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2\0 . SUMMBRY OF RESULTS

' Bay B Area Corr.ai n_Rate *#
2.1

. 131A -15’.5 +2.9 mpy
11¢. Top -35.2 +6.8 mpy
21C Bottom " =22.4 #4.3 mpy
1m %25.0 +2.0 mpy

o193 . =22.4 £1.5 mpy
198 =19.0. +1.7 mpy
19¢- ~24,3 3 mpy
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2.2 Sand_Bed Eeaion Wi.th\Ca.thodic Protection - Since’ OGtobar 1988

- 11A
11¢ Top
' 11C Bottom
- 1w -
Rl 19a
. 198
19¢’

. 2.3 Sand Bed Rgg. ion Frama g'_utodt

17719 Top

17/19 Bottom

N\
Not § ignif icanky
Not significant®-

" Not -Significant+ b

~23.7 +4.6 mpy
. =20.6 #3.9 mpy
~11.8 +3.9 mpy
~21.5 +3.5 mpy

Not Significantw
Not significant»

2.4 Sand Hed Region Without Cathodic Protectiaen

9D
T 13
13D
15D
177 Top-
" 17A Bottom

* .

‘Not Significantx
~39.1 + 3.4 mpy
Indeterninate

Not significant*
Not Significant*
‘Not Significantr

870.4 + 5.7 mils 5.4
977.0 £12.5 mils 4.6
865.0 + 7.8 mile 4.9
829.5 4+ 4.0 mils 29.4
807.6 + 3.0 mils - 39.5
"B36.9 + 3.2 milm - 21.3
825.1 + 2.3 mils ' 66.2 -
878.0 .:_ 5.9 mila
996.6 % 8.3 wmils
878.1 + 5.6 mila
N © 830.1 + 3.8 mils 2.7
., B0B.2 # 3.2 mila 2.8
 841.2 + 3.3 mils - 0.9
- _:826.3 + 2.9 mila 3.7
.
986.0 » 4.7 mils
1008.4¢ i‘a 9 mils
o . Ay
1021.7 + 8.9 mils - . _
853.1 + 2.4 mils - 16.9
. 931.9: #22.6 mils oy
1056.5 + 2.3 mils *
1128.3 + 2.2 mils .
745.2 + 2.1

mile . l.3

. Not statlstically significant compared to random variations in measurements

" *% Mean esorrosion rate in mils per year + standard -error of eatimate
) ***Best estuna.ta of currem: mean thickness in mils * standa.zd error of the mean
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2.0 SUMMARY OF RESULTS

Bay & Rrea __. Corrosion Rate {mpy)
Begt Estimater

M
5% Conf, **

ean Thickness *** F-Ratio N

No. 1

2.1 Sand Bed Region With Cathodic Protection ~ Al) Ppata

T 11A

1iCc Top
11Cc Bottom
17D

19a

19B

19¢C

2.2 Sand Bed Region With Cathodic Prot

-15.6

+2.9 mpy
-35.2 +6.8 mpy
-22.4 4.3 mpy
-25,0 2.0 mpy
-21.4 #1.5 mpy
-19.0 #1.7 mpy
~24.3 *1.3 mpy

-21.0

-48.2
-30.5
-28.7
—24.1

-22.3

-26.7

17/19 Bottom Not Significant*x#»

11a Not significantarw»s

1lC Top Not Significant*#x*

11C Bottom Not Significant¥*x*

17D -23.7 4.6 mpy - =34.2

98 -20.6 3.9 mpy ~29.7
© 198 -11.8 +3.9 mpy -21.1

isc -21.5 +3.5 mpy -29.5

2.3 Sand Bed Region Frame Cutout

17/19 Top ‘Not Significantr*#+*

870.4

977.0
865.0
B82S.5
807.6
836.9
825.1

‘878.0

996.6
878.1
830.1
808.2
841.2
B26.3

286.0
1005.7

(]

I+ 14 1+ 14 14 14 0+
NWwbaaW!

W+

b4
.

2.4  Sand Bed Reglion Without Cathodic Protection

9D
132

. 13D

15p

' 17A Top

17A Bottom

Not Significant****

=39.1 ¥ 3.4 mpy’

Indeterminate

~46.4

Not Significant*x**

Wot Significantrais

Not Significant*s¥x

1021.7
853.1

931.9

1056.5
1i28.3

$50.8

I L

.7
.5
.8
.0
.G
.2
.3

mils

mils
mils
milse
mils
mils
mile

mils

mils
milsg
mils
milg
milse

mils"

mils .

mils

mils

milg
mils

-mils

mils
mile

*#*  Upper bound of the one-gided 95% confidence interval N
**%* Begt estimate of current mean thickness in mils + standard error.of the mean

*x***xNot gtatistically significant compared to random variations in measurements

N
Yra

001/0004.3

Number of data sets _
Years from first to .last data set

ection - Since October 1988

16.9

OO0 Wwwuo

O D0

P onm

"%  Mean cvorrosion rate in mile per year # standard error of estimate
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At ) 3 ea _ C~-1302-187-5300-011

TLE STATISTICAL 'ANALYSIS OF ‘DRYWELL. THICKNESS THRU 4-24-~90

AEV SUMMARY OF CHANGE APPROVAL DATE
COmputéd 95% upper bound of the corrosion rate ;;%QZékhyv7%L : Sad

in each bay where regression modsl is
appropriate. o

computed maximum éotential coxrrosion rate at
95% confidence for each bay where mean model
is appropriate. :

Deleted Summary of Apparent Corrosion Rates
and added Summary of Maximum Potential

" Corrosion Rates at 95% Confidence.

Revised paragraphs 2.0, 4.5.2, and 4.10 to
reflect these changes.

Covveched dypes on Sommary Sheets

Vert-heation V
hes

?

- (302~ 187-0pS

afy

(pg 233) 2 s 4, 21

la

N0036 (03-90)
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hicknegg k&%

In thome cases where the F-hgtio ig less than 1.0 they

F-Ratia

For bays with cathadic - ) v

Apparent
Corroaion

Rate {(mpy}

(=

J

F-Ratio

P Sy _
(;, (R ! oy SR« gfk? o v gl
aa . o;roaign Ratg »» Mea

5/D~12 ~ 4.6 + 1.6 745.2 % 2

S/5 Indeterminate 745.1 + 3
13/31 \Indeterminate 75Q.8 #11.
15723 detarminate 751.2 %
2.6 Elgva;ion 520 %\,

7/25 Indetetrminate 715.5 £ 2
1376 Indetermingte 724.9 .2
13/32 Indaterminate 698.3 + 5
19,13 Indeterminate 712,58 + 3
2.7 Elevation 87°' _' \K\

9 Not siganiéant' K 619.9 =+ O
i3 Not significant* 636.5 .+ D

"5 Not significant* . 636.2 + 1
2.5 . hpparent Corrosion Rates
These estimates of the corroslon rate are based on a least sguares fit
©f the data.
ghould not be used to make future proyectxona.
protaction, thesa apparent rates are for tha- poriod from October 1988 to
hpril 1990. For the other bays, it is for all data.
Appavrent
. Corrosion
Bay . Rate (mpy} E-Ratio Bay
1A ~16.2 £ 8.6 0.2 - ap
11c Top -25.0 %10.6 0.6 . 13a
11¢C Bottom ' -16.7 * 7.1 0.6 15D
- 17D - =23.7 * 4.6 2.1 17 Top
192 =20.6 + 3.9 2.8 172 Bottom
188 -11.8 + 3.9 0.9 5 EL 51°

i8¢c -21.5 * 3.5 3.7 9 EL 87

17/19 Top - B.2 x10.7 . 0.1 13 EL B7*
~13 1 311.6 0.1 i5 BL 87/

OCLR00020060



Bay & Area

08/28/00 11:54:39

_gorrosionghéte tmpy)

calc. ¥o. ©-1302-187-5300~011

Rev. No. 1
Page 300f 454

Mean Thickness wwx F—Ratio N ¥rsg
. Best Estimate* - 95% Conf,** i
2.5 .Elevation 51°

5/D-12 - 4.6 * 1.6 mpy -2.2 745.2 % 2.1 mils 1.3 8 2.5

5/5 Indeterminate 745.1 + 3.2 mils 2 1.2
13/31 Indeterminate 750.8 +#11.5 mils 2 1.1
15/23 Indeterminate 751.2 * 378 mils 2 1.1
2.6 _Elevation 52!

