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Docket No. STN 50-48't

Mrs. Leo Drey
515 West Point Avenue
Univert,ity City, MO 63130

Doar Mrs. Drey:

I have been asked to respond w your letter dated January 28, 1991, in which
you raised several questions ry,arding the structural comp;nents of the primary
containment buildings at the Farley and Callaway facilitiet Specifically, you
were concerned with the possible degradation of the tendon ei.rhors at the
Farley and Callaway plants and the basemat concrete at Callaway.

Wit; respect to the problems associated with the tendon anchors at Farley,.

there has been no further recurrence of the problems which arose in the
eid-1980s.

As you indicated in your letter, there were a number of "honeycombod" areas
in the concrete roof of the tendon gallery which is the bottom of the 10-foot
thick, reinforced concrete foundation basemat for the Callaway containment
b.sil di ng. There were 19 such areas in the gallery roof scattered randomly in
clusters around the 450 foot circle centered on the tendon trumplates. The
honeycombed areas represented voids in the concrete which were found after the
concrete forms were stripped. The corrective action was to fill these voids
with grout. We find that this corrective action was proper.

The basic concern recording the honeycombing was whether there were internal
voids in the base mat which could not be visually determined. If extensivt
internal voids did exist, they could compromise the structural integrity of
the basemat includicg its capability to provide a structural support for the
tensioning loads in the steel tendons.

The Union Electric Company retained the services of a prisate consulting firm,
Wiss, Janney, Elstner and Associates, Inc. (WJE), which was qualified to
conduct an appropriate investigation into the possibility of internal voids
in the concrete. This work was performed in mid-July 1977 and the results
presented in a report, WJE No. 77401, dated August 1,1977.
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1 WJE concluded in this report that:

1. The concrete directly above the tendon gallery is very uniform in
composition and strength.

2. The concrete in the basemat has a high compressive strength.

3. The soniscope testing of the 44 trumplate araas which were tested
1 (i.e., a 25 percent sample) found no evidence of internal honeycombing

of the concrete.

4 Based upnn the test results, the WJE investigation indicated that'

internal honeycombing of the concrete probably did not occur in the,~

basemat of the Callaway containment building.

I have reviewed the WJE toport cited above and find that the investigation was
thorough, well executed and provides a firm basis for its conclusions.

The pre eperational test program at Callaway provided a further indication of
the structural integrity of the basemat and the containment building steel
tendons when the containment building was-subjected to an internal test pressure
of.69 psi without any adverse results. This test pressure is the design basis !
loading increased by 15 percent. A further indication of the continuing
structural integrity of the concrete basemat/ steel tendon interaction is

,

determined by the periodic structural surveillances of individual tendons in
,

accordance with the Callaway Technical Specifications. These visual and-
'

structurd1 surveillances have demonstrated that there has been no loss of
structural integrity of the tendons.

'

In response to your request for information I have enclosed a copy of the
applicable technical specifications for the prestressing steel tendons at
Callaway, Sections 3/4.6.1.6 " Containment Vessel Structural Integrity." As
noted, these were revised by Amendment No. 46 on May 24, 1989. I have also
enclosed a copy of Section 3,8.1.1.2, " Post-Tensioning System," from the
Callaway Final Safety Analysis Report which discusses the tendon system as
we'll as copies of Figures 3.8-15 and 3.8-17.

If you heve any further questions on this matter, please contact me at (301)L

492-3023.

Sincerely,

Odginal Signed By:o

|- M. D. Lynch, Senior Project Manager.
Project Directorate III-33

'

Division of Reactor Projects-Ill/IV/V
Office of Nuclear Reactor Regulation

Enclosures:
As stated- .

, .

Office: AIIN M/P III- PD/P I Za3 ADR3:0 )W

SurnamkPKreutzer MDLynch/tg- JHannon JZwolinski i

Date: eJ //) /91 & //3 /91 [/g/91 7/14/91
DOCUMENT NAME: YT910020
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* WJE conchred in this report that:-

|
,

1. The concrete directly above the tendon gallery is very uniform in
composition and strength..

2. The concrete in the basemat has a high compressive strength.

3. The soniscope testing of the 44 trumplete areas which were tested
(i.e., a 25 percent : ample) found no evidence of internal honeycombing
of the concrete.

4. Based upon the test results, the WJE investigation indicatea that
internal honeycombing of the concrete probably did not occur in the
basemat of the Callaway containment building.

I have reviewed the WJE report cited above and find that the investigation was
thorough, well executed and provides a firm basis for its conclusions.

The pre-operational test program at Callaway provided a further indication of
the structural integrity of the baseaat and the containment building steel
tendons when the containment building was subjected to an internal test pressure
of 69 psi without any adverse results. This test pressure is the design basis
loating increased by 15 percent. A further indication of the continuing
structural integrity of the concrete basemat/ steel tendon interaction is
determined by the periodic structural surveillances of f. "vidual tendons in
accordance with the Callaway Technical Specifications. ;e visual and

structural surveillances have demonstrated that there has been no loss of
structural integrity of the tendons.

