’

VS NUCLEAR REGULATORY COMMISEION
AFCROVED OME MO 11500104
EXPREs 43188

LICENSEE EVENT REPORT (LER)

P
FACILITY NAME (1) [ - .4 " T DOCKET MUMBER 1)
Fort St. Vrain, Unit No. 1 ©181010101216]7 ‘104(319
—— Corrosion of PCRV Tendon Wires (Voluntary LER)
EVENT DATE I8 LER NUMBER AEPORT DATR (M OTHER PACILITIES BVOLVED W
MONTH | DAy YEAR | YEAR I.AL o e v MONTH | DAy YRAR FACILITY NaMes LOCKET NUMBER(S
N/A 01610010, | |
DETERMINHD
0l3]2] 718]4]| 8l a]~|o] o] 5™ jo]2f1]0]3] of8]s 086100,0; | |
OPERATING mw-mmnmwvﬁﬂ&n—-a—d-u—utm
Moot ) N @z B || s el
POWE R _mm - LB Tl [_Be 1 2l b Sall )
vt 10y 040 Pye— || maem E: - e XX| oreen desesy o asevur
20 408ie) () W) || wrmmoe | masaew 4
:: 70 4081101 - T 0 73 (vl 81
20 4081w | s TN
LICENSER CONTACT *OR Tweg LER (')
NAME " - . T =] - ) i ) ) TELEPWONE NUMBER
Jim Eggebroten, Technical Services Engineering Supervisor
31013171815¢1-12121214
mmmmmmmmmnmmcm
CAUSE [SYSTEM| COMPOWENT - ' .t
Ei:i:
X {AIBIRIPI V| 1W303914] N P 1 [ . 111
| N | | b} -} k-
EXPECTED
10N
DATE (18)
[ ] Y5 17 ven. comesons EXPECTED SUBMISSION DA TE! mE

an

prestressing
corrosion at

S
se
ha

co
(0

ABSTRACT (Limvt 19 1400 spuces & Soewoxwmemsey Wimen wogrespece ypwevirmn el (18

chor

nce :hen,
ver:‘
ve

n

411160026 841030
gDélADDPK 05000267

.I

centra t'l"g on

supplements the initial LER in which an inservice i
assembiies of e Prestressed Concrete Reactor
tendors revealed some individual wire failures in some

tack.

(-]
-
-

™ N
N

ed evaluations and 1nspec~10ﬂs have been performed to assess the
ire corrosion. Preliminary results from corrosion analyses

t moisture is a common element and present efforts are

rrosion prevention, protection, and monitoring methods.

rrosion has been

rt is being submi

ate

I

a ise

operational

ined not to comprom

ey
t rests of

* m
2
D

d
he

Q. E

e

v

determi
inte

PDR




US NUCLEAR REGULATORY

APPROVED OME NO 11500104

EXPIRES 80188

z
Q
-
e
2
£
-
<
o
O
[
4
s
=
-
a
o
a
w
@
-
&
z
Y
w
1%
4
“ab
e
—d

OOCKET NUMBEA Q)

FACILITY NaME (V)

TEXT /8 mcrw cpmoe & roquered, vae sociworey NRC Form 2084 (1T

N

“OURLF

NCECASTIRTTAL

ead) washe

nhe

*
utto

'
o)

1N approxim

R

NAC FORM Mes

a3




JNAC Form J0aa US NUCLEAR REGULATORY COMMISSION

LICENSEE EVENT REPORT (LER) TEXT CONTINUATION APPROVED OMB NO 31800104
xrmes 03108
[FACILITY WAME (V) DOCKET NUMBER @) LER MDER 19 [ e
Fort St. Vrain, Unit No. 1 vean [t IOJ
o|sjojojo|216/7{8]14({—0]0]5|—]012]0]3]°F0 |9

TEXT (Ff mave apwce @ waered, ven sddvooval NAC Form J8A W (1T

ANALYSIS OF EVENT:

| Corrosion of select wires near the anchor washer ends 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 adequately to some wires or removed at some stage during the fabrication,

| installation, or operation phase so that conditions favorable tc 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 would tend 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.

