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ABSTRACT

Through the cooperation of the Tennessee Vall ey Authority,
Paci fic Northwest Laboratory has installed instrumentation on
Watts Bar Nuclear Power Plant Unit 1 for the purpose of test and
evaluation of acoustic emission (AE) monitoring of nuclear
reactor pressure vessels and piping for flaw detection.

This report describes the acoustic enission nonitoring
performed during the ASME Section Il hydrostatic testing of
Watts Bar Nucl ear Power Plant Unit 1 and the results obtained.
H ghlights of the results are:

Spont aneous AE was detected froma nozzl e area during final
pressurization.

0 Eval uati on of the apparent source of the spontaneous AE
using an enpirically derived AE/fracture mechanics rela
tionship agreed within a factor of two with an evaluation
by ASME Section Xl Code procedures.

AE WEs detected from a fracture specimen which was pressure
coupled to the 10-inch accumulator nozzle. This provided
reassurance of adequate system sensitivity.

H gh background noise was observed when all four reactor
cool ant punps were operating.

Work i scontinuing at Watts Bar Unit 1toward AE nonitoring
hot functional testing and subsequently nonitoring during reac
tor operation.
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ACOUSTIC EMISSION MONITORING

OF
ASME SECTION ||l HYDROSTATI C TEST
WATTS BAR UNIT 1 NUCLEAR REACTOR*

1.0 1 NTRCDUCTI ON

Pacific Nortbuest Laboratory (PNL) is performing a re
search program for the U.S. Nuclear Regulatory Ciomission (NRC)
with the objective of experimentally evaluating the feasi bility
of detecting and analyzing flaw growth in nuclear reactor
pressure boundaries by means of acoustic emission (AE) monitor

ing. As part of this program, a demonstration of on-line reactor
nmonitoring is required.

The on-line reactor monitoring demonstration has been
divided into three phases:

* AE nonitoring during a cold hydrostatic test,

* AE monitoring during hot functional testing, and

* AE moni toring during reactor startup and power operation.
Through the cooperation of t he Tennessee Valley Authority (TVA),

PNL has installed instrumentation on Watts Bar Nuclear Power
Plant Unit 1 for the purpose of test and eval uation of on-line

AE noni toring.

This report presents the results from AE monitoring of the
ASME Section |1l cold hydrostatic test.

*Wrk supported by the U.S. Nuclear Regulatory Commisetion
under Contract No. DEACO6-76-RLO 1830, Fin. No. B2088; NRC
Cont act : Dr. J. Muscara.



2.0 SM | QU OF fOhITORING ARMAS

With the concurrence of the cognizant TWA, ,NC, and PIIL
personnel, the following three areas of the Watts Bar Unit 1
nuclear facility were instrumented for At monitoring.

0 Inlet nozzle No. 2 on reactor coolant loop,

0 The loop 2 accumulator piping at the point of injection into
l oop 2 cold log, and

* A section of the reactor pressure vessel between the loop
2 inlet and outlet nozzles.

Inlet nozzle No. 2 was chosen because preservice ultrasonic
examinations had revealed rall indications in the nozzle due to
under cl ad cracking. *

In addition to Instrumenting an area with known defects, a
fatigue precracked fracture specimen was strapped to the 10-inch
accumulator injection pipe on the loop 2 cold leg. The fracture
specimen Included a small hydraulic ram to facilitate growth of
the crack during cold hydrostatic testing to produce known AE.
The purpose of the fracture specimen was to demonstrate that the
acoustic mission technique could detect cracking during condi
tions which begin to approximate plant operati2g conditions.

The section of vessel wall is being monitored to help assess
the feasibility of AE monitoring the vessel belt line fabrica

tion weld with sensors at the closest readily accessible loca
tions on the vessel.

*Several crack like indications around inlet nozzle No. 2 were
detected during preservice exaninations. The larger defects
were repaired and only defects allowable under Section Xl
remain.