7/25 Indeterminate 715.5 + 2.9 mils 1 o
13/6 Indeterminate 724.9 + 2.9 mils 1 o
13/32 Indeterminate 698.3 + 5.0 mils 1l 0
15/13 Indeterminate 712.5 % 3.1 milsg 1 .0
2.7 . Elevation 87'

9 "Not Significant#¥k 619.9 * 0.6 mils 5 2.4
13 Not significant®**x 636.5 + 0.8 mils 5 2.4
15 Not s;gnzficant**** -636.2 + 1.1 mils 5 2.4
2.8 Potential COrrosion Rates at 95% Confidenc

For those locations where the corxosion rate is not. statistically o
gignificant, the posmsibility does exist. that the variability in the data
may be masking an actual corrosion rate. The potentially masked
corrosion rate at 95% confidence is bounded by the upper bound of the
95% one-gided confidence interval about- the slope ccmputed in the
regreeaion analysis (see Patagraph 4.10. 1)
95% Upper Bound
Corrosion Rate

. Bay Elevation {mpy} N Yrs
11Aa (Since 10/88) Sand Bed -36.4 -5 1.5
1iC Top (Since 10/88) Sand Bed -49.9 5 1.5
11C Bottom (Since 10/8B) Sand Bed -33.3 5 1.5
17/19 Top - Frame Cutout -33.4 5. 1.3
17/19 Bottom Frame Cutout - =40.5 ‘5 1.3

SD ' Sand Bed - -63.4 5 1.3
i5p Sand Bed -16.0 5 1.4
178 Top Sand Bed -15.5" s 1.4
173 Bottom " sand Bed ~35.6 5 1.4
.9 87’ -2.2 -5 2.4
13 87! -2.1 5 2.4
15 B7' -0.6 5 2.4
NOTE The high value for Bay 9D results from one exéremgiy'high mean

valuve on 6/26/89. Wlthout this data point, the 95% uppeéer bound
is -29.2 mpy. :
. 001/0004.4
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Evaluation of Individual Measurementa
Exceeding 99%/99% Tolerance Interval

w.o

One data point in Bay 5 Elev. 51' fell outaside the 99%/95% tolerance
interval and thus is statistically different from the mean thickness.

Basad on a linear regression ahal&ais-for-this point, it is concluded

that the corrosion rate in this pit is egsentially the same ag the
overall grid. : ' ' :

001/0004.4
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‘3.0 BEEEBE!QE§

3.1 GPUN Safety Evaluatlon SE—000243 -002, Rev o, “Drywell Steel Shell
Plate Thicknese Reduction at the Base Sand Cushion Entrenchment
Region”

3.2 GPUN TDR 854, Rev. 0, "Drywell Corrosion Assessment"

3.3 GPUN TDR 851, Rev. 0, "Assessment of Oyster Creek Drywell Shell®

3.4 GPUN Installation Specification IS-328227-004, Rev. 3, "Functional
Requirements for Drywell Containment Vessel Thickness Examination"

3.5 Applied Regresgion Analys;s, 2nd Edition, N.R. Draper & H. Swith,
John Wiley & Sons, 1981

3.6 Statistical Concepts and Methods, G.K. Bhattacharyya & R:A.
Johnson, John Wiley & Bons, 1977

3.7 GPUN Calculation C~1302- 187—5300-005, Rev. 0O, "Statlstxcal Analyszs
: of Drywell Th;ckness Data Thru 12-31-88"

3.8 GPUN TDR 948; Rev. 1, "Statistical Analysis of Drywell Thickness
Data" . . ' :

3.9 Experimental Statistics, Mary Gibbons Natrella, John Wiley & Sons,
1966 Reprint. (National Bureau of Standards Handbook 91)

3.10 Fundamental COncepté in the Desgign of Experiments, Charles C.
Hicks, Saunders College Publishing, Fort Worth, 1982

3.11 GPUN Calculation C-1302-187-5300-008, Rev. 0, “Statistical Analyhis'
: of Drywell Thickness Data thru 2-8-90"

001/0004.5
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4.0 ASSUMPTIONS & BASYC DATA.

4.1 Background

The deeign of the. carbon steel drywell includes a sand bed which is
located around the outside circumference between elevations
8'~11-1/4" and 12'-3". Leakage was observed from the sand bed
drains during the 1980, 1983 and 1986 refueling cutages indicating
that water had intruded into the annular region between the drywell
shell and the concrete eghield wall,

The drywell shell was inspected in 1986 during the 10R outage to
determine if corrosion was occurring. The inspection methods,
reaults and c¢onclusions are documented in Ref. 3.1, 3.2, and 3,3.
Rs a result of these inapactions it was concluded that a long term
monitoring program would be established. This program includes
repatitive Ultrasonic Thickness (UT) measurements in the sand bed
region at a nominal elevatLon of 11*-3" in bays 1LA, ilc, 17D, 192,
19B, and 19C. i

The continued presence of water in-the sand bed raised concerns cf
potential corrosion at higher elevations. Therefore, UT
measurements were taken at the 51' and 87°' elevations in November
1987 ‘during the 11R outage. As a result of these inspections,
repetitive measurements in Bay 5 at elevation S1’' and in Bays 9, 13
‘and 15 -at the B7' elevation were added to the long term monitoring’
program to confirm that corrosion is not occurrlng at these higher
elevations. :

A cathodic protection system was installed in selected regions of
the sand bed during the 12R outage to minimize corrosion of the
drywell. The cathodic protection system wag placed in service on
January 31, 1989. The long term monitoring program was also
expanded during the 12R outage to include measurements in the sand
bed region of Bays 1D, 3p, 5D, 7D, 9A, 13a, 13C, 13D, 15A, 15D and
17A which are not covered by the cathodic protection system. It
also includes measurements in the sand bed region between Bays 17
and 19 which is covered by the cathodic protection system, but does
not have a reference electrode to monltOt Lts eifectiveness in this
region. :

The high corrosion rate computsd for Bay 13A in the sand bed region -
through February 1990 (Ref. 3.11) raised concerns about the
corrogion rate in the pand bed region of Bay 13D. Therxefore, the
monitoring of this location using a 6"x6" grid was added to the

long term monitoring program. In addition, a 2-inch core sample
was removed in March 1990 from a location ad]acent to the 6"x6'"
monitaored grxd in Bay 13A. : -

'001/0004.6 .
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Measurements taken in Bay 5 Area D-12 at elevation 51° through
March 1990 indicated that corrosicn is occurring at hie location.
Therefore, survey measurements were taken to determine the thinnest
locations. at elevation 51°., As a result, three new locations were
added to the long term monitoring program {Bay 5 Area &, Bay 13
Area 31, and Bay 15 Area 2/3). .

The indication of ongoing corrosion at élevation 51' raised
concerns about potential corrosion of the plates immediately above
which have a smaller nominal thicknesa. Therefore, survey
" measurements were taken in April 1990 at the 52' elevation in all
bays to determine the thinnest locations:. As a result of this
survey, four new locations were added to the long term monitoring

plan at elevation 52' (Bay 7 area 25, Bay 13 Area 6, Bay 13 Area
32, and Bay 19 Area 13).

' Sone wmeasgurements in the long term monitoring program are to ‘be
taken at each outage of opportunity, while others are taken during
each refueling outage., The functional requirements for these
inspections are documented in Ref. 3.4. The purpose of the UT
measurements is to determine the corrosion rate and monitor it over
time, and to monztor the effectiveness of the cathodic protection
‘gystem.

4.2 gelection of Areas to be Monitored

A program was initiated during the 11R outage to characterxze the
corrosion and to detérmine its extent. The details of thise
.inspection program are documented in Ref. 3.3, The greatest
corrasion was found via UT measurements in the sand bed reglon at
the lowest accegsible locations. Where thinning was detected,
additional measurements were made in a cross pattern at the
thinnest section to determine the extent in the vertical and
horizontal directions. Having found the thinnest locatxons,
-measurements were made over a 6"x6" grid.

