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UNIVERSITY OF LOUISVILLE
‘I’ LOUISVILLE, KENTUCKY 40208

SPEED SCIENTIFIC SCHOOL
JAMES BRECKENRIDCE SPEED FOUNDATION
DEPARTMENT OF CIVIL ENGINEERING

March 4, 1981

Mr. G. Fiorelli, Chief

Projects Branch 2

U.S. Nuclear Regulatory Commission
Region I[II

799 Roosevelt Road

Glen Ellyn, IL 60137

Dear Mr. Fiorelli:
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During the Marble Hill meeting on February 9 and 10, ;33$»4!Lia£ormnd

Cordelle Williams that an analysis was being prepared as a follow-up to

my letter and report to D. W. Hayes dated September 26, 1980. The analysis

has been prepared by S. M. Alexander, Ph.D., PE, Assistant Professor

of Engineering Management and Industrial Engineering at the University of

Louisville. A copy of Prof. Alexander's report is attached.

The objective of Prof. Alexander's analysis was to investigate the
actual confidenre of the S&L/PSI evaluation study of in-place concrete
at Marble Hill performed by Constructicn Technology Laboratories. His
analysis establishes a specification which considers the risk associated
with the sampling plan used at Marble Hill involving 60 test sites.
[nrarent in the S&L plan, which is intended to assure with a confidence
level of 95% that no more than 5% of the concrete volume is defective,
is the assumption that no test error exists. The analysis is intended to
determine the risk associated with this assumption. Thus, the probability
that defective concrete will be ~rroneously accepted is not conjoined with
the probability of finding defective concrete in the S&L plan. This omission

results in a plan that inevitably provides less than the required 95%
confidence.

The probability of test error which will result in accepting defective
concrete has not been evaluated or considerud by Construction Technology
Laboratories in their report for this test program. However, there is
ample evidence that error of this type exists. The following is a summary
of some factors which prcvide clear indication of the need to consider the
probability of testing error of the type cited above.

The qualification test was performed on June 28, 1979 on concrete
test blocks which contained several different types of flaws including
representative conditions for honeycomb, cracks, air voids, and embedments.
Although no photo record is available to verify the results, the tect was
witnessed by several persons including representatives of NRC. The
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conclusions of the qualification test was that the microseismic procedure
was able to distinguish the several types of defects and accurately describe
their condition. Presumably this qualificarion also included the ability
of the analyst to identify honeycomb and to distinguish between honeycomb
and dispersed air of 1/8- to 1/2-inch diameter size. On June 27, 28, and
29 of 1979 several tests conducted on the in-place concrete preoduced the
following results indicating the presence of honeycomb. The results are
cited in the test data supplied with Mr. Robert T. Bartczak's letter to
Mr. Conald Stegemoller dated January 29, 1981. The date represent raw
field data and test photos in several areas at Marble Hill not included
in Volume II of Report SL-3753, Revision 1.

Date Area Page No. Grid Point Photo No.

6/27/79 1 B 8-3 8
6/27/79 2 7 A-1 9
6/28/79 8 16 A-7 No Photo
6/29/79 9 14 8-3 43
6/29/79 Rad Waste 1 c-9 183

These interpretation results were changed during the February 3 & 10,
1981 meeting from honeycomb to dispersed air or entrapped air. Such
revision which may be appropriate for the tests leads to serious doubt
concerning the accuracy of the cualification test. No matter how the
responses were interpreted at the time of the qualification tests, it
would appear reasonable to expect that a consistent basis for interpreta-
tion was being applied over the three-day period of June 27-29, 1979.
A change of definition with respect to the test results for in-place con-
crete may also be interpreted as a corresponding change in the interpreta-
tions applied during the qualification tests. Then how are we to interpret
the difference between a honeycomo reflection and dispersed air in the
qualification tests vis-a-vis the field tests. No photographic data exist
in the qualification tests record, and what record does exist is uncertain
with respect to size of defect and corresponding reflection signal.

