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WATT~R ENCLOSURE
WATTSVRNUCLEAR PLANT UNITS 1 AND 2

SETTLEMENT MONITORING

Question 362.29 (2.5.4l)

The measured settlement data given in Figures Q362%.19-1 through Q362.19-5
of the FSAR is provided only up to June 1978. Provide time versus
settlement plots of up-to-date settlement data obtained for all category I
structures where settlements are being monitored. Tabulate values of the
measured maximum differential settlements and show comparisons of the
m~easured data with anticipated settlements assumed in the analysis of these
structures and their appurtenances, and evaluate the impact of any
differences between the measured and anticipated settlements on the design
and construction of these structures and appurtenances. Staff
requires that the settlement of safety related structures and appurtenances
be monitored for' a period of at least five years after the issuance of
the operating license and the impact of observed settlement, if any, on the
design limits of category I structures be evaluated periodically.

.Response

A settlement monitoring program began in October 1973, to record
structural movements during construction. The location of the settlement
stations are provided in Figures 3.8.4-~66 and -67. In general, the
monuments were read monthly until 1978, when the frequency was reduced to
quarterly for selected monuments and terminated for the rest. The recorded
settlement data are given in Tables Q362.29-3 through -6. The
differential settlement readings between rock supported structures are
provided in Table Q362.29-2. During the course of construction several
settlement stations became inaccessible (and are so labeled) either
because they'were physically buried or were impossible or extremely
difficult to reach. All accessible settlement stations were last read
during December 1981 and January 1982 when three additional surveys were
run. During each of these surveys all accessible stations were read except
for locations 55S14, -5, -6, -7, -13, -1'4, -15, and -16. These eight-were
read once -in January 1982 and again in a special survey during
February 1982. All eight are in highly congested areas and were previously
labeled as inaccessible. These stations were only accessible using
specially modified level tripods and survey rods. Six of these eight
stations are in the annulus.

During construction, several monuments were relocated for various reasons.
*Monuments 1 and 2 had associated relocated monuments 1A, 1B, and 2A. These
and their corresponding old monuments were all read- for a sufficiently long
period that they constitute essentially separate data. The diesel
generator building monuments were relocated from the inside to the outside
of the building in April 1980. In excess of 7 years data are available for
the interior monuments. Other monuments were relocated several months
after original installation and were subsequently read for periods of more
than 7 years. These are not identified by a letter, but the relocation
dates are given in the attached table and the monuments are identified as
reset. Their settlements prior to reset are small and are not carried
forward; in effect truncating several months of earlier records. This is
done for 2 reasons. First, the total duration of record (over 7 years) is
large compared to the several months truncated. Second, the magnitudes of
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the "measured settlements" at the time of reset are small and generally
less than 'the apparent random fluctuations of the data. Absolute magnitude
of error allowoed-in typical surveys of these monuments is on the order of
from 0.01 to 0.06 feet depending on the monument and length of run.
However, the actual error of closure for the surveys was generally less
than 0.01 feet.

All rock supported category I structures were designed to meet the
settlement requirements stated in the FSAR (section 2.5.14.2.2.9.2) for
total settlement of 1, to 2 inches and differential settlements Of
1 inch. The settlement of rock supported structures was not deemed to
control the design of the building. Table Q362.29-1 provides the design
settlement (total and differential), the maximum recorded settlement, and
the current settlement measurement for each rock supported structure.
The maximum recorded settlement shown in table Q362.29-.1 is-'for a single
monthly reading with both preceding and following readings indicating
smaller settlement. The current settlhment reading is the average of the
three readings from December 1981 to January 1982 unless otherwise noted.

The updated time versus settlement plots are provided in Figures Q362.29-1
and -2 for the auxiliary-control building, the diesel generator building,
and the intake pumping station.

