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1 0 Purpose

The purpose of this calculauon is to analyze the UT Inspecnon whlch have been taken of the
Drywen Vessel in the Sandbed Region for 1992, 1994, 1996, and 2006.
.
Specific cbjectives of this calculatlon are;
1) Determine the 1992, 1994, 1996, and 2006 mean thxckness at each momtored locatlon and
_ compare them to acceptance criteria. '
2) Determine the 1992, 1994, 1996, and 2006 !lnnnest recorded value at each momtored locanon
_ and compare them to the appropriate acceptance criteria.
3) Statistically aralyze measured thicknesses frorn 1992, 1994, 1996, and 2006 to deterrnlne ifa
statistically significant corrosion rate exists at each location,
4) 1fa statistically significant corrosion rate exists, provide a conservative prolectmn 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 calcnlation pertains to the Sandbed Region of the Drywell Vesse] ]ocated
above elevauon 8 111/ whrch is not embedded in concrete on both sides.

Background : ‘ : ’

- The inspections were performed at 19 separate locations (grids) 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 whxch 49 separate UT readmgs are performed ina
grid pattem 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 locatlon each time the mspectxon is performed thhm plus or minus 1/8 mch

The gnds with 49 readmgs correspond to bays that experienced the most 1dentxﬁed corrosion prior to
the repair in 1992. . : »

- In 1992, following the removal of the sand and corrosion byproducts from the sandbed regxon the
exterior of the Drywell Vessel was visvally 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 mtended to provide a comparison to the acceptance cntena '
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2. 0 Summary of Results

Review of the 1992, 1994, 1996, and 2006 UT inspection data for all gnds 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 1992 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 r’ncaéu;ed in'2006 at

- each location, and sensitivity studies which have identified the minimum statistically observable rate .

~ of corrosion that would have to be present in order to have 95 percent confidenice.

All measured mean and local thicknesses meet the'establishcd design basis criteria.

Sensitivity studies have identified the rates, which would be stansueally observable gwen the limited
number of inspections (four since the sandbed has been coated) and the variance of the data at the
most c.rmcal location (19A).

Pro_]ecnons based on assumed corrosion rates comresponding to the calculated minimum statistically
observable rates are used to determine the required inspection frequencies to ensure that all locanons
will continue to meet de51gn basis reqmrements until the next scheduled mspectlon

'A review of the 2006 UT inspection data of 106 external locations shows all the measured local
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 représent insignificant changes to shell thicknesses. However, to take a
much more conservative approach in determining acceptable inspection frequencies for each of the . -
" locations, a sensmwty 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
: COIIS]dCI’Ed the actual rate (which was less than 1'mil per year) became observablc
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The following table provxdes a breakdown of the location W1th the least amount of margin to the
general cntena _

Table 1

NV B | Uniform o Margin
Loc;lf]x;non 2006 Mean Criteria - Delta Remaining
{Inches) " (Inches) - (Inches) Percentage

"19A 0.8066 0.736 0.0706 9.6%

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 statisticaily confirmed with 95% confidence.

Therefore the next inspection of this location shall be performed prior to the date ini which the A
" minimum statistically observable rate would drive the thickness to the minimum required thickness.

2006 Local : Margin’
Locatio Local o Delta o
n ID Reading Cntena. _ : Remaining
(nches) {Inches) (Inches) Percentage
17D/13 0.648 - 0.490 0.158 - 32%
19A/44 0.648 0.490 -0.158 32%

~ Table 2 The fo]lowmg table provxdes a breakdown of the locations wnth the least amount of
" margin to local crltena .

“Evaluation of these individual values 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
_ - 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.
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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.-

Téble 3 Compilation of the 49 Point Grid Means Over Time

Mean - Mean ‘Mean
| bascd on- based on b oy [2006 Uniformc, - tusions
Location ID 1992 1994 1996 IMezm - [Criteria |- -
Inspections [Inspections |Inspections
" |dnches) ‘ (Inches) (Inches) (Inches) [(Inches) _
9D 1.004 - 0.992 1.008 0993 No observable corrasion
11A 0.825 0.820 0.830 1 0.822 No observable corrosion
All 0.909 0.894 0.951 0.898 - No observable corrosion
11¢c| Top 0.970 0.982 1.042 0.958 No observable corrosion
Bottom 0.860. 0.850 0:883 '0.855 'No observable corrosion
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-
Bottom 0.906 0.895 0.933 0.904 No observable corrosion
15D 1.058 -1.053 1066 © | 1.053 | 0.736 | No observable corrosion |
Al 1.022 ~1.017 1.058 . 1.015 ‘No observable corrosion
17A | Top 1.125 1.129 1.144 1122 No observable corrosion
"|Bottom|  0.942 0.934 0.997 0.935 No observable corrosion
17D 0.817 0.810 0.848 -0.818 ‘No observable corrosion
Al | - 0983 0.970 0.980 0.969 No observable corrosion
19| Top | 0976 0.963 0.967 0.964 " No observable corrosion |
Bottom| . 0.989 . 0:975 0.990 0.972 No observable corrosion
19A 0.800 ~ 0.806 “0.815 -0.807 No observable corrosion
19B 0.840 0824 0837 - | 0.847 No observable corrosion
19C 0.819 0.820 - 0.854 0.824 ' No observable corrosion

Locauons that were previously split in two groups are shown for consxstency with previous

calculations.
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Table 4 Compilation of the Lowest 2006 Reading in Each 49 Pgint Grid Over Time:

~foer  {isea . hogg owest \f ocal |- .
Iﬁ;’f;‘;?:t Reading ‘ | Reading ‘ ‘ Reading (::gfiing Criteri'zll Corc]uelons
(Inches) (Inches) (Inches) (Inches) |(Inches)

9D/ 15 0.763 0.770 0.776 0.751 _ No observable corrosion
11A720 | 0677 0.677 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 comrosion
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 0.914 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 | 0650 0.666 0771 . | 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 aﬂer 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 penod This conclusmn is based on the stanstlcal “F" test of the data over

_txme
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Table 5 Compilation of the 7 Point Grid Means Over Time °
Average Av?rage Average
. - |Thickness |, ¢ .- :
- I{Thickness ) Thickness b . ,
e e based on 006 Uniform .
- ILocation |based on . based on _ .. . [|Conclusions
; : 1994 Mean ~ (Criteria o
. \ID 1992 . 1996 . .
: . .. (Inspection .
. nspections | . Inspections .
(Inches) (Inches)  |(nches) (Inches) [dnches) o
iID - 1.121 1.101 1.151 1.122 No observable corrosion
3D 1.182 1.184 - 1.175 1.180 No observable corrosion
SD 1.182 1.168 1.173 1.185 0.736 " | No observable corrosion
7D 1.137 . 1.136 1.138 - 1133 "7 | No observable corrosion |
9A ' 1.157 1.157 1.155 1154 - No observable corrosion
13C 1.149 1.140 1.154 1.142 No observable corrosion
15A 1133 1114 1.127 1.121 No observable corrosion

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

{1992 1994 1996 Lowest f yeal .

