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1.0 PROBLEM STATEMENE

The basic purpese of this calculation is to update the
Ehickness wmeasurement analyses documented in References 3.7,
3.8, 3.11, 3.12, 3.13 &nd 3.14 Dby incorporating the .
measurements taken in November 1991. Since ho megsuremnents
were taken at the 877~5° elevation in November 1891 due o
high temperatures at that elevation, the results for the May
1991 moasuremenkts &% 87'-5" {Ref. 3.14) are included for
completeness, '

Specific objectives of this calculation are:

(1) Dbetermine the mean thickness at sach of the monitored

locations.

el (2} Statistically analyze the thickness npeasurements o
determine the corrosion rate at each of the monitored
logations.

2.0 SUMMARY OF RESULYS

phe results of the caleulation are summarized in the following
pables. The terms used are defined balow,

{1} Best Estimate Corrosion Rate

° with three or more data points, this is the slope of the
regression line.

For ounly twe data pointg, this i5 the slope of ithe
steepest line which ¢an be drawn within the r one-zigma
tolerance interval about tha mean.

(2) 95% Spper Bound Qorrosion Rate

The corrosion rate for which we have 95% confidence that it
iz not being excesded. at least four data sels are
required to make a meaningful estimate of this value.
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(3) Best Estimate Mean Thickneos

° when the regression is statistically significant (¥-Ratio
is 1.0 or greater), this is the predicted value
standard error From the regresaion foxr the date of the
last measarsment.

° when the regression is not statistically significant
(F-Ratio less than 1,8}, +hig iz the grand mean of all
the data & standard error.

{4} Heasured Mean Thickness

Phe mean * standard error of the valid data points from the
mogt recent set of measurements,

(5) F-Ratio

° An F-Ratio iess than 1.0 occurs when the amount of
corrozion which has ocourred since the initial
measurement 1g less than the random variaticns in the
messurenents and/or fewer than foux measurenents have
heen taken. In these vages, the compnled corrosion rate
dots not necessarily reflect the actual corrosion rate,
and it may be zero, However, the confidence interval
about the computed corrosion rate does accurataly refliect
the range within which the actual corrosion rate lies al
the specified confidence level.

¢ an F-Ratic of 1.0 or greater occurs When the amount of
corrosion which has oceurred siasce the initial
meamucement is slgnificant compared to the random
variations, angé four or Wore meagurements have been
taken., In these <ases, the computed corrosion rate more
accurately reflects the actual corrosion rate, and there
is a very Low probability that the actuwal corrosion rate
ie mero. The higher the F-Ratio, the lower the
uncertainty in the corrosion ratve.

Whereas an F-Ratio of 1.0 or greater provides confidence
in the historical corrosion rate, the F~Ratic should be
4 to & if the corrosion rate is to bg used to predict the
thickness in the future, To have & high degreée of
confidence in the predicted thickness, the ratio should
he at least 8 or 9,
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R .

mhe number of daka sets used in the analyeis,

{7) Years

The time span between the first and last of the analyzed
data sets.
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2.5% Evaluation of Individusl Measurements Excecding 98%/90%
Tolerange Interval

Tha following data points £eoll outeide the 93%/9%% tolerance
interval and thus are statistically different f£rom the mean

thickness.
l[ Ray I Fity I Armx | Folat I il
5 54 YK 049
® | # 2 7 75
5 51 2 L 56
TR 2 2 01
l 13 52 n 2% 0
13 0 24 5 512 788 48
Lﬁ R 34 wo  |een {2

Evaluation of the data for each of these points indicate that none
of them iz corroding more rapldiy than the overall grid.

‘!' NOTPE: Since no data was taken at the 867 alevation in November
1991, the results of the analysas of the May 1993 data at this
elavation are listed asbove. {Ref, 3.14)
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7 & Mean Thicknsgs of All Points in the Grid

The following table lists the mean thickness + 1-gigma for all the
valid points in each 6"x6" grid.
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Q 4.0 ASSUMPRTIONS & BASIC DATA
4.1 Backyground

The design of the carbon steel drywell includes a sand bed which is
located arcund the outside cirocumfsrence beltween elevations
Bw=1lix1/4" and 12737, ILeakage was observed from the sand bed
draing during the 19280, 1983 and 1986 refueling outages indicating
that water had intruded into the annular region between the drywell
shell and the conorete shisld wall,

The drywall shell was inspected in 1986 during the 10R outage to
determine if corrosion was ooourring. The inspection methods,
results and conclusions are dooumented in Ref. 3.1, 3.2, and 3.3,
Ag @ result of these ingspectionz it was concluded that a long tewrm
monitoring program would be established. This proaram includes
repetitive Ultrasonic Thickness (UT) measurements in the sand bed
iggian gt;;nmminal elevation of 117-3" in kays 11k, 11C, 1¥nR, 19a,
R, an c.

The continued pregsence of water in the sand bed raised conceras of
potential corrosion at higher elevations, Therefore, YT
neagurements were taken at the 54'-2" and §7°-5" elevations in
November 1987 during the 11R outage. Az a result of these
‘l. inspactions, repetitive measurements in Bay § at elevabtion 50'-27
and in Bays 3, 13 and 15 at the 87'-5" elevation were added to the
iong term monitoring program ko confirm that cﬁrrﬂalwn is not
‘ cocurring at these higher elevations,

A ¢athodic protection system was installed in selected regions of
the zand bed during the 12R outage to minimlze corzosion of the
drywell, The cathodic protegtion system was placed in service on
January 31, 1985, The long tersm mwoniloring program was also
expanded durlng the 12R cutage to include measurements in the sand
‘bed reglon of Bays 1D, 3D, 5D, 7B, %A, 134, 13C, 13D, 15A, 150 and
17A which are not covered by the cathodic prote-::t:s.-:m system It
alse includes measurements in the sand bed region beiween Bays 17
and 19 which is covered by the cathodlio protection system, but doas
netihave a refergnce alectrode to monitor its effectiveness in this
LegLon,

The high corrosgion rate computed for Bay I13A in the sand bed reglon
through February 1990 (Ref, 3.11} ralsed concorns abounkt the
corroglon rate in the sand bed region of Ray 130, Therefore, the
monitoring of this loevatlon using a $"x6° grid wes added to the
long term monitoring program, In addition, a 2-inch core sawple
was removed in March 1990 from a2 location adijacent to the 6'x6"
monitored grid in Bay 134,

" OCLROD000182
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qﬂ’ Measurements taken in Bay § Area D-12 at elevation 347-2" through
March 1990 indicated that corrosion is ocouxring at his location.
Therefore, survey measuremenis were taken Lo determine the thinnest
locations at elevation 507-2%. As a result, three new logations
were added to the long term monitoring program (Zay 5 Area 5, Bay
13 ayea 31, and Bay 15 Area 23).

