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DN MPLY titFER TO:

Docket No. 50-267
.

Public Service Co:npany of Colorado
Public Service Company Building
550 Fifteenth Street
Denver, Colorado 80202

Attention! Mr. L. R. Pattercon
Senior Vice President
Electric Department

' Ocntlemen

As a result of the ACRS Subcornittee meetin5 on December 6,1967,
the ACRS has requested the additional infonnation indicated in the
enclosure in order to en'able completing its review of your pro-
posed Fort St. Vrain Nucicar Ocnerating Station.

Please submit your reply in an original and two copies signed under
oath or affinnation together with seventy (TO) additional copies.

Sincerely yours,

8'4,g' [[c[['8600050065 860729
PDR ADOCK 05000267
P PDR . Peter A. Morris, Dir /ector

pivision of Reactor Licensing

CC: A. L. Habuch
Culf General Atomics
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_ Additional Information Required Relative
to_the

Fort St. Vrain Nucicar Generating Station

December 15, 1967

D.1. Outline any changes that would be required in the plant design if the
tendon ducts were to be filled with a suitable; grease in order to
inhibit tendon corrosion. How would such a design change influence
the surveillance program to assure adequate corrosion control?

D.2. Evaluate the potential consequences of an accident in which all forced
circulation cooling of the core is lost and the PCRV liner is sub-
sequently assumed to fail in such a manner that it offers no reaistance
to leakage of gas from the PCRV. Assuming no helium buoyancy effect,
what off-site doses would result from PCRV internal pressures of 2 and (
5 psig?

i

What is the equilibridm xenon plus krypto'n STP volume? What would be
the pressure rise in the PCRV due to the Xe and Kr released during

| the core-heat-up accid'ent?
I
L D.3. Submit the results of a quantitative analysis which determines the
| permissibic number of tendons that may fail before a definite hazard

would exist. The failure of both adjacent and parallel tendons as
well as adjacent but non-parallel tendons should be considered.

D.4. Submit preliminary acceptance standards or reasonably definitive
criteria for the proof testing of the PCRV in sufficient detail to
permit establishing the adequacy of this test program.

D.S. Expand the analycle cubnitted of the accident involving the loss of
forced -frculation gas cooling of the core so as to investigate tho' -

long term consequences of such an accident and the procedures for
recovering from such an accident.

D.6. Outline the extent to which either PSC or its agents will perform an
independent audit of critical stages of construction and testing.

L
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D.7 Submit the results of an analysis which invest 1 ates the possibility6
of the PCRV liner failing during a loss-of-coolin6 accident. The
analysis should *nclude consideration of the possibility and con-
sequences of deterioration of the liner during plant lifetime.

D.8. Assuming the openin6 of a crack in the PCRV sufficiently lar6e to
cause rapid depressurization, is there a possibility that the crack
will not close completely so that air ingress becomes a problem?

.
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The information below is submitted in response to Question
No. D.3. enclosed in the letter from Peter A. Morris dated
December 27, 1967.

D.3. Question: Submit the results of a quantitative analysis which de-
termines the permissible number of tendons which may fail before a definite
hazard would exist. The failure of both adjacent and parallel tendons as
well as adjacent but nonparallel tendons should be considered.

Answer: A quantitative analysis has been performed to establish the ap-
proximate number of tendons which could fail during operation of the reactor
before a hazardous condition would exist. The results of this work are
presented.

Vertical Tendons. By analyzing the prestress forces on a horizontal
section through the vessel, it is shown that at least six adjacent vertical
tendons can be lost during vessel operation before the design condition of
zero average stress across the wall is violated. This analysis was per-
formed by removing individual adjacent tendons on one side of the cross-
section until the centroid of the vertical prestressing s.hifted sufficiently
to produce tension halfway through the wall thickness. This includes the
assumption that vertical prestress losses are twice the predicted values.

Even if all vertical prestress forces were lost, the PCRV walls which
are very heavily reinforced with continuous high strength bonded reinforce-
ment still tie the two heads together. In order to assess various safety

margins, the following information is submitted to show the cavity pressures
which the PCRV could resist with only the rebars acting.

Af
"

/4 * 0.144 Ps W
2f,[ kip /in.2) A, [in ] A,f,[ kip] p = 33 2 x

67.5 1640 110,500 10200.9 f,y =
75 1640 123,000 1135f =

eY
1515f, = 100 1640 164,000 -

The amount of reinforcement in the haunch areas and in the wall sec-
tions adjacent to the heads is considerably larger ,than the reinforcement
at vessel midheight for which the analysis was performed. Concrete cracks
and their offeet on liner strains are still small even at 845 psi since
the reinforcing steel has not yicided. 75% of the vertical reinforcement
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consists of'#18S and #11 bars which are spliced by mechanical means to de-
velop the minimum guaranteed tensile strength of-the bars. The bars are
all anchored within the heads where the concrete will be in compression

and the #18S bars have anchor plates attached to their ends.

Circumferential Tendons. The loss of one " complete ring" of circum-
ferential tendons which consists of 3 sets of six tendons each spaced over
a wall height of about 5'-0" has been analyzed without taking advantage of
load redistribution to adjacent complete rings. The number of tendons
that can be lost at any cross-section of the ring is given below in rela-
tion to the internal pressure required to produce failure. Of the total
of 18 tendons, a minimum number of 12 pass any cross-section. Reinforcing

steel is taken into account.

Internal Required No. of No. of Tendons
Pressure Tendons Passing Allowed to Fail

(psig] Any 5' Cross-Section at Any 5' Cross-Section Safety Factor

1690 9 3 2.0

1475 8 4 1.75

1265 6 6 1.50

1055 5 7 1.25

845 3 9 1.00

.