» ﬁ‘)’;;t;?:tkeading " |Reading Reading ?Z%Z?ﬁng Criteria Corrosion
. (Inches) (Inches) (Inches) (Inches) (Inches)
1ID/1 | - 0.889 0.879 © 0.881 0.881 . - No observable corrosion
3D/5 . 1.159 1.164 1.158 - 1.156 No observable corrosion
sD/1 1.164 1.163 1.163 1.174 No observable corrosion
7DI5 - 1111 1.135 1.113 1.102 - 0490 No observable corrosion
9A/T 1.133 1.132 1.127 1.130 No observable corrosion - |.°
13C/6 1.138 1.123 1147 1.128 No observable corrosion
15A/77 1.083 -1.040 1.100 . 1.049 No observable corrosion
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© 3.23 Practical Statistics - “Mathcad Software Version 7.0 Reference Library, Published by Mathsoft,

Inc. Cambridge

-3.24 AmerGen Calculanon C-l302—187-E3 10 037, Rev. 1 Statistical Ana]ys:s of Drywell Vessel

Data.

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

Sandbed”

4.0 Assumptions

The statistical evaluation of the UT data to determme the corrosxon rate at each location is based on

. the fo]lowmg assumpnons

4.1 Charactenzatnon of the scattering of the data over each grid is such that the thickness
measurements are normally distributed. If the data is not normally distributed the grid 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 pomts
is the appropnate representation of the average condition.

4.3 A decrease in the mean value of the thickness 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 vanatxons 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

hne
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5.0 Design Inputs:

51 Drywell Vessel Thickness criteria has been prevrously estabhshed (reference C- 1302 187-5320-
" 024) as follows: . :

- l) General Uniform Th1ckness 0.736 inches or greater

3' inches thick. and

t o AR 2) If an area is less than 0. 736" thick then that
Th -187-5320-024 has previously dispositioned

5 shall be no largér than 6” by 6” widel C-1

%KT "3) If an area is less than 0.693" thick then that area shall be greater than 0.490" thick and shall be

o~ A ‘@\\ ‘no larger then 2” in diameter. C-1302-187-5320-024 calculated an 'acceptance criterion of .479

W inches however; this evaluanon is conservatlvely 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 diamneter. 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 approximately 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 points are niot included in the calculation.

.
The following specific location/grid points have core bore plugs. j . ﬁ Y
. Bay Area - - Points _ ‘ ‘ )
11A - - - 23, 24, 30,31 » /Y (‘)
17D . 115,16,22,23 . - - 7 .
194 24,2531, 32 ' WV

5.3 Hxstoncal data sets for 1992 1994, 1996, and 2606 have been collected and are provxded in
attachments 1, 2, 3,and4. ' :

5.4 The 106 UT data for 2006 and _1992 externél inspectiens are provided in attachment 5.
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6.0 OVERALL‘APPROACH AND METHODOLOGY:
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 likely to lie above the mean as below it
"'~ A value of that quantity is less likely to occur the farthér 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 vahd points, which are normal]y distributed from the most - ’
- recent UT measurements at a location. :

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

" 6.1.4 Standard Deviation is the squére root of the variance.

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

6.1.6 Skewness measurcs,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. Va]ucs thh +/- 1.0 are indicative that the

. dlsmbutlon 18 normally skewed.

-6.6.9 Kurtosis measures the heaviness of a dlstnbutxon talls A nommal distribution has a kurtosis,
~ which approaches Zero. Valucs w1th +/- 1.0 indicate that the dxstnbqun is normal.

© 6.1.8Linear Regressxon is a linear relatlonsmp between two variables. A lme with'a slope and an
intercept with the vertical axis can characterize the linear relationship. In this case the linear -
relationship is between time (which is the mdependem variable) and corrosion (which is the
dependent vanable) :

6 1.9 F-Ratio'is the ratio.of explained variance to unexplained variance. The mean square
regression (MSR) value provides 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 niot explained
by a straight line with a s]ope

- OCLR00019287 -
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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 predlcted thickness, the ratio should be at least 8ord
' (reference 3.22).

If the F-Ratio is less than 1 then no conclusrons can be made that the means are best explamed by
aline 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 Corrosron Rate — With three or more data sets and the F-Ratio test greater than 1.0 this is
-the slope of the regressnon line.

6.1.12 Upper and Lower 95% Conﬁdence Interval — The upper . and lower conosmn 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 the Sandbed elevation. As a
minimum 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 basxs for
the Dyrwell Thickness Momtonng Program in the Sandbed Region. -

UT Inspection of locauons with the most thinning (known at the time) consisted of 49 individual -

UT thickness readings in a 7 by 7 patiern 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 wransducer. The -
sides of the template are notched to that it can be alrgned with permanent field markings made at

each inspection location. .

'Fdny 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) assurmng the entire population is nomrally
distributed (ref 3.7 and 3.8).
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The program then performed UT inspections over time at these same locations. The corrosion

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 mspectxons This methodo]ogy is based on the following

references:

| 1) Apphed Regression Analysxs Second Edition, NR. Dranr T& H Smxth John W1Iey

""and Sons 1981

2) . Statistical Concept and Methods, G K Bhattacharyya & R A.J ohnson, John Wl]ey

and Sons 1977,

- 3) Experimental Statistics, Mary Gobbons Natrella, John leey and Sons 1966 (Repnnt
* National Burean of Standards Handbook 91) . :
4) Fundamental Concepts in the Desigri of Experiments, Charles C chks Saunders '
" College Pubhshmg. Fort Worth, 1982 '

- 6.3 The UT measurements within scope of this monitoring program are performed in accordance -

with ref. 3.4. This specification involves taking UT measurements using a template with 49 holes

" laid 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 ]" 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 Invahd points. are those that are declared

: mvahd by the UT operator or are at plug locations.