The indication of ongoing corrosion at elevation 507-2" raised
concerng about pokential ¢orresion of the plates imnediately above
which have a smaller nominal thickness, Therefore, survey
measurenents were btaken in April 1980 at the 51°-10° elevation in
all bays to deterxmine the thinnest locations, A& a rvesult of this

. survey, one nev location was added ©O the long term monitoring plan
at alevation 51r-18" {Bay 13 hArea 32}.

sSome measurements in the long term monitoring program are to be
taken at each outage of opportunity, while othexs are taken during
pach refusiing oubtage, The functional reguirements for these
inspections are documented in Ref, 3.4. ‘'the purpose of the UT
measyrements is Lo determine the coxrosion rate and monitor it over
time, and to monitor the affectiveness of the cathodic protection
syatem,

QCLRO0000183
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9 4.7 BHelection of Areas to be Monitored

A program was initiated during the 11R ovtage to charackerize the
corrosion and %o determine its extent. The details of this
inspection program are documented in Ref. 3.3, The greatest
sorrosion was found via UT measurements in the send bed reglon at
the lowest accessible logations. Vhere thinning was detected,
additional measurements were made in a crosg pattern at, the
rhinnest section to determine the extent iIn the vertical and
norizontal directions, Having found the thinnest locations,
measurements wers made over a 6'x6" gwid,

ve determine the vertical profile of the thinning, 2 trench wap
excavated into the floor in RBay 17 and Bay 5. Bay 17 was selected
since the extent of thinning at the £loox level was greatest in
that area. It wag determined that the thinning below the top of
the curl was no more severe than above the curb, and became less
severe at the lower porkions of the sand cushion. Bay 5 was
excmvated to determine if the thinning line was lowexr than the
£loor Llevel in areas where no thinning was detected gbove the
floor. There were no significant indications of thinning in Bay 5.

I+ was on the basis of these findings that the §"x6" grids in Bays
11, 1iC, 17D, 193, 198 and 19¢C were selected as representative
o locationg for longer term monitoring. . The initial measurements at
these locations were btaken in December 1986 without a template or
maxkings to identify the location of eagh measurement,
subsequently, the logation of the 6"36" grids werse permanently
marked on the drywell shell and a template is used in conijunction
with +hese markings to locate the UT probe for BEUCCeBRive
measurements, Analyses have shown that including the non~template
data in the data pase creates a significant variability in the
thickness data, Therefore, o minimize the effects of probe
location, only those data sets teken with the template are included
in the analyses, '

The presence of water in the sand bed also raised concexrn of
potential vcorxrroslon at higher alevations. Mherefore, UL
measnrements were taken st the 507-2¢ and 87’/-5%" elevations in 1987
during the 1iM ouiage, The measurements were taken in a band on
G-inch centers at all accessible regions at these glevations.
Where these measurements indicated potential <corrosion, the
measurements spacing was reduced to l-inch on centers. Ii these
additional readings indicated potential corrosion, meagprements
were taken on a G'zE6" grid using the template. It was on the basis
of these inspections that the 6"x6” grids in Bay 5 at elevation
50729 and in bays 9, 13 and 15 at the §7°-5" elevatlon were

selacted as representative locations for long term monitoring.

OCLROCO00184
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A cathodic protection aystem was installed in the sand bed region
of Bays 11A, 11C, 17D, 19a, 188, 13%C, and at the frame batwesn Bays
17 and 1% during the 12ZR ocutage. The system was placed in service
on January 31, 198%,

The long term monitoring program was expanded as follows during the
12R outage:

{1} Heasurements on 6“x6Y grids in the sand bed region of Bays 8D,
13a, 15D and 17A. The basis for selecting these lovations is
that they were originally considered for cathodic protection
but are not included ln the system being installed.

{2) Heasuremenits oh I~inch centers along a 6-inch horizontal strip
in the sgand bed region of Bays Lh, 30, Sh, 7D, 92a, 130, and
15A. These locations were selected on the basis that they are
repregontative of regionz which have experienced nominal
corrosion and are not within the scope of the cathodic
proteckion system.

{3) A B"26" grid in the curbk cutout between Bays 17 and 19, The
purpose of thase measuremonds ig o monitor corrosion in this
region which iz covered by the cathodic protection system but
does not have a reference alectrode to monitor its

o performance,

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

(1} Measuremenls in the sand bed rsgion of Ray 13D: fThis location
vas added due to the high indleated corrosion rate in the gand
bed region of Bay 133A. The measurements taken in March 1990
were taken on a 1¥*x6" grid. All subseguent measurements are
to be baken on a H"%6T grid.

(2} Measursments on 6"x6" grids at the following locations atf:
elevation 507-2"; Bay 5 Area 5, Bay 13 Area 31, and Bay 15
Area 2/3. These locations were added due Lo the indication of
ongoing corrosion at sievation 507-2", Bay 5 Arsa D~1,

The long term monitoring program was expanded in April 1990 by
adding Bay 13 Area 32 at glevation 51°~10". This location was
added due to the indication of ongoing corresion at elevation
307-2" and the fact that the nominal plate thickness at slevation
517-10" is less than at elevation 507-3".