The results of this single evaluation indicate 7. hat all adjacent circum-
ferential tendons can fail (i.e., all tendons anchored on one face of one
pilaster, including head region) without reducing the safety factor against
failure at 845 psi below 2.0. Liner strains are still compressive.

Of 236 circumferential tendons, about 30 tendons uniformly distributed
could be lost before net tensile stresses would occur across the wani sec-
tion at 845 psig assuming the predicted prestress losses of about 12% have
occurred. On this same basis, of the 84 circumferential tendons in the
heads, about 6 from each head could be lost.

Cronnhead Tendonn. Al' adjacent crosshead tendons on one. face of the
vessel represent 33% of the total crosshead prestress, or 16 out of 48
tendons. Loss of these adjacent tendons does not unbalance the remaining
prestressing forces that help to counternet the cavity pressure applied to
the heads because of the 120 degree orientation of the tendons. The large
head depth also allows the unbalanced forces, caused by loss of adjacent
tendons, to redistribute and still provide an almost uniform prostress force
on the inside face of the vessel head.

L
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The overall effect of the crosshead tendons has been demonstrated by
) overpressure tests on a 1/13 scale model of the PSC-PCRV bottom head. Test !

j pressures of 2400 psi could not cause failure of the heads., Since the
j crosshead tendons were tensioned to resist only approximately 600 psi of

the internal pressure, the complete loss of all of these tendons would notj

i
reduce the head capacity below 1800 psig, which is approximately 2.1 times

1 Reference Pressure. Liner strains are still compressive.

!
These tests are being continued with various combinations of prestress

f
removed in order to establish failure levels in relation to applied

' prestress.
i

The above analyses have not taken credit for the restraint provided
e

by adjacent concrete mass or transverse prestress. It has been shown that'

the loss of a certain number of tendons in each type of adjacent tendons
would not cause a hazard with respect to the reduction in the vessel safety
factor or the loss of net compression across a section under operating,

conditions. The number of adjacent nonparallel tendons that could be lost,

is at 1 cast the same as the number of those determined for each individual; For example, the lost adjacent vertical tendor.s and the lost circum-group.
ferential tendons on one pilaster face or in one complete ring do not de-

; pond on each other in the analysis performed; i.e. , their contribution to
! restraint is neglected. It is believed that more refined analyses are

not justified in view of the large margin of vessel capacity available evenj' with the loss of the significant number of tendons of each type. A repre-
'

sentative number of tendons in Model 2 will be unloaded to confirm the
'

|
! above analysis. Adjacent nonparallel tendons in the region of the crosshead

tendon anchorages will be unloaded thereby putting all three types of
tendons out of service in one region. One Model 2 tendon is approximately,

,

: equal to four PSC tendons. (Reference Pressure for Model 2 is 704 psig.

versus 845 psig for PSC-PCRV.)'

\
i The reactor will normally be operated with all of the tendons tensioned,

and with the tendon loads in the ranges specified by the design. However,

i
it will be possibic at all times to operate with any one tendon detensioned
and still comply fully with the design criteria for the PCRV. It is ex- 1

pected that operation with one tendon detensioned will occur at times when
,

4

tendon load cells are being calibrated, and when a tendon is removed for
i

inspection or replacement of the tendon itucif, its anchor hardware, or its;

j corrosion protection. ,

I ,i
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The information below further supplements the answer given to
Question V.5 (Rev. 1), Attachment A, which was contained in
Amendment No. 5. Results of the tendon detensioning tests recently
completed o_n Model 2 are given. The information below is also
supplemental to the answer to Question D.3, Attachment D, which
was contained in Amendment No. 9.

V.5 Question: Submit a summary of the test data and failure mode for
Model 2, a similitude study comparing the model and the Fort St. Vrain
vessel and predictions of structural performance of t.he Fort St. Vrain
vessel based on the test results from this model.

Supplemental Answer: A series of tests has been made on Model 2 wherein
several tendons were fully detensioned and the vessel behavior in the
partially detensioned condition was evaluated with internal pressure.
These tests were performed to provide experimental confirmation of the
approximate analyses used in determining the permissible number of tendons
which could, fail during operation of the Fort St. Vrain reactor before a
hazardous condition would exist. The results or tne analyses were given--

-~

in the answer to, Question D.3. Attachment D of Amendment No M

Similar analyses were made on Model 2 to determine the equivalent
number and type of tendons that should be detensioned to simulate the
Fort St. Vrain PCRV conditions postulated in the answer to Question D.3.
Although one Model 2 tendon is approximately equal to four Fort St. Vrain

PCRV tendons, the differences in Reference Pressures (705 psig vs 845 psig),
effective prestressing forces, and reinforcing steel quantities necessitated
a separate analytical evaluation of Model 2. The results of the analyses of
Model 2 are summarized as follows:

1. Vertical tendons. Four adjacent vertical tendons out of a total
of 36 tendons (11.1% loss) should be fully detensioned to
approach zero average stress across the wall at RP = 705 psig.

2. Circumferential tendons. One complete band of circumferential
tendons consists of 2 sets of 3 tendons (180* wrap) spaced over a
wall height of 18 in. A minimum of 4 out of 6 tendons traverse
any 18 in. cross-section. One circumferential tendon should be
detensioned to achieve an equivalent 25% loss in one band as
postulated for the Fort St. Vrain PCRV.

3. Cronnhead tendonn. Eight adjacent crosshead tendons on one face
of the vessel represent 33% of the total crosshead prestress (8
out of 24 tendons). The four outer crosshead tendons in Model 2
were tensioned to approximately twice the force in the four inner

- _ _ _ _ _ - - - _ - _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ . _ __ __
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crosshead tendons. Because of interferences, the inner crosshead
tendons are not readily accessible for detensioning. The four
outer crosshead tendons could be detensioned and represent a loss
of approximately 22% in the crosshead prestressing.