.6.3 The thinnest’ smgle location 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 thinner

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 grids are subdivided into

_ subsets to ensure consistency to past calculations. In some cases (past and present) grids are not
nomnmnally distributed due a few “outlying” thinner and thicker points. In these cases the outlying

' points are trended separately.
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6.5 Methodology

6.5.1 Test Matrix
To demonstrate the methodology a 49 member array ‘will be generated using the Mathcad rmorm"”
-function. This function returns an array with a probability densily which is normally distributed,

where the size of the array (No DataCells) -the target mean (p mpul)' and the target standard -
devlatlon -u np t) are lnput

_ The lqllowing wlllbUild a matrix of 49 poinis
" No Ijataceus =49 i:=0. No DataCells™ i ‘ ' count :=7 :

The array "Cells" is generated by Malhcad with the target- mean (p inp t) and standard devnatlon 6 npul)

H input =773 -0 jnput =20 Cells :=m0rm(No DataCells'# input*9 input
put =" p : _ p

" *Cells® is shown as a 7 by 7 matrix

766 761 766 756 741 776 73]
786 819 791 795 792 793 788
754 776 60 789 771 762 76l
mam,gc'eus,n':' 765 786 770 777 800 761 775

797 793 717 732 779 763 751
777 790 781 775 760 767 762
l772 795 779 785 790 .775 7B}

Show

The above test matrix Wl" be used in sections 6.5.2 through 6. 5 8
6.5.2 Mean and Standard Devnatlon

The actual mean and standard dewallon are calculated for the matnx "Cells by the Mathcad luncllons '
mean .and “Stdev

Ther’etore for the matrix generated in section 6.5.1

B aotual i= mean( Cells) Sldev(Cells)

actual =

= 18258

M actual = 774-104. O actual =

Inspection shows that the actual rhean and slandard-devlatlons 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 normatly distributed.
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6.5.3 Standard Error _

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

" Standard "————_-0 actwal | |
error . Standard . . =2.578
AJ No patacells .

6.5.4 Skewness '

Skewness is calculated using the following equahon (reference 3 23).

For the matrix generated m‘sectlon 6.5.1

: | —
Skt;,wness (No DataCel]s) 'Z(Cel]s-— 1 actual) ’ .
o e, . (No DataCells ™ ) (NO DataCells ™ 2) ~(0 actual) 3 } Skewness = 0.354

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

Kurtesis is calculated using the following equation (reference 3. 23)
For the matrix generated in sectlon 6.5.1

—
. 4
No «(No + 1) Z(Celis—p
Kurtosis '= DataCeHs( DataCells ) ( ; actual)

(No Data(fclls'f ' l) -(No DataCells™ 2) -(No DataCells™ 3) '(“ actu'al) )
: . 3'(N° DataCells™ l) : '
(Mo DataCells ~ 2)(No pyeaCents — 3)

Kurtosis =0.262

A Kurtosis value close to zero is indicative of a normal distribution ('reierence 3.23)
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6.5.6 Normal Probability Plot

. An alternative method to determine whether a sample distribution approaches a normal distributio
* is by anormal 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 calcu]atmo the rank scores of the sorted

data. The Mathcad ﬂmcnon "sorts" sorts the “Cells" array

ji=0. last(Cells) . srti= sort(Cells)

Then each data point is ranked. The array "rénk" captures these rankings
———
Z(sn=srtj)-r
——
an‘srt

jrEit ! rank; =

‘Each rank is propomoned into the "p" array. Then based on'the proportion an CStlmatE is is

calculated for the data point. TheVan der Waerden's formula is used

rank

p). - I’OWS(Ce”S) + l

The normal scores are the correspondmg; th percentile pomts from the standard normal
distribution: :

xi=1 - N_Scoi'ej :=rodt[cnorri1(x)— (pj).'x]

If a sample is nbrnial]y 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°

[I%)
T
X
"X
i

N_Scare; o~ .' - ’ x>§’( . =
XXX » S 1

720 740 : 760 80 300 . 820 840
. st .
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857 Upber and Lower Confidence Values

The Upper and Lower confidence values -are calculated based on .05 degree of confidence o.”
(reference 3.23). ) : _

= ' = _a) o
u_.-.os_ Ta -—qt[(l. 5).48} Ta=2011

Therefore for the matrix génerated in section 6.1

. o actual
Lower g5¢,Con =¥ actual = T8

JN° DataCells

LbWET 95%Con =767.726

. . T 9 actual
Upper gsapcon*™# actual + T2

N Upper g5g,c0n = 778.094
0 DataCells . .

These values represent a range onthe calculated mean in which there is 95% confidence. In other

words, if the 49 data points were collected 100 times the calcutatéd mean in 95 of those 100 times
would be within this range. '

R

658 Graphicél _Hepresentétion

Befow is the distribution of the "Celis” matrix generated in section 6.5.1 sorted in one half standard - .
~ deviation increments (bins) within a range fram minus 3 standard deviations to pius 3 standard deviations. L

Bins :=Make 1, (” actual*© actual)

Distribution :=hist(Bins, Cells)  Distribution

The-mid points of the Bins are calculated

: (Binsk-i—'Bins

k=0.11 - Midpoints , : )
_ . s, >

i)

i The Mathcad function pnorm calculates the normal distribution curve based on a given mean and standard
deviation. The actual mean and standard deviation generated in section 6.5.2 are input. The resuiting plot will
provide a representation of the normally distribution corresponding the the actual mean and standard deviation.
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normal curvéD = pnonn(Bmsl,p actual *® actual)
normal curve, = pnorm(Bmsk_i_l',u actual*® actual) - pnonn(Bmsk.u» actual'® actuél) :

The normal curve is simply a proportion, which is multiplled by"thve number'of °Cells® (49)

normal e = N.o DataCells 0™l ¢rve

The fcllowing schematic shows: the actual distribution of the samples (the bars); the normal curv_é'

{solid line) based on the actual mean (p actual } and standard deviation ¢ actual )

and upper 95% confidence values Lower g5q,con UPPET 95a,Con)-

Wacwal 571291 Gaqua = 18047 - Standard gy = 2578

Skewness = 0.354 o Kurtosis = 0.262 No DataCelis = 49

15 T T T T T
10 by
Distribution
L .
normal arve
st |
0 | ! 11
720 © 740 " 760 780 " 800 820 840
Midpoints , Midpainis
Lower 95%Con =7671.726 . ) UPP&I’ 959%Con = 778.094 -

the kurtosis
(Xurtosis ), the skewnéss { sjcewness ). the number of data points (No DnlaCells)’ and the the lower
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6.5.9. General Summary of CorroSion Rate Assessment Methodology

A

This methodology develops a test to assess whether the trend of the means or individual pomts 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 prescnbed slope and mtercept 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 test will be referred to as the F test
for 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 prOJecuon can be

made to the year 2029.