OCLROO00018E
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4.5 UT Meagurements

The UT measurements within the acope of the long term monitoring
program are performed in accordance with Ref. 3.4, This involves
taking UT measurements using & template with 49 holes laid out on
a 6"x6" grid with 1" between centers on hoth axer. The center row
ig used in thoge bays where only 7 measurements are made along a
6-inch horizental strip,

The £irst set of measurements were made in December 1986 without
the use of a template. Ref, 3.4 gpenlfies that for all subseguent
readinge, Q& shall wvexifly that locations of UT meassurements
performaed are within 1+ i/4Y of the Jlocation of the 1986 UT
reasurements, It also specifies that all subseguent measurenents
ara to be within # 1/8" of the designeted locations.

T OCLRODD0D186
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4.4 Data at Plug Locations

Seven core sawmples, ecach approximately two inches in dilameter were
removed from the drywell vessel shell. These samples vere
evaluated in Ref. 3.2, Five of these samples were removed within
the 6 "#8" grids for Rays 11A, 17h, 194, 1¢¢ angd Bay 5 at elevation
58/.2%, These locations wexe repaired by welding a pilug in each
hole. Since these plugs are nobt representative of the drywell
shell, UT measurements st these locations on the 6"x6" grid must be
dropped from each data set.

The following specific grid points have haen deletked:
Bay Lrea Fointsa

1ia 23, 24, 30, 31
i7h 15, 16, 22, 23
154 24, 25, 31, 32
1ac 20, 28, 27, 33,
5 EL 542" 13, 20, 28, 26, 27, 28, 33, 34, 35
‘Ib mhe cors sample removed in the sand bed region of Bay 133 was not

within the monitored g xb" grid.

OCLROO000T87
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1.5 Baseg for Statistical Analysis of 6"xb” Grid Data
4.5.1 Bassumptions

The statistical svaluation of the UT measuremeni data to determine
the corresion rate at sach looation is based on the following
assumptions:

(1) Characterization of the scattering of data over sach E7x&"
grid is sugh that the thickness measurements ars normally
distributed. If the data ave not normally distributed, the
grid iz gubdivided into normally distributed subdivisions.

{2} Onwe the distribution of data is found to be normal, the mean
value of the thickness lis the appropriate representation of
the average condition,

(3) A decrease in the mean value of the thickness with Lime is
reprasentative of the corrosion cccurring within the 6%xé"
grid.

{4) IXIf gorrosion hag ceased, the mean valuve of the thickness will
not  vary with {time except for random exryors in the UF
meazunemants,

. {5) If corrosipon is continning at a constant rate, the mean
thickness will decrease linearly with time. In this case,
lineay regression analysis can ke used o £it the mesn
thickness values for a given zone to a straight line as a
fﬁﬂﬂi%ﬂﬂ of time, The corresion rate is egual to the slope of
the na.,

The validity of these assuwptions is assured by:
(8} Using more then 3¢ data points per 6V'xE” grid

(b} Tesiting the data for normality at each 6%x6Y grid
location,

(@} Testing the regression eguatlon as an appropriate model
to describe the corresion rabe,

These tests are discussed in the following section. In cases where
one or more of these assumptions proves +o be invalig,

gonmparametric analytlical technigues can be used to evaluate ths
ata,

" OCLRO0000188
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u 4.5.2 Statistical Approach

The following steps are performed to test and evaluate the T
measurement data for those lecations where 6"x6% grid data has been
tazken at least three times:

{1} EBdit each 49%-point data set by setting all invalid peoints to
"migsing. Invalid points are those which are declared
invalid by the UT cperator or are at a plug location. (The
computer programs usad in the following steps ignors all
"misging” thickness data polnts.)

(4} Perform a Unlvariate Bnalysis of each 49 point data seb to
ensure that the asswnpltion of normality is wvalid,

(3) Caleulate he mean thickness and variance of each 49 point
data set.

(4 Pexforinh an Analysis of Variance (ANOVA) F-test to determine 1Lf
there 18 a significant difference between the means of the
data sets.

{8) VUsing the mean thickness values for each 6"xG* grid, perform
linear regression analysis over time at each location.

Q {a) Perform F-test for significance of regression at the 5%
level of significance. The result of this test indicates
whether or not the regression model is more appropriate
than the mean model, In other words, it tesks Lo see if
the variation .due to corrosion &s statistically
significant: compared to the random variations.

{b) Calculate the ratio of the observed P value Lo the
eritical F value at 5% lavel of significance. For data
sets where the Residual Degreas of Freedom in ANOVA ig ¢
to 9, this F-Ratio should be abt leazt 8 for the
regrassion o be considered "relisble' as opposed to
slmply “significant.” (See pavagraph 4.10,2}

{c) Calculate the coefflcient of determination (R} to assess
how well the regression model explaing the percentage of
total erxzor and thus how ugeful the regression line will
be as a predictor.

{d) Determine if the xresiduzl values fFor the regresgion
eguations are normally distributed.

OCLRO0000189
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{e) Caleculate the y-intercept, the slope and thair respective
standard errors, The y-intercept represents the fitted
moan thickness at time zero, the siope represents the
corrosion rate, and the standard errors represent the
uncertainty or random error of these two parameters.
Calenlate the upper bound of the 50% one~sided confidence
interval about the computed slope to provide an estimate
of the maximum probable corrosion rate atb 05% confidence.
This is ewplained ip greatexr detail in paragraph ¢.10.2,

(£} When the corrosion rate is not statistically significant
compared to random variations in the mean thickness, the
slope and confidence interval slope computad in the
regregsion analysis still provides an estimate of the
corrosion rate which could be masked by the random
variations. This is explained in greater detail in
paragraph 4.30.13.

{6 Use Lthe chi-square goodness of £it test results to determine
if low thickness measurements are gignificant pits. If the
meastrement. deviates from the mean thickness by three standard
deviations, it is consldered to be 2 aignificant pit.