To determine thé_vertical'profile_of the thinrning, a trench was
excavated into the floor in Bay 17 and Bay 5. - Bay 17 was selected
since the extent of thinning at the floor level was greatest in
‘that area. It was determined that the thinning below the top of
the curb was no more severe than above the curb, and became less
gevere at the lower portions of the sand cushion. ‘Bay 5 was
excavated to determine if the thinning line was lower than the
floor level in areas where no thinning was detected above the
floox. There were no significant indications of thinning in Bay 5.

. 001/0004.7
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It was on the basis of these findings that the 6"x6" grids in Bays
11a; 11¢, 17D, 193, 19B and 19C were selected as representative
locations for longer term monitoring. The initial measurements at
these locations were taken in December 1986 without a template or
markings to identify the location of each measurement.
Subsequently, the location of the 6"x6" grids were permanently
marked on the drywell shell and a template is used in conjunction
with these markings to locate the UT probe for auccessive
measuremente. Analyses have shown that including the non—template
data in the data base creates a mignificant variability in the
thickness data. Therefore, to minimize.the effects of probe
location, only those data Bets taken with the template are included
in the analyses.

The presence of water in the sand bed alsgo raised concern of
poténtial corrasion at higher elevations. Therefore, UT
measurements were taken at the 51° and 87' elevations in 1987
during the 11M outage. The measurements were taken in a band on
6-inch centers at all accessible regions at these elevations.
Where these measurements indicated potential corrosion, the
measurements spacing was reduced to l-inch on centers. If these
additlonal readings indicated potential corroseion, measurements
were taken on a 6"x6" grid using the template. It was on the basis
‘of thege inspections that the 6"x6" grids in Bay 5 at elevation S1°
and in bays 9, 13 and 15 at the 87° elevation were selected as
representative locations for long.term monitoring.

A cathodic protection system was installed in the sand bed region
of Baye 11A, 11¢, 17D, 19A, 198, 19C, and at the frame between Bays
17 and 19 during the 12R outage. The system was plaéed in service
on January 31, 1989. : B .

The long term mon;torlng program was expanded as follows durlng the
12R outaga: .

{1) Meagurements on 6"x6" grids in the sand bed region of Bays 9D,
13a, 1SD and 17A. The basis for selecting these locations is
that they weyre originally considered for catheodic protection
but are not included in the system being installed.

(2) Measurementa on 1-inch centers along a 6—inch'horizontal strip
in the #gand bed region of Bays 1D, 3D, 5D, 7D, 9A, 13C, and
15A. These locations were selected on the basis that they -are
representative of regions which have experienced nowminal
corrosion and are not within the scope of the cathodic
protection sgystem.

D01/0D04.8

OCLR00020066




—

08/28/00 11:54:39

Calc. No. C-1302-187-5300-011
Rev., No. O '
Page 9 of 454

(3). A 6"x6" grid in the curb cutout between Bays 17 and 19. The
purpose of these measurements is to monitor corrosion in this
_region which is covered by the cathodic protection system but
does not have a reference electrode to monitor its
performance.

The long term monitoring program was expanded in March 1990 as
follows:

(1) Measurements in the sand bed region of Bay 13D: - This locaticn
" was added due to the high indicated corrosion rate in the sand
bed region of Bay 13A. The measurements taken in March 1990
.were taken on a 1"x6" grid, All subsequent measurements are
to be taken on a 6"x6" grid.

(2) Measurewments on 6"x6" grids at the following locations at
elevation E1': Bay 5 Area 5, Bay 13 Area 31, and Bay 15
Area 2/3. These locations were added due to the indication of
ongoing corrosion at elevation 51°, Bay 5 Area D-1.

The long term monitdring program was expanded in Apfil 1950 by
.adding the following locations at elevation 52': Bay 7 Area 25,
Bay 13 Area 6, Bay 13 Area 32, and Bay 19 Area 13." All
measurements are taken on 6"x6"™ grids. These locations were added
due to the indication of ongoing corrosion at elevation 51’ and the
fact that the nominal plate thickness at elevation 52' is less than
at elevation 51".

4.3 - UT_Measurementsg

The UT measurements within the scope of the long term monitoring
program are performed in accordance with Ref, 3.4. . This involves

" taking UT measurements using a template with 49 holes laid out on a
6"x6" grid with 1" between centers on both axes. The center row is
used in those bays where only 7 measurements are made along a
6-inch horizontal strip.

" The first set of weasurements were made in December 1986 without
the use of a template. Ref. 3.4 specifies that for all subsequent
.readings, QA shall verlfy'that locations of UT nieasurements )
performed are within + 1/4" of the location of the 1986 UT
measurementas. It also specifies that all subsequent measurements
are to be within % 1/8" of the des;gnated locations.

001/0004.9
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" removed from the drywell vessel ahell.

001/0004.10

evaluated in Ref.

3.2.

00-011

Seven core samples, each approximately two inches- in diameter were
These samples were
Five of these samples were removed within

the 6"x6" grids for Bays 11A, 17D, 193, 19C and Bay 5 at elevation

‘8L'.

hole.

These locations were repaired by welding a plug in each
Since these plugs are not répresentative of the drywall

shell, UT measurements at these locations on the 6"x6" grid must be
dropped from each data set. '

The ﬁdllowing aspecific grid points have bean deleted:

Bay Area

- Points
113 23, 24, 30,
17D 15, 16, 22,
192 24, 25, 31,
1sc ‘20, 26, 27,
S BL 51° 13, 20, 25,

31

23

32

a3,

26, 27, 28, 33, 34, 35

The core sample removed in the sand bed region of Bay 13A was not
within the monitored 6"x6" grid.

Bages for Statistical Analysis of 6"x6" Grid Data

4.5.1

Agsumptions

The ‘statistical evaluation of the UT measurement data to

the following assumptions:

‘'détermine the corrosion rate at each location ie based on

" (1} Characterization of the scattering of data over each

6"x6" grid is such that the thickneass meagurements
are normally distributed.

--(2) ‘Oonce the distribution of data for each 6°x6" grid is
o ‘found to be normal, then the mean value of the

thickness is the appropriate representation of the
average condition,

(3) A decrease in the mean value of the thickness with

time is represéntative of the corrosion occurring

within the 6°x6" grid.

OCLR00020068
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{4) If corrosion has ceased, the mean value of the
thickness will naot vary with time except. for random
errors in the UT measurements.

(5) If corrosion is continuing at a constant rate, the
mean thickness will decrease linearly with time. 1In
this case, linear regression analysis can be used to
fit the mean thickness values for a given zone to a
straight line as a function of time. The corrosion

~rate is equal to the slope of the line.

The validity of these assumptioné is assured bys
(a) Using moré than 30 data pointe per.s*xﬁ“ grid

{b) Testing the data for normality at each 6"x6" grid
oo location.

(c) Testing the regression equation as an appropriate
model to desecribe the corrosion rate.

These tegts are discussed in the following section. 1In
caseg where one or more of these assumptions proves to be
invaliQ, non-parametric analytical technlques can be used
to evaluate the data.

. 4.5.2 Statistical Approach

The following steps are performed to test and evaluate the
UT measurement data for these locations where 6"x6" grid
data has been taken at least three times:

(1) Edit each 49-point data set by setting all invalid
points to zero. Invalid points are those which are
declared invalid by the UT operator or are at a plug
location. (The computer programs.used in the
following steps ignore all zero thickness data
points. )

{2) Perform a chi-squared goodness of £it test of each 49

' peint data set to ensure that the assumption of
normality is valid at the 5% and 1% level of.
significance. i

(3) Calculate the mean thlckness and variance of each 49
point data get.

{4} Perfofm an Rnalysis of Variance (ANOVA) F-test to
determine if there ie a- significant dxfference
between the meang of the data sets.

' 001/0004.11
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confidence of the maximum corrosion rate wh
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is explained in greater detail in

paragraph 4.10.1.

reg

icant

el is deemed
ion model, the

regression model, the

t statistically signif

variations in the mean
gress

gh the mean mod

8 noe

corxrosion rate 1
Althou

appropriate than the
compared to random
more appropriate than the re

thickness.