In response to your request for information, I have enclosed a copy of the
applicable technical specifications for the prestressing steel tendons at
Callaway, Sections 3/4.6.1.6, " Containment Vessel Structural Integrity." As
noted, these were revised by Amendment No. 46 on May 24, 1989. I have also
enclosed a copy of Section 3.8.1.1.2, " Post-Tensioning System," from the
Callaway Final Safety Analysis Report which discusses the tendon system as
well as copies r^ Figures 3.8-15 and 3.8-17.

If you have any further questions on this matter, please contact me at (301)
492-3023.

Sincerely,

Onginal Signed Bp

M. D. Lynch, Senior Project Manager
Project Directorate III-3
Division of Reactor Projects III/IV/V
Office of Nuclear Reactor Regulatior.

Enclosurs:
As stated g/
Office .A P III-3 ' PM III- PD/P 111-3 ADR370 W
Surnam PKreutzer MOL.ynch/tg JHannon JZwolinski
Date: oJ //) /91 6 //3 /91 /g/91 y /l4/91
DOCUMENT NAME: YT910020
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CONTAINMENT SYSTEMS,.
,

CONTAINMENT VESSEL STRUCTURAL INTEGRITY

LIMITING CONDITION FOR OPERATION
>

3. 6.1. 6 The structural integrity of the containment vessel shall be maintained
at a level consistent with the acceptance criteria in Specification 4.6.1.6.

,

APPLICABILITY: MODES 1, 2, 3, and 4. *
t-

!
ACTION:

.-

a. With the abnomal degradation indicated by the conditions in I
i- Specification 4.6.1.6.la.4, restore the tendons to the required
| 1evel of integrity or verify that containment integrity is maintained |
| . within-72 hors and perform an engineering evaluation of the
' ' containment and provide a Special Report to the Comission within
L 15 days in accordance with Specification.6.9.2 or be in at least '

| HOT STANDBY within the next 6 hours and in COLD SHUTDOWN within the -1l following 30 hours.
|

b. With the indicated abnomal degradation of the structural integrity
other than ACTION a. at a level below the acceptance criteria of [/

);

Specification 4.6.1.6, restore the containment vecsel to the required \
level of integrity or verify that containment integrity is maintained -i

i

| within 15 days .and perfom an engineering evaluation t;f the containment '

and provide a Special Report to the Comission within 30 days in
accordance with Specification 6.9.2 or be in at least HOT STANDBY

;

within the next 6 hours and in COLD SHUTDOWN within the following- !30 hours. The provisions of Specification 3.0.4 are not applicable.
|

-

SURVEILLANCE REQUIREMENTS

'

4. 6.1. 6.1 Containment Vessel Tendons. The structural integrity of the pre-
stressing tendons of the containment vessel shall be demonstrated at the end
of 1.5, 3.5 and 5.5 years following the initial containment vessel structural
integrity test and at 5-year intervals thereafter. The structural integrity
of the. tendons shall be demonstrated by:

,

a. Detemining that a random but representative sample of at least 11
; tendons-(4 inverted U and 7 hoop) each have an observed lift-off
l. force within the predicted limits established for each tendon. For

,

each subsequent inspection one tendon from each group (1 inverted U l
and I hoop) shall be kept unchanged to develop a history and to '

correlate the observed data. The procedure of inspection and the
t mden ecceptance criteria shall be a: fo11cws:

*

1

*

1

CALLAWAY - UNIT 1 3/4 6-8
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00fiTAl!NEtn SYSTEMS.

.

CONTAltNEriT VESSEL STRUCTUPAL ltiTEGRITY

S.UE:LL NE RE *".': REMENTS (Continued)

1. If the measured prestressing force of the selected tendon in '

a group lies above the prescribed lower limit, the lift-off
test is considered to be a positive indication of the sample
tendon's acceptability.

2. If the measured prestressing force of the selected tendon in
a group lies between the prescribed lower limit and 90% of the
prescribed lower limit, two adjacent (accessible) tendons, one
on each side of this tendon shall be checked for their pre-
stressing forces. If the prestressing forces of these two
tendons are above 95% of the prescribed lower limits for the
tendons, all three tendons shall be restored to the required
level of integrity, and the tendon group shall be considered
as acceptable. If the measured prestressing force of any two
tendons falls below 95% of the priscribed lower limits of the
tendons, additiont lift-off testing shall be done to detect
the cause and ext r such occurrence. The condition shall
be considered as . cation of abnormal degradation of the'

containment structu. .