The last test on Model 2 included in the answer to Question V.5,
Attachment A. Amendment No. 5 was the overpressure test to 1500 psig
(2.13 RP). At the completion of the 1500 psig overpressure test, the
vessel was pressurized to its NWP = 585 psig and maintained for a period
of time at ambient temperature. When the detensioning tests were initiated,
the vessel had been under 585 psig sustained oressure for approximately
5 months.

-

Detensioning of the tendons was accomplished by rejacking and releasing
the residual tendon force. The sequence of detensioning was as follows:
4 crosshead tendons, 1 circumferential tendon, and 4 vertical tendons. The
specified tendons detensioned were in a region of the vessel where strain
gages in the concrete and the liner were located. The four outer crosshead
tendons were located in the bottom head, the circumferential tendon was
approximately at the level of the bottom inner crosshead tendon anchor and
the four adjacent vertical tendons were located between pilasters in the
same face where the crosshead tendons were located. Strain and load measure-
ments were made before and after each tendon was detensioned. Sensor
measurements were also taken when the vessel was pressurized to RP = 705
psig, which was done prior to detensioning any tendon and after each group
of tendons (i.e., all crosshead tendons) was completely detensioned.
Af ter all 9 tendons were fully detensioned, the vessel was subjected to a
48-hr pressure hold test at 705 psig. With the completion of the hold test,
the vessel was depressurized and the tendons were retensioned to approximately
their residual force prior to detensioning. The 585 psig sustained pressure
test at ambient temperature was resumed thereafter.

Data obtained during the detensioning tests have not been fully
evaluated. A sampling of concrete and reinforcing steel strains in the
vicinity of the detensioned region at various states of detensioning is
given in Table V.S.3. No large strain changes were observed. Detensioning
of the 4 vertical tendons caused the major strain increases. Strain
reduction was observed in the inner midplane in the circumferential direc-
tion (see gages SR 413 and SR 407) af ter two additional vertical tendons
were detensioned, while a strain increase was observed in the outer
midplane (see gage SR 823). It appears that bending of the vessel wall is
occurring over the region where the vertical prestressing has been drasti-
cally reduced by detensioning. Visual examination of the vessel exterior
surface during the pressure tests showed no appreciable opening of concrete
cracks which had been formed during the previous overpressure tests.
Tendon leads eenitored by load cells showed little load increases during
various stages of detensioning. The major load increase over the residual
prestress force was approximately 3600 lb for the circumferential tendons

,
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near midplane when the vessel was pressurized to 705 psig with all 9
tendons fully detensioned. This compares with a load increase of about
1400 lb at 705 psig pressure prior to detensioning. The residual
prestressing force of the circumferential tendons at midplane is approxi-
mately 120,000 lb.

During the 48-hr hold test at 705 psig pressure with all 9 tendons
fully detensioned, the vessel behavior was stable. Lead cells being
monitored during the pressure hold test indicated random load changes with
a maximum load increase of about 3%.

_ - _ _ _ _ - _ _ - . _ - _ _ _ _ _ _ .
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Table V.S.3

SAMPLING OF CONCRETE AND REBAR STRAINS IN THE VICINITY OF
DETENSIONED REGION AT VARIOUS STAGES OF DETENSIONING

bdodC| $(

Strain Due to 705 psig Pressure
Gage Gage At Stages of Detensioning* (uin/in)

No. Location Orient.
1 2 3 4 5

SR 823 Outer Midplane Circumf. 240 243 259 278 284
At Thin-wall Sect.

SR 894 Outer Midplane Vert. 97 91 85 102 124
At Thin-wall Sect.

.

SR 413 Inner Midplane Circumf. 180 193 219 237 222
At Thin-wall Sect.

SR 895 Adjacent to circumf. Vert. 136 124 139 191 252
Tendon Detensioned

SR 820 Adjacent to circumf. Circumf. 228 230 244 276 296
Tendon Detensioned

SR 896 Near Detensioned Vert. 27 28 21 26 26
Crosshead Tendon
Anchor Area

SR 407 Inner Midplane Circumf. 215 229 237 274 230
At Pilaster Sect.

SR 873 Outer Midplane Vert. 139 144 137 171 218
At Pilaster Sect.

SR 881 Inner Bottom Haunch Vert. 167 171 178 203 237

Junction at Filaster
Sect.

ER 851 Inner Bottom Haunch Vert. 161 167 167 205 253
Junction at Pilaster
Sect.

,

* Notes: 1. Prior to tendon detensioning
2. Four tendens detensioned (outer bottom crosshead tendons)
3. Five tendons detensioned (4 crosshead and 1 circumferential

tendons)
4 Seven tendons detensioned (4 crosshead, 1 circumferential

and 2 vertical tendons)
5. Nine tendons detensioned (4 crosshead, 1 circumferential

and 4 vertical tendons)

- _ _ _ - _ _ _
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o February 14, 1985

Fort St. Vrain
Unit No. 1

.
P-85053 .3

Re;ional Administrator
Region IV
Nuclear Regulatory Commission
611 Ryan Plaza Drive, Suite 1000
Arlington, Texas 76011

Atttntion: Mr. E. H. Johnson

SUBJECT: FSV - Tendon Requirements
Based on Safety Consideration

Dear Mr. Johnson:

Enclosed is a copy of GA Technologies' analysis entitled "FSV -
Tendtn Requirements Based on Safety Consideration." This analysis
determines the number of tendons required to prevent a breach of the

} PCRV liner at various PCRV cavity pressures.

Pleasi be aware that this analysis was contracted and performed well
in ad 'ance of our January 15, 1985 meeting in Arlington, Texas and
has bien under final review by PSC. Although this analysis was
compitted prior to receiving your questions in this area, we believe
that it does serve to establish the design margins of the
prestressing system.