Other situations involving i .terpretation of wave reflections also
raise concern about the need to consider test error. For example, on
July 6, 1979 a test reported in Area 16 on pages C-43, photo 61 of Volume II
of Report SL-3753, Revision 1, indicates a discontinuity., The field notes
for the test report honeycomb, separation and entrapped air. The un-
certainties of the definiticns being applied require that some provision
be made to evaluate the probability of test error.

Other situations involving different thicknesses of wave reflections
that are termed discontinuities raise the guestion concerning extent of
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the opening. An example of this is in connection with tests of area SO
reported on page C-160 of Volume II of Report SL-3753, Revision 1. Photo
289 reports discontinuities for two wave reflections in which the space
for one is twice as wide as for the other. Further, the member thickness
is 54 inches, making the larger reflection about 2 inches wide.

When these consideraticns are applied to the S&L sampling plan the
result is that the probability of test error must be considered. Applying
equation (¢) in Prof. Alexander's report (typical results are given in the
accompanying table) for a test error of 15% with 60 samples the confidence
level will be 92% rather than 95% as required by NRC. Actually, there
is reason to believe that test errors may be greater than 15% resulting
in a confidence level less than 50%.

Since no qualification test data are available to evaluate the test
error to be applied, it is recommended that such an evaluation De made.
A series of concrete test specimens with various types of flaws should be
tested with appropriate photography to both evaluate the analyst's ability
to discern differences in response signals and to identify large voids.
Wwhen an appropriate test error has been determined, it may then be applied
to the appropriate sampling plan to cdetermine the numter of test sites
needed to satisfy a condition of 353 confidence with more than 5% defective

concrete,
Sinceri;;(
~¥ichael A. Cassare, Ph.D., PE
Professor of Civil Engineering
Tw
cc: D. W. Hayes-NRC
C. Williams-NRC
A, Parme
R. Hamm
T. Datillo



This is a critigque of the section "Statistical Basis
for Testing Program® (Section III - Fgs. 4-8) included in
the report SL-3753 - Revision 1. This critigue was prepared
by Suraj M. Alexander, Ph.D., P.E., Asst. Professcr,
Engineering Management/Industrial Engineering, Speed Scientific
Schoeol, University of Louisville, Louisville, XY.

This critigue addresses three main areas of the above
section. They are as Scllows:

(i) The lack of specification of risk associated with

Statistical Quality Assurance Prograaz.

(ii) ZIncorrectness of the thecoretical background

provided as related to the st tistical progran

actually used.

(iii) DPossible misinterpretaticn of terminclogy.
A. DEFINITIONS

Scme standard Quality Assurance definiticns are provided

selow in order %o clarify the use cf these terms in the cri-

i) Sampling Plan - A specific plan which stactes
a) the sample sizes and

b) the criteria for accepting, re

another sample, to be used in inspecting the lot.

(11) ingle Sampling: Sampling inspecticn Ln wWhlich a

decision %0 accept or =0 reject is reacned after

"

the inspecticon cof a single sample.

(iii) Multiple Sampling: Sampling inspection in which
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after each sample, the decision may be to accept,
to reject, or tc take another sample but in which
there is usually a prescribed maximum number of
samples, after which a decision to accept or reject
is reached. Note: Multiple sampling as defined
here is sometimes called ser uential sampling or
group sequential sampling. The term multiple
sampling is preferred.

(iv) Sequential Sampling: Sampling inspection in which,
after each unit is inspected, the decisicon is made
to accept, to reject, or to inspect another unit.
Note: Sequential sampling as defined here is scme-
times called unit sequential sampling.

(v) Acceptance Number: The largest number of defectives
(or defects) in the sample or samples under con-
sideration that will permit the acceptance of the

inspection lot.

B. CRITIQUE

(1) The lack of specification of risk associated with the

Statistical Qualitv Assurance Program.

