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INTRODUCTION

An advanced ultrasonic testing (UT) system is a configuration of
hardware that includes some type of computer. The computer may be
hardwired to perform specific functions or have appropriate software. It
may typically be used for data acquisition, signal processing, image
generation, pattern recognition and data analysis. Additionally,
advanced systems have data storage and are, therefore, different from the
standard transducer-pulser/receiver systems that rely on human filtering
and written documentation of the filtered data.

More and more utilities and service vendors are using or are
considering an advanced UT system for preservice (PSI) and inservice
(ISI) inspections. A major utility has purchased five Amdata
IntraSpect Ultrasonic Imaging systems. Another has bought and is using a
NES/Dynacon's UDRPS system. Science Application Inc's Ultra Image III,
along with Infometric's TestPro software, is being used for turbine rotor
bore inspection. IntraSpect imaging technology is being combined with
pattern recognition capabilities by a leading service vendor. New and
potential users of advanced UT systems are increasing in numbers every
day. What these systems offer is so attractive that regulatory agencies
consider their deployment an "intelligent choice" for inspection.

BACKGROUND

The most significant difference between nuclear power plant UT
inspection and, say, aircraft inspection, is the radiation background
that is present and increases with years of service. Inspection
personnel must always consider the ALARA guidelines (As Low As Reasonably
Achievable) for radiation. The human factors include biological hazard
and psychological stress. Under these pressures, the data processing
capabilities of the human brain are also limited. This is why UT inspec-
tion data, when collected manually, is usually in summary form.

On the economic side, inspection costs are tied directly to the
radiation dose rate at the inspection site. Allowable radiation dose per
quarter is requlated and oftentimes results in shortages of qualified
personnel to perform UT ISI in nuclear plants. This has economic impact
via the deployment of limited personnel to 4o a job that has not changed
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in size or scope. The longer the down time, the higher the cost of
purchasing replacement power to counter the loss of generating capacity.

Rdvanced systems were developed with the goals of reduced radiation
exposure and increased reliability. These systems use scanners for high-
density coverage of components, and since some of them are mechanized and
remotely controllable, radiation exposures to personnel can greatly be
reduced. Digital recording and processing of data facilitate repetition
of stored scan patterns, data logging for data review, and application of
signal processing techniques for noise reduction.

Advanced Systems

The number of systems becoming commercially available is growing
each year. The NDE managers of utilities, the end users of these
systems, are often faced with the decision as to "What system is right
for my inspection problem?" "Is an advanced UT system a cost effective
way to go?" To help this group, the Electric Power Research Institute
(EPRI) has initiated a project whose end product will be a Utility NDE
Managers' Guide to Advanced UT Systems. A short summary of the avail-
able data to date will be presented here. Tables are used to give an
immediate overview of capabilities.

There are two broad classifications of advanced UT systems. These
are feature-based systems and image-based systems. A feature-based
system is very similar in concept to a radar system for aircraft. Param-
eters, or "features" are extracted from the ultrasonic signals accumu-
lated during an inspection. These features are believed to contain
information about the reflector that produced the original ultrasonic
echo. As in radar, processing of echo features can be used to identify
the reflector. Imaging systems use arrays of ultrasonic signals obtained
from surface scanning to create "pictures" of reflectors located within a
material. The purpose of the images is to assist an inspector in
obtaining information on the spatial characteristics of his inspection
problem.

EPRI is currently examining systems that combine feature-based and
image~based capabilities into, as they are conceived, feature-enhanced
imaging systems. Considerations are being given to the use of Personal
Computers (PC's) for the hardware and software needs of these systems.
Tables I and II cover systems that are in use today. Table I lists the
hardware that comprises these systems. The software and software func-
tion capability of these systems are listed in Table II. The systems
mentioned are not restricted to Tables I and II hardware and software.
Table III describes commercially available components that may be used as
alternatives and/or enhancements. Several UT systems that are still
under development are listed in Table IV.

