IDENTIFICATION NUMBER

- J. O. O R W.O. N O. OlVISION O GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE -

I. /S'4 f 4 A/ 2- G.) 66MX L4 2 -

' pal 12ED SHaSSERS
*

{ ,,4 c T Lo sT-
5o ppe.4T- 500 60est., LWA 4 garlod 6 ggf u t,

*
,

s q, N e, T- 67 dr f/4 /Al
Re.2-/3 M -5 15i9o o.0/o o.ozo*

.

c_ e.j 't, I C |C o.o02 00'

IS t9 5 0 00Y a 0 20e

* RH~ L- os L-y4 *2.9 t o Mk e. 00 i
Cyy/<. 3 o' 80 |'*

-

3799 #4 c. OTii

CT-2 oSi ~ yo8 i2-19S sia 0 0I3''

3 0,013is
C 721'- 2.yS55 o, eo 7 c. 026i.

| -
'' WP-Z- e 3e -yt2. ta ysy , 0,olo e,o 2 4 -

f c qen i o .s o.o M.

j ts y le b O#0/0 or02Dis

C f-2 - 00 l- y/5 '7 / 6/ @ 0,00 6 d.02o.
''

cp;c j doo0 % C* oo kI \*

'2./ 8 17 0 do t- d e o t4to
_,

' ''

| C $~2 - 6 0 l - 4l'1 | 2, U S 4 0 004, 0.o II
c yt.F l . o.< 00 I o'o I 7''

,

159/ca moo 7 o.o 2ras,

l M -2-oSL-y28 j9mys'' o,e r o,s hd

Cyj It f .
d' o * I 0' * *''

It'o r g' o.c o ) o<o %s

c.5-2 - e 79 - 91.2- '2.o1.87 o' 0c8' o,o 30''

C q 2.,1C . . | . o.00 I 0 ' do l-**
is '2 2. 9 L . o,oo7 o.o2f
'*

C S ~2 C*M .4 I l .11 y 8 I 0 00 ~1 . o:c2Y
C yL A {^ . 0002.''

. o.002
21') 3 $ c.001 o . o'2 6n

CS-l . .019 - .4/ y.. *2.okL 4 o,oo 6
_ . .0 005'

" o, a 2. (, ...- y y ((o.oD
. .|. .. . O'OOA'* . .. Cy.2.6

.'lTi I 9. . o el o 'o 'L'2-'s

S.C-L.''lL5 dllL.. A.LSeth. ._ o .dL4 f> o..o.25 ayf2 00*G"

_ .. . .. q. /O / o.09Y ) coo 1 5

.

'' _. . C 7.(,_l( . ._.
1 S g, a 0a oo C ac . c:o 2C o.~rgs.

. cacot'&, c . o 2.L L3 > hGoa)24-l~Ill & M i S' 2 -) @
"

C Sta Ic |b . o o f( o.oO6 z**

J s'~) ? 8 o. 5 l$ u. s . , oT030 c.ecr9-1 .i

''MS-l ~ $W-l(N |4 /b l. o.0 I O.' * 3 0**

7/)L-- f. D ' O.. .
..oeo3o

0*O''
-... C$Lf_ - -

/ cioI"

''
- (e . e o '.-

,

1
_ . . .

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



STONE & t!EBSTER ENGINEERING CORPORATION
*

CALCULATION SHEET.
.

t ie,e n

CALCUL ATION IDENTIFICATION NUMBER-

J. O. 0 R W.O. N O. DIVISION G GROUP C ALCUL ATION NO. OPTIONAL TASK CODE PAGE /S
t s'4 E-4 Al+-Lo G SWx - 2. 4 2 ~

'
fAI12ED SHo S SiERS

' f ,Ac T to sT-
yo pp.*T- 500 08=1t f t'varL o goT1od 6 NEWa

o
' s Na T- 6 & oM //~l
HS-2-3y4-V*7 IG45) 00I 0*02Y*

cf2.p | 6 005~ o 004 M a cos
'

. tj i2 et 9 por o.024
'

7)3 -1 - 023 - 4 o 4 paySy M.A. 0007
3 o, o

F 2.5'/C 2./3yF- o .e, g o,c24,,

4 f | 001- o l''1 l$99 s NA o . ol 2-''

SS3A ~d N'" d'# I''

,g , g gg o, o r3
,

A c- I- c a t ot.! IboyI o 004 6 olo-
"

| o o do ''#Id) yn je,'s

2.s.1i a 2. o,0 06 s < o 2. 6.,

4p-l- a tv-at5 r_t s e, o.ot o.o24''

[ e.n 2 do'

<.
g3 b 4 1] g z. y e.co r o.014sa

A f -I- 09 @ ~ ot l 19 ts9
"

o.o lt 9 c.ot4
/;/

'' * ' ' *S45 A pygg, '
e.oit9 o . ,- , 4,

4 F-l- 0 W -C49 tt 8 8 o oi3 oold"

$' S 3 6 ~ _. ik Ca do ( d'ool"
se t,. L U C 0'0'I1 o cot

AF-I- 0 91 ' M Lt-| ta sin! 0'001 Otot3"

Sq$^p s. o e, sodu

(c.) w SL o.oo9 c.o t1'
,,

,

A F-l- 0 9 *l.-o W L5 CSS*
o o '2. o.o l9

|h 0 00 L o *o O|'' $_ g y }|||,. .

'28066 d<otA o . o 2. -n

AF .;-o ye -ejy g,A3.); " o,o o g
_ ,,g,p a g g,.g

k. d' ## S 0'0* 3'*

------ -S$3f- - gy s,o;3 ,,o|2 go.ooq,,

41;_l-LtL-oot- .~s qs.c fL,,
"

.. . S t.). i & . .

. . .o.o t o o I.~1.

C'edI,. .. .. o.oo C"
byYT or009 c 0o4n

$ U . m o 3 L 4 .~.o o b i aM % ?> f, etoi s.o. tf"

(L C' '' 2 d ' 00 I**
4 53 F-

. . - .to $ *b 1 o . o !!. o O i .-
-

<<,

cCL'.00.8-016. ._4.2,3 2.''

.A 4 1 A ..._.
___q14t _

3 _h.10_ t 4 d.''
-

"
'

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

,,

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

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



STONE & CEBSTEQ ENGINEERING CORPOR ATION
,

CALCULATION SHEET.

4 .m
*

C ALCUL ATION 10ENTIFICATl0N NUW8ER

J.O. O R W.O. N O. OlVISION & GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE /d
/ c4 9 /t/s (O Gs4 >e- 14 2- -

' P,41 rMD SNoSBERS
'

' { ,,4 c 7 Lo sT'

5'v P 96 *1- 500 68eit. LevdL 4 goT1od 6* / frWL2,
s q. No t. d, 4 iM /A/

C d t - 4 l'l * # I Q /$946 A/& 0 i0/3
*

4 % l<- '3
' o.012-

u ig 0, os c. o2r.

cc I- o t s -ocy y7yy c.co#9 o.ose*

4g3p:. % o.soo4 e 00 lio

4796 c.oe2? e. o 3ri i

C C l~ eL S - sLL, (,g y,$| o.0059 o'0 W't

ggg 3,$ o.co z t ooo g o,a3r
(a4%I o'00 3 T o o 25i.

-
is e c g - # L 6-1 lb || 411 0.o/4 0 05o

. @ gpf |Q 0. coa 0'olla

I/011 00/ o ol]is

CCl~041.~el5 15955"
,J A s ot3

gy $ pc,, J osco li,

,
so I595'9 o 4- 6 0 ''2-
''

C Cl- o % ~69
L m ~l t'1 c . ot 2- c.0246L

441 /0"
. .. a.ool o oo l.

to I19 crof3
'

.

0,b 23n

cc/-e4%-63o L.t 5'74 o,co3 0*015"

.. 35 . oo o. o fAb$ 6"

|| $2 5 6 003 0* 0 Mu

cc t- oGs -ear wM o"

p3se 3 . oo ;
. . . o o 24
o .c o i o o o F-"

'2.to$tol o 0b4 o*o ZVn

C L I - e(*U .- C'.5 . LH 't A . 0 o lo oco2r
"

$M C .. |O O'C od
..

C'O d>QMI
. . . .

''

n
.

. - .i4 l/o o.ot6 c.oir p ..on
ccl..s3e~ses- May-.

.-.D#

"

h. . 3 ... .

..__ S. 3 d . _. . . lyo35 .

"
n

.CC L-fo S-oJA. ._. .1 3 Lf_ _ c.o 17.
. . _ . . .o ' C 0 '7-_ _ _ . . . .

" . .e . oj3.

F 31.8 -_. ...
. . . . - _ . .'2.u g te L e at t o.c#3

" 6O'

u

C Cl ~.l.O | ~~ 0 l.b. 'L5038 .. O.o jf .__. o.0l'].
"

.

CyLL -

e. OI4
. .Q: 0 . . .

O o' *

2.5041
..

0.o l '1**
,.-

CCl .LII' OO*f $s3$1. Q.o 14 . . . . . . .
0*OI6''

l $_,3 5'i.. h 0oo~6 c.oer.. _ C S M .-.___.''

**
oro 87 o . 0 /3

'*
. .._..

,,

.. .- ._.

- - - - - - - - - 9 -,.----.v.---m g- .e----,,----------y-w----:- - - - - - - ,p. v --w-e- ' - - - - - - ' ww Ne'-w--""----'F- - - - - - - " ^ ^ -^
' - - ' - - - - -



STONE & CEBSTER ENGINEERING CORPORATION
,

CALCULATION SHEET
A seie M

'
C ALCUL ATION IDENTIFICATION NUMBER

J. 0. O R W.0. N O. OlVISION & GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE,

o ra n1 W 'i!H'.0 G GWx - 2n -

' '
PAIR 2ED SHoSSSES

g
* Acr to s r

fo ppe.scr- scosset t.evet a goriO4 6 46/nM*
,

s s Hs 1. da c, oM IM
ccl.-Lls-o*5 f.or T1'1'

o.015 0'0!4
c5) A |/ o, oo 4 o.o'

/o"17 6 9 c.cci o C l4e

C C l - Ll $ -oe7 g , .2 7 1 #'#l3 d'0/4* #

g $ $ f*. l|9 d*cd f 0O'o

to760 d 809 o oi4o

cc.I-LI%-ol@ L s o r,eq o.o 16 o.otoa

;/(/C o Co2 0 001C S .$ I -"

18 ce9 e,o18 c ,o l 7i.

| ccl-14(.0.-c=5 t'// So (A)
"

-

8 C SS F D4 ).L h d' " -

14 ; l'10!d"

ce t - 2.5s - co9 ge,e.sou
c53 A 5 ee ta 9 fa

"

Le9B"!so
|

,

c'
,

,

cct-T.k h- oo3 Ialsu o. clo c. ot7
cg3r ;h

.,
** 00o2 . ._ o.o o 7

it.o t to L o.o I 7. o, c ton

cci - %~ll - o oV I$$s5o o.orr o.c |6.

Ik,( , O 'D ol _
o' 0 0 f.. C.5 'bb .

L A L ie L o.01 4 o oil

"
is

c.Cl-Uk'"o83 iT TW"

CSsh ;|u b % e- 5"

19990 /n

c et-ouu - ol'd ..caLLe"

4,sA 3 n e_A tM-
.

"
.

_El k )u

- D e') _usset s..o0 4 . . . o.ogrcct ~ n.u_F
n

4]$ } ~
O tb o*003u

W49'I s . o o .1 o . o t2-
-

i n

_C LI - * !!.o -OL'I .1LLL"

ft.. L d-.
--

k.t. .
.

.._791 F _

_ _ _ - .Lt 3 4

..

" q) t S.
n

GS. If.e L8 - CJ.'I l.t-S.B 6 . V A- . oa a 13 ."

$~St.f- ) - ~

bro 77
-~o. oo 4<o

IIy $9 J A-..g

.C $ I .L M L._~ ] o s . tlc.a s s s .e to . aro/'5".

.____ pl L f- .. . .6.*.0 6 3 0 0.0 21 "

_[la bet
.

. _ . . .a 002 . . . . . .0 0l|"
I,

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

.. - .._

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



STONE & CEBSTER ENGINEERING CORPORATION
~

CALCULATION SHEET.

n w. .
C ALCULATION IDENTIFICATION NUMBER

-

J.O. O R W.O. N 0. OlVISION 0 GROUP CALCUL ATION No. OPTIONAL TASK CODE PAGE Ib
I.c41~A h|&O.) 6GM % - L W ~

; g,ostzeo sNosse25
8

~ 4 4 C "7' Lo ST*
y v pps AT' SdO 98 elf 1 rVA O HoM00 8*

o
s q. No T. dy 6 #M //4

c s t - 3 /5 f~
oLV lt999*

s S 's ~".2 9 d. &$'

li v.a.

c11-115~*H It.<,ani t'

5'S3f- D 4_ k2-
'

'* '

il LA79is

CTI- O t 4 ~ 0 L b go'sts.e il & Cao Ifin

ygtr j 4< oo t.. -

| % e '% I o 40 7 8'807i4

c7I-*84-404 /tal5' o.cor _. o,oe7-
''

C SLA | 4,00 2, c. col,p is

t La s e, s. slo s.co f,,

cT/ = 6l y ~4 /1- f, o'2 ey c. 0 / 2. O,017is

i i. eg tg. |e o,po z e . o o 2.

f e7 G L d of0 o , o '2 7|' to
,

|' cTl~ olq ~ t.(> I I 5 Io % o. co '7 o'02+''
' " C$Lf }C 0'99''*- ---

0' *'
I st oT, o.co tc-

-

o . o 't G
. n

CTI-6 LI 004 2.(,a b TI o o.14 0'o I 7"

SLLF.
. . . . .o,o(6 c . o 2.4

.o 0 o'00 9"

'L(,g {')Le

* "Y lleW N0 O*00Y''

,, g,coj
~ loq q % M G- o' d o 7

'

n
,

CT I - o L Y - * *_Y .Ly 891. pg.. c. coy
.ooo3

"

yLttc '3. ' '
Iy e sq % c<00rn

cr.I .ot.3 -enT 4y ?,k9$,, uty.. .. o., ot3 .

"

$ 0,oo/
-

ys.g,A.
-

pTMq nw ~-

^o.on.
n
,,

crl-a19- eL7 1 eto~ou"

. . .C k'L f . . |.. . _ . ft,,,, ~.15bL $% .1_ .."
" l 8 e c''1

c t[- I.h dT d.00 I*

.~t e._ L S . oo._l4 o.c it;..
,.

CTL~0.51-0.s9. _'1 U 4 '* 0 otA. - . . Q.1 0.16
**

. . ._. Cq t. A __ gf O '004 0'001"

_t_u._ 1 0. 0 \b' o. o IS'' t,)U"

*'
. .. ._.

,,

-



STONE & CEBSTErt ENGINEERING ConPOR ATION,

CALCULATION SHEET
A DO M

*

CALCUL ATION IDENTIFICATION NUMBER

l7J.O. O R W.0, N O. DIVISION D GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE

I T4 J~4 ale-D') G pa v- 24 '2 ~~

.' P4;(2ED SNo S Se-'ES
*

-

{~
,,4 c T Lo sT-

fo ppsetT- S* h) SBeiL LevtfL 4 HsT1od 6 upMic-
*

o
s Ho Ha 't Q Cr IM /A

CTl~0.54-OlG 9 '1 S I o oIC ca 00 f
*

||z dr oo 3 o*O IIa b 7,.tL'

(17 91. o, ol s' o, c2o
_

e

' C T I o'W - ot o losts or 017 moff
O b 2''c. Ik o co 1 0 <oo 3io

~

It % 22. 0 o:T o 0 / *2-u

2CTI- 03 6 4/ p .Lo 5'2/7 o <o It - o 0I5-in

C (sLS Yf **o*3 6'00 b"

'1.0L!DC0 0 01 Z o .0 12.in

CT I -o c k- 0o 5 119 ~18 .N& d,v2l''-

$ S 3 t ic. 3 o<oo 3
'

'* -

is9 e 9 # Pr o,024
|

ir

c.T I .-eoJ ~ c o'1 l o -) A tl 6- 6 * Otr'c

S11 A 3 #'004," -

lw919 d& o.o llto

'' c. r I- oo9 - 004 \ 2.o*% i esoo] coolI,

S t2,.f | O<oo3 0 00f**

IL99 6 6* 01
~

odo?as

C T I- ol k.'- O o I 148b6 tJ & 0* 0 0ff'
***

3 0. xl-
- g t 2.f-~

~

is B 69 0 6- o<do 9
ss

.

..

c T l- oI5 - ott y a ly 0.o tr o,o/ o8'

|O 0o 0 o02-g qqf.
.49/5 c.o (r o<olZ.

se

e,

'' C T l - o / 3 - 4 1(/ 119/-5 w. n a o f.
.

3 wa er- -Y ' ' C 6 LLC st. W '' *^'
3, _ . ....319 /.y r aoe A v A 4 M .tt.

.

c3L- . 0 lb l-{l5. qLaS- o,att. - . . . . . 03.020. _.

''

** C <o t.s. lO c.co 3 c. 0 o 1 .

y fo9 c.01 T oeoI3is

|
'' f. J l - O A ~ 4 1.fo -).L. C L Q. A& o o ?ff ..

.. . k. . _ 0'O07. _ _ _ (~4'_7.6.._..
._f 2.o 19 AfA 0,6 66..

''

se

.C T l - 0.1.5 4 l 0. 2.S.b fl o.00 4 - C * O !b''

; . . C q, 2f- _ _ . - ] Cibo f. O'002**

.....__I6
.

'28801 4. cof O'C4i
7

| .C T I.- O_l.9 - 0 0 8 Q3 Sto 0 0 IT --. Orb 10**

_ $_q L)C. (O o.oo | OO
.

1 *s

q fg / o.o/4 o'. o 10..

. ' ' . . . . _ _ .
'

4

'

. _ -

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



|. STONE & CEBSTER ENGINEEl' LNG CORPORATION
,

CALCULATION SHEET-

n o. ,
1

*

CALCUL ATION IDENTIFICATION NUMBER

J. O. O R W.O. N O. OlVISION O GROUP CALCUL ATION NO. OPTIONAL TASK CODE ' PAGE

ir4 n. pre- Co G E A/X- 2.4 L "

' p%I12ED SHo 6SiBRS .
:

'

f,
. A C *r Go sT~
Levert a g 7,0 3 6 gqy pteTo pF64T- Sdo eSe.it*

* % H* 1 4 G oM IM
C.Tl ' o l y - o l o efzty deoll d,0 0f'

SLILS )O o.003 oci'

q 2.3 5 o so I4 0. o to*

' CT I - o l y- of O le 849 M4 o.o 06
S3tA 3

to77o de- e oo t , o<oo 3 '
' -

"

C T l ' * h 4 -</U l 2, 59's o.oI6 0 02 r''

C 5 2 /- yfy 00 c.o o 7''

'LUUSV o.o I&
~

o.o 2 3'*

'' cTl- o31. y y '5 i19ee c.oir c. c o i- --

Q e qz,y. \/q ens s coy.s

I9949 s ots' c.cI9''
.

c,7 | - Ot/y.- O'lt . [oLO6''

c.92.A- k o 41 4*''

to lobs 6'

'' CT I- 0 4" '* * * I 2 * 59 "'00 7 d #0l*2-
C c t l(~ l - . d ' 00 l. #' # 0''

on ILe s s o. cob o , c o4

CTI' 0%o .ol l % 575**

C9t6 k D d4**

~6999**
,

c.7 I 04@-OI* '2.b $69"

C BL A |/'' D E-LST-TED
2's (4SS In

' CTl- 04 8 .027 _f.o o 7 B 4& . _.__... . o, .0D 8'

c sLF.- [. . _ . - ..
o'00 5''

I e1.% 4 .NA 0' di3"

cT1-*."9*0*k- --.9 919.- |
" 0.o I 'h . .- -. o . o i2. ... .

_. ._c.8tt.. ./g
.

"
._ de ao3 ooa3

n I o s oto a.oto c.o ff

o.0l4 . . - . . . o 017 .

'' .CTL-' D 4 9- *! O . 2.n359
''

3
/g o'00 h. - .. 0 601" .. C s 2 F- .

'Z. e 3 8 3n 0,o rl o.ol4
CT l- o 49.W.o# |(a ll u .o.o 14 . . . . . . . d.ofr__"

.C M;'LI
. _ h . _ . o. o c '2_ . . _ . . _ 0. 00 2.

'

lu l'i'l c o l 2- 6 013<s
,.

CTl-OSI-HI5 .Lui15**

C-7L A_ _ _ 3 ,M 6-
- - . 0 01s~**

. _ ~ ~ . ~ . . . . d'00 T -

, , , ,,,

''
_. .. _

,,

_._ _ .. _

, - , _ . . - w.. -. . . - - . , -._,-.---w- - . - - - - . - - - , . - - - - - - - - + - - - - - - - - - - - - -



S10N3103ES13W 3NDIN33 WINO OOWdOWY1lON
-

OV70n7V110N SH331
7 8W9 OS-

DV1001V110N 103N1ldiDV1!ON NOM 03W

7gL T O* O W ** 0' N O' 01Ats10N G DW0nd 3V13n1V1!ON No- odlioNv11Vsx soa3 dvc3

'

n.p r_r g.e on 93v/x- zrt 2.

-
-,

svina sm es as
'

; , f < W .1 t'o 3.l
i mae.t- U H *.u o p y jg,,t ,

C dd=w soneena-o *

% N= x 9 )' tN /N'
_

DL\-osI-h1>r \hSb9 e ooL os o 1L
,

o L .7 e - | o'QQI o9a s

I b !! ob 0 * 00 ]). orcaLe

. - . DLI- e Gl- htL lhSse o' 00 2 9 ' 0 19 @M*VO L l'/- | 0, 00 ( o. po )io -

lhSes o'005 aon''
,

Q -I- O SI- b / 9 I 2'1 I % 9'013 O * ot.1
,s

.___.4 , , pLz f- I/2-- 0>po L oeoo> >f </ pJII t' 57 ' o .0o4 o.oig 5 a nU: i*

DLI-oSI~hth lb69e o o o.L o 21 2.s-

( O L 2 j- p op ,q o. pot ~,,

,

ih 9b2 epoh lo olz-si

! olI -o sh - h fi M ISO,.

o h1/- g/
,. cs13.s c

I
-

- sa lnI%I
~. ,,

711 - o.r h - h/o lb 6 00'

2 9 7/-- f qy&07-, ,,

lb b)9 $ -- d**

01 l' -oL ,c -h eg / Z" m h /~ o'ooJ ~ oi'ooF
.

..

; 7 _ _ _ . . . _ .

i .7 o h
. . . .

,,

| ._ _ - . . q o' ooJ
-.

o'o /P
.

,

re
si 9.JI- o L c -hob V h S L 2- 9 oo% -avog 0, o0 p

. /
- orotS --

? 97/-,,

l h 5 9 l' o!oc 9
-

otw b~
-

"

r.o o l I - o 1>< .-h oB T.70 IL
.

r O- - - -
p,gr3

-

p.
.- . .. . . _ .

,,9,
::

-. .

I .7o .73 yr /--.
. . . .

o'o 2F
n @-- emN rnro (-+ - - - - - - - -o+ oa1- - . _ .

QL.n j-
...

L 3 *. 'G || J _ . O 0LI

-

-[ o.00,,
'

c'

D l I - 6~b L ~ ho t- T2*h S. .- . - - . . . . _ .

s,
_

^

.___ .-. g g .._-,, ._ q y . . _ _ _ .

,

l trhbse

TIl; o~U;hh lFbhT I Mof /- ' - - ~ ~ ~ oTo 13-..

,,
7hTy...-- . . _ . . . . . _ _ . _ _ . . . _ .

g,

.lb AtL 0'ots o ot 2'''

D'L t- 1I I - itf i - rTTSb 004T ~ ~ - - - - - morf
,,

._
7. g g.

.

, ,

..
__--.. . . _ .- o o lg .

.

0 011../2T 97
_ --.n - . - . - . . . - - . - - - ..- . . - .

