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Sil.AM GLill'I'A10R luBL INILGRI TY PROGRAM
- i

The objective of the Steam Generator Tube in..egrily (SGil) program is to
'establish validated models, based on experimental data, for prediction

of nargins-to-failure under burst and collapse pressure, of ste..m
generator tubing found to be service degraded by eddy current in-service-
i nspec tion. The first . phase of the program utilized an extensive matrix
of specimens mechan,ically defect'ed to simulate service induced damage.

'

These specimens were burst or collapse tested at typical steam generator
operating temperature. The data were then used to de/elop mathematical

'mod:Is 11 remaining't,ube strength as a function of type and extent of-

tube defect. Phase two repeated Phase I experiments with a reduced i

matrix of chemically defected specimens. Phase two data were correlated
with the mathematical models developed from Phase I. The, chemical
defect data, to date, have fit well with the mechanical de ect models.

The third phne of research is to, validate. the mathematitu models. A
feasibility study to acquire a reraoved from service nuclear steam
generator was instigated as a means of fulfilling 'hird phase program
specimen requirements. Positive conclusions in the feasibility study
led to initiation of the Surry Generator Program. .This program includes
Phase III of the original SGTI program and involves an expansion into
several new task areas.

Steam Generator Tube Intgri,ty_ Program Accohlishments ,

Accomplishments this year include manufacture of !ncocel 600 tubing speci-
mens shemically defected to simulate wastage, pitting, uniform thinning,
and stress corrosion cracking (SCC). An SEC technique was developed
that allows formation of SCC with controlled length and depth on a
desired tube location. An example of a specimen is shown in Figure 1.
All chemically defected specimens, with the exception'of those with

,

stress corrosion pracking, were then fully characterized by replication
and single and multifrequency eddy current techniques. A substantial
effort was made to nondestructively characterize the SCC tubes. This
include t single and multifrequency eddy current examination, use of a
resistivity gauge, UT, visual examinations and X-ray tomography. Jhe
later method, a developmental technique, provided the most accurate
description of tube cracking. The technique is currently not practical
from a hardware standpoint. Multifrequency eddy current examination
provided a possibly adequate SCC specimen characterization; however, no
confirmatory NDE technique has been identified. There have been examples
of large stress corrosion cracks, determined by destructive examination,
not detected via eddy current examination. i,Therefore, the SCC tubes
have not yet been destr,uctively tested.

With the exception of the SCC specimens all other chemically defeated
tubes were' burst or collapse tested. The data correlated well with the
Phase I mechanical defect data. Figures 2, 3, and 4 are examples of
this correlation. The mathematical models of tube strength, based on
mechanically defected specimens, were not substantively altered by
addition of the cLemical defect data. Preliminary indications are that
the mathematical model based on EDM notches will correlate.well with SCC
tube data. '

.

'
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The Phase I and Phase 11 data were analyzed in terms of the tube strength
models. Plots were made of predicted strength vs actua! failure strengths i

and standard deviation bands calculated. Firures 5-10 show these plots.
,

i

Surry Generator Program Accomplishments
.

A feasibility study was submi.tted to flRC/RSR in March which addressed
the physical, financial'and institutional aspects of transporting a
retired from service nuclear steam generator to Hanford, Washin] ton for<

nondestructive and destructive examination. The study focused on
generators from the,Surry and Turkey Point nucicar plants, as t,hese were
identified as candidctes for early replacement. The Surry generators
were indicated as preferrable since they were of a more common series,'
and are considered to have indications of most defect types. The
feasibility 'itudy established that it is physically possible to barge a
Surry generator to Hanford. Cost estimate ranges for shielding, trans-
. porting, and housing the generator were developed. Institutional
barriers to transport were identified and evaluated a' to potential
programmatic impact.

Af ter flRC evaluation of the feasibility study, Pf1L'was requested to
examine alternate sites for locating the program. This evaluation
included transportation feasibility, availaole facilities and staff, and
overall programmatic costs. Af ter submittihg the study, authorization
was received to establish contracts for preparation and trahsport of a
generator from Surry, Virginia to Hanford, Washington. Conceptual
design of a suitable examination facility was also authorized. The
following programmatic tasks have since been accomplished.

