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1.0 Purpose

The purpose of this calculation is to analyze the UT Inspection, which have been taken of the
Drywell Vessel in the Sandbed Region for 1992, 1994, 1996, and 2006.

Specific objectives of this calculation are: ‘ '

1) Determine the 1992, 1994, 1996, and 2006 mean thlckness at each momtored location and
compare them to acceptance criteria.

2) Determine the 1992, 1994, 1996, and 2006 thinnest recorded value at each monitored location

‘ and compare them to the appropriate acceptance criteria.

3) Statistically analyze measured thicknesses from 1992, 1994, 1996, and 2006 to determme ifa
statistically significant corrosion rate exists at each location,

4) If a statistically significant corrosion rate exists, provide a conservative projection to ensure
future inspections are performed at conservative frequencies.

5) In addition this calculation will analyze the 106 UT data points collected in 1992 and again in
2006.

The conclusion of this caleuletioo pertaios to the Sandbed Region of the Drywell Vessel located
above elevation 8’ 11 1/4”which is not embedded in concrete on both sides. '

Background

- The inspections were performed at 19 separate locations (gnds) located through-out the sandbed

region. These inspections are performed from inside the drywell and are located at an elevation that
corresponds to the sandbed region of the Drywell. These locations have been periodically inspected
over time to determine corrosion rates, At least one grid is located in each of the 10 Drywell Sandbed
Bays.

Twelve locations are each on a 6” by 6" area in which 49 separate UT readings are performed in a
grid pattern on 1” centers. The grid pattern is located in the same location each time the inspection is
performed within plus or minus 1/8 inch. Seven locations are each on a 1” by 6” area in which 7
separate UT readings are performed in a row pattern on 1” centers. The row pattern is located in the
same location each time the inspection is performed within plus or minus 1/8 inch.

The grids with 49 readings correspond to bays that experienced the most identified corrosion prior to
the repair in 1992

In 1992, following the removal of the sand and corrosion byproducts from the sandbed region, the
exterior of the Drywell Vessel was visually inspected from inside the sandbed. This inspection
identified the thinnest local points in each of the 10 sandbed bays. These thinnest locations
(approximately 115) were then UT inspected and documented with a single thickness value. These
locations do not correspond with the 19 locations that were periodically monitored from inside the

- Drywell. These locations had not been re-inspected until 2006 when 106 were located and again UT

inspected. These points were located using the 1992 NDE inspection data sheet maps. These UT
readings were originally intended to provide a comparison to the acceptance criteria.
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2. 0 Summary of Results

‘Review of the 1992, 1994, 1996, and 2006 UT inspection data for all grids show that these momtored
locations are experiencing no observable corrosion. These locations correspond to areas of the
Sandbed Region of the Drywell Vessel that were coated in 19 92 and are above the mtemal concrete
curb and floor.

This conclusion is based on statistical testing of the mean thicknesses measured in 1992,°1994, 1996,
and 2006 at each location; a point-to-point comparison of the thinnest reading measured in 2006 at
each location, and sensitivity studies which have identified the minimum s'tatistically observable rate
of corrosion that would have to be present in.order to have 95 percent confidence.

All measured mean and local thicknesses meet the established design basis criteria.
Sensitivity studies have identified the rates, which would be statistically observable given the limited

number of inspections (four since the sandbed has been coated) and the variance of the data at the
‘most critical location (19A).

Projections based on assumed corrosion rates corresponding to the calculated minimum statistically
observable rates are used to determine the required inspection frequencies to ensure that all locations
will continue to meet design basis requirements until the next scheduled inspection.

| il
. "’\.

i - Areview of the 2006 UT inspection data of 106 external locations shows all the measured local

U thicknesses meet the established design basis criteria. Comparison of this new data to the existing 19
locations used for corrosion monitoring leads to the conclusion that the 19 monitoring locations
provide a representative sample population of Drywell Vessel in the Sandbed (see section 7.3).

The term “No Observable Corrosion” is being defined as: having “No Statistically Significant Rate
of Corrosion”. The actual margins remaining have considered rates based on actual differences
between UT readings, which represent insignificant changes to shell thicknesses., However, to take a
much more conservative approach in determining acceptable mspectlon frequencies for each of the
locations, a sensitivity study has been performed to develop the minimum rate of corrosion that
would have to exist in order to conclude with a high confidence level that in fact corrosion does
exist. For the sandbed region, this approach is conservative since it includes the large standard error
associated with the pre-existing surface irregularities due to corrosion of the exterior shell prior to
1992. This minimum observable rate that is defined is not indicative of an actual corrosion rate. It
should also be noted that the results of this approach are significantly influenced by the amount of
data used, and that additional inspection will reduce the minimum observable rate. This has been
proven based on the upper drywell analysis that proved that as additional data and time were
considered the actual rate (which was less than 1 mil per year) became observable.

L wiBE
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The following table prov1des a breakdown of the locatxon with the ]east amount of margin to the ..
general criteria. : b
Table 1 _ -

. : Uniform Margin o

Locﬁl;m? 20?6 Mean ~ Criteria Delta | Remaining -

' (Inches) (Inches) (Inches) Percentage -

19A 0.8066 0.736 00706 9.6% ’,,4

Evaluation of the mean thickness values of this location measured 1992, 1994, 1996 and 2006 shows
that this location is experiencing negligible corrosion, approaching a rate of zero. However due to the -
limited amount of inspections this conclusion cannot be statistically confirmed with 95% confidence.
Therefore the next inspection of this location shall be performed prior to the date in which the ' =

minimum statistically observable rate would drive the thickness to the minimum required thickness.
-
4 ) Table 2 - The following table provndes a breakdown of the locatwns with the least amount of o
< margin to local criteria. o
_ U
2006 _ . :
. : Local . Margin ’
Locatio : Local Criteria. Delta Remaining : -
nID | Reading| » ; \IJ
| (Inches) (Inches) (Inches) Percentage '
. 17D/13 0.648 0.490 0.158 32% N
19A/4 .0.648 - 0.490 0. 158 32% ] -
Evaluation of these individual valuas measured 1992, 1994, 1996 and 2006 shows that these points
 are experiencing negligible corrosion, approaching a rate of zero. However due to the limited amount b
of inspections this conclusion cannot be statistically confirmed with 95% confidence. Therefore the
next inspéction of this location shall be performed prior to the date in which the minimum -
statistically observable rate would drive the thickness to the minimum required thickness. i
M
: ' 1
l
e

-
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2.1 Twelve Internal Locations with 49 Readings

Twelve, 49 point grid inspections have been performed in 1992, 1994, 1996 and 2006 after the
sand was removed and the coating was applied in 1992. Analysis of the mean values and the
thinnest 2006 reading at these locations indicate no observable corrosion during this period. -

L

Table 3 Compilatibn of the 49 Point Grid Means Over Time

Mean ean  [Mean .
M Thickness  [Thickness (]‘hickness boos tnifom ._
. Ibased on basedon  |based on ., . |Conclusions
‘|Location ID 1992 - hoog4 1996 [Mean riteria -
ﬁ fInspections |Inspections [Inspections
(Inches)  |(inches) (Inches) (Inches) [nches) | - A
- 9D 1.004 0.992 1.008 0.993 No observable corrosion
U - 11A 0.825 0.820 0.830 0.822 No observable corrosion
. ,,. All 0.909 0.894 0.951 0.898 . No observable corrosion
h * , Yuel Top 0.970 0.982 1042 . | 0958 No observable corrosion
Bottom 0.860 - 0.850 0.883 0.855 | No observable corrosion
U 13A 0.858 0.837 0.853 0.846 No observable corrosion
All 0.973 *0.959 0.990 0.968 No observable corrosion
- 13D| Top 1.055 1.037 1.059 1.047 No observable corrosion
h Bottom 0.906 0.895 0.933 0904 | . .| No observable corrosion
15D 1058 | 1053 1.066 | 1.053 | 0.736 | No.observable corrosion
E Ali 1.022 1.017 1.058 | ‘1.015 No observable corrosion
j 17A | Top 1.125 1.129 1.144 1.122 - No observable corrosion
y Bottom|  0.942 0934 | 0997 | 0935 No observable corrosion
L 17D 0.817 0.810 0.848 0.818 No observable corrosion
, All 0.983 0.970 0.980 0.969 No observable corrosion
1 17M9| Top | 0976 0.963 0.967 0.964 : No observable corrosion
h Bottom, 0.989 ' 0.975 0.990 0.972 No observable corrosion
. 19A 0.800 0.806 0.815 0.807 No observable corrosion
t 19B 0.840 0.824 0.837 0.847 No observable corrosion
19C 0.819 -0.820 - - 0.854 0.824 No observable corrosion

Locations that were previously split in two groups are shown for consistency with previous
calculations.

OCLR00019281




AmerGen

CALCULATION SHEET

Preparer: Pete Tamburro

|2115106

Subject:

"% | Statistical Analysis of Drywell Vessel Sandbed
Thickness Data 1992, 1994, 1996, and 2006

'CalculétionsNo.
C-1302-187-E310-041

Rev. No. | System Nos.
] 187

Sheet

7 of 55

Table 4 Compilation of the Lowest 2006 Reading in Each 49 Point Grid Over Time

fog 1992 [1994 1596 l;g’(;;es‘ Local | .
. .[Reading [Reading |[Reading . Criteria
/ Pomt’ 1Readmg ] :
(Inches) (Inches) - (Inches) (Inches) |(Inches) ‘

9D/ 15 0.763 0.770 0.776 0.751 No observable corrosion
11A/20 0.677 0677 0.668 0.669 No observable corrosion

11C/5 0.776 . NA 1.14 0.767 No observable corrosion
13A/18 0.761 0.752 0.774 0.746 No observable corrosion
13D/49 0.824 0.811 0.822 0.821 No observable corrosion
15D/42 0.980 -0.903 0.940 0.922 0.490 No observable corrosion
17A/40 0.804 0.809 0.983 - 0.802 No observable corrosion
17D/13 0.648 0.646 -0.693 0.648 No observable corrosion
17-19/35 0914 0.906 0.935 0.901 No observable corrosion

19A/4 0.659 0.650 0.680 0.648 No observable corrosion
19B/34 0.743 - 0.716 0.745 0.731 No observable corrosion
19C/21 0.650 0.666 0.771 0.660 No observable corrosion

2.2 Seven Locations With 7 Readings
Seven, 7 point grid inspections have been performed in 1994, 1996 and 2006 after the sand was
removed and the coating was applied in 1992.

Analysis of the mean ‘'values and the thinnest 2006 reading at these locations indicate no on going
corrosion during this period. This conclusion is based on the statistical “F” test of the data over

time.
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Table 5§ Compilation of the 7 Point Grid Means Over Time
Average | :
Average . Average ,
. Thickness . 3 :
Thickness Thickness Uni
R Ibased on 2006 niform .
Location (based on {based on .. . [Conclusions
: 1994 Mean [Criteria _
1D 1992 I . |1996 :
. . nspection .
Inspections Ls Inspections
(Inches) {(Inches) (Inches) (Inches) i(Inches) . o
1D 1.121 1.101 1.151 - 1.122 No observable corrosion
3D 1.182 1.184 1.175 1.180 No observable corrosion
5D 1.182 1.168 1.173 1.185 0736 No observable corrosion
o 1.137 1.136 1.138 1.133 77 | No observable corrosion
9A 1.157 1.157 1.155 1.154 No observable corrosion
13C 1.149 1.140 1.154 1.142 No observable corrosion
15A 1.133 1.114 . 1.127 1.121 No observable corrosion

Table 6 Compilation of the Lowest 2006 Reading in Each 7 Pqint Grid Over Time

b ocation 1:{992 7Y 1996 0&“‘ Local |\ .

ID/ Point eading IReadmg Reading eading riteria
. (Inches) (Inches) (Inches) (Inches) (Inches)
1D 0.889 0.879 0.881 0.881 No observable corrosion
3D/5 1.159 1.164 1.158 1.156 No observable corrosion
5D/1 1.164 1.163 1.163 1.174 , No observable corrosion
TD/5 L1 1.135 1.113 L2 | 0'499 No observable corrosion
9A77 1133 1132 1127 | 1130 [\ No observable corrosion
13C/6 1138 1.123 1.147 1.128 [ No observable corrosion
15A77 1.083. 1040 1.100 1.049 [/ No observable corrosion

Sy o
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323 Practlcal Statistics — “Mathcad Software Version 7.0 Reference Library, Published by Mathsoft,
Inc. Cambridge

3.24 AmerGen Calculation C-1302-187-E310-037, Rev. 1 Statistical Analysm of Drywell Vessel
Data.

. 3.25 AmerGen Calculation C-1302- 187 5320-024, Rev. 1 OC Drywell Ext. UT Evaluation i in
Sandbed”

4.0 Assumptlons
The statistical evaluation of the UT data to determine the corrosion rate at each location is based on
the following : assumptrons : :

o——
K3 \,

. o

4.1 Charactenzatlen of the scattering of the data over each gnd is such that the thickness
measurements are normally distributed. If the data is not normally distributed the gnd is
subdivided into normally distributed subdivisions. _ ‘

4.2 Once the distribution of data is found to be close to normal, the mean value of the data points |
is the appropriate representation of the average condition. )

4.3 A decrease in the mean value of the thiekncss over time is representative of the corrosion.

4.4 If corrosion does not exist, the mean value of the thickness will not vary with time except for
random vanatlons in the UT measurements :

4.5 If corrosion is continuing at a constant rate, the mean thickness will decrease linearly with
time. In this case, linear regression analysis can be used to fit the mean thickness values for a
given zone to a straight line as a function of time. The corrosion rate is.equal to the slope of the
line.

OCLR00019285
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- 5.0 Design Inputs:
5.1 Drywell Vessel Thickness criteria has been previously estabhshed (reference C- 1302—187 5320-

024) as follows:

1) General Uniform Thickness - 0.736 inches br greater.

2) If an area is less than 0.736” thick then that area shall be greater than 0.693 inches thick.and
shall be no larger than 6" by 6” wide. C-1302-187-5320-024 has previously dlsposmoned an area

of this magnitude in Bay 13.

3) If an area is less than 0.693" thick then that area shall be greater than 0.4
no larger then 2” in diameter. C-1302-187-5320-024 calculated an acceptance criterion of .479
inches however; this evaluation is conservatively using .490 inches, which is the original GE
acceptance criterion. In addition, this calculation applied this acceptance criteria over an area up
to 2 1/2” in diameter. Since the UT readings were taken on 1 inch centers and the transducer size

- is less than 0.5 inch these readings can be characterized as less than 2 inches in diameter. '

5.2 Seven core samples approxlmatély 2” in diameter were removed from the drywell vessel shell for
analysis (reference 3.1). In these locations replacement plugs were installed. Four of these removed
cores are in grid locations that are part of the sandbed monitoring program. Therefore the UT data

from these pomts are not included in the calculation.

" The following specific location/grid points have core bore plugs.

Bay Area Points

11A - 23, 24, 30, 31
17D 15,16,22,23
194 24,25,31,32
19C 20, 26,27, 33

53 Hxstonca] data sets for 1992, 1994, 1996, and 2006 have been collected and are provided in

attachments 1, 2, 3, and 4.

5.4 The 106 UT data for 2006 and 1992 external inspectiéns are provided in attachment 5.

0" thick and shall be

L.
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6.0 OVERALL APPROACH AND METHODOLOGY:

Ll

r

3
]

6.1 Definitions

6.1.1 A Normal Distribution has the following properties
- Characterized by a bell shaped curve centered on the mean. _
- A value of that quantity is just as hkely to lie above the mean as below it
- A value of that quantity is less hkely to occur the farther it is from the mean
- Values to one side of the mean are of the same probability as values at the same
" distance on the other side of the mean

6.1.2 Mean thickness is the mean of valid points, which are normally distributed from the most
recent UT measurements at a location.

6.1.3 Variance is the mean of the square of the dlfference between each data point value and the
mean of the population.

6.14 Stahdard Deviation is the square root of the variance.

6.1.5 Standard Error is the standardrdeviation divided by the square root of the number of data -
points. Used to measure the dispersion in the distribution.

6.1.6 Skewness measures the relative positions of the mean, medium and mode of a distribution.

In general when the skewness is close to zero, the mean, medium and mode are centered on the
distribution. The closer skewness is to zero the more symmetrical the distribution. Normal
distributions have skewness, which approach zero. Values w1th +/- 1.0 are indicative that the =
distribution is normally skewed. C

6.6 9 Kurtosis measures the heaviness of a distribution tails. A normal dlstributlon has a kurtosis,
which approaches zero. Values with +/- 1.0 indicate that the distribution i lS normal.