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

_ _ _ _ . _ _ _ . _ . _ _ _ _ . _ _ . . ._____ _ _ _. _ . _ _ _ - _ _ _ . _ _ . _ . . _ _ - _ _ _ _ _ _ _ _ _ _ _
-



' '' ~

STONE & CEBSTER ENGINEEillNG CORPORATION
'

CALCULATION SHEET.

wo n
*

CALCULATION IPENTIFICATION NUMBER

J J.0. O R W.O. NO. DIVISION & GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE 10

IS'4 T'4 A/'2-CG 4 E Aly '2 4 % -

fAl(LED SHaSSERS'

~ {* e4 C"T Lo sT* .
5 v p ps AT- 50o esent f. e v e L 4 g.T o4 6 m@*

,

* % N6 1 6 61 thI /A

CT (-i n - 415 19 tcp/*

C tet IC- | O( .0.i.M 1 d,'

1991*

c. rl- f l y - y/ 5 l t ta y s a.co r 0 005~*

c.1%f. | 0 00 % o *0o V'* *

ILt.o t) to C'Ol0 00I3''

CTI- |ty- 4 /(8 648''

fg $1 NC D e.(,9LI''

e vs ...

p o t - co 3 -4 3' 7 P.s 3T5 o,oos e ,o 2a''-

& y%4 h o 00 600" .

2n n su 6 003 0,02.0n

001-0: 3..- 4 87 .h uiy s.ao r o o24''

.
0 * * 0 2-

f 5 tof- \ vooI" .

ht95 o.oo ? s,014- no
,,

00L-Cata A S) ~1Iby M doot4' ''

c,co A33 gg,. ~ 3n -

n ;I tj o ^1 &=
~~ 0 Ol6

D o I - OL9 .**' I L ce * I o.o o 0 035'"

S$3f- lo .. o . o o '2- .
e OIL"

,

| / (p j sj o,o | 3 o, o2.St'

3 ^or.00 5"
.. O.o2.TDo) . 055"COI 't e 7 j $"

~ S-SV ^ it fo o y j;obg'
~*'~~ ~

'6oo 31 -
4' 2'*"

cn

a o 0.2 C .
.o, e 31D o.1 - c 18 o 83 ._(.,a yy o"

3I o oc 3 c o 14 I?D''*2''' gG 3 f ..__ _ ....... l o.005g o o 2.s-
.

1etin

D.oh #34-809 _LCa.6cil u n- . e. 016"

. 5 53L%._. .. 3 0<00 7" - --

t 4% tot.o dtY 0 009a
;

_OOL- ORO-O*1 _'1k.h2 8 .o!9.14 __. o.o 2 3''

.yf 0'o
. . . . .

0O... .$.y 51
.... - .7,G's & t. y

"
o.... 0 o 2. 30/4u

D o.).~ 0 S S -001. ..L4 4.') S . dpr . -. osoor"
""'

- 553A- .WTl 4.~W
- -

6~o'z7,,

. ped- 03 0 -ool LO.5 6 MA- . . . o. 0 14
^ "

..d' oO E. .. ._ s SS A -. . . . - - 3-"

/Ca 97L/ NA s./0 6**

"
..

......_ . . . .

_ _
.._ ..

---w- e-. -.a- ._---.,,..-.--,..----.,w-w , , , , , , . , , m._ ,,y_m,,,.. , , , . _ _ _ _ _ , , , , _ _ _ , , , , _ _ _ . , , , _ _ _ . ,, , . _ _ _ _ , _ _ ,



STONE & CE85TER ENGINEERING CORPORATION-

CALCULATION SHEET
. .. n.

CALCUL ATION IDENTIFICATION NUWBER

J. O. 0 R W.0. N O. OlVISION D GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE ll
'

%. I-Qif4 A)2-LG 6 G A)X-2-4 2. ~,

p'AI12ED S4 6 Sc'RS .

'

_

5-Epps#cT- ~~
g

* Acr to sT-
583099eit LevtfL 0 NoT1od 6 WM*

..
S H. No T- 4 dr 8 Al ///

o 026* P D I - o o 2> o B B . .2_. o cs 3 5 o_. oo s- __, .
,

.T 3 5 14 -
.

. _ ._2.o to W_
_b . _ . . . 0 /00 4 o 002.- 39 y 9.os f'

osoo9 or o 2tf 3e

O DI~ 005-oW ILI3 &* o,otq c.6 ff-
s g g g., p/2 v,00 4 .oolio

.

t 2. l 4 b o . o ls 0otA,,

pil-o-)1--oo1 ic7 4 4 o . o ct' of 026 c.> g(o.uCis

|O cr005 c. 0 0 Gs ce ff~ "'
I i f.el Q o,013 0 020

ss

i.

3
-

'S DO ; .. O 7 1 - 0 0 .> g33o o,oo43 o,02,7

'S Ca l d .. 35 . . .
o. o.g o 7 o eorh '' .

'' . . .68bl 0 003/ o,o23

Do i! o 71 - C O W ||yt4 o. o l t. .

o.03i
~

is

s Sa r-- /O .
o." l

.
c' o f" -

|| t.s t 5 c.o 11 o . ~oz /,ro
'

Do/ - e 69 -oc U /2.935 o. o og-
. o.o.t7''

gogg lo c. c o 2.
.

o.0**
i 1.9 2.o o. co 6 o of7n

Do i ' 0 90 -0 0 8 /c755 ve- c.olo"

5 ? 0'000" g eo &F --.
. . . . ./ o "/5" Co M A- ,d'ol3o

D o I - 0 9 0 ~OC S i LLs o 5 c. co V 0o25"
gy%(o,ocy)t

g toSf-- IO c ' 0 0 .T
o. O I

..
0 0|0"

. ..

3 003[. .l'i,o *2. Win

Ev4 | ~ o_l's -o2 U.n.6Gn3 . 0 .

"

3 .g 0_1 qM CA ...'' - . . c. ;t14-- _.

iO8%bn

FW/- oi7-2n .e.nu.. o.oo 11 .____
a,otA , p. g)"

. 35 o.oo #8 . . . . . o.o o 4_ .c.4?1. r- . _ .
...a 37 9 Deco 57 o> olo

"
n

.Ewtl.-O!7.-.~1a.7 -y4 s 3. o.0c9 .
9:p.h3 rnk6*9'

___e n.s _
.!n

.

o. ooc e.o o e
.

>>
..

1459 0,0o 3 o. o ?.7 5 , ,,9n

E1LJ_-P l*7-121 L41-% . or.0 o St - . . . . 0 0 St"

__._ C 7 2- 6 . -- M _ @ 90 6
142-9 o de2c v . _o l o-

C' C 8 E'*

ai

1 . Ptll_~0).7 ~ll2- .) y.l. o o .0 CA .. Q?.0 10
**

' ,'

._ _L72 & IC* . . . . . c .oJ l . . . .

0 0 0 5~**
.

.l o.003 003s-I t/ 2"

..

|

l
__ __



. ..::.:-.-....--_.......:....... - .;.:=.

STONE & CEBSTER ENGINEERING CORPOR ATION

CALCULATION SHEET
~

4 ..
C ALCUL ATION IDENTIFICATION NUMBER

J.0. 0 R W.0. N O. Olvl810N G GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE

( l fer4 A>s-CO 6 FN )e - 2.4 2. -

,

p%IttED SHo S Seil.S...-'

{* 4CT Lo sT,

LeVVL 0 goTtod d b* E'

gg pp.g Sco 68 erit.4 ,

: ,q . No T. 4 di sM /4
., _

p W / - c l B o tCs 1/ 5 $b48 0' o!Ol#
$ ~ 00 F

e4

^| d'O O' O **~~}~ -b1f-- -
. . . -II 5 69 e * 005" c' (o

'

.

,' p y.f/ - c i s -7 oco Iygy o.co3 o. o 2ss

C 718#"
jee c.0 c. oo l,,

t</57 0003 'd, o 24
,,

psy.//-c/ B -7e B fy3S o,oo6 o.o30 qq(o,eq;ir

,
. e,yt/c foe a .co 2 o.00 7n

/c/Z (( 0,88 % o<o 3 7i i.

fy.j l ~ el 8 ~199 g465 o.004 0020
'

-
a

|00 o:00 t o.0 0 2.& e,q tic._
!Q &b o 0 0 ''. 0 * 0 l {{

n .

_,

if

Fy./ / - c/9 - 7 e i 3784 a.o o~l3 . .o It q > o.c o2 L)"

c. y L.A M d'P*. ' L. _ . . _ o'?*4 T"

Bf90 . 0044 or o 18.o
\

F~y//- C LO -7cc j y t7 3,o o n, e.g308'
j

( y 1,$. |D6 do 00 (9 0*O' **

/ 4/ 3 Z. c.co4l o a0 30::

Fv ./I- e 9 5 -o ' ' t 4. 9 L1 //r4 o o 7zas

_
3 - _ . . c'006 ~

. C tat A"

1 4 9 L'k NG 0 o(8
.

as

Fvl!-0 W -7** sle'I a ooG c'o t t'a'

ccetf 3 c.o ..
o.00u

~

ilo15 oloo 6 c.otra.
'

_fdk9.45 -To e lho 6.J u pr.. . .. D. o.13 _.
"

, ..-.C. O l .... b .

.

c.006''

. .. if__Voo5' e4 0.o/.l u

F vd/ .8 9.6._7.4 0 11eL# _MA. - o 02.2"

_ -.. d te 2.4._ _ _.- 3
- - . . . . -o<o 2.1

d'00" .

tTce"? o,ia 6u

fy./I-09y-70I LI 9 BN. Mh- Q < o.'t S* ...|
"

3 0 0 \(C y 2/c. -^ y,, qo' y - Mr
~ tT5r4r "

i n

fv /l- c3 e .79.L 11eoe g4- . _ . . o, og"
3 o.a /.

cg/c- --
77,,,eo g oA-

- - -

3 7o 2 g-
---

ao
"

|
.,

Fv-/.l.- 0 9 w. .709 /9800 .
"

-- .L o t* O
-

cca.t&. 3 Dp.' " .

.

//.a9 v3"

*$
. _ . . _ . . . . .

,,

|

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



, -
.

.

*

STONE & CESSTER ENGINEEQiN3 CORD 0R ATION

CALCULATION SHEET
* s we e

C ALCUL ATION IDENTIFICATION NUMBER

- J. O. 0 R W.O. N O. OlVISION O GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE *~

Q 15'4 T4 NWG (? Gu v-2 4 2 -
~'

g,cirmD sNosaa25'

g ,,t.everL 4 s.rica A
5 4c7 to sT-

yo pp 47- 500eser.*
..

s y, No T. 4 dr 8M /A/
_

fy/ /- 6.94 -705 8.* l.09 c.co.1 o.023*

. ._cte % )<- {Q 0:005 00 Dl ''M'

I o 1 i~tf grot 4 o.025e

F+/ l~ 0 9Q-70(* l es S t. ero I o Co[*

eszy \0 s o oo'l- o0'o
lIeeg6 00' o . co ?,,

F+/I - o96 -207 I485S
c.gsf 3 be.q R y~# 'Q

''

's .

2./ot.4/'.

b_ y # dfr//- 01'2 -CV O 'tl e 4 4''
-

c e 2.A _ 3 t e_$ ''

. To 4 5
,

1.'r

.

FyV / 097 -7e f 19 891 N/f- d oor''

c a tf- 3 0'01l '*

i4 9 Ob WA'
~ ~ ~ ~

O'0IOto
: ^
1 c' py4)-o97 9at, jsp S o.w1 - c. 92t mg @sk
i cetA lo o.co 7 c o it"

e./g o 5 o.oit o.co t fo. cort'

,,

p'y.(| 0 97 - 705 se>4el c. cos- c.o st. q q ,.,, 9n

c QiLA ~ '8 . d 0 0 '2. C.00
'"

'

'f.6ff/G doo3 # 0 2!-as
,

'

py.1 l- o 9 s -o n ' q e, q -) s.co7 e. mn

cutA 3 . - 0' # 0 / 0'00" '

1%ys & co r o < 0l6n

Ew//.- d a ?co tLeon.. o,oor a,ol7"

cyd 3 c.co I o.0lose

YTBe k a;oo7 c.o 27u

F v.// o t f l o l .6365 # e- 0 oo9"
?,#ICtsLF 3'* '

gy 7 g -

3;pg,,

Ev././ - 1 * *. ; e 2. . ) %.ot N& o, o tz."

. __c y tp. _. 3 . ._.- d''o 5n
_

TVS.fo n A- d < o l'7n

f%)}." ] 0_t "O$ $kN& h|$ O * 0lb"

_ _. _. cgLA. I- - g- A'00I** '-

, g,

# O|3py.tL- LO L- 009 1.G2.> 3 D . .N & -'c L -g-
., j

.

e .0 0 ,.- - c g 2, p-
-~

'lli45t> MA- __ s c o Y.
- .

..

.S

6 _

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



--......._ -

STONE & CEBSTER ENGINEEQlNG CORPOR ATION*

CALCULATION SHEET
- s w.

CALCULATION IDENTIFICATION NUMBER

J.O. O R W.O. N O. OlVISION O GROUP C ALCUL ATION NO. OPTIONAL TASK CODE PAGE

N I TA S'/- AIMO b 2N x-ZA 2- "

P,4; raED sNoSBERS'

g* .,4 c r to cr-
t. evert 6 g 71od 6yoppsgr SaJo eget* ,.

* Ho N* T- 6 dr #M /A/
_

c.co 2 s.c z 2Fv-//~Iol-Teo L.s SSS
..$. . o* 00 I c.o o4

'

..Cta.'2,$- .

'Z. S S T 8 0,0 o '3 C.OI6
'

. . - .
,

'
'

MS/-6 41. = ce V og (, L8) 0 00,4 d . o I2.*

C '7 2. K- 55 00 a,oo z'
%go o<oo 4 0.o 1oo

M 5 /-not - 6 7897 d. 00 '5 3 c.o 14''

c.) s 35 o , e o 2. o .co Io .

9916 c.caer o.ou7,.

H 5 1 - e n'L * * b coS7o o, e c t1. o.osG-
" asqp.,,m'**G35 . C'0? W

.O.030h
'

c1 f.k
.hhh| 0 0Qd[

"
17

45/ - cot -ciS 7451- c. o,o/7
p _o o no. c o og.

.
. .

-"
o.o o s.

. a c ., y p. )T y.T c.00/7 o , o 2,Dto

M$l- 00% -o i I4 13 0 00 M- o'o hr*'

/c0 a.cotc o.o l i "p J..c Ho" c, ygp|;
1.u12. o.co4 6024

-

>
n, .

h Sl=0 O's- O o*) l4LS 0 002s' 0 03C e n go.oo:r"

c.7 L/- 100 o'o /3 0.o05""

l'455 o. o o t.s- o.0 3 ou

es/<oa-ofo Igos o.0019 c o so ,3y v. .w"

C / LA /00 . . . . . .
o. o o l '2 o.007 L"

.I t.l Il o.oss) 0.o39n

. u2J _6s h - o L4_. . %e3 G o.005' o.o2 7"

c,92.f.
- - - - |00 0 coI o.0 o 7u .

n '2.o ') W 6.'bo4 o.03'4

/.4Sl=00M-603 64ob c o*I 7 o o \\"
o.o14

C '714 . . ._ .. 0'40 19 . . _ . p{od7"
.

. 8 444 o.0036 o s o Z $~n

86.].- 0 C l| .~ 0 09 9.%70 . 0 90.35 . 2 014 ..
'

I 5. . . o 2 ** 3 .. -..
****i_. . . c ts LF- .

W641 o. cost o.otr
-"

. ..

n

8.3 / ..c t 9_ .c.L 6 Le131 . . . ..
"

j -.... $ S $ f . _... .[ D 9-- U. %.
. . _ . _

' **
. . - - - - . .

.T. 77eeai

/15/.- 07 0 - CoJ. _/Au L. c. o#i ''*IT"
s~ " 35 .. . c.'9 9 2- __

o.n G p .$}
. 144$ . fo I/ 6 c.co'b c . o t 2.a

''

|
. . . - . _ . _ . _ -_.

,,

1

._. - - - - . . - - _ . - - . , _ _ -, - _ _ _ __-.-. _ .- _ _ _ ___ ... _ _ _ - _ _ . .-_ _ _ - _ - --_-. --



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

'

STONE & CEBSTER ENGINEEQlNG C00POR ATl0N

CALCULATION SHEET
*

wo n
CALCUL ATION IDENTIFICATION NUMBER

J.O. 0 R W.0. N O. DIVISION O GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE 1
Q t T4 s :t. d 2-{G G GN x- L4 2. -

,

; y,anteo se ssees'

*
g ,,L o r n a geyto4 6 gsraMt

4c r t o s7-
5 o p p6 gr- soceser*

,

* * No 1 4 c, sM /Al
M$l M I- 00% ..l.0100 d* 00 5 - aso24*

.- $$ o*00 2 C3' O Q Y. . _ T"4_4 5._ -. . .. Q1 {,,'0*b
' I'

| g ie}. O'00 1 c.016e

H $l'673-08% I4$ei m o t *2 0.O l O
'

C $ L(= flt d'0 0 A 0'00 k
'*

.

'2.015I y a cr| 6 0 0IAn

nsi-IS O -o ts ; ca o es o.ot, o.o zoon

c St.f- ,l's! 0'0* 7 0'o04 'n!s '0!"

344%| 0*01 0 0 LG s s.oo ryes

H$l ~ 156.- 01 ) 45o j-
"

CSZA |L OoM$ "
,

47 5 7"

451 19*-*l5 1 3 e 3 1. 8"t

4. 5 t #- | k R- \'* Ck''' "

I)olf g- -

no

| '' }.13/ - / 5 o -cFI go) 0011 o.003,

g gg, |L d.00 00at

$2.k. o. 0 || o.00 3as

H5/- / 50 - oF4 '2.* 0 M -

"

l+" . C. gli 2.h -_.._. waggo n.4 i uu .

M S I- I s o - ofc L 19L9tl" ocIS 0 0 lt
c yg,A s// o.Co l . o 003"

.

ce).1.L I . s. o 12 o.otAn

M$i- | 51- 0 4_5 8303"
. .t . . .

. D e- Q0 % K.. _x $1/_ ._-."
,

.6911n

M s I 1% ) ~ 024 .t nb so"

c $_Lle. ._ \ ^6 4- wq Qu\

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

_MS L- 113 ~ C * ' 1M c W Nti- o'0J8| "

3 0' 00 ES71/-- - - -
TVo~3 S M F-

' ~

CO'R1'~
~~

"
,,

HS1 - 23o .oe I L1to3 o.o Io . o.015"

I.o o.00 I
_ s_. * * s~" ._ ._3_q.1, g.

/1~81/ 6 c<0of e . 0~2 0.i

| H5 t~ L31. col .L43%@ M !1 . . - - . o.ot7"
\

S q 2, p. ,,3 0' 0 0 Y1 "
.

o c9luett M -. c"

''
_ . _ .. . . . . . . . . _ _ .

,

1
1

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



'-*
STONE & CEBSTER GINEERING CORPORATION.

,

CALCULATION SHEET
- s wa .,

CALCUL ATION IDENTIFICATION NUMBER

YbJ.O. O R W.O. N O. DIVISION 0 GROUP C ALCUL ATION NO. OPTIONAL TASK CODE PAGE

( /r4r4 x/'E-.G3 6 Em -td 2- -

P,4; raED sNoaas2S'

g , ,t-

,
4c r to sr

g j Hoy 4 hy p gr. sooesw ". # ,~.. '
,

y $|- 2. n - ee) LI'7 5 % 0 01S - 000s

..... 1 1 L b - - N O '# 7 o,o'

3 y- g,o q ( o.0 50
pg|-p44-066 9 IIBe 0 015 0'#')

yL o.coz o.004'* e stA cr iz.s o, ors o; o 'l,,

MS/- $(/5-053 9754/is

K4 #- 4eyLA ft .. D.o-''

I l'n 55i.

/tc I- o i? - e of. 74o5 0.oit o o/.3- '$

$ . c <s u. h _. 10 . . . . . uR*4 . o' o I 7"
.

./b emil o. e / 2. o,o3oir

RH J- oto- oe4 | In ut''

S t.tA | OA. _S.LY" 9. ._ _

" -

n ~7 He
.

no

(RN/-o10 -7oo i c,9 to /td o oit''

S tLA. 3 deco 4" -

I(e915 A/4 0, oo rn

S # /- o W - 88# |L90% g;4- e , cots'''

5 o c>o 35'tt A ..

" -

.19 /L . Ne o.CII/a

RH /- o1y - 01% tt 1.7,3"

y Ltf- [.... _. De_ S.e. h k" '

_14,( L~l/5n

3A.%.me IM ~ ehbl .LL.*Lb. o< o o r. . . . . . 0 oto ..

"

/4 35A. .l .. . o .oo t 00o/''

s< o o. .. ? o. 009;1 e 19 -n

FA V. . O 11.".783 %6560 o o (6.. . . . _ o,o14 Ap p ..n"

,"n h kf}C- k 6 o01 C'oo T "

_GTe f. o.boi
.

o , o 2.2.

$$l ~ OG O '0.LC. J. Lee 4 . MA- - - . . Ozolf*"

3-. 0'00I'' ---. S5S 4 - , , gg . y .-
- -. ,, , g-

*

,,

$S | . c(a o_ e.3 6 .Ho_b5 l .. Ln . GAL 5'"

$.. .. .

_.g. ,_7
d' o f"

. $ $ $4... . _ _ _ ,

,,

SfA .*LL~cU l.%eL_L nn - . -.. .o,0.t9**
s~ n ja g} p. 3 ~ ~ ~

, i bo 9-
--

c,att -
,

T5f9V dE-i ..
, . _

,
,,

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

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



'

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

STONE & CEBSTER ENGINEERING CORPORATION

CALCULATION SHEET
4_wo a

CALCUL ATION IDENTIFICATION NUMBER

J.O. O R W.O. N O. OlVISION O GROUP C ALCUL ATION NO. OPTIONAL TASK CODE PAGE )
q |T4 T 4 A)2-Ce) G s;/>x- 2.4 't. -

'

-

PAlt2ED S H o S SiE R S'

I

f, ,,t.everL 0 goT1od 6
* 4CT . t u"'T'

5 o ppe,4T- 500 98 erit.*

* Ho N* T- Q dr #M /Al
__.

S/ / - . 24 - o5 2.2 I o I s co e.oog
. o. o 2.o'

N/ .3.2/--
. . . . ./o/G9 ..

$5 o co 3 o'004 gA*c.0C1
' '

o oo6 o o f /-*

sIl- 03I-o1L qq / ik o *tf 0 0 Il'

9 32.g_ /O o. O o,o o /io

49/9 oro W O,0/2
,,

St! -0 5 /~ Oil 2b43) d 00I 90l8'* #;
#'#03 #' O C 4 M

| [ J3tl<- 2 e 455 o,oo4 o,02,2.

SIl~eSt~ cat 5 \ q$ca s e.co1 0 o /9-
"

c qtte \ oroo2 0 * 00 Lf 's
'

T4 F6 0 e' 00 7
~

c . o 2 .ier
.

G I I ~ o')L-OoS lSo19mi WA o.015''

' o co Y53ef $ -ss

2797(/ 0;Oor Dro26no
,

s'i l - 0 9s 'i - e l 4 | t.e 4 en n Ufr 0,otr'' e

c 4 L f- 3 c. A" -

n IG 4 53 % *'*U

y | /- / l ti. '7 4t'7 'Z.7 (s t O''

e" A 3 2.r- gdi .oEcr;rEO,
't. s u ll. -

,as

SW |- o e l~ * l'1 S%ob o.o 1 A o.olo"

P 3 3 tt ~ (O o'00 0*o"

Sa^o9 a. o I4 c).oton

y W _./- e o 2. - o si _gloe** c

.. F.31f._ . _ /0 C e.L a_T E.o8'

5 3 o~?"

SW/- oov.--Cf l. ~7. / 07"

3 w a- b. . .%. ok.-'*
. A33p . . . . _g_f.7 ,

-

,,

S&/L-oll- OL @ 53 co e.o12 0 0 Il"

--~p.g3 g. J"o 4:cos c.c o ln
yrol e.ol5- dr6To-n

S&l- Oll- 0 %1 ..~LoS S. ..

U...
"

.._ P 33f .. 5
.

.L e. A. e %.9**
- -. 5~7 .7eai

S v./1.o ll ~ O U. . 43 3 L_ . . . . . .s. o n ... o olo**
<" "

.

/* . esco l. ..
.~xc(._. 9 33 h 6329 e <e/ 2. . o I("

''
. . . . . . - - - .