3.0 TEST EQUIPMEINT AND IISTALLATION

The AE equipment used for monltoring the Watts Bar hydro
static test consisted of tuned sensors, signal conditioners, a
spectrum analyzer, and a Dunegan/Endevco 1032D data acquisition
system. Wavreform recording and pattern recognition Instrumen
tatioe which conprises the bal ance of the planned system for
react or nonitoring were not utilized because the short notice of
test start-up precluded shipping the instruments to the reactor
site.

Each sensor consists of a 1/8 inch diameter stainless steel
waveguide wi th differential sensing element and a 20 dB differ
ential amplifying circuit mounted on one end. The other end of
the waveguide is pressure coupled to the reactor surface using
magnets or netal straps. The sensor is tuned with a bandw dth
of approxi mately 300-400 kHz and a peak response frequency of
approxi mately 375 kHz. The frequency range above 300 kHz was
used for monitoring to avoid tJbe large background noise associ
ated with |lower frequencies.1) Further signal conditioning
and an additional 20 dB of gain are achieved w th separate "m d
anplifiers" prior to signal input to the Dunegan/Endevco 1032D
system.

The Dunegan/Endevco 1032D data acquisition system which
receives theoutput fromthe sensor assemblies is microprocessor
controlled. Acoustic emission events are detected and charac
terized by signal processing circuit boards. The resulting data
are displayed and also stored on floppy disks to be accessed for
post-test analysis. A nore detailed description o0 the Dune
gan/ Endevco 1032D data acquisition systemis presented in Ap
pendi x 1.

A total of 11 sensors and a nechanical inpactor were
installed on the No. 2 inlet nozzle. Figure 1 is a diagram of
the sensor layout. The waveguides were pressure coupled to the
vessel using a magnetic mounting technique. Placement of some
of the sensors required that the stainless steel insulating
shroud around the vessel be nodified. The sections of wavegui de
lnedi ately protruding from the sensor box were nagnetically
fixed to the biological shield to nmeet seismc safety con
straints. Delrin sleeving prevented the wavegui des from con
tacting the steel liner of the biological shield. The inpactor
is asmll solenoid controlled device used to create a transient
signal in the material to which it is attached. Detection of
this signal gives a relative nmeasure of AE system functional
integrity.

Si x sensors and a prtzracked test specimen were located on
t he safety injection line. Again, the waveguides were pressure



no anoN.

! /oo it li
an.. an-lp
§e88 .7 i
W N
S <a e e y = I . f. . a S.... csit
.50l *an.
* - < - N * %
- y
HIHN! £-. | - o
Lw".
tu.
P 5 . . viimy
* ok

— Lo ~L~dQB.ILILIK

On~.0*0 *..e m esee i
Ow.-U0os. -roerr 0.

o S... .

- . n s..n.l

-On.i-« - f ? 3

Figure 1. Diagram of Sensor Lctation.



coupled to the piping. Delrin sleeving was used to prevent
acoustic coupling between waveguides and mounting brackets. The
precracked test specimen was held in place with stainless steel
banding and a viscous ultrasonic couplant was used to couple the
specimen to the pipe.

Oue rectangular AE sensing array was set up on the reactor
vessel. Two magnetically mounted Westinghouse high temperature
sensors wer: attached 57 inches from the bottom of the vessel at
115° and 160° azimuth. A 3 in. x 3 in. hol.: was cut in the vessel
shroud ¢ the outlet nozzles in the No. % loop tc facilitate
install \..g a waveguide sensor for one uppe, :orner <f the array.
One nf :h¢ sensors installed on the inlet nozzle of loop 2 was
usea in a1 dua: capacity to form the other upper corner of the
vessel array and also cerved as part of a nozzle monitor array.

The mid-ampiifiers, D/F Jdata acquisition system, and the
1032D computer were iocated outside of containment in the pipe
galley at 200 azimuth. It was, therefore, necessary to lay 250
fcet of temporary RG-58 cable for each sensur. For the two
Westinghouse sensors, four lengths of high temperature RG-141
cable were run.



4.0 TEST CONDI TI ONS

~ Inorder to better understand tbe acquisition of data, a
Prlllef description of the mechanics of the cold hydrostatic
ol | ows.