Qualification

A major concern of the utility NDE manager is the compliance of the
system he chooses with NRC guidelines. The USNRC has issued guidelines
that define minimum acceptable performance requirements. Qualification
tests have been developed to evaluate advanced UT systems against the
established criteria defined by the NRC. Systems that have met all of
the USNRC requirements for IGSCC detection and sizing are listed in
Table V.
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TABLE I

COMMERCIALLY AVAILABLE AUTOMATED UT SYSTEMS/SERVICES -- HARDWARE
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TABLE II

COMMERCIALLY AVAILABLE AUTOMATED UT SYSTEMS/SERVICES -- SOFTWARE

] = = aiande-aheadrald-ahee el = - B ||Hu|| = -
= — - - -— - - Py -
= =3 = B = = == = =
3 nE . leleleltlelalalele Zlelelae - = = -l = -l -
w E”c - - - - -— - - - - - - - - - - -— - - -— -— - -
. —= - - - - - - - - - - - - - - - -— = - - = - -
a. -1 - py = = ped - =
= = = = = = = = =
= n = = = = = = =
= = = = = = = =
o as A= e L e L e T T T T T T T Y
= = =z == = = = =
o — = = = = = = =
= aws = =2 = = = = =
X1 Zus Tlelelellel- - Zlelel= - == = = =
=== =jsisiszsi=isis H =isizst= H = -}z = =
<L — - X Lk - - - - - - - - -— - - - - -— - - -—
= Sxw = = = = = = =
[ = = = = = = = =
= = = =z = = = = =
12 = = R = = = =YTTTY
» e2 = == = = = = =
a =5 . = el el el l el elolelelel]leoalealelejealecileciecieicioiei-— = T leleloe!e
4 =Tt P ) - -y - - 3 - - - TR - - - - - - - { - —y - -y e= -y - - - g - - - -
= awvx b - -y == - - - - - P I I - - - - - - -fw- P - g o— - -— - - - -
E] an=x = =z = = = = =
P13 = = = = = = =
a = = = = = = =
o bw o bed v b =i 8 e e T T T Y YT
— 29z = = = = = = =
o= ==3 Zlelelellelele o]lelix]le - - - = = = =
S-S5 =lsisisisisisis]eis}Sicts H H H = = = =
- = 3 - - - - - - - - - - - - - - - - - - —-—
«@ wus = == = = = = =
= = = = = = = =
s 5 = = = = = = =
< MR - - - - - -— - - - - - - - el - - - - - - - -—
= =3 Zisisisisisisis sixz=izsi= s H H = = - = =
L} —dat 3T - - - - _— - - - - - - - - - - - -— -— - - -
- DU = - - = = petud =
= 8 = =z = = = == =
@ = = = = = = = =
B N B B R R Tt et Tt Ll e e e e e el 20 ot o0 St st -0 Tl B e & A T
=RIFI I = =z == peoe Iz =
[y ) - - - o= - H“ =
% |20 i lelelelSlalmlie wloeiZlielale - = = = =2 I
o IED T § am § W g ™ ] W § == ) e oWy o= FEEEEEEREREE] - = = = misis e
2 w=Z= 1y isysjsisisys EEEE IR R E R : = =z = Zizizis
3 SoEE s = = = = = =
e SuSw | — - = peted = = =
R =2 = = = == =
S tot A8 st PN U -3 J R SO IRV APUOR AU SOV AP SO 15 IR R -5 AP AP 11, AL IS AL 5= A A R
— = = = o= = == :z
= = = = e = pred -t =
o =8 (Zletel el lalialiala el elals - P I -l = = I R R
T < 5 p - -y == - - - - R - - - - -y - o - g o= - g o-- - i - - - -
a2 P R - B - - ERER I I H ER I z1=: == EREEEEEERE]
= 22 = == == = = = =
= == = =z == = == = =
= = = b= = = = =
B S SR 15— AUUION JORRUR AU 1.8 SRS SRS ROt SR NI I -~ KPR X LI IS L.l JI SO IS SO A B T L
—1
=
= =
] w 3 8 =
M x = w m — — =
2= =12 w S = - Q
S - R = == 2ie 3 S = a1 s =
k=1 = 21S oiwix S| Foel X1 3o S2iSlwi e
= = =5 =i18 Wi = =18 eizia
[} s [} - =3 = ad = [ < x= - s =3 3 el > a.
=1 « = = freg vV iR SV = e 0 o > ) ERE o B = 12 s oy =
- [ w = (=1 - ) — == (=1 — w. o - - - w == = (=] 2z L
=z = e g ee g DD = = R oy oy o =1 FER-BETRE = o O ) o= ) XD N
1 R R R R R EEE R R B R — ) s 0 =1 S == QO ¢ WO — Slai=Zi1w o ) >
o o — o [} o= O o 3 (=3 o - o w o -3 L= - w - —t ” - E 3 - _— (=) = =3 vy -
fnd » — 3 =4 M = m [} ax O 1 [ O 9 o -— — =] - w (™} O (2] [=] - n s - [ < =3 ac oc
. si=icialg t~4 wiiZiSlialimidlbhiadliriTliRialxiriv|=ixius i IMI=I2I81S
@ 4
(- = o - o W - -]
(=] M = - =3
= m - - — — -—
g 2 = E & E g =
> o = = = w - o
. o = - - - 0 - S - - - - .t wm et maSn A s At e ensane U1 G W = I & 6 W AemeescscsesctctSToncnaceTanStecefesrm et en iR en S e