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



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

*

STONE & CE8 STER ENGlHEEQlNG C0CP00AT10N
'

CALCULATION SHEET
*

wo u
O ALCUL ATION IDENTIFICATION NUMBER

bJ. 0. 0 R W.O. N O. OlVISION & GROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE

% I Y~4 T' A % Gh EO ' L 2" #

f'Al(2.ED SHoSSERS'

~

f, ,,L an 4 gevo4 6
* 4c7 to sT- .

yoppscr 5 0 oeS.r'

s % No T. 4!r dr 8M /A/ *

_

' p- a v 3
. o.o 19SvVI-c./2-oze >IL9 g & .. .'

00: -
-- - - - - pjg yp c.o!9,

M l-ol% C6S MfLO a p, 0 014-'

4 334 3 0 o '-io

-1/2. l .s[h- o 0 /4u

VA leos- el 0 2./ c3 3/ o .c o ff c.o 2 6in
< yt .cofis c 7 2.l - I o, o o 3 0,00'2,

C j'
'LI BS $ o . o oS" o * o 'L A.s

V M -00f '7/4 /G495 A/$ d. 0/3-
'$

) . /4 TM $ " ' 0 0 ,h
'' "

los/ st tJ r. o~o f 6<r

w rX 'Ji/2- W 1710 3,009 o, o zi"

: ' gggf. | 0*00.3. C''0t''

f7 63u o,oo6 _. 0 2,t.o,
to

C C-I- RS- o ol- 003 I 4 5II c.ot7 o o09''

-3 |q o*001 o.00 ]
-

as .

'403S9 o.o /6 o < o l8:: ,

e c- l -RS-sa9-col 2. S o t h o.ot4 c . d 2,0**

~
I/g ~ o.c o 4 0*o l6' as -3~ ~

35119 o.o I6 o, o o 2.
~

.

is .

cc-I- Rhni-c o8 / ms y e/27

_De$A.ko ck1 %.-3
' u .

..16548 !n ._
.

CCd-AS-ol.9n~_0C_L9b36 o. Ol.1 c.017
' '

"

fgd o *co s e.003si y
~~

.
.

~~947b 0. e t 4, a < o i~A
~ ~ ~

ln

C S .1 12 8 -c.o V 8 1 2.m 357**

- A _______ . . _ _ . . Y..I/ .b s_ L s.Tt.j)
. _. _ . ..

''

n 1.o3 63 .
.

CS-I4 8-co4-ol"| \\f 3 5"

y . . _ 5fi4ET10.___ .-~ 7 a. _ _ ..
.1 W f1_.

''

u

Po PA- *?7 -8.!l 2._1Ja_W.E co12. o.<o 12"

__--..--3-..-_.-.
. . . . . - _ _t s co S L.

||)i D. 60 6 . . _ _ .
o too6 $10''*h

_ _ _ _ _ _ .
.

**

o;o te n. 6 o.o 2. Y's
_m.

Sv /-I-JR-o o yS L5R / 3. Q '.o.LL. 0 0 IS'**
g o oo2y

_o to - 3 _
o,co4

.
**

l9 833 c.e t , o.013"

*$
. _ _ _ _ . . . . ...

,,

|
t . .- . . - - - _ - . _ . - . _ - _ - _ - _ - _ _ - - . _ _ - . _ - _ - _-_____- . _ _ . ...



- !

kMN - b b '# I'

Job N3. 15454 .

.

/ ri s 4 -. n MO - G EN X- 2 4 2,.-

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

Chrono Tile R2.1.15
Job Book

ST0XI&k'EBSTIkENGINEERINGCORPORATION Time q _r o o 4 , ,m ,
. ..

.

COMANCE PEAX STEAM ILICTRIC STATION Date s /2i/f 7
*

UNIT ? "J.0. No. 15454 .
*

TEI.IPHONE EMORANDLH Incoming- -

Outgoing v
,

Between 7. Gs3LJM.A/S. At t of SVEC and P. C60 A2tcles o d of PEctnec sco Gu to 12, c

Subject f) A Rf2 G4 l.tl. CuuRA tt22.

THE JOB BOOK XLHEIR MUST BE PI. ACID IP UPPER RIGHT ,

SL'.VJT.

G) 7. Ga & cs <c1 f . r e d s .' c % wta4ces.1v Gu teler 1olm wcas

cf ek. p tv, h, c'~ ecd &'% ' e6-)f-A a 4-t 9.A. . fos +- w o'I't'% G
v -

c . o '2. co Sp e c4< e.L s'm MucAtaA SM4el na E 1-1.

F. Ped 8 ia-som s h J < el ~t % 1 -hLe S % ch A c1 Spa c.} .<.s:. _

'

% c.l ,e 9,p,.c J,6.ob(pseskc.1 .6 s + ~ o trov y o. o e
-tv -%.- A + *c % % t% +M scA -f* ik k-6./., aA . 'TZ *A *f'A '-*

% . f s-4 c w e. s/h24- wo( 4e C- si cla u[ .

uM9 a.4e el cAe- A A tw po.ct */ G C ''ci '' ~2 Mg .9. E t
$ps'f *N/ !*-1

e)'-h % +1'oA. M 't/c ) 1'ct M AtAl 0 00,,,

|4|s< *c1EM $ tc d c.4el . ."
.

F 'SecQEd1 Qfh n 4eoAt2al + d* %.c. 9g'a+~G cA~'(|4t- hs-l.4 r

O cGVch'cm. .Qr y ap sq v1o f C.R.' b'Ca $ ) N n o /- 'hoA %&
'

. [htcL% e El. & * (?<44.t 04 A S s w && LAi.
*

!- .

| Action Assigned:
.. .

.

COPIIS,70: F. Fredrickson
,

4

j
J Pacific :scientic

RPKlause JAchacasa F E r/)<d.f
KTChu ' TTChang g y , 4-( (

'

# Ak'Chan - C3utt ~ l 7 cw 'o.l .,,
% "D rucke ?.

.

- '..

|

| L
'

.

*u -- r ;w w |;_g.c: m ga.m-g 3 g - .- m :n.,m 5; .:; w ; a r p n 2
~

-

'

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



71:1 6
* FacM P,$00 QNN (UED)$3eI e'9I 13333 NO.19 PQ4( l,

pp . 3 ira r4.. ta co -a re- 2 c .,

Kin Tech Division i ' # If

W PS ClFIC
-

SCIEnTif:lC

_
DATE: -8"// I!? 7COVER SHEET FOR FAX '

.

bMFROM: JJ2_

DIVISION:
() v

TO: d' TELEPHONE g 609,VN-90a#
(lemd M.

COMPANY: dh kj M TELECOPY t-

.

4 of PAGES: Cover Sheet + 3

COMMENTS /SPECIAL INSTRUCTIONS:
*

t
'

.

:
f

.

.

| FAX NO TO CALL.AS FOLLOWS: (714)520-7804
i

-

i ,

.' OUR MACHINE IS A NEC NEFAX SIT I AUTOMATIC. IF YOU DO
' NOT RECEIVE ALL THE PAGES, OR IF TRANSMITTAL IS NOT

, CLEAR, PLEASE CALL ASAP THE OPERATOR AT EXT. 314.
;

FAX OPERATOR:

TIME: A.M. !.' 0 0 p,M. .

.

9

0

1N4 3. State College Bowlevard, Anaholm. Collfomia 92803,(714) T7&S217 TELEX 45 M
.

- --



| FROM PSC? -NH ( T V E )0 5.19. ' 8 ;' 15:00 No.11 pug 4
s }

.

'

O'TT- d MEPOM7 NO. IT-535__
/ 9 74.AJ'D).6fw 24t4
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*

I#1, . 0 PURPOSE '-

.
.

.To assure compliance of production units of the Shock
'

1.1
.

. Arrestor' Assembly with referenced drawings.
8

.

2.0 SCOPE
.

2.1 This test establishes both visual and functional charac-
teristics which could be expected to vary through dimen-
sional variation or improper assembly and adjustment.

3.0 REFERENCE DOCU!ENTS

3.1 PScoDhawings 1801107 and 1801117
,

. , .

4.0 EQUIPMENT

| 4.1.1801TF-2 Universal Shock Arrestor Tester
1

,

~

! 4.2 Holding Fixture 1801 HF-1.

'

5 4.3 . Holding Fixture 1801 HF-2

4.4 .0001 Dial Indicator
,

!
- 5.0 INDIVIDUAL TESTS

5.1 ' Exa[ninition of Product
'

Each dnic shall be subjected to a dimensional5.1.1
; examination to determine compliance with appli-

cable Sales assembly drawing.!

! ' 5.1.2 Each unit shall be visuall
completeness of assembly, y inspected to assurefreedom from burrs and: -

'

sharp edges, alignment of parts, security of'
; fasteners, and d:.mansional intagrity..

I

i 5.1.3 Units shall be visually inspected for general
; 'appe'arance of plating, painting, freedom from
j nicks and damage of finishes.
6-

' 5.1.4 Units shall be inspected to assure the accuracy
and legibility of marking and identification.,

6.0 FINAL FUNCTIONAL TEST _S

! 6.1 Breakaway Friction Force (100 lbs. max.)

6.1.1' Install unit in 1801 HF-1 Holding Fixture and the
starting force in both the extension and retrac-i. .

*

tion modes measured with a spring scale. Load.

measured shall notjexceed 100 pounds. S tarting7
,-

,

- .

PACtMC SCleWTIRC C00$PANY Aircraft Products DMeien
1844 South state College Boulevard e Anaheim. Califomia 90so3 * (714) 774 5217

i
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.

-' throughout entire ,'sured at three (3) positionsforce shall be mea,

travel in both directions of.

extension and retraction. A ffor force check are one (1) pproximate positions
,

inch from either and
and mid position. ,At each position the starting-

force shall net exceed 100 pounds.
~

6.2 Los t Motion (.040 max.)
6.2.1 Install the snubber on the .1801 HF-1 Fixtu're and

adjust the dial indicator such tr.at it will record
*

movement at the clevis end of the snubber. With
the snubber extended at approximately its mid-
position, hold the inertia mass stationary using
hand pressure and apply s load of 120 lbs. to
the snubber, zero out the indicator, and apply a
reverse load of 120 lbs. to the snubber while "w>
maintaining hand pressure to prevent movement of
the inertia mass. Relative movement noted on the

! dial indicator shall not exceed .040 inch.
QD ! . ..

.

s
.

Acceleration / Load Test6.3t

! 6.3.1 The unit shall be installed in the 1801 TF-2 Uni-
versal Shock Arrestor Tester with the unit ex- .,

j tended approximately midway from full extension.
' The 1801 TF-2 Tester pressure gage shall be set' for 130 PSI, which is equal to 13,750 Abs. load.

GD :i applie'd to the uni,t, the time as recorded by the
With the required pressure

timer for the snubber to extend 1" shall be .51 se'e.'

minimdm. This test shall be repeated by retracting

be .51 second. gain the minimum time recorded shallthe unit and a '>
,

| '

-;.

*
.

'

,- .

.

'

, . . - - . .
,

I
'

1 { . . . .

| I .

'.
; '

. .

,

-
. . .-

'
.

.

:

1

PAC 8P9C $CIENTtMC C0d(PANY Aircraft Products DM
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' ' *
ADDEND ['a to 05 Ift.

Final Inspection; Check List
. .

I PSco 1801107- '

,
4

, 18011.17
'

Shock Arrestor

Ref. paragraphs refer to paragraphs from this procedure, I.T. 535

Part No. Serial No.
.

PSco P.O. No. Date-

: Shop Order No. Cus t.ome r
'

,

,' I . Visual Ex$mination (para. 5.1)
* ' *

,

'| (a) Dimensional,(Actual dim. lis ted on Page 5 of 6) . . . . . .
,

j (b) Workmanship..........................................,

:
II. Final Functional Tests

| (a) Breakaway Friction Force-(100 lbs. max.)(para. 6.1) *

,

I
Actuali

@; (b) Lost Motion (.040 max.)(para. 6.2)............ Actual-
.

, . -
.

.I
,

t ,

, .

Acceleratiob/ Load Test (.'51 sec., mitt./1.000 travel)'(c), ..

.
(para. 6.3)''

.

; Actual Time. . .

f Extending __
i
>

'
.

Retracting.,. . .- . . .

1 I
,

* '
.

.

. ; -

*

Inspector|
, .

| 1 Stamp Date.

! t

.

I
-

,

PdCIMC SCitNTIRC CoasPANY Aircraft Products Dib
1344 South State College Soulevard e Anahe'en, Califomia 92003 e (714) 774 5217

I
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This test is' intended togreplace the acceleration test currently
performed on PSA-10 Snubbers (1801-TF-2).,

i
,,

The Eccentric Type Test Fixture consists of an eccentric shaft
*

t at fits the spherical bearing of the snubber and drives the
snubberwithareciprocat|ingmotion. The shaft is driven by'

a,' constant torque gear mo' tor through a roller chain drive.
The sprocket at the gear p'otor rotates at 41 RPM and the

~

1
i

sprocket'at the eccentric shaft rotates at 76 RPM (1.85 ratio)
when there is no load (snubber not installed) . The sprocketi

at the eccentric shaft is' mounted on a friction type clutch.i ? -

I

When the' snubber is installed, the gear motor attempts to
driveit[at7.6 RPM, equal!to.049g's. The snubber tries to
contain this reciprocating motion to less 'han .02g. Thett 4

braking action of the snubber creates a difference in RPM of
-

the eccentric shaft. Thi's difference in RPM is an overloadg i

taken by'the friction switch installed in the eccentric shaft.
IA counter records the rot' tion of the eccentric shaft,

'

a in

conjuriction with an inter:1al timer which allows the tester to-.
; run for a, preset amount of time (1 min or 30 sec) .

Thereadingsobtainedare RPM and they can be translated into

g 'i s. The following resul s were obtained on a test run of
108 units and compared to their respective acceleration times.
Snubber Qty RPM AAT* _ Percentage

7 20 1.03 6.48,

| 8 23 .92 7.41.

6 26 .89 5.56
'

3 28 .88 2.77
r

12
. 30 .81 11.114

^

11 32 I .75 10.19I
'

) 7 34 i .71 6.48
i

11 36 .72 10.19
12 38 .70 11.11;

16 40 .67 14.82-

9 42 .65 8.33,

.
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Snubber Oty RPM AAT* Percentage

4 ! 44 .62 3.7'' .
,

,

2 50 .53 1.85

I . I
'' -

T=Ayerageacceleratipntimeoftheextensionandre' traction*
,

,

cycle for the total number of snubbers in the same RPM group.
f-

j
Based on the above, a value of 44 RPM will be used as an

I Iacceptabl,e criteria, with,the option of using the standard
I

acceleration tester as an alternate test method for snubbers
exceedincj 44 RPM. It is also recor.nended that those units

I
with readings below 20 RPM be inspected closely.
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INTRODUCTION

A sample verification of existing unit 1 as-built documentation for large
bore Class 2 and 3 piping systems was performed in accordance with
Project Procedure CPPP-5. The purpose of this effort was to establish
sufficient confidence in the adequacy of dimensions and functions shown
on the as-built drawings to support initiation of the pipe stress
requalification effort. This report summarizes the findings and
conclusions of the verification effort.

This walkdown does not (and was not intended to) verify TUGCO's as-built
program. However, the results of this walkdown tend to indicate that the
as-built program implemented by TUGC0 is adequate. . Verification of the
as-built program is within the scope of the Construction Adequacy Program
(Appendix B of Comanche Peak Response Plan and Issue-Specific Action
Plans). Each revision to piping' system as-built documentation, resulting
from all project activities (including the Construction Adequacy Program)

| will be evaluated by SVEC for specific impact on the piping requalifica-
tion effort and the need to revise the applicable pipe stress and support
package.

SCOPE ,

Four unique samples were tandomly selected to verify the following
attributes:

(a) Valve Location '
.

(b) Pipe Support Location
(c) Pipe Support Function

l (d) Valve and Support Orientation

These attributes were selected because they have the greatest potential
for impact on the pipe stress effort. Other less significant attributes
crist, but the methods of verifying the above attributes (distance from

~

elbows, tees, valves, supports, etc.) indirectly verify other attributes
(e.g., dimensions and configurations).

The total population and sampic size for each attribute is shown on
Attachment 1. The sample sizes and accept /rej ect criteria were
determined from SWEC Quality Assurance Directive (QAD) 7.11 Rev. A.

SWEC tolerances were established for each attribute. These tolerances
are ' consistent with tolerances previously used by SWEC on other as-built
programs. The tolerances also consider the sensitivity of the data
to the pipe stress analyses.

'

SLTiARY OF RISULTS .

Approximately 1800 manhours were expended, over a period of three weeks,
to complete the physical walkdown.

00013-1545405-N1

.
>



-

i
-

,

. .

Page 3 of 5
..

,

The results of the fieldwalk follow:

* Valve Location . Valve locations are adequately described.
Seventy-nine of the 80 valves were found to be within SWEC
tolerancen. Valve number 1-8107A was determined to be outside
SWEC required tolerances. (See Attachment A)

* Pipe Support Location - Pipe support locations are adequately
described. Of the .two hundred supports sampled, 199 were
within SWEC tolerances. Pipe Support Number CT-1-014-405-C82K
was determined to be outside SWEC required tolerances. (See
Attachment B)

Pipe Support Function - All 200 of the pipe support functions*

are adequately described.
.

Valve And Support Orientation - Valve and support orientations*

I are not adequately described. One hundred-ninety of the 200 .

supports and valves sampled were within SWEC tolerances. The'

following discrepancies were observed:
|

Diff of
Valve / Support As-Built SWEC Actual Dia. As-Built See -

, Number Dimension Tolerance Bv SWEC Vs Actual Attachment

AF-1-101-027-S63R 5*-31' 15' O.3' 5.2' C

'23 ' 6.3' 6.3* DCS-1-155-036-S42R O' -

CS-1-217-002-A42K O' 25' 6.2' 6.2* E
'

CS-1-258-702- A53R O' 15' 6.7' 6.7* F

CT-1-010-008-S22X 0* 15' 6.0* 6.0* G

CT-1-122-002-S32R O' 15' 6.1' 6.1* H

SW-1-037-007-J03R 0' 15' 7.0* 7.0* I
CC-I-007-043-A63R 0* 15' 6.0' 6.0* J

10.0* K1&F-055 45' 15' 55.0* .
25.0* LICH-073 60' 25' 35.0*

1
' During the conduct of the walkdown there were only 14 items that were

inaccessible. These items were replaced with other items, using the
random sample selection process used for initial sample selection.same

CONCLUSIONS

1. The as-bhilt documentation of pipe support and valve orientation is
i adequate to initiate the stress requalification effort. However,

the stress results cannot be finalized until appropriate corrective'

action relative to verification of valve orientation and the
orientation of pipe supports fabricated with catalog components is
implemented. All instances where supports were not oriented within
SWEC tolerances involved catalog components (i.e., s truts or

snubbers). The catalog components' paddles were misaligned with the
clasps. No cases of misalignment were observed with box frame type
supports (i.e. no catalog components.)

00013-1545405-N1
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NOTE: A review of the sub-populations (supports with and without
catalog components) was made to verify that a suf ficient-
number of supports without catalog components were
sampled. More than 70 of these supports were verified and
all were within tolerance. Therefore, suf ficient samples
were reviewed to support the conclusion that the concern
is limited to supports with catalog components.

Upon investigation of the discrepancies identified, SkIC discovered
that two of the out of tolerance situations were previously !
identified by the TUGC0 As-Built Group but are currently not
resolved by the project.

ACTION REQUIRED .

1.1 Orientation of all ASME valves that could cause eccentric
loading on the pipe (e.g. motor operated valves, but not gate

,

valves) should be verified. This effort should begin as soon
as possible to minimize the impact on the requalification
effort. SkIC will oversee this effort on an auditing basis. -

1.2 Orientation of ASME pipe supports fabricated with catalog
components should be reverified to identify and resolve all

| situations which exceed specified tolerances. Resolution of
this concern in many cases will require rework of the supports
to properly align the clamp and strut / snubber end paddle. SkIC
will . oversee this effort on an auditing basis.

1.3 The valve and support orientation concern shall be resolved.
,

! Appropriate preventive action should be taken to assure that
the final as-installed condition is not changed in the future
(e.g. during maintenance activities)..

,

1.4 All TUGC0 As-Built Group identified items, that have not been'
e

l resolved by NCR or drawing revision, should be reviewed to
determine the cause and extent of this concern and appropriate,

corrective and preventive action should be implemasted.
'

2. The project implemented the same As-Built Progran for all Class 1
piping, Righ Energy Clas's 2 and 3 small bore piping and all Class 2
and 3 large bore piping. Since the same program was implemented,
the results of .the large bore walkdown can be considered representa-
tive for all of this piping, provided the corrective action to be
implemented includes all Class 1 piping and high energy Class 2 and
3 small bore piping. For those lines which were not as-built in
accordance with the large bore As-Built Program, a walkdown shall be
perfoaned to establish sufficient confidence in the accuracy of4

dimensions and support functions shown on the latest design
documents to initiate the small bore stress requalification.

ACTION

2.1 TUGC0 should ioentify the small bore stress problems that were
not as-built in accordance with the As-Built Progras.

00013-1545405-N1
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2.2 SVEC will perform a walkdown for the piping identified by,
TUGCO. This walkdown shall be similar to the program described
in Project Procedure CPPP-5, and this report.

| COMMENTARY

! In addition to the specific conclusions identified above, some
engineering it.f e rence s about the adequacy' of the as-built documentation
(to support stress requalification) can be made. These inferences are:

1. All installed components are appropriately reflected on the
as-built documentation. The location of supports and valves
were verified by measurement to the next component (e.g.,
support, valve, fitting) installed within thu system. No

components, within the Class 2 and 3. stress systems, were
observed to be installed but not identified on the drawings.

'

2. The piping and support configuration (layout and geometry) are
appropriately described on the drawings. The method of
verifying valve and support location (distance from elbows,
tees, valves, supports etc.) indirectly verified the piping
system dimensions and configuration.

Although one of the four attributes did not meet the established
acceptance criteria, it is not ne:essary to perform any additional
walkdowns for large bore piping prior to initiation of pipe stress
analysis. This decision was based on the following judgments:

1. All attributes with significant impact on analyses have been
walked down.

2. The Construction Assessment Program will fully assess the
adequacy of as-built documentation against the construction
tolerances. Changes to the as-built documentation that affect'

pipe stress analysis and support designs will be fully
evaluated by SWEC on an ongoing basis.

.

00013-1545405-N1
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LARGE BORE FIELD WALKDOWN

POPULATION AND SAMPLE SIZI/ SELECTION

I. Population / Sample Size

TOTAL SAMPLE Source of Accept /
ATTRIBUTE POPULATION SIZE Total Population Reject

1/2Valve Location 913 80 Note 1 --

Support Location 4042 200 Note 2 5/6
Support Function 8042 200 Note 2 5/6
Valve and Support
Orientation 8955 200 Note 3 5/6

NOTE 1 List of valves developed by SWEC from review of BRP-

Drawings in SWEC Scope.

Computer listing of Comanche"As-Built-LBH-PROB-RPT"NOTE 2 --

Peak Large Bore Supports sorted by Strass Package, dated
'

6-20-85.

| NOTE 3 Combination of both lists identified in Notes 1 and 2-

above.'

.

II. Sample Selection ..

.

The specific samples were selected as follows:

f 1. Consecutire numbers (from 1 to the population size) were
assigned to each ites listed in the appropriate index (Notes 1,
2 and 3).

2. Tour sets of numbers (one set for each attribute) were selected
from a random number table.

3. The ites (valve or support) corresponding to the random number
was selected for the walkdown.

|
.
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Enclosure 2
Page 1 of 1

MISCE 1.LANEOUS OBSERVATIONS TROM LARGE BORE WALKDOWN

The following conditions outside the scope of CPPP-5 were observed during
the walkdown effort.

1. Pipe support CC-X-109-016-A65R is a voided support but is still
installed in the field. This support does not appear on the hanger
location drawing BREL-CC-I-AB-041. Upon investigation, this support
was requested to be removed via a memo dated May 22, 1979. SWEC

valked down 8 of the 32 supports listed on this memo and all were
found to be removed as requested.