If you have any questions, please contact Mr. M. H. Holmes at (303)
571-84119.

Very truly yours,

blY fYwe
D. W. Warembourg
Manager, Nuclear
Engineering Division

DW/MJF/ksc

atta chmen t' RaveAww (;Yg ) f ~& s/, .y/p

_gcarAxsoFil-

,
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .-
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1. SUMMARI

The minimum numbers of tendons required for safely supporting the core
cavity pressure of 845 psig (Reference Pressure, RP) and 1268 psig (1.5 RP)
without breaching the liner of the Fort St. Vrain PCRV have been determined

for: 1) circumferential tendons in the PCRV wall and 2) crosshead and circum-
ferential tendons in the heads of the PCRV. Hand calculations based on the
concept of ultimate load analysis are used. No calculation is performed for
the vertical tendons in this study. Per Ref. 1, the PCRV can resist up to 1515
psig cavity pressure with only the rebars acting, i.e., without reliance on any
vertical prestress.

The results are given in Table 1 and Figs. 1 and 2. These results indicate
that the core cavity pressure of 1.0 RP can be safely resisted with consider-
ably less number of tendons than is actually provided. With 1.5 RP, the number
of head tendons required is still less than that actually provided. The dif-
ference, however, is small if no vertical tendons exist as assumed in the
analysis. Existence of vertical tendens will require less number of head
tendons to resist 1.0 and 1.5 RP.

The procedure used in the study is described in the following sections.
Detailed calculations are given in the appendices.

2. MATERIAL PROPERTIES

Material properties used in this analysis are (Ref.1):

Concrete:

Ccmpressive strength f'e - 6000 psi

Liner:

Material - SA 537, Or. B

Yield strength fsy = 60,000 psi (at 0.2% offset)

Tensile strength t's - 80,000 psi (Ref. 2),

Failure strain c' = 18% (Ref. 2)
6

Modulus of elasticity E = 29 x 10 psi

.

Page 3
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Tendon Wires:

Tensile strength f'3 240,000 psi

Yield strength f37 - 204,000 psi (at 15 strain)
Failure strain c' = 45

6
Modulus of elasticity E = 27 x 10 psi

Rebars:

Material = A432

Tensile strength f'3 - 90,000 psi

Yield strength T3y = 60,000 psi

Failure strain c' = 7%
6

Modulus of elasticity E = 29 x 10 psi

3 DEFINITION OF NUMBERS OF TENDONS

The Fort St. Vrain PCRV has, in addition to 90 vertical tendons with 169
1/4-in. diameter wires each, 210 circumferential tendons with 152 1/4-in.
diameter wires each, 100 circumferential tendens with 169 1/4-in. diameter
wires each, and 48 crosshead tendons with 169 1/4-in. diameter wires each.

All 210 152-wire circumferential tendons are in the barrel section. Of the
100 169-wire circumferential tendons, 34 are in the top head (the top 15'-6"
section), 34 in the bottom head (the bottom 15'-6" section), and 16 each in the
barrel sections adjacent to the top and bottom heads. Each head has 24 cross-
head tendons.

All circumferential tendons are 1800 tendons rather than full circle
tendons (see Fig. E.15-2, Ref. 1). Because of the arrangement of these

0tendons, of the 18 circumferential (180 ) tendons in a typical five-foot high
wall section, a minimum of 12 pass any cross section. Hence 18 actual circum-
ferential tendons provide 12 " effective" circumferential tendons. Similarly in
the top or bottom head, 34 actual circumferential tendons provide 22 effective
circumferential tendons.

The following definitions are used in this report:
,

Page 4
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Nb = Number of effective circumferential tendons in a 5-foot high wall
section (12 in existence).

Ne = Number of effective circumferential tendons in the top or bottom head
(22 in existence).

Nx = Nu=ber of crosshead tendons in the top or bottom head (24 in
existence).

.

It is assumed that there is no broken wire in any tendon and that the
required tendons in each group are uniformly distributed.

4 CIRCUMFERENTIAL TENDONS IN PCRV WALL

For the determination of the required number of circumferential tendons in
the PCRV wall a typical five-foot high wall section was considered. It is
assu=ed that ultimate conditions are reached at 1.0 RP or 1.5 RP for the
purpose of this analysis. The core cavity liner is anchored to the concrete by
means of studs welded to the liner and embedded in the concrete. The stud
spacings are 7-1/2 in. in both circumferential and axial directions. It is
assumed that, at ulti ate, radial concrete cracks would develop at stud anchor
locations and that resistance to the core cavity pressure is provided by the
steel ele =ents acting as multiple structural rings. The steel elements include
the liner, and circu=ferential tendons and rebars at various radial locations.
With the liner and rebar cross-sectional areas known, the nu Der of tendons
required to provide a total pressure resistance capacity for the core cavity
pressure of 1.0 RP or 1.5 RP, and meeting the selected 11=it criteria can be
determined from equilibrium and strain compatibility.

The tenden prestress loss at end of life is assumed to be 13.55 (Ref. 1),
and the friction loss is assumed to be 11.55 (Ref. 3) in these calculations.

Two limit criteria are used in this case:

1) Liner stress = 0.9 fsy.

Tendon stresses 5 f'3, and

Rebar stresses 5 f'3

2) Maximum tendon stress = t'3,

Liner stress < f'3, and

Rebar stresses 5 f s

Page 5

s



..

JA TECHNOL0GIES 1 C.

TITLE: FSV - TENDON REQUIREMENTS BASED ON SAFETY CONSIDERATION

DOCUMENT NO. 907738 ISSUE NO./LTR. N/C

Obviously the first criterion is the more stringent and results in a larger
number of tendons being required. The required numbers of circumferential
tendons in the PCRV wall for the above two limit conditions are shown in
Table 1.

