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FY-80 ACCOMPLISHMENTS
-
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STATIC 2-DIMENSIONAL DIFFUSION : THEORY*

CALCULATIONS WERE PERFORMED WITH 3-GROUP

CROSS SECTIONS FROM G.E. FOR THE ZIMMER

- CORE USING VENTURE

* ' ' FX2TH, A 2-DIMENSIONAL TIME DEPENDENT;

DIFFUSION-THEORY CODE WAS OBTAINED FROM

ANL'AND HAS RUN THE STANDARD TEST CASE

(9 GROUP 25 X '!0 MESH LMFBR R0D DROP-
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PROBLEM)
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STATIC DIFFUSION THEORY RESULTS
.

MULTIPLICATION FACTORS FROM VENTURE*

~ AGREE WITH THOSE CALCULATED AT G.E.

CENTRAL DETECTION EFFICIENCY FOR ZIMMER*

AT INITIAL START UP WITH ALL RODS INSERTED

BUT THE CENTRAL IS s 10-4 COUNTS / FISSION

FOR A 5 on FISSION CHAMBER

DETECTION EFFICIENCY FOR LI GLASS SCINTILLATORS*

WHICH COULD BE USED IN INITIAL LOADING WOULD
,

BE AT LEAST A FACTOR OF 10 HIGHER ALLOWING

MEASUREMENTS IN LESS THAN 1 HOUR
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BASIC APPROACH'T0 THE EVALUATION OF SPATIAL EFFECTS .

4 CALCULATION OF IMPULSE-RESPONSE AND FROM.

IT MEASURED. SPECTRAL DENSITIES USING

9 NODAL KINETICS.

,

t 2D TIME DEPENDENT DIFFUSION-THEORY-

t 2D JPRKINETICS

.

9 MONTE CARLO METHODS-
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USING OTHER FUNDING, SPECTRAL DENSITY MEASUREMENTS WITH

252-CF FOR A 5% ENRICHED URANYL FLUORIDE SOLUTION WERE

RECENTLY COMPLETED

8 GE0 METRY - 22" DIAMETER CYLINDER

y .'
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e MEASUREMENTS WERE SUCCESSFULLY COMPLETED

BETWEEN A DELAYED CRITICAL HEIGHT 14.4 IN.
'

AND 8" ( ~ 1/2 CRITICAL HEIGHT)
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- e .0VR CURRENT PROGRAM CALLS FOR US TO -

PREDICT THE EXPERIMENT.RESULTS FOR

A FULLY LOADED BWR.

e -IN ADDITION - WE PROPOSE TO BENCHMARK

OUR CALCULATION METHODS BY CALCULATING

THE RESULTS OF THE RECENT SOLUTION

.

EXPERIMENT.
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Report to NRC Review Group on Noise Surveillance and Diagnostics 9/22/80'

Requested by Mr. W. S. Farmer

'

by: Robert W. Albrecht
Professor
Dept. of Nuclear Engineering
University of Washington
Seattle, Washington 98195
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Summary

Experience in the area of noise surveillance and diagnostics
at Hitachi Energy Research Laboratory gained during the period
1/8Q to 5/80 as a consultant to the laboratory is discussed in
this report. The Energy Research Laboratory, Hitachi, Ltd. is -

a diverse industrial laboratory whose mission is to support the
activities of Hitachi, Ltd. in energy development. To put this
- report in perspective, a brief review of the organization and general
activities of the Hitachi Energy Research Laboratory preceeds
discussion of activities in the area of noise surveillance and
diagnostics.

Specifically, the experience in noise surveillance and diagnostics
discussed in this report relates to three general subjects:

(1) loose parts monitoring

(2) operator / computer interaction for abnormal condition
control

(3) BWR transient and stability calculations

4
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IIITAClll ENERGY RESEARCil LABORATORY ORGANIZATION

General Manager Assoc. General Manager
K. Taniguchi S. Yamada

... .

'

1st Department 2nd Department 3rd Department Planning Dept.
Mgr., S. Kobayashi Mgr., Y. Kato Mgr., A. Dot Mgr., Ueda
58 persons 50 persons 60 persons ? persons

,

Units / Leaders Units / Leaders Uni ts/ Leaders

1. BWR core design 1. Core heat transfer 1. Uranium Enrichment
(Takeda) (Yamanouchi) 2. Uranium Enrichment

2. Core Mgmt. & Automation 2. Fusion Expts. 3. Rad Waste treatment
(Motoda) & Instr's. (Nishi) 4. Mat'l Science & .

3. Control & Algorithm 3. In-service Inspect- water chemistry
Development (Kikuchi) ion (Suzuki) 5. Remote Control &

4. FBR cores & Fusion 4. FBR neterials automation
Design (Inoue) (Shimoyashiki) 6. Rad waste chemistry

5. Reliability & Safety 5. BWR Instr's & Cont. 7. Diagnostics
(Osawa) eqpt. (Ito) (Izumi)

6. Control & Instrument- 6. FBR lleat Transfer 8. Ilealth Physics
ation (Watanabe) (Suzuoki)

7. BWR Safety
(Sumita)

8. Flow Induced vibe .

(Kotani)
9. New Energy (Sumita)

,

e

e
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1. Loose Parts Monitoring

HERL research personnel:
S. Izumi
Y. Michiguchi

' K. Yamada
'

.

Y. Ichikawa

Activities: Triangulation of BWR accelerometer data for impact
location and pattern recognition for amplitude - time delay accelerometer
data.

' Conclusions: (1) Triangulation of accelerometer responses is capable
of locating the position at which sonic energy of an impact within or
on a BWR vessel arrives at the vessel surface. The resolution achieved
for an actual BWR vessel is to locate the impact to a zone having an
area of 10md or about 3.3% of the vessel area with high. probability.
This result could be improved upon with a more optimum array of
sensors.

Success in triangulation is subject to three conditions:
(a) Adequate signal to noise ratio
(b) Favorable geometric arrangement of sensors
(c) Simple sonic connection from impact point to vessel

If these three conditions were not met, the triangulation method
failed.

(2) Attempts to use both relative amplitude and time
delay of accelorometer signals to produce a two dimensional pattern
for impact location have proven unsuccessful due to the fact that
a distinct initial amplitude is not exhibited by accelerometer
signals for impacts far from the sensor.

.

e

9
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Background

meters installed on the Shimane BIR.gerformed using five special accelero-An extensive set of tests was
The experiments were performed by

personnel ,from Hitachi Energy Research Laboratory and several utilities.
The reactor had the vessel head and upper components such as steam driers -

removed. Various structures inside and outside the vessel were impacted
with a calibrated hammer and the relative time of arrival of the acoustic
energy at each transducer was recorded.

Experimental conficuration and expectations

The sensors were arranged et the locations listed in Table 1.

Sensor Elevation Distance from
No. Component (Meters) Azimuth (") Vessel Surface

1 Feedwater pipe 11.7 135 1.2
2 RCS piping 11.3 9L 2.2
3 PLR inlet piping 7.2 300 1.2
4 PLR outlet piping 3.2 180 1.5
5 Lower vessel wall 1.5 190 0.0

Figure 1 shows a cylindrical reactor vessel with the cylinder "un-
wrapped" and extended. This type of figure will be generally used in dis-
cussing the results of this analysis. The locations of the five sensors
on the reactor vessel are given on Figure 1. Notice that the pair of
sensors _(1.2) and also the pair (4,5) are located close together so that,
from the point of view of triangulation, there are three effective zones
of detectors on the vessel. The circles on Figure 1 are drawn with radii
of 0.7 meters since the experiments exhibited an uncertainty in arrival
time of signals of about + 0.2 msec and the average sonic speed on the
vessel was about 3.3 meters / msec resulting in an uncertainty of about 0.7
meters.