C- 90% of the prescribed lower limit, the defective tendon shall
3. If the measured prestressing force of any tendon lies below

be completely detensioned and additional lift-off testing
shall be done so as to detemine the cause and extent of such
occurrence. The condition shall be considered as an indica-
tion of abnonnal degradation of the containment structure.-

4. If the average of all measured prestressing forces for each
group (corrected for average condition) is found to be less
than the minimum required prestress level at the anchorage
locations for that group, the condition shall be considered
as abnonnal degradation of the containment structure.

5. If from consecutive surveillances the measured prestressing
forces for the same tendon or tendons in'a group indicate a
trend of prestress loss larger than expected and the resulting
prestressing forces will be less than the minimum required for
the group before the next scheduled surveillance, additional
lif t-off testing shall be done so as to determine the cause
and extent of such occurrence. The condition shall be
considered as an indication of abnormal degradation of the
containment structure, and

6. Unless there is abnormal degradation of the containment vessel
during the first three inspections the sample population for

g subsequent inspections snail include at least 6 tendons
(3 hoop. 3 inverted U).

CA1.LAWAY - UNIT 1 3/4 6-9 Amendment No. 46

MAY E 41989
'
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CONTAINMEh7 SYSTEMS
,

CONTAINMENT VESSEL STRUCTURAL INTEGRITY

SURVElLL ANCE REQUIREMENTS (Continued)

b. Performing tendon detensioning, inspections, and material tests on
a previously stressed tendon from each group. A randomly selected
tendon from each group shall be completely detensioned in order to
identify brokeri or damaged wires and determine that over the entire
length of the removed wire sample (which shall include the broken
wire if so identified) that:
1. The tendon wires are free of corrosion, cracks, and damage,

and

2. A minimum tensile strength of 240 ksi (guaranteed ultimate
strength of the tendon material) exists for at least three
wire samples (one from each end and one at mid-length) cut
from each removed wire.

Failure to meet the requirements of 4.6.1.6.1.b shall be considered
as an indication of abnomal degradation of the containment
structure,

c. Perfortning tendon retensioning of those tendons detensioned for
*'inspection to at least the force level recorded prior to deten-

sioning or the predicted value, whichever is greater, with the
tolerance within minur zero to plus 6%, but not to exceed 70% of
the guaranteed ultimate tensile strength of the tendons. During
retensioning of these tendons the changes in load and elongation
shall be measured simultaneously at a minimum of three approximately
equally spaced levels of force between zero and the seating force.
If the elongation corresponding to a specific load differs by more
than 10% from that recorded during the installation, an investigation
shall be made to ensure that the difference is not related to wire
failures or slip of wires in anchorages. This condition shall be
considered as an indication of abnomal degradation of the contain-
ment structure.

d. Verifying the OPERABILITY of the sheathing filler grease t:y assuring:

1. There are no changes in the presence or physical appearai.:e
of the sheathing filler-grease including the presence of free
water,

2. Amount of grease replaced does not exceed 5% of the net duct
volume, when injected at + 10% of the specified installation

_

pressure,

1'

CALLAWAY - UNIT 1 3/4 6-10 Amendment No. 46 i

W 2 41989
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CONTAINMENT SYSTEMS

,

CONTAINMENT VESSEL STRUCTURAL INTEGRITY

SU:".'E'LLWE REOUIREVETS /C~ %ued
._

3. Minimum grease coverage exists for the diffe-ent parts of the
;

anchorage system,
i

4. During general visual examination of the containment exterior
surface, that grease leakage that could affect containment
integrit/ is not present, and

5. The chemical properties of the filler material are within the
tolerance limits specified as follows:

Water Content 0-10% by dry weight
Chlorides 0-10 ppm
Nitrates 0-10 ppm
Sulfides 0-10 ppm
Reserved Alkalinity >0

Failure to meet the requirements of 4.6.1.6.1.d shall b3 considered
as an indication of abnomal degradation of the containment
structure.

(.- 4.6.1.6.2 End Anchorages and Adjacent Concrete Surfaces. As an assurance of''

the structural integrity of the containment vesse', tendon anchorage assembly
hardware (such as bearing plates, stressing washers, wedges, and buttonheads)
of all tendons selected for inspection shall be visually examined. Tendon
anchorages selected for inspection shall be visually examined to the extent
practical without dismantling the load bearing components of the anchorages.

Bottom grease caps of all vertical tenoons shall be vislJally inspected to
detect grease leakage or grease cap deformations. The surrounding concrete
shall also be checked visually for indication of any abnomal condition. The
frequency of this surveillance shall be in accordance with 4.6.1.6.1. Signif-
icant grease leakage, grease cap deformation or abnomal concrete condition
shall be considered as an indication of abnormal degradation of the containment
structure.