5. TEN 00NS IN PCRV TOP AND BOTTOM HEADS

The required number of 'crosshead and circumferential tendons in the PCRV

top and bottom heads to safely support 1.0 RP and 1.5 RP without breaching of
the liner boundary are determined by ultimate load analysis of the bottom head.

Four quasi-analytical solutions were originally used in assessing the
ultimate capacity of the Fort St. Vrain PCRV heads (Ref. 1). These are: 1)
bottom head yield line failure analysis, 2) bottom head punching shear failure
analysis, 3) bottom head concrete ligament compressive failure analysis, and 4)

; top head analysis by grid system simulation. In the case of 34 circumferential
' and 24 crosshead tendons in each head and 90 vertical tendons, the yield line

analysis provided the lowest estimate of the ultimate pressure capacity, while
the cencrete ligament compressive failure analysis proviced the highest, about
three times as high as the lowest estimate. The tcp head grid analysis
requires use of a co=puter program.

Basec on the above observations it was decided to use the yield line
failure analysis method for the ultimate load analysis in the current study,
and to check the results using the punching stress failure analysis.

The assumptions and detailed procedure used in the bottom head yield line
analysis follow those used in Ref.1. Based on an assumed number of crosshead
tendons the resultant pressure which must be resisted by the bottom head
(cavity pressure reduced by the cavity pressure equivalent of crosshead
tendons, Ref.1) is first calculated. By assuming formation of a plastic hinge
at the head-to-wall junction (signified by 0.003 in/in maximum concrete strain
and/or yielding of liner and majority of rebars in tension), and a yield line
pattern (generally radial along concrete ligaments) the unit yield line moment
equired to prevent this particular yield line mode of failure under the given
cavity pressure (1.0 RP or 1 5 RP) can be deter =ined. The number of circum-
ferential tendons required to provide an ultimate coment capacity along the
yield line which is larger than. the required unit yield line moment is then
established. The ultimate moment capacity of the bottom head is defined by the
following stress limits (Ref. 1):

.
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Mdximumrebarstress50.9f,y,
Maximum tendon stress 5 0.9 fsy, and

Maximum compressive concrete stress 5 0.85 t'c

The tendon prestress losses at end of life are assumed to be 12% for both
crosshead and circumferential tendons (Ref. 1) and the friction losses are
assumed to be 10% and 11.51, respectively for these two types of tendons (Ref.
3). The yield line failure analysis in the current study is based on the
assumption that no vertical tendons exist.

The required number of tendons based on the results of the yield line
failure analysis are shown graphically in Figs. 1 and 2.

For the punching shear failure analysis of the bottom head the failure
plane is assumed to be the one formed by the concrete liga:ents connecting the
steam generator penetrations (Ref. 1). Reference 4 provides an equation to
esti= ate the ultimate shearing strength of PCRV heads as a function of span /
depth ratio and radial prestress. Based on this equation and the number of head
tendons required as deter =ined by the yield line failure analysis, it is found
that the punching shear stress is not critical for either the 1.0 RP or the 1.5
RP cases.

6. CONCLUSIONS

The required numbers :?f circumferential tendons in the Fort St. Vrain PCRV
wall to safely support the cavity pressure of 1.0 RP and 1.5 RP are given in
Table 1. The corresponding required numbers of crosshead and circu=ferential
tendons in either too or botto: head of the PCRV, derived under a conservative
assumption of no vertical prestress, are given in Figs. 1 and 2.

Fro: Fig. 2, it appears that under 1.5 RP the per=issible reduction in the
numbers of crosshead and circumferential tendons in the heads is small if no
vertical prestressing tendons exist.
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TABLE 1

MINIMUM NUMBERS OF CIRCUMFERENTIAL TENDONS IN WALL SECTION

Number of Tencens Percentage of encons
Required (N )ll) Required (2

b

Criterion 1.0 RP(3) 1.5 RP 1.0 RP 1.5 RP

Liner Stress 5 9 42% 751;
= 0.9 fsy

Max. Tendon 3 5 25% 42%

Stress = t's(#}

(1) Number of effective tendons required per 5-foot high section. See the text
for definition of N
PercentageoftendoNscurrentlyprovidedinanyregionoftheFCRVwall.It
is assumed that the required tendons are located uniformly in the region
under consideration.
1.0 RP = 825 psig.

) The liner strain is 0.046 in./in. when the maximum tendon stress is f'3,

.
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;, public Service Company ?Cdendo'

L j, | 16805 WCR 19 1/2, Platteville, Colorado80651t

January 31, 1985
Fort St. Vrain

#1
P-85039

}dtttl., b
Regional Administrator g i n t.
Region IV
U. S. Nuclear Regulatory Commission
611 Ryan Plaza Drive, Suite 1000
Arlington, Texas 76011

Attn: Mr. E. H. Johnson

SUBJECT: Interim Fort St. Vrain
Tendon Surveillance
Program

REFERENCES: PSC Letter,
D. W. Warembourg to
E. H. Johnson
12/14/84(P-84523)

Dear Mr. Johnson:

In response to the concerns expressed by the NRC we are submitting
for your evaluation our plans for implementing an interim tendon
surveillance progra.i.

The surveillance program will be based on proposed Technical
Specification SR 5.2.2 as submitted in Reference 1 and will include
those tendons considered accessible in Reference 1.

PSC plans to implement the surveillance program based on information
gathered in our original assessment effort and your expressed
concerns for determining the present overall level of corrosion and
the current rate of corrosion.

The majority of this program has already been started as a continuing
effort following completion of tendon testing we had previously
committed to perform. The entire program will be implemented by
March 1, 1985 and will be based on an eighteen month cycle, as cited
in the submitted SRs.