In deriving the sampling plan, Sargent & Lundy Engineers

(S & L) define

r (Npy (Nq )
C=1=2 "x’ 'n-x (1)
x=0 (N)

O
"

where they define Confidence level

3
"

Sample size

A
"

Size of population

Acceptable maximum fraction defectives
in the population.

2

0
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They go on to state that, *by testing a number cf random
samples (n out of a population N), we can establish with
confidence C that the max. fraction defective is p if the
cbserved number of defectives is r."

The above equation for C is infact the probability of
rejecting a lot of quality p (fraction defective p), when a
single sampling plan is used with a sample size n and accept-
ance number r. Since NRC expects the sampling plan o
reject 'defective' concrete volumes 95% of the time (95%
confidence level), the presumpticn here is that concrete
volumes with p% defective are 'defective.' The above equa-
tion (i), which represents the probability of having more
than r defectives in a lot is derived from the Hypergecmetric
distribution. S &L uses the Binomial approximaticn to the
Hypergecmetric distribution in deriving a value for n using
a value of r equal to 0. The Bincmial approximaticn to the

Hypergecmetric is shown below in equaticn (2).
- - ’

T
C=1- ¢ (Qp* g% (2)
x=0

The above Binomial approximaticn is valid if n is small com~-
pared to N.

S & L uses egquation (2) with a value c¢f

)
o
w
w
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o
w
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= Q to solve for n a.d obtains a value ¢f n = 59. Thev
then suggest a sampling plan with sample size n = 39 and
acceptance number r = 0. In their words, "as a first step,

a sample of 59 areas is to be tested. In order to establish
with a confidence level of 95% that no more than 5% of the

opulation is defective (i.e. reliability of 95%) ncne of the

‘0
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samples shou'd fail the test", If the sampling plan selected
was used as 1 single sampling plan, (i.e. Sample size n = 39,
Acceptance "umber r = 0); it would reject a population with
5% defectise 95% of the time. In order to understand what
spens to populations with larger and fewer defective per-
centages an Operations Characteristic (0.C.) curve must be
constructed for the sampling plan. As an example the 0.C.
Curve shown in Figure (1), which was plotted after scme rough
calculations were made by me, detail the crobabilities of

acceptance of different quality pooulations using a single

sampline plan with n = 59 and r = 0.

0.C. Curve

n=3593, r=0

scept
Asceprance

*
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Thus if the sampling plan was a single sampling plan (the
equations used to derive n are only valid for a single
sampling plan) the risks associated with using the plan is
best illustrated by the 0.C. Curve Figure (l1). These risks
have not been specified by S & . in their statistical orogram.

(ii) Incorrectness of the theoretical background pro=-

vided as related to the statistical program actually used.

SaL's theoretical backing for its sampling procedure (equa-
tions (1) & (2)) are for a single sampling plan, but at the
end of the section on Methodolory (See Pgs. 5 & 6 of the

report) they state that "the sampling program is sequential

in that if a defective area is encountered in the first 59

samples, the sample size is increased to a total of 93 units
and the acceptance number is increased to L, if another
defective is found the sample size is increased to 124 with
acceptance number 2 and so on (See Table III-l on pg. 8 of

the report SL-3753). No explanation is provided as to how
these numbers are cbtained, though a gquick check reveals that
they are obtained from the same two equaticns (1) and (2) .
These equations as mentioned before, determine the probability
of rejection of a population of fracticn defective p by a
single sampling plan of size n and acceptance number I.
However the procedure followed in the tescing program is that
of pseudo sequential sampling (see pages 5 and 6) no theoretical
background or Eeferences is provided fcor this sampling pro-
cedure in the report. The sampling procedure is neither a
unit sequential sampling plan, (which is generall; used to
minimize the number of samples taken to make a decision for

5



acceptance or rejection), nor is it a multiple sanpling plan
(group sequential; see definitions provided at the beginning
of the critique).