A typical disturbance location, labeled "A" is also shown in Figure 1.
Location "A" is equidistant from sensors 2,3,4. The cross-hatched zone
around disturbance "A" represents the uncertainty in the location of "A"
by measurements from sensors 2,3,4 if the only undertainty is the time
delay variation. Since sensors 1 and 5 are close to 2 and 4, respectively,
their added information does not decrease the uncertainty in the location
of "A" very much.

Other typical disturbance locations labeled "B" and "B'" are also
shown on Figure 1. Both locations are at the same relative distance to
sensors 3 and 4 with the distance to 3 about 1.3 meters shorter than the
distance to 4. However, if the disturbance is at B, its shortest path to
3 is down the cylinder turning through positive angles but from B' the

*
Actually, seven sensors _were installed, but two of them were below the
bottom of the vessel on a CRD housing and an LPRM housing and were not
useful for triangulation. -

_ _ _ _ _ _ - _ _ - - - _ _ - _ _ _ _ _ - - _ - .
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|shortist distance to 3 is to propagate turning negatively through the
azimuth. The cross-hatched areas show the uncertainty in B and B' as
measured in both directions and being consistent with a similar response
time from sensor 2. It is seen that the uncertainties overipa. This means
that thene, is an ambiguity in addition to an uncertainty in the location
of an impact in the region of B or B' caused by the non-optimum placement
of sensors with respect to locating a disturbance in this region. Also,
the responses of sensor 1 and 5 will not help to resolve this ambiguity
since a wave from B or B' is well within the response uncertainties of
these sensors.

Actually, there are additional uncertainties that make the triangula-
tion result less accurate. The speed and mode of propagation of sonic
waves on the vessel is not known accurately. In calibration experiments,
the sound speed from one sensor to another was found to bary from about 2
to 4.6 meters / msec. From point "A" to sensors 2,3,4, (distance = 5.7
meters), this uncertainty of + 1.3 meters / msec introduces an uncertainty
in the knowledge of propagatilin speed. This represents an area of about
4.8 meters 2 or about 1.6% of the area of the vertical surface of the re-
actor vessel. Thus, the uncertainty in propagation speed may be twice as
large as the uncertainty due to time delay variation for a favorably 10-
cated disturbance and this uncertainty will also amplify the ambigutiy
associated with locating a disturbance in a remote region.

Another uncertainty may be important. Four of the five detectors
are located on pipes attached to the BWR vessel. Only sensor 5 is on
the vessel. In the triangulation method explored here, all signal arrival
times are referenced to thier arrival at the junction of the vessel and
the pipe carrying the sensor. Typical distances from vessel to sensor
are 1.2 to 1.5 meters. At 3.3 meters / msec, the average delay is about
0.4 msec for a sonic disturbance to travel from the vessel to the sensor.
If the uncertinty in speed is + 1.3 meters / msec, in 3.3. meters / msec
(or about 40%), then the uncertainty in arrival time at the vessel-pipe
junction may average about + 0.16 msec. This is comparable to the standard
deviation in time delay of T 0.2 msee that was generally observed in the
experiments. Therefore, thTs uncertainty could produce an uncertainty
in locating a central (to the detector array) disturbance of about 2.5
meters 2 As before, more serious effects are expected for peripherally j

located disturbances. l

If all of the above uncertainties were additive, then one would

expect the potegtial error in the location of a central disturbance to be
about 10 meters'. Or, stated in terms of percentages, one would expect
that the location of a disturbance on the vessel should be within an area
representing about 3.3% of the total area of the vertical sides of the i
vessel if the disturbance is in-a central location and larger uncertainties
plus ambiguities of the disturbance is located far from the sensor array.

These estimated uncertainti % are used in the analysis method. The
most probable estimate of the impact location is found from a circular
area of 10 square meters (diameter of 3.6 meters) where intersections of
triangulations.are most dense. This estimate is believed to be such
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t' hat one can have reasonably high confidence that the impact is located
within this area if the impact is not in an ambiguo", region of the vessel. ;'

A more optimistic estimation is also given by a circular area of
.

2.5 square meters -(diameter 1.8 meters) that is derived from the minimum|
i estimated uncertainty. The likelihood that the. impact falls within this

area is smaller than for the most probable estimate but the decrease in-'

confidence is unknown.
:

Analysis method

i The above discussion of expected uncertainties makes it clear that
an extremely detailed model of the geometry of the reactor vessel and a
detailed analysis of sonic propagation characteristics would not be com-
patible with the accuracy expected from the experimental results. In
this section of this report, the basic assumptions of tne methods are
listed. the technique used for calibration is described, and an example

,

of the method of triangulation is presented.

; Assumptions

I (1) Sonic waves due to an impact travel from the point of impact to the.

vessel at the closest point of connection between the structure
being impacted and the vessel.

'

(2) Sonic waves travel from the point that they reach the vessel to
the point that structures containing accelerometers are attached
to the vessel by the shortest path on the vessel surface.

! (3) Sonic waves travel from the vessel surface along the structures
containing accelerometers to the sensors by the shortest path.

(4) The speed of propagation of a sonic wave from one sensor to another
is determined by the average value of measured delay times from

4

; impacts near one transducer and responses at the other transducers.
(5) In all cases, the speed of propagation of sonic energy from an

imi.act to a sensor is assumed to be best approximated by the average
,

speed measured from all other sensors to the sensor in question.i

; (6) The speed of propagation of sonic energy along the structure carrying
i a sensor is as7.umed to be the same average speed used in (5).
t
' Calibration

The calibration of the sensor arra' for carrying out the triangulation
,

i is performed as follows:

(1) Impacts are produced near each sensor and the delay time to every ,,

i- other sensor is determined -(assumption 4) by averaging 10 trials . |
for each sensor. |

'

(2) Th'e total' distance of travel of sonic waves from the reference
sensor to each other sensor is determined using assumptions 1,2,
and 3 above.

(3) The speed of propagation to each sensor is determined using
assumption 5.

(4) A time delay from the vessel surface to the sensor.oosition is
calculated _ from assumption 5 and the known distanc.e of the sensor*

from the vessel. surface (assumption 3).
:

!

,
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For the case of the Shimane reactor with s'ensors placed as noted in
Table 1, the results of carrying out calibration stpes 1 to 4 are sum-
marized in Tables 2 and 3.

'

Table 2. Calibration P.esults

|

RF.3PO LC
C;5Gli 1 2 3 4 5 -_ . . . .

II?A0T ;;0.

SE!SGR
-

17 0 .