1. Handling contract at Surry.
'

2. Handling contract at Hanford. '
l a

g

3. Carrier contract.
,

4. Tertiporary storage site secured at Hanford.

5. Steam Generator Examination Facility site secured at Hanford. Site
Environmental Impact Statement prepared.

6. Conceptual design of Steam Generator Examination Fac'ility completed.

7. Marine consultants contract. '

6

8. Resolved ownership and transportation jurisdictional issues.

9. Applied for Department of Transportation permit to transport the
generator as a low Specific Activity (LSA) cargo.

10. Drafted the preliminary program plan. '-

,

11. Conducted a radiological assessment of the steam generator.
,
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Ac_t i ve _l a s_k_s_ .1,n_c_l ude

1. tstabli'sh a cooperative permit with VEPCO f or work at their Surry '

site. .
,

2. Shielding contract.
.

3. Environmental Impact Assessment f or transport.
'

4. Selection of an Architect-Engineer for Facility Title I,11, and .

III, design.
t ,

,

5. D0T-LSA shipment request. i,
,

6. Resolution of Price-Anderson Act insurance coverage.,
,

7. Establish an industry particjpation through the Electric Power and
Research Institute (EPRI).

Program plans call f'or transporting a Surry generator to Hanford in
early 1980. We will receive the portion of the generator beluw the
transition cone (Figure 11), including the shell, tube sheet and full
tube bundle. A cut away view of the generator is depicted in figure 12.
The unit is 44 feet long,15 feet maximum diameter and weighs 220 tons,
prior to sheilding. figure 13 shows an artist's rendition of the
generator within the Steam Generator Examination Facility, as it appears
after conceptual design. Figure 14 shows conceptcal design dimensional
deta il s . The facility is scheduled for completion the second quarter of
1981. 8 -

Experidental studies include: Primary and secondary side characterization
by existing and developmental NDE techniques. Validarinn of NDE charaqterizat.ent

by selective generator sectioning. Identification aqd characterization
of corrosi.on, sludge and crud deposits. Statistical mapping of types
and locations of defects and deposits. Provisione of specimens for tube
integrity testing, leak rate determinations, and cleaning / decontamination
studies. Test bed verification of long term effects associated ~ with
generator cleaning / decontamination.

I
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so a es

h
-

A
E
bi A SOLID SYMBOLS y3 -

DENOTE CHEMICALLY a%
--i INDUCED DEFECTS A
a O"

2 _ O UNDEFECTED A V

#
O 3/16" THINNED LENGTH A A

_
O 3/8" THINNED LENGTH A

V 3/4" THINNED LENGTH A

o 1-1/2" THINNED LENGTH
0 ' ' ' '

0 20 40 60 80 100

MAXIMUM DEGRADATION, % wall

F r, 'Q E d



&

Oil E09l

s

0 0
o - e

Og,. c
e

O O E
O

~

O

OQ O o
O O 00 O

O O _ ~

O

o- O

h - e
O O

O O

$bO % _ m

$$*c

e O edo

h
- " % $,

o
O

O _ m

O O
0 ~O 0

. NI
O -

| | | | 1 f f o

S e w s o e v m N * - * - o

(ISN) 03131038d dV
.



lIi E09|

2

s

- - e
cx

"'

w
- m

- N

O

- o

m

$0 Qa
O O - * ~ O

* Y '

E$W W9=,
< mm

h ( bw
u.

e..

- m

- N

- -

| |
Q

S , w ~ o m e m N ~ C

(ISN) 03131038d dV

.



2/l E09l

2

.

O

- - e
cs

O

7
0 m

- m

-

0 ~0

O
O

O O
- e _

gO o
*=

N
O - * O~

<a8 g m,-s

Gsm
e < aD
0 c., 4

4 3C
- T

E__

w

O ~

O

- ~

- M

o

9 , w n e e n m N ~

(IS'>i) 03131038d dV
.



fil E09l

2

.

.
- o~

a

e
e

N
- 00

- N

- @ m
a.
5

O C d
m o
M e*- m y

o 0 .-
e t3 2
w < acr

- 9
a. aD q <

b f0

S 3

0 dO
*c5D

o o

O
- N

- m

e

h

9 , w n c m n m N ~

(Ism a313|a38d dV

.



til E091

o
f

.

..

|f
/ 6

y

<P
' ,

' _ . .
-

_

.

. . .
. !

' <*

U/ D
Q

/

/ O
y

r
J,

gY/

0

.
d yp , .