The main point to be noted here is that the program
suggested by S & L is not a single sampling plan hence it is
incorrect to derive paraneters for the plan from cqu;tions
(1) and (2). Moreover, since the plan is not a standard
plan and since no references are provided the determination
of risks associated with the plan beccme difficult. 1In my
opinion no sampling procedure for testing should be used
without a proper indication of the risks associated with the
procedure. Therefore S & L should either change their test-
ing program or provide correct theoretical backing for their

sampling program and indicate the associated risks.

(iii) Possible misinterpretaticn of terminology.

S & L defines a population with 5% defective as 95% reliable.
In other words they state that if 5% of the concrete volumes
existing are defective then they are 93% reliable. This in-
terpretation of reliability is not clear from the letter from
NRC (Exhibit 1) which states, "Public Service of Indiana will:
1. With its contracted organizations, ccntinue surface and
volumetric examination of existing concrete vclumes to estab-
lish its adequacy and test a statistical sample, representative
of both congested and other concrete volumes to assure with

35% reliabilitv and 95% confidence level, that concrete volume

meets requirements."” The term reliability used above is quite

ambiguous, it could for examgle relate to the accuracy of the
rest, whereas S & L has interpreted reliability to be synonomous

with requirements and hence attempted to design a sampling



plan which rejects populations of 5% defective (95% reliability
according to S & L interpretation, See bottom of pg. 6) with
a probability of .95 (Confidence level S5%).



THOMAS M. DLTTILO
ATTORNEY AT LAW
311 GAST MAIN STREST
MADISON, INDIANA 47250
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March 26, 1981

United States

Muclear Reygulatory Commission
Region II

799 Noosevelt Road

Glen Ellyn, Illinois 60137 fze ¢

ATTN: &r. James G. Keppler,
Director

Re: ST
STH

Dear !ir. Keppler:

Thank j;ou for your response
20, 1361. i'ind encloged ac Cxh.
specilic recponse S0 yours.

to Dr. Cassaro dated March
it nerein ur. Cassare's

This writer in conjunciion with the enclosed Exhibic "A™
cateyorically states that the [HRC has nol responded to the
arch 4, 1981 letter of Dr. Cassaro ard the specific statistical
and quality control c?,.uuc.; l, Comments ctherein. I: is our
position tThat your alleged exuianaiicns are simply inculticient
o manifest to the IMRC Shat %8 own coriteria of 9% rellabilicy
with 95 confidence hus deen mes and, or excuveded by he test
program devised by 3gt. & Lundy and conducted by Fortiund Coment

Association.

In addition, it wus our specific understanding thai: no NRC
responses would be made until there was time (o 'ev ew what the
independent engineers stated in a {inal written repors subject
tO the addisional input of Jr. Cassaro

From all indications, Lt is not necessarily correct that
¢ NRC has approved the teszting standards and criteria specificaily
2t out by =he HEC in its prior orders herein. FfFfor shat reason, wwe
await the Uinali written reports of che independent engineers and the
pecific reports cf the LiRC.

- W
. g, / .1&?2;
Thomas 1. Dascilo
TuD/mjb
EnCLOSure

i LAt EE;LL“kl\k‘ ”15;




Michael A. Cassaro, Ph.D.,PE
Professor of Civil Engineering
“ Speed Scientific School
\% Dept. of Civil Engineering
‘& University of Louisville