The time versus settlement plots of the unit 1 and 2 reactor buildings of
Figures Q362.19-1 and -2 are not updated. The survey data of January and
February 198? were not used for the plots of the units 1 and 2 reactor
building because the surveyors experienced considerable difficulty in
reaching the settlement stations in the annulus. However, the current data
is presented in the table. For the unit 1 reactor building, the maximum
and minimum settlement stations were inaccessible after March 1978, and
October 1977, respectively. The unit 2 reactor building settlement
monitoring wa~s discontinued in June 1978, because the settlement stations
became inaccessible.

The measured settlements have not approached the design criteria of
1-inch of differential settlement between buildings or 1- to 2-inches of
total settlement with respect to the surrounding a rea. In general the
maximum settlement of rock-supported structures had occurred by 1977, and
thereafter the settlements have been stable. The maximum settlement of
0.056 feet was recorded April 1980. The maximum differential
settlement of 0.038 feet between the reactor building unit 1 and the
auxiliary building was recorded August 3, 1977. The measured differential
settlement of .060 feet, August 1977, between settlement stations (SS) 18
and 23 was judged to be a measurement error for three reasons. First the
differential settlements one month before and after were recorded to be
.018 feet and 0.0214 feet respectively, second the latest reading between
SS18 and SS23 was recorded to be .023 feet of differential settlement, and
third the maximum settlement recorded a year before and after the error was
.036 feet between SS18 and SS23.
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The settlement monitoring of the soil supported category I structures
include the diesel generator building and the waste packaging area.
Table Q362.29-,]provides the design settlement (total and differential),
the maximum recorded settlement, and the current settlement measurement for
these structures. The diesel generator building is founded on compacted
1032 crushed stone (an engineered granular fill) underlain by basal gravel
and bedrock. This foundation was deemed to have negligible settlement or
differential settlement. The diesel generator building as laid out
and designed is not controlled by settlement. The connections were
designed to allow for a differential settlement of 3 inches for the ERCW
piping, 3/4 inches for OZ expansion/deflection fitting (on electrical
conduits), and 1 inch between the cable trays and rigid conduits in conduit
banks (electrical conduits).

The design of the waste packaging area was similar to that of the diesel
generator building. The settlement of the building was taken into account
when designing the connections between, the buildings. The waste packaging
area does not have connecting ERCW pipes, other category I pipes, or
category I electrical conduits. The waste packaging area was designed for
1-inch of differential settlement between the auxiliary building and
itself.

We have fulfilled our commitment of monitoring rock supported structures
since the structure loading is essentially complete on all rock supported
buildings, and all the total and differential settlements are-well within
the design criteria allowables. Settlement readings will no longer be
reported forarock supported structures.

Based on our evaluation, the total and differential settlements are not
significant; there are no adverse trends being exhibited; there has been no
adverse structural performance; and there are no anticipated structural
problems from the settlement of category I structures.

However, the design 1-inch differential settlement between adjacent rock-
supported structures was not incorporated into the design of piping and
electrical components passing between adjacent rock-supported structures.
The affected items pass between the unit 1 reactor building and auxiliary
building and between the unit 2 reactor building and the auxiliary
building. TVA is presently evaluating this problem and will provide-
the design differential settlements for piping and electrical components
to the NRC by April 1, 1982 in the form of revised FSAR material.



TABLE Q362.29-1

SETTLEMENT MONITORING PROGRAM OF CATEGORY I STRUCTURES

Design
Foundation Total

Structure Material Settlement

Design
Differential
Settlement

Maximum
Measured

Total
Settlement
(inches)

Updated
Measured

Total Settlement
Date Settlement Date Station

(inches)

Unit 1 R.B.

Unit 2 R.B.