The cold hydrostatic test is performed as part of the
fabrication requirements of Section Il of the ASNE Boiler and
Pressure Vessel Code. Section Ill requires that all Cass 1
pressure retaining conponents be hydrostatical |y tested prior
to Initial operation. ~The nomina test pressure IS required to
be 1.25 times the design pressure of the system

At Wattas Bar the cv'id hydrostatic test was conducted in
several major steps Wwhich were:

* |nitial valve line up.
* Fill and vent primary system

* Pressurize to 300 psig and bold to check for leaks and test
water chemistry. Run reactor coolant pumps to achieve test
tenperature.

* Pressurize to 700 psig and bold for water chemstry.

* Pressurize to 1500 psig. Hold for water chemistry. Change
valve line up to alow further pressurizing with positive
di spl acement charging punp.

* Pressurize to 2485 psig (design pressure). Hold for water
chemstry.

0 Pressurize to 3150 psig (test pressure). Hold for required
test tine (10 mnutes).

* De-pressurize to 2485 psig and visually inspect system for
| eakage and structural distress.

The time required to perform the test from initial valve line up
to final walk through was approximately nine days.

The variety of operating conditions that occurred during
the test allowed valuable data to be acquired Interns of :

* \Wde ranges of background noise, both electrical and hy
draulic.

* Varying data rates resulting from pumps being turned on and
off . system pressurization and hold periods.

-6-



Two significant factors affected data acquisition. First,
the two high temperature Westinghouse sensors and the sensor on
loop 2 outlet nozzle were inoperative due to damage sustained
between installation and the test. This eliminated monitoring
the vessel wall except for a limited area around loop 2 inlet
nozzle.

Second, with all reactor coolant pumps operating, the
perceived background noise was quite high. The decision was made
touse only linear arrays for test monitoring because the sensors
were closer together and less subject to missing signals due to
noise interfercence. Three linear arrays were used on loop 2
inlet nozzle and one linear array was used on the 10-inch
accumiulator injection pipe.



5.0 TEST RESULTS

~ The results considered to be of primary inportance to be
di scussed are:

* Background noi se from cool ant punps.
* Detection of AE from fracture specimen.
* Filtering electrical transients.
* Spont aneous AE det ect ed.
5.1 COOLANT PUWP NO SE

The background noise due to operation of the primary
coolant pumps affected the AE monitor system more tban expected
during initial heatup and pressurization of the reactor system.
Measured directly 'fromthe sensing systemon an oscilloscope,
the background nois~e with 70 dB of system gato was 18 volts peal.
to-peak at the accumulator injection pipe and] 142 volts peak-to.
peak at the vessel inlet nozzle. These measurements are shown
inFigure 2. Spectral characterization of the measured back
ground noise were used to estimate the true character of the
bac~kground noise. The results are shown in Figures 3 and 4.
Appendix 11 details the method used in analyzing the fraguency

ectrum. The spectral characteristic 204
glrge simlar tos?hat reported Dy prev?o&g tllqr%ebsafclk%%rrlg,,'l%fi
however, the magnitude is greater. Figure 5 shows the spectral
data obtained from measurements made at San Onofre Nuclear Power
Plant. One factor which may be significant to the high noise
levels observed during this test is the fact that the vessel
contained no inner structure as it will later. This could serve
to reinforce the punp noise.

5.2 AE FROM FRACTURE SPECI MEN AND ELECTRI CAL TRANSI ENTS

A precracked test specimen of heat treated 4340 steel was
mounted on the safety injection pipe to loop 2 cold leg for the
purpose of injecting known crack growth AE signals into the
structure for AE system detection testing. The specinmen was
acoustically coupled to the pipe using a viscous ultrasonic
coupling fluid. Low fracture toughness 4340 steel was used to
help assure crack growth under the constraints of specimen
nounting and |oading nethods.

AE from growing the crack in the specimen (ultimately
cracking to failure) was detectable. In addition, it served to
denonstrate the effectiveness of signal duration filtering to
elimnate spike electrical transients from the data.