2. The . strut for support CC-1-116-002-F33R is stamped as

CC-1-159-017-S53R. Refarence BREL-CC-1-TB-001.

3. Support SW-1-129-046-A43R is shown correct dimensionally but is
incorrect pictorially on BRHL-SW-1-AB-005. The support is shown as
being located east of the tee; actually, it is located vest of the

.

tee.
|

The bottom two bolts on the south4 Support CC-1-033405-533K -

baseplate are not in full contact vi'th the baseplate.

5. Support CC-1-204-019-C53R - A 3/4" 9 stainless steel line appears to
be in contact with the strut. A rod hanger for the 3/4" 9 line is
disconnected from the pipe in this area.

6. , Support CC-1-011-007-A53R - Loose jam nut on strut.

7. BRP-BR-I-AB-00$B Rev. 11 - Valve is identified as 1-8564A on piping
I drawing but is tagged as 1-8564B. Valve 1-8564B is tagged as

| 1-8564A. ,

Items 11 and 12 are tube steel per8. Support CT-1-011-005-S22K -

revision 2 of drawing; hovraer, original it ens 2 and 10 (W8x20) are
still installed.

9. Support CT-021-001-S22R - Bearing is loose in strut paddle on clamp
end.

10. Drawing BRP-MS-1-SB-045, revision 1. incorrectly shows the elevation
of valve D'S-063 at 887'-4 5/16". The elevation should be

877'-4 5/16".

. - . . _ . _ .. . - _ - - - .-. _ _ _ _ _ _ _ _ _ . _ ._
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FiPING AND SUPPORT REQUALIFICATION PROGRAM
COMANCHE PEAK STEAM ELECTRIC STATION, UNIT NO. 1_

Enclosure 1 Large Bore Field k'alkdown Report
Enclosure 2 Miscellaceous Construction Discrepancies Observed

Enclosure l' describes the results of the walkdown of large bore piping
conducted by Sk'EC in accordance with Project Procedure CPPP-5. The
conclusions of this report indicate that generic concerns exist that
require consideration b; 'the Comanche Peak Jtesponse Team (CPRT) and TUGC0
Quality Assurance (QA). These concerns are summarized as follows:

The orientation of valves and supports in piping systems are not.

correctly documented in the as-built documents. Expeditious
resolution of this concern is necessary to preclude negative impact

; on Sk'EC's stress requalification schedule.
, e

| Some items requiring correction which vern identified during the.

! as-built program have not been resolved.

We believe, with the commitment to resolve the above issues, the as-built
program documentation is adequate to initiate stress requalift:ation.

Enclosure 2 describes some construction discrepancies (e.g., loose bolts,
ctrut/ pipe lack of cisarance) observed by the walkdon team. These

i discrepancies were not evaluated as part of the walkdown effort, and
I therefore should be resolved by CPRT and QA.
|

f au
.

R. P. KlauseI

| Proje.c Manager

| RPF.:bj f
| attache.ent

|
'cc: J. B. George (TUGCO) - 1/1 R. L. Cloud (RCLA) - 1/1

J. C. Pinneran (TUGCO) - 1/1 T. Snyder (TERA) - 1/1
|

J
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Deviation reports (DRs) generated by the Evaluation Research Corporation !
,

(ERC) were evaluated by Stone & Webster Engineering Corporation (SkTC)
for potential impact on SkTC's Stress Requalification Program (SRP)
(Reference 7.1). Approximately 800 DRs related to the piping systems and
supports were reviewed for this effort. The review confirmed the need to
address clearances between piping and adjacent components / structures on a
plantvide basis, as committed to in Section 7.2 of CPPP-6, Revision 2
(Reference 7.2). It also indicated the need to conduct a Hardware Vali-
dation Program (HVP), as recosamended in Section 8 of L. S. Wigley's
July 1986 report on Assessment of TUGCO's As-Built Documentation for Pip-
ing and Pipe Supports (Reference 7.3).

It was concluded that the concerns on clearances and other hardware prob--

less do not impact the SkTC requalification program directly, and there
'

is no need to change the stress requalification program or procedures to
address the ERC-generated deviation reports on a specific or generic
basis.

.

l

.

.

o

3

|

.

,
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1.0 LY1"RODUCTION

.

The Construction Adequacy Program (CAP) is sponsored by the Comanche Peak
Response Team (CPRT) of Texas Utilities Generating Company (TUGCO) to'

perform an independent reinspection of safety systems. Evaluation Re-
search Corporation (ERC) has been contracted to perform this reinspection

' of the safety-related components on a saarpling basis (Section 2.2 of
, Reference 7.4).

< Each apparent construction deviation from the design drawing is identi-
fied by ERC and documented as a Deviation Report (DA).

-

The safety significance of these DRs in relation to reportability in ac-,.

cordance with 10CTR50.55(e) is continuously being evaluated ,by TUGCo. To,

' determine the trends and adequacy of the sample size, ERC is also review-
ing the DRs.

.

Concurrent with SkIC's Stress Requalification Program (SRP), TUGC0 re-.

quested 'ikTC to avaluate independently the effects of the piping and pipe.

supports-related DRs on the SRP. SkIC was requested to develop a prograa,

! to identify trends, if any, and aske changes in the procedures, if neces-
'

sary, to minimize the impact of these DRs when they are incorporated lat-
[ er into the as-built packages. Details of the SWEC program are as,
I

outlined in CPPP-18 (Reference 7.1).
-

.

2.0 PURPOSE
,

The purpose of this report is to describe the results , methods , and con-,

clusions of SkIC's evaluation of the DRs for possible impact on the SRP.,

! Deviations are categorized and discussed to identify the actions pro-.

| posed. The review was limited to the ERC-DRs which were generated using
| following procedures:

*

|
.

! QI-019 Reinspection of Small Bore Pipe Supports (SBPS)
l i ,

QI-021 Reinspection of Piping System Bolted Joints / Material
(PBOM)

.

QI-025 Reinspection of Large Bore Pipe Configuration (LBCO)

QI-026 R4 inspection of Small Bore Pipe Configuration (SBC0),,

I QI-027 Inspection Procedures for Large Bore Supports Rigid (LBSR)

QI-029 Inspection Procedures for Large Bore Pipe Supports
-

Nonrigid (LBSN)

QI-048 Reinspection of Satall Bore Welds / Material (SBkh).

1

l QI-049 Reicspection of Large Bore Piping Weld / Material (LBkh)
|

QI-051 Reinspection of Whip Restraints (PVRE)

QI-070 Reinspection of Tubing Welds / Material (TUkh)
!

1802-1545405-HC4 1
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3.0 REVIEV METHODS.

t

This section describes details of the review methods used to evaluate the
i

DRs for possible impact on the ERP. Section 3.1 addresses generation of
the DRa by IRC, while Section 3.2 discusses the details of the review and 4

* '

the manner in which the review results were docunested.

3.1 DEVIATION REPORTS (DRs)
'

N
The inspection procedures listed in Beetion 2.0 provide a set of criteria
for inspection of various components of construction, defined as popula-tion groups. Inspections were performed on each of the population groups

sampling basis and DRs were generated when the as-built conditieson a
deviated

from the requirements of design drawings and specifications. M :g'.
A typical DR is shown as Attachment 1 to this ' report. Ids fios the fol-

.

~

lowing population groups were reviewed to determine the inpact oa' the .,

SRP:, . . _1

#'-*

'kwLBCO: Large Bore Piping Configuration i4
,

| 38C0: Small Scre Piping Configuration 7
LB5R: Large Bore Pipe Supports - Rigid
LBSN: Large Bore Pipe Supports - Nonrigid

| PWRI: Pipe Whip Restraints -

| SRPS: Small Bore Pipe supports
PBoti: Piping System Bolted Joints / Materials
TIMf: Tubing Welds / Materials
SBWti: Small Bore Piping W. elds / Materials
LBWti Large Bore Piping Welds / Materials - -

3.2 DETAILS OF TIE RIVIIV

The DRa for each of the population codes were obtained free IRC and a
file was created. A log of all DBa (filed in Job Book R4.25, SWEC Evala-
ation of ERC Deviation Reports) in a population code also was prepared,

(Attachment 2). Table 1 provides the number of DRs that were reviewed
for each population code.

Each DR was reviewed and classified as Category A, B, or C. Category A
DRs include the deviations that have a potential impact on the design of
the piping system and/or pipe supports. Category B DRs are hardware-,

'

related and thua will not affect the qualification methodology for
the pi. ping / pipe supports analysis. Category C DRs are neither design-
nor hardware-related and do not require further evaluation for impact onI

the SRP. A categorization of DRs for each popular. ion code is given in
Table 1.i

! 4.0 RESULTS OF THE REVIZW
~

-
-

Results of the review for each DR were documented in a forg shown in
Attachment 3. Types of issues identified as a result of th4 review of,

DRs for enca population code are summarized in Attach ==at 4.* pTagle 2
provides a suasary of issues and the number of DRs for each popura' tion
code.

~ , . 1

\1802-1545405-HC4 2

.

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



. ^

.

.

5.0 DISCUSSION OF RESULTS

It can be seen from Table 1 that approximately two-thirds of the devia-
tions are Category A, while approximately one-third of the deviations areCategory B. The number of Category C deviations is insignificant. As
explained earlier, category 3 deviations are hardward-related and do notaffect the input 'o the 81P. N majority of Category 5 deviations are
Items 7 through 11 in Table 2 and include missing locking devices, mise-
ing washers, paint on spherical bearings, claap halves not parallel, and
gaps greater than the smallest shim in rear brackets of sanbbers. Sig-
nificance of these deviations on the construction adequacy of the piping
and pipe support systems has been assessed by the IRC under its Construc-
tion Adequacy Program and recommendations have been made or will be made

,

by EkC to correct these deviations identified as construction deficien-
L. 3. Wigley also has recommended a program called Eardware Vali-cies.

datior Program (RVP) as a part of the assessment of T00C0 as-built
documentation for piping and pipe supports (Reference 7.3). N eefore,
Category 3 deviations are not addressed further in this report.

Category A deviations idc.u fied in Table 2 as Items 1 t ugh 6 and
Item 12 are discussed below in detail.

.

Item 1 Locations / Dimensions Out-of-Tolerance

Nse deviations relate to the linear dimensions of piping / pipe supportsand locations of pipe supports. Linear dimensions relate to thei

; configuration / geometry of piping systems and supports and, if signifi-'

cant, may affect the stress analysis results. Of 136 total deviations
for this item, 109 deviations are in the area of lines; d w nsions, while
21 deviations are related to the support locations. N remaining 6 de-
viations are in the area of elevation and bend radii of piping systems.

Details of the number of deviations for linear dimensions, support /
. restraint locations, and miscellaneous areas for varAous population
groups are given in Table 3. Tables 4 and 5 provide details on the mag-nitudes of these deviations. Potential impact of these deviations on the

. stress analysis of piping systems is discussed below.
|

| Linear Dimensions
|

In the piping configuration groups of LBC0 and SBC0, 47 deviations out of
total of 50 deviations are luss than 12 inches. These deviations ina

configuration of the piping represent small percentage changes in dimen-
sions. Effects of these small changes on the stresses in piping systemsand support loads would be small. Therefore, no further action is re-
guired to address these deviations.

N remaining 3 deviations (1 ft - 4 1/2 in, and 4 ft - 8 3/4 in and
1 ft - 01/2 in.) are isolated cases and will be evaluated in the SRP.

In the pipe support / restraint population groups of I/5R, LBSF,' SBPS, and
PWRE, 50 out of a total of 59 deviations have linear dimension devia3 ions
of less than 3 in. , six deviations (6 out of 59) are in the 3- to 5-in.
range, and the remaining three deviations are between 7 in. , 8.in. , and

\1802-1545405-HC4 3
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and 1 f t - 0 1/16 in. Fif ty-six deviations less than 6 in. are related.

to bolt hole locations, base plate dimensions, pin-to-pin dimensions of
struts, and geometry of support frame members being out of tolerances.
hoe deviations represent small percentage changes in dimensions with no
appreciable effects on the stress analysis results.

The other three deviations are as follows: 0 ft - 7 in, deviation is
related to support I-bena located 7 in, above the required elevation.
This changes the required rod length only and does not affect the designcapacity of support components. N 8-in deviation is in the required
distance of 7 ft - 811/16 in, between the centerline of pipe and top of
rear bracket of strut. This does not affect the capacity of support com-
ponents adversely and thus is not significant. N remaining devintion
of 1 ft - 01/16 in. is in the dimension between the centerline of tube
steel support member and the the centerline of base plate. ,h ERC-SSE
Group has reanalyzed tha support with the revised geometry and found the
support to be acceptable. Based on the above discussion, it is concluded
that these deviations are insignificant and changes in the SRP are not
required.

Support / Restraint Locations

Nine of the 21 DRs in this group are in the area of rupture restraints
and thus do not affect the SRP. N remaining 12 DRs relate to the
deviations in support locations. Ten of these deviations are less than6 in., and t% deviations are 9 in, and 9 1/4 in. Nse deviations are
small and thus have no appreciable effect on the stress analysis of a
piping system. '

h remaining six deviations were in the areas of pipe elevations and
bend radii with no adverse trend. Therefore, no impact on SRP is . -

expected.

Item 2 Welds Missing, Undersized, or Underleenth
_

A totil of 113 deviations in this iten were in the area of supports and
restraints as shown in Table 2 and were related to the missing, under-
sized, or underlength welds.

The majority of these deviations were in the area of undersized welds
(1/16 in. to 1/8 in.) over a small portion of the total welds length and
thus would not reduce the overall strengths of the connections. It
should be noted that the recent changes in the acceptance criteria of
welds (Reference 7.6) allow 1/16 in. undersized weld for one-fourth of
the weld length. This is based on computation of the reduced shear area
due to undersized welds and limiting the reduction in the shear area per-
centage to rassonable values. Moreover, ERC has perfornej structural
adequacy evaluation of the deviations for as-built veld configuratidhs of
individual supports / restraints and hea concluded that support / restraint
capacity is not affected significantly. Therefore, these deviations do

require turther evaluation for impact on the stress requalificationnot
program.

* j

1802-1545405-HC4 4
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' Item 3 Clearance Violations.

There were 82 deviations where small bore and large bore piping clearanc-
as were less than those required by the piping erection specification.
The clearances are among pipe-to pipe, pipe with wall penetration
sleeves, and pipe with hangers, walls, handrails, etc. A final walkdown
will be performed by SWEC at the completion of the stress regualific' tiona

f
effort to verify that sufficient clearance exists between the piping sys-
tems and the adjacent attuctures (Section 7.2 of Reference 7.2). There-fore, no additional action is required.

i

j Ites 4 Anchor Bolt Violations
|

Of a total of 33 deviations in this ites, 10 deviations were related to
the depth of embedments being smaller than required 9 deviations were in
the area of minimum spacing requirements, and the remaining 14 were mis-
cellaneous deviations. Embedment depths were shorter by a mini == of
0.125 in, for a required embedment of 61/2 in, to a nazimum of 1.81 in,
for a required embedment of 71/2 in. Spacing violations ranged free
0.125 in. of a required minimum of 5 5/8 in, to 4.75 in. for a required
minimum spacing of 14 3/4 in. These violations have been evaluated by
ERC on an. individual basis using the reduced strengths of these bolts for
smaller and overlapping shear cone capacities and found to be acceptable.
Additionally, the number of cases is less than 5 percent with no adverse
trend. Therefore, additional effort is not required in this area.

| Itas 5 Cape in Connections and Supports

There were 25 deviations in pipe supports and 36 deviations in rupture
restraints where either supports and piping had gaps which did not meet
the design requirements or connections were not tight and mating surfaces
did not bear at all locations.

A total of 2.5 DRs in pipe support population groups of LBSR and SBPS have
gaps between piping and support frames / restraints which deviate free the
requited gaps by a minimum of 21/32 in, to a nazimum gap of +1/16' and
-1/4 in. As a part of the SRP, the project has redefined the gap re-
quirements for box f rames and is reshisssing the gaps to meet the revised
requirements of Attachment 4-11 of CPPP-7 (Reference 7.5). Therefore, not

i further action is required to address these deviations.

The remaining 36 deviations are in the population group PWRZ of rupture
restraints. Since these deviations do not relate to the efforts of the
SRP, they are not addressed further in this report.

Ites 6 Richmond Inserts - Thread Engagement Less Than Minimum

| There were a total of 28 deviations for pipe supports and restraints
| where thread engagement in Richmond inserta or of bolts into nuts was

less than minimum. A total of 18 deviations in pipe support population
groups of LBSR and LBSN and 2 deviations for pipe rupture , restraint
(PWRE) are for the Richmond inserts where thread engagementy for!

1 1/2-in.-diameter inserts are less than minimum of 3 1/8 in. The devia-
tions range from 1/16 in. to 1 7/8 in. The remaining 8 deviations in

1802-1545405-HC4 5
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pipe rupture restraint population group PWRE have nuts which do not en-
-

gage bolts fully. Capacities of these connections with thread engagement
less than the minimum need to be established through analysis and/or
testing. Thir issue is being addressed under the CPRT program for
Issue ISAP V.b - Improper Shortening of Anchor Solts in Steam Generator; Upper Lateral Supports, and testing is planned. Af ter the allowable'

capacities of these and other similar inserts are established throughanalysis / te sting, structural adequacy of these connections should be
evaluated to determine the need ' for any required modifications. Noaction is required at this time.,

Item 12 Miscellaneous Deviations

Wirty-one out of 89 deviations in this category were related to either
wrong items installed or missing items. These deviations are hardware-
related and thus would be addressed under the HVP. Th's remaining
53 deviations relate to miscellaneous areas such as sap behind base
plates (5), gouges due to grinding (4), angularity out of tolerance (4),
gap between pipe and supports greater than tolerance (14), thread engage-
ment in strut rods (9), and other miscellaneous items of specific nature.
These deviations are small in number and do not have any generic implica-
tions on the stress requalification program. They also have been ad-
dressed by ERC on a specific basis and thus do not require any further,

'

action for the SRP.

6.0 CONCIUSIONS

Based on the discussion in Section 5.0, it is concludeid that approximate-
ly one-third of the construction deviations are hardware related and
should be corrected under the Hardware Validation Program. The other

-

two-thirds of the deviations are related to six different items.

Item 1 is related to deviations in locations of supports and/or re-
straints and piping / supports linear dimensions out of specified toleranc-

Magnitudes of deviations were evaluated, and it was concluded thates.

the deviations do not show any trend and are not significant. Therefore,
generic changes in the SRP are not required.;

Iten 2 is related to missing, undersized, and underlength welds where the
majority of deviations were related to welds being undersized from
1/16 in. to 1/8 in. over a small portion of weld lengthr. The overall
strengths of these welds are not reduced significantly and therefore do
not require a generic change in the SRP.

Ites 3 is related to clearances between piping to piping and other compo-
A fina) walkdown will be performed by SVEC to resolve this item.nents.

! Ites 4 is relited to anchor bolts where the depth of embedments.and the
spacing did not meet the design requirements. These deviations have been ,

evaluated and accepted by ERC using reduced strengths of tAe anchor
bolts. There was also no adverse trend. Thus, no change in' the SRP is
required.

s j
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Item 5 relates to gaps in connections and gaps between piping and sup-
ports, and is being addressed by TUGC0 as a part of the Hardware Valida-
tion Program. ~

Item 6 relates to inadequate thread engages *ent for Richmond inserts and,

is addressed as a part of the CPRT Issue Specific Action Plan (ISAP) V.b,
whera testing is planned to determine the capacities of inserts with in-.

adequate thread engagement. No further action can be taken in the SRP at
this time.

It is concluded, therefore, that there is no need to change the stress
requalification program or procedures to address the ERC-generated
deviation reports on a specific or generic basis.

7.0 REFERENCES -.

7.1 Comanche Peak Project Procedure CPPP-18, Procedure for Evaluation of
ERC Deviation Reports, Revision 1, dated November 7,1986

7.2 Comanche Peak Project Procedure CPPP-6, Pipe Stress / Support
Requalification Procedure, Revision 2, dated April 18, 1986

7.3 Assessment of TUCCO As-Built Documentation for Piping and Pipe Sup-
ports, Final Report, dated July 2, 1986, L. S. Yigley-

7.4 Safety Evaluation Report Related to the Operation of Comanche Peak
Steam Electric Station, Units 1 and 2, NUREG-0797 Supplement No.13,
U.S. Nuclear Regulatory Commission, dated May 1986,

7.5 Comanche Peak Project Procedure CPPP-7, Design Criteria for Pipe
Stress and Pipe Supports, Revision 2, dated April 25, 1986

7.6 Visual Weld Acceptance Criteria for Structural Welding at Nuclear,

Power Plants, Revision 2, May 7, 1985, Nuclear Construction Issues
Group, Sout.hern Company Services, Birmingham, Alabama,

|
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|
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TABLE 1

SUMMARY OF DEVIATION REPORTS

Population No. of DRs No. of Category
Code Reviewed Deviations A B, C,

*

LBCO 61 74 64 10 0
.-

SBC0 71 79 76 1 2

LBSR 154 174 96 67 11
.

,

. LBSN 205 208 98 103 7

PWRE 212 225 136 88 1

SBPS 66 70 43 15 12

PSOM 11 11 4 6 1

TUhh 8 8 6 0 2

SBkh 1 1 1 0 0

LB%h 3 3 3 0 0
-

.

'

Total 792 853 527 290 36

Percent 100 61.8 34.0 4.2
.

1

o

.

. .

1802-1545405-HC4
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TABLE 2

'
SUt91ARY OF ISStlES

Deviation No. of DBs in Population
locue Category LBCO SBCO LBSB LBSN PWRE SBPS PBOM TIA41 SBlaf LBl46 Total Percent

I. Locations / dimensions A 23 33 20 20 30 10 0 0 0 0 136 16.0out of tolerance

2. Welds missing, under- A 0 0 26 .34 36 El 0 5 1 0 113 13.2sized, or underlength

3. Clearance violations A 39 43 0 0 0 0 0 0 0 0 82 9.6

4. Anchor bolt violations A - - B 13 2 6 0 0 0 0 29
B - - 1 - 2 0 0 0 0 0 3 3.9
C - - 0 - I O O O O O I

5. Gaps in connections and A - - II O 36 14 0 0 0 0 61 7.tsupports

6. Ricte nd inserts - A - - 13 5 9 0 0 0 0 0 27
Thread engagement less B - - - - 1 0 - - - - I 3.3than the minimum

7. Locking devices 8 - - 3 14 12 6 0 0 0 0 35 4.1missing

8. Washers missing or not B - - 0 0 26 0 0 0 0 0 26 3.0covering boltholes *

9. Paint in spherical 8 - - 16 25 0 2 0 0 0 0 43 5.01.carings for snubbers

10. Clamp halves not B - - 14 '18 0 3 0 0 0 0 35 4.1pasalle!

I MO2A- l* 4*>405-11C4 *
g
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TABLE 3

LINEAR DIMENSION / LOCATION DEVIATIONS
(

,

\ *

No. of Deviations in the Area of
Population Linear Support / Restraint Pipe Elevation / Total

.

Group Dimensions Locations Bend Radius DRs,

LBC0 21 0 2 23

SBCO 29 0 4 33

LBSR 16 4 0 20

LBSN 15 5 0 20,

1

PWRE 21 9 0 30

SBPS 7 3 0 to

Subtotal 109 21 6 136

Total: 136

.
. .

.

e

i

e

. "
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TABLE 4
.

MAGhITUDES Of PIPING / SUPPORTS LINEAR DIMENSION DEVIATIONS,

Maanitudes of Deviations (Inches)Population GreaterGroup Total DRi 0-3 M 6-9 Than 9
-

LBCO 21 15 5 1 0
.

SBC0 29 8 16 0 5

(Deviations of
1 ft - 4 1/2 in.,
1 ft - 0 1/2 in.,

-

0 ft - 10 in.,

4 ft - 8 3/4 in.
1 ft - 0 in.)

LBSR 16 12 3 1 0
1

l LBSN 15 11 2 1 1

(Deviation of,

i 1 ft - 0 1/16 in.)
l

PWRI 21 20 1 0 0

SBPS j J J 0 0,

..