6.1.8 Linear Regrcssmn is a linear relationship between two variables. A lme w1th a slope and an
intercept with the vertical axis can characterize the linear relatxonshxp In ﬁns case the linear
relationship is between time (which is the mdependent variable) and corrqs:on (which is the
dependent variable). ’

6.1.9 F-Ratio is the ratio of explained variance to unexplamed vanance The mean square
regression (MSR) value prov1des an estimate of the variance explamed by regression (a line with
a slope). The mean square error (MSE) provides an estimate of the variance that is not explained
by a straight line with a slope.
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An F-Ratio of greater than 1.0 occurs when the amount of corrosion that has occurred since the
initial measurement is significant compared to the random variations, and four or more
measurements have been taken. In these cases the computed corrosion rate more accurately
reflects the actual corrosion rate, and there is a very high probability that the actual corrosion rate
is the computed corrosion rate. The greater the F-Ratio then the lower the uncertainty in the
corrosion rate (reference 3.22).

‘Where the F-Ratio of 1.0 or greater provides confidence in the historical corrosion rate, the F- -
Ratio should be 4 to 5 if the corrosion rate is to'be used to predict the thickness in the future. To -
have a high degree of confidence in the predicted thickness, the ratio should be at least 8 or 9
(reference 3.22). ‘

If the F-Ratio is less than 1 then no conclusions can be made that the means are best explained by
a line with a slope. ' -

6.1.10 Grand mean - when the F-Ratio test is less than 1.0 and/or the slope is positive this is the
grand mean of all data.

6.1.11 Corrosion Rate — With three or more data sets and the F-Ratio test greater than 1.0 thlS is
the slope of the regression line. oo

6.1.12 Upper and Lower 95%'Confidénce'lnterval — The upper and lower corrosion rate range for
which there is 95% confidence that the actual rate lies within this range.

6.2 Methodology Background

In the mid 1980’s a survey was performed of the Drywell Vessel at thé Sandbed elevation. As a
mmlmum at least one inspection location (also referred to as a grid) was selected for repeat
inspection in each of the 10 Drywell Bays and permanently marked. This became the basis for
the Dyrwell Thickness Momtormg Program in the Sandbed Region.

~UT Inspection of ]ocauons with the most thinning (known at the time) consisted of 49 mdwxdual
UT thickness readings in a 7 by 7 pattern spaced on 1 inch centers over a 6” by 6” area. These
measurements were taken using a stainless steel template. The template was designed to ensure
that the 7 by 7 grid is located in the same area with repeatability of a 1/16. The template has a
grid pattern of 49 holes on 1 inches center that are large enough to fit the UT transducer. The
sides of the template are notched to that it can be aligned w1th permanent field markings made at
each inspection location.

Forty nine evenly spaced individual readings over a 6” be 6” area were originally selected in the

- mid 1980’s based on statistical proof that a minimum number of 30 samples are necessary to
characterize a entire population (the 6 “ by 6” area) assuming the entire population is normally
distributed (ref 3.7 and 3.8).
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The program then performed UT inspections over time at these same locations. The cofrosion
rates were developed using a standard regression analysis and establishment of the 95%
confidence intervals enhanced to capture increasing variance depending on the projéction of
‘ongoing corrosion and the number of mspectlons This methodology is based on the following
references: , : ~ :

L =2 -

1) Applied Regression Analysis, Second Edition, N.R. Draper & H. Smith, John Wiley
~ and Sons 1981

2) Statistical Concept and Methods, G.K. Bhattachazyya & R.A. Johnson, John Wiley

and Sons 1977,

3) Experimental Statistics, Mary Gobbons Natrella John Wiley and Sons 1966 (Reprmt

 National Bureau of Standards Handbook 91) .

4) Fundamental Concepts in the Design of Experiments, Charles C Hicks, Saunders

* College Publishing, Fort Worth, 1982

g

6.3 The UT measurements within scope of th1s monitoring program are performed in accordance
with ref. 3.4. This specification involves taking UT measurements usmg atemplate with 49 holes

~ 1aid out on a 6” by 6" grid with 1" between centers on both axes or in 7 locations, 7 holes in one row
laid on 17 centers. All measurements are made in the same location within 1/8” (reference 3.4).

) _—

6.3 Each 49 point data set is evaluated for missing data. Invalld points are those that are declared
invalid by the UT operator or are at plug locations.

6.3 The thinnest single locatlon in each of the grids will be trended and compared to acceptance
criteria.

6.4 Data that is not normally distributed will be compared to previous calculations. In several cases

the data has shown significant wear patterns. For example the top 3 rows of grid 11C are much

thicker than the bottom 4 rows. Past calculations has sub divided these grids into thicker and thmner
‘subsets based on the patterns and determined if each subset is normally distributed. Normally
distributed subsets are then analyzed separately. In this calculation the same gnds are subdxvxded mto
subsets to ensure consistency to past calculations. In some cases (past and present) grids are not
normally distributed due a few “outlying” thmner and thicker points. In these cases the outlymg -
points are trended separately.

[ [ S

=
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6.5 Methodology

6.5.1 Test Matrix
To demonstrate the methodology a 48 member array will be generated using the Mathcad *morm®
function. This function retums an array with a probability density which is normally distributed,

where the size of the array (No DataCells)‘ the target mean (y ; input) ), and the target standard

dewatlon o mpm) are input.

The following will build a matrix of 49 points
No DataCells =49 i:=0..No DataCells™ 1 ) count =7

The array "Cells" is generated by Mathcad with the target mean (p input)‘and standard deviation -g inpﬁt)

P input = 775 O input =20 Cells i= morm(No DataCells'¥ input:® ihéut)

“Cells" is shown as a 7 by 7 matrix

766 761 766 756 741 776 773]
786 819 791 795 792 793 788
754 TI6 760 789 771 762 761
matri{Cells, ) =| 765 786 770 777 800 761 775

: 797 793 717 732 719 763 751
777 790 781 775 760 767 762
772 795 779 785 790 715 781

Show

The above test matrix will be used in sections 6.5.2 through 6.5.8
6.5.2 Mean and Standard Deviation

The actual mean and standard deviation are calculated for the matrix *Cells* by the Mathcad functlons
*mean” and "Stdev". :

Therefore for the matrix generated in section 6.5.1

M actuat =mean(Cells) a1 = Stdev(Cells)

0 actu
- W actual T 774.104 S actual = 18258

Inspection shows that the actual mean and standard deviations are not the same as the target
mean and target standard deviation which were input. This is expected since the “morm” furiction

- returns an array with a probability density which is normally distributed.
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6.5.3 Standard Error v

The Standard Error is calculated using the followmg equation (reference 3.23).
For the matrix generated in section 6.5.1

O actual '
Sandad emor FF=——=" . Standard ;= 2.578
JNO DataCelis ,
6.5.4 Skewness ‘

Skewness is calculated using the following equation (reference 3.23).

"For the matrix generated in section 6.5.1

W

(No DataCeits) 'i(ce"s‘  actual)

(No DataCells ™ l) ’ (No DataCells ™ 2) '(° attual)‘3

Skewness = .
Skewness = 0.354

A skewness value close to zero is indicative of a normal distribution (reference 3.22 and 3.23)
6.5 Kurtosis

Kurtosis is calculated using the following equation (keferqnce 3.23).
For the matrix generated in section 6.5.1

S 4

No pataCelts (NO DataCeits + 1) Z(Cells— i acpua)

Kurtosis 1=
(No DataCells ™~ ‘) -(No DataCells ™ 2),’(N° DataCells~ 3) '(° aclual)4
3-(No pataCelis™ ')2 ) :
(No patacetis— 2) (N0 pataceits— 3)

Kurtosis = 0.262

A Kurtosis value close to zero is mdlcatlve of a normal distribution (reference 3. 23)

,._
—
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6.5.6 Normal Probability Piot

~ An alternative method to determine whether a sample distribution approaches a normal distributio

is by a normal probability plo(reference 3.22 and 3.23). In'a normal plot, each data value is plottec
against what its value would be if it actually came from a normal distributibhe expected normal
values, callednormal scores, and can be estimated by first calculating the rank scores of the sorted
data. The Mathcad function "sorts" sorts the "Cells" array

j:=0.. last(Cells) srt i=sort(Cells)
Then each data point is ranked. The array "rank” captures these rarikings
| | {emmer)r
ri=j+l \sn=s j)'_'
j rankj =
Zsrt=srtj

Each rank is proportioned into the "p" array. Then based on the proportion an estimate is is
calculated for the data point. TheVan der Waerden's formula is used

rank,
y]

P rows(Cells) +.1

- The normal scores are the correspondingpth percentile pdints from the standard normal
- distribution:

x=1 N_Score s :=root[cnorm( x)— (pj) , x]

If a sample is hormally distributed, the points of the "Normal Plot" will seem to form a nearly
straight line. The plot below shows the "Normal Plot" for the matrix generated in section 6.5.1

| | T 1 T

xxx.ﬂ_ | )gg@ig . | _

-2 x ' : , ‘ A

720 740 760 780 800 820 840
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6.5.7 Upper and Lower Confidence Values

ol

The Upper and Lower confi dence values are caiculated based on .05 degree of confidence o’
(reference 3.23).

o =05 Ta :=qt[(1-.2_) 48] Ta = 2011

Therefore for the matrix generated in section 6.1

O actual

Lower 95%Con = ! actual — j {) Rt . lpwergs%con = 767.726
: :JN° DataCells S
- O actual .
Upper 9595Con *=H actual + T Upper g5g,cop = 778094
IJN° DataCells .

These values represent a range on the calculated mean in which there is 95% confidence. In other
words, if the 49 data points were collected 100 timss the calculated mean in 95 of those 100 times
would be within this range. +

6.5.8 Graphical Representation

Below is the distribution of the *Cells* matrix generated in section 6.5.1 sorted in one half standard
deviation increments (bins) within a range from minus 3 standard deviations to plus 3 standard deviations. -

Bins =Make ;.. (l‘ actual+ 0 actua!)

1
\
E
i

Distribution = hist(Bins, Cells) Distribution =

The mid points of the Bins are calculated

= : Bins, + Bins
ki=0.11 'Midpointskt"( 3 - k+1)_

} The Mathcad function pnorm calculates the normal distribution curve based on a glven mean and standard
.. ./ deviation. The actual mean and standard deviation generated in section 6.5.2 are input. The resultmg plot will
provide a representation of the normally distribution corresponding the the actual mean and standard deviation.
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normal curve = pnorm(Bmsl,p actual*® actual)

— fors : . .
normal curve, ‘= prorm(Bins ..l zeryal O actual) - pnonn(Bmsk,u actual*® actual) :

The normal curve is simply a proportion, which is multiplied by the number of *Cells* (49)

normal ., rve *=NO paacelts 1OMal cyrve

The following schematic shows: the actual distribution of the samples (the bars), the normal curve )
(solid line) based on the actual mean (p actual ) and standard deviation ¢ actual ), the kurtosis '

(Kurtosis ), the skewness ( Skewness ), the number of data points (No py,,,ceqis) @0d the the lower
and upper 95% confidénce values Lowcrgs%con,Upper 95%Co: n).

H actual = 772.91

Skewness = 0.354

O actual = 18.047 Standard

Kurtosis = 0.262

error

=2.578.

No pataCelts = 49

Distribution
1
normal

Qurve

720 740

Lower g5,cop = 767726

760

780 800 820
Midpoints ,Midpoints

840

Upper 95%Con = 778.094
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6.5.9 General Summary of Corrosion Rate Assessment Meth‘o'dology ' A

C

This methodology develops a test to assess whether the trend of the means or individual points over time
is indicative of corrosion. The statistical test consists of two parts. The first part is to determine if the
data (either the means or individual points) is well characterized by a straight line determined by using
standard linear regression modeling. The second part is a comparison of the linear regression through the
data with a line defined by a prescribed slope and intercept. The slope represents the rate corrosion, and
it is chosen to reflect acceptable limits. The intercept is determined by the thickness in 1992 (baseline) as
the sand removal. The confidence level for the test will be 95%. The tést will be referred to as the F test
Jor Corrosion. If the F test for Corrosion shows that the prescribed line for corrosion is within the 95%°
confidence bounds determined by the linear regression on the data, then a statistical projection can be
made to the year 2029.

If the F test for Corrosxon shows that the prescribed line for corrosion is not acceptable w1thm the 95%
confidence bounds determmed by the linear regression on the data, then a conservative approach will be
used, and the regression will be utilized to determine an apparent corrosion rate to estabhsh the next
inspection frequency for that location.

Two sensitivity studies will be performed. The first will determine the minimum observable corrosion

j rate that may exist in the 49 point grid, given the observed standard deviations of the averages and the

“ . number of observations, which are 4 in this case. For this analysis, location 19A was chosen since it is
the thinnest location of the 19 grids. The second study will determine the minimum observable corrosion
rate that may exist at one point within a grid, given the observed standard error for the individual points
and the number of observations, which is, again, 4 in this case. For this analysis, point 4 in grid 19A was
chosen since it is one of the two individual points, which are the thinnest out of the 19 grids.

6.5.9.1 Appropriateness of the Regression Model for Corrosion

General corrosion rates of a carbon steel plate over long periods of ume (i.e. years) can be approximated

by a straight line with a slope over time (see assumptions 4.3, 4.4 and 4 A4). TR
This assumption has been shown to be reasonable over the hfe of the monitoring, prOgram Prior to 1992
sand removal from the sandbed, the regression model was shown to accurately célculate the actual
corrosion rates (reference 3.7, 3.11 through 3.21) of the vessel in the sandbed and to prowde reliable
projections that were used to schedule the ultimate repair (the sand removal). In addmon the regression

- model has been shown to detect very small corrosion rates of less than 1 mil per year in the upper
elevations of the drywell. In this case it took up to ten inspections over an apprommate 10 years to detect
these minor rates (reference 3.2. 24). .
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6.5.9.2 "F"' Test Results for Corrosion
To illustrate a case in which the location is corroding, nine 49 point matrixes will be generated
with input means which are descending over time at a rate of 2 mils per year. This will
illustrate the case where the population is corroding at 2 mils per year with a 20 mll standard
deviation. :
The nine means, standard deviations of the iollowing simulated dates are shown below
" Dates =
1993
1995
1996.5
1997
1999.4
2002
2004
2006 : .
2008 d:=0.8 *d" is used as an Index for thé arrays
Rate =20
i inpti,td =775~ (Rate )-(Dates = Dates 0)
O input =20 Cells, i=rnorm (No DataCells *# input *® input d)
H actual , *=mean (Cells,)) © actual = Stdev (Celis )
The resulting simulated means are o , [ 1.993+10°
| 163" . 1.995¢10°
. 20964] 1.997¢10°
769.826 20.197 | . ,
773.738 ‘ 19.8 - | ' 1_997.103
' | 76708 19.57 « Dates = 1,999-103
M actual = 752.938 ' _ ) : ’ ‘
] 754346 ® actua) =| 17368 2002010
e 20.289 4
750.331 16.007 2.004=10
744?9 24.804 | 2.006010°
742.622 ’
| 20.188 | | 2.008010° |
OCLR00019296
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The following functlon simply returns the number of means INo_of

means) which will be used later

) No_,of means .=l'0WS(li actual) - _ No_of ypeans = 9

The curve fit equation and model equaﬁon is defined for the function "yhat*

yhat(x,y) i=intercept(x,y) + slope(x,y)x

The curve fit equation in which the date (Dates ) is the independent variable andvthe measured -
mean thickness of the location (g actual) is the dependent variable, is then defined as the function
“yhat". This function makes use of Mathcad function " intercept * which retums the intercept value

of the "Best Fit" curve fit and the Mathcad functlon slope " which returns the slope value of the
*Best Fit" curve fit.

. The Sum of Squared Error (SSE) is calculated as follows (reference 3.23). This is the variance between each
B ‘ actual value (mean or individual point) and what the value should be if it met the regression model.

last(Dates )

SSE:= Z (p- actuali" yhat (Dates oM actua]) i)z

i=0 SSE= 125.623

PR

" The Sum of Squared Residuals (SSR) is then calculated as follows (reference 3.23). This is the
difference between what the value should be if it met the regressnon model and what the value
should be if it met the grandmean model

fast(Dates )

ssRi= ) (shat (Dates 1 geryar), ~ mean actua,)):' SSR= 1.00510°
i=0

Degrees of freedom associated with the sum of squares for residual error.

DegreeFree o :=No_of 2

means ~
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The degrees of freedom for the sum of squares due to regression,
DegreeFr_ee reg =1

SSE

M pegresFroe oy MSE=17.519

Standard .y =4/ MSE Standard g = 2.742

error *

- . 8SR -
MsRi=— SR » .