(£)

001/0004.12

5% one-sided confidence
lope computed in the

upper bound of the 9

interval about the 8

{5)

1 (8

‘Use a K factor from Table A-7 of Reference 3.9 and

'99%/99% tolerance limit about the mean thickness

08/28/00 11:54:39

Calc. No. C-1302-187-5300-011
‘Rev, No. A7}
Page 12 of 454

Using the mean thickness values for each 6"x6" grid,
perform linear regression analysia over time at each
location. -

{(a) .Perform F-test for significance of regression
at the 5% level of significance. The result of
this test indicateg whether or not the
regression model is more appropriate than the
mean model. - In other words, it tests to see if
the variation of the regression model is

statistically significant over that of a mean .
model.

({b) Calculate the ratlo of the observed F value to
the critical F value at 5% level of-
‘significance. For data sets where the Residual
Degress of Freedom in ANOVA is 4 to 9, this
F-Ratio should be at least 8 for the regression

“reliable

to be considered Zuseful'N a5 Opposed to simply

"M"gignificant." vy .
Risex Paragesph 1. 2)
(c) Calculate the coefficient of determination
{R°) to assess how well the regression model
"explains the percentage of total error and thu
how ugeful the regression line will-be as'a
predictor. ' :

)

@

(d) - Determine Lf the residﬁal values for the.
regregsion equations are normally distributed.

{e)} If the regression model is found to be
appropriate, calculate the y-intercept, the
slope and their respective standard errors.
The y-intercept represents the fitted mean

" thickness at time zero, the slope represents
‘the corrosion rate, and the. standard errors
repregent the uncertainty or random error of
these two parameters. g : -

the standard deviation to establish a one-gided

values for each 6"x6" grid location to determine
whether low thickness measurements. or "outliers" are
statistically significant. . If the data points are

greater than the 99%/99% lower tolerance limit, then

the difference between the value and the mean is

deemed +6 ba due to expected random error. However,
if the data point 1s less than the lower 99%/99%

‘tolerance limit, this implies that the difference is

statistically significant and is probably not due to
chance. o ' ' ' .

_ O_CLROOOZOO?O

Calculate the upper \

‘bound of the 95% one-sided confidence interval

L

about the computed slope to provide an estimate
of the maximum probable corrosion rate .at 95%

confidence.

This is explained in greater.

detail in paragraph 4.10.2.

!
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4.6 _ Analysis of Two 6"x6" Grid Data Sets

Regression anaiysis is inappropriate when data ig available at only
two points -in time. However, the t-test can be used to determine
if the means of the two data sets are statistically different.

4.6.1 -Assumptions
This analysia ié baséd upon the following assumptions:
(1) The data in each data se£ is normaily distributed.
(2). The variances éf the two data sets are equal.
4.6.2 . Statistical Apgroaeh
The evaluation takes place.in three steps:

(1) Perform a chi~squared test .of each data set at 5% and
'~ 1% levels of significance to ensure that the
asgumption of normality is wvalid.

.(2) Perform an F-test at 5% and 1% level of significance
: of the two data sets being compared to ensure that
the assumption of equal varlances is valid.

(3) Perform a two-tailed t-test for two lndependent

: samples at the 5% and 1% levels of significance to
determine if the means of the two data sets are
statxstlcally different.

A conclusion that the means are not statistically different
is interpreted to mean that significant corresion did not
occur over the time periocd represented by the data.
Howaver, if equality of the means is rejected, this implies
that the difference is statistically significant and could
be due to corrosion.

4.7 Pnalysis of Single 6"x6" Grid Data Set

In those cases where a' 6"x6” data set is taken at a given location
for the first time during the current outage, the only other data
to which they can be compared are the UT survey measurements taken
at an earlier time. For the most part, these are single: point

. measurements which were taken in the vicinity of the 49-point data
set, but not at the exact location. Therefore, rigorous
statistical analysis of these gingle data sets is impossible.
Howaver, by making certain assumptions, they can be compared with
the previous data points. 1If more extensive data isg available at.
the location of the 49—po;nt data set, the t-test can be used to
compare the means of the two data seta as descrlbed in

paragraph 4.5.

001/0004.13
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When additional measurements are made at these exact locations
daring future outages, more rxgoroue atatlstlcal analyses can be
employed.

4.7.1 Assumptions

The comparison of a single 49-point data seta with previous
data from the same vicinity is based on the followxng
assumpt iona:

(1) Characterxzatlon of the scattering of data over the
6"x6" grid is such that the thxckness measurements
are normally d;stributed.

(2) Once the distribution of data for the &"x6" grid is
found to be normal, then the mean value of the
thickness 1s the appropriate representatlcn of the
average condition.

(3) . The ptior data is representative of the condition at
thip location at the earlier date.

4.7.2 gtatistical Approach
The evaluation takes place in four steps:

(1) Perform a chi-squared test of each data set to ensure
that the assumption: of normality is valid at the 95%
‘and 99% confidence levels.

{2) calculate the mean_aﬁd the standard exror of the mean
of the 49-point data set. :

(3) Determine the two~tailed t value from a t
distribution table at levels of sigpificance of 0.05
" and 0.01 for n-1 degrees of freedom. .

(4) Use the t value and the standard error of the mean to
. calculate the 95% ‘and 99% confidence intervals about
the mean of the 49-po;nt data set.

(5} Conpare the prior data point(s) wlth these confidence
intervals about the mean of the 49—po;nt data setsg.

_If the prior data falls within the 95% confidence
intervals, it provides some assurance that significant
corrosion has not occurred in thie region in the period of
time covered by the data. If it falls within the 99% -
confidence limits but not within the 95%: confldence llmlts,
this implication is not as strong. In either casae, the
.corresion rate will be Lntgrpreted to be "Not Significant".

001/0004.14"
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. If the prier data falls above the upper 99% confidence
limit, it could mean either of two things: (1) significant
cdrrosion haB occurred over the time period covered.by the
data, or {2) the prior data point was not representative .of
the condition of the location of the 49-point data set in
"1986. There is no way to differentiate between the two.

In this case, the corrosxon rate will be interpreted to be
"Posaible".

.If the prior data falle below the lower 99% confidence
limit, it means that it is not representative af the

" condition at this location at the earlier date. In this
case, the corrosion rate will be interpreted to be
"Indeterminable”.

4.8 pnalysis of Single 7-Point Data Set

in those cases where a 7-point data set is taken at a given
location for the first time during the current outage, the only
other data to which they can be compared are the UT survey
measurements taken at an earlier time to identify the thinnest
regions of the drywell shell in the sand bed region. For the most
part, these are aingle point measurements which were taken in the
vicinity of the 7-point data sets, but not at the exact locations.
‘However, by making certain assumptions, they can be compared with
“the previous data points. If more extensive data ip available at
the location of the 7-point data set, the t-test can be used to
compare the means of the two data sets as described in

paragraph 4.5. :

When additional measuredente are made at these exact locations

during future outages, more rigorous statlstical analyses can he
ployed.

4.8.1 Assumptions

The comparison of a single.7-point data sets with préviOus
‘data from the same vxc;nlty is based on the following’
assumptiona-

(1) The corrosxon in the region of each 7-polnt data set
ig normally distributed.

(2) The pr;or data is representative of thé condition at
this location at the earlier date.

The validity of these aBsumptiohs cannot be_verified;

001/0004.15 S ' : '
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4.8.2. Statigstical Approach
The evaluation takes place in four steps:

(1) . cCalculate the mean and the standard etror'of the mean
: of the 7-point data set.

(2) Determine the tﬁo-tailed t value using the t
distribution tables at levels of slgnlflcance of 0.05
and 0.01 for n-1 degrees of freedom.

{(3) Use the t value and the standard error.of the mean to
calculate the 95% and 99% confidence intervals about
the mean of the 7-point data set.

(4) Compare the prior data point(s) with these confidence
Lntervals about the mean of the 7-point data sets.

