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Inservice inspection of the anchor end assemblies of the Prestressed Concrete
Reactor Vessel prestressing tendons revealed some individual wire failures in some
tendons due to corrosion attack. Although not definitive at this time, it is
believed that moisture within the assembly, the dry system used, and inadequate
corrosion protection at the anchor washer end contributed to the corrosion attack.
Investigation into the mechanism for moisture introduction is continuing, although
probable mechanisms have been hypothesized. An increased number of anchor
assemblies were examined, and additional assemblies continue to be examined. In
addition, an increased surveillance frequency is planned.
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Since the extent of corrosion has been evaluated and determined not to compromise
plant safety, this report is being submitted on a voluntary basis in the interests
of operational information.
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EVENT DESCRIPTION:

The Prestressed Concrete Reactor Vessel (PCRV) utilizes a system consisting of 448
prestressing tendons in two basic configurations consisting of 152 or 169 1/4 inch
diameter wires. Each wire terminates at a buttonhead supported by an anchor
(buttonhead) washer which seats through a split shim onto a bearing plate on the
PCRV surface (see Figure 1). The tendons may be delineated into four different
types according to the following table (also see Figure 2).

448 Tendons Total 27 Load Cells
310 Circumferential 17 Load Cells
90 Vertical 6 Load Cells
24 Top Cross Head 2 Load Cells
24 Bottom Cross Head 2 Load Cells

Note that load cells, which would detect any significant loss of prestress in the
PCRV, are installed on select tendons as noted above.

The tendons maintain the concrete of the PCRV in a state of compression under
nominal design loads. Prestress is applied by the individual wires of the various
tendons by established strain values determined by the split shim thickness.

While the plant was shutdown for refueling, performance of In-Service Inspection
by Maintenance Quality Control personnel indicated that some Prestressed Concrete
Reactor Vessel tendons had experienced individual wire failure as evidenced by
raised buttonheads on the anchor (buttonhead) washer. Removal of these wire ends
indicated failure due to corrosion within approximately 36 inches of the end, just
below the anchor washer. No evidence of corrosion attack beyond this point was
observed on complete wire samples (two failed, one intact) removed from one
tendon.

Tendon operability was confirmed on all accessible vertical tendons with raised
buttonheads, as well as accessible adjacent vertical tendons, by lift-off testing
(which measured the load applied by individual tendons and verified that it was
above a minimum value based on the original design end-of-life applied tendon
load).

ANALYSIS OF EVENT:

Corrosion of select wires within the prestressing tendons occurred as a result of
moisture and oxygen in the vicinity of the anchor assembly. In addition, the
corrosion inhibiting agent was apparently either never applied to the bundle
interior wires near the anchor washer, 'or it was removed at some stage during the
fabrication / installation process so that conditions favorable to local corrosion
attack were present at this location. Corrosion failures were not observed at
tendon anchor assemblies (bottom of vertical tendons and top cross-head tendons)
where any gravity flow of the corrosion inhibiting grease tended to protect the
wire ends. Most failures were observed near the top anchor assembly of vertical
tendons and near the anchor assembly on bottom-head tendons.
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Failures of individual wires within tendons would result in a fractional loss of
the overall prestress applied by that tendon. Failure of individual wires would
not, however, result in increased loads on adjacent wires (hence increased
probability of failure of such wires) due to the constant strain method of
anchoring (i.e., the relaxation of the concrete from complete removal of applied
stress is orders of magnitude lower than the strain change of the wires so that
concrete dimensional changes are essentially nil).

Longitudinal (vertical) tendon load levels established by shims at prestressing
allowed for losses over the PCRV life due to effects such as concrete shrinkage
and wire relaxation. Nominal load for a 169 wire longitudinal tendon at
prestressing was 1395 KIPS; the end of life value due to maximum predicted
prestress losses is 1116 KIPS. Li f t off testing established that all tested
tendon loads were well above the design end-of-life load levels, hence fully
capable of meeting all design loads determined for the PCRV. Further, the load
cells will detect any significant degradation in the prestressing system.
Consequently, this does not represent an unanalyzed condition that compromises
plant safety.