If the F test for Corrosmn shows that the prescnbed line for c corrosion is not acceptable within the 95%
 confidence bounds determined by the linear regression on the data, then a conservative approach will be

used, and the regression will be utilized to determine an apparem 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

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 s, 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 penods of time (i.e. years) can be approximated

bya sttalght line wnth a slopc over time (see assumptxons 4.3,44 and 4.4).

This assumption has been shown to be reasonable over the llfe of the momtormg program. Prior. to 1992
sand removal from the sandbed, the regression model was shown to accurately calculate the actual
corrosion rates (reference 3.7, 3.11 through 3.21) of the vessel in-the sandbed and to provide relidble
projections that were used to schedule the ultimate repair (the sand removal). In addition 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 mspecnons over an approximate 10 years to detect

these minor rates (reference 3.2. 24).
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6.5.9.2 "F" Test Results for-Cofrosion

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 raie of 2 mils per year. This will
illustrate the case where the pop

- deviation.

ulation is corroding at 2 mils per year with a 20 mil standard

. The nine means, standard deviations of the following simulated dates are shown below

. Rate :=2.0 .

Dates i =-

1693
1995
1996.5
1997
1999.4
2002
2004
2006
2008

d:=0.8 . "d”is used as an index for the arréys _

K input :=775- (Rate )'-(Date§ ¢~ Dates 0)

. O input, =20 Cells, *=rmomm (N° DataCells * ¥ input ;* @ input d)

[}
actual d

= mean (Cclls d)

" . The resulting simulated means are

B aewal =

[770.163 ]
1 769.826 |

176708 -

| 742.622 ]

773.738

752.938
754.346
750.331
744 589

O actua) ‘ :=Stdev (Cel]s d)

I 20.964]
20.197
108 |
19.57 Dates
17368 | o
20.289
16.007
24.804
20.188 |-

C actual =

1 1.995410

1993103

X
1997010
1.997010°
1.999+i0°

2.002-10%

2.004+10°
2.00610°
' 3

- { 2008410
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The following'function simply retums the number of means INo_of )} which will be used later

means

No_of means rows (p actua_l) . No_of eans =9

The curve fit eqﬁatio_n and model equa_tion is défined for the function "yhat"

© yhat(x,y) i=intercept(x,y) + slope(x,y}-x

The curve fit équation in which the date Dates )is the indépénden{ variablé and the measured
mean thickness of the lacation { 1 mua]) is the dependent variable, is then defined as the function

"yhat". This funcnon makes use of Mathcad function ® intercept " which retumns the lntercept vaiue
_ of the "Best Fit" curve fit-and the Mathcad 1uncnon slope " which returns the slope value of the
"Best Fit* curve fit :

"~ The Sum of Squared Error (SSE) is calculated as follows {reterence 3.23). This is the variance between each
s g.} actual value (mean or individual point) and what the value should be if it met the regression model. .

last(Dates)

' - : ) . . 12
SSE:= Z (p actual, ™ yhat (Dates,u z_xctixal)i)
i=0 SSE= 125.623

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

last{Dates )-

ssRi= > (yhat(Dates pacwa,) mean{y acmal))z . SSR=100510°
“ ‘

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

DegreeFree s_; = No_of

means 2
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The degrees of freedom for the sum of ‘squares due to regression;

reg :=.1 . :

- _DegrecFr;e
MSE =D_q;;;is§+mss L s Z 7519
Slanda.rd error” m , | | Standard errar = 2.742
AMSR‘!=B—CEIT$———¢—:; ' MSR = 741.797

. The MSE is the variance estimate to the regression model. The MSR is an estimate for the diflerence

between the regression modet 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 zerc and the hypothesis that there is

‘siope Is not satistied. Another example would be if the MSE was very small indicating that the values o

are very close to the regression model, then the ratio wouid be very large and the hypothesxs that

there is slope is satlslned

.= MSR
actaq] .M" SE_.

This ratio F ac.!aul) is then compared to the "F" Distribution.with the appropriate
confidence factor. The Mathcad functiiqF computes curmulative probabilities for 4

distribution” with d1, d2 degrees of freedom at x conﬁdencc

chtonally,pF(x dl, d2) computes the area of the. regxou shaded beIOW' :

The cohﬁdence factor is set at 95% Conﬁdem‘:e =

it

95
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' 0:=0.05 * Fitica = aF(Confidence, DegreeFree oo, DegreeFree o ) Fcpificy = 5591

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

F __<F ﬁ\ctaul ) :

Fatlo F

F o= 10015 ' L

. ratio - - =

critical . ) | L Standard o, = 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 expiained by a curve fit with a slope. -

If the F ratio is less than 1.0 then no conclusions can be made with respect to how well the data satisfies a
ine without slope. S , e o
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" 6.9.3 Linear Regression with 95% Conﬁdence Intervals

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

functlons slope * and "intercept®.

“m, 1= slope (Dates WM actual')

m, =—2.159

Y p ‘=intercept (Dales ! actual )

Y § = 5077010°

The predicted curve is calculated over time where % year predict *
" "Thick predict * Is thickness (dependent variable). '
. Remainin_g P life =23 . f:=0. Remaining Pl life — 1

Thick sredict =M s Year prediey +¥

is time (independent variable), and

YR predict =1993 4.2

The 95% Confidence ("1- o l") curves are qalculated asﬁollov&rs (reference 3.3)

=005

'I‘hnck acmalmean =mean (Dates )

sum :=Z (Da(;:s o~ mean(Dates ))2

d
uppcr .—'I'hlck prcdlct -
. : . 2
( TR ; - . : o (yc":’ predict ;= Thick aematmean ) '
+qt{}l——,No_o . — 2 |-Standard IS + _ :
g 7 means o error drn . e
!ower ~Th|ck predict
( &y No. of 2) s d 1 (yem‘ predict ;~ Thick zctuaimean )
+-]qtil—~-—,No_o — 2 -Standar i+ + :
. 2 o means %) error (d+ 1) sum -
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Therefare the following is a plot of the curve fit of bthe data generated in section 6.9.2 and the Uppéi 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. '
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v 6.9.4 Sensitivity Studies to Determine Observable Corrosion Rates