The MSE is the variance estimate to the regression model. The MSR is an estimate for the difference
between the regression mode! and the grandmean. The ratio of the two gives a measure of how well

the data approaches a line with slope. The larger the ratio then the better the data is represented by

the regression model. For example if the MSE was very large indicating that the values significantly .
vary from the regression model, then the ratio would approach zero and the hypothesis that there is
“slope is not satisfied. Another example would be if the MSE was very small indicating that the values .
are very close to the regression model then the ratio would be very large and the hypothes:s that o
there is slope is satisfied.

F - MSR
- actaul MSE

This ratio F ,,,,,,) is then compared to the "F" Distribution with the appropriate

confidence factor. The Mathcad functiiqF computes cumulative probabilities for 4ir
distribution" with d1, d2 degrees of freedom at x confidence

Pictorially,pF(x, d1, d2) computes the area of the region shaded below:

The confidence factor is set at 95% Confidence = .95

¥
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|
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.

a :=0.05 " Feitical ™ qE(Conﬁdence.chreeFree

reg.DegreeFme ss) F critical = 5991

The "F" ratio for 95% confidence is calculated:

F actaul”

F ratio = F ratio = 10.015 : Standard

F critical A . ermor

=4.236

The *F" ratio is greater than 1.0, therefore the regression model holds for the data. The curve fit
for the nine means is best explained by a curve fit with a slope. ,

It the F ratio is less than 1.0 then no conclusions can be made wrth respect to how well the data satisfies a
line without slope

OCLR00019299




o

AmerGen LouLATia i
CALCULATION SHEET 12/15/06

Subject: = , Calculation No. | Rev.No. | SystemNos. |  Sheet

Statistical Analysis of Drywell Vessel Sandbed C-1302-187-E310-041 0 187 25 of 55

Thickness Data 1992; 1994, 1996, and 2006 » o

6.9.3 Linear Regression with 95% Confidence intervals

Using data generated in section 6.9.2 the curve fit for linear regression is calculated by the Mathcad

functions * slope * and "intercept”.

m ¢ =slope (Datgs Ji actual )

m g =2.159

The predicted curve is calculated over time where' *
" "Thick predict * is thickness (dependent variable).

Remaining PL life =23 f :=0.. Remaining Pl_life — 1

Thick predict =M g Year pregict +¥ p

Y p ‘=intercept (Dates M actual )

y p = 5.077010°

year predice * Is time (independent variable), and

year predict ] =1993 412

The 95% Confidence ("1- ¢ t") curves are caiculated as follows (reference 3.3)

a ,:=005

Thick

actualmean = mean (Dates. )

sum :=Z (Dates 4~ mean (Dates ))2
d

upper . :=Thick predict =

2

a
+ qt(l - -E-t-.No_of means = 2) Standard

1 . (year. predict .~ Thick actualmean ) '

sum

. 2
©4r predict .~ Thick ctualmean )

. ]+
error @+
lower 0= Thick predict e
1- 2! NoLof 2| -Standard ___ - 14— (y
+-1qt{l——,No_o - -standar R +
2 means eror @+

sum
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Therefore the follbwin is a plot of the curve fit of the data generated in section 6.9.2 and the Upper and
Lower 95% confidence Intervals. The Upper and Lower 95% Confidence Intervals are the two curves
shown below which bound the data points and the curve fit.

T I T T T T
101 -] : Uppér 95%
o / confidence interval
G Projected mean
Thick predict 700 -
- l'.'. upper c e :
F) Individual / mg =—2.159
lower Inspection
B means
" H actual o . ‘ B - . .
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6.9.4 Sensitivity Studies to Determine Observable Corrosion Rates

This sensitivity study will determine the minimum statistically observable corrosion rate that can exist in
the 49 points grid given the observed standard deviations of the means and the number of observations -
which in this case is 4. This will be performed by running a series of simulations based on the results

- from the grid at location 19A.

This study will peffotm 10, 100 iteration runs for varying corrosions rates of 5, 6, 7, 8, and 9 mils per
year. ' ' '

The simulation will generate 49 points arrays using the Mathcad function "morm" ‘ :
The function "norm(m, u, SD)" - returns an array of "m" random numbers generated from a normal

' dlstn"butlon with mean of "u” and a standard deviation of “SD".

Each iteration will generate 49 point arrays for the years 1992, 1994, 1996 and 2006.

The input to the 1992 array will be 49, the actual mean (800 mils) which was determined from the actual
1992, 19A data (reference appendix 10 page 10). and a standard deviation of 65 mils. This standérd -
deviation is the average of the calculated standard deviations from the 1992, 1994, 1996 and 2006 data
(see appendix 10 page 10). A simulated mean (for 1992) will then be calculated from the simulated 49
point array. ' ,

The input to the 1994 array will be 49, the value 800 minus the simulated rate (in mils per year) times 2
years (1994-1992) and a standard deviation of 65 mils. A simulated mean (for 1994) will then be '
calculated from the simulated 49 point array.

The input to the 1996 aitay will be 49, the value 800 minus the simulated rate (in mﬂs per year) times 4
years (1996-1992) and a standard deviation of 65 mils. A simulated mean (for 1996) will then be
calculated from the simulated 49 pomt array.

The input to the 2006 array will be 49, the value 800 minus the simulated rate (in mils per year) times 14
years (2006-1992) and a standard deviation of 65 mils. A simulated mean (for 2006) will then be
calculated from the 51mulated 49 point array.

The four simulated means will then be tested for corrosion based on the methodology in section 6.5.9.2.
The confidence factor for the test will be 95%. If the corrosion test is successful (the F Ratio is great

- than 1) then that iteration is considered a successful valid iteration. -

R

100 iterations will be run 10 times at each of the mput rates of 1,2,3,4, and 5 mils per year. The
resulting number of successful iterations (passes the corrosion test) will then be considered as probability .
of observing that rate given the 19A data.

For this case location 19A was chosen since it is the thinnest of the 19 grlds
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Appendix 10 shows the following data for location 19A

Year Mean Standard Deviation
. {mils) - (mils)
1992 800 586
- 1994 806 69.3
1996 815 67.3
2006 807 62.4
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7.0 Calculation

7.1 Sandbed Locations with 49 Readings

7.1.1. Bay 9 location 9D December 1992 through Oct 2006
" Refer to Appendix #1 for the complete calculation.

Four inspections have been performed at this location after the sand was removed and
coating applied in 1992. The data collected in October 2006 is normally distributed. The
mean of the 2006 data is 0.9825 inches, which meets the design basis uniform thickness
requirements of 0.736”. In order to be consistent with past calculations (ref. 3.203.21
and 3.22) this mean does not include point 15, which is thinnest point in the set.

The “F” Test results for Corrosion on the means shows as ratio of 0.029. Sensitivity
studies show that given only four inspections, a rate of 6.9 mils per year would be

observed 95 times or more out of 100 iterations (see appendix 22). Therefore the
conclusion is made that the mean rate for this location is less than the statistically

- observable rate of 6.9 mils per year. Projection based on an assumed rate of 6.9 mils per

"y

C. . €

E__

£ . ¢

year shows that this locatlon would not reach the minimum required thickness prior to the

2029.

In addition the apparent corrosion rate was determined using the regression model (even
though it does not meet the F test for Corrosion). Based on the apparent rate the
conclusion can be made that the location will not corrode to less then the minimum
required thickness prior to 2029. ' '

Point 15 is the thinnest reading of the 2006 data at 0.751 inches, which meets the design

basis local thickness requirements of 0.490”

The “F” Test result for Corrosion on point 15 shows a ratio of 0.03. Sensitivity studies
show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils
per year. Projection based on this assumed rate shows that this location would not reach

the minimum required thickness prior to the 2029.

Additional calculation shows that for this point to corrode to less than the minimum

|

required thickness by 2029 it would have to corrode at a rate of 10.8 mils per year which
is not considered credible and would be observable.

7.1.2 Bay 11 location 11A December 1992'through Oct 2006

Refer to Appendix #2 for the complete calculation.

£

.
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Four inspections have been performed at this location after the sand was removed and
coating applied in 1992. A plug lies within this location. Four points lie over the plug
(see section 5.2). Therefore points 23, 24, 30, and 31 are ehmmated from the corrosion rate
evaluanon ,

_ _ The data collected in October 2006 is normally distributed after the four points that lie
r over the plug are eliminated. The mean of the 2006 data is 0.8215 inches, which meets the
' * design basis uniform thickness requlrements of 0.736”. ,

The “F" Test for Corrosion on the means shows a ratio of 0.01. Sensitivity studies show
that given only four inspections, a rate of 6.9 mils per year would be observed 95 times or
- more out of 100 jterations (see appendix 22). Therefore the conclusion is made that the
1 mean rate for this location is less than the statistically observable rate of 6.9 mils per year. .
D Projection based on an assumed rate of 6.9 mils per year shows that this location would
not reach the minimum required thickness prior to the 2018. Additional inspection will be
required at this location prior to this year. It is expected that each added inspection will
U continue to reduce the uncertainties, which will eventually demonstrate that thlS location
s v has sufficient margm to reach the full period of operation in 2029.

h () In addition the apparent corrosion rate was determined using the regression model (even
though it does not meet the F test for Corrosion). Based on the apparent rate the

- conclusion can be made that the location will not corrode to less then the minimum

E : reqxiired thi'ckness prior to 2029.

Point 20 is the thinnest reading of the 2006 data at 0.669 inches, which meets the design
basxs local thickness requirements of 0.490”.

The “F” Test result for Corrosion on point 20 shows-a ratio of 0.09. Sensitivity studies
E; ~ show that given only four inspections, a rate of 6.9 mils per year would be observed 95
" times or more out of 100 iterations (see appendlx 22). Therefore the conclusion is made
- that the mean rate for this location is less than the statistically observable rate of 6.9 mils

- per year. Projection based on this assumed rate shows that this location would not reach
u the minimum requlred thickness prior to the 2029. ‘
| | .
- Additional calculation shows that for this pomt to corrode to less than the mlmmum
L; ' required thickness by 2029 it would have to corrode at a rate of 7.5 mils per year which is

not considered credible and would be observable.

D 7.1.3 Bay 11 location 11C December 1992 through Oct 2006
: Refer to Appendix #3 for the complete calculation.

™

P Four inspections have been performed at this location after the sand was removed and
coating applied in 1992. The data collected in October 2006 is not normally distributed
'Removal of point number 5, which is much thinner, will results in a normal distribution,
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although slightly skewed. However past calculations (ref. 3.20, 3.21, and 3.22) have split
this data and analyzed the top 3 rows and the bottom 4 row separately. This summary will
only describe the evaluation of the entire 7 rows. Appendix 3 provides the results of the
top 3 rows and the bottom 4 rows, which are consistent to the following conclusions.
Point 1 was not collected due to an obstruction with the vent attachment weld.

The mean of the 2006 data is 0.8982 inches, which meets the design basis uniform :
thickness requirements of 0.736". ‘

The “F" Test for Corrosion on the means shows a ratio of 0.02. Sensitivity studies show
‘that given only four inspections, a rate of 6.9 mils per year would be observed 95 times or

more out of 100 iterations (see appendix 22). Therefore the conclusion is made that the
mean rate for this location is less than the statistically observable rate of 6.9 mils per year.
Projection based on an assumed rate of 6.9 mils per year shows that this location would
not reach the minimum required thickness prior to the 2029.

In addition the apparent corrosion rate was determined using the regression model (even
though it does not meet the F test for Corrosion). Based on the apparent rate the
conclusion can be made that the location will not corrode to less then the minimum
required thickness prior to 2029. :

Pomt 43 was discounted from the 1992 data in the prevmus calculations (reference 3. 20,
3.21 and 3.22) since it was 4.3 sigma from the mean in 1992. This same point was
recorded as 0.860 inches in 1994, 0.917 inches in 1996 and 0.861 inches in 2006.

Therefore it was also discounted from the 1992 mean in this calculation for consistency.

Point 5 is the thmnest reading of the 2006 data at 0.767 mches which meets the design
basxs local thickness requirements of 0. 490”

- The “F” Test result for Corrosion on point 5 shows a ratio of 0.005. Sensitivity studies

show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils
per year. Projection based on this assumed rate shows that this location would not reach
the minimum required thickness prior to the 2029.

Additional calculation shows that for this point to corrode tb less than the minimum
required thickness by 2029 it would have to corrode at a rate of 11 5 mils per year which

- is not considered credible and would be observable.

7.1.4 Bay 13 location 13A December 1992 through Oct 2006

Refer to Appendix #4 for the complete calculation.
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Four mspectlons have been performed at this location after the sand was removed and
coating applied in 1992. The data collected in October 2006 is approximately normally
distributed. The Kurtosis indicates the distribution is slightly heavy around the mean.

" Point 5 is much thicker (1.046 inches) than the mean of grid. Therefore the conclusion
* was made that this distribution approaches normality.

The mean of the 2006 data is 0. 8458 inches, whlch meets the desngn basis uniform’
thickness requirements of 0.736”. o ‘

The “F” Test result for Corrosion on the means shows a ratio of 0.004. Sensitivity studies

* show that given only four inspections, a rate of 6.9 mils per year would be observed 95

times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils
per year. Projection based on an assumed rate of 6.9 mils per year shows that this location
would not reach the minimum required thickness prior to the 2020.

Additional inspection will be requued at this location pnor to this year. Itis expected that
each added inspection will continue to reduce the uncertainties, which will eventually
demonstrate that this location has sufficient margin to reach the full period of operation in
2029.

In addition the apparent corrosion rate was determined using the regression model (even

“though it does not meet the F test for Corrosion). Based on the apparent rate the

conclusion can be made that the location will not corrode to less then the nummum
required thickness prior to 2029.

The calculated 1994 mean (837mi]s) in this calculation is different than the same mean-

calculated in 1994 (827.5 mils). This is because the 1994 mean calculation eliminated _ N
four points (4, 5, 6 and 7) from in the 1994 data (reference 3.21) since they were much

thicker than the remaining 1994 data points. However the 1992 and 1996 calculation did

not eliminate the same four points even though some of the four points were thlcker then

~ the 1992 and 1996 data sets. Review of the 2006 data show that these points are also

thicker than the remaining points. Also the 2006 data with the four pomts mcluded is
normally distributed. Therefore the 1994 mean was recalculated in this calculatxon thh
the 4 points included. .

The calculated 1996 mean (853 mils) in this calculation is different than the same mean
calculated in 1996 (843.4 mils). Thorough review of the 1996 calculation ref (3.22) and
the 1996 data indicates that the correct mean for the 1996 data is actually 853 mils and
not 843.4 mils. Therefore it is concluded that the 1996 calculation mistakenly
documented this value. Therefore this calculation uses 853 mils for the 1996 mean.

* Point 19 is the thinnest reading of the 2006 data at 0. 746 inches, which meets the design

basis local thickness requirements of 0.490”.
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The “F” Test result for Corrosion on point 19 shows a ratio of 0.044. Sensitivity studies
show that given only four inspections, a rate of 6.9 mils per.year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils
per year. Projection based on this assumed rate shows that this location would not reach

the minimum required thickness prior to the 2029.

Additional calculation shows that for this point to corrode to less than the minimum
reqmred thickness by 2029 it would have to corrode at a rate of 10. 7 mils per year which
is not considered credible and would be observable.

7.1.5 Bay 13 location 13D December 1992 through Oct 2006

Refer to Appendix #5 for the complete calculation.

Four inspections have been performed at this location after the sand was removed and
coating applied in 1992. The data collected in October 2006 is normally distributed.
However past calculations (ref 3.20, 3.21, and 3.22) have split this data and analyzed the
top 3 rows"and the bottom 4 row separately. This summary will only describe the
evaluation of the entire 7 rows. Appendix 5 provides the results of the top 3 rows and the
bottom 4 rows, which are consistent to the following conclusions.

‘The mean of the 2006 data is 0.9682 jirvlc‘hes, which meets the design basis uniform
thickness requirements of 0.736".

The “F Test result for Corrosion on the means shows a ratio of 0.0005. Sensitivity
studies show that given only four inspections, a rate of 6.9 mils per year would be
observed 95 times or more out of 100 iterations (see appendix 22). Therefore the
conclusion is made that the mean rate for this location is less than the statistically
observable rate of 6.9 -mils per year. Projection based on an assumed rate of 6.9 mils per

-year shows that this location would not reach the minimum required thickness prior to the
2029.

In addition the apparent corrosion rate was determined using the regression model (even
though it does not meet the F test for Corrosion). Based on the apparent rate the
conclusion can be made that the location will not corrode to less then the minimum
required thickness prior to 2029.