.

CAUSE DESCRIPTION:

Moisture was introduced into the tendon anchor assembly covers by a mechanism not
completely understood at this writing. In some instances, (circumferential and
bottom-head tendons) direct flow may have been responsible; in others, original
construction practice (vertical tendons) may have allowed condensation to occur
prior to establishing uniform elevated vessel temperature, since the vessel was
constructed prior to reactor building completion. In addition, split shim
assemblies frequently had air gaps allowing communication with the cover air
space. Finally, corrosion-resistant grease coverage apparently was inadequate
where moisture was occasionally observed on the interior of the tendon wire bundle
in the vicinity of the buttonhead washer.

CORRECTIVE ACTION:

The top head anchor assemolies of 89 o f' the 90 vertical tendons have been
inspected.

Lift-off tests have been conducted on all accessible vertical tendons (74 of 90)
to verify that all tendons meet design condition.

Those vertical tendons that were given lift off tests were inspected at the upper
end and regreased.

One vertical tendon (VM-17) was detensioned. One good wire and one bad wire were
pulled for metallurgical examination and engineering evaluation. This tendon has
since be retensioned.

One tendon in each of the remaining groups (circumferential, top cross-head, and i

bottom cross-head) will be detensioned. A good wire and a bad wire (if available)
will be pulled from each tendon for metallurgical and engineering evaluation.
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The 27 load cells are being monitored monthly to establish a data base for
identifying possible trends of tendon degradation.

An overall tendon surveillance program is being developed to inspect a sample of
the tendon terminations on a semi-annual basis.

Detailed engineering evaluations are in progress wherein the corrosion is being
analyzed, wire properties are being determined, pull tests are being conducted,
and ductility tests are being conducted, along with other tests to provide a basis
for an overall analysis of the problem.

A supplement report will follow.

.

..g....
i



.

. .

y 3 asuCttA2 LEGgt&TOa7 COsawtss40ss
t.aC.#erm assaes

LICENSEE EVENT REPORT (LER) TEXT CONTINUATION *=evro Ove =o suo.cio.
ag,.is ..v n

.

eac. pry name si, oocati Mueset A L2s Lgn suuancem 86e | P&GE B3'
,

sa 1 !"tt,% -t C V,f:

5-|rinFort St. Vrain, Unit No. 1
n i r, 0F n 1701510|o10|216|7 etc - n 101

YEAT C emme apose e svennes. se _ c MBC h JEEd'sJ (171
g.

/ k,

. . . , < \,/ %,.
,

I Ig 7 - - - - q ,- -,,

/ |! s
s 6?. N A s\,'\ /_L- , ,

-

0: : ; ; .s ,5,-o,. -:.1 -

c, O C D Cd ,;D O O . 'N ,/
,

* '- ''iTve:

c'$hfo ) 000
~

,'
, , , _9y

* C O G S C *., :.300000i ~

! N / C0000: :OOCOO
-

' ' ' '

V .E(RRR.O. I.QR.Q.Q.Q.O,'
~

,.

,0) e...
. -

,
.. . .

.~ . . .O O. .3.1.S.S OE.S.h...
' ~

, , if.i ,,s
*

e
. -

\ " ,GP,,C,D *
\ . . . . . . p O};D,D

? Y

- | . ...a w. . , , , , , . .e

;:::::Oac ex,; -

h \ C G L,J,Q :,Q D /4
__

'_ / / / ' / '/ /./
3_ _ _

'} 'y "" 's/s'ss iis,j

#
l ( h

4
g y, o

#g a ETUS
#

m a5ael s . T t PI 11 9 375-
-

9 31" . a Stut
mas.*t e NVT T YPE II ACME Te48& AD -
C# Cow'Q11Tf maleets tvet t

.

8 Act 08 CON 0stti
.

/ *

cow'Osit t
wasefaon 7*O D TEh00's TR AN187 toes

,m ,a s w t a Nuf. - , . \ hj -, o,A .