© This sensmvny study will determine the minimum statistically observable corrosion rate that can exist in

the 49 pomts 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 runmng a series of simulations based on the results
- from the grid at location 19A. » :

This study will pe_frform 10, 100 iteration runs for varying corrosions rates of 5,6, 7,8, and 9 mils per ‘

The simulation will generatc 49 pomts arrays usmg the Mathcad function " morm"

- The function "norm (m, u, 8D)" - returns an array of "m" random numbers gencrated from a normal
- distribution 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, ﬂle actual mean (800 .mils) which was detérm'med from the actual

1992, 19A data (reference appendix 10 page 10). and a standard deviation of 65 mils. This standard

.. 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 19'94.‘ array will be 49, tﬁe‘ value 8§00-minus the sirhu]atcd rate (m mils per yoar) times 2
years (1994-1992) and a standard deviation of 65 mils. A sxmulated mean (for 1994) will then be

» ~ calculated from the simulated 49 point array.

‘The input to the 1996 array will be 49, the value 800 minus the simulated ratc (in nnls per year) times 4

years (1996-1992) and a standard deviation of 65 mils. A snmulated mean (for 1996) will then be
calculated from the simulated 49 point array.

The mput to the 2006 array will be 49, the value 800 minus the simulated rate (in mlls per year) nmes 14
years (2006-1992) and a standard deviation of 65 mils. A 51mu1ated mean (for 2006) will then be
calculated from the snnu]ated 49 point array o

. Thc 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.

+

100 iterations will be run 10 times at each of the input rates of 1,2, 3, 4, and 5 mils pér year. The

‘ resultmg number of successful iterations (passes the corrosion test) will then be considered as probability
. oof observmg that rate;given the 19A data. :

For this case location 19A was chosen since it is the thinnest of the 19 grids.
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Appendix 10'sﬁqws the following data for location 19A

Year -

1992
1994

1996

. 2006

Mean

(mils)
800
806
815
807

Standard Deviation

(mils)
586
693
67.3

62.4 ¢
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7.0 Calculation -
7. 1 Sandbed Locations wnth 49 Readmgs

7.1 1. Bay 9 location 9 December 1992 through Oct 2006
" Refer to Appendix #1 for the complete calculatlon

Four mspectxons have been perfonned 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. 3.20 3.21
apd 3. 22) this mean does not include point 15 whxch is thinnest point in the set.

The “F” Test results for Corrosion on thc 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

year shows that this location wou]d 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 thlckness prior to 2029.

Point 15 is the thinnest reading of the 2006 data at 0.751 inches, whlch mcets the design
“basis local thlckness requirements of 0.490".

The “F” Test result for Corrosion on pomt 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 consxdered credible and would be observable

e 712 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, M@Er_@e_plng_
(see section 5.2). Therefore points 23, 24 30, and 31 ar the corrosion rate

evaluanon

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 0.8215 inches, which meets the
design basis uniform thickness requu’ements 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 iterations (see appendlx 22). Therefore the conclusion is made that the '

- mean rate for this location is léss 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 2018. Additional inspection will be
required at this Jocation prior to this year. It is expected that each added inspection will"
continue to reduce the uncertainties, which will eventually demonstrate that thls location

-has sufﬁcxent ma_rgm to reach the full period of operauon 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 o
conclusion can be made that the location will not corrode to less then the mlmmum
required thlckness pnor to 2029. : '

| Point 20 is the thinnest reading of the 2006 data at 0. 669 inches, whlch meets the design
~ basis local thickness requirements of 0.490”. .

The “F" Test result for Corrosion on point 20 shows a ratio of 0.09. 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 locatxon would not reach
_. the minimum requlred thickness pnor to the 2029.

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

required thickness by 2029 it would have to corrode at a rate of 7.5 mils per year Wthh s
not considered credible and would be observable. ’

7.13 Bay 11 location 11C December 1992 through Oct 2006
Refer to Appendix #3 for the complete calcu]ation.

Four mspecnons have been performed at this locanon after the sand was removed and

coating applied in 1992. The data collected in ber istributed
Removal of point number 5, which is much mmenﬂﬂwmﬂﬂn
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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 obstrucnon wnh the vent attachment weld

The mean of the 2006 data is O 8982 inches, whnch meets the desxgn basis umfozm
_thlckness requirements of 0.736".

The “F” Test for Corrosmn 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.

Point 43 was discounted from the 1992 data in the previous 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 thls calculauon for cons:stency

Pomt S5is the thmnest reading of the 2006 data at 0. 767 mches which meets the desxgn
basis local thickness reqmrements of 0. 490", '

The *F” Test result for Corros:on on point 5 shows a ratio of 0.005. Sensitivity studies
show that given only four mspecnons 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 mlmmum required thickness pnor to the 2029.

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

. reqmred thickness by 2029 it would have to corrode at a rate of 11 5 mils per year Wthhv
is not considered credible and would be observab]e

'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 iﬁspectioris 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 mchcs) than the mean of gnd Therefore the conclusion
‘Was made that this distribution approaches normahty

Thc mean of the 2006 data is 0.8458 inches, Wh]Ch meets the desxgn basis uniform’
thickness requirements of 0. 736"

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 .requi_red at this location prior to this year. ltis expected that

_ .- each added inspection will continue to reduce the uncertainties, which will eventually
e " demonstrate that this location has sufficient margin to reach the full penod 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

’I'he,calculated 1994 mean (837mils) in this calculation is different than the same mean
- calculated in 1994 (827.5 mils). This is because the 1994 mean calculation eliminated
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 pomts However the 1992 and 1996 calculation did
not eliminate the same four points even though some of the four points were thicker 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 points included is
* normally distributed. Therefore the 1994 mean was recalculated in this calculation w1th
-the 4 points mcluded

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 ths value Therefore th]S calculanon uses 853 mils for the 1996 mean.
""" Point 19 is the thmnest readmg of the 2006 data at 0.746 inches, which meets the design
basis local thickness reqmremems 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 assumied rate shows that this location wou]d ot reach

the minimum required thlckness prior to the 2029.

Additional calculation shows that for this pomt to corrode to less than the minimum
required 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 observablc

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 consxstem to the followmg conc]usxons

'The mean of the 2006 data is 0.9682 inches, which meets the demgn basis uniform
thlckness rcqulrements 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 $hows that this locatlon would not reach the minimum required thickness prior to the
12029, : .

' In addmon the apparem 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
requxred thickness pnor t0 2029.