Background roise at accunuiator injection pipe with all reactor
pumps operating
. 40 dP gain into 2 sensor 3attelle NRC system
Total system gain = 70 d3

Background noise at inlet nozzle on vessel with all reactor

coolant pumps operating
. 40 dB gain into 2 sensor Battelle NRC system

. Total system gain = 70 dB

Figure 2. Backgrocund Noise Amplitude in Volts Peak/Peak.
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Figure 5. Background Noise Spectra Measured at San Onofre

Nuclear Power Plant, Unit 1.

2.0



‘During the course of the hydrostatic test, construction
welding continued. This had the effect of producing many spike
transient signals. In fact, electrical spikes from the welding
were so numerous that the cold hydro test data occupied two
digital recording disks. File (disk) 1 contained crack specimen
data and Initial pressurization (to design pressure) data File
2 contains data from final pressurization, hold period and
depressurization. The plots in Figures 6 and 7 show the effects
of the electrical transients on the overall data profile.
Representative signal duzration distribution for the gross data
| s shown in Figure 8  Sigiral duration distribution for AE
signals fromthe fracture specinen i sshown InFigure 9. Mst
of the signals fall within the range of 0.1 to 1.0 milliseconds.
If asignal duration filter of 0.1 to 1.0 milliseconds is applied
to the gross data, the result isas shown inFigures 10 and 11
where essentially all of the spike transients have been removed.
This is a technique we plan to use in conjunction with pattern
recognition nethods to identify AE signals from crack grow h.
Although pattern recognition is very effective in reecting
spurious electrical spikes, duration filtering is a much simpler
method that can be used to reduce the data processing load on the
pattern recognition system

5.3 SPONTANEQUS AE DETECTED

The crucial intervals of monitoring were the final pressure
ascent from design to test pressure, the ten-minute hold at test
pressure, and the beginning of the pressure drop. During this
period, attention was focused on the No. 2'inlet nozzle area (as
pointed out earlier, the vessel wall array had been rendered
Inoperative). The possibility of very high background noise as
reactor coolant pumps were turned on and of f to maintain temper
ature during testing influenced the decision to nonitor using
four two-sensor |inear arrays. Because |inear arrays were used,
point source location was not possible; only relative areas of
activity could be defined. Figure 12 shows the location of the
sensor arrays on the No. 2 inlet nozzle.

The total data measured during final pressurization (spike
transients less than 0.1 millisecond duration filtered ou%J is
ﬁlotted in Figure 13.  When this is compared with the associated
ydro test pressure curve in Figure 14, there is a very rational
correlation between the two. he number of AE counts | s quite
small and the rate of increase drops to practically zero before
the pressure hold is completed. Note: Due to the circumstances
of the test, the time scale on the pressure curve may lag actual
time by as nuch as five mnutes.

Looking in further detail at the distribution of the total
AE among the three arrays on the No. 2 nozzle, we find (Figure

-13-
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Figure 12. Location of AE Sensor Arrays on No. 2 Inlet
Nozzle.

-20-



550

EVENTS

250 | N . | 1 1 | | | L1 1 |
0 20 40 60 80 100 120 140

MIN
HISTORY FORARRAYS 0123456 7

FILTER: REAL DATA
FILE: COLD HYDR

Figure 13. Filtered Events Versus Time for Final Pressure
Gradient to Test Pressure.

-21-



-zz-

PRESSURE (psig)

3150

3050 |—
-
2950 |—
:
2850 |—
2750 |—
2650 |—
2550 'R U U N SRR SN MR N SNV SR S
10 20 30 40 50 60 70 80 90 100 110 120
TIME (min)
Figure 14. Pressure Versus Time Plot for Pressurization from

Design to Test Pressure.




15) that the number of counts at array 1 was high relative to
arrays 0 and 2. In order to determine possible sources for the
acoustic emission activity observed, results from the fab-
rication and preservice examinations were correlated with the
observed AE data. Figure 16 shows the location of preservice
indiction in relation to array location. As can be seen by
Figure 16 there are several slag indications that could account
for the acoustic activity seen at array 1. The difference in
time of signal arrivals at the array 1 sensors together with
radiographic inspection results provide evidence that about
half of the AE was originating from the defect at 306° nearest
the array and the rest was from scattered sources. Examination
of radiographs taken in the vicinity of the flaw gave the
appearance that it was a slag inclusion about 1/4 inch in
diameter located near the mid-wall position.