Point 49 is the thinnest readmg of the 2006 data at 0. 821 mches which meets the design
basis local thickness requirements of 0.4

The “F” Test result for No Corrosion on point 49 shows a ratio of 1.64. 'Sénsitivity studies
show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22) Therefore the conclusion is made
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that the mean rate for this location is less than the statisﬁcall& obseﬁable rate of 6.9 mils
per year. Projection based on thi$ assumed rate shows that this location would not reach
the minimum required thickness prior to the 2029

: Addmonal calculation shows that for this pomt 16 corrode to less than the minimum
required thickness by 2029 it would have to corrode at a rate of 13.8 mils per year which
is not considered credlble and would be observable. '

|

_ 3

7.1.6 Bay 15 locatlon 15D December 1992 through Oct 2006
Refer to Appendix #6 for the complete calculation.

Four inspections have been performed.at this location after the sand was removed and
coating applied in 1992. The data collected in October 2006 is normally distributed. The
‘mean of the 2006 data is 1.0531 inches, which meets the de31gn basis uniform thickness
requirements of 0.736”. :

The “F” Test result for Corrosion on the means shows a ratio of 0.012. Sensitivity studies
~ show that given only four inspections, a rate of 6.9 mils per year would be observed-95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils
{ Y "~ .. per year. Projection based on an assumed rate of 6.9 mils per year shows that this location
. would not reach the minimum requxred thickness prior to the 2029..

T

In addition the apparent corrosion rate was determined using the regression model (even
though it does not meet the F test for Corrosion). Based on the apparent rate the
‘conclusion can be made that the location will not corrode to less then the minimum
reqmred thickness pnor to 2029.

Point 42 is the thinnest reading of the 2006 data at 0.922 inches, which meets the design
, ba51s local thickness requxrements of 0.490”. :

The ‘fF” Test result for Conosmn on point 42 shows a ratio of 0.02. Sensitivity studies
show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusxon 1s made
that the mean rate for this location is less than the statistically observable rate of 6 9 mils
. per year. Projection based on this assumed rate shows that this location would not reach
the minimum required thickness prior to the 2029. '

Rl = =

Additional calculanon shows that for this pomt to corrode to less than the mmlmum
- required thickness by 2029 it would have to corrode at a rate of 18 mils per year: whxch is
. not considered credible and would be observable

OCLR00019309




AmerGen

CALCULATION SHEET

Preparer: Pete Tamburro

Thickness Data 1992, 1994, 1996, and 2006

- 12/15/06
Subject: Calculation No. | Rev. No. System Nos. Sheet
Statistical Analysis of Drywell Vessel Sandbed C-1302-187-E310-041 0. . 187

350f 55

© 7.6.9 Bay 17 location 17A December 1992 through Oct 2006

Refer to Appendix #7 for the complete calculation.

'Four inspections have been performed at this location after the sand was removed and
coating applied in 1992. The data collected in October 2006 is not normally distributed.
However past calculations (ref 3.20, 3.21, and 3.22) have split this data and analyzed the
top 3 rows and the bottom 4 rows separately. These two sub sets are normally distributed.
This summary will only describe the evaluation of the entire 7 rows. Appendix 7 provides
the results of the top 3 rows and the bottom 4 rows, which are consxstent to the following

conclusions.

~ The mean of the 2006 data is 1 015 inches, whlch meets the des1gn ba31s umform
' thlckness requlrements of 0.736".

The “F” Test result for Corrosion on the means shows a ratio of 0.006. Sensitivity studies
show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils
per year. Projection based on this assumed rate shows that this locatlon would not reach

* the minimum required thickness prior to the 2029.

In addition the apparent corrosion rate was determined using the regression model (even
though it does not meet the F test for Corrosion). Based on the apparent raté the
~ conclusion can be made that the location will not corrode to less then the minimum-
required thickness prior to 2029

Point 3 was discounted from the 1996 data in the 1996 calculation (reference 3.22) since
it was significantly thinner (0.672 inches) than the remaining 1996 points. This same"
point was recorded as 1.158 inches in 1992, 1.158 inches in 1996, and 1.154 inches in
- 2006. Therefore it was discounted from the 1996 mean nin this calculation for conSistency

Point 40 is the thinnest reading of the 2006 data at 0.802 mches which meets the deSIgn
basis local thickness requirements of 0. 490"

The “F” Test result for Corrosion on point 40 shows a ratio of 0 002 Sensmvaty studies
show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically ebservable rate of 6.9 mils
per year. Projection based on this assumed rate shows that this location would not reach
the minimum required thickness prior to the 2029.
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Additional calculation shows that for this point to corrode to less than the minimum _
required thickness by 2029 it would have to corrode at a rate of 13.0 mils per year which
is not considered credible and would be observable

7.1.8 Bay 17 location 17D December 1992 through Oct 2006
Refer to Appendix #8 for the complete calculation.

Four inspections have been performed at this location after the sand was removed and
coating applied in 1992. A plug lies within this location. Four points lie over the plug
(see section 5.2). Therefore pomts 15, 16, 22, and 23 are eliminated from the corrosion rate
evaluation.

The data collected i in October 2006 is nonnally distributed after the four points that lie
over the plug are eliminated. The mean of the 2006 data is 0.8187 inches, which meets the
design basis uniform thickness requirements of 0.736”.

The calculated 1996 mean (848 mils) in this calculation is different than the same mean
_ calculated in 1996 (845 mils). Thorough review of the 1996 calculation ref (3.22) and the
1996 data indicates that the correct mean for the 1996 data, when excluding points 15, 16
22 and 23, is actually 848 mils and not 845 mils. Therefore it is concluded that the 1996
,) calculation mistakenly documented this value. Therefore this calculation uses 848 mils
T for the 1996 mean.

|

The “F”’ Test result for Corrosion on the means shows a ratio of 0.000007. Sensitivity
studies show that given only four inspections, a rate of 6.9 mils per year would be
observed 95 times or more out of 100 iterations (see appendix 22). Therefore the
conclusion is made that the mean rate for this location is less than the statistically =
observable rate of 6.9 mils per year. Projection based on this assumed rate shows that this
location would not reach the minimum required thickness prior to the 2016. Additional
inspection will be required at this location prior to this year. It is expected that each
added inspection will continue to reduce the uncertainties, which will eventually
demonstrate that this location has sufﬁcxent margm to reach the full penod of operatron in
2029. _ '

]

‘In addition the apparent corrosion rate was detenmned using the regression model (even
though it does not meet the F test for Corrosion). Based on the apparent rate the
conclusion can be made that the location will not corrode to less then the rmmmum
required thickness prior to 2029.

~ Point 14 is the thinnest reading of the 2006 data at 0.648 mches whrch meets the design
. basrs local thickness reqmrements of 0.490”.

The “F” Test result for No Corroswn on point 14 shows a ratio-of 3.3. The “F” Test result
for Corrosion on point 14 shows a ratio of 0.001. Sensitivity studies show that given only
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~ four inspections, a rate of 6.9 mils per year would be observed 95 times or more out of

100 iterations (see appendix 22). Therefore the conclusion is made that the mean rate for
this location is less than the statistically observable rate of 6.9 mils per year. Projection
based on this assumed rate shows that this individual point would not reach the minimum

‘required thickness prior to the 2016. Additional inspection will be required at this location

prior to this year. It is expected that each added inspection will continue to reduce the
uncertainties, which will eventually demonstrate that this location has sufﬁcxent margin to
reach the full period of operation in 2029.

Additional calculation shows that for this point to corrode to less than the minimum

- required thickness by 2029 it would have to corrode at a rate of 6.6 mils per year which is

not considered credible and would be observable.

7.1.9 Bay 17 location 17-19 December 1992 through Oct 2006

 Refer to Appendix #9 for the complete calculation. '

Four inspections have been performed at this location after the sand was removed and
coating applied in 1992. The data collected in October 2006 is normally distributed.
However past calculations (ref 3.20, 3.21, and 3.22) have split this data and analyzed the
top 3 rows and the bottom 4 rows separately. This summary will only describe the
evaluation of the entire 7 rows. Appendix 9 provides the results of the top 3 rows and the
bottom 4 rows, which are consistent to the following conclusions

The mean of the 2006 data is 0.969 mches which meets the design bas1s uniform
thickness requirements of 0.736”. ’

" The “F” Test result for Corrosion on the means shows a ratio of 0.068. Sensitivity studies

show that given only four inspections, a rate of 6.9 mils per year would be obsérved 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils

per year. Projection based on this assumed rate shows that this location would not reach

the minimum required thickness prior to the 2029.

In addition the apparent corrosion rate was determined using the regression model (even

_though it does not meet the F test for Corrosion). Based on the apparent rate the

conclusion can be made that the location will not corrode to less then the minimum
required thickness prior to 2029.

The calculated 1996 mean (990.14 mils) in this calculation is different that the same mean
calculated in 1996 (991.4 mils). Thorough review of the 1996 calculation ref (3.22) and
the 1996 data indicates that the correct mean for the 1996 data is actually 990.14 mils and
not 991.4 mils. Therefore it is concluded that the 1996 calculation mistakenly
documented this value. Therefore this calculation uses 990.14 mils for the 1996 mean.
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Point 35 is the thinnest reading of the 2006 data at 0.901 inches. Which meets the design
basis local thickness requirements of 0.490". .

* “The “F".Test result for Corrosion on point 35 shows a ratio of 0.02. The “F” Test result

for Corrosion on point 14 shows a ratio of 0.001. Sensitivity studies show that given only
four inspections, a rate of 6.9 mils per year would be observed 95 times or more out of

- 100 iterations (see appendix 22). Therefore the conclusion is made that the mean rate for

this location is less than the statistically observable rate of 6.9 mils per year. Projection
based on this assumed rate shows that this location would not reach the minimum

requued thlckness pnor to the 2029

- Additional calculation shows that for this point to corrode to less than the minimum

required thickness by 2029 it would have to corrode at a rate of 17 mils per year which is
not considered credible and would be observable.

7.1.10 Bay 19 location 19A December 1992 through Oct 2006

Refer to Appendlx #10 for the complete calculation.

Four inspections have been performed at thls location after the sand was removcd and
coating applied in 1992. A plug lies within this location. Four points lie over the plug
(see section 5.2). Therefore points 24, 25, 31, and 32 are eliminated from the corrosion rate
evaluation. :

The data collected in October 2006 is normally distributed after the four points that lie
over the plug are eliminated. The mean of the 2006 data is 0.8066 inches, which meets the

* design basis uniform thlckness requu'ements of 0.736". This mean is the thinnest of the
19 locations.

. Evaluation of the mean thickness values of this location measured 1992, 1994, 1996 and
12006 shows that this location is experiencing negligible corrosion, approaching a rate of

zero. However due to the limited amount of inspections this conclusion cannot be

' statistically confirmed with 95% confidence. Therefore the next inspection of this

location shall be performed prior to the date in which the minimum statistically the
statistically observable rate would drive the thickness to the rmmmum reqmred thlckness

The “F” Test result for Corrosion on the means shows a ratio of 0.004. Sensxtmty studies
show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendlx 22). Therefore the conclusxon ismade
that the mean rate for this location is less than the statistically observable rate of 6. 9 mils
per year. Projection based on this assumed rate shows that this location would not reach
the minimum required thickness prior to the 2016. Additional inspection will be requxred

at this location prior to this year. It is expected that each added inspection will continue to
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reduce the uncertainties, which will eventually demonstrate that this location has
sufficient margin to reach the full period of operation in 2029.

In addition the apparent corrosion rate was determinéd using the regression model (even
though it does not meet the F test for Corrosion). Based on the apparent rate (which
approaches zero) the conclusion can be made that the location will not corrode to less
then the minimum required thickness prior to 2029.

Point 4 is the thinnest reading of the 2006, data at 0.648 inches, which meets the des:gn
basis local thickness requirements of 0. 490",

The “F” Test result for Corrosion on point 4 shows a ratio of 0.02. Sensitivity studies

~ show that given only four inspections, a rate of 6.9 mils per year would be observed 95
~ times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made

that the mean rate for this location is less than the statistically observable rate of 6.9 mils
per year. Projection based on this assumed rate shows that this point would not reach the
minimum required thickness prior to the 2016. Additional inspection will be required at
this location prior to this year. It is expected that each added inspection will continue to
reduce the uncertainties, which will eventually demonstrate that this location has
sufficient margin to reach the full period of operation in 2029.

Additional calculation shows that for this point to corrode to less than the minimum
required thickness by 2029 it would have to corrode at a rate of 6.6 mils per year which is
not considered credible and would be observable.

7.1.11 Bay 19 location 19B December 1992 through Oct 2006

Refer to Appendix #11 for the complete calculation.

Four inspections have been performed at this location after the sand was removed and the
coating was applied in 1992. The data collected in October 2006 is normally distributed.
The mean of the 2006 data is 0.8475 inches, which meets the design basis uniform
thickness requirements of 0.736".

The “F? Test result for Corrosion on the means shows a ratio of 0.088. Sensmvnty studies
show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils
per year. Projection based on this assumed rate shows that this location would not reach
the minimum requlred thickness prior to the 2022. Additional inspection will be required
at this location prior to this year. It is expected that each added inspection will continue to
reduce the uncertainties, which will eventually demonstrate that this location has
sufficient margin to reach the full period of operation in 2029.

OCLRO0O0019314

| U

— L

RN S

| S

o L

r. . .. . T

r-

-

r



i
1
v

1

' : , : \ : Preparer: Pete Tamb
AmerGen _CALCULATION SHEET oises

 ; Subject:
Statistical Analysis of Drywell Vessel Sandbed C-1302-187-E310-041 |} 0 187 40 of 55
Thickness Data 1992, 1994, 1996, and 2006 '

Calculation N'o.-r Rev, No. | System Nos. Sﬁeet

" In addition the apparent corrosion rate was determined using the regression model (even
though it does not meet the F test for Corrosion). Based on the apparent rate the
conclusion can be made that the location will not corrode to less then the minimum
required thickness prior to 2029.

Point 34 is the thinnest readmg of the 2006 data at 0. 731 inches. Which meets the design
basis local thickness requxrements of 0.490”. -

The “F Test result for Corrosmn on point 34 shows a ratio of 0 001 Sensitivity studies
show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils
per year. Projection based on this assumed rate shows that this location would not reach
-the minimum required thickness prior to the 2029. -

Additional calculation shows that for this point to corrode to less than the minimum
reqmred thickness by 2029 it would have to corrode at a rate of 10 0 mils per year which
is not considered credible and would be observable.

7.1.12 Bay 19 location 19C December 1992 through Oct 2006

Refer to Appendix #11 for the complete calculatlon

* Four inspections have been performed at this location after the sand was removed and

coating applied in 1992. A plug lies within this location. Four points lie over the plug.
Therefore points 20, 26, 27, and 33 are eliminated from the corrosion rate evaluation (see

_ section 5.2).

The data collected in October 2006 is normally distributed after the four pointsi that lie-
over the plug are eliminated. The mean of the 2006 data is 0.8238 inches, which meets the
desxgn basis uniform thickness reqmrements of 0.736”.

‘The calculated 1996 mean (854 mils) in this calculation is dlfferent that the same mean
calculated in 1996 (848 mils). Thorough review of the 1996 ca]culatlon }ef 3. 22) and the
1996 data indicates that the correct mean for the 1996 data is actually 854 mils'and not
‘848 mils. Therefore it is concluded that the 1996 calculation’ xms{akenly ddcurnented this
value. Therefore this calculation uses 854 mils for the 1996 mean.

TP S I
|w HE AR

' The “F” Test result for Corrosion on the means shows a ratio of O 000(507 Sénsitnvxty'

studies show that given only four inspections, a rate of 6.9 mils per yeér would be

" observed 95 times or more out of 100 iterations (see appendix 22). Therefore the

conclusion is made that the mean rate for this location is less than the statistically -
observable rate of 6.9 mils per year. Projection based on this'assumed rate shows that this
location would not reach the minimum required thickness prior to the 2018. Additional
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inspection will be required at this location prior to this year. It is expected that each added
inspection will continue to reduce the uncertainties, which will eventually demonstrate
that this location has sufficient margin to reach the full period of operation in 2029.

In addition the apparent corrosion rate was determined using the regression model (even
though it does not meet the F test for Corrosion). Based on the apparent rate the
conclusion can be made that the location will not corrode to less then the minimum
required thickness prior to 2029.

Point 4 is the thinnest reading of the 2006 data at 0.660 mches “"’llCh meets the design
basis local thickness requuements of 0.4

" The “F” Test result for Corrosion on point 4 shows a ratio of 0.00007. Sensitivity studies

show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils
per year. Projection based on this assumed rate shows that this location would not reach
the minimum required thickness prior to the 2029.

Additional calculation shows that for this point to corrode to less than the minimum

. required thickness by 2029 it would have to corrode at a rate of 6.7 mils per year which is
ot considered credible and would be observable.