54 10.g 11.$ 117 total dist. (n)
1 2.610.1 3 3-0.2 2.6-0.1 3 2-0.2 time delay (ccec1)

2.08 3 30 4 38 3 66 speed (!!/ msec)

"

11.}0.1 127.1
12.g54

1 "
27- 2 7-o 3 2-0 51.4 0.22 ---

"
3 86 4 11 4 70 4 03

"
10.j 113 93 87

1 "23033 4.1-0.2 4 9-0 3 2903
"

2.66 2.27 3 21 3 78

"

11.$ 12 7 93 32
11 "0 9 0.12.8 0 34 3 3-0.4 not

3 45 det'd 3 32 3 56 "

"

117 12.g 87 32
1

5 4 2-0 9 4 3-0.6 2.210.1 a0 7 0.1
"

2.79 30 3 95 4 57
ave. speed to

3 19 2 45 3 67 4 21 3 76 each sensor
(11/= ec)

Table 3. Time Delays from Vessel Surface to Sensor

Sensor No. Distance (M) Speed (M/ msec) Time Delay (msec)

1 1.2 3.19 0.38
2 2.2 2.45 0.9
3 . 1.2 3.67 0.33
4 1.5 4.21 0.36

~

5 0.0 3.76 0.0
,

1

1

!

- - _ _ _ _ _ _ _ _ _ -
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Triancul ation -orocedure

(1) The relative time delays to each sensor are measured- for an impact
at an arbitrary location.

(2) For each senser, the time delay. listed in Table 3 is subtracted
froni the arrival time at the sensor to produce estimated times
that sonic energy arrives at the connection between the sensor-
supporting structure and the vessel.

-(3) The relative order of arrivals at the sensor structure-vessel
interface is inspected to determine a zone of possible points on
the vessel where the impact energy reached the vessel. Uncertainties
are taken into account.

(4) Time delays between arrivals at the sensor structure-vessel intrface
are normalized to t = 0.0 for the first arrival and all time delays
are converted to distances using the average speeds of propagation
given in Table 2.

(5) Triangulation between sensor pairs using the relative distances
computed in (4) is performed to determine all loci of possible im-
pact positions for pairs of sensors that lie in zhe zone of possible
points determined in (3).

(6) The loci of possible impact positions are insrected for the density
of intersections and the area (s) of the most likely impact position (s)

! is determined as a 10 meter 2 circle. If war" anted, circles of 2.5
meter 2 are explored for more accurate impact location.

Example

This six step procedure can be illustrated with an example.

A set of 10 impacts was applied to the feedwater pipe, external to
the vessel, and attached to the vessel at the 45' position and an elevation
of 11.7 meters. The response times of 'he five sensors were observed to
be:

(1) Sensor No. Time Delay (msec)

1 0.0
2 0.2 + 0.2
3 0.8 T 0.2
4 1.2 7 0.3
5 1.9[0.3

(2) The times of arrival of sonic energy at the sensor structure-vessel
interface are determined by using the delay times from Table 3. The un-
certainty for sensor #1 is taken to be 0.2 msec.

Relative arrival time of sonicSensor No. energy at sensor structure-vessle
interface

1 0.2 + 0.2
l 2 0.3 7 0.2

3 1.2 7 0.2
4 1.570.3
5 2.6[0.3

.
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(3) The apparent' relative order of arrival of sonic energy (normalized
to 0.0 for t;.. first arrival) at the sensor structure-vessel interface is |
(ignoring insignificant figures):

Relative apprival time at sensor
> Sensor No. structure-vessel interface

2 0.0 + 0.2
1 0.3 7 0.2
3 1.2 7 0.2
4 1.5 7 0.3
5 2.610.3

It can be seen that sensors 2 and I have overlapping uncertainties,
so it is not certain which order is appropriate, 2-1 or 1-2. Obviously,
it is more likely that the correct sensor order is 2-1. It is clear that
sensars 3,4, and 5 definitely lag 1 and 2. there is ambiguity between the
order of sensors 3 and 4 but it appears that 5 definitely lags all others,
in particular, 3.

Figure 2 shows the zones of possible points of origin of the impact
that are compatible with this order of arrival. The lines on the boundary
of the zones are labeled to show from which sensor order they drive. The
points to the "left" of the 1 > 2 dividing line (shown dashed since it is
uncertain) allow arrival time orders of 2-1-3-4-5 or 2-1-4-3-5. The points
to the "right" of the 1 > 2 dividing line allow arrival time orders of
1 -2-3-4-5 or 1 -2-4-3-5. The most probable order is 2-1-3-4-5. This zone
is shown in Figure 2 in cross hatch. The second most probably zone is
judged to be 2-1-4-3-5 and is shown with hatching 1com 135' to -45* in
Figure 2. The third probable zone is assumed to be 2-1-3-4-5. This is
shown in hatching from -135' to 45' in Figure 2. The least probable zone
is shown surrounded by shaded zones and is left unshaded

The total area of all probable zones for the impact as determined
2from the order of arrival of signals is 148 meters , or about 48% of the

vessel surface. The area of the most probable zone is 72 meters 2 or
23.5% of the vessel surface. It is seen from this analysis that the con-
sideration of only the order with which sonic energy arrives at the sensor
structure-vessel interface has eliminated over 50% of the vessel surface
as a candidate for the source of the sonic energy and, with relatively
high' probability, the analysis has actually eliminated over 75% of the
vessel surface as the origin of the impact.

(4) .Triangularization is performed by simply finding the loci of all
points in the allowed sensor order zone that intersect one detector and
are tangent to a circle of a radius equal to the time delay to a later
detector. The distance corresponding to the time delay is computed using
the sonic speeds to each detector given in Table 2.

For the example problem of the impact at feedwater pipe 45*, the
relative distances corresponding to the observed time delays are:

!
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DE:LHS IN PETERS _

A 0 1 3 4 5.,
_ . .

2 1.0 4.4 63 98
~ ~

1 33 51 8.6

| 3- 1.3 5.3 -

4 4.1
|........ ----- - - - - - -

__

On Figure 3, all loci in zone 2-1-3-4-5 are shown with the types of
lines noted at the lower row of the above table. The uncertainties in
ca+a have not been explicitely used in this step. The loci in other zones
have many fewer intersections and are not shown. A total of 40 inter-
sectio.'s of loci are found in zone 2-1-3-4-5. However, these intersec-
tions are corcentrated in a region in the vicinity of 45'- 100* of
azimuth and 8 to 13 meters in vessel elevation.

Figure 4 shows . estimates of the impact position from tPF,s data. The
iarge circle has : n area of 10 meters 2 and encompasses the most number ofs
intersections that can be surrounded by such a circle. In this case, 32
of the 40 inof 10 metersgersections in zone 2-1-3-4-5 lie in the circle having an areaThat is, an area of 14% of the most probable zone as de-.

| termined by order of signal arrival contains 80% of the estimates made by
triangulation. Therefore, the most probable estimate of the impact loca-
tion is judged to be in this area centered at 59* and 11 meters with an-

,

uncertainty of 10 metersz or 3.3% of the vessel area.
2Three smaller circles of an area of 2.5 meters are also shown in

Figure 4. Each of these circles encloses 12 intersections. Therefore,
these more refined estimates of the impact location must be considered
equally probable. These estimate 3 are_ centered at

22.5 m estimate Azimuth Elevationdesignation

A 59' 11.7 m
B 57* 10.5 m-
C 8' ' 10.3 m

The actual impact occurred on the feedwater pipe at 45' with an
i elevation of 11.7 meters. Estimate "A" encloses this location as does

the most probable estimate with 10 m2 uncertainty. '

,

This example shows a case where the following conclusions can be drawn:

(a) The position at which the sonic energy of the impact reached the
reactor vessel has been localized to 10 m2 (3.3% of the reactor
vessel area) with no apparent ambiguity.
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(b) The position at which the sonic energy of the impact reached the*

reactor vessel has been estimated to be at one of three locations
of area 2.5 m2 (0.8% of reactor vessel area) with equal pobability.