-23-
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6.0 ANALYSIS

The information derived concerning the unique response of
AE sensor array 1 on the No. 2 inlet nozzle has been analyzed in
two ways. One utilizes an AE/fl aw eval uation techni que devel
oped under the NRC AE program and the other utilizes Code
accepted flaw evaluation procedures. The objective is to make
a first assessment of how the AE/flaw eval uation relationship
compares with Code accepted procedures in a real field c'rcum
stance. It is very important at this point to bear in mir that
this assessment has no implication as to the correctness . Code
evaluation procedures;, it is totally a first look at how the
AE/ f| aw eval uation rel ati onship responds to actual field infor
mation.

The flaw evaluation procedures of Section X| are based on
the concepts and principles of linear elastic fractur e mechanics
(LEFM . The potential application of AE to flaw assessnent,
described here, is also based on LEFM using Section X, Appendix
A, as a foundation for devel oping the method of application.

To relate AE to the stress intensity factor, K;, during
hydrot est requires that experimental AE-K; data exist for the
rel evant material conditions anticipated during pressure vessel
service. This inplies that the influence of environmental and
| oadi ng conditions upon the material--and, hence, the AE re
sponse from that naterial--are known. Data from surface notch
flaws in 6-in. thick A533B, Class 1 steel vessel hydrotests have
been obtained and are shown in Figure 17 in terms of AE event
count versus K. 3t4) These data, while showing the positive
potential for vessel flaw assessment by AE, represent a limited
data base for fla- severity assessment. Only alimited range of
test conditions are represented by the curves shown in Figure 17.
Neverthel ess, a concept for a quantitative flaw evaluation
procedure during hydrotest can be delineated from the vessel
test data. °

The stress intensity factor resulting froma stressed flaw
in a reactor pressurevessel during a hydrotest may be expressed
as:

Kl = C Ph (1)
where Ph is the maxi mum hydrotest pressure and C; is a constant
that includes flaw and vessel geonetry ternms and structural
| oading (e.g., conversion of pressure to stress) type factors.
Equation (1) nmay be rearranged to yield:

Kk = dPo + Cl(Ph - Po) (2)

-26-
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where Po is the nomnal reactor operating pressure.

Figure 18 shows a hypothetical AE versus test pressure
curve for a hydrotest. The nunber of AE count obtained froma
particular flaw during the hydrotest, 6N, nmay be used in con
junction with the data in Figure 17 to determine the change in
stress intensity factor, 6K;, of the flaw due to changing the
pressure fromPo to Ph

The cbhnge in stress intensity factor due to the over
pressure of the bydrotest is given as the second term in Equation
(2) or:

6Ki - Cl(Pb - Po) (3)

Hence, for a particular quantity of AE froma flaw at a given
| ocation, that relation can be expressed:

6N = f(6Ki) (4)

where f(6KI) represents the mathematical relationship for the
flaw severity-AE data shown in Figure 17. Over the range of
expected values for K (i.e., 15-200 ksi/i-n.), this relation
ship may be taken as an equation of the form

6N - C,6K| (5)

where G, is the slope of the nearly linear relationship between
AE and KI.

Substituting the right hand side of Equation (3) into
Equation (5) produced:

6N - C2Cl (Ph - Po) (6)

Solving for C; and substituting ba:k into Equation (1) produces
an estimate of K, at the hydrotest pressure |evel:

K 6N  Ph 7)
| C, Ph - Po (7)

The maxi mum stress intensity factor (Kmax) for operational
pressure loading is then given as:

kkx = BN PAS- o (8)
G Ph - P
This flaw evauation methodology was used with AE aata
obtained from array 1 on the No. 2 inlet nozzle. The nost
acoustically active region of the pressure vessel was the No. 2
inlet nozzle. During the final ascent in pressure, array 1

-28-



-63_

PRESSURE VESSEL
MONITORING DATA

. AE ¥
EVENT N
SENSOR CRACK COUNT i
(N) —= 3P |e-
REACTOR
VESSEL TEST PRESSURE (P)

EXPERIMENTAL DATA

K,=C,P, + C, 8P
AE l
EVENT
COUNT gk 8K = C, 8P
(N SK ]
8N=C,8N
STRESS INTENSITY (K) JS
1 'SN
K,=— 2Np
' C, 8P h

Figure 18.