Q R ||0 $ $ 7
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Tendon Surveillance specification SR 5.2.2 includes five (5) sections
which PSC plans to treat as follows during this interim period.

*

1. SAMPLE WIRES INSERTED INTO TENDONS WITH AREAS OF KNOWN
CORROSION

No action will be initiated during the interim period.
The sample wires currently in the tendons are not
necessarily in tendons with areas of known corrosion. Tbe
tendons with areas of corrosion are currently being
identified and supplies of sample wires are currently
being investigated.

2. ATMOSPHERIC SAMPLES OF TENDON TUBES

- No action will be initiated during the interim period.
Tendon caps have been removed on most tendons for
examin'ations and air, therefore, was introduced into the
tubes. The corrosion prevention system has not been
finalized as of this date and sampling of the tubes
atmosphere would provide no useful information. During
the original corrosion determination investigation the
atmospheres in 97 tubes were sampled and tested. The
results of these tests have been supplied to the NRC.

3. VISUAL EXAMINATION OF ACCESSIBLE TENDONS

During the interim period PSC will perform this section as
it was submitted to the NRC. A visual examination of at
least 5% of.the accessible ancher assemblies for the top
crosshead and circumferential tendons shall be performed.
A visual examination of at least 33P. of the accessible
ancher assemblies for the longitudinal and bottom
crosshead tendons shall be performed. This will include
re-examination of tendons with areas of known corrosion to
obtain information on the current rate of corrosion. In
addition to the required percentage of tendons, an

additional two repeat tendons will be examined to provide
for continuous monitoring of corrosion rate.
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4. TENDON LIST OFF TEST

DuringthetnterimperiodPSCwillperformthissectionas
~

it was submitted to the NRC. Lift off test of at least 5%
of the accessible top crosshead tendons and
circumferential tendons shall be performed. Lift off test
of at least 15% of the accessible longitudinal tendons and
bottom crosshead tendons shall be performed. In addition
to the required percentage of tendons, an additional two
repeat tendons will be tested to provide for continuous
monitoring of corrosion rate.

5. REPORT OF TENDON EXAMINATION RESULTS

At the end of the interim period a report will be prepared
i covering the testing done during the interim period. This'

special report will be submitted to tie NRC at that time.l
If specification SR5.2.2 is formally approved prior to the '

and of the eighteen month interim period, the special
report will be prepared indicating the status at that
time.

,

Please be aware that the Specification SR 5.2.2 submitted in
Reference 1 was a preliminary Technical Specification submittal, only
for the purpose of presenting our rational for a tendon surveillance
program.

We trust this provides the requested commitment to begin an interim
tendon surveillance program and satisfies your concerns. If there
are any further questions concerning the PCRV tendons please contact

,

me or Mr. Chuck Fuller at (303) 755-2223.i

Sincerely,
i

/
J. W. Gahm'

Manager, Nuclear Production
Fort St. Vrain Nuclear

,

Generating Station

JWG:AR/dje

- . _ _ . ___ __ ____.___. -_. _ _ _ _ _ . . _ . , _ - . . _ __ - _ : 1_. ~:_ 7 :: T '' |~',
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00 eueiicservice -
company of color de

16805 WCR 19 1/2, Platteville, Colorado 80651

June 7, 1985
Fort St. Vrain
Unit No. 1
P-85193 /d ,erstatsuttom

80:5T. T. J.

Eck"iU's.,

'5",%.*''."'-8Regional Administrator
tsstBROTtn. JRegion IV

U. S. Nuclear Regulatory Comission $'." ins. J.j.'G."'-sam611 Ryan Plaza Drive Suite 1000 E8tNso!iT itytt.t:"
Arlington, Texas 76011

E!onit.n.
Attention: Mr. Eric H. Johnson a m ma,n.

ut, o. a.

E!!Einx'"'Docket No. 50-267
' Tai."i.'-L

SUBJECT: Fort St. Vrain ,tunut (nac:

Additional Tendon ||"jyM"",,
Inspection gg i. ,g

v.s.n.a.c.
REFERENCES: 1) PSC Letter, ygg,, ,, .,-

D. W. Warembourg to
E. H. Johnson, dated
5/20/85 (P-85176)

2) I&E Information
Notice 85-10
(G-85053)

3) I&E Information
! Notice 85-10

Supplement 1 (G-85098)'

Dear Mr. Johnson:

As per Reference 1, ten of the bottom longitudinal tendon end caps
| were removed for inspection. The visual inspection consisted of
| examining the tendon end caps, prestressing anchor assembly stressing
' washer, shims, bearing plate and buttonheads for evidence of general

corrosion, concavity, water or apparent failures. The inspection
showed no evidence of concavity, cracking, water, or general

,! corrosion. No raised buttonheads were found during this inspection.
To insure that there was no cracking similar to that at Farley, five
of the anchor assemblies were magnetic particle inspected for

]' cracking. The tendons inspected were VM1, VI3, Vill, VM17, VM18,
VM22, V127, VM31, VI34 and VI38. The tendons which were subjected to
the examination were VM1, VM17, VM22, VM31 and VI34 RECEIVED

i JUN 121985, m % , _., -, -

-wwcw-
M. B. DOLPHIN
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Due to bleedout associated with liquid penetrant tests, Public
Service Company considers magnetic particle testing to be more

O sensitive for this application. The magnetic particle tests showed
no discontinuities.

During this inspection, no visible evidence of pitting was found in
the tendon caps. As per Reference 3, a galvanic cell was established
at Farley between their galvanized caps and the stressing washers.
The zinc in Farley's prestressing system was essential in the
establishment of the galvanic cell, which resulted in stressing
washer failure. Since we have no zinc coated components associated
with our prestressing system and based on all previous inspections to
date, it is Public Service Company of Colorado's conclusion that Fort
St. Vrain is not susceptible nor exhibiting evidence of zine related
galvanic cell corrosion.