(c) One of the smaller areas (A) encloses the actual position where good
juQgement ascertains that the sonic energy from the impact reached

- the reactor vessel. The distances from the center of the estimates
to the actual impact location in the three cases are 0.5, 1.4, 2.2'

meters for A, B, C respectively.

3esults

A procedure identical to that just described was carried out for
eight different test impacts including the one just described. The re-
maining seven tests were for impacts inside the Shimane reactor vessel with
the head and much of the upper structure removed. The results are tabu-
lated according to the following shceme:

IMPACT The actual position of the test impact (5 trials)
ORDER AREA- The total area of estimation allowed by the sensor order

criterion (in m2 and %)
ORDER AREA (1) Area of most probable order zone (in m2 and %)
MP ESTIMATE Position of most probable 10 m2 = 3.3% estimate of location

at which sonic energy reacged reactor vessel
MP(2) ESTIMATE Secondar" -estimate of 10 m area of impact
ESTIMATE (1) The loca. on of the t'th local estimate (2.5 m2) of impact

location with i = 1,2,... increasing with decreasing num-
bers of intersections in the local estimate area

IMPACT LOCATION An estimate from structural considerations of the position
at which the impact energy reaches the reactor vessel

The example just presented in detail is tabulated in Table 4 as case #1.
The (1.2.3) preceding each local estimate for case #1 implies that each
local estimate is equally probable (has same number of intersections).
Only case #3 also stows an equal likelihood of local estimates.

Table 4 sumarizes the results obtained in the eight tests presented
in this paper.
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| Tablo 4. Gunsnary of resulto

| OlUElt olllElt IlP lir(2) II1 FACT
'

gggy,''

Altij(A AltMA(1) MUTIIIATI: Ef7fI!! ATE LOCAL ILTIllATE (1) Ly&elev.).ATION.I
(m (, ",) (m't!,o) (U & clev.) (" & elev.) (" t elev.)' '

- (
Feedwater pipe 140m 72m 59 59 57 451 (1,2,3) 11,7 ,(1,2,3) 19,5, 13,7,45 40% 23 5r,1, 11m

(1,2,3) 83 -' -

10 3m
2 2

(y)121" (2) 8 9m
Pc duater 12 5m 12 5m 144 155 1002 Sparcer 90, 4', , 4',- 9 4m

_

10m 11.7m
2Feedwater 12 5m 12 5m 137 110

3 ( ' ) 10.6m (1,2)117 135
Oparcor 135 4',a 4'c 9.em 9,7, 13,7,

2 2 o o
4 aparcer 90, 47% 4,. 9 7m (1)10.4m (2)126"

RCS 143 7m 12 5m y)S ypp 90
9m 11 3m

Drier 140m 72m 01 41 ( } 89 45
Bracket 45 430 23 5f- 10 7m 16 5m 10.1m 16 5m .

"
Drier 191m 63m 171 236 g)180 (2) 243 3156 ,

Bracket 315 67,J. 20 5r,; 10.6m 17 6m 9 9m le.4m 16 5m k'{.2 '

Shroud 25 8m 270 11
' '*

7 Tiracket 0, 0.40 12.6m 6.am
,, ,,,,__

"
8 o ***** *"**

Bracket 180

* Impact enercy for drier bracket 315 only 1/3 of impact energy of all other cases
** The most probable zone does not include the impact location

*

,' The most probable zone is undefined because no area on the vessel corresponde to the impact order***

The sonio connection from the ehroud bracket (which is not directly attached to vessel) is complicated**** *

***** The order of arrivals cannot be patisfied by any pooltion on the vessel
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Discussion of results

The results obtained from these attempts to locate an impact by
triangulating accelerometer response times on a BWR vessel illustrate
that several conditions 'are necesssry (and, perhaps, sufficient) for a
simple triangulation to yield reasonable results.

The first condition is that the signal to noise ratio of the basic
sonic propagation energysis sufficiently large to produce clear impulsive
signals at the transducers. Since these tests were performed with the
reactor shut dcwn and partially disassembled, there was very little inter-
fering noise from pump and flow induced vibration and this condition did'

not meet a severe test in this set of experiments. However, case #6 may'

provide some information on the effect of reducing signal level. In
comparison to case #5:it is seen that the two cases are both for impacts
applied to a drier bracket and in both cases the sonk connection to the
vessel is direct. . In case #5 the impact energy was 0.6 joules and a
marginal estimate (MP(2)) of the impact zone was achieved. In case #6
the impact energy was 0.2 joules and the result was such that no really

,

satisfactory estimate of the impact zone was produced. This difference'

betw*en case #5 and case #6 may be partially explained by the difference
; in impact energy although caution should be used in light of the fact

that the relationship between the detector array and the impact is dif-
ferent in the two_ cases. No investigation of signal to noise ratio re-
quirements was performed as part of this study but the conclusion that a

j sufficient signal to noise ratio is required for triangulation is abund-
antly clear. This condition may be difficult to meet in an operating
reactor.

A second cond. tion is that the geometric arrangement of the trans- '

' ducers is suitab'e for. triangulation. Cases #1 to #4 all were for impacts
that occurred at levels in or on the vessel that were similar to the posi-
tion of the top-most sensor. Cases #1 and #3 produced most probable esti-
mates in good agreement with the impact location and cases #2 and #4 pro-
duced a marginal, most probable estimate. The errors of about 45' in
azimuth in these latter cases represent distances of two meters. On the
other hand, cases #5 and #8 were for impacts at a location considerably
above the highest transducer on the vessel. Uncertainties and ambiguities
can be' expected in. these cases. The most probable estimate is never in
agreement with the impact location. However, in case #5 the second most
probable-estimate is in good agreement with the impact location. This4

contrast between the rescits achieved as a function of location illustra-
tes the necessity that the geometric arrangement of detectors bu suitable
for triangulation.'

The method used for snpact location makes the assumption that the i

!
; impact energy is transmitted from the point of impact to the vessel at a

~unique point. 'For this ;a be true, there must be a relatively simple
connection between the structure being impacted and the vessel without

, - multiple sonic propagation paths that would cocplicate the location of the
point at which-sonic energy reaches the vessel. This condition was reason-

| ably well satisfied for cases #1 to #6. Cases #1 to #5 all produced
reasonable estimates of the impact location and case #6 failed although

I
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a lower impact energy was employed and this may have contributed to the
failure. In cases #7 and #8 the troud bracket is not directly connected
to the vessel and the sonic path from the impact to the vessel is compli-
cated. The results of cases #7 and #8 are judged to be uninterpretable
in terms inf the simple theoretical framework used for this an:1ysis. To

. interpret such cases, it will be necessary to employ a much more sophisti-
cated analysis method that takes multiple sonic paths into account.

The importance of good tenporal. resolution and a favorable geometric
arrangement of detectors is illustrated by cases #2 and #3. In these
cases, the order of reception of signals alone served to define the impact

2location to an area of 12.5 m . The reason for these results is that the
time resolution and geometric location of detectors was such that the
order of signal reception narrowed .the search area to a triangular region
in both cases. Figure 5 illustrates the triangular area defined by tho
order relationships that the response of detector 4 follows sensors 1 and
2 in addition to the relationship that the response of sensor 3 lags
sensor 4.