PARTIAL CAPABILITY

e FULL CAPABILITY

1006



TABLE III

COMMERCIALLY AVAILABLE COMPONENTS SUPPORTING AUTOMATED UT SYSTEMS

|
SYSTEM i MANUFACTURER

FUNCTION / DESCRIPTION

ALARA=1

An automated mechanical scanner and scanner controller that can be
VIRGINIA CORP

interfaced to a coscputer. Mechanical systee provides skew aotion as
well as standard scan aotion., Riqid track and quide asseadly.

ALN

Adaotive Learning Network (ALN) allows training of the systes to
é distinquish key features of the UT sianal unigue to soecific defects

or conditions and assists the inspector in confirsing defect or
qecaetry conditions.

AMAPS

An automated aechanical scanner and scanner controller that can be
interfaced to a cosputer. Contiqured tor hard shoe or booted trans-
ducer assembly. Flex-steel, wrap around track with saanetic wneels.

ROBBI

An automated UT {ins
and not sianiticant
Systea is presently

ection systea desianed orimarfly for flaw sizing
y used for i1nitial i1nspection and detection.
beina reconfiqured for full i1nspection use.

]
1

sdL-1000

An autoaated UT insoection system capable of A, B, C and 3D scan
imaaing but principally desianed for ultrasonic holoaraphy inspect-
ion and hich resolution imaading of previously detected indications.

SUTARS

An ultrasonic tr
position with U7
position data fo

a en used with manual UT to intearate scan

cking syst
data., Tracking sensors strap to pipe to provide
hand held

r transoucer.

TEST PRO

1BM PC based hardware and software allows intearation of all autoaa-

INF?RETRICS ted UT components and assories to orovide fully automated UT systea,

PC is a value-added coaponent to current automated UT systeas, RF
waveforms are recorded: artificial intelligence and oattern recog-
nition alaorithms-are built into the software. Provides additional
tanalysis capadility using standard PC sottware such as Lotus [-2-3,

TABLE IV

NOT YET COMMERCIAL AUTOMATED UT SYSTEMS AND TECHNOLOGIES

SYSTEM

ALOK

DEVELOPERS

FUNCTION / DESCRIPTION

e detectfon with time-of-f1iaht sianatu
law conditions, Systen uses standard UT
qraded to incorporate phased array trans
of ALOK, ultrasonic holoarapthy and line

res are used to
ransducers but is
%%er and will be

FT isaaina.

CUDAPS

Comouterized Ultrasonic Data Acaquisition & Processing
incorporates ALN systems to provide a cosplete automat
Major components are ALN-4060 Flaw Descriminator, LSI1-
processor and AMAPS scanner controlled by an ALN-4033
Controller. Systes has been confiqured at the EPRI ND

Systea(CUDAPS)
ic UT systea.
1 Hicro-

i

1

Scan

E Center.

PV1S

Pressure Vessel laaging Systea (PVIS) is an ultrasonic holoaraohy
inspection system for heavy section steel inspection. The systea

R1 % 1
ﬁESEARCH. can prefora A,B,C,30 and holographic imacina and intearate aultiole

images into final 3D imaqes. Systea under evaluation at NDE Center,

SAFT

Synthethic Aperture Focused Technique (SAFT) is a UT technoloay
which provides focused UT images in the complete inspection voliuae,
A transducer or ooint UT source is scanned over the voluae suriace
and resulting UT data is analyzed to orovide very high resolution
focused UT inage data at all points in the inspection voluae,

SECTCR SCAN

Real-time sector scan UT imacing uses a ophased arrav or mechanically
scanned transducer to_provide real-time L and S wave inages in a

sector B-scan moge, Technoloay is similar to commonly used medical
real-time sector scan units.
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TABLE V