If you have any further questions, please do not hesitate to contact
Mr. M. H. Holmes at (303) 571-8409.

Very truly yours,

A0. ?Y Mw/
D. W. Warembourg,
Manager, Nuclear EngineeringO Division

* Ref. Corrosion Engineering by
Fontana/Greene, 1978.

DWW/MJF/ksc

Attachments

Reviewed by,
. . ,

O
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March 5, 1985
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Revised Tendon Surveillance ."4aoeMu.s...
Program -

REFERENCES: 1) P-85039, Gahm to Johnson,
dated January 31, 1985

2) P-84523, Warembourg to
Johnson, dated
December 14, 1984

Cear Mr. Johnson:

As a result of our porposal for a PCRV tendon surveillance program
presented at the February 20-22,1985 site meetings and subsequent
telephone conversations, we are transmitting herewith our written
description of this program.

The basis for our proposal is as follcws:

A. Surveillance Frecuency and Tendon Poculation

Our original interim surveillance program as proposed by
P-85039, established an 18 month frecuency for the visual
inspection and liftoff test programs. While it is felt that this
program would provide adequate monitoring of the prestressing
system, we recognize that the present data base is not sufficient
to define a corrosion rate. Based on present inf ormation, the
corrosion rate appears to be relatively slow, but we feel it is
necessary to develop a more sufficient data base. On this basis
we have proposed the accelerated inspection / testing program for
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the next three (3) year period or until such time that effective.

corrosion control is established. The program changes the
previously proposed 18 month frequency for visual inspection to a
six (6) month frequency. The proposed program also establishes a
larger control group of tendons to pennit a better assessment of
corrosion rate.

.

The liftoff frequency for the new tendon population remains
the same as previcusly proposed; however, a control group has
been established to provide a liftoff assessment every six (6)
months for tencons in this group.

This substantial increase in the surveillance program
together with a very high percentage of tendons that we have
already inspected / tested provides the necessary assurance that
PCRV prestressing system is capable of performing its design
function.

B. Engineering Evaluations / Failed Wire Criteria

As indicated in the proposed surveillance program, we will
be continuously assessing the PCRV prestressing, system from an
engineering viewpoint as data is obtained in the surveillance
program. We expect the surveillance program to be continuous
over the frequency cycle specified.

Within the proposed program, we did specify a mandatory -

engineering evaluation based on > 15 *. failed wires fora

circumferential barrel tendons anH > 205 failed wires for all
-

other tendons. It should be noted that the program outlined on
February 22, 1985, during the NRC site meetings established a
general criteria of > 20% failed wires for all tendons. That
original criteria Hid not recognize the two sub-groups of
circumferential tendons, one of which is the 152-wire
circumferential barrel tendons. As a result, this surveillance
program has established a > 15% failed wire criteria for the
circumferential barrel tenHons.

3 Design Criteria DC-11-1 (FSAR, Appendix E) requires the PCRV3

k be designed to resist a cavity pressure of 2.1 RP (1775 psig) for
s Limit Condition 2 which is the governing case. The allowable
VX stress / strength limits for this condition are:

| ~ d,#y
.g .

Longitudinal tendons - Guaranteed ultimate tensile strength.-

. t[.. provided that strain compatibility is satisfied.
| N,

,Y Y Circumferential tendons in barrel - Same as above.
. y '. , 4,I +
\ ' pt" Top and bottom head tendons (circumferential and crossbead)~

' c - 0.9 fsy where fsy is the minimum guaranteed steel yield
(f strength at 1% elongation, and is equal to 204 ksi (FSAR,

Fig. 5.6-1).*

,
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' In this calculation, in order to assure the participation of rebars,
the allowable stress for the longitudinal tendons and the
circumferential tendons in the barrel section is limited to fsy.

~

The PCRV ultimate load analysis (FSAR Section 5.3.3.3 and
Appendix E, Section E.10 Figs. E.10-23 through E.10-25) indicates
that at a cavity pressure of 1775 psig the stresses in typical
tendons are still elastic as given below:

1. Longitudinal tendons: 156 ksi.
2. Circumferential tendons at barrel: 170 ksi.
3. Circumferential tendons at heads: 138 ksi.
4. Crosshead tendons = 139.5 ksi.

These tendon stresses expressed as ratios of the respective allowable
stress / strength limits are as follows:

1. Longitudinal tendons: 156/204 = 0.76
2. Circumferential tendons at barrel: 170/204 = 0.83
3. Circumferential tendons at heads: 138/(0.9 x 204) = 0.75
4. Crosshead tendons: 139.5/(0.9 x 204) = 0.76

It follows that the minimum acceptable tendon steel areas to
resist the overpressure condition expressed as ratios of original
areas specified in design are as follows:

Wire Failure
Area Permi ssabl e Evaluation

x Required Loss Criteria

* Longitudinal Tendons 76% 24% 20%j
'

Circumferential Barrel 83% 17% 15%
,

Circumferential Head 75% 25% 20%
4 ,

Crosshead, Top or Bottom 76% 2 4 ". 20%

Based on the above percentages, we established the > 15% and
> 20% wire failure criteria as a conservative point for liiandatory
engineering evaluation. The conservative rature of the criteria
is based on the following:

,
1. Although the above calculations are based on minimum

guaranteed yield strengths, they are also based on a
hypothetical reactor vessel pressure of 2.1 Reference
Pressure (1775 psig). The plant protective system
action which monitors reactor pressure, trips the
reactor at 107.5". of the normal working pressure of 688.