These examples show that if sensor placement is chosen judiciously
to define a restricted zone for the impact location and if the time resolu-
tion is good enough to determine the order of sensor response with great
certainty, then the region of the impact can be isolated to a reasonably
small zone (in this example,12.5 m2 = 4 of vessel area) without using the
specific relative time delay information at all. However, use of the time
delay information by simple triangulation may serve to refine the estimate
of impact location provided by the order in which sensors respond.
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2. Operator / computer interaction for abnormal condition control
HERL research personnel:

Y. Osawa
T. Watanabe.

Activities: Design and implementation of advanced control and
instrumentation systems emphasizing operator / computer interaction.

Conclusions: Figure 1 shows a schematic diagram of an advancement
of the NUCAMM-80 control system that was investigated at HERL.
This conceptualization is discussed in the following section of
this report.

:

PLANT CPERATION AS::Olt*.AL
MUNITORIUG CCHDITIO::

SYSE4(PQt'.S) M GUIDANCE SYSTEM

(ACGS)

"
rqst infoinfor p

liWIAN ERROR TRAllSITION
,h GUIJANCEREDUCTIC;: OMTG '

'SYS EI (ES)SYSTE'". - I
(HERS-I) 'IHZ%i h

n

ACTION

info = infomation flow
rqat = request for information

Figure 1. Schematic Diacram of Logical Arra.u6ement for Operator Guidance
System.-
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Background
,

The Energ/ Research Laboratory, Hitachi. Ltd. has an interest in
computerizing a system for providing guidance to operational personnel of
BMs to avoid abnormal occurrences and to identify procedures to follow'

subsequent to the onset of an abnormal occurrence that will assist in
i mitigating potential serious consequences.*
i
'

Further. study and analysis of the role of computer-based systems for
operational guidance reveals that the hardware and elements of software

; for dealing with reduction of human errors and recovering from equipment
; failures are common. Also, many features of the current NUCAMM-80 system '

are well-suited for incorporation of this capability. The NUCAMM-80
Plant Operation Monitoring System (POMS) already has the following aims:**

(1) to detect anomalies of the plant at an early stage
(2) to' give information on their causes and locations
(3) to give information on corrective actions.

Thus, a conceptualized system for providing guidance to operational
personnel of BWRs to avoid abnormal occurrences and to identify procedures
to follow subsequent to the onset of an abnormal condition represents
logical continuing R&D directed toward enhancing the NUCAMM-80 system

j ...________....._______..._____________ ..______________._________._______
,

In the United States, the Nuclear Regulatory Comission has de-
J termined*** that an on-site Technical Support Center be established at

each operating reactor and be included in the design of future nuclear
plants. This conclusion is based upon analysis of the events that occur-
red during the TMI-2 accident.

The principle mission of the Technical Support Center is to improve
operational safety of nuclear plants through improved support of control
room comand and control functions. This mission is very similar to
the mission of a computerized operator guidance system and it was concluded, ,

that the respective roles of these systems need to be understood in order
to provide a framework for conceptualdzation of the proposed computer-
based guidance system.

*
Toshiba has also expressed interest in an " operator action guide", see
e.g. H. Kawahara, et al., "On-Line Process Computer Application for
Operator's Aid in Toshiba BWR," IAEA IWG/NPPCI Specialists' meeting
12/79, Munich

sw
K. Yamazaki et al., " Development of Plant Monitoring System for Nuclear
Power Plants," IAEA,12/79.

< * , .
-

"TMI-2 Lessons Learned Task Force Status Report and Short Term Recommenda-
tions,".0ffice.of Nuclear Reactor Regulation, USNRC, NUREG-0578, July 1979.
"TMI-2 Lessons Learned Task Force Final Report," Office of Nuclear Reactor
Regulation, USNRC, NUREG-0585, October 1979.
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To help understand these roles, a descriptive scenario of control
room key events and actions during the course of a generalized serious
operational incident was developed. The paralle support activities
expected to be provided by a realistic computeriz(ed guidance system and
a technical support center are described in Table 1.

Stage I of the scenario outlined in Table I is premised on the assump-
tion that a computerized system can sense the pre-event process variables
and equipment configuration. The combination of signals from an unexpected
event, automatic actions, and operator input can be logically related to
an event classification that calls for a specific post-event configuration
to be achieved. A computerized system can provide operational guidance to
achieve the transition to the post-event configuration and to confirm that
plant process variables are behaving according to expectations. It is

assumed that in this early stage of an incident a technical support center
provides no operational assistance.

The majority of incidents are terminated in Stage II and a computerized
system can provide guidance to recover or secure the plant or a subsystem.

i However, if additional unexpected events occur, the potential for
providing adequate logic for a computerized guidance system becomes more

! speculative. Communication between operators and a computerized guidance
system is shown in stage II but it is expected that if secondary events
prolong the incident, the response will shift from reliance on procedures1

and training to more judgemental options. .In this case, the technical
support center begins to play an important role. If an incident continues
to stage III then it is assumed that the types of actions to be taken are
beyond the capability of a computerized guidance system and safety must
rely on the coordinated judgement of operators and technical advisors.

Assumptions

A comprehensive background investigation has suggested that a com-
puterized guidance system -is developable to reduce human errors in normal
operation and to enhance operator response following unexpected events.
It is reasonable to require the computerized guidance system to be a sig-
nificant aid in achieving prompt and effective configuration changes in
aiding the operator to confirm the trahectory of plant process variables.
If an incident progrsses beyond a level of complexity where responses
can be pre-determined, then the operator will have to rely on a more judge-
mental system such as a technical support center for assistance. A truly
adaptive computerized system may be feasible at some time in the future
but this possibility is not explored here.

To be effective, the system should be highly conversational (between
operator 'and computer) and should be in general use by the operator in
normal operation as well as emergencies. So as not to ii;.pede prompt
action, the computerized guidance system must operate at a speed that is
compatible with the real time of events and operator decision time. This
implies that detailed calculations and iterations are beyond the scope of

k
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TABLE I '

OPERATORSj COH1VfEHIZED GUIDANCE SYSTEM | TECilNICAL SUPPORT C81tfER DURItti OPERATIONAL INCIDENTS

Stage of Approx. Operator (ControlRoom) Computerized Guidance System Technical Support Center
Incident Time Interval Status / Events / Action Status /Rvents/ Action Status / Events / Action

D 0 (minus) Surveying Flant Status Pre-event Plant Configuration Stand by
'

_' $8-82C'"t_P ant Qoces,a Var's. . , ' 'l. . . _ , , , , , ,

Unexpected Event (o) fByentClassification .ictivate Plant Statua Surveillance
*

Auto Systema activated N i eaired Post-event Plant / System Activate Pault DetectionIn

1 0-1 minate Operator Surveillance ( Configuration Initiate Situation Tracking
PerceivedCauses/ Corrections

Strong reliance on 'l _ IGuidance to desired confic. *

proced,ureo/traininc [
' JGuidence to confirm process var's.

, , , , , , ,

. .

Procedurea/trainint terminateyGuidancetorecoverorsecure Evaluate minor incident
incident Jgplant/syntem(a)

Gnitial Itoblem Analysisor ; --

\Secondary events /some unexpecteal 'dvent Clanalfication Identify causes
Autb systems cont. IDesired Itat-event Plant / Mvaluate Corrective ActionII 1-10 minutes
lutential causes identified 'l System Confi uration Jeverity Assessment6 'Corrective actions identified ;[

_

helianceonprocedures/traininkfuuidancetodesiredconfic Advice to operator

f}Cuidancetoconfirmprocess-
and judgement

,

variables ,. _ _ _ _ , , , , , , , , ,, ,, , ,

Assums incident not terminated Beyond capability Iroblem diagnoala
Continued situation appraisal, Operational advice

III 10-6v minutes corrective actions, severity Alert Decisions
aanessment, notification / alert Simulations

*

decisions Emergency mobilization
pff-yite_aupgort_ . _

IV 60+ minutes " " "
,
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'the guidance system. The guidance system should have fail-safe qualities,

! so as not to mislead operators in an emergency or aggravagate an emergency
situation. -When optional control strategies exist, the guidance system
should generally provide conservative instructions.