If the prior data falls within the 95% confidence .
intervals, it provides some assurance that significant
corrasion has not occurred in this region in the period of
time covered by the data. If it fallse within the S9%
confidence limits but not within the 95% confidence limits,
‘this implication is not as strong. In either case, the
corrosion rate will be interpreted to be “Not Significant™.

If the prior data falls above the upper 99% confidence
interval, it could mean either of two things: (1)
significant corrosion has occurred over the time period
covered by the data, or (2) the prior data point was not
representative of the condition of the location of the
7-point data set in 1986. There is no way to differentiate
between the two. In this case, the corrosion rate will be
interpreted to be "Possible".

If the prior data falls below the lower 99% confidence

" limit, "it means that it is not representative of the
condition at this .location at the earlier date. In this
cape, the corrosion rate will be Lnterpreted to he

- “Indetexmxnable'

Evaluation of Drygell Mean Thickness

This section defines the methods used to evaluate the drywall
thickness at each location within the scope of the long term

'monltorlng program.

001/0004.16
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Evaluation of Mean Thickness Using Regression Analysis

The following procedure is used to evaluate the drywell’
mean thickness at those locations where regression analysis
has been deemad to be more appropriate than the mean model.

(1)

(2)

The best estimate of the mean thickness at these
locations is the point on the regression line
corresponding to the time when the most recent set of
measurements waa taken. In the SAS Regression
Analysis output (App. 6.2), this is the last value in
the column labeled "PREDICT VALUE".

The best estimate of the atandard error of the mean
thickness is the standard ezrror of the predicted
value used above. In the SAS Regression. Analysis

‘output, this is the last value in the column labeled

(3)

YSTD ERR PREDICT"

The two—-sided 95% confidence interval about the mean
thickness is equal to the mean thickness plus or
minus t times the estimated standard error of the
mean. This is the interval for which we have 95%
confidence that the true mean thickness will fall
within. The value of t is obtained from a t
distribution table for egual tails at n-2 degrees of
freedom and 0.05 level of significance, where n is

- the number of sets of meagurements used in the

regression -analysis. The degrees of freedom is equal
to n-2 because two parameters (the y-intercept and

the slope) are calculated in the regression analysxs

(4)

with n mean thicknesses as imput.

The one-sided 95% 1ower limit of the mean thicknesgs

is equal to the estimated mean thickness minus t
times the estimated standard error of the mean. This
is the mean thickness for which we have 95%
confidence that the true mean thickness does not fall
below. In this case, the value of t is obtained from -
a t distributicn table for one tail at n-2. degreea of -
freedom and 0.05 level of sxgnlflcance.

Evaluation of Mean Thickness Using Mean Model

The following procedure is used to evaluate the drywell
mean thickness at those locations where the mean model is
deemed to be more appropriate than thé linear regression

model.

This method is consistent with that used to -

evaluate the mean thickness using the regréssion model,

OCLR00020075
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{1) Calculate the mean of each set of UT thickness
: measurements.

{2) Sum the means of the sets and divide by the number of
geta to calculate the grand mean. This is the best
egtimate of the mean thickneas. . In the SAS
Regression Analysis output, this is the value
labelled “DEP MEAN".

{3) Using the means of the sets from (1) as inpht,
calculate the gtandard error about the mean. This is
‘the best eatimate of the standard erxor of thé mean
thickness.

{4) The two-sided 95% confidence interval about the mean.
‘thickness is equal to the mean thickness plus or
minus t times the estimated standard error of the
‘mean. This is the interval for which we have 95%
confidence that the true mean thickness will fall
within. The value of t ig obtained from a t
distribution table for equal tails at n-1 degrees of
freedom and 0.05 level of significance.

{5) The one-sided 95% lower limit of the mean thickness
is equal to the estinated mean thickness minus t
times the estimated standard eirror of the mean. This
is the mean thickness for which we have 95%
confidenca that the true mean thickness does not fall
below.. In this case, the value of t is obtained from
a t dietribution table for one tail at n-1 degrees of
freedom and 0.05 level of significance. :

4.9.3 Evaluation of Mean Thickness Using Single Data Set

. The-following procedure is used to evaluate the drywell
thickness at those locations where only one set-of
measurements xs available.

(1) Calculate the mean of the set of UT thickness - .
measurements. This is the best estimate of the mean
thickness, - : S

(2) Calculate the standard errér of the mean for the set
of UT measurements. This is the best estimate of the

standard error of the mean thickness.

Cdnfidence intervale about the mean thickness cannot be
calculated with only one data set available. : -

001/0004.18
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4.10 Evaluation of Drywell Corrosion Rate

4.10.1 Mean Model

If the ratio of the observed P value to the critical F
value is less than 1 for the F-test for the significance of
ragression, it indicates that the mean model is more
appropriate than the regressjon model at the 5% level of
significance. 1In other words, the variation in mean
thickness with time can be explained solely by the random
variations in the measurements. This means that the
corrosion rate is not significant compared to the random
variations. S '

The value of t is determined for n-2

Inthie case, an F-test is performed to compare the
varfahility of the data set means between data sets with
the var ility of individual measurements within the data
seta. If obgerved F value is less than the critical F

value, it conbPiyms that the ?ean model is aiprOEriate.

" If the F-test indicataes tha ) arxab;lzty af the means
is significant, the Leald¥ _Significant Difference (L5D) is
computed. This is the maxYmym difference between data set
mean thicknesses that can be absgributed to random variation
in the measurements. If the diffexence between the means 'j
of data sets exceeds LSD, it indicat®s_that difference is
significant. The difference between me .is subtracted
from LSD and the result is divided by the t%
.measurement® to estimate the "Significant Corr
in mils per year (mpy}. If the difference betweehthe
means does not exceed LSD, then it is concluded that™wo

" significant corrosion occurred during that period of ti

‘confidence interval of  the slope computed in the regression
The 95% upper bound is equal to the computed
slope plus the one-asided t-table value times the standard

cannot exceed the uppér-bodnd_df the 95% one-sided

ey

error of the slope.
degrees of freedom,

analysis.

We can

Although the mean

4.10.2 Reg:ession Model

If the ratio of the observed F value to the critical F
"value is 1 or greater, it indicates that the regression
model is more appropriate than the mean model at-the 5%
level of significance. " In other words, the variation in -
~ mean thickness with time cannot be explained solely by the
random variations in the measurements. This means that the
corrosion rate is significant compared to the random
variations. : :

Although a ratio of 1.or greater indicates that regression
" is significant, it does not mean that the slope of the
‘regression line is an accurate prediction of the corrosion

rate. The ratio ghould be at least 4 or 5 to consider the

"8lope to be a useful predictor of the corrosion rate (Ref.

The poseibility does exist that the variability in the data
>
‘=
wo.

‘may be masking an actual corrosion rate.
model le. deemed more appropriate than the regression model,

the results of the regression analygis can be uged to

estimate the potentially masked corrosion rate.
state with 95% confidence that the potential corrosion rate

'OCLR00020077
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3.5, pp. 93, 129-133). A ratlo of 4 or 5 means that the
variation from the mean due to regression is approximately
twice the standard deviation of the resmiduals of the
regression. . ' : '

To have -a high degree of cénfidence in the predicted
corrosion rate, the ratio ghould be at least 8 or 9 (Ref.’
3.5, pp. 129-133). _ E

athodic protection and the
Sdice a linear regression

6f the recent corrosion Yate is the slope

from the regrebsion analysis for the period of “iqterest.

Thege values are tabulated as the “Apparent Corrosion Rake".

paragraph 2.5,

QE; the best estimatg

| Tha upper bound of the 95% one-sided confidence interval
about the computed slope is an estimate of the maximum

probable corrosion rate at 9s5% confidence. The 95% upper

bound is equal to the computed slope plus the one-sided . j’

t-table value times the standard erior of the slope. The

valqe of t is determined for n-2 degrees of freedom. B

]
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5.1 éﬁxs" Grids in Sand Bed Region With Cathodic Protection

5.1.1 Bay 11a

5.1.1.1

" 5.1.1.2

- 001/0004.21

Aof2af50

Nine 49-point data mets were available for this
bay covering 4/24/90 period. Since a plug lies
within this region, four of the points were
voided in each data set. The data were
analyzed as described in paragraphs 4.4, 4.5.1
and 4.6.1.