TOTAL 109 73 27 3 6

1
r

I

1

i

e

.
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TABLE 5

MAGNITUDES OF SUPPORTS / RESTRAINT LOCATION DEVIATIONS

Marnitudes of Deviations (Inches)Population GreaterGroup Total DRs 0-3 3-6 6-9 Than 9
-

LBC0 0 0 0 0 0

SBCO O 0 0 0 0

LBSR 4 3 1 0 0

LBSN 5 1 2 2 (0 ' - 9 " 0

0'-9 1/8")
PWRE 9 8 1 0 0

"

SBPS J 3 0 0 0

TOTAL 21 15 4 2 0

i

-
.

:
1
'

r

,

*
1

|
e

.
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POPUI ATION CODE: .

..

GENERIC

CATEGORT TTPE OT DE71ATION AESOLUTION
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ATIACEiENT 3

COMANCE PEAK STEAM EI.ECTRIC STATION
PIPING - PIPE SUPPORTS ERC DEVIATION REPORT (DR)*

EVALUATION SEET

DR No.-
System,

Reference:

BRP BRE
*

BRE GRE

SWEC SRP SS:ress Problem No.

O Unit 1 O Unit 2 C Coennon
Deviation Type: M- S- C-
Deviation Summary:

i

I

Qtegorization: (1) Deviation Requires Drawing Chante? Yes a No O
(2) Deviation Affects SRP Calculation? Yes C No C

Tes on Questions (1) and (2) Category A C
| Tes on Question (2) Only Catenory B C
I No on Questions (1) and (2) Catenory C C

*

Evaluation (include justifiestion as required)

*
,

t

o

|
|

|

|
|

.

1

Evaluated by: (Date)
Reviewed by: (Date)

|

I
!

'
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.

Pass 1 of 10

ATTACHME.VT 4.

.

RESULTS OF THE REVIEW

I. Population Code IM-L3C0
>

II. Number and Category of DRs Reviewed 61
.

Category A 64 Category B 10 Category C 0 Total 74

III. Issues Identified,

Item in
Description Numbers Category Table 2

.

1. Pipe to pipe clearance 18
-

A 3

2. Linear dimension out of tolerance 10 A 1

|

| 3. Out-of-location to? - rance 11 A 1

4. Pipe-to-support clearance 10 A 3

5. Pipe-to-conduit or cable tray clearance 5 A 3

6. Pipe-to-sleeve clearance 4 A 3

7. valve Lnstalled backwards 3 B 12.

8. Material installed wrong or missing 2 A 12~

9. Elevation out of tolerance * 2 A 1

10. Flow element installed backwards 3 8 12

11. ID problems 1 B 12,

12. Expansion joint out of tolerance 1 B 12

13. Missing jaa nut on tie bar 1 B 12

14. Flow arrow on valve missing i B 12

15. Pipe-to-vall clearance 2 A 3

. -

|

1802-1545405-HC4
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Pass 2 of 10

ATTACHMENT 4 (Cont),

.

RESULTS OF THE REVIEW

I. Population Code IM-SBC0

II. Number and Category of DRs Reviewed 11
.

Category.A 16 Category B 1 Category C 2 Total 79
III. Issues Identified

Item in
Description Numbers Categorv Table 2

1. Pipe-to pipe clearance 27 - A 3

2. Linear piptus dLaension out of 18 A 1
tolerance

3. Out-of-location tolerance 11 A 1

4. Pipe-to-support clearance 7 A 3

5. Valve clearance 4 A 3

6. Pipe-to-sleeve clearance 3 A 3
.

7. Elevation out of tolerance 3 A 1

8. Pipe-to-cable tray clearance 2 A 3

9. Valve installed with flow arrow 1 B 12
reversed

10. Pipe band greater than tolerance 1 A 1,

11. Conflict in valve identification 1 C 12
.

12. Missing identification 1 C 12

.

.

1

1802-1545405-HC4
|
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Pago 3 og 10

ATTACEMENT 4 (Cont). .

'

I. Population Code IS-LBSR

II. Number and Category of DRs Reviewed 154
.

Category A 96 Category B 67 Category C 11 Total 174

III. Issues Identified

Item in
Description Numbers Cat e go ry Table 2

'

1. Weld missing, undersized, or under- 26 A 2length
' 2. Anchor bolt violations 8 A 4

- B

3. Member or plate out of tolerance 16 A 1
.

4. Palat on spherical bearings 16 B 9

5. Claer halves out of parallelism 14 B 10

6. Miscellaneous deviations 6 A 12
5 B

1 C
.

7. Gaps between pipe and supports 11 A 5

8. Thread engagement problems (strut 1 A 12
assemblies) and nut threrads 7 B

9. Gap on brackets > smallest shim 14 5 11

10. Mark identification problems 8 C 12
o

. 11. Wrong item installed 4 A 12'

2 B.

2 C

12. Gap behind base plate 4 A 12

13. Locking devices missing or broken 3 B 7

14. Angularity out of tolerance 3 A 12

15. Suppo rt locations out of tolerance 4 A 1

16. Cotter pin broken, missing, etc 4 B. - 12

17. Missing items 1 B 12

18. Thread engagement - Richmond inserts 13 A 6
,

1802-1545405-EC4
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Paga 4 of 10

ATI'ACIC1ENT 4 (Cont)
.

,

I. Population Code IS-LBSN

II. Number and Category of DRs Reviewed 205
.

Category A 98, Category B 103, Category C 7 Total 208

III. Issues Identified.

Item inDescription Numbers Categorv Table 2,

1. Weld missing, undersized, or under- 34 A 2length
2. Paint on spherical bearings 25 - B 9

3. Clamp halves out of parallelism 18 5 10
t 4. Gaps on bracket of snubber > smallest 16 B 11
i shim 1 C

| 5. Anchor bolt violations 13 A 4
1 B 12
1 C 12

| 6. Member or plate out of tolerance 15 A 1,

7. Miscellaneous ' deviations 7 A 12
6 8 12

* 8. Mark identification problems 9 8 12
3 C

9. Wrong ites installed 8 A 12
5 B 12
2 C 12

10. Locking devices missing 10 B 7

, 11. Thread engagement probless - Richmood 5 A 6
inserts

12. Missing items 4 A 12j .

2 B 12

13. Beveled washer missing (slope >1:20) 4 B 7

14. Angularity out of tolerance 1 A 12
3 3

15. Support location out of tolersace 5 A 1

| 16. Cotter pin broken, missing, etc 4 B 12

17. Thread engagement problems - threaded 6 A 12
rods - -

|
<

|

1802-1545405-HC4
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Page 5 of to

ATTACHMENT 4 (Cent)
.

I. Population Code IS-PVRE

II. Nusber and Category of DRs Reviewed 212 .

.

Category A 137 Cat', gory B 88 Category C 1 Total 226
III. Issues Identified

.

Iten inDescription Numbers Ca te ne ry Table 2
1. Velds missing, undersized, or snder- 36 A 2length, wrong type or location

2. Gaps in bolted connections 26 A 5.

3. Members or place out of tolerance 21 - A 1

4. Identification missing 18 5 12

5. Wrong or extra material installed, or 11 A 12
missieg materials 6 8

6. Washers missing or do not cover hole 15 B 8

7. Locking devices missing 12 B 7

| 8. Gap between pipes and supports > 14 A 12
; tolerance
I

| 9. Bevc'ed washers missing 51 B 8
'

10. Lack of full threid engagement 9 A 6
1 B

11. Shima ao not cover 100 p' ecent of 10 B 5
nating surfaces

,

12. Location out of tolerance 10 A !

13. Miscellanecus deviations 5 A 12
5 B

14. Cotter pin problems 5 B 12

15. Anchor bolt violations 2 A 4
2 B
1 t.

16. Shim stacks not welded 3 B- 12

17. Gauges due to grinding 2 A 12

18. Gap behind base plate 1 A 12
,

1802-1545405-EC4
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Pago 6 of 10

ATTACHNINT 4 (Cont)
.

I. Population Code IM-SBPS

II. Number and Category of DRs Reviewed 66
.

Category A 43 Category B 15 Category C 12 Total 70

III. Issues Identified.

Iten in
Description Numbers Ca tego ry Table 2,

1. Gaps at deadweight supports 14 A 5

2. Weld missing, undersized, or under- 11 A 2
-

length -

3. Identification problems 8 C 12

4. Anctor bolt violations 6 A 4
,

5. Support dLaensions > tolerance 6 A 1

6. Materisl missing or wrong 1 A 12
!

2 B

2 C

7. Locking devices missing 6 B 7

8. Location of support > tolerance 4 A 1

I 9. clamp halves out of yarallelise 3 5 10

10. Bass plate has 1/4 in.-diameter x 2 C 12
1/4 La. holes

#

11. Spherical bearing is painted 2 8 9

12. Miscellaneous deviations 1 A 12
1 B

13. Thread engagement less than the minimum 1 B 12
required (strut assembly)

!
. -

4

| 1*C'.-1545405-HC4

|
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Page 7 of 10

ATTACHMENT 4 (Cont)
.

I. Population Code IM-PBOM

II. Number and Category of DRs Reviewed 11
.

Category A 4 Category B 6 Category C 1 Total 11

III. Issues Identified
i

Item in
Description Numbers Catesorv Table 2,

1. Nuts are not tight 5 B 12

2. Stud is not one thread higher than nut 2 'A 12
,

3. Capscrews installed instead of stud 1 A 12

4. Gasket wrong color code 1 A 12

5. No identification on flange 1 C 12

6. Gasket does not cover flange 1 B 12

.

.

.

-
.

-

:
t

.

r

.

.

|

.

|

|
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Pass 8 of 10

ATTAC1 DENT 4 (Cont).

,

I. Population Code SBWM

II. Number and Category of DRs Reviewed
1,

.

Category A J, Category B 0 Category C 0 Total j,
III. Issues Identified

Iten inDescription Numbers Categorv Table 2.

Undersized weld 1 A 2

.

|

|

i
l
I

|
|

l .

. .

s

9

8

.

|

-
.
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Pass 9 of 10

ATTACHMENT 4 (Cont),
,

I. Population Code IM-TUWM

II. Number and Category of DRs Reviewed 8
.

Category A 6 Category B 0 Category C 2 Total 8 *

III. Issues Identified

Itam in
Description Numbers Ca te go ry Table 2,

1. Undercut on welda 3 A 2

2. Wrong identification of weld 2 C 12
'

3. Undersized welds 2 A 2

4. Gouges due to grinding 1 A 12

'
.

W

f

.

1802-1545405-HC4
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. Pass to of to
, ATTAC1 DENT 4 (Cont).

I. Population Code IM-I.BWM

II. Number and Category of DRs Reviewed 1,

Category A 1 Category B 0 Category C 0, Total 1
III. Issues Identified

Itas inDescription Numbers C ate go ry Table 2,

1. Rust on stafnless steel pipe 1 A 12
'

*
2. Gouging due to grinding 1 A 12

~

3. Weld shrinkage 1 A 12

.

4

.

.

s

9 *

$

e

t

I
t

|

|

~

.

|
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TABLE 1
.

SIDitiARY OF DEVIATION REPORTS,

Population No. of DRs No. of Catenorv
Code Reviewed Deviations A B C

LBC0 61 74 64 10 0

SBCO 71 79 76 1 2

LBSR 43 4 174 96 67 11,

'

LBSN 205 208 98 103 7

PWRE 212 225 136 88 1

SBPS 66 70 43 15 12
.

PROM 11 11 4 6 1-

TIMi 8 8 6 0 2

SBWM 1 1 1 0 0

LBWit 3 3 3 0 0
'

.

Total 792 853 527 290 36

Percent 100 61.8 34.0 4.2

o

.

1802-1545405-HC4
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Mr. Larry D. Nace [ |
' '

Vice-President, Engineering /Constyucti July 2, 1986
Texas Utilities Generating Company

Cocanche Peak Steam Electric St @ '
Farm Road 56
Glen Rose, Texas 76043

Dear Larry:

ASSESSKENT OF TUCCO AS-BUILT
DOCUMENTATION FOR PIPING AND PIPE SUPPORTS
COMANCHE PEAK STEAM ELECTRIC STATION

During the Nuclear Regulatory Commission (NRC)/ Texas Utilities Generating
Company (TUGCO) public meeting held on October 2 and 3, 1985, in Granbury,
Texas, the NRC Staff raised questions about the TVGC0 program and the
organizations involved in addressing the requirements in NRC IE Bulletin
79-14 Seismic Analysis for As-Built Safety-Related Piping Systems.
Subsequent to the above meeting, questions regarding the adequacy of the
as-built documentation have been raised during NRC Staff audits of the
Stone 6 Webster Engineering Corporation (SWEC) stress requalific:ation
progra= effort.

In April 1986, TUGC0 co=missioned a task group to conduct an overall
assesseent of relevant activities associated with piping and pipe supports
at Comanche Peak Stea= Electric Station - Uni t 1. The purpose of this
assesstent was to d e t e rmin e whether the existing programs are effective
to ensure the adequacy and completeness of the as-built documents used
in the stress recualification program being performed by SWEC.

Attachment (1) provides the final report of this assessment.

Please call me at (617) 589-8170 (Boston) if you have any questions.

V ry truly yours,

u

D Wigley.

TapkGroupL er

Attachment: "Assessment of TUCCO As-Built Doer.;aent a t ion for Piping and
Pipe Supports," repor dated July 2, 1986.
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KEY ABBREVIATIONS / DEFINITIONS.

ASME III - Section III of the American Society of Mechanical Engineers
Code

BRH - Brown & Root Pipe Hanger Drawing .

~

BRHL - Brown & Root Pipe Hanger Location Drawing

BRP - Brown & Root Piping Isometries

CAR - TUGC0 Corrective Action Report

- CPRT - Comanche Peak Response Team

CPSES - Comanche Peak Steam Electric Station

DR - Deviation Report

ERC - Evaluation Research Corporation

GHH - Gibbs & Hill Small Bore Pipe Hanger Location Drawing

HVP - Hardware Validation Program. Recommended as part of this assess-
ment to be performed by TUGC0 to ensure hardware adequacy of
safety-related piping systems.

LDL - Line Designation List

NCR - Nonconformance Report issued by TUGC0

QA/QC - Quality Assurance / Quality Control

SWEC - Stone & Webster Engineering Corporation

SRP - Stress Requalification Program performed by SWEC

SVP - Supplemental Verification Programs. Recommended as part of this,

assessment to be performed by TUGC0 to verify attributes related
to safety-related piping systems.

TUGC0 - Texas Utilities Generating Company

79-14 - NRC IE Bulletin 79-14 for the Seismic Analysis for As-Built
Safety-Related Piping Systems

CPPP-5 - Comanche Peak Project Procedure for SWEC field walkdowns

CPPP-8 - Comanche Peak Proj ect Procedure for piping and pipe support
system engineering walkdown by SWEC

CPPP-6 - Comanche Peak Project Procedure for the pipe stress / support
requalification effort

1074-15454-HC4
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Safety Significant - As used in this report (and the ERC program), an.

identified discrepancy which, if uncorrected,
could result in loss of capability of the af-
fected system, structure, or component to per-
form its intended safety function (no credit is
taken for redundancy).

10CFR50 - Title 10, Part 50 of the Code of Federal Regulations

10CFR50.55e - Section in the Code of Federal Regulations which contains
the requirements for the reporting of potential issues
which could adversely affect the safe operation of the
plant.

Normal Inspection Process - QA/QC Inspection program originally per-
formed by the installer contracted by TUGC0
to meet the requirements of the Erection

.' Specification, Appendix B to 10CFR50 and/or
ASE III.

Safety-Related Piping System -As used in this report, an all-inclusive
tern which includes all ASE III piping and
pipe supports. Also includes continuations
of the code piping after the code class
break up to the end of the pipe stress ana-
lytical model.

Computer-Analyzed - As used in this report, a term associated
with small bore piping which reflects the
type of detailed computer analysis used to
analytically qualify the piping.

Noncomputer-Analyzed - As used in this report, a term associated
with small bore piping which .'eflects the
type of standard ' cookbook' or hand-calcu-
lated analysie used to qualify the piping.

| Attribute - As used in thu report, a term which refers
to the qualitative characteristics of

safety-related piping systems.

Large Bore Piping - Piping systems which are 2.5-inches nominal
pipe diameter and greater.

Small Bore Piping - Piping systems which are less than
2.5-inches nominal pipe diamet.er.

Stress Requalification Program (SRP) - Requalification of safety-related
piping and pipe supports being
performed by SVEC.

1074-15454-HC4
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Deviation - As used in this report, a verified failure to meet a li-*

censing commitment, to meet a regulatory requiremect, or-
to properly install hardware. Although this is a term

'defined by ERC, it also is used to represent ShTC observa-
tions for simplicity.

.

[
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SUMMARY

During the Nuclear Regulatory Cossnission (NRC)/ Texas Utilities Generating
Company (TUGCO) public meeting held on October 2 and 3, 1985, in

Granbury, Texas , the NRC Staff raised questions about the TUGC0 program
and the organizations involved in addressing the requirements of NRC IE
Bulletin 79-14, Seismic Analysis for As-Built Safety-Related Piping Sys-
tems. Ti.'GC0 commissioned a task group to conduct an overall assessment
of relevant activities associated with piping and pipe supports at
Comanche Peak Steam Electric Station - Unit 1.

The purpose of this assessment was to determine whether the existing pro-
grams are effective to ensure the adequacy and completeness of the as-
built decuments used in the stress requalification program (SRP) being
performed by Stone & Webster Engineering Corporation (SWEC).

The assessment process involved the identification of attributes that are
required for input to pipe stress analysis and pipe support design. This
included the attributes identified in NRC IE Bulletin 79-14 and other as-
built documentation related to the SRP.

The existing programs of TUGCO, SWEC, and Evaluation Research Corporation
(ERC) were reviewed to determine which key attributes were addressed.
The procedures that evaluated the adequacy of these attributes and the
organizational interfaces were also evaluated for completeness and ef-
fectiveness.

The assessment identified the following:

* There are existing procedures to ensure that all attributes
identified in IE Bulletin 79-14 are verified. The assessment
further identified that these procedures apply to other
as-built documentation used in the SRP.

* There are programs in place to ensure that adverse as-built
conditions are identified, evaluated for generic implications,
and corrected; however, some improvements are reconnende d .

Modifications of the progransnatic interfaces are reconnended to*

improve consnunication between the involved organizations.

Recommendations are presented by the Task Group that will enhance the
overall program.

1074-15454-HC4 1
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1.0 IhTRODUCTION.

During the Nuclear Regulatory Consnission (NRC)/ Texas Utilities Generating
Company (TUGCO) public meeting held on October 2 and 3, 1985, in
Granbury, Texas, the NRC Staff raised questions germane to the attributes
in IE.3ulletin 79-14, Seismic Analysis for As-Built Safety-Related Piping
Systems, how they were being addressed and verified, and the relationship
and interfaces between the organizations involved (TUGCO, Evaluation Re-
search Corporation (ERC), and Stone & Webster Engineering Corporation
(SkIC)). Subsequent to the above meeting, questions regarding the ade-
quacy of the as-built documentation have been raised during NRC Staf f
audits of the SkIC effort.

TUGC0 commissioned a Task Group of L. S. Wigley (SWEC - Group Leader),
R. A. Bain (SkIC - Lead Engineer - Engineering Mechanics) and
M. P. Polachek (SkIC - Principal Engineer - Engineering Mechanics) to
conduct an overall assessment of activities associated with safety-
related piping systems to address the a'.,ove concerns.

2.0 PURPOSE

The purpose of this assessment was to determine whether the existing pro-
grams are effective to ensure the adequacy and completeness of the
as-built documents used in the stress requalification program (SRP) being
performed by SWEC.

3.0 SCOPE

The scope of this assessment includes:

1. An identification of as-built attributes critical to the SRP,
including those in IE Bulletin 79-14, and the organizations
responsible for verification of the attributes.

.

2. An evaluation of the programs currently in place at Comanche
Peak Steam Electric Station (CPSES) - Unit I to verify the
attributes.

3. An evaluation of the process followed by ERC, TUGCO, and SkIC
for the evaluation of as-built discrepancies critical to the
SRP, including the interface among the FRC, Sk'E C , and TUGC0
programs and the applicable procedures used in the process.

Attachment 1 provides the action plan used by the Task Group for gather-
ing and evalua ing the information necessary to conduct this assesseer.:.

4.0 NATRIBUTES

Attributes associated with SkIC's SRP are listed in Table 1. All at-
tributes identified in IE Bulletin 79-14 are included in this list.

Documents which are used to record the attributes also are identified in
Table 1. The primary documents are American Society of Mechanical Engi-
neers (ASME) control drawings for piping (BRPs) and hangers (BRHs), and

1074-15454-HC4 2
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* hanger locations (BRHLs for large bore piping and GHHs or BRHLs for small
bore piping). Other drawings or documents used include the line designa-
tion list (LDL) for insulation, structural drawings for fire walls, and
penetration schedule for penetration seals.

It is important to reinforce at the outset that the purpose of this as-
sessment was not to inspect the attributes directly, but to determine:
whether programs are in place to inspect the attributes; that the pro-
grams are effective; that the results are included in the stress requali-
fication program (SRP); that root cause, trends, and generic implications
are addressed; and that corrective action is taken, if appropriate.

Section 5.0 describes the programs of the involved organizations, while
Section 6.0 discusses the adequacy and completeness of the programs and
the attributes each verifies.

5.0 EXISTING PROGRAMS

5.1 TEXAS UTILITIES GENERATING C0!!PANY (TUGCO)

TUGC0 developed a program for as built piping verification to meet the
general intent of IE Bulletin 73-14 requirements. Specifically, the
TUGC0 procedure (CP-EI-4.5-1) required a physical walkdown of piping sys-
tems in addition to the normal inspection process (described below).
This as-built program verified the following:

1. Piping dimensions, elevations, and directional changes

2. Support and valve orientation

3. Sleeve clearance

4. Equipment orientation

5. Support mark numbers

6. Support and valve location

7. Support type

8. General support configuration
'

9. Clearance between the pipe and support

The above TUGC0 procedure applied to all safety-related large bcre and
computer-analyzed small bore piping and pipe supports.

Other attributes not included in the above TUGC0 as-built procedure were
addressed in accordance with the normal inspection process. The normal
inspection process, as used in this report, consists of the activities
required to meet the ASME III code, Appendix B to Title 10, Part 50 of
the Code of Federal Regulations (10CTR50), and/or the contractor specifi-
cation. Alsc included in this term are the quality control procedures
and construction procedures developed to meet these requirements. For

1074-15454~HC4 3
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* example, embedments were designed and installed in accordance with
Comanche Peak Specification No. 2323-SS-30, Structural Embedsents. The
specification provided for a normal inspection program. No special walk-
down was required.

Valve weights were addressed in accordance with the Valve Weighing Pro-
gram, Comanche Peak Procedure No. CP-EI-2.2-1. The procedure provided
for physical weighing of a representative sample of generic types of
valves and operators. The procedure further provided for an engineering
evaluation if the valve was not available for weighing or if additional
information was required.

Pipe attachments are typically shown on the BRH for lugs or trunnions.
Verification of this attribute was also dependent on the normal inspec-
tion process.

Table 1 lists other attributes related to safety-related piping systems
which were not addressed in the TUGC0 As-Built Program. Typically, these
attributes were verified in accordance with the normal inspection pro-
cess. Comanche Peak Specification No. 2323-MS-100 identified the re-
quirements for piping and support erection. This normal inspection
process was also used for the concomputer-analyzed small bore piping ex-
cluded from the TUGC0 As-Built Program.

In addition to the above programs, TUGC0 is responsible for the process-
ing of Comanche Peak Response Team (CPRT) Deviation Reports /Out-of-Scope
Ob s e rva tions in accordance with Comanche Peak Procedure No,' CP-QP-16.3.
This procedure provides TUGC0 with a mechanism to document, on noncon-
formance reports (NCRs), relevant ERC findings (discussed below) or any
other organizations' (e.g., SkTC) relevant findings.

Additionally, TUGC0 evaluates NCRs for potential reportability under
10CFR50.55e in accordance with Comanche Peak Procedure Nos. CP-QAP-16.1,
Control of Nonconforming Items, and NEO-CS-1, Evaluation of and Reporting
of items / events under 10CFR21 and 10CFR50.55(e). NCRs dispositioned
use-as is are evaluated by SkIC to verify the acceptability of the change
to the design document.' Generic corrective action and root cause are
addressed in accordance with Comanche Peak Procedure No. CP-QP-17.0, Cor-,

rective Action.