,

> r

Conceptualization

For the sake of economy of organization, the conceptualized system
'is divided into several subsystems. The' system to aid in reduction of
human errors of_ the first type (operator action with incorrect or inconsis-
tent previous action) ~is called HERS-I (Human Error Reduction System - 1).
The system to reduce human errors due to omission of system tests, etc. is
called HERS-II (not discussed in this report). A system to guide operators,

in achieving a transition from one operating state of the power plant or
-a subsystem of the plant is called TGS (Transition Guidance System). The
system to provide guidance to operators following the development of an
abnormal condition is called ACGS (Abnormal Condition Guidance Sy-tem).

HERS-I Concept

The HERS-I is simply a computerized system to aid the operator in
taking a contemplated action (e.g. open a valve, start a pump, etc.) and
insuring that the action is consistent with prior actions. The procedure
is imagined to be based on an interactive " pointing" device of a CRT screen.
The resulting procedure is as follows:

HERS-I Screen Operator

Continuously displays a diagram of Contemplates taking an action con-
the plant with major systems shown' cerning a particular system. Sel ects

system (s) affected by pointing on
screen.

Displays selected system diagram Selects subsystem (s) affected by
pointing on screen.

Displays selected subsystem diagram Selects component (s) affected by '

oointing on screen.
Di . plays component and list of Selects action to be performed.

possible operator actions (pointing)
Produces check lists to permit action Fulfills required checks and/or

takes actions and enters this on
display (pointing)

Display acknowledges fulfillment of Initiates contemplated action, enters
required prior condition (perhaps fact to HERS-1
changes itsm in check list from red
to green)

Resets and records

.

. + - . v- y ,---
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TGS Concept

If the power station or a selected subsystem of the power station

is operating in a civen state, the operator is often required to cause
~

a transition to a different state by alterinc the configuration of

Plant equipment. The classic transitions for the entire power station
'

are start-up and shut-down. Load followinc is becomminc increasincly

important as nuclear plants crow in number to a larger fraction of

the electrical crid. In each of these cases, a number of conficetration

chan6es in pu=ps, valves, control rods, etc. are required to make the

transition. System transitions may involve switchinc to parallel

equipment or changing the status of coolant inventory control durinc

steady-state operation.

To explain the logic of transitions, three state vectors are defined.

These are Z (for plant), E (for equipment) and S (for system). The

P state vector has components that may vary continuously. These

components are equal to n.e values of plant process variables such as
.

steam flows, pressures, power, temperature, etc. This vector may be

- denoted by P = (P , P , ,,, p ) T. The 1 7ector is similar to the Z1 2 u

vector but restricted to the state variables of a particular system

For example, E = (S , S , ... S") for the feedvater1
of the plant.

Thesysten may consist of suction, flow, etc. of feedwates pumps.-

.

"he .E vector is thought to consist of *two kinds of components.

majority are binary and represent the states such as "on" and "off",

"open" and " closed", etc. Some ele:nents of the 2 vector may be
e

' continuous for "CRD position",' Turbine Control Valve Position", and i
*

other equipment variables that may take on a continuum of values.

$ .

A
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In the langusce of these three vectors', any plant operatinc state

may be described by a set of such vectors. For exa=ple, let , ,

g (k = 1,2,...K ) represent an operatinc stateg (i = i,2', . . .L ), E g

of the plant and key equipment (P ' h) and L systems for which the iO

system has an equipment configuration (SiO' ikO)*
.-

** mg

PO * ( O' 0' *** 0) is a vector of the values of :' plant procesc
variables in the "Od operating state.-

1 2 f. T is a vector of I; equipment states for major
_0, ,("O' "O' *** "O) components affecting plant process variables3

in the "0" state.

1 2 i

SiO " (310' 10' *** Uio)
is a vector of I elements for system ig

describing the state variabl;s of the system
in the "O" state.

= (Jog,Eg , ...Eg)T2 &
is a vector of J values for the equipmentg
w tfiguration of the k type of equipment -

in system i describing the equipment states
in the operating "O" state,. _ _ _ ,

_
_ _ _ _ _ _ _ _

Let us assume that an operator is reqdred to cause the plant to

make a transition from the. current operatin6 state g to a new (desired)
be Go (mahmaucal) operator applied tooperating state }. Let F0D

to produce the vector , i. e.

*

P
PD=FOD 0

Now, to cause this transition, the operator (human) does not directly

control F Instead, he varies y vectors by control actions. -

0D .

Let G be the control action applied to th Int tial operating state to ,

OD

produce the equipnent configuration ,J *.?p ally desired operating.

state. Then, we write

. ._.
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18In a similar way, if the transition of a system from S iO iD

required,the(human)operatorcontrolsE and this can be describedg

Of course, it is possible thatby the mathe:natical) operator GikOD.
:

even thouch E is changed. (For example, a parallel pump
SiO * UiD g

~

may be subst,tuted with the result that the process variablec before

and after the substitution are the same.)

Let the trcnsition in a system state vector be denoted by li and
iOD

A transition to the desired (D)in the equipment configuration as GM D.

'

state of system and equipment, respectively, is then denoted by

0iD * iOD 10

E (k = 1,2, ... Jg)EikD * cMD

Now, t.he (human) operator action is contained in GikOD* I" I'U'#"I'

matrixan action may affect one equigner.t item per action so the GMD

is considered to be diaconal and (often) consisting only of binary elements.
*

As an example, consider the E Vector to represent components of theg

feedwater system. For economy of notation, the "ik" subscript is dropped

in this example. Tre feedwater system pumps are rvresented in this
- .

exanple as follows:

'E = state of TDRFP-A ( 1 = operating, 0 = shut down) ;

o -

E' = state of TDRFP-L ( 1 = operatins, 0 = shut down)
.

33 = state of IGRFF-A,3 (1= operating, O = shut down)
|

In normal' operation, the feedwater pump line-up is
~

(1)
E 1o=1(0)-

. ,

1
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In case of a failure of ':'DRFP-A, the desired state of the equipcient'

in the feedwater system is

b " 1 }1
f0",

(1/-
,

Now, G may c naist of three types of elements, "1, 0, ;;". . ':'he operation
OD

of an element of G on an element of }i is defined such that this operation

is binary addition without carry for the "1" and "0" elements and "no

operation"for the "N" elenent. That is,

0 1

1(0)= 1 1(1) = 1
1 0

0 1

O(0)= 0 O(1)= 0
0 1

N(0) = no op N(1) = no op

In the above caces, the operator 1( ) implies a transition and the

operator O( ) implie.3 no transition. The element U of the G matrix is

taken to result in a null (meaning that there is no such operation defined).