Bay 11pAs 5/1/87 to

(1) The data are normally distributed.

- {2) The.ragreseion model is appropriate. .

{3) The regression model explains 78.3% of the
. variation about the mean.

'(4) The residuals are normally distributed.

{5) The current mean thicknesé'i_standard
error is 870.4 + 5.7 mils.

(6) The corrosion rate + standard error is
-15.6 % 2.9 mils per year.

{7) F/F critical = 5.4.
(8) The measurement below 800 mils was tested
' and determined nct to be statistically

different from the mean thickness.

Bay 11a: '1olazaa'to 4[24[90_

Five 49-point data sets were avallable for this
bay covering this perlod

(1) The data are normally distributed.

{2)  The mean model is more appropriate than

the regression model.

{3): The F-test for the significant of the
- difference between the means shows that
the difference between the mean thickness
are not significant.

OCLR00020079
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(4} The t-test of the last twoc data sets shows

that the difference between the mean
thickness is not significant.

{5) The current thickness based on the mean

model is 878.9 + 5.9 mils.

{6) These analyses indicate that the corrosion

rate with cathodic protection is not

significant compared to random variations

‘in the measurements.

(7)- The best estimite of the corrosibn rate

during the period based on a least squares

fit is ~16.2 * 8.6 mils per year.

Bay 11C: 5/1/87 to 4/24/90

Nine 49-point data sets were available for this
bay covering this period. The initial analysis
of this data indicated that the data are not
pormally distributed. The lack of normality
wag tentatively attributed to minimal corrosion
in the upper half of the 6"x6" grid with more
extensive corrosion in the lower half of the

was divided .into two subsets, with one
containing the top three rows and the other
containing the bottom four rows.

Top_3 Rows

(1) The daté are normally distributed.

{2) The regressipn model is appfopriate.

- grid. To test this hypothesis, each data set

(3) The regression model explains 79% of the

total variation about the mean.

{4) The residuals are nofma1ly distributed.

{5) The.current mean thickness + standard
error ig 977.0 + 12.5 mils.

(6) The corrosion rate is -35.2 + 6.8 mils
year. : ) ’ -

(7) F/F . critical = 4.6.

per

OCLR00020080
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Bottom 4 Rows

{1)

2)

(3)

{4)

(5)

(6)

A7)

-'Seven of the nine data sets are normally

distributed. The other two are skewed.
toward the thinner side of the mean. The
Chi-square tegt shows that they are close

‘to being normally distributed at the 1%

level of significance.
The_regreséion model is appropriate.

The regression model explains 80% of the’
total variation about the mean.

The residuals are normally distributed.

The currenﬁ mean thickness + standard
error ig 865.0 + 7.8 milsg.

The corrosion rate + standard error is

~22.4 + 4.3 mils per year.

F/F c?}tical = 4.9

Bay 11¢: 10/8/88.to 4/24/90

Five 49-point data sets were available for this
period. These data were divided into two
-gubgets as described above..

Top 3 Rows

(1)

(2)

3)

(4)

{5).

The data are normally distributéd.

The mean model is mwore approprlate than

- the regressxon model.

The F-test for the significance_of the
difference between the means shows that
the differences between the mean'
-thxckneases are not significant.

The t-test of the last tWo dataAsets'ﬁhows
that there is no statistical difference
between their meana.

These analyses indicate that the curtent
corrogion rate with cathedic protectlon is
not significant compared’ to random
variations in the measurements.

OCLR00020081
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Based on the mean model, the current
thickness + standard error is 996.6 +

8.3 mils.

The best estimate of corrosicn rate during
this period based on a least squares fit
is -25.0 # 10.6 mils per. year.

Bottom 4 Rowg

(1)
(2)
3)
(4)
(5)

{6)

{7

001/0004.24

Four of the five data smets are normally
distributed. (See 5.1,2.1 above).

Thé mean model is mbré appropriate than
the ragression model. o

The P-test for the significance of the
difference between the means shows that
the differences between the mean

_ thicknesses are significant.

The t-test of the last two data sets shows
that there is no aignificant statistical

_difference between their means.

Based on the mean model, the current
thickness . standard error is 878.1 +

- 5.6 mils. -

Based upon examination of the distribution
of the five data get mean values, it is
concluded that the current corrosion rate
iz not significant compared to random
variations in the measurements. The
measurements alternated as follows: 837,
877, 891, B69, 863. Therefore the }
difference must be due to variations other

‘than corrosion. I :

The best estimate of the corrosion rate
during this period based on a least

squares fit is -16.7 * 7.1 mils per year.

OCLR00020082
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5.1.3 Bay 17D

5.1.3.1 Bay 17D: 2/17/87 to 4 0

Ten 49-point data sets were available for this
period. Since a plug lies within this region,
‘four of the points were voided in each data
get. Point 24 in the 2/8/90 data was voided
since it is characteristic of the plug
thickness.

{1) The data are normally distributed.

(2)' The regression model is appropriate.

3 The.regreegion model explains 95% of the
total variation abcut the mean.

{(4) The reeiduals are normally distributed.

(5) The. current mean thickness + standard
error is 829.5 + 4.0 mils. '

{6) The corrosion rate i standard erxror is
~25.0 + 2.0 milas per year. i

{71} F/F critical = 29.4

{8) The measurements below 800 mils were
tested and determined not to be
statistically different from the mean
thickness.

5.1.3.2. : Bay 17D: 10/8/88 to 4/24/90

Five 49-point data sets were available for this
period. : : :

(1) The data are normally distributed.

{2) The tegression model is more appropriate
than the mean model.

(3) The regression model explains ‘90% of the
variation about the mean. ’

(4) The residuals are normally distributed.

{5} The current mean thicknegs # sﬁandard
error is 830.1 + 3.8 mils.

001/0004.25
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(6) The corrosion rate + standard errcr is
-23.7 + 4.6 mpy.

(7) F/F critical = 2.7

Bav _19A: 2/17/87 to 4/24/90

Ten 49-peoint data sets were available for this
period. - Since a plug lies within this region,
four of the points were volded in each data
set.

{1} The data are normally distributed at the
1% level of significance.

{2) The regression model ig appropriate

{3) The regression model explainsg 96% of the
total. variation about the mean.

{4) The residuals are ndrmally distributed. -

{5} The current mean thickness * standard
’ error is 807,6 + 3.0 mils.

{6) The corroasion rate % standaxd error is
-21. 4 +.1.5 mpy.

{7) F/F critical = 39.5

(8) The data points that were below 800 mils
were tested and determined not to be
gtatistically different from the mean

thicknessa.

Bay 19A: 10/8/88 to 4]24/90

Five 49-point data Bets were available for this
periocd.

(1) The data are normally distributed.

{2) The regression model is more appropriate
than the mean model.

OCLR00020084
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The regression model explains 90% of the
variation about the mean.
The residuals are normally distributed.

The current mean thickness + standard

error- is 808.2 + 3.2 mils.

The corrosion rate * standard error is
-20.6 * 3,9 mpy.

F/F critical = 2.8

198B: 5/1/87 to 4/24/90

Nine 49-point_data'sets'were available for this
period. ' :

(1)

(2).

(3)

(4)

5y

(6)

N

- (8)

The data are normally distributed.
The regression model ie-appropriate.

The regreesxon model explains 94% of the

- total variation about the mean.

The residuals are normally distributed.

error. igs 836.9 + 3.2 mils.

The current mean thickneas 1 standard

The corrosion rate + standard error is
-19.0 + 1.7 mpy. -

F/F critical = 21.3

“The measurements below 800 mils were

tested and determined not to be
statistically different from the mean
thlckness. :

198: 10/8/88 to 4 24 90

Five 49—pOLnt data setg were avallable for this
period.

{1

{2)

The data are normally distributed.

The regression model is more appropriate
than the mean model.

OCLR00020085
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(3) The regression model explains 75% of the
variation about' the mean.
(4) The residuals are normally distributed.

(5) The curient mean thickness + standard
error is 841.2 + 3.3 mils.