‘Point 49 is the thinnest readmg of the 2006 data at 0.821 mches wh:ch meets the de51gn
basxs local thlckness requirements of 0.490". . o L

~ The “F" Test result for No Corrosion on point 49 shows a ratio of 1.64. 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
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that the mean rate for this Tocation i is less than the statistically observable rate of 6.9 mils

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

the mlmmum requued thxck.ness 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 13.8 mils per year which
is not considered credible and would be observable

. _ 7.1.6 Bay 15 location 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, Wh]Ch meets the desugn basis uniform thlckness
requirements of O 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 miean 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 42 is Lhc thmncst reading of the 2006 data at 0.922 inches, which meets the desxgn
basxs local thickness reqmrements of 0.490”.

_The “F” Test result for Corrosxon _on pomt 42 shows a ratio of 0.02. 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

* that the mean rate for this location is less than the statistically observable rate of 6:9 mlls _

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

“the minimum requued thickness prior to the 2029.

Additional calculation shows that for this pomt to coxrode to less than the minimum
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.
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7.6.9 Bay 17 location 17A December 1992 through Oct 2006

Refer to Appendix #7 for the complete calculation:

Four mspecuons 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 distiibuted.
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 consnstent to the followmg
conclusmns )

The mean of the 2006 data is 1.015 inches, Wthh meets the desxgn basis uniform

' thlckness reqmrements of 0.736".

The *F” Test result for Corrosion on the means shows a ratio of 0.00_6. Sensitivity studies h
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.

In addition the apparent corrosion rate was detenninéd 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 riot conode to less then the minimum-

reqmred thickness prior to 2029

Point 3 was discounted from the 1996 data in the 1996 calculation (rcferencev3.22)‘sinc'c
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 d1scounted from the 1996 mean in this calculation for consxstcncy.'

Point 40 is the thinnest reading of the 2006 data at 0. 802 mchcs whxch meets the desxgn '
basis local thickness requirements of 0. 490”

The “F” Test result for Corrosion on pomt 40 shows a ratio of 0.002. 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 ebservable rate of 6.9 mils

per year. Projection based on this assumed rate shows that this location would not reach
the mmnnum requlred 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 rmls per year which
is not considered credible and would be observable.

7 1. 8 Bay 17 location 17D December 1992 through Oct 2006 -

Referto Appendix #8 for the complete calculation.

Four inspecnons have been performed at this location ater 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). Thcrefore points 15, 16,22, and 23 are eliminated from the corrosion rate
eva]uatxon : :

The data collected in October 2006 is normally distributéd after the four points that lie
over the plug are eliminated. The mean of the 2006 data is 0. uBJ,mees which meets the
design ba51s uniform thickness requuemcnts 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 excludirig 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 calculatlon uses 848 mils
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 locanon has sufﬁcxem margin to reach the full penod of operation in
2029.

In addition the apparent corrosion rate was determmed 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 mxmmum :
requxrcd thlck_ness prior to 2029.

Point 14 is Ihe thinnest readmg of the 2006 data at 0.648 inches, which meets the de51gn
basis local thnckness reqmrements of 0. 490" o _

The “F Test result for No Corrosion on pomt 14 shows a ratio bf 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. 1t is expected that each added inspection will continue to reduce the
uncertainiies, which will eventually demonstrate that this locanon has sufficient margm to
reach the full period of operatlon 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 ycar which is
not considered credible and would be observable.

719 Bay 17 location 17-19 December 1992 through Oct 2006
Refer to Appendlx #9 for the complete calcu]auon

Four inspections have been perfonned 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 inches, which meets thc design basis uniform
thickness requiremems of 0.736".

The “F" Test result for Corrosmn 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 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 Jess than the statistically observable rate of 6.9 mils
_per year. Projection based on this assurmed rate shows that this location would not reach
the minimum required thlckness pnor 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 o
" conclusion can be made that the location will not corrode to ]ess then the minimum
 required thickness prior to 2029

The calculated ‘1996 mea_n (990.14 mils) in this calculation is different that thé 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 inean.
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Point 35 is the thinnest reading of the 2006 data at 0. 901 inches. Which meets the desij gn
basis local thxck'ness requirements of 0.490™,

The g 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
~ required thlckness prior to the 20295.

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 conszdered credible and would be observable.

7.1.10 Bay 19 location 19A December 1992 through Oct 2006 |

Refer to Appendix #10 for the complete calculation.

Four inspec{ions have been perfdrmed at this location after the s_zind 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 24, g/ff 31, and 32 are eliminated from the corrosion rate
‘evaluation. -

The data collected in October 2006 is nofmal]y distributed after the }ér points that lie
over the plug are eliminated. The mean of the 2006 data is 0.8066 mchcs which meets the

design basis uniform thickness requirements of 0.736”. This mean 1s the thinnest of the
19 locatmns

Evalnation of the mean thickness values of this location measured 1992, 1994, 1996 and
2006 shows that this location i$ 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 minimum required thickness.

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 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
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reduce the uncertainties, ‘which will eventuaily demonstrate that thxs locanon has

sufficient margm to. reach the full period of operation in 2029,

In addition the apparent corrosion rate was determined using the ‘regression model (evtenb
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 Jocation will not corrode to less

" then the minimum required thickness prior to 2029.

Pomt 4 is the thinnest reading of the 2006 data at 0 648 mches, whxch meets the de31gn

’basns 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 nade
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 mlls per year which is
not considered credxble and would be observable. :

7.1.11 B_éy 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 rerﬁoved 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 mches whlch meets the desxgn basis umform

thickness requirermrients of 0.736™.

-The “F” Tcst result for Corrosxon on the means shows a ratio of 0.088. 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 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.
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" In addition the apparent corrosion raté was determined usixig 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
requxred thlckncss prior to 2029.

"Point 34-is the thmnest reading of the 2006 data at 0.731 mches Whlch meets the desx gn
basis local thlckness requirements of 0. 490"

The “F” Test result for Corrosion 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 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 10 0 mxls per year which
1s not considered credible and would be observable:

7.1.12 Bay 19 locatlpn 19C December 1992 through Oct 2006

_section 5.2).

) value Therefore this calculanon uses 854 mils forthe 1996 mean.

Refer to Appendix #11 for the complete calculation.

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

coating applied in 2'/199} wes within this location. Four points lie over the plug.
Therefore points 20, 26, 27, an are eliminated from the corrosion rate evaluation (see_

- . i . ’ :
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 0.8238 inches, ‘which meets the '
design basis uniform thickness requ:rcments of 0.736".