Aux. & Control
Building

Intake Pumping
Station

Dies
Buil

Wast
Area

Rock

Rock

Rock

to 2 inches

to 2 inches

to 2 inches

Rock 1 to 2 inches

1 inch

1 Inch

1 inch

1 inch

0.60

0.37

0.67

0.38

8-03-77

8-03-77

4-29-80

2-2-79

0.55(0)

0.35(0)

0.55(2)

0.13
(3 )

2-12-82

2-12-82

2-12-82

3el Generator Compacted NEGLIGIBLE NEGLIGIBLE 0.59 4-10-81 0.53 t&5b ) 1_
ding Granular

Backfill
on In Situ
Gravel
on Rock

.e Packaging Compacted NEGLIGIBLE NEGLIGIBLE 0.52 4-28-80 0.48 (4 )  1-
Granular
Backfill
on Rock

(1)Average of two readings from January 27, 1982, and February 12, 1982; difficult conditions.

(2)Average of four rea'dings from December 22, 1981; January 18, 1982; January 27, 1982; and

February 12, 1982.

(3)Single reading on April 23, 1980.

(4)Average of three readings from December 22, 1981; January 18, 1982; and January 27, 1982.

(5)Corrected to reset value on April 10, 1981.

29-82

27-82

SS-13

SS-7

SS-10

SS-3A

SS-1

SS-45

0o

gl •



TABLE 362.29-2

DIFFERENTIAL SETTLEMENT BETWEEN ROCK SUPPORTED STRUCTURES

Initial Reading
Settlement Elevation
Station Date (Feet)

Maximum Differential Settlement
Elevation S A S

Date (Feet) (Feet) (Feet)

Most Recent Differential Settlement
Elevation S AS

Date (Feet) (Feet) (Feet)

Auxiliary Control Building
and Turbine Building

Settlement Stations
(The turbine building is
noncategory I.)

Reactor Building Unit 1

and Auxiliary Building
Settlement Stations

Reactor Building Unit 2
and Auxiliary Building
Settlement Stations

SS20 10-17-74 693.972
SS21 10-17-74 710.006

SS19 08-18-75 694.027
SS22 08-18-75 709.999

SS18 09-16-74 694.032
SS23 09-16-74 769.840

SS15 01-14-76 704.764
SS16 01-14-76" 728.980

SS12 07-14-76 728.995
SS13 07-14-76 704.787

SS4 01-14-76 729.033
SS5 01-14-76 705.284

SS7 07-14-76 705.336
SS8 07-14-76 729.034

04-25-80 693.975 +0.003
04-25-80 709.978 -0.028

0.031 01-22-82 693.968(0) -0.004
01-22-82 709.981(1) -0.025

(1)
08-04-78 694.042 +0.015 0.008 01-22-82 694.032 +0.005
08-04-78 710.006 +0.007 01-22-82 710.003(1) +0.004

06-11-76 694.022
06-11-76 709.867

08-03-77 704.726
08-03-77 728.980

01-12-77 728.991
01-12-77 704.770

07-14-76 729.031
07-14-76 705.311

12-09-76 705.300
12-09-76 729.026

-0.010
+0.027

-0.038
0.000

-0.004
-0.017

-0.002
+0.027

-0.036
-0.008

0.037* 01-22-82 694 031(1) -0.001
01-22-82 709.860o l) +0.020

0.038 02-12-82 704.732(2) -0.032
02-12-82 728.949(2) -0.031

0.013 03-03-78 728.982(3) -0.013
03-03-78 704.771 (3 ) -O.O16

0.029 02-12-82 728 994(2) -0.039
02-12-82 705:265(2) -0.019

0.028 02-12-82 705.296(2) -0.040
02-12-82 729.009 ( 4 ) -0.025

0.021

0.001

0.021

0.001

0.003

0.020

0.015 to

*This is the second highest differential settlement for
high in August of 1977.

SS18 and SS23, the highest is peculiarly

S:Settlement &S=Differential Settlement

l)Average of three readings from December 22, 1981, January 18, 1982, and January 27, 1982.

(2 .Average of two readings from January 27, 1982 and February 12, 1982, difficult conditions.

(4)Single reading of March 3, 1978.

•1 1 Average of four readings from December 22, 1981, January 18, 1982, January 27, 1982, and

February 12, 1982.

B61187.10
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