'(6) The corrosion rate # standard error is
-11.8 + 3.9 mpy.

i7) F/F. critical = 0.9

 Bay 19C: _ 5/1/87 to 4/24/90

Nine 49-point data sets were available for this
period. Since a plug lies within this region,
.four of the points wers vomded 1n ‘each data
set.

(1) The data are normally distributed at the
1% level of significance, but appears to
be developing two peaks.

{(2) The regression model is . appropriate.

(3) The regression model explains 98% of the’
total variation about the mean.

{4) The residuals are normally distributed.

{S} The current mean thicknese # standard
' "error is B825.1 + 2.3 mils.

{6) The corrosion rate + standard error is,
" ~24.3 + 1.3 mpy.

{(7) ¥/F critical = 66.2
{8) The measurements below B0O les were
tested and determ;ned not to be.

statlatlcally different from the mean
thxcknass.

OCLR00020086
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5.1.6.2 Bavy 19C: 10/8/8B to 4/24/90

Five 49-point data seta were available for this
period.

(1) The data are normally distributed at the.
1% level of algnificance.

(2) The F-test for significance of regression
indicatesa that the regressxon model is
appropriate.

(3) The regrespion_model explaina 93% of the
' total variation about the mean.

{4) The residuals are normally distributed.

{5} The durrent mean thickness + standard
erxor is 826.3 + 2.9 mils.

(6} The corrosion rate + standard errxor is
~21.5 + 3.5 mpy.

(6) F/F critical = 3.7.

5.1.7 Bays 17/19 Frame Cutout: 12/30/88 to 4/24/90

- Two sets of 6"x6™ grid measurements were taken in December
1988. The upper one is located 25" below the.top of the.
high curb and the- other below the floor. There ia no

 previous data. The upper location was added to the long
term monitoring program. '

Five 49-point data sets were available for this period.
These data were analyzed as described in 4.4, 4.5.2 and
4.6.1. The initial analysis of this data indicated that
the first and laat dQata sets are not normally digtributed.
The lack of normality was tentatively attributed to more
extensive corrosion in the upper half of the grid than the

" pottom half. To test this hypothesis, each data Bet wasg

. divided into two subsets, with one contalnxng the top three
rows and the other containing the bottom four: rows.

'001/0004.29
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Top 3 _Rows

(1)

(2)

(3)

(4)

{5)

(6)

Four of the five subsets are normally distributed at
the 1% level of sidnificance but one is not.

The mean model is appropriate.

The F-test for the significance of the difference
between the means shows that the differences between
the mean thicknesges are not sxgnxfzcant at 1% level
of sign;flcance.

These analyses indicate that the corrosion rate is
not significant compared to the random variations in
the measurements.

Based on the mean model, the current thickness i
standard error is 986.0 +-4.7 mils.

. The best estimate of the corrosion rate during this’

period based on a least squares fit is -8.2 % 10.7
mils per year.

Bottom 4 Rows

{1)

{2)

(3)

4).

(5)

{6}

001/0004n.1 -

Four of the five subsets are normally distributed at
the 5% level of significance, and one at the 1% level
of significance. ' '

The mean model 1s appropriate.

The F-test for the significance of the difference
between the means shows that the differences between
the mean thicknesses are not significant at 1% level
of significance.

‘These analyses indicate that the carrosion rate is

not pignificant compared to the random variations i
the measurements.

“Based on the mean model, the current thickness +

standard error is 1005.7 % 5.6 mils..

The best estimate of the corrosion rate ddring this
period based on a least squares fit is ~13.1 % 11.6

© mils per year.

OCLR00020088
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5.2 6"x6" Gride in Sand Bed Region Without cathodic Protection
5.2.1 PBay 9D: 12/19/88 to 4/24/90
| Five 49-point data sets were av'.raii.abl_e for this period.
{1} The data are normally distributed.

(2) The mean model is mdrg appropriate than the
: regression model.

{3) The current mean thickness is 1021.7 + 8.9 mila.

(4)y Tha FP-test for the significance of the difference

. between the mean thicknesses indicates that the
differences betwéen‘ﬁha means are significant. " The
LSD analysis shows that this is due to the second
measurement on 6/26/89 which is 33 to 52.3 mils
"higher than the other four.

(5) The t-test of the last two data sets shows that the
difference between the mean thicknesses is not
_sxgnzfzcant. :

{6) The overall analysis indicates that there was no

significant corrosion from December 19, 1988 to
April 24, 1990.

(7 The'bést estimate of the corrosion rate during this
period based on a least squares fit is -21.0 % 18. 1
mils per year.
5.2.2 Bay 13A: 12 17/88 to 4/24/90
seven 49-point data sets were avallable for this period.
(1) The data are normallj distributed.

(2) The-regression model im appxopriate.

"(3) . The regression model explaxns 97% of the total
variation about the mean.

{4) The residuals aré normally distributed.

{5). The current mean thxckness + standard error is 853.1
t 2.4 mils.

001/0004A.2
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(6) The indicated corrosion rate * gtandard error is
: -39.1 + 3.4 mils per year.

(1) TF/F critical = 16.9

(8) The measurements below 800 mils were tested and

determined not to be statistically different from ths
mean thickness.

5.2.3 Bay 13D: 3/28/90 to 4/25/90

One 7-point data_set and one 49-point data set are’
available for this bay covering this period.

(1) The 7-point data set is rnormally distributed at 5%
level of significance. The 49-point data set is
- hoemally distributed at 1% level of significance.
Howaver, there is a diagonal line of demarcation
separating a zone of minimal corrosion at the top
from a corroded zone at the bottem. Thus, corrosion
. has occurred at this location.

{2) The mean of the 7-point data set is not significantly
different from the mean of the corresponding 7 points
in the 49%-point data set.

{3} The current means thickness is 231.9 * 22.6 mils.

N

It is concluded that corrosion has occurred at this
location. However, with minimal data over a one-month
period, it is impossible to determine the current corrosion
rate. '

5.2.4 Bay_ 15D: 12/17/88 to 4/24/90
Five.49—point data sets were availablé for this period.
(1} The data are normally distributed.

(2) The mean model is more appropriate than the
regression model.

(3) The current mean thickness + standard error is 1056.5
i '+ 2.3 mils. ’ :

{4) The F-test for the significance of the difference
a between the mean thicknesses indicates that the-
differences between the means are not significant.

001/0004A. 3
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-{(5) The t-test of the last two data sets shows that the

difference between the mean thicknesses is not
Bignificant.

{6) There was no significant corrosion from December i7,
1988 to April 24, 1990.

{7) The best estimate of the corrosion rate during this
period based on a least squares fit is —4.6 mils per
year. ' '

Bay 17a; 12/17/88 to 4/24/30
Five 49-point data sets were available for this period.

The initial analysis of this data indicated that the data
are not normally distributed. The lack of normality was
tentatively attributed to minimal corrosion in the upper
half of the 6"x6" grid with more extensive corrosion in the
lower half of the grid. To test this hypothesxs,.each data

. set was divided into two subsets, with one containing the

top three rows and the other contaxnlng the bottom four
rows.

Top. 3 Rows
(1} The data are'normally distributed.

(2) The mean model is more appropriate than the
regression model.

{3) The current mean thickness + standard error is 1128.3
+ 2.2 mils. -

(4) The F-test for the significance of the difference
_between the mean thicknesses indicates the
differences between the means are not significant.

(5) The t-test of the last two data sets indicates that
" the difference betwean the mean th;cknesaes is not
Bignificant.-

(6) There was no significant corrosion during this
period.

{7) The best estimate of the corrosion rate during this

perlod based on a least squares fit is -6.8 % 3.7
mils per year.

OCLR00020091
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~Bottom 4 Rowd
{1y The data are normally distribuféd.

(2} The msan model is more approprzate than the
regression model.

{(3) The current mean thickness + standard error 950.83
4+ 5.3 wils.

. {4) The P-test for the significance of the difference-
between the mean thicknesses indicates that the
differences between the meana are not significant.

:(5) The t-test of the last two data sets indicates that
the difference between the mean thicknesses is not
significant.

(6) There was no sxgn;ficant corrosxou durxng this
period. .

-(7) The begt estimate of the corrosion rate during this
- period based on a least squares fit is -17.7 7.6
mxla per year.