OCLROG000190
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a 4.6 Analysis of Two 5'26" Grid Pata Seis

Regression analysis is loappropriate when data is avallable at only
two points in time. However, the Analysis of Variance F-test can
he used to determine if the means of the two data sebts are
statistically different.

4.6.1 Assumphiohs

This analysis is based upon the following assumptlons:
(1) The data in each data set is normally distributed.
{2) ‘The variances of the two data zets are egual.
4.6.2 Stabkistioal Approach

vhe evaluation takes place iln three ateps:

(1} Perform a univariate test ¢f each data set to ensure that the
assumption of normality is valid,

{2) Perform an F-tesht at 5% level of significance ¢f the two data
sets being compared to ensure that the assumption of egqual
a variances is wvalid.

(3} Parform an Analysis of Variance F-test at the 5% level of
significance to determine if the means of the two data sets
are statistically different.

A conclusion that the means are pot statistically diffevent is
interpreted to mean that significant correosion did not occur over
the time pericd repregented by the data. However, if eguality of
ths means is rejected, this implies that the difference is
statistically significant and could be due to corrosion.

The rangse of potential corrosion rates is estimated by computing
the slope of the steepest line which can be drawn within the i
sigma confidence interval abouk the mean thickness for the duration
between tha two measurements.

OCLRO0000199
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!D 4.7 Analysis of Single 6"xz6" Grid Dalka Set

Tn those cases where a 6'%5* data set is taken ab a given location
for the first time during the current outage, the only other data
o which they can be compared are the UT survey measurements taxen
at an eariler time. For the most part, these are single poink
measurements which were teken in the vicinity of the 4%-point data
get, but not at the exact location. Therafore, rigorous
statigtical analyzis of these single data sets is impossible.
Howaver, by making certain assumptions, they can be compared with
the previous data points. If more extensive data is available at
the location of the 49%-point data aset, the Analysis of Variance
F-tast can be used to compare the means of the two data sets as
described in paragraph 4.5,

when additional measurements axe made al these exact locations
during future ontages, more rigorous statistical analyses can ba
employed.

4.7.1 ASsumptions

The comparisoh of a single 49-point data sebs with previcus data
from the same vicinity is besed on the following assumptions:

' {1) Characgterization of the scattering of data over the 6"x6" grid
iz sueh that the thickness nmeasurements are noxmally
distributed. :

(2) Once the distribution of data for the 6"#6" grid is found to
he noxmal, then the mean value ©of the thickness is the
appropriate representation of the average condition.

{3) The prior data is repregentative of the condition at thig
location at the earlier date.

4.7.2 8Statistical Approach
The evaluation takes place in four steps:

{1} Pexrform a univariate analysis of each data set to ensure that
the assumption of normality is valid.

{2) Calculate the mesn and the standard error of the mean of the
49-point data set.

{3} Determine the two-tailed ¢ value from a t distribution table
at levels of significance of 0,08 for n~1 degrees of freedom.

{4) Hga the t value and the standard error af the mean to
calculate the 95% confidence interval sbout the wmean of the
Q 19-point data set.

OCLROD000192
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(5) <Compare the prior data peink{s) with these confidence
intervals about the mean of the 49-point data zets.

If the prior data falls within the 95% confidence intervals, it
provides some assurance that significant corresion has not cocurred
in this reglon in the pericd of time covered by the data.

If the prior data falle above the upper $5% confidence limit, it
could mean either of twe things: (1) significant corrosion has
gocuryed over the time period govered by the data, or {2} the prior
data point was not representative of the condition of the rocation
of the 49~point data set In 1986. fThere is no way to differentiate
between the b,

1f the priow <deta fealls below the lower 95% confidence Limit, it
means that it is wmot representative of the condition at this
logation at the sarlier date.

T OCLRO0000193
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. 4.8 Analysisg of Single 7-Point Data Set

In those cases where & 7-point dats pet is taken at a given
location for the first time during the ourrent: oubtage, the only
other data to which they wan be compared are the UT survey
measuraments taken at an earlisr time Lo identify the thinnest
regions of the drywell shell in the sand bed region. For the most
part, these aye single point measurements which were falen in the
vicinity of the 7-peint data sets, but not at the ewact locations.
However, by making certain assumptions, they can be compared with
the previous data points., If more extensive data is available at
the location ©f the 7~point data set, the Analysis of Variance
F-test can be used to comparve the means of the two dais gets as
degeribed in parsgraph 4.5,

Wnen additional wmeasurements are made at {hese exact locations
during future outages, more rigorous statistical analysez can be
enployed.

4.8.1 nssumiptlons

The comparison of a gingle 7~point data sets with previovs data
from the same vicinity is based on the £ollowing assumptions:

Q (1) The <¢orrosion in the region of each 7-point data sek is
normally diztributed,

{2) The prior data is representative of Lhe condition at this
location at the earlier date.

The validity of these agsumptions cannot be verlfied,
4,8.2 Stakistical Approach
Perform the Analysis of Variance and F-test

If the prior data falis within the 95% confidence interval, it
provides some assurance that significant corresion has not ocourred
in this reyion in the pericd of time covered by the data.

If the prior data falls above the upper §5% confidence interval, it
counld mean either of twe things: (1) significant corrosion has
ogeurred over the time period coverad by the data, or (2) the prion
data polnL was not representative of the condition of the location
of the 7-point data set in 1986. There is no way to diffarentiate
between the two.

1f the prior data falls below the lower 99% confidence limit, it

means that it i not representative of the condition at this

location at the earlier date, In this case, the corresion rate
"’ will be interpreted to be "Indeterminable’.

T QCLRON00O194
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4.9 gEvaluation of dprywell Mean Thickness

This section defines the metbods used to evaluate the drywell
thickness at each location within the scope of the long texm
monitoring program.

4.9.1 Evalnation of Mean Thickness Vsing Regression Analysis

Phe following procedure is used to evalnate the drywell mean
rhickness at those leocations where regressioh analysis has been
decmed to be significant {F~Ratic i 1.0 ox greater).