/mAtwta
S''Dia e.3.*THE Q--- p

NON,.SfalttLO *
^

Posi 10N
. . . .

. _ -

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

#.,j . Jt* DaA. Pe tst a t sssw3 wint

$t a n tst D PD$iTION -
:q-..

. . .

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

t0" s 40' e tv &#stSt . /. '*
.

g ( &,,B i G.P.L.A.T g *e078 ... _ T, _ ... . . . . ..,, . . .
Ah3 *% 4,$#*E m*

FIGURE 1

: ..e w
C0II



. . ,

l

h*aC perm .t!*
U S muCLian AEGukaTOAV Cowearsg40m

LICENSEE EVENT REPORT (LER) TEXT CONTINUATION **=ovio owe no uso-c'o4'

'
f ue+ pts gli 95

rassuf f masse ate oocast munasem W ) Les mutasta ses | P&GE IS

E== I "t'nt i' ;"'J.?,W

Fort St. Vrain, Unit NO. 1
o !510 lo lo i 2! 617 81 4 - 01015 - O!O 016 0F 017

rana- . - .,,, - nac-nunm

TYP CAL REFUELING PENETRATION

ACCESS PENETRATION

TYPtC AL LDNGITUO3N AL

-) [
,, TENDCN ANCHOR

k:g-QAHELIUM PURIFICATIONg
#^~ ^wCLL '

/ O

'''
'i!j!::( C i-,

,,

!!' g. O
~

COOLING TUBES

] /(TYPICAL)
.

*

|GD
N ...q "- /

~ i G, / .I ',e ; i.I
. ps / ::.

_

!M :
' * * CAVITY LINER

g /..

TYPICAL CROSS HEAD A ,/ | |I
**TENDON ANCHOR | e,

,,
* *

j :| . -| | . ..

-

: ..

|64M ..]
-

e
I !e e REACTOR CORE SUPPORT. :::

D #TYPICAL CIRCUMFERENTIAL :
TENDON A N CHO.". : 3 ON . ,,,::::3

*
.

:,1 e **

* I. * e* pTYPICAL CIRCUMFERENTIAL" p s .sa ' '
,
** TENDON,.y y - g

h , [/ '

i ;;Q"

,
- -

: , TYPICAL CORE SUPPORTg
COLUMN

;4. e .*.. '
.

i,j . . * *.

Q : f :,'.
.

1g : :.: * *
g|:4 * *~ TYPICAL STE AM GENERATOR

i
'

pi

.:) PENETRATION
n 7 - g- : .; ig

.-] sg - __ t ,,
.. w ; ;;,r ..

.:: . 5 at
**

! ! I ' -TYPICAL HELIUM CIRCULATOR.

j:! h' , PENETRATION
,

h, I '
, , | NCOOLING TUDES FEED FOR*

' "D '% ,

,,, ,

'..

-. . . ) '. I,

.

\_._
v .

- - ACCESS PENETRATION
II -

,

_

*

FOUNDATION SUPPORT
RING

-

FIGURE 2
m . .. e. .

CQt



e

e s, .

48C #eem asta u 3 wuCLEam EEGwLtTORY COMMISSIO4
*

LICENSEE EVENT REPORT ILER) TEXT CONTINUATION an =ovic owe to siso-cios
in.,,..

pacsu t y asame eg, cucat? wuSEA42 gaa muMetR e4a | 'AGI (3'

-Saa6 j"t!..;t' l ??.*J:1

Fort St. Vrain, Unit No. 1
o 15!o1010121617 81 4 - 01015 - 010 Ol7 0F 017

,nn so . - 4ac - m., .m

/ ",,< ba Wlbf-
si~ 'Eggebroten

' tor Engineer

'

O

-

\ ,,' / Frank J. tiovachek
Technical Services Engineering Supervisor

n

.y

u n11 LL* f5 -

'

- 6 CL. Y. McBrftle" ~
Station Mandger

d d' d
Don Warem;r$urg

Manager, NuclearW roduction

:

| |

|

|

;

EN ,' "" "'
|