ADVANCED SYSTEMS SATISFYING IGSCC DEMONSTRATION REQUIREMENTS

System Detection Sizing
ALARA 1 X X
ANL 4060 X
CUDAPS X
Intraspect X X
P-Scan X X
Sutars X
Robie X
Ultra Image III X X
UDRPS X X
Zipscan X
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Cost-Effectiveness

Another concern of the utility NDE manager is the cost-effectiveness
of inspections with advanced systems. Benefits most frequently cited by
experienced utility users, service groups, and vendors are:

Better, and more complete coverage Post review/analysis
Traceable results Better reliability
Permanent recording Low-radiation exposure
Real-time results Immediate sizing

Fewer over/under calls Documented data

Data comparison Potentially lower cost

Many of the above benefits have significant long-term cost payoffs
that are only realizable over a long time and are not immediately
measurable. Each advanced system has different features and components
which its marketing literature vigorously promotes. It is not always
easy to identify the components or feature most important to a particular
utility need. If a significant repair cost can be avoided because of the
use of a UT system with advanced data display capabilities, it makes
little difference if the system also possesses advanced pattern recogni-
tion capabilities. Both capabilities are equally important, but cer-
tainly not needed by all utility end users and/or applications.

To obtain cost information on automated/advanced UT inspection, a
survey of the utilities, vendors, and service groups who have used such
systems was conducted. Table VI summarizes the findings of this survey.

A total of 29 utilities and inspection service groups were
surveyed. Twelve groups or 41% responded; however, several had no
relevant data which gave an effective response of 21%. Those responding
represent a total of more than 120,000 inches of welds that have been
inspected by advanced UT--about 1,900 equivalent 20-inch diameter pipe
welds. The data incldues GEDAS, IntraSpect, P-Scan, and UDRPS inspection
results.

Recognizing that inspections with advanced UT systems provide
benefits not readily available with manual UT, the initial equipment cost
must be scaled accordingly to obtain the effective inspection cost.
Specifically, to obtain the effective cost ratio of advanced UT to manual
UT inspection (AUT/MUT), the initial AUT/MUT cost ratio must be divided
by the benefit ratio. The average initial AUT/MUT cost ratio was 2.12~--
advanced UT inspection initially cost 2.12 times more than equivalent
manual UT inspection; the average advanced UT to manual UT benefit ratio
was 3.93. Therefore, the average effective AUT/MUT cost ratio is 0.64
and hence the effective cost of advanced UT inspection comes out to be
less than two-thirds of the cost of equivalent manual UT inspection.

Technology Transfer

Ultrasonic NDE technology has advanced a great deal within the last
two years. Advances have been so rapid that it is often difficult for a
utility NDE manager to keep informed of all of the available inspection
systems and their capabilities. The terms and concepts used by the
developers and manufacturers of the equipment may leave the end user in a
state of apprehension when a problem appropriate to an advanced system
arises. EPRI is supporting efforts whose goals are to aid the utility
NDE manager by providing him with a guide for selection and use of
advanced systems and workshops to disseminate the latest information.
MNA/3060RPTSAS.

1009



m
uy

R RAL
£1 4o 3n0 ¢

N R
91 40 3n0 ¢

== B3UDOSJ 3AJY03)43
- 5U0053J [0}

-e  5UOOSIS JOPUIA

--  AWU00SAJ TN

*3NJIRIUISIIOAS 8Q JOU Ar® PUT YJOm 300 JOF BJv asdyl @

(6 W31} AQ PIPIATP QT B33T) OF3RJ 350D JUI/LNAY 341333443

O13eJ S3f3uaq InN/iny b

I Y

abRIN0 JA0 UPE JIC PAYIICSUY SBYDUT PIAN JO JAGENY AVEJAAY  °f
3DEIN0 J30 PaYIACSUS SPIIN JO JAQENU ADEJIAY 9

(4148 *JY O1/SIYIUY Plas) 1paacds UOFIIOSU [Ny aDRIIAY  °C
(V4148 *4y 01/SaYdu] plan) 3pIACS UDJYIAOSUY INW ADRJIAY  °y
01304 3502 [M/INY PAJENRISY L

aVEIN0 [R30) JO§ YW JIG 803 BVRIAAY (f
aRIN0 JG BunsOdxa (J[/] [3ARY) JOIIOSU} AvRSAAY (]
(J4/4U) AYFS PIam ¥ [3AI] UDTIPIPRS ADRIAAY (Y
buj2|s { abesaay (b
DUFZ]S DUIPN[IUY UOJIIAOSUT JA0As T ADRJAAY ()
YU} PIan Jag AJFIIIN B4} OF 503 Pajenfysy (3
Pa}IAASUY SAYIUY PIam Jo Jaqenu [eyof (P
payIacsuy splan Jo Jaqunu [e30) (D
0§33a05u] NN 1 (9
UO3I30SU] 1Ny 1 (¢