(1) The best estimate of the mean thickness al these logations is
the point on the regression line corresponding to the tine
when the most recent set of measurements was taken. JIn the
a8 Regression Analyeis output {(ADpD. 5.2}, this iz the last
value in the column labeled “PREDICT VALUE®.

(2) The best estimate of the standard error of the mean thickness
iz the standard error of the predicted value used above. I
the SAS Regression Analysis output, this is the last value in
the column iabeled “BETD ERR EREDICT".

{3) ‘The two-sided 25% confidence interval about the mean thickness

is. equal to the mean thickness plus or minug t times the

llb estimated standard error of the mean. This is the intexval

for which we have 95% confidence that the true mean thickness

will fell within. The wvalue of % i3 obtained from & &

disktribntion table for sgual talls at n-2 degrees of frecdom

and 0.05 level of significance, where n iz the nunber of sets

of measurements used in the regression analysis, The degrees

of fraedom ig egual to n-2 because LwWo parameters (the

y-intercept and the slope) are calonlated in the regressiohn
analysis with n wean thickneazses as inpat.

{(4) ‘The one-sided 35% lowex 1imit of +he mean thickness is equal
to the estimated mean thicknesg minus ¢ cimes the estimated
gtandard error of the mean. This is rhe mean thickness for
which we have 95% confidence that the frue wmean thiokness does
not £all below. In this case, the valus of I iz obtalned from
a £ dletributlion table For pne fall at n-2 degrees of freedom
and 0,05 level of significance.

4.9.2 Evaluation of Mean Thickness Using Mean Model

The following procedure iz used 10 evaluate the drywell mean
thickness at those locations where the regression analysis is nobt
significant {(F-Ratiec is less than 1.0). mhis wmethod is consistent
with that used to evaluate the mean thickness using the regression

@ model.

{1) Calculate the mean of each set of UT thicknesz measurements.

OCLRO0O00D1 S5
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{2) ©Sum the means of the sets and divide by the number of sebs to
caloulate the grand mean. This is the best sstimate of the
mean thickness. In the SAS Regression Ahalysis outpuk, this
iz the value labelled "DEP MEANY,

(3} VUsing the means of the sets from (1) az inpui, calculate the
gtandsrd srror about the mean. Thiz is the best estimate of
the standard error of the mean thickness.

{4) The two-sided 95% confidence interval about the mean thickness
iz aguel to the mean thickness plus or minus ¢ times +the
estimated standard errvor of the mean., 'This ig the interval
for which we have 55% confidence that the trus mean thickness
will fall within. The vaiue of &t is obtained from a &
distribution table for sgual) tails at n-1 degrees of freedom
and 0.05 level of significance.

{5} The one-gided %5% lower limit of the mean thiokness is egual
to the estimated mean thickness minus & times the estimated
standard errvor of the mean. This is the mean thickness for
which we have 95% gonfidence that the true mean thickness dogs
not £all below. In thisz case, the value of € ig obtained From
a L distribution table for one tail at n-1 degrees of freedom
and 0,05 level of significance.

4.9.3 Evaluation of Mean Thickrness Using Single Data Set

The following procedure is used to evaluate the drywell thickness

at those locations where only ong set of measuraments is available,

{1) cCalculate the mean of the set of UT thickness meagurements.
This is the pest estimate of the mean thickness,

(2) Calculate the standagd error of the mean for the set of UT

measurements, This iz the best egiimate of the standard error
of the mean thickness,

Confidence intervals about the mean thickness connot be caloulated
with only one data set available.

T OCLRO0O00198
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'I’ 4.10 Evalustion of Drywell Corresionr Rate
4.10.1 Regression Not Significant

T the ratio of the observed ¥ value to the critical ¥ value is
jess than 1 for the F-test for the significance of regression, it
indicates that the regression is not significant at the 5% level of
significance. In other words, the variation in mean thickness with
time can be explained sclely by the random variations in the
mezsurements. This means that the corrosion rate is not
statigtically significant compared to the random variations,

The possibility does exist that the veriability in the deta may he
masking an actual corrosion rate, Although the regression is nob
the result of the regression analysis can be used to estimate the
potentially masked coxypsion rate, Ve can alzo state with 95%
confidence that the corrosion rate does exceed the upper bound of
the 95% cne-sided confidence interval of the slope compubted in the |
regresaion analysis. The 95% upper bound 1s equal to the compubad
slope pius the one-sided t-table value times the standard error of
the ds:l.ape. The wvalue of t is determined for n-2 degrees of
freedom.

4.10.2 Hegression Significant

‘ Tf the ratic of the chserved F value to the critical F value is 1
or greater, it 4indicates that the xegression model 1is more
appropriate than the mean model at the 5% level of significance.
tn 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 varietions,

Although a ratio of 1 or greater indicates that regression ig
aignificant, it does not mean that the slope of the regression line
is an acourate prediction of the corrosicon rate. The yatlo should
be at ipaskt 4 or 5 to consider the slope to be a useful predictor
of the corrosion rate {Ref. 3.5, pp, 93, 125-133). A ratic of 4 ox
5 means that the variation from the mean due to regression is
approximately twice the standard deviation of the residuals of the
regression, To have & high degres of confidence in the predicted
cmgstian rate, the ratio should be at least 8 or 9 {(Ref. 3.5. up.
129-133).

The upper bound of the 95% one-sided confidence interval aboul the

computed siope is an estimate of the maximum probable corrasion

rate at 95% confidence. ‘The 95% upper bound is egual to the

computed slope plug the ong-sided t-table value times the standard

error of the siope., The value of ¢ is determined for n-2 degrees
0 of fresdom.
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G 5.0 CALOCULATIONS
5.1 626" 8rids in Sand Sed Region
B.1.1 Bay 9p 12/19/88 to 11/02/91

In the analysis <of data thrue May 1991, these data gets did not
meel: the acceptance coriteria for either regression or difference
between means. Bxamlnation of the analysis revealed twe reasons
for this: {1) the mean valus of the 6/26/89 data set fell aboul 30
mils above the regression line, and (2} there was a pit at point 15
which deviated from the mean thickness by more than 3-sigma.