'

..p s i g . In addition, two redundant _saf-etpreHef varives- >'
!- provide overpressure protection with setpoints of 812 .

.osig and 832 psig respectively.

2. The criteria assumes uni form degradation of all
; tendons. This is obviously not representative of how

_ _ _ _ . __
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corrosion will proceed, and is most certainly ultra
conservative based on our inspection findings. The

.

criteria will be utilized to provide a trigger for
engineering evaluations on a tendon by tendon basis.

3. The design of the prestressing system (see FSAR
Appendix E Section E .14. 2. 5 ) permits complete
detensioning and removal of a tendon at power operation
which represents a 100% loss of wires for that tender,
when applied to the prestressing system as a whole.
Obviously an evaluation of an individual tendon using
the proposed criteria if > 15% and > 20% is
conservative.

4 The inspection findings to date do not reveal any
specific tendency for tendon corrosion on a cluster
basis. The corrosion is random in nature and there is
no ininediate concern for cluster failure of several
tendons that would result in localized PCRV concrete
tension. -

,

C. Overall Conclusion

It is our opinion that the proposed surveillance program
will provide adequate monitoring of the PCPV prestressing system
to permit assessment of the PCRV integrity on a continuous basis
to ensure the health and safety of the public.

Very truly yours,

.

L /y (Y.<u ~ 6m -[,
Don W. Warembourg
Manager Nuclear Engineering Division

CWW:pa
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CONDITIONS

l' '"
implemented, effective April 22, 3stilance Program is to be ["b a ix^
The following PCRV Tendon Sur

1985, for a period of
* 'three (3) years or until such time that effective tendon N'j~g'cy

e

corrosion control is established, whichever occurs first.

An ongoing PCRV Tendon Surveillance Program will be -

established thereafter, subject to NRC review and approval.

DEFINITIONS

For the purpose of this surveillance test, the following
definitions are applicable:

VISUAL INSPECTION: Removal of the tenden end cap and
an in-place visual examination of
the anchor assembly to include
tendon wire button heads,
anchor / bushing assembly, shims and

' bearing plates.

LIFTOFF TESTS: A physical liftoff of the tendon
to determine the load being
carried by that tendon. Liftoff
tests for tendons that have not
previously been lifted off would
include removal of the shim plates
to permit visual examination and
as necessary reapplication of
grease to the accessible areas of
the tendon. Repetitive liftoff
tests on the same tendon not in a
control group may not include
removal of shim plates for visual
examination. Liftoff tests for
tendons in designated control
grcups will include removal of
shim plates and visual
examination.

NEW TENDONS: A tendon populatien selected at
random for visual inspection or
liftoff testing over the next

|

I specified surveillance period.
Selection shall be such that the
total population of accessible
tendons in that group shall be
inspected / tested before beginning
any repeat inspections / tests.

.
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. CONTROL TENDONS: A population of tendons in each*

tendon group that will be selected
* and will remain constant for each

inspection / test surveillance
cycle. The criteria for selection
of these tendons shall be to
select those tendons which
represent conditions in which
corrosion is most pronounced
tempered by ready accessibility.
Selection must necessarily be
based on inspection data available
on or before April 15, 1985.

TENDON GROUP: Four tendon population groups
defined as

1. Circumferential-----310 ea
2. Top Cross Head------ 24 ea
3. Bottom Cross Head--- 24 ea
4. Longitudinal-------- 90 ea

.

The circumferential tendon group
consists of two subgroups
consisting of 210 Circunferential
Barrel Tendons and 100
Circumferential Head Tendons. In
terms of inspection / testing, there
will be no attempt to address
these subgroups as separate
entities in selecti'ng
inspection / test population.

NUMBER OF TENDONS: The number of tendons to be
inspected or tested shall
represent a predesignated number
of tendons in that group. With
the exception of the longitudinal
tendon group, all tendons
designated for inspection or
liftoff testing shall be inspected
or lifted off to include both end
anchor assemblies if accessible.
Longitudinal tendons will be
inspected and lifted off only from
the top end. (Inaccessible
tendons have been designated as
such in PSC letter P-84523 dated
December 14, 1984).

ENGINEERING EVALUATION: A technical evaluation based on
visual examinations, liftoff
tests, load cells and other
pertinent information to determine
tendon acceptability and PCRV
performance.

-- _ .-
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FAILED WIRES: Wires within a tendon bundle that*-

have failed as identified by"

raised button heads in the anchor*

assembly or as may have been
previously identified as failed by
visual inspection.

For tendons which are not,

accessible on both ends, it shall
be assumed that 20% of the number
of failed wires identified on the
accessible end have failed on the
inaccessible end in detennining
the total population of failed
wires.

VISUAL INSPECTION PROGRAM

Once every six (6) months visual inspection shall be
performed for the following tendon population.

Total Total Total
'

Number of Number of Number of
Tendon Groups Tendons New Tendons Control Tendons.

Circumferential 16 13 3

Top Cross Head 2 1 1

Bottom Cross Head 8 6 2
Longitudinal 30 24 6

LIFTOFF PROGRAM

Liftoff tests shall be performed on all "new" tendons once
every 18 months and on all control tendons once every six
(6) months as follows:

Total Total Total
Number of Number of Number of

Tendon Group Tendons New Tendons Control Tendens

Circumferential- 16 13 3

Top Cross Head 2 1 1

Bottom Cross Head 4 3 1

Longitudinal 15 12 3

ENGINEERING EVALUAT'ON

Engineering evaluations will be made on a centinuous basis
as the tendon. inspection / testing program progresses with
the intent of ensuring that the prestressing system is
performing its design function. Specific engineering

|
'

evaluations will be mandatory for any circumferential
barrel tendon with > 15% failed wires and for any tendon in
any of the remaining tendon groups with > 20% failed wires.

,
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