5.2 STONE & kIBSTER ENGINEERING CORPORATION (SkTC) -

TUGC0 has contracted SkIC to perform a stress requalification effort for
the safety-related piping and pipe supports or CPSES. As part of this
effort, SkIC has performed three walkdowns to review existing TUGCO docu-
ments being used in the SRP. Two walkdowns were performed in accordance
with Comanche Peak Project Procedure CPPP-5 and one in accordance with
CPPP-8. Any deviations identified during these walkdowns have been or
are being forwarded to TUGCO.

The two CPPP-5 walkdowns were sample inspections performed to verify that
the existing docuaentation was adequate to initiate the SRP with an ac-
ceptable risk such that the analysis would not have to be redone upon
completion of the ERC Program. Valve locaticn, hanger locction, hanger

1074-15454-HC4 4
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function, and val've and support orientation were the attributes verified.*

These attributes were selected since they have the greatest potential for
impact on pipe stress analysis. The first walkdown examined a sample of
large bore class 2 and 3 piping systems. A sample of the small bore

,

noncomputer-analyzed piping systems which were not included in the TUGC0
As-Built Program was addressed in the second walkdown,

i The CPPP-8 walkdown was performed by experienced pipe stress and support
'

engineers on a sample of large bore stress problems to review physical
relationships and critical configurations which could impact conclusions
regarding overall piping systes design and acceptance. The objectives of
this walkdown were as follows:

1. To determine whether there were technical configuration issues,
other than existing technical findings from previous reviews,
which should be evaluated relative to the functional behavior
of the system, and

i

2. For experienced SWEC personnel to become familiar with the
physical aspects of the design and determine whether additional
refinements of design inputs, guidelines, or procedures vere
necessary for the SRP.

j The walkdowns were based on a sample size of stress problems consistent
with the ERC program (see below).

4

In addition to these walkdowns, SWEC has committed, in the Pipe Stress /
Support Requalification Procedure (CPPP-6), to a final walkdown for
clearances. This walkdown will ensure that any clearance violations
exist between piping systems and nearby structures will be satisfactorily
resolved based on the movements from the SRP.

5.3 EVALUATION RESEARCH CORPORATION (ERC)
,

ERC has developed a program to determine the adequacy of the CPSES con-
struction Quality Assurance / Quality Control ,(QA/QC) program and the ade-
quacy of the installed hardware. ERC was assigned this responsibility by
the Comanche Peak Response Team (CPRT). The CPRT has been charged with
responding to and resblving concerns raised by external sources (i.e.,
NRC Staf f's Technical Review Team, NRC Staff's Construction Assessment
Team, Cygna Independent Assessment Program) regarding the adequacy of
safety-related hardware. Additionally, the CPRT is charged with advising
TUGC0 Management as to whether there is reasonable assurance that CPSES
has been designed and constructed such that it is capable of being oper-
ated safely.

To this end, ERC bas formulated a program with three main components.
The first two address the issues raised by the external sources. The
third component addresses the quality of construction as it relates to
all safety-related aspects of the plant. This effort involves a sample
reinspection of hardware that is representative of activities and pro-
cesses used in the construction of safety-related aspects of the plant.
Also included is the investigation and determination, where possible, of

,

1074-15454-HC4 5
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the root cause of each identified safety-significant deficiency or ad-*

verse trend of nonsafety-significant deviations. The implications from
the root cause are analyzed to determine the extent that other construc-
tion activities could be deficient for similar reasons. Generic implica-
tions, an overview of corrective action, and a collective evaluation of
the deviations are also within the scope of the ERC program.

Pertinent to the SRP are the quality instructions (QIs), listed below,
developed by ERC to address the construction adequacy of safety-related
piping systems:

QI-19 Reinspection of Small Bore Pipe Supports
QI-21 Reinspection of Piping System Bolted Joint / Materials
QI-25 Reinspection of Large Bore Piping Configuration
QI-26 Reinspection of Small Bore Piping Configuration
QI-27 Reinspection of Large Bore Pipe Supports - Rigid
QI-29 Reinspection of Large Bore Pipe Supports - Nonrigid
QI-43 Reinspection of Concrete Placement
QI-49 Reinspection of Large Bore Piping - Welds / Materials
QI-51 Reinspection of Pipe Whip Restraints

.

Checklists were developed by ERC in accordance with the procedure for
Preparation of Checklists and Data Base Reports (Comanche Project Proce-
dure CPP-7) to identify the attributes to be inspected. The list of at-
tributes and corresponding QI is prepared by the responsible ERC QA/QC
discipline and reviewed and approved by the Lead Discipline Engineer and
the QA/QC Engineering Supervisor. Inspections are then performed by per-
sonnel certified to Level II or III in accordance with American National
Standards Institute (ANSI) N45.2.6, Qualifications of Inspection, Exami-
nation and Testing Personnel for the Construction Phase of Nuclear Power
Plants; United States Nuclear Regulato ry Commission Regulatory
Guide 1.58, Qualification of Nuclear Power Plant Inspection, Examination
and Testing Personnel', and additional requirements set forth in the ERC
procedure for Indoctrination, Training and Certification of Personnel
(CPP-3).

The inspections are based on a sampling plan described in detail in
Appendix D of the CPRT Program Plan. Items not in conformance are re-
corded on Deviation Reports (DRs). The DRs are evaluated by the ERC's
Safety Significance Evaluation Group for safety-significance in accor-
dance with the ERC procedure for Safety-Significant Evaluations of Devia-
tion Reports (CPP-16). Any item determined to have a potential safety-
significant impact results in expanding the inspection sample potentially
up to a 100 percent effort for the affected attribute.

Other pertinent procedures applicable to the ERC program include the
following:

CPP-1 - Preparation of Project Procedures and Quality Instructions

CPP-5 - Establishing Population

CPP-6 - Sample Selection

1074-15454-HC4 6



'

.

..

.

CPP-11 - Evaluations of Adverse Trend Analysis, Safety-Significant
Deficiencies, and QA/QC Program Deficiencies

CPP-13 - Collective Evaluation of the Quality of Construction

CPP-14 - Collective Evaluation of Construction QA/QC Program

CPP-21 - CPSES Project Corrective Action

All DRs are also forwarded to TUGC0 QA in accordance with CPP-10 (Prepa-
ration of DRs) for generation of an NCR, if applicable.

5.4 SUMMARY OF EXISTING PROGRAMS

As discussed in further detail in Section 6.0, the attributes applicable
to the SRP are being addressed by TUGCO, ERC, or SWEC; however, each or-
ganization has dif ferent purposes when reviewing the attributes as shown
by the following:

1. TUGC0 Normal Inspection process performed by Brown & Root
Quality Control personnel to meet the requirements of 10CFR50,
Appendix B, and the ASME III Code.

2. TUGC0 As-Built Program - performed to supplement the no rmal
inspection process and to meet certain requirements of IE
Bulletin 79-14.

3. TUGC0 Specific Quality Control Backfit Type Inspections per-
formed due to design changes or generic corrective action
programs.

I 4. ERC Program performed to dete rmine the quality of
construction.

.

5. SWEC CPPP-5 Walkdowns performed to assess the adequacy of key
fielu inputs to the SRP.

6. SWEC CPPP-8 Walkdown performed to determine the adequacy of
the SRP procedures.

In general, the TUGC0 normal inspection process was supplemented in part
by the TUGC0 as-built program. More recently, ERC sample inspections
were also performed to determine the quality of construction. The SWEC
sample inspections are also recent efforts which were performed to deter-
mine the adequacy of the requirements ot the SRP procedures.

The interface and flow of work between the three organizations, shown in
Figure 1, can be divided into six categories:

| 1. Initial information developed by TUGC0 which is provided to
SWIC and ERC.

|
2. Sample inspections by SVEC and ERC.

| ~
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I 3. Evaluations and recommendations by SWEC and ERC

(identification of individual deviations and generic concerns).

4. Corrective action by TUGC0 (disposition of individual

deviations and resolution of generic concerns).

5. Revision of documents by TUGC0 and transmittal to SkTC for the
SRP.

6. Completion of the SRP by SWEC.

The required documents are obtained from TUGC0 by SVEC and ERC for their
verification programs. These documents are also used by SkIC for the

SRP. SkTC tad ERC use sample techniques to evaluate the TUGC0 documents.
ERC identified deviations are evaluated by ERC for safety significance
and adverse trends and, if necessary, are also forwarded to TUGC0 for
seneric corrective action. SWEC deviations are evaluated by SWEC for
impact on the SRP. SWEC generic concerns are addressed by revising the
SRP procedures or by TUGC0 generic corrective action. All ERC and SkIC
individual deviations are forwarded to TUGC0 to initiate an NCR.

All TUGC0 NCRs related to safety-related piping systems and dispositioned
"use-as-is" are distributed to SWEC and incorporated into the as-built
documents to ensure that they are included in the SRP.

Figure 2 shows the interface between ERC and SkIC inspections and evalua-
tions and TUGC0 corrective action in more detail. Note that Figure 2

includes proposed programs recommended in Section 8.0.

6.0 DISCUSSION

A discussion of the attributes and the adequacy of various programs and
procedures is presented in this section. In cases where the final con-
clusions of the F.RC sample inspection programs and SWEC walkdom ef forts
have not been completed, the adequacy as discussed in this report is
assessed based on draft reports and in process data. In esses where ERC
or SWEC concerns already have been identified, TUGC0 corrective action is
addressed as future work even though all or part may be in progress or
complete.

6.1 ADEQUACY OF ATTRIBUTES
e

6.1.1 Adequacy of Attributes Included in the TUGC0 As-Built Progr.m

As shown in Table 2, the original TUGC0 As-Built Program (described in
Section 5.1) addressed several attributes. Table 2 also identifies the
ERC and SkIC procedures that inspect the attributes and the procedures
which have currently identified any generic concerns.

Support location and support function are attributes which were included
in both the ERC and SWEC CPPP-5 programs. Pipe run geometry was indi-
rectly included by virtue of checking support locations. No generic con-
cerns that could result in TVGC0 generic corrective action have been
identified to date.

1074-15454-HC4 8
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Support design was included in the ERC program and the SWEC CPPP-8 pro-
gram for general configuration. Although deviations have been identified
by both programs, it does not appear that this will result in a generic ~
concern that requires TUGC0 generic corrective action.

Although clearance between piping and supports (gaps) was included in the
ERC and SWEC CPPP-8 programs, the specified tolerances have been revised
as part of the SRP. The adequacy of this attribute will be addressed by
TUGC0 generic corrective action.

Valve identification and orientation were included in the ERC program and
SWEC CPPP-5 program. No generie concern has been identified for the
valve identification; however, the orientation has been identified as a
generic concern which requires a TUGC0100 percent reinspection. Thi's is
also the case for support orientation.

Clearances between piping and sleeves were included in the ERC and SWEC
CPPP-8 programs; however, the ERC p rogram only addressed this as a
general clearance attribute. Sleeve clearance and type were not included
as specific attributes. The CPPP-8 program did identify this to be a
generic concern. As a result, all safety-related piping penetrations
(including fire walls) will require TUGC0 generic corrective action for
clearance and type of seal.

In general, there are generic concerns regarding specific attributes
included in the TUGC0 As-Bailt Program. A root cause evaluation (dis-
cussed in Section 6.3, Corrective Action) and generic corrective action
are necessary to resolve the concerns.

6.1.2 Adequacy of Other Attributes

As shown in Table 2, TUGC0 also utilized the normal inspection process to
address attributes related to the SRP. The ERC and SWEC procedures which
inspected the attribute and the procedures which have identified any
generic concerns also are tabulated. Some examples follow.

Embedments were included in the ERC program. Since they are not within
the scope of the SRP, they were excluded from the SWEC programs. No ge-
neric concerns have been identified by ERC to date; however, while con-
ducting a third party design assessment, CYGNA Engineering Se rvices

i determined that the normal inspection requirements were incomplete. Spe-
; cifically, the sintaum separation requiremerts for welded attachments to
| embedded plates and the minimum spacing criteria between loaded Richmond
| inserts and embedded plates were not specified. These requirements were

not included in the ERC program. Generic corrective action by TUGC0 is
j therefore necessary.

Pipe attachments were included in the ERC and SWEC CPPP-8 programs. No
generic concerns have been identified.

Valve weights were reviewed as part of the SWEC CPPP-8 program. Since
this attribute is not really related to the quality of construction, it
was not included 11 the ERC program. The SWEC CPPP-8 program identified

1
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a concern regarding the documentation of additional mass as a result of
remote operators. TUGC0 corrective action is necessary.

As listed in Table 2, other attributes related to saf.tv-related piping
systems were assessed. The majority of these attributes were addressed
by TUGC0 as part of the normal inspection process. Table 2 also shows
the ERC and SWEC programs that address the attribute. .'.ncluded also are
the programs which have identified concerns to date (e.g., expansion
joints, tie-back support location, Class 5 continuations, insulation,
clamp and support orientation, and loose, missing, or damaged hardware).

6.1.3 Summary of Attributes

In general, the verification cf each attribute falls into one of the fol-
lowing categories:

1. The attribute was originally included in a TUGC0 inspection
program (normal or as-built) and is verified in both the ERC
and SWEC programs.

2. The attribute was originally included in a TUGC0 inspection
program and is verified in either the ERC program or the SWEC
program.

3. The attribute was not originally included in a TUGC0 inspection
program and is verified as part of TUGC0 generic corrective
action.

In the first two cases, the SWEC and/or the ERC programs identify any
individual deviation or generic concerns to TUGC0 for corrective action.
In the third case, missed attributes (i.e., embedments) are identified as
part of design adequacy reviews which are conducted by SWEC and other
organizations. These si. tributes are identified to TUGC0 for generic cor-
rective action'.

Also, the -lequacy of each attribute falls into one of the following:

1. The SWEC and/or ERC program (s' identified no deviations.-

,

2. The SWEC and/or ERC program (s) identified deviations which
require disposition on an NCR but which do not require generic
corrective action.

3. SVEC and/or ERC and/or other organizations identified devia-
tions and concerns which require disposition on an NCR and
which also require generic corrective action.

I In s u.mma ry , there are programs in place to ensure tha t -411- attributes
related to the SRP, including those identified in IE Bulletin 79-14, are
included in a verification program and evaluated for adequacy. The ade-

| quacy of the SVEC and ERC evaluation process and TUGC0 corrective action
| process is discussed in the following sections.

|

| 1074-15454-HC4 10
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6.2 ADEQUACY OF EVALUATION PROCESS
,

Each individual deviation is dispositioned as part of the NCR program.
The NCR process ensures that the particular deviation is corrected either
by rework or by technical justification to use-aa-is. Althottsh the pro-
cess also includes au evaluation for potential ceportability under
10CFR50.55(e), it is unlikely that any one deviation considered by itself
would be reportable. More Laportant is the cumulation of similar devia-
tiens which could result in a generic concern. An evaluation for poten-
tial reportability of a generic conern is addressed in Section 6.3 as
part of corrective action. The adequacy of the process by which the
deviations are considered together is discussed in this sec, tion.

J av ;w- ? >~
The ERC prograc is designed to verify the adequacyfas described in detail
in the Comanche Peak J.esponse Team Program. This program has been evalu-
ated by the NRC (Safety . Evaluation Report for CPSES, NUREG-0797,
Supplement 13). The Staff concluded that the program provides an overall
structure for addressing all existing and future issues and, if properly
implemented, will provide important evidence of the construction quality
of CPSES and vill identify any needed corrective action. The Staff also
identified items to be addressed during the implementation phase.

The quality of construction of piping and pipe supports is therefore ad-
dressed under the ERC program for those attributes in the program. As
such, ERC is considered to be adequately verifying the as-built informa-
tion being used by SWEC in the SRP. For those attributes not addressed
in the ERC program, other programs are verifying their adequacy.

The SWEC CPPP-5 and 8 walkdowns address all field attributes that affect
the adequacy of the SRP (embedments are not in the SRP scope). Although

| the SWEC deviations are not formally evaluated for trends, generic Lapli-
cations, and safety significance similar to the ERC deviations, SVEC does'

! assess the deviations for generic tspect on the SRP. Due to the nature
of the SWEC programs, the assessment for impact on the SRP is essentially
equivalent to a detailed trending, generic implication, and safety-
significant evaluation. Specifically, the SWEC program does require that
generic concerns which could impact the SRP are either corrected by TUGC0
or corrected by refining or modifying the 3RP procedures.

Since trending, generic implications, and safety significan:e for safety-
related piping systems are being performed by ERC for construction quali-
ty and by SVEC for design adequacy, there is no need for TUGC0 to repeat
these efforts. It should be noted that this applies only to reinspec-

,

| tions of work previously completed. For ongoing construction and current
| in-process inspections, TUGC0 does have a program for trending, generic

implications, and safety significance. This ensures that current trends
are not improperly influenced by past trends.

In s umma ry , each individual deviation is reviewed for potential report-
ability and dispositioned rework or use-as-is. The process by which
individual deviations are evaluated is therefore considered adequate.

| The process by which deviations are evaluated for trends and generic
implications is considered adequate based on acceptance of the ERC pro-
gram by the NRC Staff and fucther supplemented by the SWEC program.

| 1074-15454-HC4 11
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However, the effectiveness can be improved as described in
Recommendations 8.3 and 8.4. Recommendation 8.3 suggests that SkIC also
review the ERC DRs for impact un the SEP. Recomendatiou 8.4 suggests
that ERC review the Sk'EC walkdove results to supplement ERC's collective
evaluation.

6.3 /DEQUACY OF CORRECTIVE ACTION

Corrective action is addressed by TUGC0 utilizing two main processes ,
NCRs and CARS. As stated above, the NCR process ensures that each in-
dividual deviation is processed to determine whether the deviation is
valid. If the deviation is valid, an NCR is initiated and a determina-

tion is made as to whether the N$ should be revorked or used as is.
Since Sk'EC evaluates all NCRs associated with safety-related piping
systems, and the NCRs are further incorporated into the as-built docu-
ments, all valid individual deviations related to safety-related piping
systems are considered in the SRP.

The corrective action report (CAR) is utilized by TUGC0 to address the
generic concerns identified by SkT.C , ERC, or any other organization.
This program ensures the concern is evaluated for extent, root cause,
corrective action, and potential reportability under 10CFR50.55e. The
CAR also is utilized to track the corrective action to closure.

Both ERC and SkTC identify generic concerns to TUGC0 through independent
programs. Sk'E C generic concerns are initially addressed through TUGC0
Engineering, while ERC generic concerns are addressed through TUGCO
Quality Control (QC). Although TUGC0 QC and Engineering do interf ace,
the process should be better defined to avoid a duplication of efforts.

;

j Recommendations 8.1 and 8.2 suggest that TUGC0 develop two types of pro-
| grams to organize any generic corrective action which deals with verifi-

! cation of specific attributes. A hardware validation program
(HVP - Section 8.1) would address iteres such as loose, missing,' damaged,
or misaligned hardware. A supplemental verification program (SVP - Sec-
tion 8.2) would address other items such as penetration seal require-
ments, tie-back supports, and insulation thickness. The distinction
between the two is that the HVP is geared towards tightening, replacing,
or reworking the hardware so that there is no change to the as-built
drawings, while the SVP is geared towards documenting changes to the cur-
rent requirements that could affect the SRP. The two programs could di-
rectly refer to the NCR and CAR procedures to ensure that all TUGC0
corrective action is appropriately addressed.

In s ucuna ry , the process by which each individual deviation identified by
SbIC or ERC is corrected is adequate. The process by which generic cor-
rective action is addressed should be improved so that it will be bet-
ter organized and efforts will not be duplicated.

|

|

\
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7.0 CONCLUSIONS

The assessment identified the following:

* There are existing procedures to ensure that all attributes
identified in IE Bulletin 79-14 are verified. The assessment
further identified that there are existing procedures to ensure .

that other design inputs related to the SRP are verified.

* There are programs in place to ensure that adverse as-built
conditions will be identified and corrected; however, some im-
provements should be implemented.

Programmatic interfaces should be modified to improve corauni-*'

cation between the involved organizations.

I
I

e

l

I

I
|
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8.0 RECOMMENDATIONS

Figures 1 and 2 show the existing ar:d recommended programs in flow chart
form.

8.1 RECOMMENDATIONS REGARDING HARDWARE-RELATED CONCERNS

ERC and SWEC have and are in the process of identifying hardware-related
concerns which normally will require rework to the specified requirements
and have no impact on the SRP. Items such as missing cotter pins, loose
jam nuts, damaged components, misaligned struts or snubbers, and nonpar-
allel clamp ears are examples. These items should be grouped into a sin-
gle verification program entitled hardware validation program (HVP) to
improve the corrective action process. The following additional recom-
mendations would then apply:

1. TUGC0 should define the scope and establish the HVP program,
since all concerns are identified to TUGCO.

2. Since the MVP will close ERC issues, ERC is required by program
(CPP-21) to review the applicable MVP procedure and results.
SWEC should also review the HVP procedure to ensure that SWEC
concerns are adequately addressed.

3. The procedure should directly reference the procedures for cor-
rective action and potential reportability addressed furtLer in
Recommendation 8.6. This will avoid duplication of efforts and
organize the process.

4. Operations personnel should be involved to facilitate the tran-
sition from a final as-built system to an operating system. In
addition, programs should be verified to be effective to ensure
maintainability of as-built configurations. Modification of,

Procedures STA-802-5, Final Acceptance of Station Systems and
Equipment, and STA-804-2, Control of Station Areas, should be
considered to implement or interface with the HVP.

5. Scheduling of the HVP should consider the completion of modifi-
cs.tions as a result of the SRP.

6. The HVP should be developed such that components can be cor-
rected without having to generate individual NCRs. However, a

; system to identify corrected items should be provided. The
followup report should include a quantitative analysis for '

historical record.

8.2 RECO.TfENDATIONS REGARDING OTHER CONCERNS

ERC and SWEC have and are in the process of identifying other concerns
which may or may not require rework to the specified requirements and
therefore may affect the SRP. Items such as penetration type and clear-
ance, fire wall cle_cance, insulation thickness and stand-off dimensions,
tie-back suppo .s, valve orientation, certain Class 5 continuation
piping, embedments, and expansion joints are examples. Those items

1074-15454-HC4 14



.

.

evaluated by TUGC0 to require a field verification should be grouped into
a single program called the supplemental verification program (SVP) to
improve the corrective action process. The following additional recom-
sendations would then apply:

1. TUGC0 should define the scope and establish the SVP program,
since all concerns are identified to TUGCO.

2. Since the SVP will close ERC issues, ERC is required by proEram
to review the applicable SVP procedure (s) and results. SWEC
should also review the SVP procedure (s) to ensure that SWEC
concerns are adequately addressed.

3. The procedure (s) should directly reference the procedures for
corrective action and potential reportability addressed further
in Reconsnendation 8.6. This will avoid duplication of efforts
and organize the process.

4. Completion of the SVP and subsequent action should be expedited
to minimize potential impacts to the SRP.

5. An accounting system to identify the corrected items should be
provided for historical record.

6. The Protection and Analysis Group should participate in the
resolution of penetration / sleeve concerns, since they have pri-
mary responsibility for the seals.

7. Resolution of concerns regarding embedments should consider
identification of spacing violations and overloaded conditions
as an initial objective. Since pipe supports may have to be
modified to qualify the embedaent, it is advantageous to iden-
tify these cases as early as possible.

8.3 RECO.WENDATIONS REGARDING REVIEW OF ERC DRs FOR IMPACT ON THE SRP

SWEC should review the ERC DRs related to safety-related piping systems
to ensure that they are evaluated for potential impact on the SRP. This
evaluation should be done to ensure that any potentially generic items
are identified and evaluated to determine whether corrective action is
required.

8.4 RECO.EENDATIONS REGARDING ERC REVIEW OF SWEC WAI.KDOWN RESULTS

ERC should review SWEC walkdown procedures and results to ensure that
relevant information is utilized. Additionally, SWEC walkdowns may iden-
tify cases where TUGCO/SWEC have already evaluated or corrected a speci-
fic concern that overlaps an ERC concern.

8.5 RECOMENDATIONS REGARDING DISTRIBUTION OF SVEC/ERC RESULTS

SkIC should provide ERC the walkdown reports. Conversely, ERC should
provide the piping and pipe support DRs to SkTC.

1074-15454-HC4 15

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



.