Failures of 1individual 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 cf 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 Tife 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 1ife value due to maximum predicted
prestress losses is 1116 KIPS. Lift off testing established that all tested
tendon loads were well above the design end-of-life 1load levels, hence fully
capable of meeting alil design loads determined for the PCRV. Further, the load

| cells will detect any significant degradation in a representative sample of the
prestressing system. Consequently, this event does not represent an unanalyzed
condition that compromises plant safety.

CAUSE DESCRIPTION:

| The results from corrosion analyses indicate that moisture is a common element in

| the corrosion attack. 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 or removed, where
moisture was occasionally observed on the interior of the tendon wire bundle in
the vicinity of the buttonhead washer.
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CORRECTIVE ACTION:

The examinations to date include the following:
Visual Inspection of Anchor Assemblies

Tendons With
1 or More Wire

Failures
Verticals 89 of 90* Tophead

| 1 of 90* Bottomhead 11
| Bottom 44 of 48* 7
| Crossheads

| Top 4 of 48* 0
| Crossheads

| Circumferentials 33 of 620* 2

Lift-Off Testing To Verify Design Conditions

NOTE: For verticals, a 1ift off of one end is adequate for
the entire tendon due to low friction. A1l others
must have each end considered individually.

Veriticals 74 of S0*
| B-Crossheads 29 of 48
| T-Crossheads 2 of 48*

| Circumferentials 24 of 620
Detensioning For Wire Removal and Further Inspection
VM-17, Vertical*
| BILU4, Botiom Crosshead*
| BILU3, Bottom Crosshead
| C02.5, Circumferential*
| TORL2, Top Crosshead*

| *Thcse examinations were previously reported.
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The atmospheres of a representative number of each type of accessible
tendon have been tested and found to contain sufficient moisture to allow
corrosion. Based on this conclusion, continued atmosphere sampling is
not anticipated as existing moisture levels have been established.
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| Atmosphere Sampling

| Metallurgical Analyses

| Sample wire sections have been taken from full length wires removed from
| the detensioned tendons. These samples have been mechanically tested per
Reg. Guide 1.35.

| The fifty failed wire samples which were sent to GA Technologies have
| been analyzed and a final report is being prepared.

| Other failed samples have been analyzed by Public Service Company and a
| final report is being prepared.

Preliminary results from metallurgical analyses indicate that
microbiological corrosion may be the primary contributor to the corrosion
problem. Additional evaluations related to bacterial control, and short
term, as well as long term protection have been initiated.

| Tendon Surveillance Program:

The scope of the tendon surveillance program is currently being increased to
monitor the adequacy of the new corrosion protection methods to be provided for
the PCRV prestressing components, and assure that the required prestressing forces
are sustained throughout the operational life of the plant. A meeting has been
requested with the NRC to discuss the basis for this program.

Actions which are currently being pursued:

1. Continuing to monitor the 27 load cells monthly to establish a data base
for identifying possible trends of tendon degradation.

| 2. Continuing to develup and seek NRC concurrence of the tendon surveillance
program.

| 3. Continuing to evaluate corrosion prevention methods related to .ne
| mitigation of moisture and microbiological bacteria.

NAC FORM 2088
»ay



LICENSEE EVENT REPORT (LER) TEXT CONTINUATION

US NUCLEAR REGULATORY COMMISEION

APPROVED OME NO 31500104
EXPIRES 80188

FACILITY NaME (1) OOCKET NUMBER @)

LER NUMBER &

rOTr:

SEQUENTIAL
Ny

olsjojojeiolal 2

TECT i wuarw spaee & ouied, wew ooiwe:u NAC Form 30043 (11

"ogram

NAC FOAM s
»a




[NRC Porm Jeaa US. NUCLEAR REGULATORY COMMISEION
. LICENSEE EVENT REPORT (LER) TEXT CONTINUATION APPROVED OMB NO 31800104
EXPIRES 877188
[FACILITY MAME (1) DOCKET NUMBER @) LER NUMBER 18 a8t (3
Fort St. Vrain, Unit No. 1 VEAR NTIAL N
o|sjojojo|zi6{7(8jr|—folo!s|=lolz, 017 |00 |s
TEXT (W morw apmce & requess, wee sdaonel NAC Form 3084 %) (1T a