5.3 gvx6" Grids at 51’ Elevation
5.3.1 Bay 5 Area D-1 2 51' Elevation: 11/1/87 to 4/24790
Eight 49-point data sets were available for this period.

The initial analysis of this data indicated that the data
are not normally distributed. Thege data sets names start
with E. The follewing adjustments were made to the data:

(1) Point 29 in the 9/13/89 data is much greater than the
© preceding or succeeding measurements. Therefore,
this reading was dropped from the analysis.

(2) - Point 9 ia a significant pit.- Therefore, it was
dropped from the overall analysis and 15 evaluated
separately. '

(3) ' Pointa 13 and 25 are extremely variable and are
locatad adjacent to the plug which was removed from
this grid. They were alsc dropped from the analys;s.

(4) Point 43 in the 11/01/87 data is much less than any
succeeding measurement.’ Therefore, thia reading was
dropped from the analysia. '

001/0004A.5
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With these adjustments, the first and last data sets are
normally distributed at the 1% level of significance and
the other five at S53. These data set names start with F.

It was noted that the D-Meter calibration at 0.750% yielded

readings which ranged from--1 mil for one set of
measurements to + 4 mils for another. The data. was
adjusted to eliminate these biases. These data set names
start with G. The final analyses are baséed on these
adjusted data sets. : :

(1) ' The data are normally distributed.

(2) The regression model is appropriate.

{3) The regression model explaina 57% of the total
variation about the mearn.

(4) The residuals are hormally distributed.

(5) ' The current mean thickness + standard error is 745.2

+ 2.1 mils. :

(6) The indicated corrosion rate *+ standard error is -4.6
+ 1.6 mils per year.

(7) F/F critical = 1.3. Thus, the regression is just
barely significant. :

(8) The P-test for sigditicance of the difference between
the mean thicknegs indicates that the differences are
significant. '

(9) The t-test of the last two data sets shows that the
difference between the mean thickness is not
significant.

(10) The measurements of the pit at point 9 were 706, 746,
696, 694, 700, 688, 699 and 689 mils. The mean value
of these measurements is 702.3 + 6.5 mils. A least
squares fit shows that the best estimate of the
corrosion rate during this pericd is ~11.5 mils per
year with R*=31%. The second measurement ia much
higher than the others.' Dropping this point, the
mean of the remaining measurements is 696.0 + 2.4
mils, and the best estimate of the corrosion rate is

| -4.9 mils per year with R? = 49%. Recognizing that
.the variability of single measurements will be about
6 times the variability of the mean of 40 measure-
ments, it is concluded that the corrosion rate in the
pit ie essentially the same as the overall grid.

' OCLR00020093
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5.3.2 Bay 5 Area 51-5 at 51' RElevation: 3/31/90 to 4/25/90
Two 49¥point data Bets are available for this time pericd.

{1) The data are not normally distributed. This is due -
to a large corroded patch near the center of the
grid, and several small patches on the periphery.

When the data less than the grand mean were

segregated, it was found that these subsets are
normally distributed. ' S "

(2) The t-tests of the two complete data gets and the two
subsets indicate that the differerice between the mean
thicknesses are not significant.

+ standard error is 745.1

(3) -The current mean thickness
+ 3.2 mila. ' '

It ig concluded that corrosion has occurred at this
location. However, with mirimal data over such a brief

period, it is impossible to determine the current corrosion
rate.

§.3.3 Bay 13 Area 31 Elevation 51's 3/31/90 to 4/25/90
Two 49-point data sets are available for this time period.

(1) " The data are to normally distributed. This is due to
a large corroded patch at the left edge of the grid.

When the data less than the grand mean were
segregated, it was found that these subsets are
normally distributed.

.(2) The t-test of the two complete data sets indicate
that the difference between the means is
statlstically significant. However, the difference
‘between the means of the two subsets is not
statistically significant. S

(3) The current mean thickness is + standard error is
750.8 + 11.5 mils.

It is concluded that corrosion has occurred at this

location. However, with minimal data over such a brief

period, it is impossible to determine the current corrosion
- rate. . -

001/0004A.7
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5.3.4 Bay 15 Area 23 Eievation S1°: 3/31/90 to 4/25/90

Two 49-point data sets are available for this time period.

{1) . The data are not normally distributed. This is due
to a large corroded patch.

When the data less than the grand mean were
segregated, it was found that these two subsets are
-normally distributed.

- (2) Tha_t-tests of the two.complete data gets and the two
subgets indicate that the differences between the
mean thicknesses are not significant.

{3) - The .current mean thickneas t atandard error is 751 2
+ 3.8 mils.

It is concluded that corrosion has occurred at this
location. However, with minimal data over .seuch a brief
period, it is impossible to dgtermine the. current corrosion
rate. : : :

5.4 &" x 6" Grids at 52*' Elevation

5.4.1 PBav 7 Area 25 Elevation 52': 4/26/90
One 49—pdint data . set is available.
(i) The data are ﬁot-normally distributed.

‘The subset of the data less than the mean thickness
is ‘not normally distributed.

When four points below 700 mils were dropped from the
data set, the remaining data was found to be normally
- @istributed. Therefore, the lack of normality of the
complete data set is attributed to these thinner
- points. Three of thase could be consideréd to be
pits (626, 657 and 676 mila) since they deviate from
the mean by more than 3 sigma.

(2) The current mean th;ckness + standard ig 715.5 + 2 9
: -mxls. :

It is- concluded that corrosion has occurred at this
1ocatlon.

001/0004A.8
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Bay 13 Area 6 Elevation 52': 4/26/90

One 49-point data set .is available.

(1) The data are not normally'distributed.
'The subset of the data less than thes mean thickness
is normally distributed. Thus, the lack of normality
of the complete data met is attributed to a large

corroded patch at the left side of the grid.

(2) The current mean thickness #* standard error is 724.9
4+ 2.9 nils.

{3). It is concluded that corrosion has occurred at this

‘location.

© Bay 13 Area 32 Elevation 52': 4/26/90

One 49-point data saet is available.

‘(1) The data are not normally distributed.

Tha subset of the data less than the mean thickness
is normally distributed. Thus, the lack of normality
of the complete data set is attributed to these
corrosion patches.

(2) The current mean thickness + standard error is 698.3
4+ 5.0 mils. ' ' :

It is concluded that corrosion has occurred at this
location. :

Bay 19 Area 13 Elevation 52': 4/26/90

One 4%-point data set is available.

(1) The data are normally distributed. However, two
: adjacent points differ from the mean by 3 sigma and 5
sigma. Thus, there. is a pit. i

{(2) - The current means thickness + standard error is 712.5
4 3.1 mils. - :

It is concluded that some corrosion hds occurred at thie

OCLR00020096
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Grids a 7 vation

g 87' RElevation: 11/6/87 to 3/28/90

Five 49-point data sets were available for this period.

‘(1) - The data are normally distributed.

(2) The mean model is more appropriate than the
regression model.

(3) There was no signlfxcant corrosion dur;ng this
period. : :

(4). The current mean thxckness d atandard error is 619.9

*+ 0.6 milg,
(5) . The best estimate of the corrosion rate during this
perlod based on a least squares fit is ~0.2 + 0.9

mils. per year. . _ . !

13.87‘-E;evation: 11/10/87 to 3/28/90

Five 49-point data sets were available for this period.

(1) The data are normally distributed.

(2) The mean model is more appropr;ate than the
regression model.

(3). There was no szgnxflcant corrosion during this
period.

{4) The current mean thickness + standard error.is 636.5
+ 0.8 mils.

{5) The best estimate of the corrosion rate during this’

period based on a 1aast squares fit is zero mils per
year.

Bay 15 87’ Elevation: 11/10/87 to 3/28/90

Five 49-point data sets were available for thise period.

(1) The data are normally distributed.

{2). The mean model is more appropriate than the
regression model.
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(3) There was no significantrcorrosion during this
period. : : C

(4) The current mean thlckness + standard error is 636.2
' + 1.1 mils. . ' '

(s The best estimate of the corroeion rate during this
period based on a lgast squares fit is zero mils per
year. ' S o -
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