Q““‘ Louisville, Kentucky 40208

March 26, 1381

United States

‘luclear Reyulatory Commission
region III

729 Rogsevelt Foad

Glen Zllyn, Illinois 60137

AR

Wir. James G. heppler,
Director

Re: STN Su=546
STN 50-547

NDear Mr. Keppler:

he NRC letlter of Farch 20, 1981 13 qu's des
reasordaily comprehensive.,

o3t of the poiats in my iletter of September 26, LYs0
nav:2 Leen Jdiscussed and harndled. [§ is the llarcn 4, (94l
ietier of mine that has not bYeen completery answered and
the ubject of this correspondence.,

is

he HPC auct rely on alcruselisriz luvess.qu%esl. Lo
lelorrite of voids, separations or honeysumbs ¢Xiss 0 the
cenreld since all cuservable voids are considersd "zsupface
on:rete defectives". 3Jince the LRC has ezsabiished zhe
rileria, 95% reliability with 9% confide:ce, using Rguazion
7y 2t must De reco,nized that this is a provatalisctic equaszion

mplying no instrurent or hunan error assoc.ated wicth the
rasistical approach.

e March 4 lezier gives an acceptibie procedure tor
2lermning and insluding the human error nd the ir. Irunel
rrror in the Ltest program. se-nr4. eXarpies of Shis Sype Jf

il are cited Ln the tarch 4 letler. PO JdXmnoies i Yhe
Lverpretor declared a "honeyuvomb" the sarne clay he red Sh
qual irication test and Lhe honeveond Tturied . . .6 have
igveticant bubbias in She concrele, ithen SR-I'd ApLcars e Le
reasanablie room for error
-k 04 B ol
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Nuclear Regulatory Comm.
March 26, 1981

Page 2.

we do not question Mr. kMuenow's qualifications. Iliowever,
everyone is capable of making an error. It appears that no
written qualification exists in the record at Marble Hill. A
qualification record must be performed to evaluate if we have
95% reliability with 95% confidence.

As it now stands, there is certainly less than 95% reliabilicy
as outlined in the larch 4 letier, and we bSelicve that no verbig,e
will erase that reality, only clear sctatisfics.

This writer awaits the furtner response ol the !RC.

"

Sincerely,
. ~ (% b
L LS LYY O \‘\ (R S U -"/\ -\‘\"."r_,
-4 y
Micha¢i As Cassaro, Ph.D., #2

pOOR ORIGINAL
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1. Scode of Work:

B
Provide NRC-IE 2ssitance as 2 tech

POOR -ORIGINAL

nical consultant in the review of 1)

concrete deficiencfes, known as "honeycomding," found at the Marble Hil)

facility through visua) observatio
internal voids exist, 3) the repai

and 5) evaluation of the affected

intent.

The effort will invelve 2 review o
Ciscontinuities, etc., to determin
in all probability bee:n detecied.

“pulse echo. .The repair procedures
findings of the investications are

_min basis of the consultant's rev
5y the licensee and its refesrences
SL-3783, 11/20/78, "Evaluation of.
Station, Units 1 and 2," dated Nov

- /

2. QObjectives of Tasks:
P

2. To provide an independent
deficiencies in concrete
and/or voids that could h

“- b. to provide an independent

remedial actions;

G
W
ot
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ok
i
iz
w
-
ot
o
=
(8]
=
P
-
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2. Determine that any struct
voids visually detectable

5. Evaluate the need for.and
used by the licensee in ¢
voids. If other techniqu
sary to assure structura)
provided. This evaluatio
consider sample location

n, 2) the program to determine if
r prececyres, &) the completed repairs,
structures to meet the original design

T the techniques used to locate voids,
e if all significant deficiencies have S
These techniques included coring and . U
and repairs made 2s 2 result of the

21so 10 be reviewed for adequacy. . The

iew effort will be the report submitted —- —
as prepared by Sargent & Lundy, Report

In-Place Concrete, Marble Hill Generating -=--- -
ember 20, 157S5.

rhibi
assessment of the type and extent™of
constiruction devined 25 honeycombing
ave satety significance;

2assessment of any needed repairs or - -

cenclusions regarding the capability

$ 10 perform the intended design functions.

urally significant honeycombing and/or
have baen locat

ed and identified.

ddequacy of the nondestructive techniques
he investigation of possible internal

es cr acditional investigztion are neces-
2dequacy, recommendztions should be

n and any necessary recommendations shouléd
and size,