*

8.6 RECOMMENDATIONS REGARDING ROOT CAUSE AND 10CFR50.55(e) EVALUATIONS

The root cause of the ERC/SWEC concerns should be addressed prior to ini-
tiating the HVP and SVP to prevent recurrence of the concern. Potential
10CFR50.55(e) evaluations should be grouped such that all deviations due
to the same root cause are addressed once. This will provide for more
meaningful preventive action and more efficient corrective action. For
example, the evaluation of an insulation concern for root cause should
consider the following:

1. Adequacy of original inspections

2. Adequacy of original criteria, tuch as minimum and maximum
thickness requirements

3. Adequacy of QC inspection plan

4. Requirements to identify changes to the responsible stress
analysis organization

Af ter determining that one or more of these items represent the root
cause, appropriate action can be taken to prevent recurrence of the
conce rn. Corrective action should also consider that it say be ex-
pedient and less costly to proceed directly to a 100 percent
verification.

8.7 RECOMMEhTATIONS REGARDING PLANNING

A single TUGC0 focal point (individual) should be responsible for moni-
toring all activities associated with completing the safety-related pip-
ing systems. The task should include the following:

1. Comprehensive scheduling of the SVP, MVP, and ongoing modifica-
tions or rework -

2. NCR generation and disposition

3. Design change generation and disposition.

4. Drawing updates and icsue of revisions

1074-15454-H04 16
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TABLE 1

ATTRIBUTES

1. Pipe run geometry is shown on Brown & Root Piping Drawings (BRP).

2. Support design is shown on support hanger drawings (BRH).

3. Support location is shown on large and small bore hanger location
drawings (BRHLs and GHHs).

4 Support function is shown on BRHs.

5. Support clearances / gaps are shown on BRHs,

6. Embedments are shown on structural drawings.

7. Pipe attachments are shown on BRPs.

8. Valve and Valve Operator Location

a. Identification is shown on BRPs.

b. Orientation is shown on BRPs.

9. Valve and valve operator weights are controlled by the valve list.

10. Clearance between pipe and sleeves are shown on BRPs. Fire walls
are shown on structural drawings, and penetrations are shown on the
penetration schedule.

11. Component type and identification (valves, strainers, expansion
joints, flanges, reducers, flex hoses) are shown on.BRPs.

12. Bends / elbows (standard, short radius, SD, etc) are shown on BRPs.

13. Branch connection types (ANSI tee, unreinforced tee, reinforced tee,
sockolet, weldolet, boss, coupling, half coupling, swagelock) are
shown on BRPs.

14. Branches / intersections (small bore, vents and drains, instrumenta-
tion taps) are shown on BRPs.

15. Equipment locations and identification are shown on BRPs.

16. Material type / size / class (including substitutions and specification
violations) are shown on BRPs and specification NCRs.

17. Tie-back supports are shown on small bore hanger drawings (BRHs) and
small bore hanger location drawings (GHHs).

18. Identifications and type of supports are shown on BRHs.

19. Support welds are shown on BRHs.

1074-15454-HC4 1
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20. Base plates are shown on BRHs.
i

21. Integral /nonintegral attachments to pipe are shown on BRHs, except
for those abandoned which are shown on the BRPs. |

22. Attachments to support structures are shown on BRHs.

23. Bill of materials is shown on BRHs.

24. Class 5 piping installation analyzed with Class 1, 2, and 3 piping
is shown on BRHs, BRHLs, and GHHs.

25. Insulation thickness and t/pe is shown on the LDL.

26. Miip restraints / moment restraints are shown on structural drawings
and Brown & Root installation drawings.

27. Support / clamp orientation is shown en BRHs.

,

1074-15454-HC4 2
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TABI.E 2 ;

ATTRIBtrfE MATRIX

INSPECTION / VERIFICATION PROGRAMS

Items TUCCO ERC SWEC (Note 1) Remarks

1. Pipe run geometry A/B Program QI-25,26 CPPP-5 CPPP-5 indirectly verifies geone /

2. Support design (configuration) A/B Program QI-19,27,29 CPPP-8

3. Support location A/B Program QI-19,27,29 CPPP-5

4. Support function A/B Program QI-19,27,29 CPvP-5

5. Support clearances / gaps A/B Program QI-19,27,29 CPPP-5, 8 Being Verified to Revised Criteria

6. Embedments

a. Spacing of attachments No No No CYGNA Concern (Note 2)
b. Other embedment attributes Normal Insp QI-43 No

7. Pipe attachments Normal Insp QI-25,26 CPPP-8

8. Valves

Identification A/B Program QI-25,26 CPPP-8

Orientation A/B Program QI-25,26 CPPP-5 CPPP-5 Concern (Note 2)

9. Valve weights Normal Insp No CPPP-8 CPPP-8 Concern (Note 2)

10. Clearance

Sleeve type A/B Program No CPPP-8 CPPP-8 Concern (Note 2)

10 74A- 15454-11C4 I of 4
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Remarks.

SWECERCTUCCO
CPPP-8 Concern (Note 2)Items CPPP-6, 8

NoA/B Program
CPPP-8 Concern (Note 2)Sleeve clearance CPPP-8NoA/B Program
ERC and CPPP-8 Concern for ExpansionFire walls CPPP-5, 8QI-25,26 Joints Only (Note 2)A/B Program

11. Piping components
CPPP-5

Normal Insp QI-25,26

12 Piping bends CPPP-8
Normal Insp QI-25,26

13. Branch type CPPP-5Normal'Insp QI-25,26

14. Branch locations CPPP-5, 8QI-25,26A/B Program
15. Equipment location /id CPPP-18

Normal Insp QI-25,26
CPPP-8 Concern (Note 2)16. Piping material CPPP-8

Normal Insp No

17. Tie-leach supports CPPP-5, 8Ql-19,27,29A/B Program
Support identification / type18. No

Nornel Insp QI-19,27,29
19. Support welds CPPP-8

Normal Insp QI-19,27,29

20. Base plates CPPP-8
Normal Insp QI-19,27,29

Integral /nonintegral attachments
CPPP-821.

Normal Insp QI-19,27,29

22. Support attachments CPPP-8
Normal Insp QI-19,27,29

CPPP-8 Concern (Note 2)Bill of materials CPPP-8.23.
Normal Insp No

CPPP-8 Concern (Note 2)Class 5 continuations CPPP-824.
Normal Insp No

,

25. Insulation

2 of 4
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Items TUCCO ERC SWEC (Note 1) Remarks

I 26. Moment restraints! t Normal Insp QI-51 CPPP-8

27. Hardware Normal Insp All CPPP-8 EHC and CPPP-8 Concern (Note 3)

28. Clamp / support orient.ition Normal Insp QI-26,27,29 CPPP-5, 8 ERC and CPPP-8 Concern (Note 2),

i,

j Normal Insp All CPPP-6
'

29. Clearances ,

,

,
,

1

i
>

|
'
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T
'

,

L

t
1
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i
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INSPECTION DESCRIPTION

.

TilGC0 ERC SWEC
,

' Normal Insp - Covered by Brown & Root QI-19 - small bore pipe supports CPPP-5 - initial SWEC walkdown for "mey
luspection Program for ASME piping attributes only,

and pipe supports QI-21 - bolted joints

CPPP-8 - SWEC walkdown fe~c general at--

QI-25 - large bore piping tributes3

4 A/B Program - Covered by Brown & QI-26 - small bore piping CPPP-6 - final walkdown for clear .e
i Root Inspection Program CP-EI-4.5-1

{ for large bore and small bore computer- QI-27 & 29 - large bore pipe
analyzed piping supporta

1

j QI-43 - concrete placement
:

'

'. QI-51 - whip restraints
I

i

j

i Note 1 A SWEC procedure is recomunended (8.3) to review deviations identified by ERC.
!
i, Note 2 Resolution of the concern is a candidate for the SVP (8.2).
I

Note 3 Resolution of the concern is a candidate for the XVP (8.1).

I
i

4

i

|

1
;

i
i

|
1

i
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ATTACHMENT 1

ACTION PLAN

1. List all attributes required to fulfill the requirements of NRC IE
Bulletin 79-14 and Supplements.

2. Identify attributes covered under TUGC0 IE Bulletin 79-14 walkdown

program which are to include, but not be limited to, the following:

a. Procedures used for project (copy of each, plus description).
b. Report (s) of original effort.
c. Final documents resulting from TUGC0 program.
d. Procedures to ensure that the documentation is kept up to date.

1) Examples from current SkIC effort.
2) Include discussion of how current modifications are

controlled / verified.

3. Verify that attributes required by Item 1 above are included in pro-
gram. If not all-inclusive, discuss action taken to
verify / complete.

4. Describe the ERC process associated with Issue-Specific Action Plan
VII.c (Construction Reinspection / Documentation Review Plan). De-
scription is to include, but not be limited to, the following:

a. List procedures associated with IE Bulletin 79-14 attributes
and process directives associated with pipe stress, pipe sup-
ports, piping configuration, and concrete population, if

applicable.

b. Identify the attributes in the ER,C program that are applicable
to the SkIC Stress Requalification Program (SRP).

c. Describe ERC DR program, root cause/ generic implication, and
trend analysis,

d. Determine whether ERC should provide a copy of all DRs associ-
ated with the SRP to SkIC.

e. Determine whether ERC, as part of the program, should analyze
all DRs that are associated with SkIC.

f. Compare ERC and IE Bulletin 79-14 required attributes,

g. Determine whether ERC should change / develop a procedure (for-
malize process) for d. above.

1074-15454-HC4
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5. Describe the SWEC (SRP) Discipline-Specific Action Plan (DSAP IX).
Description is to include, but not be limited to, the following:
a. List procedures associated with IE Bulletin 79-14 attributes

and process directives related to pipe stress, pipe supports,
and piping configuration.

b. Identify all attributes (documents):

1) That are associated with pipe stress.
2) That are associated with pipe supports.

c. Identify what attributes SkIC is using for the SRP.

1) Identify sources of the above documents.
2) Evaluate adequacy of the above information.

d. Evaluate document control procedure for TUGCO.

1) Determine whether ERC is looking at 'this under a' separate
ERC Action Plan and review the preliminary results.

2) Evaluate whether the documents being sent to SkIC are
current. .

e. Describe walkdowns conducted by SkIC (SRP), to include:

1) CPPP-5 (2)
2) CPPP-8 (1)
3) CPPP-6 (to be done)

and results and implications for as-built data from these
walkdowns..

f. Determine if a formalized program should be developed by SWEC
to evaluate all DRs received from ERC and NCRs from TUGCO.

'

1) Include consideration of generic implication, a trend
analysis program, and Sk'EC's need to develop a procedure.

6. Compare attributes of ERC and SkIC programs to ensure that all at-
| tributes associated with the SRP are examined.

| If not all covered, identify verification procram to examine.

7. Describe the cverall integration of the TUGCO, ERC, and SkIC pro-
grams associated with the piping and pipe support stress program.
Description is to include, but not be limited to, the following:

a. All SkIC walkdowns,
i

* What has TUGC0 done as a result of the walkdown data?

i 1074-15454-HC4
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BACXGROUND

Safety-related piping and pipe supports on the Comanche Peak Steam Elec-
tric Station (CPSES) Units 1 and 2 are designed and constructed to the
requirements of the American Society of Mechanical Engineers (ASKE) soil-
er and Pressure Vessel Code Section III, Division I, Pules for Construc-
tion of Nuclear Power Plant Components (Code) (Reference 1). Paragraph
NA-1140(f) of the Code provides rules for the use of specific provisions
within an edition or addendum, provided all related requirements are met.
For CPSES piping, the Code effective date (Code of record) is the 1974
Edition, including the Summer 1974 Addenda. For pipe supports, the Code
of record is the 1974 Edition, including the Winter 1974 Addenda.

Many code requirements for piping and pipe supports, at the tLae of and
as specified within the Code of record in 1974, were either not explicit-
ly addressed or were atill under developrent. For example, since the
first issuance of Subsection FF for component supports in the 1974 Code
Edition, the requirement of intervening elements in relation to jurisdic-
tional boundaries was not specified until the later 1980 Code Edition
(see Item 6 in Discussion). In order to provide more definitive design
requirements and additional Code guidance developed subsequent to the
issuance of the Code of record, the design criteria for requalification
of CPSES piping and pipe supports, CPPP-7 (Reference 2) invoked specific
provisions of later Code editions / addenda, as permitted by NA-1140(f) of
the Code of record. Review of all related requirements for these alter-
natives to the Code of record was performed to justify theirimplementation.

OBJECTIVE

This report documents the results of the review performed in order to
assure that the use of specific Code provisions in CPPP-7 (Reference 2)
is in conformance with Paragraph NA-1140(f) of the Code, which states:

"Code Editions, Addenda, and Cases which have not become sandatory
on the contract date for a component, may be used by mutual consent
of the Owner or his agent and Manufacturer or Installer on or af ter
the dates permitted by (a) through (d) above. It is permitted to

specific provisions within an Edition or Addenda provided thatuse
4 all related requirements are met."

The report will document compliance with the above paragraph for the al-
ternates to the code of record, which are listed in Sections 2.1 and 2.2
of CPPP-7 and Project Memorandum PM-163 (Reference 3). Related require-

(if any) will be defined and identified, and the method of compli-ments
ance to them will be explained.,

'

i -

REFERINCES

'

1. American Society of Mechanical F.ngineers Boiler and Pressure
Vessel Code, Section III, 1974 Edition

'

2. Project Procedure CPPP-7, Design Criteria for Pipe Stress and, ' ,

; Pipe Supports, Revision 3, February 23, 1987'

I

t .
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3. Project Memorandum PM-163, CPPP-7 Piping and Pipe Support Code
t''i Applicability Changes, May 27, 1987

.

4. Report No. SEM-001-001, ASME Code Stress Intensification Pac-
tors for Comanche Peak Steam Electric Station - Units 1 and 2,
by S. E. Moore, May 21, 1987

5. Project Memorandum PM-155, Stress Intensification Factors Eval-
uation of Branch Connections, June 8, 1987

6. Project Procedure CPPP-6, Pipe Stress / Support Requalification
Procedure - Unit 1. Revision 4, April 8, 1987

7. Proj e ct Procedure CPPP-9 Pipe Stress / Support As-Built Pro-
cedure - Unit 2, Revision 4. April 8, 1987

8. Piping Erection Specification No. 2323-MS-100, Revision 9,
July 9, 1987

CONCLUSIONS -

The related requirements for the invoked special psragraphs from the lat-
er Code editions / addenda have been identified, reviewed, and addressed in
Items 1 through 12 of the Discussion section. CPPP-7 incorporated thase
special paragraphs to provide additional and more rigorous Code guidance.
These alternates represent the mandatory design requirements (with the
exception of nonmandatory Appendix 0 in Item 1) of later Code editions,
but were not explicity addressed by the Code of record.

All applicable requirements related to these citernates have been Laple-
mented and incorporated in the CPSES piping and pipe support requalifi-
cation proj ect procedures. As a result, application of all the
alternates invoked in Sections 2.1 and 2.2 of CPPP-7 and PM-163 are in
compliance with of Paragraph NA-1140(f) of the Code of record.

-

%

.

\

.
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DISCUSSION

'#
GENERAL

For the purpose of this report, the related requirements specifiec
in Paragraph NA-1140(f) are considered to be those contained in th*
Subsections NC/ND for Piping, NT for supports, NA (or NCA) for gen-
eral requirements, and the appendixes of the alternatives of later
Code Editions / Addenda Section III. They will be reviewed and ad-
dressed with respect to the corresponding requirements in the Code
of record in the following order: .

* Article 1000 - Introduction

* Article 2000 - Materials

Article 3000 - Design*

Article 4000 - Fabrication and Installation*

Article 5000 - Inspection*

Article 6000 - Testing (NC only)*

Article 7000 - Overpressurization Protection (NC only)*

Article 8000 - Nameplates- *

Subsection NA (or NCA)*

Appendixes*

Each of the above areas of the code will be discussed for the alter-
nates with respect to the Code of record identified below. If there
are any related requirezents in Section II, Material Specifications,
or Appendix I, Materials, they will be discussed under Article 2000.

ALTERNATES TO THE CODE OF RECORD

1. 1977 Edition - Winter 1978 Addenda
Appendix 0.- Rules for Design of Safety Valve Installations

Appendix 0 first appeared in the Vinter 1978 Addenda, and it pro-
vides guidance for the design and analysis of the piping components
containing safety valves, which was not available in the Code of
record. It provides the safety valve load computation, the stress,

4 acceptance criteria, and general design considerations for both open
and closed safety valve discharge systems. Related requirements in
NC/ND-3652 and NC/KD-3643.3(c)(6) of the alternate are consistent |, ,

| with the corresponding paragraphs in the Code of record.
!

'.
|

*

.
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Related Requirements*

'

Article NC/ht-1000 - Introduction

There are no related requirements affected by this change.

Article NC/FD-2000 - Materials

There are no related requirements affected by this change.

Article NC/hT-3000 - Derirn
,

Appendix 0 is used to develop the SRV fluid transient forces.
This appendix refers to Equation (9) of paragraphs NC/ND-3652
for the evaluation of the reaction force moment (Mb) and sub-
paragraphs NC/b'D-3643.3(c)(6) for the reinforcement of multiple
openings. The Code of record is used to evaluate the abue
:riteria, and 1.he corresponding paragraphs were not less re-
strictive than the Winter 1978 Addenda criteria; therefore, the
related requirements are met.

Article NC/h'D-4000 - Fabrication and Installation

There are no related requirements affected by this change.

Article NC/ND-5000 - Examination
, .

. . . . There are no related requirements affected by this change..

Article NC/ST-6000 - Testing

There are no related requirements affected by this change.

Article NC/ND-7000 - Overpressure Protection

There are no related requirements affected by this change.

Article NC/ND-8000 - Nameplates, Stamping, and Reports

There are no related requirements affected by this change.

Subsee' tion NA - General Requirements

There are no related requirersents affected by this change.
Appendixes

,

.'
There are no related requirements affected by this change.'

.

4 .

W

*
.
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2. 1983 Editionh Paragraph NC 3658.2 - Standard Flange Joints at Moderate Pressures
and Temperatures

Paragraph NC-3658.3 - ANSI B16.5 Flanged Joints with High-Strength
Bolting

'

Paragraph hT-3658.2 - Star.dard Flange Joints at Moderate Pressures
and Temperatures

Paragraph hT-3658.3 - ANSI B16.5 Flanged Jc.ats with High-Strength
Bolting

The above paragraphs in the 1983 Edition were invoked for thic topic
because guidance was not provided by the Code of record. These
paragraphs are intended for the simplified analysis of standard ,

-flanges (e.g., ANSI B16.5).
{

Related Requirements:

Article NC/ND-1000 - Introduction

There are no related requirements affected by this change.

Article NC/hT-2000 - Materials
-

Paragraphs NC/ND-3658.3 require the use of 1983 S (bolt allow-
able stress, psi) values, since S eust 'De > 20,000 psi . All

..

selected bolt materials have been checked and in fact satisfy
the criteria in the 1983 Code thus allowing use of this
procedure.

.

Article NC/ND-3000 - Design

Paragraphs NC/ND-3658.3 refer to Tables NC/ND-3673.2(b)-1 for
the evaluation of the stress intensification factors of pipe to
flange welds. The weld stress intensification factor used
in the design is discussed in Item 3. Therefore, the related
requirements have been met.

Article NC/ND-4000 - Fabrication and Installation

This section has no related requirements to NC/ND-3658.3.
Solting requirements discussed in NC/ND-4720 are identical in
both years 1983 and 1974

I Article NC/ht-5000 - Examination

There are no related requirements affected by this change.; ,

Article NC/hT-6000 - Testing
i

! There are no related requirements affected by this change.

.

2019-1545405-HC4 5
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Article NC/ND-7000 - Overpressure Protectic_n-

There are no related requirements affected by this change.
Article NC/ND-8000 - Nameplates, Stamping, and Reports

There are no related requirements affected by this change.
Sotsection NA

,

There are no related requirements affected by this changa.
_ Appendixes

Subparagraphs NC/ND-3658.2 and NC/ND-3658.3, which apply to
simplified analysis of standard flanges, do net require the
implementation of A,ptodix XI. Appendix XI is required fordetailed (nansimplified) analysis of all types of flanges
(standard and nonstandard). The code of reference can be usedfor an Appendix XI evaluation.

3. 1983 Edition - Winter 1984 Addenda
Subparagraphs N0/ND-3o73.2(b) - Flexibility and Stress Intensifica-

tion Factors
Tigure NC-3673.2(b)-1 - Flexibility and Stress Intensification

Factors (Do/ta5100)(For Branch Connections,
Buttwelds, and Fillet Welds)-

Figure NC-3673.2(b)-2 - Branch Dimensions,,

Figure ND-3673.2(b)-1 - Flexibility and Stress Intensification
Factors (Do/ta5100)(Tor Branch Connections.
Buttwelds, and Fillet Welds)

Figure ND-3673.2(b)-2 - Branch Dimensic,ns,

The 1983 Edition /1964 Winter Addenda (1983-W84) stress intensification
factors (SIFs) formulation for run pipe / branch connections 's invoked
because SIF for the run pipe end soment loads was not speci i in the
1974 Code of record.

An independent review (Reference 4) performed by S. E. Moore, 'cluded
that the 1983-W84 SIF formulation for branch consections, butt w* . and
fillet welds ,is acceptable for CPSES piping requalification .th one |exception. That exception is that t.be use of General Note 2,
Figures NC/ND-3673.2(b)-2 vill be less restrictive than the Code of
record. Consequently, Project Memorandum PM-155 (Reference 5) was is-
sued, which specified the use of adjustment factors to provide sufficient
margin in the calculated stresses and obviate this concern.,

a
Related Requirements:

-

Article NC/hT 1000 - Introdue_tig

There are no related requirements affected by this change.
.

.

ke
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Article NC/ND-2000 - Materials

There are no related requirements affected by this change.
Article NC/ND-3000 - Design

The branch connection stress intensification formulation of the-

1974 code was not specified; hence it was necessary to use the
later editiocs. S. E. Moore reviewed the related requirements
for the 1983-W84 SIF formulations for branch connections andadditionally for t,irth butt velds and circumferential fillet
welds. The review results, documented in Reference 4, con-
cluded that the usa of 1983-W84 formulation ie acceptable, with
the exception of General Note (2), Figures NC/ND-3673.2(b)-2
for the branch connection. Consequently, PM-155 (Reference 5)

issued to address the related requirements for the branchwas
connection. The other items, girth buct welds and circum-
ferential fillet welds, are addressed in CPPP-7.

Article NC/ND-4000 - Fabrication and Installation

There are no related requirements affected by this change.

Article NC/ND-5000 - Examination

There are no related requirements affected by this change.
..

Article NC/ND-6000 - Testing

There are no related requirements affected by this change.

Article NC/ND-7000 - Overpressure Protection,

'

There are no related requirements affected by this change.

Article NC/ND-8000 - Nameplates, Stamping, and Reports

There are no related requirements affected by this change.

| Subsection NA

There are no related requirements affected by this change.
Appendixes

There are no related requirements affected by this change., ,

; e

4. 1977 Edition - Winter 19'8 Addendt
Paragraph XVII-2211 - Stress in Tension

*

Figure XVII-2211(c)-1 - Illustraticas of Maxiwum Design Stress in
Through-Thickness Direction of Plates and
Elements of Rolled Shapes (Figure Deleted)'

s .-,
Paragraph NF-3226 - Through-Plate Thickness Tensile Limit

.

'
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Figure hT-3226.5-1 - Illustrations of Maximum Design Stress inO. Through-Thickness Direction of Plates andElements of Rolled Shapes (Figure Deleted)
Paragraph NF-3321.1 - Design Loadings

{
Invoking these paragraphs deletes the original code requirement to
use reduced allowables with through-thickness tensile stress in
plates or rolled sections. The original code concern was that high
applied through-thicknest. stress in plates and rolled sections might
increase the possibility of lamellar tearing (subsurface splittingof the s terial parallel to its rolled surfaces). The original
Code-.mposed limits on the through-thickness allowable tensile

hid the effect of requiring the designer to increase the weldstret:

size to achieve the lower allowable stress. Later, the Code com it-
tee recognized that excessive weld size increases the joint's sus-
ceptibility to lamellar tearing due to increased weld residual
stresses.