4.6.1.6.3 Containment Vessel Surfaces. The exterior surface of the contain-
ment shall be visually examined to detect areas of large spall, severe scaling,
D-cracking in an area of 25 sq. ft. or more, other surface deterioration or
disintegration, or grease leakage, each of which shail be considered as
evidence of abnomal degradation of structural integrity of the containment.
This inspection shall be perfomed piior to the Type A containment leakage
rate test.

(

\CAlt.AWAY - UNIT 1 3/4 6-10a Amendment No. 46 )
MAY 2 41989
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The interior of the reactor building is lined with carbon steel
plates welded together to. form a barrier which is essentially.

leak tight. A post-tensioning system is used to prestress the
cylindrical shell and dome.

.. Principal nominal dimensions of the reactor building are as
follows:

Interior diameter 140 ft
Interior height 205 ft
Height to spring line 135 ft
Base slab thickness 10 ft
cylinder wall thickness 4 ft
Dome thickness 3 ft g' /Liner plate thickness 0.25 in.

.

Internal free volume 2.5 x 108 cubic ft '" "

3.8.1.1.2 Post-Tensioning System
,

The tendon cyctem employed to post-tension the cylindrical
shell and dome of the reactor building is shown in Figure
3.0-15. The system uses unbonded tendons, each consisting of
approximately 170 one-quarter-inch-diameter high strength steel
wires and anchorage components consisting of stressing washers.
The prestressing load is transferred by cold-formed button
heads on the ends of the individual wires, through stressing
washers, to the steel bearing plates embedded in the structure.
The ultimate strength of each tendon is approximately 1,000 [''/tons. g,,

The unbonded tendons are installed in tendon ducts (sheathing)
and tensioned in a predetermined sequence. The ducts, which
form voids through the concrete between the anchorage points,
consist of galvanized, spiral-wrapped, semirigid corrugated
steel tubing. They are designed to retain their shape and
resist the construction loads. The inside diameter of the
ducts is sufficiently large to permit the installation of the
tendons with minimum difficulty. Trumpets, vhich are enlarged
ducts attached to the bearing plates, allow the wires to spread
out at the anchorage to suit washer hole spacing and facilitate
field cold formed button heading of the ends of the wires.

The tendon duct provides a;. enclosed space surrounding each
tendon. After stressing, a petroleum-based corrosion inhibitor
is pumped into the duct.

The vertical tendons consist of 86 inverted U-shaped tendons,
which extend through the full height of the cylindrical wall
over the dome and are anchored at the bottom of the base slab.
The cylinder circumferential (hoop) tendons consist of 135
tendons anchored at three buttresses equally spaced around the
outside of the reactor building. Each tendon in anchored at
buttresses located 240 degrees apart. Three adjacent tendons,

Rev. OL-0
3.8-2 6/86 |
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,

anchored at alternate buttresses, result in two complete hoop
ltendons. Refer to Figures 3.8-16 through 3.8-18 for tendon and
|

-

buttress arrangement.

Prestressing of the hemispherical dome is achieved by a two-way
pattern of the inverted U-shaped tendons and 30 hoop tendons,
which start at the springline and continue up to an approximate
45-degree vertical angle from the springline. Figure 3. 8-16
illustrates the arrangement of the tendons in the dome. |

3.8.1.1.3 Liner Plate System I

A carbon steel liner plate covers the entire inside surface of
the reactor building (excluding penetrations). The liner is

~

\-inch thick but is thickened locally around the penetrations, ;
*

,

5' large brackets, and major attachments. The liner plate, 1

including the thickened plate, is anchored to the concrete
structure. The vertical and dome liner plates are also used as
forms for concrete placement. Typical details of the liner
plate system are shown in Figures 3.8-19 through 3.8-22.

Refer to Section 3.8.2.1 for a description of the penetrations,
including the equipment and personnel access hatches, piping
penetration sleeves, electrical penetration sleeves, fuel-
transfer tube penetration sleeve, and purge line penetration
sleeves.

(' I Attachments to the liner plate which transfer loads through the
liner plate to the base slab include equipment support anchors
and reinforcing steel for the support of the internal struc-
tures. Refer to Figures 3.8-23 through 3.8-25 for typical
details.

Major structural attachments to the wall which penetrate the
liner plate include polar crane brackets, floor beam brackets,
and pipe support brackets. Refer to Figures 3.8-26 and 3.8-27
for typical details.

Major structural attachments to the dome include various pipe
} support brackets. Refer to Figure 3.8-28 for typical details.

Miscellaneous thickened plates, which form a part of the liner
plate, are provided and anchered in the concrete to provide
supports. Leak chase channels and angles are also attached at
seam welds where the welds are inaccessible to nondestructive
examination after construction. Refer to Figure 3.8-29 for
typical details for these items.

3.8.1.1.4 Shell Discontinuities

The significant discontinuities in the shell structure are at
the wall-to-base-slab connection, the buttresses, and the Inrge
penetration openings.

Rev. OL-0
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