The data was reanalyzed without the 6/26/89 data set and without
polnt 15. The regression of these data sets mebt the acceptance
eriteria and the regression was statistically significant.

Bight 49%-polnt data sets were available for the period through

November 1531, With the November 1991 data, the data sets meet the
acceptance crxiteria for regression with the 6/26/89% data set and

point 15. However, the regression accounts for only 61% of the
varlability in the data. The regression without the 6/26/59 data

aet. acgeounts fox 85% of the variability in %the data. The
regression without the 6/26/%9 data and without point 15 ascounts

for 84% of the variability in the data, The deviation of point 15

‘l’ from the mean thickness is 2.89-sigma for the November 199% data,
and thus is close o the 3-sigma value for a deep pit, The
. regression without the 6/26/89 data is much atronger than the
regresslon with it, and the regressionz with and without point 15
-are assentislly identicel. Thersfors, to provide continuity with

. the prioxr analyses, the reported regression results are withont the

. 6/26/89 data and withoul point 15, The regressibn of these data

sets meat the acceptance coriterxls and is statistically significant.

5.1.2 Bay ilh: 4/29/87 to 11/02/91

The regression of thirteen data sets for this period mests the
aceeptance critexia and is statlstically significant.

OCLRO00001S8
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. 5.1.3 Bmy 11¢: 5/1/87 to 11/02/9%1
Twelve 4%9-point data sets were available for this peried. Prior
analysis have shown that thersg has been minimal corrosion in the
top 3 rows of the 6° x 67 grid with more extenzive corrosion in the
bottom 4 rowa. Therefore, these subsets are analyzed separately.

Top 3 Rows

The xegression of thess data sets meets the adgveptance
eriteria and ls statistically significant.

Bottom 4 Rows

The regression of these data sebts meets the acceptance
griteria and is statistically significant.

5.1.4 Bay 13a: 13/17/88 to 11/02/91

The regression of nine data mets for thiz pericd meels the
aceepkbance oriteria and iz statistically significant, .
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G 5,1.5 Bay 13p: 3/28/90 to 11/02/81

one 7-point data set and four 49-point data sets were available fox
this period,

prior evaluation showed that the 7-point data seb of 3/28/7920 and
the 4%-point data set of 4/25/90 were normally distributed.
However, there was a iine of demarcation separating & zone of
minimal corrosicn at the top from a corroded zone at the hotiom,
Thus, it was concluded that corxosion has ocourred abt  this
logation,

mhe 4%-point data set of 2/23/91 contains an invalid measurement at
point #47. Therefore, this was input as a missing” walue Lo
exciude it from the analyses, the date seks have a line of
demarcation separating the upper and lower zones. therefore, the
grid was divided into two zones consleting of the followlng points:

Top. Bone E.Qi,f:,gmﬁ_g::iﬁ

1 - 186 18
19 -~ 22 23 - 26
2T ~ 28 29 «~ 49
Top Zona
Q Thiz zone consists of 22 points.

{1} “The data are normally distributed.

(2} The regression ig not statistically significant and has
a positive glope.

{3} Bnalysis of variance shows no significant difference
netween the means. Thus, there is no indication of
statistically significant corrosion during this pexiod.

Bottom Zone

nis gpone consiats of 27 points.

(1) The data are normally distributed except for the 4/25/90
data which is skewed to the thin side.

(2) The regrsszion is not statistically signiflicant and has
a positive slope.

{2) Analysis of varlance sghows no significant diffevence
hetween Uhe means, Thus, vhere is no indication of
statiaztically significant corrosion during this periad.

T OCLRO0D00200
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0 5,1.6 Bay i5Dt 12/17/88 te 11/02/91

Eight 49-point date sets were available fox this period.

(i} The regression is not statistically significant.

{2) The data are normally distributed,.

(3} ‘The Analysis of Variance shows that there iz no slgnificant
difference in the means at 35% confidence. Thus, there is no
indication of statistically significant corrosion during this
time period.

5.1.7 Bay 17A: 12/17/88 ko 11/02/9%

Bight 4%-point data sets were available for this period. 3

Prior analyses have shown & lack of normality due o minimal

aorrosion in the top 2 rows and more exbensive corrosion in the

boktom & rows, Therefore, these subsets are analyzed separately.
Top 3 Rows
‘I’ {1y the regression is not stabtistically zignificant.

{2) the dats are norrally distxibuted,

(3) The Analysis of Vvariance shows that there is 1o

: significant difference in the means at 35% confidence.
mhus, there is ho indication of statistically significant
corrosion during this time pevicd.

Bottom 4 Rows

™he regression of these data sets meets the accgptance
criteria and is statistically slgnificant.

5.1.8 Bay 17Dz 2/17/87 to 11/02/51

The regression of thirteen data sets for this pericd meets the
acceptance criteria and is gtatisticalliy significant,

OCLROD000201
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e 5.1.9 Bay 17/19 Frame Cutout: 12/30/88 to 11/02/91
Blght 49-point data sets were available for this pexiod.
prior analyses have shown a lack of normality due Lo more extensive
1oss of thickness in the top 3 rows than in the bottom 4 rows.
Therefore, these subsets are analyred separately.

Top 2 Rouws

(1} Baged on the Univariate analysis, seven of the eight
subzets arve pormally distributed, The other one
(February 1990) contains two bigh readings and one low
reading which caunse the maldistribution.

(2} The Analysis of Variance shows that there is &
gignificant difference amongst the weans at 95%
confidense. Thiz indicates that there 1ls significant
ongoing corrogion.

(3} The regression of the weight data sets meetg the
acoeptance criteria and is statistically significant.

Eatta&: 4 rows

. (1} ®ased on the Univeriate Analysis, thres of the subsets
are normally distributed. The other twe (February 31990
and April 19%0) each contain a data point which deviates
significantly ~from the mean and causes  the
maldiztribution.