Method for Flaw Severity Estimate During Hydrotest.



recorded a total of 175 AE events. Detailed analysis of these
175 events indicated that 87 were from a definable material
volume, but the remainder appear to have originated from widely
divergent locations. Subsequent review of IDI (ultrasonic and
radiographic) results shows an indication that appears, by loca
tion and by delt%time of signal arrival at the AE sensors, to
be the source c¢cf the AE data. Assuming the 87 signals may be
considered as originating from a single defect, then an estimate
of t he maxi mum stress intensity factor for operating con ‘it ions
may be obtained by inserting the following nunbers into Equation

(8):
6N e 87 events
6P - 530 psi - Ph - PO
Po - 2200 psi

C, = 6.5 events/ksi/in. (estimated from Fig. 17)

Kmx - (87) 2200) 55.6 ksi/io.

From examination of radiographs of the flaw area, it was deduced
that the flaw is a slag inclusion approximately 1/4 in. in
diameter and is located near the mid-wall position. Assuming
that the flaw indication may be represented as a circular defect,
then the stress intensity factor during bydrotest may be deter
mined using the rules and Erocedures given in Section XI, Article
A-3000 of the ASME Code.

An estimate of the stress experienced in the nozzle blend
radius during hydrotest was obtained from a paper by Riccardella
and Mager. The pressure vessel and nozzle geometry analyzed
in Ref. (7) was the sane as the Watts Bar reactor. From t hat
anal ysis, the nenbrane, Oa, and bending, Op, stresses were
determined to be:

Om w 54.9 ksi

op = 26.9 Kksi
The stress intensity factor equation from Ref. (6) was given as:

Kl - omMrlfi + CoMo /i (9)
where a is the half-diameter of the embedded circular flaw, Qis
the flaw shape parameter, and M and M, are t he nmenbrane and
bending stress correction factors, respectively. From Figures

A-3300-1, A-3300-2 and A-3300-4 in Ref. (6) the fol | owi ng values
for Q Mn, and Mb were obtained:
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Q= 2.26
Mp = 1.002
Mp = 0.023

Substituting these nurbers into equation (9), taking 2 = 0.125
in. yields:

1[-‘(—0.1257‘
‘ux = (54.9)(1-002 —2._2—6_ +
‘25°9"°'°23W = 23.4 ksi/In.

Recall, the value of determined from the AE data via
equation (8) is 55 ksi/in.. We find this encouraging even
though the difference in Ky values is significant (fatigue crack
growth rate has a power law relation to 4K). The calibration
of the AE/flaw evaluation relationship we are expecting here is
whether it yields an answer that agrees fairly well with the Code
(factor of 2 or 3 or less) or whether the result is in error by
perhaps one or more orders of magnitude. Considering the
uncertainties of the AE data (no point source location, no
pattern recogni .ion processing, and possible variations in
response of AE ;ystems), we do not feel it is productive to
analyze these results any further.
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7.0  CONUCLUSI ONS

AS monitoring the cold hydrostatic test of Watts Bar,, Unit
| produced results encouraging to achieving effective AS noni
toring of nuclear reactor systems and |t also Identified areas
where Improvement In net hodol ogy i s regaired.

The primary encouraging results are:

* AS produced by crack growth in a specimen attached to the
safety Injection pipe to No. 2 cold leg was detected.

0 Spontaneous AS was detected from the No. 2 Inlet nozzle
during final pressurization.

* Preservice NDI information showed an Indication (accept
able under the Code) which matched AS source Indications.

a Evaluation of the flaw in the No. 2 Inlet nozzle using an
AS Interpretation relationship agreed with a factor of two
with an evaluation by ASNE Section XI Code procedures.