7.2 Sandbed Locations with 7 Readings

7.2.1 Bay 1 location 1D December 1992 through Oct 2006
Refer to Appendix #13 for the complete calculation.

Four inspections have been performed at this location after the sand was removed and -
coating applied in 1992. The data is not normally distributed. Eliminating point 1 which
is significantly thinner than the remaining points results in a distribution, which is almost
normal. This is consistent with previous data. Past calculations discounted the thinner
point and calculated a mean of the remaining 6 points. The mean of the 2006 data is
1.122 inches, which meets the design basis uniform thickness requirements of 0.736".

The “F” Test result for Corrosion on the means shows a ratio of 0.001. Sensitivity studies
show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils

. per year. Projection based on an assumed rate of 6.9 mils per vear shows that this location

would not reach the minimum required thickness prior to the 2029.
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" In addition the apparent corrosion rate was determined using the regrossion model (even

though it does not meet the F test for Corrosion). Based on the apparent rate the
conclusion can be made that the location will not corrode to less then the minimum
required thickness prior to 2029.

The 1996 calculation (ref. 3.22) also eliminated point 7 from the mean calculation since it
was significantly thinner then the values in for the same point in other years.

Point 1 is the thmnest reading of the 2006 data at 0.881 mches which meets the design

“basis local tthk]’lCSS requirements of 0. 490”

‘The “F” Test result for Corrosion on point 1 shows a ratio of 0.02. Sensitivity studies

show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils
per year. Projection based on this assumed rate shows that this location would not reach
the minimum required thickness prior to the 2029. ‘

‘Additional calculation shows that for this point to corrode to less than the minimum
required thickness by 2029 it would have to corrode at a rate of 16.3 mils per year which
is not considered credible and would be obseryable. ‘

7.22 Bay 3 location 3D December 1992 through Oct 2006

Refer to Appendix #14 for the complete calculation.

Four inspections have been performed at this location after the sand was removed and
coating applied in 1992. The data is not normally distributed. The mean of the 2006 data
is 1.18 inches. Which meets the design basis uniform thickness requirements of 0.736".

The “F" Test result for Corrosion on the means shows a ratio of 0.008. Sensitivity studies
show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils
per year. Projection based on an assumed rate of 6.9 mils per year shows that this location
would not reach the minimum required thickness prior to the 2029.

In addition the apparent corrosion rate was determined using the regression model (even

~ though it does not meet the F test for Corrosion). Based on the apparent rate the

conclusion can be made that the location will not corrode to less then the minimum -

“required thickness prior to 2029.

The calculated 1996 mean (1175 mils) in this calculation is different that the same mean
calculated in 1996 (1181 mils). This is because the 1996 mean calculation eliminated
point 5 from in the 1996 data (reference 3.22). However the 1992 and 1996 calculation
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did not eliminate this point. Review of the 2006 data shows that the point 5 value is |
within 2 sigma of the grandmean. Therefore the 1996 mean was recalculated in this

. calculanon with the point 5 included.

Point 5 is the thinnest reading of the 2006 data at 1.156 inches, which meets the design
basis local thickness requirements of 0.490”.

The “F” Test result for No Corrosion on point 5 shows a ratio of 0.08. Sensitivity studies
show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils
per year. Projection based on this assumed rate shows that this location would not reach

- . the minimum required thickness prior to the 2029.

Additional calculation shows that for this point to corrode to less than the minimum "
requn'ed thickness by 2029 it would have to corrode at a rate of 27.8 mils per year whlch
is not considered credible and would be observable.

723 Bay 5 location 5D December 1992 through Oct 2006

Refer to Appendix #15 for the complete calculation.

Four inspections have been performed at this location after the sand was removed and
coating applied in 1992. The data is not normally distributed. This is most likely due to
the low number of data points. The mean of the 2006 data is 1.185 inches, which meets
the design basis uniform thickness requirements of 0.736”.

The “F” Test result for Corrosion on the means shows a ratio of 0.048. Sensitivity studies
show that given only four inspections, a rate of 6.9 mils per year would be observed 95 -
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils
per year. Projection based on an assumed rate of 6.9 mils per year shows that this location

would not reach the minimum required thlckness prior to the 2029.

In addition the apparent corrosion rate was determined using the regression model (even
though it does not meet the F test for Corrosion). Based on the apparent rate the -

. conclusion can be made that the location will not corrode to less then the minimum

required thickness prior to 2029.

Point 1 is the thinnest reading of the 2006 data at 1.174 inches, which meets the design
basis local thickness requirements of 0.490”.

. The “F" Test for No Corrosion for point 1 shows a ratio of 0.037. The “F” test results of

the 1992, 1994, 1996 and 2006 point 1 value show an “F” ratio of 0.925, which is an
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indication that a slope might exist for this point. Review of the mdmdual readmgs for
each year shows the following values in each year.

Year Point 1 Value
' (inches)
1992 1.164
1994 1.163
1996 1.163
2006 1.174

'The variance of 10 mils between 1992 and 2006 is well within the uncertainties of the
instrumentation. The curve fit of the data indicates a slightly positive slope, which is not
credible. Therefore it is concluded that this individual location, wmch was the thinnest

_ location recorded in 2006 is not experiencing corrosion.

Sensitivity studies show that g given only four inspéctions; arate of 6.9 mils per year would

be observed 95 times or more out of 100 iterations (see appendix 22). Therefore the
conclusion is made that the mean rate for this location is less than the statistically

observable rate of 6.9 mils per year. Projection based on this assumed rate shows that this
location would not reach the minimum required thickness prior to the 2029.

Additional calculation shows that for this point to corrode to less than the minimum

requlred thickness by 2029 it would have to corrode at a rate of 28.5 mils per year which
is not considered credible and would be observable.

" 7.2.4 Bay 7 location 7D December 1992 through Oct 2006
‘Refer to Appendix #16 for the complete calculation.

Four inspections have been pérformed at this location after the sand was removed and
coating applied in 1992. The data is normally distributed. The mean of the 2006 data is
1.113 inches. Which meets the design basis uniform thickness requirements of 0.736".

 The “F” Test result for Corrosion on the means shows a ratlo of 0. 384 Sens1uv1ty studles
show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils
per year. Projection based on an assumed rate of 6.9 mils per year shows that this location

would not reach the minimum reqmred thickness prior to the 2029

In addition the apparent corrosion rate was determined using the regression model (even
though it does not meet the F test for Corrosion). Based on the apparent rate the

conclusion can be made that the location will not corrode to less then the mlmmum

required thickness prior to 2029.
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Point 5 is the thinnest reading of the 2006 data at 1.102 mches Wthh meets the design

~ basis local thickness requirements of 0.490”.

AN

The “F" Test result for Corrosion on peint 5 shows a ratio of 0.06. Sensitivity studies
show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this location is less than the statistically observable rate of 6.9 mils
per year. Projection based on this assumed rate shows that this locatlon would not reach
the minimum requvred thickness pnor to the 2029. :

Additional calculation shows that for this pointto corrode to less than the minimum
reqmred thickness by 2029 it would have to corrode at a rate of 25.5 mils per year which

18 not considered credible and would be observable.

7.2.5 Bay 9 location 9A December 1992 through Oct 2006

Refer to Appendix #17 for the complete calculation.

Four inspections have been performed at this location after the sand was removed and
coating applied in 1992. The data is not normally distributed. This is most likely due to -
the low number of data points. The mean of the 2006 data is 1.154 inches, which meets
the design basis uniform thickness requirements of 0.736”.

The “F” Test result for Corrosion on the means shows a ratio of 0.231. Sensitivity studies
show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
that the mean rate for this locatlon is less than the statistically observable rate of 6.9 mils
per year. Projection based on an assumed rate of 6.9 mils per year shows that this location
would not reach the minimum required thickness prior to the 2029. *
In addition the apparent corrosion rate was determined using the regression model (even
though it does not meet the F test for Corrosion). Based on the apparent rate the -

. conclusion can be made that the location will not corrode to less then the minimum

required thickness prior to 2029.

Point 7 is the thinnest reading of the 2006 data at 1.13 inches, which meets the design
basis local thickness requirements of 0. 490" .

The “F” Test result for No Corrosion on point 7 shows a ratio of 0.26. The “F” Test result
for Corrosion on point 7 shows a ratio of 0.02. Sensitivity studies show that given only
four inspections, a rate of 6.9 mils per year would be observed 95 times or more out of

~ 100 iterations (see appendix 22). Therefore the conclusion is made that the mean rate for

this location is less than the statistically observable rate of 6.9 mils per year. Projection
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t

based on this assumed ratc shows that this location would not reach the minimum
required thickness prior to the 2029. : .

r- e

Additional calculation shows that for this point to corrode to less than the minimum
' requlred thickness by 2029 it would have to corrode at a rate of 26.7 mils per year which
‘is not considered credlble and would be observable.

7.2.6. Bay 13 locatlon 13 C December 1992 through Oct 2006
Refer to Appendix 18 for the complete calculation.

Four inspections have been performed at this location after the sand was removed and

coating applied in 1992. The data is normally distributed but skewed. The mean of the

2006 data is 1.142 inches, which meets the design basis uniform thickness requlrements
- 0f 0.736”.

| ol

show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made
~that the mean rate for this location is less-than the statistically observable rate of 6.9 mils
g { ) - per year. Projection based on an assumed rate of 6.9 mils per year shows that this location
T would not reach the minimum required thickness prior to the 2029.

E ' ~ The “F” Test result for Corrosion on the means shows a ratio of 0.01. Sensitivity studies

In addition the apparent corrosion rate was determined using the regression model (even
though it does not meet the F test-for Corrosion). Based on the apparent rate the
conclusion can be made that the location will not corrode to less then the minimum

ﬂ ' required thickness prior to 2029.

Point 6 is the thinnest reading of the 2006 data at 1.128 mches whlch meets the deS1gn
basis local thickness requirements of 0.490".

The “F* Test result for Corrosnon on point 6 shows a ratio of 0 00000087 Sensitivity
studies show that given only four inspections, a rate of 6.9 mxls per year would be
L ; . observed 95 times or more out of 100 iterations (see appendlx 22). Therefore the ‘
conclusion is made that the mean rate for this location is lcss than the statlstxcally i :
observable rate of 6.9 mils per year. Projection based on ‘this assumed rate 'shows that thls
location would not reach the minimum required thickness prlor to the 2029 :

‘ Additional calculation shows that for this point to corrode to less than the mmimﬁm
L‘ ’ required thickness by 2029 it would have to corrode at a rate of 26.6 mils per year which
is not considered credible and would be observable. ’

TR
[ ‘ " .
L S 7.2.7 Bay 15 location 15A. December 1992 through Oct 2006
Refer to Appendix 19 for the complete calculation.

L
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Four inspections have been performed at this location after the sand was removed and

‘coating applied in 1992. The data is normally distributed. The mean of the 2006 data is

1.121 inches, which meets the design basis uniform thickness requirements of 0.736”.

The “F” Test result for Corrosion on the means shows a ratio of 0:01. Sensitivity studies
show that given only four inspections, a rate of 6.9 mils per year would be observed 95
times or more out of 100 iterations (see appendix 22). Therefore the conclusion is made

- that the mean rate for this location is less than the statistically observable rate of 6.9 mils

per year. Projection based on an assumed rate of 6.9 mils per year shows that this location

- would not reach the minimum required thickness prior to the 2029.

In addition the apparent corrosion rate was determined using the regression model (even

- though it does not meet the F test for Corrosion). Based on the apparent rate the

conclusion can be made that the location will not corrode to less then the minimum
required thickness prior to 2029.

Point 7 is the thinnest reading of the 2006 data at 1.049 inches, which meets the design |

‘basis local thickness requirements of 0 4 .

The “F" Test result for No Corrosion on point 7 shows a ratio of 0.25. The “F” Test result
for Corrosion on point 7 shows a ratio of 0.02. Sensitivity studies show that given only
four inspections, a rate of 6.9 mils per year would be observed 95 times or more out of
100 iterations (see appendix 22). Therefore the conclusion is made that the mean rate for
this location is less than the statistically observable rate of 6.9 mils per year. Projection
based on this assumed rate shows that this location would not reach the minimum
required thickness prior to the 2029,

Additional calculation shows that for this point to corrode to less than the minimum
reqmred thickness by 2029 it would have to corrode at a rate of 23.3 rmls per year which
is not considered credible and would be observable.
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7.3 External Inspections

| 7.3.1 Background

In 1992, following the removal of the sand from the sandbed region and the removal of

- corrosion byproducts, the Drywell Vessel was visually inspected from the sandbed, which

is outside the Drywell Vessel. This inspection identified the thinnest locations ‘in each of
the 10 sandbed bays. These thinnest locations were then UT inspected. In many cases
the areas had to be slightly grounded so that the UT probe could rest flat against the
surface of the vessel. The thickness values and the locations of each readmg, referenced
from existing welds, were recorded on a series of NDE data sheets. At each location one
uT readmg was performed

In 2006, 106 readings were taken of the external pomon of the Drywell Vessel from
within the former sandbed region. These locations were located using the 1992 NDE
Inspection Data Sheet maps. These UT readings were compared to acceptance criteria.
The data is provided in Attachment 5.

7.3.2 Results
(Refer to Appendix 20)

All 106 readings. were greater than the acceptance critéria of 0.49 inches even when
allowing for 20 mils tolerance in uncertainty. The minimum recorded value was 0.602
inches measured at pomt 7 in bay 13. Thls pomt was a]so the thmnest pomt recorded in
1992.: : :

~ These readings were not intended for corrosion rate trending due to uncertainties and

mconsxstenc,les between the 1992 and 2006 UT readmgs These mclude -

a) The roughness of the mspected surfaces due to the prevxously corroded surface
of the shell in the sandbed regions =~ 5 .

b) The different UT technologies between 1992 and 2006’ ¥ ‘ ?7 Hl

¢) UT Equipment Instrument Uncertainties and - AN R SEE

d) The poor repeatability in attempting to mspect the' exact same unmarked
locations over time ! '

The 2006 and 1992 data cannot be used for developmg corrosion rates by perforrmng
regression analysis, which requires at least three similar inspections over time to develop
acceptable confidence factors.
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7:3.3 Worst Case
(Refer to Appendix 20)

To ensure a formal conservative evaluation, point to point comparisons were perfdrmed on all 106
points as follows.

For each reading the 2006 value was subtracted from the 1992 value and divided by 14

years (time between 1992 and 2006). Values that resulted in positive changes in metal
. thickness were discounted from the computation to maintain conservative results

The rcsulnng differences in UT readmgs based on pomt—to-pomt comparison vary
“between 0 and .0335 inches per year. - :

The minimum 2006 reading of all the areas was 0.602 (poini 7 Bay 13) inches. -

_The maximum worst case localized difference between readings was found in a point-to
. point comparison of point 2 in bay 17. The difference in thickness at this point equates to

a rate of 0.0335 inches per year, which is not considered credible given the physical
limitations of the UT inspections taken from the exterior surface. These limitations
include the roughness of the inspected surfaces, the different UT technologies between
the 1992 and 2006, UT Equipment Instrument Uncertainties, and the repeatability due to
trying to locate the exact same location over time. In addition, this point is at an elevation
where the inside surface is coated and accessible for visual inspection. During the 2006
visual inspections, no degraded coating or indication of corrosion has been identified on
the exterior or interior drywell shell at this point location. -

Howcf)er even whcn considering a 0.0335 inches per year rate of change (recorded on a
location that is 0.681 inches thick in 2006) and applying it on the thinnést.location

recorded in 2006 (0.602 inches in Bay 13 point 7) and applying 0.020 inch deduction for

instrumentation uncertainty this location would only reduce to 0.515 inches by 2008,
which still demonstrates margin compared to the acceptance criteria of 0.49 inches.

Repeat inspection of thlS location in 2008 will prov:de addmonal data to confirm the very
conservative nature of the above evaluation.
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7.3.4 Comparison of the 2006 external data to the Bounding Internal Grid 19A
Inspection of internal grid 19A has concluded it to be the most critical of the monitored
sandbed locations since it has the thinnest mean. This grid has a mean 0.8066 inches with
a standard deviation of 0.0623 inches. The grid is normally distributed.

- A normally dlstnbuted sample allows conclusmn of the entite normally distributed

population from which the sample is taken. For example, in a normally distributed
population, approximately 95% of the population lies within approximately plus or minus
two standard deviations of the mean; and approximately 99% of the population lies within
approximately plus or minus three standard deviations of the mean. -

The thinnest location of the entire sandbed region was found during the exterior
inspections in 1992 and 2006. This spot (0.602” in 2006) was not in an area
corresponding to the internal monitored locations. However comparison of this thinnest
value to the mean, standard deviation, and thinnest individual reading (0.648 inches) for

- location 19A shows that the monitoring program provides a representative sample
_population of the thicknesses of the entire sand bed region.

For example the UT transducer head is approximately 0.428 inches in diameter. The
Drywell Vessel in the sandbed has approximately 700 square feet of surface area.
Therefore the actual population of the sandbed region available to the transducer is in
excess of 70,000, 0.428” diameter areas.