(2} The regression of the eight data sets meets the
acceptance criteria and 1s statistically significant,
5.1.10 Bay 193: 2/17/87 to 1l1/02/%81
Thirteen 49-point data sets weve available for this pericd. Since
a plug Lies within this rsgion, four of the points were voided in

sach data set. The regressgion of these daba sets meets the
agoeptance criteria and iz statistically significant.

5.1.11 Baey 19B: 5/1/87 to 11/02/81

The regression of tuwelve data sets for thisg periocd meets the
acceptance eriteria and is statistically significant.

OCLRO0D00202
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ﬁ 5.1,12 Bay 19C: 5/1/87 %o 11/02/91

Twalve 49-point data sets were availeble for this pexioed., Since a
piug Lies within this reglon, four of the points were voided In
cach data set. The regression of these data sets meets the
acceptance criteria and iz statistically significant,

OCLRO0000203
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5.2 éﬂtt x ﬁl-l G@EQ% H.‘i.'.. Eﬂ!eégﬁtiﬁﬁ 52'-’2“
5,2.1 Bay 5 Arvea D-12: 11731787 o 11/02/%1

Pen 49-point data sets were available for this period. Since a
plug lies within this region, seven of the points were voidad in
each data set.

Phe initial analysis of these data sets indicated that they are not
norrmally distributed. The following adjustments were made to the
data:

(1) Point ¢ is a significant pit, Therefore, it was dropped L£rom
the overall anaiysis and is evaluated separately,

¢2) Points 13 and 25 are extramely variapble and are located
adiacent to the plug which removed from this grid. They were
dropped £rom the analysis.

(3) Point 43 in the 11/01/87 data set is much less than any
sucgeading measurement, Thevefore, this data point was
dropped from the analysis.

(4) Point 29 in the %/13/89 daka is much greater than the
preceding or swoceedlng measurements. Therefore, this data
point was dropped from the analysis.

(5} Points 1 and 37 in the 4/25/90 data set ave rmuzch greater than
the preceding or succeeding measurements, Therefore, these
rwo data poinks were dropped from the analysis.

(6} Points 3 and 36 in the 11/02/91 data set are much greater than
the preceding or succeeding measurements. Therefore, these
two data points were droppesd from the analysis.

with these adjustments, the Univariate Analyses indicate
that all of the data sets are normally distributed at the
1% level of significance.

The regression of these data sets meets the acceptance
criteria and is statistically significant,

T OCLROG000204
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Pit at Point 9

Analyses show that the bigh reading of 746 mils in July 1988
for the plt at peint 9 is an outlier and must be dropped to
obtain a meaningful least sgquares $it, Dropping this polnt,
the mean thickness of the remaining points is 694.6 1.9 mils,
and the standerd deviation of the measurements is $6.1 miis.
The best estimate of the corrosion rate is ~3.6 1.2 mils per
year with an R*=52%. It is concluded that the corrosion rate
in the pit is easentially the same as the overall grid.

5.2.2 Bey 5 Area 5: 3/31/90 to 11702791
Three 49-point data sets wexe available for this period.
The dota are not normally distributed due to a large corroded patch
hear the center of the grid and several smeller patches on the
pariphery, -
The data was split Into two subsets consisting of points whose mean
velue is less than or egual to the grand mean, and those greatey
than the grand mean.
Points With Mean Less than Grand Mean
{1) The regression is not statistically significant,
{2) 'Thesea 1l5~-point subsets are normally distributed.
{3} »Analysis of variance shows that there iz not a
slgnificant difference between the means of the subsets,
Thus, there is no indication of statistically significant
corrogion during this period,
Points with Mean Greater then Grand Mean
{1) The regression is not statistically significant,
{2) These 34-point subsets are normally disiributed.
(3} BAnalyzis of variance shows that there iz a gtatistically
significant difference between some of +he means.
However, the differences do not correlate with time and
are not attributed to corrosion.

(4) Thus, there is no indication of statistically significant
corrosion during this period.
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5.2.3 Bay 13 Area 31: 3/31/%0 to 11/2/91

Five 4%-point data sets were available for this period.

The data are not normally distributed. This ig due to 2 large
corroded patch at the lef: edge of the grid,

The date was split into two subsets consisting of those points
whose mean vaine is less than oy equal to the grand mean, and those
greater than the grand mean.

Points with Mean Less than Srand Mean
{1} The regression ls nol statistically significant,
(2) Thege ld-point subsets are normally distributed.

{3) analysis of Variance shows +that there is not a
slgnificant difference between the means of the subsets,
Thus, there Lz no indication of stetistically significant
eorresion during this perled.

Points with Mean Sreater than Grand Mean

These 33-point subsets are not normally distributed., This is
due to two points with low readings in March 1990, twoe points
with high readings in April 1990, iwe points with low readings '
in February 1291, and one point with & low reading in Rovember
1821. Wwhen thege seven points are delated, the subsets are’
noymally distributed. ‘

These subsets with the outliers deleted are evaluzted below.

{1) The regression iz not statistically significant,

{2) bBnalysis of variance shows that the ssoond data set
{April 1%90) is statlstically different from the other
Four., The November 18%1 subset is greater than all
except the April 199¢ sobset, Thus, there is no
indication of statistically significant corrosion during
this pericd.

OCLRO0000206
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Q 5.2.4 Bay 15 Area 23: 3/31/9%0 to 11/2/91
Five 4%-point data sets were available for this period.

The data are not normally distribunted, This is due o a large
corroded patch near the center of the grid and a significant pit at
point 26. There are alsc some random readings over 780 mils which
are outliers. Alse, the measuorement of 638 mils at point 27 in
November 1%91 iz 118 mils lesgs than the lowsst prior measurement.,
This point is adjacent 4o the pit at point 26 and was therefore
deleted,

The dats was split into two subsets:

{1} Points whose mean value iz less than or egual to the grand
mean. The pit at point 26 was excluded.

{2} Points whose mean valuwe is greater than the grand nean,
Readings greater than 720 mils were st fo "missing.”