Some areas where Improvement in methods must be achieved are:
* Improved control of Interference from background noise.

* Substantiation of AE sensor array configurations that are
most effective in monitoring known areas of Interest.

Items to be evaluated for im#oroved background noise discrimina
tion Include modification of sensor tuning and use of a higher
m_onitorin% frequency. The true magnitude of the noise problem
will not be clearly defined until measurements can be made with
tthe core structure in place.

Two approaches to substantiation of optimum sensor arrays
are being Investigated. One is to arrange for access to a full
scale nozzle mockup at the Electric Power Research |nstitute NDE
Center to test nozzle monitoring. The second is to test the
vessel wall monitoring array by arranging access to the inside
of the Watts Bar Unit 1 vessel prior to installation of core
structure. Both approaches obviously Involve injecting arti
ficial pulse signals to test AE system detection.

In conjunction with TVA constructioai forces, we are pro
ceeding with Installation of permanent signal leads to facili
tate AE monitoring during hot functional testing and during
r4.actor operation. The same locations described in this report
will be monitored.
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A final item of much significance to attaining effective
monitoring is the knowledge to be gained from forthcoming AE
monitoring of a vessel test in Germany. This test will involve
both cyclic fatigue loading and hydrostatic test loading to
various levels from 1.0 to 1.5 times operating pressure. The
test period is expected to be 3 to 4 months. We feel this test
will provide invaluable guidance to many aspects of effective
reactor system monitoring.
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APPENDI X |

DUNEGAN ENDEVCO 1032D DATA ACQUI SI TI ON
SYSTEM DESCRI PTI ON

PURPCSE OF EQUI PMENT

The Acoustic Em ssion Data Acquisition Systemis a mul ti
channel systemwhich can be used as a real-tinme systemor as a
stand alone unit for nonitoring of acoustic emssion activity
for structural integrity assessnment. This m croprocessor based
system which may include up to 32 separate nonitoring channel s,
can be used to gather acoustic em ssion information for evalu
ation during real-time operation. Recorded data can then be
anal yzed usi ng a 1032D systemwherever located. |In this way, the
analysis capabilities of the 1032D can be used to present
recorded data. In addition to source |location (planar, |inear,
cylindrical and spherical), the event attributes of anplitude,
risetime, counts, and pul se durati on nay be used to provide plots
of: time history, distribution functions, and correlations with
external parameters or one of the other attributes. Filter
paranmeters (w ndows) can also be set with the 1032D system for
further characterization of the source data.

EQUI PMENT DESCRI PTI ON

The Acoustic Em ssion Data Acquisition Systemused at Watts
Bar was configured as follows (see Figure I-1 for system bl ock
di agram :

1) DYE Mdel 6001 data acquisition system controller and
interface.

2) D E Model 6002 dual signal processor boards.
3) D/ E Mbdel 1111 system power supply.
4) Vi deo termnal.
5) Model 74 Interdata conputer.

The entire system except for the video terminal and
anplifiers, is housed in two 19-inch rack cabinets wth casters.
The major hardware itens in a standard acoustic emnission data

acqui sition system and optional equipnent, are discussed
briefly in subsequent paragraphs.



AE Differential 20 dB Amplifier
Sensors and 20 dB
Differential Anmplifier

Signa
Pr ocessor
Boar ds

Data Acquisition
stem Control | er
(FEP and I OP Boards)

Figure I-1. System Block Diagram

Data Acquisition System Controller and Interface

The Modd 6001 data acquisition system controller and
interface (DASCI) unit is an assembly with slots for 20 circuit
boards (cards) and motherboard with connectors for intercon
necting the circuit boards. One spare slot isallocated for
extender board storage. The left nost sixteen circuit board
slots are reserved for signal processor (SP) circuit boards.
Each signal processor board provides signal conditioning for two
channels, permitting a total of 32 channels of signal processin
| neach data acquisition systemcontroller and interface. |
less than the full complement of 16 signal processor boards are
used, the boards occupy the rightmost available slots, 16, 15,
14, .. , etc.