The transi, tion in feedwater equipcient is then written as

(0) '1 N N' f1)
Eg)NON 1 (ED" COD1 =

is ,N N 1 (0.1l
- -

This equation can be interpreted by discussing the meaning of several

elements. Element G is the control action to be applied to TI)RFP-A ton,

affect .the operation of T"RFP-A. To achieve the transition desired, the

ution ,is 1( ). Since the initial operating state of the feedvater pump-

TDRFP-A is "1" (meaning that it is operating) tne operation results in

the first element of S being chansed from "1" to "0". , Or, in plain ,

language, the operation is read as " turn off TDRFP-A". Element G is

I
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the control action to be applied to TDRFP-A to affect the operation of

TDIEP-B. Since no such control action is possible, the element, and

all other, off-diernal elements, is "N". Element G is the control
22

action to be applied to TDhFI-3 to cffect TD!6?-D. The operator for

the transi .an is O( ) resulting in the second element of the .S_ vector
a

remaininc as a "1". Again, in plain languace, this operational no'tation

means " leave TDRFP-3 running".

For this example, the initial operating state of the feedwater

equipment is =(1,1,0). The process variables of the feedwater

system in this state are (whose structure is discussed later) and

the overall plant process variables are Because of some failure.

in TDRFP-A the transition

b " OD

is called for where y p-
UONG =

OD ,14 N 1,

Note that G is a transition operator. It could also be thought of as
OD

a "cuidance operator" from the current operatinc state of equipment in

the feedvater system to the desired operatinc state of feedwater equipment.*

Namely, G describes the cuidance that an operator should receive to
OD

make the desired transition. (It is no accident that the nomenclature

of this operator closely resembles GOD 1)
.

. . _ - - . - - _ - . _ . . _

During a typical transition from one state to another, the operator
.

'

perfoms two functions. These are

(1) Control action to-affect the transition
(2) Surveillance and confirmation of the response of system

variables to the action performed.

-These can be described in terms of.the quantities defined above.
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Suppose the operator desires to cause a transition from a current

operating state of the plant P t a desired operating sto. P. To
O p

--

accomplish this transition, he must take a series of actions affecting

plant equipment. These actions imply that the state variables of syctems

within the plant are changed.
.

The operator (and/or automatic systems) make a series of transitions

(in some order)

c"onj}(m=1,2,...)j =

that result in system state transitions

3 = go {g( < - 1.2....).

Clearly, the law (D describing ' he state transitions of systems is at

function of the (D that are taken; so, more explicitely

"
D D

The plant process variables are related to the transitions in

state variables of systems and the plant then makes a transition to

state P by the rule
D

}=F0D ( D} O
" *

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

,

We are now in a position to define the mechanics of a TG3 (transition
.

guidanc,e system).

First, such a hypothetical system should be capable of sensing the

current state of the plant as well as the state of subsystems in the

plant. That is, the TCS should be capable of continuously sensing
.

?. and s. |
i

-.
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Second, the TGS should be capable of receiving specifications for

the state variables of a desired state. That is, the system should be

able to, receive messages that enable it to determine the state variables

of / and/ ors *D D

Third, the system should have a logical structure that will_ generate

asetofcuidancecatrices(3 that cause equipment transitions resultinc

and 3 These transition rules must be reported
in PO* _D _0 * U ._D-

to the operator.

The TGS at this stage is capable of providing guidance to an operator

on the actions to take to cause the desired transitions.
~ As actions are taken, the TGS should sense P and 2 and compare these~

values with expectations in order to aid the operator in his surveillance

and confirmation role. That is, the TGS should have si::n.tlation capability.
,

This means that the expected trajectories of 2 and Z should be reported

2 to the operator and compared to the sensed values of S and P. In particular,

discrepancies between expectations and true perfom.srice should be highlighted.

To accomplish this task, the TGS must have the capability of generatint,
=(3(c"3)androy(rg3) for an m.-

In addition to TGS, the operator can mcke use of III'3.S-I and Ih!I
L

to accomplidh a transition. When the operator receives guidance from TGS
:
' to take an action, he can refer tq IERS-I for the necesscry checks and,
,

tests required to allow the action. A transition to a new operating
.

state may require the performance of certain special tasks. These can

be cournunicated to the operator and/or maintenance personnel by IERS-II.

,

. .

$

2
.

b
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.ACGS Concept
,

1

The abnormal condition guicance system (ACGS) is conceived as a .|
l

| logic eliement that provides input to the MS. In this case, the TGS |
|

la capable of responding to an initiation from the ACGS instead of

from the operator. The TG3 is capable of.censinc the state of plant

process variables, P, of system variables, s, and equipment confi uration,6

E. An abnormal condition is sensed by the ACGS by sensing changes in

2 or 2 that are unrelated to expected changes due to operator action.

The ACGS must have logic that, upon sensing such a change, will evaluate

it in terms of the desired state of plant and system operation. This

means that the ACGS must generate desired states and To achieve.

these desired states, it is necessary to make transitions in the

equipment configuration, E. This is done according to the guidance

G, supplied by the TGS in response to the input concerning the desired

state after an abnormal occurrence generated by ACCS.

For example, suppose that the suction flow of the TDRFp-A decreases

The initial configuration of E_ for this case is E = (1,1,0)Tand is sensed. ,

The decrease in reactor water level accompanying this feedwater flow

reduction is also sensed. The initial plant and feedwater system operating

state variables were and respectively. In this case, ACGS logic

= g. To achieveandevaluates the desired end states to be =

this, the required transition in feedwater equipment is -

"1 N N1
'

. G = UOU99
J!111

as befor's. Thus the logic of ACCS, coupled with TG3, generates this

transition matrix and reports " guidance" to the operator.

. .

e

. - y. - ,



!
.

..
.

I

-18-

operating onIn this case, the action specified by ele =ent Cu
.

element g ( 1(1)=0 ) for TDEFP-A must generate an inctruction of the

| form "I:anually trip TDRFF-A". Since when TDRFF-A is manually tripped,

MDRFP-A,3 are automatical'ly started, the guidance message for this

component of the trancition must be of tne form " Verify start of I'.DEFP-A,D".

operatinc on E) ( 1(0)=1 ).This messace is genere.ted from element Gg

Perhaps the operator should also be prompted to monitor the flow

The ACCS/TCS anould generate expected trajectoriesof the feedwater system.

of at least the feedwater flow and reactor water level for a normal

transition of this type. A messa6e to the operator to verify that

feedwater flow and water level recover can be generated. ACGS/TGSmay

track the difference between T_ and PD, S and S . In normal situations,L

recovery will be complete and the scene of the action changes to the

recovery of the operational status of TERFP-A.

After maintenance,t .ransition from the (0,1,1) state to the

(1,1,0) state of E (feedwater equipment) can be assisted by TGS.

However, assume that MDRFP-A,B fail to start or fail to provide

feedwater Gov for some other reason. In this case, P continues to

If the water level decreases sufficiently, andiverge from .

auto or manual scram may be called for. In a scram the operator is

normally required te take several actions to secure plant equipment

and is expected to survey plant variables for expected behavior. _

. Ihe new desired state is a shut down state. This is sensed by ACGS and'

operator action and surveillance instructions are cenerated by TCS.
If still more unexpected events such as the failure of a valve to

operate or the failure of the scram system to actuate occur, then the
ACGS/TGS may be unable to provide adequate Euidance and the decisions

on proper action may shift to operator judgement supplemented by
technical advice from the technical support center.
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IThe more likely sequence of events is that further abnormal occurrences

do not complicate the scenario. In this case, the scram procedes as

antici. pated. It is again plausible that HERS-I will come into action

to provide et ek lists for certain operator actions. HERS-II may be

required since many special tests and enecks are norm:aly required
-

to recover from a scra=.