F

"
L}

o}

1 oo
; 020
. 2000
- C' ‘
4 2¢C 252>
5 0000 ¢
i T Ty
Y0202 D¢
. poSces S
s CCO000D
- €ccce o7

Mnyry

2577 D wOLE

2 L
. '/, T
VP

F 3P _'4

‘o gl

"5

2220020702
ATV TN

& 00~

WASHMER - TYPE N 9275~

WASHER KUT TYPE B

OF COMPOSITE

FACE OF CONCRETE

COVPOTE
WASHER OR
WASHE R NUT

SIT DA 4" THx \

wASHER

6 DIA 233" THE ~

HON-STRESSED T
POSITION

VASHER TYPE 1

§" ~aSTUR

ACME THALAD /

IR ~asTUS
ACME THREAD

4

STRISSED POSITION

SPLIT SHm

W 07 e IVARIES)

LLAmING PLATE

WA 701270 3 I0"

NOTE:
“ANCHOR" COMSISTS OV “WASHER NUT®
AND “Wwasmin~

NAC FORM 308




US NUCLEAR REGULATORY COMMISSION

e LICENSEE EVENT REPORT (LER) TEXT CONTINUATION APPRCYED OMB NO 11800104

EXPIRES 873188

[FaTTY wame DOCKET NUMBER 2) LR MUNDER 18 PAGE (3
Fort St. Vrain, Unit No. 1 oYy e

°1'|°l°1|'°!2|‘!7 gl 4—0 o] 5|—{c|2]|0l8 [°F0 |9

ACCESS PIONETRATION

TEXT (F mave spuce & mered. www sbdivens NAC Form J0BA '3 (TH

TYPICAL LONGITUDINAL
HELIUM PURIFICATION TENDON ANCHOR

WELL
o H COOLING TUBES
//('lvmcu.)
3 .
2 . 211
s | i 1 s $
A — CAVITY LINER
TYPICAL CROSS WEAD 2 T
TENDON ANCHOR B X P
$e 0*®
i fle o
| P A
(7] 13 ifes | _MEACTOR CORE SUPPORT
o e 2 L
TYPICAL CIRCUMFERENTIAL EZR o3 ’T:’
TENDON ANCHOR—— = fe e ®
] e
3 fiee "
; ., ® _~TYPICAL CIRCUMFERENTIAL
" : = TENDON
2 3 2
) S TYPICAL CORE SUPPORT
-5 T e ® COLUMN
m :E - - *fies @ ®
I 3 e
(73] 229 3 B TYPICAL STEAM GENERATOR
4 11— PENE TRATION
3% o (2 ame HE
22| LSS ST IFF:
.. 3 \’O/ 4 p -
i3 ( - 2_
Lol ' —— TYPICAL MELIUM CIRCULATOR
233 - ek PENE TRATION
B Y I ; I
* s HE¥ [~~~ COOLING TUSES FEED FOR
P ra) e ’ ' : ,--—J REACTOR CORE SUPPORT FLOOR
. | Nl | o
\ .3} o —— ACCESS PENETRATION
— i -
i ¢
: FOUNDATION SUPPORT
RING
W
FIGURE 2

NAC FOAM J88a



US NUCLEAR REGULATORY COMMISEION

L LICENSEE EVENT REPORT (LER) TEXT CONTINUATION APPROVED OM NO. 3180-0104
EXPRES §/2) 88
Y ACILITY WAME (1) DOTRET NUMBER 3 LER NUMBER (8} PAGE (3
Fort St. Vrain, Unit No. 1 vean | Y S 4
oysjojolo(2iglziglal—lolol sl—lolzlolal®ia o

TEXT (# mare spece & rogured, me sodtvonel NAC Ferm 3584 3 (1T

Jlark f3

Mark A.
chnical Ser

seph/
ces Engineer

Te

= /
Cym Fpelalon
N~ OWJim Egoebroten
Technical Services Engineering Supervisor

Licensing Review By:

—

- .

{2325 Supervisor

Jim Gram)

Nuciear Licensing-Opera

Wi
. N

H. Fuller
tation Manager

J. W. Gahm
Manager, Nuclear Production