A front end processor (FEP) circuit board plugs into the

17th slot. The board has a full-function microprocessor which
| sdedicated to operating the sixteen signal processor boards
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and controlling event data transmission to the input/output
processor board.

The input/output processor (OOP) board in slot 19, like the
FEP board, is also microprocessor based. This board has primary
functions associated with acquiring real-time event data from
the FEP and from its own analog-to-digital inputs, buffering up
to 500 inconing events, and providing formatted output to the
Mbdel 74 miniconputer With interactive control.

Power Supply

A power supply for the data acquisition systemcontroller
and interface is housed in a rack mounted assembly. This supply
can be connected to either 115 VAC 50 Hz or 60 Hz power as
specified. (Systems adapted, at the factory, to operate from a
200 VAC 50/ 60 CPS source, transform the higher voltage down to
the 115 VACrange.) The output vol tages and control signals are
connected to the data acquisition systemcontroller and inter
face chasses.

The unit uses a Pioneer Magnetics PM267A-1-4 switching
power supply which provides up to 600 watts of dc output in
mul tiple voltages. The outputs are:

+5 volts 40 anperes
+15 volts 10 anperes
-15 volts 10 anperes
+28 volts 3 anperes

NOTE: The ampere ratings are maximum for each channel. The
power Tupply cannot have all channels operating simultaneously
at full maxi mum

Noise isolation of the switching portion of the power
supply is provided by a heavy EMI filter which prevents switching
regulator noise from being coupled out to the main power lines.
This filter also serves to filter out inconing noise on the main
power lines, effectively isolating the data acqui sition system
controller and interface from line noise.

DATA ACQUI SI TI ON

Data acquisition is perforned by the data acqui sition
system controller and interface. It measures all data of
interest relating to each acoustic enission event, stores the
informtion tenporarily ina buffer menory, and then outputs It
in proper format to the permanent storage medium. For each eveait
on each channel, the following signal attributes are measur ed:

1) counts; ézz eak anplitude; (3) average signal |l evel ; (4)
uration; an 55) risetine.
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NOTE: Relative time measurements of first threshold
crossing (FTC), peak, and end of event (EOE) are made and later
processed in the FEP and IOP boards to give delta-T's (based on
FTC or peaks), risetime, and duration.

The time of occurrence of the event was determined from the
time of first threshold crossing (FTC).

The data acquisition system controller and interface
allows selection of a fixed or automatic threshold for event
signal detection on a per-channel basis. The automatic thres-
hold was used with the threshold set at 0.5 volts above back-
ground.
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APPENDIX II

FREQUENCY SPECTRUM MEASUREMENTS

The frequency spectrum measurements presented in this
paper were made by normalizing the frequency response from a
helium jet calibration input with the background frequency
response recorded during testing. The helium jet calibration at
30 psig was performed with the same set of amplifiers and cable
lengths as were used during testing (i.e., care was taken to
reproduce as closely as possible conditions that existed during
testing). A flow diagram of the calibration system is shown

below.

Waveguide - |t—250 ft RG ss—ai

Pl | Mid-
Helium Jet ——HVf amplifier
Input Sensor/Differential 6 ft RG 58

Amplifier Unit

¥
Tektronix 7LS
Spectrum Analyzer

Figures II-1 and II-2 show the frequency response cf the
sensor amplifier combination used on the reactor to calibration

and background noise input.

The following normalization procedure was used to calcu-
late the normalized spectra in Figures 3 and 4 of the report

text.

Spectra A (in II-1 and II-2) represents the frequency

response with helium excitation at 30 psig.
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Spectra B (in Il-1 and 11-2) represents the frequency
response at the reactor vessel with all coolant pumps operating.

Normal i zed response in dB - Spectra B - Spectra A

A B

Figure [I1-1. HeliumJet Calibration (A) and Background Noise
at Nozzle (B).

A B

Figure 11-2. Helium Jet Calibration (A) and Background Noise
at Accunul ator Injection Pipe (B).
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