The calculated 1996 mean (854 mils) in th]s calculation is diffefeni that the same mean

“calculated in 1996 (848 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 854 mils and not
848 mils. Therefore it is concluded that the 1996 calculation mistakenly documemed thxs

“J

The “F” Test result for Corrosion on thc 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 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 ful] pcnod of operation in 2029

In addition the apparent corrosion rate was detennmed using the regrcssxon model (even
though it does not meet the F test for Corrosion). Based on the apparent raté the
conclusion can be made that the locatlon will not con'ode to less then the minimum-
required thickness prior to 2029.

Point 4 is the thmncst reading of the 2006 data at 0. 660 inches, which meets the design
basxs local thickness requu'emems of 0.490".

The “F" Test result for Coirosion on pomt 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 locanon would not reach
the minimum required thickness pnor to the 2029

. Addmonal calculation shows that for this pomt 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

‘not considered credible and would be observable.

7.2 Sandbed Locations with 7 Réhdings

7.2.1 Bay 1 location 1D December 1992 through Oct 2006

“Refer to Appendix #13 for the complete éalculation.

v

Four inspections have been performed at this location after the sand was removed and
coatmg applied in 1992. The data is not normally distributed. Eliminating point 1 which
is significantly thioner 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 mches 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. 001. Sensitivity 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 locauon

‘wou]d not reach the minimum rcquxred thickness prior to the 2029.
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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 10 less then the minimum
required thickness prior to 2029.

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

- Point 1 is the thinnest reading of the 2006 data at O 881 inches, which meets the de51gn

basis local thlckness requxrements 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 otit 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 locauon would ‘ot reach
the minimum requxred thickness 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 16.3 mils per year which
is not considered credible and would be observable

7.2.2 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 uriform 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 rmmmum requlred thickness prior to the 2029.

- In addition the apparent corrosion rate was delerrmned using the regresswn 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 thc minimum

reqmred 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 recaiculated in thxs B
ca]culanon w:th the point 5 mcluded

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

The i Test result for No Ccrros:on 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 -

. thc mlmmum rcquxrcd thickness prlor to the 2029.

‘Additional calculation shows that for this point to corrode to less than thie minimum
_ required thickness by 2029 it would have to corrode at a rate of 27.8 mils per year Wthh
+ is not considered credible and would be observable.

7.2.3 Bay 5 location 5D December 1992 through Oct 2006,
Refer to. Appendix #15 for thc complcte calculation.

Four mspectlons 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, whxch meets
“the desxgn basis uniform thickness reqmrcments 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 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 1 is the thinnest reading of the 2006 data at 1.174 inches, which meets the design
basis local thickness requiremems‘of 0. 490” : '

. The “F" Test for No Corrosmn for point 1 shows a ratio of 0.037. The “F" test results of
the 1992, 1994, 1996 and 2006 pomt 1 value show an “F” ratio of 0.925, which isan
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indication that a slope might exist for this point. Review of the individual readings for
éach year shows the following values in each year. -

Year Point 1 Value
(inches)

1992 1.164

1994 ) - 11,163

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 locatxon whxch was the thinnest -
location recorded in 2006 is not experiencing corrosion.

Sensmvxty studies show that gwen 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 _
L ‘observable rate of 6.9 mils per year. Projection based on this assumed rate shows that this
: ( B . 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 28.5 mils per year whlch
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 performed at this location after the sand was_rcmbved 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 Corroswn on the means shows a ratio of 0.384. Sensmvny 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 Jess 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, '

o N 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
e o conclusion can be made that the location will not corrode to less then the minimum
requxred thlckness prior to 2029.
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. Point 5 is the thinnest reading of the 2006 data at 1.102 inches, whxch meets the deSIgn ,
 basis local thickness requirements of 0.490”.
The “F” Test result for Corrosion on point 5 'shows a ratio of 0.06. Sensitivity studies .
shov:-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
thc nnmmum requxred thlckness pnor to the 2029.

" Additional calculation shows that for this point to corrode to less than the minimum ,
requxred thickness by 2029 it would have to corrode at a rate of 25 5 mils per year which
s not considered credlble and would be observab]e

7 2. 5 Bay 9 location 9A December 1992 through Oct 2006
Refer to Appendix #17 for the complete calculation.

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

1 " . coating applied in 1992. The data is not normally distributed. This is most likely due to

the low number of data points. The rhean of the 2006 data is 1.154 inches, which meets
the design bas:s uniform thlckness requlrements of 0 736".

The “F" Test result for Corrosxon 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 jterations (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 determmed usmg the regressxon model (even
" though it does not meet the F test for Corrosion). Based on the apparentrate the .

" conclusion can be made that the location will not corrode to less then the minimum
- required thxckness prior to 2029 :

Point 7 is the thinnest reading of the 2006 data at 1.13 mches whlch meets the design
basis local thxclmcss requxrcments 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
o * four inspections, a rate-of 6.9 mils per year would be observed 95 times or more out of
") o - 100 iterations (see appendix 22). Therefore the conclusion is made that the mean rate for
e - this location is less than the-statistically observable rate of 6.9 mils per year. Projection
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based on this assumed rate shows that this locatlon .would not reach the minimum
required thickness pnor to thc 2029.

" Additional ralculanon 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 consmered credible and would be observable.

7.2 6 Bay 13 location 13 C December 1992 through Oct 2006
Rcfer 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 requn-ements

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 raté the

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

Point 6 is the thinnest reading of the 2006 data at 1.128 mches which meets the de51gn
basis local thickness requirements of 0. 490” .

The “F” Test result for Corrosion on pomt 6 shows a ratio of 0. 00000087. Sensmvxty
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 thlS
- 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 26.6 mils per year whlch
is not considered credible and would be observable

7.2 7 Bay 15 location 15A December 1992 through Oct 2006

Refer to Appendlx 19 for the complete calculanon
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* Four 'mspectioﬁs 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 umform thlckness requirements of 0.736.

The “F” Test result for Corros;on 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 thickncss prior to the 2029.

In addmon the apparent corrosion rate was determmed 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 pnor to 2029.

Point 7 is the thinnest rcadmg of the 2006 data at 1.049 mchcs which mects the design .
basis local thickness reqmremems of 0.490".

The “F" Test result for No Corrosion on point 7 shows aratio 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 Jocation would not reach the minimum

requrred thickness pnor to the 2029.