Therefore in theory if one were to sample a population that is normally distributed, with a
mean of 0.8066 inches, with a standard deviation of the 0.0623 inches, and the total
population was 70,000, approximately 0.5% of the population would be less than 0. 648
inches, approximately 0.05% of the population would be less than 0.602 inches, and
1.9*¥10E-5 % of the population would be less than 0.49 inches. :

This theoretical model is very conservative since the majofity of the sandbed has been
shown to be much thicker than the critical location in 19A. However this discussion
bolsters the conclusion that the monitoring of the 19 internal locations, coupled with
visual inspection of the sandbed external coating, will ensure the material condmon of the
Drywell Vessel in the sanded regions is maintained within design basis.
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7.4 Sensitivity of the Coxjrosmn Test without the 1996 Data

- (Refer to appendix 21).

The mean thickness values for the 1996 data are consistently greater than the 1992 and 1994 data.
This has called into the question the accuracy of the 1996 UT Inspections.- As result, in 2006, the
Opyster Creek NDE Group investigated several potential factors that could have caused the
discrepancy. These potential variables included the potential failure by contractor-personnel to -
clean off the inspected surface prior to the inspection and the potenual that the UT unit was
mistakenly placed on the “High Gain” setting. However the review did not conﬁlm that these

factors were the cause.

Never the less the question remains as to whether the 1996 data should be included in the

analysis documented by this calculation.

Therefore a sensitivity study of the “Corrosion” test was performed and is documented in
.Appendix 21. The study selected locations where the 1996 means were at least 20 mils greater
than the grandmean of the grid or subset. The grandmean is the mean of the 1992, 1994, 1996

and 2006 means. The “Corrosion’

> test was then performed on these grids with only the 1992,

1994 and 2006 data excluding the 1996 data. The results of the study are presented in appendix

21 and are summarized in the table below

| Area

Location “F” Ratio “F” Ratio without | Results

' | with 1996 data | 1996 Data

All 0.004 0.00009 Negligible

11C Top 0.012 0.000003 Negligible

Bottom 0.002 001 Negligible

13D Bottom 0.002 0.000002 Negligible

17A All 0.006 0.001 | Negligible

. Bottom 0.003 0.007 Negligible

17D All 0.0001 0.002 Negligible

19C All 0.0001 73 See Below

1D All 0.047 {0.02 ‘Negligible

The study showed that for the “Corrosion* test, eliminating of the 1996 data results in negligible
change to the “F” ratio (when compared to the criteria of 1.0); except for the 19C grid. In the
19C prid the F ratio increased significantly. However 19C the regression curve fit results in a
very small positive slope, which is not credible. Even with the 1996 data the regression curve fit -
results in a very small positive slopé. :

Therefore based on these sensitivity studies it is concluded using the 1996 data will results in 2
negligible impact on the results of the “Corrosions Test” for Regression.
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7.5 Sensitivity Study to Determine the Statlstlwlly Observable Corrosion Rate with Only

'Four Inspections
(Refer to appendix 22).

The drywell vessel in the sandbed region is externally coated. The coatmg was mspected in 2006
and found to be in excellent condition. The surface inside the vessel corresponding to 19
monitored grids is internally coated. In addition, the atmosphere in the drywell is inerted with
nitrogen. Therefore the actual corrosion rate on the vessel is expected to be significantly less than
1 mil per year, possibly approaching zero mils per year. However the limited number of
inspections (4) and the high variance in the data (standard deviations of 60 to 100 mils) make it
impossible to identify rates less than 1 mil per year at this time. The high variance is because the
surface of the sandbed region on the exterior is rough due to the aggressive corrosion, which

‘occurred prior to 1992.

For example, for sections of the drywell above the sandbed region, it took approximately 10
inspections over a period greater than 10 years to confirm with 95% confidence that corrosion
rates (which were less than 1 mil per year) existed. These locations above the sandbed region

have a variance, which is less than that for the sandbed region (a standard deviations of

approximately 20 mils). This is because the external surface of the vessel above the sandbed
region experienced a much less severe corrosion mechanism resulting in 2 more uniform surface.

Therefore based on the experience above the sandbed region and the greater variance in the
sandbed region (3 to 4 times greater) it is not expected that these inspections will yield the

expected rate (significantly less than 1 mil per year) with 95% confidence in only four

mspectlons

, Therefore a sensitivity study was performed to determine the minimum stétistically observable
rates given the number of sandbed inspections and the calculated variance of the data. The

methodology for the study is described in sections 6.9.4.

The study determined the minimum statistically observable corrosion rate based on the variance
that can exist in the 49 point grids given the observed standard deviations and the number of
observations (4). For this case grid 19A was chosen since it is the thinnest of 'the 19 grids. :

This study performed 10 iterations of of 100 simulations each of varying corrosmns rates of5,6,

7, 8, and 9 mils per year.

Each simulation generated 49 point arrays for 1992, 1994, 1996, and 2006. The arrays Were
generated using a random number generator, which simulates a normal distribution. The random
number generator requires an input of the target mean value and an input for the target standard

deviation.

The mean value input into the random number generator for to the 1992 array Was the 1992 '
actual mean for location 19A (800 mils- reference appendix 10 page 10). The standard deviation

OCLR00019327
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input into the random number generator for all arrays was 65 mils (which is an average of the .

calculated standard deviations from the 1992, 1994, 1996 and 2006 data (see appendix 10 page
10). The random number generator then generated 49 pomt arrays based on a mean of 800 mils
and a standard deviation of 65 mils. :

The 1994 array was generated in the same manner except the input mean was the value of 800

minus the simulated rate (in mils per year) times 2 years (1994-1992). The 1996 array was

generated in the same manner except the input mean was the value of 800 minus the simulated

rate (in mils per year) times 4 years (1996-1992). The 2006 array was generated in the same

manner except the input mean was the value of 800 minus the simulated rate (m mils per year)
- times 14 years (2006-1992).

These four simulated arrays were then tested for Corrosion per section 6.9.2. This procedure was
repeated 100 times for each of the simulated corrosion rates of 5, 6, 7, 8, and 9 mils per year.
Corrosion rates that successfully passed the Corrosion test 95 times or more out of 100 iterations
are considered the statistically observable rate. Each set of 100 iterations was repeated 10 times.
Finally a refined rate of 6.9 mils per year was simulated and passed the test in the ten, 100
iterations with 95% confidence. '

Results were that a 49 point grid with a standard deviation of 65 mils experiencing a corrdsion
rate of 6.9 mils per year can be observed 95 or more times out of 100 simulations with 95%

- confidence. This is a potential minimum detectable corrosion rate. The actual detectable
corrosion rate is analytically indeterminate at this time and, using engineering judgment, is
probably close to zero. Applying the potential minimum detectable corrosion rate is conservative
and optional. The result is a manageable condition. .
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8.0 Software

. T

3.21, and 3.22). Previous sandbed related calculations utilized the GPUN mainframe computer and
the “SAS” mainframe software. The Oyster Creek Plant was sold to AmerGen in the year 2000. The
GPUN Main Frame was not available to AmerGen after the year 2002. Also the “SAS” software is
mainframe based is difficult to maintain. An alternative PC based software, “MATHCAD?”, has been
chosen to perform this calculation.

E This calculation does not use tﬁe satﬁe software that was used m earlier calculations (reference 3.20,

Although the software has been changed the overall methodology, with minor exceptions, is the
same as in previous calculation. The minor exceptions are the statistical tests that determine whether
the data is normally distributed. The Mathcad routines have been successfully used in previous
calculations for Upper Drywell Elevations (reference 3.24).

In addition the Excel Software was used to evaluate the 106 external UT inspection data.

|
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9.0 Appendices

Appendix #1 - Bay 9 location 9D December 1992 through Oct 2006

Appendix #2 - Bay 11 location 11A December 1992 through Oct 2006
. Appendix #3 - Bay 11 location 11C December 1992 through Oct 2006

Appendix #4 - Bay 13 location 13A December 1992 through Oct 2006
Appendix #5 - Bay 13 location 13D December 1992 through Oct 2006
Appendix #6 - Bay 15 location 15D December 1992 through Oct 2006
Appendix #7 - Bay 17 location 17A December 1992 through Oct 2006
Appendix #8 - Bay 17 location 17D December 1992 through Oct 2006

Appendix #9 - Bay 17 location 17-19 December 1992 through Oct 2006

Appendix #10 - Bay 19 location 19A December 1992 through Oct 2006
Appendix #11 - Bay 19 location 19B December 1992 through Oct 2006
Appendix #12 - Bay 19 location 19C December 1992 through Oct 2006
Appendix #13 - Bay 1 location 1D December 1992 through Oct 2006
Appendix #14 - Bay 3 location 3D December 1992 through Oct 2006
Appendix #15 - Bay 5 location 5D December 1992 through Oct 2006
Appendix #16 - Bay 7 location 7D December 1992 through Oct 2006
Appendix #17 - Bay 9 location 9A December 1992 through Oct 2006

Appendix 18 - Bay 13 location 13 C December 1992 through Oct 2006

- Appendix 19 - Bay 15 location 15A December 1992 through Oct 2006
() Appendix 20 - Review of the 2006 106 External UT inspections

Appendix 21 - Sensitivity of the Corrosion Test with out the 1996 Data

Appendix 22 - Sensitivity Studies to Determine Minimum Statistically Observable Corrosion

Rates

Attachment 1- 1992 UT Data
Attachment 2- 1994 UT Data
Attachment 3- 1996 UT Data
Attachment 4- 2006 UT Data

Attachment 5- 1992 UT Data for First Inspecuons of Transition Elevations 23 6” and 716"

Appendix 23 - Independent Third Party Review of Calculation
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' Appendix 1 - Sandbed 8D
October 2006 Data

C:1302-187-E310-041 Rev.No. 0

Thé data shovm below was collected on 10/18/06

.

1

page = READPRN( "UAMSOFFICE\Drywell Program data\OCT 2006 Data\Sandbed\SBID.txt" )

[ 1.005
0.896
p.7st
Points 4 = | 0885
098
096
| 0968

- Points 49.. = showcéﬂs( page,7,0)

1.056

0927

03883
0.993
0.968

0.869

0.967

' ")‘ . Cells = comert(Points 49.7) ‘

0985

1.067
0975
0.949
0.936
0.976
0.963

1133
1.037.

1.071
0.984
0.942

0987

1.004

NoDw(‘;cnst kagth(Cells)

~fhe thinnest point Is point 15 whidh is shown belo'w

C?lls = deletezero celis(CeBS-. No Dachlls)

1.132
0974

1.033
0995

088
0.967
0947

minpoint = min(P°i“tf49) ‘ ;ﬁ,:p;mt='0.751 -

L136

1.077

“1.105:

1.022

0927

0.965
0.892

1.101 ]
1.069.

1123
1.041
0.998
0.949
0.943

Sheet No. .

1of 16
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:Mean and Standard Deviaﬁon

3y ‘ . | ) .
B oppt = mean(Cells) 1t gopsy = 987612 6 gopual = SUEV(Cells) G gpay = 78292
s{,andal‘d Error R

_ O et ' . L : D '
Standard errgp F —m——— . * Standard gy, = 11185
JE° DataCells . }
- F K . . I .
Skewness
l. - f, - . 3 | ,
Skewness = (N0 paacetts) “Z( Cells I gctizal ) .-
cwne Skewness = 0.14

. (Ne patscetts = 1)-(Nepatacenis = 2)*(° actual)

Kurtosis

‘ ) N : 3
| No ptaCetis* (No DataCetis + 1) Z(Cels ~ M gotuat)’

Kurtosis 3= % Kuriosis = 0.697

(NPDataCeﬂs = 1)-(No pagaCelts ~ 2)* (N°DataCells -3) (o actual)
3-(No pysacets = 1),
(N° DataCells ~ 2) (N° DataCells ~ 3)

Normal Probability Piot
§=0-lst(Cells)  sit = sort(Cells)
 ——

5 2=5 + l. rank‘ = Z(srt:srt)

Zsrt= srtj

rank '

pj ’ rows{ Cells) + 1

x=1  N_Soore i= mot[caorm(x) - (p) <]

SheetNo. | '
20f 16 -
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' T '
S o ' _ b
" Upper and Lower Confidence Values : ‘ c o -
. - . . - : ] 1
3 . . )
The Upper and Lower confidence values are calculated based on .05 degree of confidence “a" ..
. . . . , » .
. ) . [} ’ .
- [ = -—— . X . 3 )
[ - -05 Ta ’ q‘[(! 2)’4.'8] . T(I = 2.011 i ‘ 1.3 ' .
. ’ : [ 1 ! . g
. N i « . M .
T . . ’ : ! L]
. g G actual ) : v . - 4
Lower 95%Con *~ n actual - To A Lower 95%C0!l‘= 965.124' . .
o _ _q’§° DataCells . ) oy .,
. . ) ‘ ' ] . .
- ' O acmal . : -
Upper 9594Con *= M actual + T2 + Upper gso4con * 3 |
h . . § upper 95% = 1.01-10 ' ]
. | ! ':JN° DataCells . , . : '
. ' : . '
These values represent a range on the calculated mean In Which there Is 95% confidence. L
~ Graphical Representation
. Distribution of the "Cells” data polﬁts are sorted in 1/2standard deviation increments (blns) within +/- 3 standard
) ) deviations ' ’ . o : . .
Distribution := hist(Bins, Cells ) :
| | : Distribution = B
The mid points of the Bins are calculated
. Bins, + Bin: .
k:=0.11 Midpoits, = ( k - nsk«}-l)v
normal curve, = p_nor,m(mnsl +# actual+ @ acmal) ‘
} "’?""malcurvg:k :=_ pnorm(BinsH_.' M m] ' G actual) Q""pmm(Binsk ' actyals O actua!)
normal ;1 = No poaceqys “nOmal oyye
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8
._.,_,: '
Results For QD
The following schematic shows: the the distribution of the samples, the normal curve based on the actual
mean and stdndard deviation, the kurtosus the skewness. the number of data points and the the lower and
upper 95% couf dence values.
v Data Distribution
' ' T T T I T T
is|- ' A P gotuar = 987612
- ' ' | 0 gotm = 78292
istributi (1] o : . - : ay
fmiumn ) , v B ‘ Standard error = 11.185
Skewness = -0.14
sE 4 '
Kurtosis = 0.697
_.} ) om 800 $00 1000 1100 1200 1300
o B A Midgoints, Midpoints
| Lowergsycon = 963124 Uppergsycon = 101+10°
_' o, Normal Probability Plot
' 3 ) T—1 e )
2} ]
o
x T
T : a2 ~
N__Scomj ol . : 7 . . -
X X X . , )
: -1} o f _x’ég ' ' -
x
-2 & -
' i
- 1 A 1 t 1 A i
750 800 850 900 950 1000 1050 1100 1150
{ , .
s The distribution is normal
OCLR00019334

‘fﬁ,"

H
—t

€ ! &0 1_

€

r

H}



[
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. : . ' : ' ‘ 5of 16
L] . ' " ’ ' '
Rl - o ‘ o S | .
? . - ) ° . .
Data from . 1992 o 2006 is retrieved. ' : -d=
‘ForDec 311992 . Y ' ‘ b B
page = READPRN( "U:MSOFFICEDrywell Program data\Dec. 1992 Data\sandbed\DATA ONLY\SBID.txt" ) ' \
S o . ' : ‘. : '
. - _ ¢ i Lo
Points gg = showeells(page.740) ¢ L' pu = Dayyg(12,8,1992) © - :
Data IR £ ) R
(101 1052 0998 1165 .163 1141 1106] . - T
0966 096 0992 1024 0979 1063 1075 ‘ . ! S
. - . ' " "y . ]
0.763 0.883. 0978 1053 1.033 1112 1125 o : . .
Points 49 = | 0914 1003 0992 0985 1 1023 1042 | L. Vo
| 1034 0969 0921 054 0807 0927 101 ' ' .
' N
0955 0872 098 1017 0972 0966 0943 |
| 1103 1.011 0978 0991 - 0.975 0.897 o.915J o
. . . - . - . 1
nnn = convert(Pomw 49.7) " No DataCells = length () '
 Pit = nnn ' T [
15 A4 S :
. ¢ Pitys =763
. . - . |-
Cells = Zero e (mnm , No pagaceqss » 15) ' ‘
Cells = deletezero ccus (CC“S' »No Datacc“s)
® meastired

nmwd = mean(chIls) Qmmd = Stdcv( Cells) . ' Standard ) - d

JN° DataCells -
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o ' . o 2
di=d+1 - 1
> ' . ‘ o
For1994 .
page = READPRN( "UAMSOFFICEDrywell Program datz\Sept.1994 Data\sandbed\DATA ONLY\SE9D.txt" ) ’
] ) ] : M . L e . ) . - ‘ .. .
Points 49 = showcglls( page,7,0) Dates, = Day y&r( 9,14,1994) . : -
_ Data '
. ' 1005 1053 0995 1132 1095 1141 1112 ] B
: 0921 0956 0999 1027 0983 106 1077 ol
-} 077 0884 098 108 1049 1119 1112 -
Pointy 49 = | 0802 0965 0578 0986 1.007 .1.026 1.048 J
_ : 0969 0967 098 094 0.894 0929 '0.977 :
. o '0.959 0.855 0971 1.018 0982 $971 0943 7
' | 0943 0968 0945 0991 0577 0.899 0932 | ™
m = aneﬂ(POi!ltS49.7) N°DataCells = lcngth(nnn) ~"\
) No pataCells = length(nnn) .
Pit 15, = meny, bnd
, 1 ' 1 -
. Cells = Zcmm(mm 'NoDataCells , 15) . BJ
3
Cells := -de}m celis(Cells . No patacets ) -
© No papcells = length( Cells)

-

. o - . - cmcammdd L -
" P measured = mean(Cells) 6 ooqned = Stdev( Cells) Sundardmrd P S -

d. . d : . . L
3 'J;;" DataCells : o

R ocasieod = [ 1.00410 ] = ) -

measured — :
. ' 991.958 i

i |

h;
{ ) ;1
't
L
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For 1996

Points 49 =

t‘ e c_l : E 3
La——— C
. kY
: ;

[ 0.965

0.878
0.776
0.944

0.941.