SUJ §N SDRJIAR UT JOJ BJUIJJACEA JUIAI JNOA U] T

1043 8§ Jege tuopy

(INN) LOJ3IACSUY O [ENUEE UA[RAIND3 O} PaJedwod 3503 Pajestysy (q
PIYIAOSU PIaN JO SAYIU] B3TE}X0I00Y (¥

(IN J¥YNS39 % BJYOR‘URIS-4° 30305031 SYO3) “93SAS LN Pajewoyne jO aA|

onoJg BIJAJS J0 JOpUBA *AJTIN

SRHEBRRORNRCIRRRRRNINE AR ERRRSRRRR N RERRRARNE AR ML AEREHII TS
550 8] Lo B4°0 L0
nassin (X128 ]) NN Hennn
Wt R o100t 00'y

208 13 091 ¢ L1008 008 0SS

il ¢ o5l 008 09 st 001 or

w ] vl ¢ o 00% £ ovi

fans I3 08 008 (114 002 oL (12}

HE 05z 00°2 08°1 o1 052 00'1 00°¢
80°6 ] A i [ 00°58 L }ooe
8911 ) 0021 002°1 009 mﬂ 000°1 009°1
Siy ] (T of Y o 051 (13

' ] t 1 st H ' ol

¥ [} ] I ot s 5 ol

HETS ¢ 00°19 ¢ 0005 ] g8°0z i 1008
5589 ¢ 058'8 005°¢ 000's 1 000'% 1 008t 05t
L1h ¢ oft 002 001 ot 1} 114

I} 3 o (] [ It % o
18 ] 05 0 0s 18 t 08

11 052 00°7 081 00°1 052 05°0 00°t
os1tott | 0e1°e 000°29 | 005 000°01 | ooo'st { 005’1 000°%
S19101 3

J9VHIAY l 9 1 ¥ < 14 ]
Q31HII3N

98/0T/L KYYWWNS FTUIVYNNOILSIND ISOD IAW/INY

IA J19YL

1010



DISCUSSION

Dr.

Dr.

Dr.

Dr.

Dr.

Dr.

Dr.

Dr.

Dr.

Dr.

Berens: I have one question. I think in terms of NDE reliability
in terms of either finding them or sizing them. I wonder if you
could address that question as to how well we do that in the electric
(inaudible) region.

Behravesh: Well, the reliability studies are being conducted by

the regulators and under their contracts, and we have been sort

of staying a bit away from that because of the fact that we know

that we are not as effective in NDE as we want to be. Most of

our concentration in the nuclear industry is in the area of improving
the techniques and demonstrating the capabilities of those techniques.
Knowing that reliabilities are not as high as we want them to be,

we are not, basically, concentrating much on that. So I don't have
any reliability numbers for you.

Berens: Is Gerry Posakony here? I think it's only fair to Mohammed
to mention that we did invite representatives of the NRC to present
a paper on NDE reliability, and they are in the process of performing
experiments and they didn't feel they were performing one that had
any results. So, that was a question that was kind of unfair.

Don Thompson, Ames Lab: Did you take into account the cost-benefit
ratio (of the manual reading), whether it was about 50, 55 percent,
and take into account the cost of the automation? How do you
actually come out in dollars?

Behravesh: Those were actually in dollars, if you assume that the
cost of manual examination is $1, the effective cost of an automated
examintion, based on those numbers, was 60 cents.

R. B. Thompson: That must be based on some assumed lifetime of the
equipment, how long you amortize the initial costs.

Behravesh: That is weighted by the amount of actual examination
that is performed, up to a given limit.

R. B. Thompson: How long does that have to last to pay for itself?

Behravesh: The equipment pretty much can pay for itself in one outage.
Outages are the periods where the plant is shut down for maintenance
and examination, and examinations are quite expensive. Typical
examination runs into several hundred thousand dollars. So if you
were thinking of one system costing a hundred thousand dollars,
the price is somewhat insignificant. Not that it does not come
into consideration, but it's insignificant.

Berens: Maybe we can continue this afternoon. Supposed to have
someone from Battelle Northwest on our panel this afternoon.
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