Addmonal 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 mlls per year which
is not consxdered credible and would be observable
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" 7.3 External Inspections~

7.3.2 Results
(Refer to Appendix 20)

. All 106 readings were greater than the acceptance criteria of 0.49 inches even when

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 ideritified the thinnest locations ‘in each of

" the 10 sandbed bays. . These thmnest locations were then UT inspected. In many cases -

the areas had to be slightly grounded 50 that the UT probe could rest flat against the
surface of the vessel. The thickneéss values and the locations of each reading, referenced

from existing welds, were recorded on a series of NDE data sheets. At each location one
UT reading was performed.

In 2006, 106 readings were taken of the external portion of the Drywell Veésellffom
within the former sandbed region. These locations were located using the 1992 NDE

Inspection Data Sheet maps. These UT readmgs were compared to acceptance criteria.
he data is provxded in: Attachme t5. , .

allowing for 20 mils tolerance in uncertainty.- The minimum recorded value was 0.602

inches measured at point- 7 in bay 13. This point was also the thmnest pomt recorded in
1992.

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

inconsistencies between the 1992 and 2006 UT readings. These include:

a) The roughness of the mspected surfaces due o the prevxously corroded surface
" of the shell in the sandbed regions o

b) The different UT technologies between 1992 and 2006

¢) UT Equipment Instrument Uncertainties and - '

d) The poor repeatability in attempung to mspect the exact same unmarked
locations overtime

" The 2006 and 1992 data cannot be used for developing corrosion rates by performing -

regression analysis, which requires at least three similar mspectxons over time to develop
acceptable confidence factors.
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7.3.3 Worst Case
(Refer to Appendix 20)

Toensurea formal'conscrvanvc evaluation, point to pomt comparisons were performed on all 106
points as follows.

| For each reading the 2006 value was subtracted from the 992 value and dmded by 14 .
years (time between 1992 and 2006). Values that resulted in positive changes i in metal
thickness were discounted from the computation to maintain conservative results.

The resulting differences in UT readin gs based on pomt-to pomt cornpanson vary
bctween O and .0335 inches per year. -

. . " The minimum 2006 reading of all the areas was 0.602 (point 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
arate 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.

However even when 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 thinnest.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 acccptancc criteria of 049 inches.

’Repeat inspection of this location in 2008 will provxde addmonal data to confirm the very .
conservatlve nature of the above evaluation. —
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7.3.4 Coniparison 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 devxanon of 0.0623 inches. The grid is normally distributed.

A normally dxsmbuted sample allows conclusion of the entite normally distributed

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

- approximately plus or minus three standard deviations of the mean. '

‘The thinncst 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
lacation 19A shows that the monitoring program provxdes a tepresentative sample
populatmn of Lhc thxcknesses of the entire sand bed region.

~ For example the UT transducer head is approxxmately 0.428 inches in diameter. The
Drywell Vessel in the sandbed has approximately 700 square feet of surface area.
g ) Therefore the actual population of the sandbed region available to the transduccr is in
! . excess of 70,000, 0.428" diameler 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

populatmn was 70,000, approximately Q. 5% of the population would be less than 0.648

inches, apprommately 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 majority 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 extemal coating, will ensure the material condition of the
Drywel] Vessel in the sanded regxons is maintained within design basis.
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14 Sensitivity of the Corrosion 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 Inspectinns. As result, in 2006, the
~Oyster Creek NDE Group investigated several potential factors that could have caused the
discrepancy. These potential variables included the potential failure by contractor- personncl to
- clean off the inspected surface prior to the mspecnon and the potenna] that-the UT unit was
mistakenly placed on the “High Gain” setting. However the review did not conﬁrm that these
factors were the cause. ~

Never the less the. question remains as to ‘whether the 1996 data should be mcludcd in the
. analysis documented by this ca]culanon

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 appcndxx
21 and are summanzed in the table below.

.| Area

¢’ Ratio without

' Location “F* Ratio Results
with 1996 data | 1996 Data g
All 0.004 - 0.00009 Negligible
11C Top 0.012. 0.000003 Negligible
Bottom 0.002 0.01 Negligible
13D Bottom. 0.002 0.000002 Negligible
174 All 0.006 0.001 - | Negligible
: Bottom -} 0.003 0.007 Negligible -
17D JAll- 0. 0001 0.002 Negligible
19C All 0.0001 7.3 ‘See Below
1D . | All 0.047 0.02

Negligible .

" The study showed that for the "Corrosxon“ test, ehmxnatmg of the ]996 data rcsults in neglxglble

" change to the “F” ratio (when compared to'the criteria of 1.0); except for the 19C grid. 1In the
19C grid 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 regressmn curve fit
results in a very small positive slope. - :

Therefore_based on these sensitjvity studies it is concluded using the 1996 data will results in a
negligible impact on the results-of the “Corrosions Test” for Regression.
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7.5 Sensitivity Stady to Determine the Statistically Observable Corrosion Rate with Onl}; :
Four Inspections ,
(Refer to appendix 22).

The drywell vessel in the sandbed region is cxtemally coated. The coating 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 =
' appi‘oximately 20 mils). This is because the external suiface of the vessel above the sandbed

region expenenccd a much less severe corrosion mechanism resuItmg in a 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 vield the
expected rate (significantly less than 1 mil per yea:) with 95% confidence in only four
mspectxons

_ Therefore a sensitivity study was performed to determine the minimum statistically 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 conosiph 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 thinnc'st of the 19 grids.

This study perfoxmed 10 iterations of of 100 sunulatxons each of varying corrosions rates of 5 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
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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 point 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 40 point grid with a standard deviation of 65 mils experiencing a corresion
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 conservauve :
and opnonal The result is a manageable condition.
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8.0 S_oftware

This calculation does not use the same software that was used in earlier calculations (reference 3.20,

3.21, and 3.22). Previous sandbed related calculations utilized the GPUN mainframe computer and

the “SAS” mainframe software. The Oyster Creck Plant was s50ld 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 altemauve PC based soﬂware “MATHCAD" has been .

choscn to perform this calculation.

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 -
. " calcujations 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 1952 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 Decermber 1952 through Oct 2006
Appendix #14 - Bay 3 location 3D December 1992 through Oct 2006
Appendix #15 - Bay 5 location 50 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 Smdies to Determine Mmlmum Statistically Observable Corrosion
Rates S
Appendix 23 - Independent Third Party Review of Calculation

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- Inspccnons of Transition Elevations 23’ 6" and 77 6"
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