1.018

| 0953

C:1302-187-E310-041 Rev.No. 0  °

1.022
0978
0.836

10967

6.939

1.018

0953

Pit ;5

Points 4 := shewcells( page ,7,0),

0.985
1.073
1.078
1011
0.937
1.018
0953

d

page := READPRN( "U:\MSOFFICE\Drywell Program data\Scpt.19
. . u‘ '

Data ,

1133 1149

1.021
1.086
-0.998
0.939
1.058
0.953

= nmn,

NO pyataCells = length(Cells)

0.992
' 1.044
' '1.004

0942,

1.029
0978

14

Cells = Zero . (nnn s NO DyataCells * 15) !

M measured, = mean( Cells)  © measured, = Stdev{ Cells) * Standard gy,

- ' ey o
Dates, 1= Day yq(9,16,1996) .-

1.136 1141}
1.095 1116
1125 1113 T
1102  1.083 :
‘0031 1018
0966 095 ,
0922 0.969 ] , '

[ - '..

No patacelts = length(nnn)

- Cells := deletezero .oqj¢ (Cc]ls »No DataCells')

di=d+1

96 Data\sandbed\DATA ONLY\SE9D.txt" )

°mca$uted‘; N

:J’_% DataCells

Sheet No.
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1

1) 12

C-1302-187-E310-041 Rev. No. 0

Points 49 = showcells( page,7,0)

.o 1008
. 0.896
VoL S I 0.751
" Points 49 = | 0885

| oss
' 4 096
0.968

= eonven(Points 49-,7) '

]

Cells = deletezero éj,s(_(?éﬂs.NO Dathlls)

1.056
0.927
0.883
0.993
0.968
0.869
0.967

Data

0.985

' 1.067
0.975

0.949

0.936

0.976
0.963

1.133

.1.037

1.0

-0.984

0.942

-0.987

1.004

Pit 15, ‘= nnn,,

NO DgaCeils = length( Cells )

¥ measured, = mean( Cels) o,'msmdd = Stdev( Cells )

\

1.132
0974

1.033
0.995
0.88

0.967
0547

o .
page = READPRN( "U:\MSOFFICE\Drywell Program data\OCT 2006 Data\Sandqu\SB9D.ixt" )

1.136.

1077
1.105
1.022
0927
0.965
0892

NopataCells

' Cells 3= Zew gpe (mn, No pgaceti + 15)

'1.041

. Dates, i= Day ¢, (9,23,2006) .

1.101 |
1.069
1123

,0.998
0.949

'0.943

= length(nan)

’She'et No.
8of 16
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" Appendix 1

Below are the results

1.004-1
991958

763

Pifis =

—

Total ; oane = mws(l';mcas'ure:i)

'-.ssr:= Z

SSR'i= Z

i=

- SSE
DegrecFree o

S
t—3

_MSE

MSE = 75.83

- StGrand o, = MSE

1

o = 0.05

)

770
776

03

1.00810°
592.542

751

last( Dates )

i=0
' last( Dates )

SSE = Z

i=0

fast( Dates )

0

C:1302-187-E310-041 Rev.No. 0 B
] ’ >,
'
- " - ." '

Y“ 3 -
1.993¢10 10.029
1995010 -~ ‘Standard . = | 10432 |

Dates =1 . o ' 1056 |-
1.997°10° {, " . B
| 2.007010% | | '
T ' 70202 763
. | 2276 | ﬁt Lt 770
, measured ™ | 73 163 B e
o, Lmem " 51
! . 4 ' [} . ' '
Total [ eons # 4 .

L}

(# measured, = e (“ mcasured) )2

' SST= 192385

(u' measured, ~ yhat (Datés R mcasumd) ‘)2

(yhaf (Daws " m)i - mfhf:(u measured) )2

DegrecFree oo 1= Total paans = 2

Degreefree reg = 1
‘MSR = _____S_.SR__
: DegrecFree reg

MSR = 40.724

F Test for Corrosion

" _MSR

Factaul_ch = "}EE

Fo. — Factaul__Reg
raioreg = F .
critical_reg

F = 0.029

ratio_reg

MST

- 'SST
DegreeFree st

" MST= 64128 . "

" . DegrecFree o = Total 0o — 1

Therefore no conclusion can be made as to whether the data best fits the regreésion model. The figure

below provides a trend of the data and the grandmean

| Sheet No. .

9 of 16
i
-'0
t [ |
4
] “. 3
]
4
)]
[} A -t
[
]
|

critical_reg = (1 - &, DegrecFree 1, DegrecFree o) - |

OCLR00019339




Appendix 1 © C-1302-187-E310-041 Rev.No. 0
S ', . .. )
;
. L}
— ] . N
L}
The féllowing will..pl_ot the results for the overall méan, the mean of thinner points, and the mean of thicker
points ’oo : . - .
4= 0. Total poone — 1
[] Co [ . . . . . ) . .
pgrand measured, = mmn(u ﬁcasumd) ‘ bogrand measured = Stdev (ll nieasmd)'
e ogrand ;;eacted
- GrandStandand g 1= ————e
¢, ' . _ A otal means
Thé minimum required thickness at this elevationis. Tmin_gen SB, =736 (Ref.3.25)
. ! “ 1 . et ' .
. -
, q | T T T T T
nol . ' o ' v -
( ) oo} X < x «
¥ measured; .
) b4 x b4 . . . )
yTmin_gen gp, %00 - ) . o - ) i
200 |- ;
700 t K} 11 1 1 i -
1992 1994 199 1998 2000 2002 2004 . 2006
~ Dates; , » _
pgrand o ooocreq = 999.016 GrandStandard = 4.004
(]
4
{3

OCLR00019340
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Appendix 1 C:1302-187-E310-041 Rev. No. 0 '
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. ' ’ "
.‘0! ' .
The F Test indicates that the regression model does not hold for the data sets. However. }he s!opes and
95% Confidence curve is generated for this case.
mg ! .31°P°(Dat°s'"measumd) Yy = imemcpt(Datcs;umcM) - “
. [0 : : B
. . ' . i, )
“t“"“-“f k=23 f.-o "k-‘llycarpmdlct 198‘5+f~ | '.o’ A
* ' . | ‘ ! -4
Thick predict = ms'ywprcdict +Y¥yp ! Cy ' . ' '’ ,
. . o "'-Ji 'y
- “‘fckaptualmcan = mean( Dates ) sum .=Z(Datwd—mcan(Datw)) ,
. : . ) [
. . 1
For the entire grid . B ' ! o
. ] : . [ t [l ] [} '
. { . A ’
‘ upper’t = Thick predi A Ll |
) ) ' . - . " 2
) : _ year predict, — Thick gopyaim, S
+ qt(l -t Total 2)~StGrand er 1 4+ ! ( ! . wn) '
v -2 ‘ ‘ . (d+1) sum _
o . . v
. low:rf = Thick predict, =
e, 1 (Y‘”’ predict, ~ Thick acmalnmn)z
-| qt|1 - —, Total s — 2 )-StGrand - 1 + + .
2 S (d+1) sum '
i ‘I‘ i 4
oo T T T T
A O
. . Iooo B ) ° - N
“Thick predict - - _ _ '
upper . ) ] Y R T
lower wl _ | . mg= -‘0:."5‘97‘
© !
 Tmin_gen gp
| ——
800 |~ -
700 . 1 | 1
1980 1990 2000 2010 2020

R -S_heetNo.

 ¥e3 predicts YOT predict» YOO predicts Dates, Year predict

2030

OCLR00019341




The section below calculates what the postulated mean thickness would be if this grid - were to corrode at a ' o uJ

.,Appendi'x 1

C-1302-187-E310-041 Rev. No. 0

~ minimum ulyservable rate observed in appendix 22.

- " Rate min_observed = 69

Postulated meanthickness = K measured, ~ R‘.‘te-nﬁn_obs_crv;d°(.2°29_’ 2006)

Posmlawd

meanthickness = 833842

~ which is greater than

Tmin_gen sB, = 736 -

SheetNo. | |
12 of 16
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The following addresses the readlngs at the lowest single poant -

' The F-Ratiois calculated for the point as follows ‘

Y .

L e : . - - . 2, ' : . e ' _ :
SS‘]‘pomt : Z ' (Plt 15, mcan(P_xt 15)) _ ' SST i = 346 l.. _ t
. i=0 - | : point = R :

)

o

. last( Dates) o ‘ .

CSSEpm Y (Fitas, - vhae(Dutes Pt 15)5)_2

~ SE point = 16747 e

-

. ‘.
- !
L : - last(Dates)' ‘ - , .
SSR point = (yhat(Datm,Pi_t 15), - mcan.(Pitls))z ! SSRpomt 5 178.53
i=0 T

. . SSE_.; SSR_ . . . ) . )
v MSE oy i ___pomt MSR jing = pomt ' MST ST
’ "MS‘Epoint = 83.735 o .MSRpoint = 17853 V ) MSTpomt = 1115.333 !

StPit .y = JMSE

point StPit oy = 9.151

F Test for Corrosion

int
F actaul ch ﬁs'fg';

— l:a;ct,alll_Rlzg

Fratio_n:g -

F critical_reg

F ratio_reg = 0-115

Therefore no concluslon can be made as to whether the data best fits the regression model. The ﬁgure
below provides a trend of lhe data and the grandmean

Therefore this point is not experiencing corrosion -

m .
m

= slope (Dates N Pit 1 5) point

point = 1251y g 1= interoept (Dates , Pit 15) ¥ poing = 3264010°

'OCLR00019343
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. 1
= '
| . . .
“The 95% Confidence curves are calculated -
- N : ' .
. l . .
Pit curve = ™ point Y& predict + ¥ point
 Pit yopmatmean = mean(Dates) sum := ) " (Dates, ~ incan( Dates )}’ |
-1 g Lo
. 'uppoint, = Pit curve, = )
' ! 2t Fotal oy = 2 SBit e 14— (e preit, = P actusimean)
o . . + l —-— o - . ‘t . + + N .
. qt 2 means err (d+ 1)
' o
NPTV
lopoint,. := Pit cu'wcf - .
1 . ‘ Lo Y
e e e P
; + - l = =y 10 - ot it * + y g
qt 2 'means ~ . err (d+1) po
( .c'm_l Tmin for this-elevation in the Drywell ' Tmin_local SB, = 490 " (Ret3.25)
Curve Fit For Pit 15 Projected to Plant End Of Life
' 1 T T
* m .. . ) : —
- * . x
0 [ - .
o m point = ~1251
Fitys '
o Jocal
Jocalsg o _
500 b~ 4
! | 1 .
L 2000 00 - 2020 2030
{0 | Duis
lopoint,, = 644413 e preict, = 2.029+10° .
OCLR00019344
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‘. ] .'A ) . ¥

Therefore based on regression modél the above curve shows thét this point v:r!ll not co:'rode to below minimum
required thickness by the plant end of life.

m__. .= slope (Dates, Pit ' . . R, S
ppmt op ( 4 15) M poine = ~1251 .ypgint = wtqccpt(DatCS,Pnt 15) ypm‘nt' = 3'25-4.'1@3 » .
. R o R ' . . i . I -
R - *
The 85% Confidence curves are calculated, ’ : ! .. T .
- ¢ ' . O " -4
] . e _ ,
Pit curve = mpoint'yearprcdict"' Ypoint- - - e r .‘ . . A
- . . - ¢ L]
. - ’ ¢ ’ ' ' . : . . . .. . 4
 Pit goppaliiican = mean( Dates) sum =" (Dates, - mean( Dates) )2 L .
1 i | : : .
raint = Pit . 1 o ' : ' . '
uppou‘ltt(.-‘ I"lt curve, = 1 . 7 . : . .
‘ . * ] . . . 2
+ qt(l il Total pepn 2) SePit - [1 4+ —1 (yw"“’di“f_. anm)
- —, To! - . i . + o+ : . .
A2 B BT T - sum '
. lopoint, = Pit gyrye - '
() [ ey
+-lqt{1-—
2 .
%00 :
800
mcurve .
uppoint 700
lopoint
Pi
tys i  point = ~1251
Tmin_local gg 1 -
L
500 1= L IR @
[ w00 1 1 L 1 _
1980 1990 - 2000 2010 2020 20% - S

Y637 oredicte YEAT predicts YEar prediets Dates, year predict

- I

OCLR00019345
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. The sectlon below calculates what the postu!ated individual thickriess would be if this point were to corrode
ata mlmmum observable rate observed in appendix 22.

Rate pin observed =69

Postulated thiCknCSS =Pit 1 53 - Rate min_obsewed-(2029— 2006)

Postulated gy ness = 5923 which is greater than | min-localgp, =490

The section below calculates what the postulated corros:on rate necessary for the thinnest individual pointto

reach the local requlred thickness by 2029

 tninpoint = 0.751 i =2.029010° Trmin_local =490
'Po | ””Pmd'csz , . SB,, ,
e |
(1000 mmpomt- Tmin_local SB )
' requn'ed , -
(2005-2029) - required cyre = 10875 - mils per year
L)

OCLR00019346

£

..

£

’
4

| !

| -

|

-

| S

F

r

T

£ !

£



.

ooy
.

i

Appendix 2

Appendix 2 - Sand Bed Elevation Bay 11A

October 2006 Data on 10/18/06

-page = READPRN( "UAMSOFFICE\Drywell Program data\OCT 2906 Data\Sandbed\SB1 1A.txt" )

Points 4g *=showcells(page, 7,0)

[0.905 0.832
0.797 0.825
072 0766
Points 49 = | 0739 1.047
0843 1.09
0.741 -0.897
| 0.875 0.869

Cells = c:tmver:t(Point.fs 49 7)

For this location point 23, 24, 30, and 31 are located on a plug (referehce“3.22) and have been

0.829
0.834

0.858
1.057
1.104

0818

0.923

0.303
0522
0.731
0.806

0.879
089

0.886

0.83

0.858
0.762
0.761

0.879°

0.907
0871

No DataCells = length(Cells)

omitted from the overall mean calculation for his location.

» Cells :=Zero om(Ceﬂs, No DataCells’ 23) :

Cells :=Zero om(Cg:!ls, No pataells» 30)

1
Cells 1=Ze10 e (Cells, No peaCejs» )

Cells :=Zero one(cens' NO DataCellst 3')

Cel!s 1=deletezero cc“s(Ce“s._NO DataCells)

0812
0.783
0.669

.0.821

0.854

0.833

081

C-1302-187-E310-041 Rev. No. 0

0.737]

0.795
0.764
0.849

0817
0.826

0.842

The thinnest point at this location is point 20 and is shown below

minpoint := min(Points' 49)

minpoint = 0.669

Sheét No.
1of 17
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~ Mean and Standard Deviation
M actua = mean(Cells o =821511 O acual =Stdev(Cels) O o= 5613
Sténdard Errofr '
Standard ¢ L. o © Sundad,__ 2019
No DataCells : ewor
Skewness i’

—_—
(No pataceits) Z(Cells - i acpya)’

(Mo patacetts~ 1)-(No Daracetts~ 2) (0 actuat)”

Skewness := ,
€ Skewness = ~0.456

Kurtosis

£ 3 4

Kiirtosis := No DataCells (N0 DataCells + l)-Z(Cclls- R actual) v »
(No DataCetts — 1)-(No Dataceltst 2)-(Ne Dataceits— 3)-(% actuat)” Kurtosis =0272

3-(No patacents— 1)*

(No patacetts~ 2)(No pataceits~ 3)
¥ ' -
— v
OCLR00019348
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Normal Probability Piot

In a normal plot, each data value is plotted against what its value would be if it actually came
from a normal distribution. The expected normal values, called normal scores, and can be
estimated by first calculating the rank scores of the sorted data.