&
6 g

,
,

g

\ \ \ \ ' \ \ \ O

O
f G <P <* D C A F & / O

$ e## .

.



911 E09l

a
.

$

~ @,_e

O m
.

M
- co

.

- @
H
M
Q:.% = E

C '

O _ m o-

J
<~
D ze- W

-U Zm < ~
CC

hD - o
$ o
eu h

Z
#

- en
_

_ N

- M
6

|

C
& M e v M ~ o

us>t) 03131038d dV

.
-



..
,

. , ,

i

STEAM GENERATOR CUT LOCATION ,

I
'

MAIN' STEAM +M Q
I - - CUT

'

CUT y .
,

,

,

i 'g..

',

-os

j ' CUT | g|| q
FEEDWATER n ..

| I *
.

' TRANSITION CONE CUT

OPERATING FLOOR

I

b ii

, .

,

I

|

.

h(

e

I

P U M P-+- \ / + VALVE
'

:h\ / \ / -

i

e e ,
.

,

"'

?aca caau i 603 .i ze

FIGURE 11



*. '

, e '

'

e v r f, i . , ,e . t v.,
.

I
|

w
.

'_..

.
-

-
-..

-

,

, , . ,

..

.

t

>

' ' '"

, ,

e

1
rie I

'

g i

y

a

B

. '

| J -

[ <- ,.

"A '
.

, ,

@-

.

]



. _

__ . .- e

'

STEAM GENERATOR EXAMINATION FACILITY
nTos sRiocE crA -.~

~

1 TON JtB CR ANE

::c -
f

m P
/ ~

4th LEVEL
.

-

% '7
t . .c -

,-

?j.23

::c==
_ , _w

x - w' N -. .

f .S " ,' -- ci'MY g -;[p:s*e-' ;
. .

-3rd LEVE L_.. , =i--5:&-- ' " %
. ..

.q.~ ,. -.:-

3', n .s' ** y ,,
'

# '
'

| 2nd LEVEL -
-

55${1 k_
' *

(= /'w

-ej '] { {. 5
|' |

' f !W I

[1 '

gig #,

m
_ ___

f,, w} : ," f
-

'
, ,

I

y ,

"W, .?
-

j )

* 19 ' c ' /~ STEAM GENERATOR

~

'

t ;r x ,

t , -.- Y; $ $_~f b h
~

, ,

i , m, / 4, m e m,,L 33w]9*-. % %, .

ft ~ ~ ~ ~ ' ~
-.

_

h ~ i
r-<

Sh p
)l

1s .

i - -

= -
' - -

i

s{juiJ ,, . .
M . GROUND LEVEL

,', .

- . .~ .,

. I E/ h- '( Lj d ' ' J
~

.

./,/ ,. j' ,

- - - -

. / ,/

- 7 '
~

%)R . ; r,t ;

M 6 . . . . .
. j .

j

m Ny' - 3 1
_

y,: .1\ ..' , -

;'

a. . .s .. ,
. . . . .

_. .-
, . ;.,

- x .As - NTLEVel --- rg# --
-

-

..
. y* . ._.N . . .

@
_ -w 1

_ -

.

*

. =
,

'

FIGURE 13 -

_ _

e

6



*
.

..
.

e

STEAM GENERATOR EXAMINATION FACILITYy

_ O .
-

CD
- 30 .O 25'8 1 -f

-
g

, C"D -

.. fUW=m _

i ' N ] BOTTLED G ASi j\ |
' STOR AGE SHED

wgEgS q
,

w *j
"

_ _ _ _ __ _ _. _ . _. .
_

==E" -i__

LOCK J
7..,

, , , . , t ''e e I i
*

- - a8. ,
_

'

o GENERATOR TOWER
o E E E

MENS I 31'-8
_

r--------,E
i 31'8g ,_s ,

LOCKER ROOM [ y _

/ \ |
- g g iN - 3

_
p', \ | , i

'

N
4

-----
_ ! /

' '
i ' ' i / \ i

! , ! i ,
k / | \ /

,
'

i

i -

/
-

|'N
4/ ,

-
i ' s ' :

-,
'

LPIE R S

' RUCK LOCK
, , , , ,

, p'
_. -

- - .

il- 4*l B ASEMENT PLAN
,

g j SCALE 1e 4'' = 1' O,

g _ - .- i _.

__
- _

- - -

N .

@ -

,

. z

FIGURE 14
- _

d

-

O