The 1977 Edition, Winter 1978 Addenda (1977-W78) code edition for
these paragraphs deleted the requirement to reduce the allowable
stress in the through-thickness direction. This, in effect, reduces
the weld size. It recognizes that smaller welds induce less residu-
al stress, which can cause lamellar tearing, and that this has a
more beneficial effect than a larger veld with lower calculated ap-
plied strerses.

The above alternates to the Code of record address Class 1 plate and
shell and Class I linear supports. Through thickness stresses for
Class 2 and MC and for Class 3 are addressed in subparagraph
hT-3391.1 for plate and shell designs, and subparagraph NF-3392.1
for linear designs (see next Item 5).

'

Related Requirements

Article hT-1000 - Introduction

This article addresses scope, owner's responsibility, bounda-
| ries, and types of supports and attachments and is not affected

by the deletion of a rule for a calculation of a specific type
of stress. Therefore, there are no related requiremests af-

|
fected-by this change.'

|

| Article NF-2000 - Materials

! No materials have been added or deleted, nor have there been
I any changes to the requirements for test coupons, fracture
f / toughness, welding, or examination, which are directly related

to through-thickness properties. Therefore, there are no re-,

i laced requirements affected by this change.
1

'%'
,
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Article hT-3000 - Design

No other stress criteri.a has been added or deleted in the Win-
ter 1978 addenda or later to compensate for this change.
Therefore, there are no related requirements in this article
affected by thic change.

Article NF-4000 - Fabrication and Installation

There are no related requirements affected by this change.

Article hT-5000 - Examination

The Winter 1978 Addenda of this article is more restrictive for
welds with a groove or throat dimension of 1 in. or greater,
requiring surface examination (magnetic particle or liquid pen-
etrant) instead of visual examination. However, the Code com-
mittee position for the removal of redtced allowables for
through-thickness stress is related to lamellar tearing. Sur-
face examination methods are effective only for detecting flaws
which come to the surface. The addition of surface examination
requirements to the Code is not related to the deletion of the
reduced allowables. Considering this, there are no related
requirements.

Article hT-8000 - Nameplates, Stamping, and Reports

There are no related requirements affected by this change.
's.

,S_ubsection NA

There are no related requirements affected by this change.
Appendixes

The related requirements in Appendix XVII are addressed auto-
eatically by reference in Subsection hT. There are no other
requirements in the appendices related to this change.

5. 1977 Edition - Winter 1979 Addenda
Subparagraph hT-3391.1 - Allowable Stress Limits
Subparagraph NF-3392.1 - Allowable Stress Limits

See prior discussion on through-thickness stresses. These para-
graphs apply to Class 2 and MC p) ate and shell (hT-3391.1) and lin-
ear (hT-3392.1) support designs.,

'
.

.

.d

.
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6. 1980 Edition
f~T

Paragraph NT-1133 - Intervening Elements in Relation to Jurisdic-
tional Boundaries

Subparagraph NF-1131.6 - Portion F

Intervening elements were introduced into Section III of the ASME
Code through Code Case N-199 and the Summer 1978 Addenda to allow
items in the load path to be used when these items met other stan-
dards or were not appropriate for Section III. Items such as non-
pressure retaining portions of ASME III control valves to which
ASME III NF supports are attached are considered intervening ele-

The appropriate paragraphs of the 1980 Edition were invokedments.

in order to apply this criteria to the project, which was not avail-
able in the Code of record. .

|

Related Requirements

Article NF-1000 - Introduction

There are related requirements. They are contained in para-
graph NF-1111, Owner's Responsibility for Component Supports,
which requires that the Owner 1) ensure that the intervening
elements are adequately designed and 2) provide specific infor-
mation in the design specification, and in paragraph NF-1112,
Owner's Review, which requires that a design verification j

t

report be provided.
I.

s . The method for satisfying these related requirements is con-
cained in CPPP-6 and CPPP-9 (References 6 and 7).

Article NF-2000 - Materials

No materials have been added or deleted nor have there been any
changes to the subsections on test coupons, fracture toughness,
welding, or examination, which are directly related'to inter-
vening elements. Therefore, there are no related requirements
affected by this change.

Article NF-3000 - Desigo,

No otter stress criteria has been added or deleted to compen-
sate for this change. Therefore, there are no related require-
ments affected by this change.

Article NT-4000 - Fabrication and Installation
' *

*

There are no related requirements affected by this change.o

Article NF-5000 - Examination
.

There are no related requirements affected by this change.

Artic1g FF-8000 - Nameplates, Stamping, and Reports
.s

|

There are no related requirements affected by this change.
.

| 2019-1545405-HC4 10
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Subsection NA
,

There are no related requirements affected by this change.
Appendixes

There are no related requirements , affected by this change.

- 7. 1980 Edition '

Paragraph XVII-2462 - Minimum Edge Distance

The paragraph in 1980 Code Edition provides the minimum edge dis-
tance criteria with requirements imposed on the ultimate strength,
material thickness, and bearing stress of the plate holes. The 1974
Code of record empirically prescribed the tabular values,-based on
the traditional practice of limiting the ratio of edge distance to
the bolt diameter between 1.25 to 1.8. The 1980 Code provision was I
invoked to inco rpo ra te the alternates for minimum edge distance,
which provides a more rigorous, complete, and precise rule to pre-
vent the tear-out failure or excessive deformation of the plate.
Related Reauirements

Article hT-1000 - Introduction

There are no related requirements affected by this change.
-

Article hT-2000 - Materials

No materials have been added or deleted nor have there been any
changes to the subsections on test coupons, fracture toughness,
welding, or examination, which are directly related to minimum
edge distance criteria. Therefore, there are no requirements
directly related to this change.

Article NT-3000 - Design

No other stress criteria has been added or deleted to compen-
sate for this change. Therefore, there are no requirements
directly related to this change.

. - Article NT-4000 - Fabrication and Installation -

There are no related requirements affected by this change.
I

Article hT-5000__- Examination

There are no related requirements affected by this - change .,

Article NF-8000 - Nameplates, Stamping, and Reports
'

There are no related requirements affected by this chan3e.v

2019-1545405-HC4 11
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Subsection NA-

*

There are no related requirements affected by this change.
Appendixes

This change is in Appendix XVII and there are no related re-
quirements in this or any other appendix affected by this
change.

8. 1983 Edition - Summer 1983 Addenda
Subparagraph NF-3225 - Design of Bolting
Subparagraph NF-3324.6 - Design Requirements for Bolted Joints

The Summer 1983 Addenda is invoked for the design of bolting to en-
able the updated allowable stresses in the 1983 Edition to be used
in support designs. In particula Appendix F was upgraded by the
addition of explicit tension '

tar requirements for bolting de-
sign for the faulted condition. Also, for bolts loaded in combined
tension and shear, the three straight-line interaction curves of the
Winter 1974 Addenda have been replaced by a more precise elliptical
interaction curve of the second degree. The newer code provides a
clearer treatment of the subject.

Related Requirements
.

Article NF-1000 - Introduction. _ -

There are no related requirements affected by this change.

Article NF-2000 - Materials

No materials have been added or deleted nor have there been any
changes to the subsections on test coupons, fracture toughness,
welding, or examination, which are related to the design of
bolting. Therefore, there are no related requirements affected
by this change.

.

Article NF-3000 - Design

No other stress criteria has been added or deleted to compen-
sate for this change. Therefore, there are no related require-
ments affected by this change.

Article NT-4000 - Fabrication and Installati'on,

'
.

There are no related requirements affected by this change.
*

Article hT-5000 - Examination

There are no related requirements affected by this change.,

.s
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Article NF-8000 - Nameplates, Stamping, and Reports
e i.

There are no related requirements affected by this change.
Subsection NA

There are no related requirements affected by this change.
Appendixes

The related requirements in Appendix F are addressed outemati-
cally by specific direction in Table hT-3225.2-1 of the Code ofrecord. There are no ether related requirements affected by

{this change.

9. 1983 Edition - Summer 1985 Addenda
Paragraph NF-4721 - Bolt Holes

The Code of record in the Winter 1974 Addenda did not address holesfor concrete anchor bolts. In the Winter 1974 Addenda, this para-
graph addressed only oversized holes and a method of fabricatingholes. The Summer 1985 criteria provides more detail on hole size
requirements, provides new criteria for long-slotted and short-
slotted holes, addresses holes for concrete anchors and holes for
no-shear applications, and provides direction for use of washers.
This newer criteria provides clearer direction and additional cover-
age in the support designs.

..

Related Requirements

Article hT-1000 - Introduction

There are no related requirements affected by this change.

Article NF-2000 - Materials
|

| No materials have been added or deleted nor have there been any
|

chacges to the subsections on test coupons, fracture toughness,
welding, or examination, which are directly related to bolt
hole clearances. Therefore, there are no related requirements
affected by this change.

4

Article NT-3000 - Design

No other stress criteria has been added or deleted to compen-
sate for this change. Therefore, there are no related require-,

'
-

ments affected by this change.

Article hT-4000 - Fabrication and Installation,

Thera- are no related requirements affected by this change.

\. -

*

.
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Article hT-5000 - Examination
~

There are no related requirements affected by this change.

Article NT-8000 - Nameplates, Stamping, and Reports

There are no related requirements affected oy this change.
Subsection NA

There are no related requirements affected by this change.
Appendixes

There are no related requirements affected by this change.
10. 1974 Edition - Winter 1975 Addenda

Paragraph NC-6221 - Minimum Required System Hydrostatic Test
Pressure

The Winter 1975 Addendum revised the minimum completed system hydro-
static test pressure from 1.5 times to 1.25 times the ocrign pris-
sure. This, in effect, restored the pre-1974 coc'e requirement of
1.25 times the design pressure as documented in Code Dterpretation
III-1-83-96.

,- This Code interpretation identifies the Code of Record requ.*rement
v- as an error, the correction of which should have been identiff.ed as

Erreta in the Summer 1975 Addenda. Therefore, there are n'c related
. requirements affected by this change. -

11. 1974 Edition - Winter 1975 Addenda
Paragraph XVII-2410 - General Requirements (for the Design of Con-
nections and Joints)

This paragraph addresses: types of connections permitted
(XVII-2411), ain', mum design strength of connections (XVII-2412),
provision .for eccentric connections (XVII-2413), and placement of
bolts and welds (XVII-2414). Only Subparagraph XVII-2412 was af-
fected by tts adoption of the Winter 1975 Addenda; it was deleted in
its entirety. Subparagraph XVII-2412 stated, "Connections carrying
cal:ulated stresses, except for lacing, shall be designed to support

,. not less than 6 kips."

The welds are designed on an as-loaded basis. There is sufficient
inherent margin in the design using allowables of welds from the,

Code of record.

Related Requirements

Article hT-1000 - Introduction

, . There are no related requirements affected by this change.v

2019-1545405-HC4 14
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Article hT-2000 - Materials.

b"
There are no related requirements affected by this change.
Article hT-3000 - Design

There are no related requirements affected by this change.

Article NF-4000 - Fabrication and Installation

There are no related requirements affected by, this change.

Article hT-5000 - Examination

There are no related requirements affected by this change.

Article hT-8000 - Nameplate Stamping and Reports

There are no related requirements affected by this change.
Subsection NA

There are no related requirements affected by this change.
Appendixes

3 There are no related requirements affected by this change.7

V
12. 1980 Edition - Winter 1982 Addenda

Paragraph hT-3324.5

Paragraph hT-3324.5 of the 1980 Edition, Winter 1982 Addenda, gives
the design requirements for welds on Class 1, 2, 3, and.MC linear
type supports. Prior to this version, this information was given in
Paragraphs hT-3292, NF-3293, hT-3392, hT-3393, and hT-3400; the gen-
eral reorganization of Article hT-3000 in the 1980 Edition, Winter
1982 Addenda regrouped the design requirements by support type
(i.e., plate and shell supports and linear supports) as opposed to
Class 1, 2, 3, or MC in the Code of record.

This alternative to the Code of record was invoked because it con-
tains a mue'h greater degree of detail in its discussion of allowable
stress limits which must be satisfied for design loadings and of
rules and stress limits which must be satisfied for Level A through
D service test loadings. In addition, this alternative to the Code
of record recognizes several different pemissible weld types absent

j from the Code of record. |
Related Requirements

.

Article NC-1000 - Introduction '

(m There are no related requirements affected by this change.%d
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Article NC-2000 - Materials.

~

There are no related requirements affected by this change..

Article NF-3000 - Design

There are no related requirements affected by this change.
'

Article NF-4000 - Fabrication and Installation

There are no related requirements affected by this change.

Article hT-5000 - Examination

There are no related requirements affected by this change.

Article hT-8000 - Nameplate Stamping and Reports

There are no related requi rements affected by this change.
Subsection NA

There are no related requirements affected by this change.
Appendixes

.m There are no related requirements affected by this change.
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STRESS INTENSIFICATION FACTORS (SIF)-

O
FOR UNREINFORCED LATERAL BRANCH CONNECTIONS

1.0 OBJECTIVE;

Paragraph NC 3650 of the ASME Section III, (12)*, code provides a method
of analysis of class 2 and 3 piping products. The analysis utilizes
Stress Intensification Factors (SIF) along with some simple equations
to establish acceptable limits on stresses.

Figure NC 3673.2(b)-1, (12)*, provides SIF's for commonly used standard
piping products. For non-standard piping products NC 3673.2(b), (12)*,
states that SIT may be taken as C K /2 where C2 and K2 are class 12 2
stress indices given in Table N3 3682.2-1, (12)*. Lateral branch con-
nections are not among the components for which SIF or C2 ard K2 stress
indices are available. Thus, code evaluation of lateral branch connec-
tion by simplified analysis is not possible.

The purpose of this calculation is to establish a method to derive an
appropriate SIF for use in the evaluation of lateral "stub-in" branches
using NC-3650 rules, (12)*, based upon the results of a published lit-
erature survey.

.-

-

.

O
* Numbers in () indicate reference numbers listed in Section 3.

52-12241-9
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3. DIRECT - this indicates the step is to be analyzed in
7

the increments given on the data card, breaking the step

into fractions, e.g.,

0.7, 0.8, 0.9, 0.95, 1.0

indicates increments will be used applying to 70%, 80%,

90%, 95%, and 100% of the load history (as defined on

the loading cards) .

4. TIMEP is the period of this analysis step. Default

value is one which means that normalized time is used.

Note: this time period for static analysis is not

accumulated over different steps. The time period must

be non-zero.

5. NUMBER - this parameter is used to initiate the automatic

load incrementation option and to suggest the increment

size. For example, NUMBER = 5 will make the first

increment equal to 0.2 of the total time. However, the

program will now adjust the time increment based on the

number of cycles needed in each increment with the

limitation being that the time increments will not be

larger than 0.2 of the total time,

Note: NUMBER and DIRECT are mutually exclusive parameters.
m
C

6. CUTMAX - the maximum number to times the suggested uniform

increment size may be subdivided.

.

7.3.2-3 * STATIC
_

i
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2,c ASSUMPTIONS REQUIRED M'

3 YES l NO
4

8 1. 'It is reasonable to assume that unreinforced lateral branch I
* connection behavior would also be indicative of reinforced
t lateral branch connection behavior.
e

2. Bending moment stress indices (c a d k,) are same for , I
2,

tubular joints (no hole at the intersection) as well
'' as pipe branch connections.
::
in

13

'' 3, All other assumptions are noted in the body of the text. I
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4.0 ANALYSIS
0>

Stress intensification factors (i) for various piping components are, '
in large part, based upon tiarkl's (1)* approach and test data generated
by his work.

The tiark1 cyclic moment fatigue tests did not cover lateral branch con- I

nections and code does not provide either 'i' factors or C , K2 2 stress
indicies for lateral branch connections. Several authors have investi-
gated this problem and references (2)*, (3)*, and (4)* are some of the
significant published reports. -

liRC Bulletin 200 (2)* reports and analyzes test data on branch connee-
tions including unreinforced laterals exposed to internal pressure and/
or external couples. Tests wer- conducted on plain pipes, tees (normal
branch connections) and 45' laterals, to determine "limit loads" of the
components when subject to internal pressure, in-plane and out-of-plane
bending moments. No fatigue tests were conducted.

Figures 1 and 2f(2)*, show results of in-plane couple tests on a 45'
lateral and a 90' normal branch connection, both of identical dimensions
except for the angle of branch connection. Table 1, (2)*, summarizes
the data and test results as well. From these figures and table, it
is clear that the limit load for the lateral is higher compared to that ,

of 90' tee indicating that the laterals are plastically stronger than
tees. The same conclusions are arrived at for out-of plane couples as
observed by test results shown in figures 3, 4, and 5 and Table 2, (2)*.0 However, as observed in the Pe/Pyp column in Table 1, (2)*, the follow-
ing is concluded:

1. Laterals are plastically stronger than 90' branch connections when
subjected to external bending soments.

2. Laterals are plastica 11y weaker compared to tees when exposed to
internal pressures. -

Conclusion 2 is drawn as a point of interest since in class 2, 3, and
B31.1 stress analysis, the pressure loading terna are not intensified.
The branch construction need only meet the local pressure reinforcement
requirements stated in the applicable codes.

idhile reference (2)* conducted tests on 45' lateral branch connections
only reference (3)* reports results of tests conducted on tubular
joints laterals with angle of branch connections ranging from O' to 90*.
Reference (3)* presents the finite element model analytical results as
well as results of experimental investigations and provides stress
concentration factor (SCF) for radial thrusts loads, in-plane, out-of-
plane tending soments applied to both normal and lateral branch connec-
tions. The SCF value reported does not represent maximum or peak

in the joint, but rather the equivalent of the maximum primarystress
plus secondary membrane plus bending stresses as represented by the C
stress indices of NB 3650.

O
Numbers in () indicate reference numbers listed in Section 3.*
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J.G. Kuang, et al, (3)* performed a parametric study to best fit the
h experimental results to those arrived at by finite element analysis.

The following parameters that govern the stress distribution in branch
connections were chosen: tire run thickness to diameter ratio T/D, the
branch the run pipe thickness ration t/T, the branch to run diameter

|
ratio d/D, and most significantly to our current investigation, the
angle of branch connection. The T/D and t/T ratios govern the stress
distribution by influencing the radial flexibility of the run pipe
'(Figure 6), (3)*, and by bending stress in the branch at the intersec-
tion. The d/D ratio and the angle of bran.h connection influence the
stress distribution by the load transfer sechanism.

When a tee is subjected to axial branch loading, the load is transferred
to the run primarily via local bending and punching shear. As t result
if the branch is inclined at other than 90* only the component of the
load normal to the run wall is of primary concern, as the horizontal
component is transferred by compression or tension in the run.

Reference (3)* developes empirical equations to derive S G's based on
the parameters discussed a ,ve. The applicability and accuracy of the
empirical equations develcped were verified by comparing the test re-
sults to results obtained by the empirical equations. Figure 7(3)*
shows good agreement between the experimental and analytical results.
The empirical expression for radial loads, in-plane, and out-of plane

,

|
' bending loads contain a multiplying ters sin' 0 where e is the angle,

of branch connection, (see Table 3] and 'a' is a constant greater than
This indicates that the maximum stress for the branch connectionzero.0 and SG increases as the angle e increases, 0*$ 0190*.

Several other researchers' investigations, (6)*, (7)*, and (g)*9 term
have

resulted in empirical equations for SG's that include a sin
reinforcing the conclusion arrived at in reference (3)*. Table 4, (9)*,

also indicates the agreement between the results arrived at by various
authors.

Reference (3)* imposes a set of limitations on geometric parameters to
minimize dispersion between experiment.r.1 and analytical results. Ifos t
important of them are:

-

0.2 g t/T g 0.8*

0.3 g d/D g 0.8+
* 0* g0 g 90*

As mentioned enrilier, the SG derived in reference (3)* is akin to C2

stress indices of the code. From reference (3)* it is clear that the
for laterals are lower thean 90* branch connec-SG and therefore, C2

tions. By considering the geometry, branch and lateral conr.ections
for lateralsindices and thus the product of C K2must have similar K2

will alvsys be lower than that for branches. Therefore stress intensi-
fication factor 'i' which is equal to C K /2 (NC 3673.1(b)) for laterals2 2

will always be lower than that for 90* branches.
.

O
* Numbers in () indicate reference numbers listed in Section 3.

B2-12241-9

_ . _ . . _

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



'. I s9e. gi e . s . o t - N etsc 7 5 - 6 pg s it
.

.

While it is true that Reference (3)* deals with tubular joints, (no

() hole at the run-branch intersection) the same conclusions are arrived
at by C. Hsiao and A.S. Kahn (4)* for piping intersetions. C. Hsiao,
et al, present the result of finite element investigation of 6 x 3
branch connections for three branch angles, namely 30*, 60*, and 90*,
subjected to in plane and out-of plane loads.

The output of the finite element analysis in the form of membrane
stresses and bending moments in the local coordinates are properly com-
bined to obtain total stresses at the run/ branch pipe intersection.
These stresses are divided by "beam type stresses" ( = M/Zr) for the
known applied in plane and out-of-plane zonent to obtain a "stress
ratio". Here M is the applied soment and Zr the elastic section - mod-
ules of the run pipe. The stress ratio thus obtained are compared to
the experimental data, (10)*, for in-plane and out-of-plane loadings
available for 30* and 60* branch connection angles. Figures 8, 9, 10,
and 11, (4)*, exhibit good agreement between the erperimental and
analytical results. Reviewing figures 12 through 20, (4)*, indicate
that the stress ratio increases with the increase in the angle of
branch connection thus confirming results of reference (3)*.

Reference (It)* provides a basis to evaluate the fatigue capacities
of a lateral in comparison to a 90* branch of equal size under equiva-
lent loading conditions. Figure 21 results indicate a trend to initial
failure (crack initiation) occurring at 90* branches sooner than at
equivalent laterals and complete failure (through-wall crack) predomin-
antly occurring in 90* branch: connections. The tests were run using
stress ranges above those allowed by the piping codes for a 7,000
eycle life. The laterals withstood greater than 7,000eyeles in all
cases. These trends indicate that a lateral is less sensitive to
cyclic damage than its equivalent 90* branch.

-

.

r~
V

* Numbers in () indicate reference numbers listed in Section 3.
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5.0 SU!91ARY OF RESULTS
O

1. Under a single load to failure, the lateral brancheonnection is
stronger plastically than the normal braoch connection.

2. Under cyclic loading the lateral branch connection has greater
fatigue strength than a normal branch connection.

3. I.aterals are plastically weaker compared to tees when exposed to
internal pressure.

4. While reference (3)* tests are on tubular joints 'the results are
applicable to branch connections considering the similar conclu-
sions arrived at in reference (1)* and (4)*.

5. Reference (3)* imposes geometric parameter limitations for the
emp; rical expressions for SCF to be valid. However, it is reas-
onable to assume that the dispersion between experimental and -

analytical results for tees and laterals will be in the same dir-
ection so that the laterals SCF's will always be lower than that,
of tees even outside the geometric limitations.

2

0 !

-

O
* Numbers in () indicate reference numbers listed in Section 3.
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6.0 CONCI.USIONS

1. In a piping analysis a lateral branch connection can be safely :

analyzed similar to a normal branch connection for class 2 and 3 |and non-ASE pipes.

2. In general the results of this investigation indicates that unre-
inforced fabricated lat.eral connections are stronger than corres-
ponding 90* connections. It is expected that this same conclusion
could be drawn for reinfored lateral connections as well. However,
until more data becomes available to confirm this it is
recomended that a factor be applied for additional conservatism
in the calculation of stress intensification factors (SIF) for
ltterial connections.

The SIF for either an unreinforced or reinforced connections may
be determined by calculating the SIF for an equivalent 90' connec-
tion and increasing it by 25 percent.

3. The above must be subjected to the following restrictions:

a. The branch connections must meet all the pressure reinforce-
ment requirements of NC 3643 of ASE Section III or ANSI
B31.1 Paragraph 104.3.1.

,

{ b. The branch connection angle (the angle between the run and
~~r

} _ bran.ch__ pipe axes)_is,between 45' and 90* both inclusive _ _ _ - 1

: c. ASE Section III code version is limited to the summer 1981
|

addenda and earlier. Winter 1981 addenda requires that pres-
sure terms be modified by "B" indices.

;

4. The use of lateral branch connections would be restricted to ASE
Class 2 and 3 and B31.1 systems; insufficient data exists to draw
conclusions for Class 1 applications.

.

.

O
* Numbers in () indicate reference numbers listed in Section 3.
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