Points with Mepn Less then Grand Mean

(1) The regression is not statistically significant and has
a positive slope.

. {2) The it-point subsets ar¥e nermally distributed.

{3y BAnalysis of Variance shows that thers iz not a
significant difference between the moans of the subseis.

(4) Thers is no indication of étatiﬁtiaally sianificant
corrosion during this period.

Points with Mesn Createy than Grand Mezn

{1) The regression is not statistically signlficant and has
a positive slope.

{2) ‘The subsets axe all normally distributed except for the
2/23/9] data which has two measurements (points 22 and
29} which are significantly higher than prior ox
subssguent measurements,

{3) Analysis of Variance indicates that there is a2
significant difference between some of the means,
However, thisz is not indicative of corrosion since the
later means excesd the garlisr means,

(4} There i no indication of statistically significant
Q corrosion during this pariod,

Fit at Point 26
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The five readings are normally distributed. The best estimate
of the corrosion rate is +1.2 £3.0 mils per year. There is no
indication of significant corresion during this period,

Point 27 had a low meastrement of 638 mils in November 1951. ;
All priox measurements fell between 756 and 763 mils. Since

this point is agdjacent to pelnt 26, it iz concluded thal the :
Hovember 19%1 measurement is really the nit analyzed above.

T OCLROC000208
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5.3 6" x 6" Grids at Blevation H1r.-3101

5,3,1 Bay 13 Avem 32: 4/26/90 bo 13/02/91

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

The data are not normally distributed. This is dug to a "T" shaped
corrosion pateh along the right edge and acress the center,
Examination of the Wormal Probability Plot from the Ynivariate
analysis reveals the followlng distinct populations:

{1) Your pits at points 2§, 23, 25 and 28.

{2} A gyxoup of 13 to 14 readings less than 705 mils,

{3) A group of 31 to 32 readings greater than 705 mils.

(4} Two outliexs with values of 732 mile (Point 34 on 4/25/90) and
736 mils (point 33 on 2/23/81).

(51 The 5/23/%1 wvalue at point 11 (660 mils) was 39 to 45 mils
less than the other three valnes. TIf this point were included
in the analysis, it would have a major impact oh the

o calculated mean corrogion wate.
For subzets (2) and (3} above, all points consistently fell in
the same group except for peints 1, &, 7, 14, and 42, For
each of these points, three messurements fell in one subset
and ohe measurement fell in the other subset,

Subsets (2) and (3) were used to analyre the coxrosion
rate.

Points Less than 705 Mils
{1) The regression is not statistically significant.
{2) These subsets are normally distributed,

(3 analysis of Varianve shows that thexe iz not a
slgnificant difference betwesn the means of the subsets.

{4) There iz no indication of statistically signifilcant
corrosion during this period.

Pointys Grealber thon 7058 Mils

{1} The subsets are normally distributed except for one
Q axceptionally high reading in Februaxy 1991.

{2} Analysis of Variance ghows thet there is a significant
difference between the mean of the Hovember 1591 subseb
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0 and the means of the other thryee subsets. However, the
mean of the Movember 1991 subset exceasds the others and
thus ia not indicative of corrosion.

(3) The regression lz not statistically significant.

(4} ‘Thus, there is no indication of significant corrosion
during this period. l

Pits ak Poinks 28, 23, 25 and 28

The neasurement At these Iccationg ars listed below.

20 23 23 28

4/26/90 628 594 622 5538
2F23791% 626 534 621 558
5/23791 s2€¢ 592 620 555
11/2/91 630 G603 626 563

rhe standard deviation of November 1891 data for the points
lezs than 705 mils is 14.3 mils, With 14 data points, the
99%/99% one-sided lower hkound is £82-4.5 (14.3) = 617 mile.
Thus points 227 and 28 are significant pits. However, the
e difference betwesn readings Ilg minimal, so there is no
indication of aignificant corrosion Iln these pits.

Low Reading at Point 1l

fhere have been several cases  where there have been
significant differences betwsen readings at a given leocation,
It usually occurs in grids with significant pitiing such that
a pit is obzerved ons time but not another tiwme. The large
difference at poeint 11 is attributed to this.

OCLROD000210
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5.4 pr x 6" Grids at B877-5% Elevation

Ho measuvremenks were taken at the 87'~5 Elevalklon during the
Hovembar 1991 due to the high temperature. ‘herefore, the May 1931
evaluation of corrpsion rates is given below to provide complete
documentation of the latest analyses.

5.4.%1 Ray 9 Area 20: 11/6/87 to 5/23/9l

The regression of the seven 4%-point data sets for this period
meets the acceptance criteria and is statistically significant,

5.4,2 Bay 13 Arvem 28: 11/10/87 o 5/23/91
seven 49-point data sets were available for this peried.

The data sets are not normally distributed, Sxamination of the
date shows that thiz iz due teo the seven thinnest points: 1, 2,
22, 25, 26, 36 and 48.

analysis of Data Withoui 7 Thinnest Points
(1) The data are normally distributed,
(2} The regressicn is not statistically significant.

{3} BAnalysis of variance indicate that there is a significant
difference between the means of the February and May 1591
data sets and the means of the other five data sets.
This could be caused by actual coxresion, rapndom
variations im the data, or a slight bias in the
measurements. More data is regpired to determine the
true Ccousa,
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2.4.2 Bay 15 Area 3i: 11/10/87 o 5/23/91
Seven 48-point data sets were available for this period.

{1) The data sets are normally distributed at 95% confidence

except: for the July 1988 data which is normally distributed at
949,

{2) The regression is not statistically significant.

(3} Analysis of wvariance shows that thers is a significant
difference between the means of the February and May 1991 data
sets and the means of the prior data sets. This conld be
caused by actual corrosion, random variations in the daka, or

a alight bias in the measurements, More data is required to
determine the true cause.

(4} ‘The pit at point 34 is behaving like the rest of the grid.
The ourrent reading of 556 mils at point 34 43 © mils below
the mean for this point. The current mean reading for the
grid is 8 mile below the grand mean.