~ j=0.. last(Cells) st :=sort(Cells)

Then each data point is ranked. The array rank captures these ranks

e
=i Z(srt=srt.) X

=1 +1 ramkj tE S W
: pr—
Zsrt=srtj.

' ranls

B rows(Cells) + 1
The normal scores are the correspondmg pth percenule pomts from the standard

normal distribution:
x:=1 N_ Score rool{cnorm(x) j ,x]

OCLR00019349
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Upper and Lower Confidence Values

The Upper and Lower confidence values are calculated based on .05 degree of confidence "a*

No Datace"s = Icngth( CCHS)

= Ta=qf (1-Z}, ,
= ¢ q{(l 2) Ne Da‘aCdis] Ta=2014
: 9 actual
Lowef gg,Con =M actual~ Tt ===  Lower g5g,c0n = 804.659
- - No pataCelis ‘

| ¢ actual ' :

Upper 959,Con =M actual + T :
UPPCI'95 Con = 838.364

' _ JN° DataCells % o

Thése values represent a range on the calculated mean in which there is 95% confidence.

Graphical Representation

Distribution of the "Cells” data polnts are sorted in 1/2 standard deviation lncrements {bins}) within +/- 3 standard
deviations » ‘

Bins :=Make bins('l actual:® actual)
i
Distribution :=hist(Bins, Cells)
The mid points of the Bins are calculated

k=011

Bins, + Bins, . ..
Midpoirt l‘:-( ms“ > )

The Mathcad function pnorm calculates a portion of normal distribution curve based on a given
mean and standard deviation

normal curve, = pnorm(Bms‘, ¥ actualr© actual)

: normgl curve, = pm.)rm(Binsk +r# actual'® actual)"‘ pnonn(Binsk.u actual'® actual)

normal o e :=NO paeaCelisnOmMal cyrve

OCLR00019350
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Results For Elevation Sandbed elevation Location Oct. 2006

Sheet No.
Sof 17

The fbllowmg schematic shows: the the distribution of the samples, the normal curve based on the actual
mean and standard deviation, the kurtosis, the skewness, the number of data points and the the lower and
.upper 95% confidence values. Below is the Normal Plot for the data.

Data Distribution

T T T T 7 T
104 -
Y\
Distribution '
a1
sk \ , -
) el
o [l 1 L} 1 |
650 700 750 800 850 900 950 - 1000
Midpoints, Midpoints
! Lower 95%Con = 804.659 . Upper 95%Con = 838.364
Normal Probability Plot

3 ] T 1 T T

2~ : x -
X
1~ X -
)g?‘
N_Score; o}~ ’ : ~
XXX
g
-] f =
-2 d x —
- .) ) - i | i i 1
650 700 750 800 850 900 950
: st

¢

M sotual = 821511
4] actual = 56.'3
Standard ;= 8.019

. Skewness =—0.456 -

- Kurtosis = -0272

* ‘The Normal

Probability Plot
and the Kurtosis

- this data is

normally
distributed.

OCLR00019351
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Sandbed Location 11A Trend: .
- ' di=0

Data from the 1992, 1994 and 1996 is retrieved.

For 1992

page :=READPRN("U:\MSOFFICE\Drywell Program data\Dec. 1992 Data\sandbed\Data Onl\SB11A.txt" )

Points 49 showcells(page, 7,0)

Data

093 0824 0831 0809
0816 0827 0834 0.823
0.733 0762 0.866 0.762
- Points 49=| 0.745 0252 0.147 0.809
0.841 1.082 1.111 0886
0.755 0896 0.804 0.805
10847 09 0902 0924

nnn = convcn(PointS 49: 7)

» Datesd :=Dayyw(l2.8,l992)

0.807
0.851
0.771

0.767

0.881)
0.898
0923

0.817
0.787
0.677
0.805
0.901

0.844

0.828

0.751 ]
0.799
0.764
0.846
0.778
0.823

0.884 |

' No DataCells =length(nnn)

J

[

-

|

e aph

E

For this location point 23, 24, 30, and 31 are focated on a plug (reference 3.22) and have been
omitted from the overall mean calculation for his focation.

nnn :=Zero ;... (nnn, No ,23 .
d one( DataCells ) nnn :=Zero -one(mm ’ No DataCel_ls' 24)

| nnn :=2gm onc(nnn.No Daméc}ls'm) .mm =Zero on‘;:(m“'Nb ﬁamCells' 3,)’

Cells :=deletezero ceils("“"' No DataCclls)

The thinnest point is captured ] ‘ o
' pom . cap _re POlntzod :=Ce"819 . . Point 20=677

¢ 1=Stdev(Cells) ¢ measured

Standard error. =

4 [ .
,, JN° DataCells

measured y

M measured, = mean(Celis)

OCLR00019352
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For 1994

- Sheet No.
7of 17.

di=d+1

page :=READPRN( "U:\MSOFFICE\Dryweli Program data\Sept. 1994 Data\sandbed\Data Only\SB11A.txt" )

Points 49 ¢ showcclls(page,7 0)

0924 0822 0.828
0.805 0826 0.836
10728 0758 0866
Points 49 =| 0.734 0234 1.052
0811 1.091 1.106
075 0.896 0.808
| 0.839 0.868 0.906

 nmn = conven(P-oints 49+ 7)

Dates, :=Day yw(Q. 14,1994)

. Data

0.804
0.823
0.738
0.809
0.888
0.845
0.881

-0.802

0.824
0.773
0.804
0.881
0.905
0874

0.813
0.791
0.677
0.798
0.878
0.834

0.815

NO DataCelts *=length(nnn)

0.749 ]

0.79
0.76
0.851
0.79
0.869

0.846 |

For this locatlon point 23, 24, 30, and 31 are located on a plug (reference 3. 22) and have been

omitted from the overall mean calculatlon for his location.

non ;= 2610 g (11, N0 DatgCets 23)

_nna i=Zero brie(““"" NO DataCells: 30)

Cells :=deletezero ce“s(nnn.No DataCe“s)

The thinnest point is captured

1 measured, *=mean(Cells)

nnn :=Zero (nnn No paaCelts: 24) :

A nnn = zero one (mm" No DataCe"S' 3‘)

o mcasuredd = Stdev(Cells)

Point 26;4 i=Cells

Standard

:
¢ measured,

JNO DataCells

OCLR00019353
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o
-
‘ Co For 1996 . - ‘ di=del =
v . -
page :=READPRN( "U:MSOFFICE\Drywell Program data\Sept.1996 Data\sandbed\Data Only\SB11A.txt" )
Datesd:=Dayyear(9.16,1996) '
. i e
|
Points 49 = showcells(page,7,0) LJ
T
[ 0884 0828 0824 0797 083 0806 0.737] 7
0787 0856 083 0827 0834 0845 0.788 !

0.711 0.758 0.856 0.724  0.756 0668 0.8 _ . b
Points 49 =| 0.828 0.828 '1.043 0.843 0.851 -‘0.815‘ 0814
' 0848 1.026 1.149 0905 0875 0501 0.759

. ™
0.79. 0941 0.809 0.892- 0904 0.802 0.8
| 0.884 0.832 0.813 0934 0918 0917 0917} ?
o
() ‘ nnn = convert(Points 49 7) ’ .
L No pyataCels <= length(nnn)
-
: o
For this location point 23, 24, 30, and 31 are located on a plug (reference 3.22) and have been o
omltted from the overall mean calculation for his location. (]
o
nnn :=Zero nnn, No .23 —r . o .
one( o DaraCells ) nan 3= 2610 e (nnm, No pyataeltss 24) “
nnn :=Zero .. (nnn, No .30 o - o o
, °"°( DataCells ) nnn :=Zero one(nnn,No DataCells'3l) i

Cells :=delétezero eells(mn" No DataCclls)

rir

The thinnest point is captured ~ Point 20, =Cells,,

r

r

- ¥ measured
= mcan(Cells) o mcasuredd = Stdev(Cells) Standard emor. =

d B el
J Ne pataCells

p measured

et
i

]
r -

1
|
.
o

.

"OCLR00019354
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For 2006

C1302-167-E310-041 Rev. No. 0

page :=READPRN("U: \MSOFFICE\DrywelI Program data\OCT 2006 Data\Sandbed\SB11A.txt" )

Points 49 = showcells( page, 7,0)

Dates =Day year(lo 16, 2006)

fData' .

0905 0832 0829
0797 0825 0834
072 0.766 0858
Points 49 =] 0.739 1047 1.057

- | 0843 109 1.104
0741 0.897 0.818
‘L0875 0869 0923

nnn = convert(Peints 49 7)

0.731. 0.762 0.669 0.764

0.803 083 0812 0.737]
0.822 0858 0783 0.795

0.806 0761 0.821 0.849
0879 0879 0854 0817
089 0907 0833 0826
0886 0871 081 0842

No Datace"s = Iength_( nnn)

For this location point 23, 24, 30, and 31 are located ona plug (reference 3.22) and have been

v

omitted from the overall mean calculation for his location.

nan i=Zero one(m"' No patacelis: 23) »

nnn = Zero oﬁe(nnn ,No DataCells® 30)
Cells :=deletezero ce"s(nnn. No DataCells)
The thinnest point is captured

i measunedd :=mean(f3ells) i

¢ measuredd = Stdev(Celis)

nnn = Zero om(nnn. No Da:aCcl!s'24)

nan :=z“°.one(“”"'N({Damcel!$f§') o

Pomt 20 Ce|ls

. Sheet No.m
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d:=d+l

Standard

LU0
T d
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Appendix 2

it

1199310 | -
1.995410° . 677
Dates = . Point 55 =
199710° | 668
669
| 2.00710° -] .
§25.178 8.176
- | 820378 Standard =] 5%
! measured = | - emor | 8698
! 829.733 '
821511 8.019
Tota! eans = mws(u measured) ' Total egns = 4
lasy(Dates)
. . -
$ST:= Z ("‘ measured, ~ mean(u measured))-
i=0 - .
last(Dates) .
. - . 2
SSE:= ~ yhat{Dates,
Z (“ measured, yba ( ates, t mcasured)‘)
i=0 :
last(Dates) .
. : : 2
SSRi= ) (hat(Dates. measured), = mean measurd) )
i=0 : .
DegreeFrec o = Total pogne— 2 DegreeFree 1o 1= |
MSE=_— 5% - MSR=— SR
DegreeFree sS DegreeFree reg
MSE = 24.385 MSR = 4,642
s:cmndm:;JMSE StGrand ;. = 4.938

C-1302-187-E310-041 Rev.No. 0

" Below are matrices which odntain ‘the Mean, Standard Deviation, Standard Errof for ea<chvdate.

57235

> _ 53.685
-V measured ~ 60.885 |

56.13

SST = 53413

SSE = 48.771

SSR =4.642

- DegreeFree o :=Total ..nc

MST :é;__§_S‘I.‘__*; g
DegreeFree o,

-MST = 17.804

Sheet No.
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Abhéﬁblxz _ | MTIBULT IUs mvee v semee ceme =

F Teét for Corrosion

- ) « :=0.05 _MSR
‘ K . actaul_Reg '-—MSE

F critical_reg :=qF(l -a, DegreeFree reg Degn::Ftee SS)

F - F actaul _Reg
ratioreg g
. critical_reg

F ratio_reg = 001

11of 17

Therefore no conclusion can be made as to whether the data best fits the regression model The figure

below provides a trend of the data and the grandmean

i:=0.. Total pegne—1 pgrand measured, * mean(u mcasured) '

_ogrand peacured

ogrand poeasured = SEV(H measured) - GrandStandard epygy, =

!’Total means

The minimum required thtckness at this elevation is Tmin_gen g SB, = 736

Plot of the grand mean and the actual means over time

(Ref. 3.25)

h 1] k] L ] ] L ] kD
850 - -
i
. X
’ pd
x X

B measured
XXX -
Tmin_gen SB
PR

50

1 . i 1 1 1 1

jgrand mcasuredo =8242 . GrandStandard .-

1992 1994 1996 1998 . 2000 . 2002 2004 2006 2008 ' 2010
Dates ;

=211

OCLR00019357
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To conservatively address the location, the apparent corrosion rate will be calculated and compared to the
_minimum required wall thickness at this elevation ,

my =slope(Dates.l megsured) ~ M=0201  ypi=intercept(Dates. i megsured)  ¥p = 1:225010°
The 85% Contfidence curves are calculated

0, =005 ki=2029- 1985 f:=0.. k-1

year predict, =1985+f2  Thick predict =M g'Year predict+ Y b

Thick amualmcén :=mean(Dates) sum = (Dates g mcan('Dam))2

upper, ;= Thick predictr -

. . i 2
; (.‘/ea" predict,” Thick actualmc,an)
+ -
(d+1) sum

o o
+ qt(l - 'Tt,Total cans™ 2)-Sthand g P

lower‘. +=Thick predict‘ -

- - : ;
P (year predict, ™ Thick actualmean) :

o .
-t _
+- qt(l - —,Total poone— 2)-StGrand err J11- +
: 2 (d+1) sum

£ .

'

-1

[

C

| S

o

L

| ST

t
—

I A

£t . €

|
—

T

.

1
l‘,; —

E .

-

N
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Location Curve Fit Projected to Plant End Of Life

900 — T T | T
———— /
sso |- -
. PR : |
_33 & . |
Thick predict 800 [~ \’ ‘ m =020l
. ,
—_— 150} -
K measured L]
Lo
“Tmin_gen gp
emcawe 7001 —
6so}- » : , .
600 N ! 1 4
1980 1990 " 2000 2010 2020 S 2030

627 predicts Y3 predicts YE3 predicts Dates year peedicy ’ 1

Therefore even though F-ratio does not support the regression model the above curve shows that even at the
-lower 95% confidence band this focation will not corrode to below Drywell Vessel Mmimum required thickness
by the plant end of life.

_ The saction below calculates what the postulated mean thickness would be if this gnd were to oorrode ata
minimum observable rate observed in appendax 22.

Rate nin observed =69

Postulated oo nehickness <=H measured, ™ Rate min_observéd'(zm 8- 2006)

~ Postulated peanehickness = 738.711 ' which is greater than V Tmin_gengg = 736

OCLR00019359
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-
( o The following addresses the readings at the lowest single point !
~ o
Point zod =Cells 19 ' ;
: hd
tast{Dates)
. " 2 e
"SST ,,.:.. 0= Point 5 — mean{Point , o
point = ( 20, ( 20)) 5 SST point = 72.75 o
last( Dates) . '
- . _ . 2 : .
SSE point * Z (Pomt zoi yhat(Dates , Point 20)i) ) ' SSE e 19.000 B
| i=0 . P ’ 'J
2
last{ Dates) . , - i
SSR pint = Dates, Point Point g) | s = o
point (shat(Dates.Paint 50) ~ mean(Poinego)|* -SSR i = 33741
i=0 i
() M
. SSEpoint | oSSR point. SST
MSE point*~ De B MSR point D F B MST . ...z point
cgreeFree o ‘ egree 1€ reg point Degr ceFree o J
) - f
MSE i, = 19.505 MSR pine = 33.741 MST pige = 24.25 b
StPoint ery :=JMSE point  StPoint .= 4416 J
/ ' F Test for Corroslon - =
, ™
F MR point iy
actaul_Reg MSE . :
) - 9T point " b
P
F .. ,=F actaul_Reg’ ‘
ratio_reg * F—_“""‘ .
. critical_reg ‘
() |
e . H
F ratio_reg = 0-093
bt
1

‘OCLR00019360
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Therefore no conclusion can be made as to whether the data best fits the regressiori model. The figure
balow provides a trend of the data and the grandmean '

Local Tmin for this elevation in the Drywell +- Tmin_local SB, 12490 . (Ref. 3.25)

Curve Fit For Polnt 20 Projected to Plant End Of Life

T T T
150} B ‘ S
wp ' » R D
XX % _ X -
Point 5g 650 - A : . . . —
XXX ‘ ' ‘
Tmin_local gg
600 - ) -
ssof ' . -
sooL o
1 I ! .
2000 010 2020 2030
Dates
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Therefore based on regression model the above curve shows that this point will ndt corrode to below minimum
required thickness by the plant end of life. :

.= Dates, Point oq) | . . . . ’
 poing =slope(Dates, Point 50) M point = ~0:541 ¥ poine 3= intercept(Dates, Point 20) ¥ poiny = 1.754+