Conclusions . .

The conceptualization discussed above implies a schematic operational

diagram shown in fig'1. The operator, while making routine control

actions, consults HERS-I to check tnat the action is in procedural

conformance with previous actions. When transitioning from one

operating state of the plant or a subsystem to another, the operator

consults TGS for procedures to accomplish the transition. The operator

normally monitors PONS and, in addition, is provided with simulations
.

of the expected trajectory of plant and system process variables by

TGS.
.

In this confi6uration, dialog between the operator and hERS-I, 'IGS

s-
are routine and relatively continuous. Therefore, the operator gains

familiarity with HERS-I and TGS through normal operation.'

In an abnormal occurrence, the operator is presented with information
,

by PCMS and the ACCS logic generates a desired state transition on the

f basis of PCFS information. This triggers TGS to report these transiti_on

, instructions to the operator. In this case, the operator can easily

recognize the abnor=al condition guidance to follow because of continual
''

h.: experience with the system. Also, experience with HERS-I should aid the
d

After transition
.{

operator in the avoidance of inappropriate actions.
e
y .

T

4
.

)

|
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to a new state is complete and the abnormal condition is corrected,
I

IERS-Il snot shown in the logical dia6 ram because it is logically
Aseparated from the operator's direct responsibility) is of value

' in adenring that necessary tests, checks, and maintenance are

performed. -

If the abnormal condition processes beyond the capability of the

procedures and training of the operator as well as the ability of the

ACOS/TGS to provide operational Suidance, then it is necessary to ca21

upon additional technical assistance. This can be provided by advisors

from the technical support center whose analysis of the plant situation

will be au6mented by the record of actions by the ACGS and the past

guidance provided by TGS. Also the discrepancies between expected
.

trajectories produced by TGS and those actually experienced will be

of value in analyzing the abnomal situation. It is expected that

an enhanced technical support center will have simulation capability.

The design and operation of the less sophisticated simulations associated

with the TGS should be of si6nificant value for technical support

center design and for analyzing the causes and potential consequences

of a sequence of abnormal occurrences that may proceed beyond the

capability of the ACGS/T,S.

,
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0
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3. BWR transient and stability calculations

HERL research personnel:
H. Motoda

* 0. Yokomizo

Activities: Development of a computer code with coupled neutronics/
thermal-hydraulics to calculate the time dependent transient behavior
of'BWRs for various-disturbances is well advanced.

,

Conclusions : HERL has developed a time domain stability code for
BWRs that has the capability of handling parallel channel effects.
At present this code uses point neutronic kinetics but a multi-dimensional,
time-dependent FLARE model for neutron kinetics is nearly complete.

In analyses of a commercial size BWR it was found that a smaller
decay ratio than the current design code resulted. A nonlinear
effect tending to increase decay ratio with decreased amplitude
was observed. The parallel channel- effect is manifested by a less
stable core and phase shift between power and pressure.

.

G
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Sumary of Current (6/80) results

(1) Copy of recent ANS paper

(2)" Copy of'presentaticn slides
,

(3) Time-deoendent FL'ARE

The formulation of a multi-dimensional, time-dependent FLARE code is
- compl ete. The formalism carefully takes boundary effects and the calce-
lation of the adjoint into account. Coding of this model is nearly com-
plete.

,

.
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7.L R. REAVIS, " Vibration Correlation for Maumum Fuel.
, ,,ar

, Element Displacement in Parallel Turbulent Flow,"Nuct .

''Scf. Ent. 38,63 (1969L nas usar rce rurL
*

gg,3,g TDLFDATURE TDFDaTURe
DIsTAB': Tics DISTR!aC?IcN

2. Development of a Time-Domain BWR Core [ E$IStability Analysis Program, Osamu Yokomiro, eaa, sn cocu,2 g coountIsao Sumida, Hiroshi Motoda (Hitachi/ERL- ,''",R, e, "cM yn \ / / "*U"DRn*
'

jGP873) ,
a voto rnacs. / ,

voto nacs. -

nactnestafson run naTe / Plow naTe
in the operation of a boihng water resctor (BWR) at ""'""8 \ /partial power and lower core flow, the nuclear thermal- / '

hydraube stabahty of the core is an important constramt and / jamac;Iv:Ty|
sacTao" Dsurn iit has to be assured pnor to operation that certain stabdity Dn. arm -

smines nrutacs '

cntena are satisfied in all operating conditions, nasTIcs nzmass nE3R3D
e a

Widely adopted computer programs to predict the core * " "
stibihtr are those in the frequency-domam with parallel
channel capabahty or those in tamedomam that treat the Fig.1. Tune vacgrar.on scheme.
core as a smgle channel. The frequency domain approach as
very useful for the practical design purpose because of the
short computation time to predict conditions for the
meeption of mstability. However, for more reahstic design, The imphett method was used to denve the rmite
analyses of the transient behavior of the core with respect to difference equations for each model. The time 4ntegrating
th2 system nonhneanty are deurable. Para!!ct channel effect scheme is iDustrated in Fig. I. First, fuel temperature dis-
is also regarded to be important in core stabdity analysis.To tnbution at time t + At as calculated from temperature
satisfy these requirements, a timedomain program with distribution, coolant properties, and power level at t. Heat
parallel channel capability has been developed. flux durms time interval At is then calculated from coolant

propertaes at t and i + At. Using this heat flux, coolant
This program takes into account the fouowing phenom. properties at t + At can be obtained. Next, average reactivity

ena cf the BWR cue: is calculated from fuel temperature and void fraction at t

I. neutron kinetics wth Doppler and void reactivity and t + At. Delayed-neutron precurser levels at t + At are
feedback calculated usms the average reactivity, and power level is

obtained using the reactivity at t + At.
2. fuel heat transfer

has program has been applied to a BWR/4 core under a
3. thermal hydraulics of coolant m parallel fuel channels natural-ctreu!atson condition. Figure 2 shows an example of

4. recsrculation flow hydrcdynamics. the analytical results. The curves are responses of core
Power to smusoidal vanations of core pressure with the

Because of t!.e nonlineanty and the large r. umber of the amplitude of 0.2 MPa and two different periods. It should be
system vanables it was anticipated the program would noted that in the 1 Hz case the response is not sinusoidal. It
consume a long cornputation time. Therefore, severa! assump- has been found from detaded examination that in this case
12:ns and approumations were introduced for each of the
mod;1s.

1. Neutron Kinerfer: The point neutron kinetics model 80 -

with prompt jump approximation was used. Reactivity is g33 g,

obtamed by averaging the infir''.e multiplication factor with ~

weightmg of squared power wvel and correcting it with
imtsal condition leakage. 70-

2. Fuel Heat Transfer: Axial heat conduction was ignored q
and radial one dimensional (1-D) equations were imple- P
mented. Temperature dependence of thermal conductivity - 60 -

was accounted for.
_

3. Channel Thermal Hydraulics: The following assump-
tions were applied to the 1-D separated flow model: 50

, y p p g

0 3 6 9 12a. System pressure is uniform and varyms by time. g Time (sec)
b. Vapor is always at saturated condition.

-

c. Fluids are incompressible. 1.0 Hz
g _

d. Flow quality in the subcooled boding region is a
smooth function of mixed quahty. a

With these assumptions, a unified expression can be used for
all cf the smgle phase, subcooled, and bulk boihng regions. 60 -

1 I i 1 Ia.RecxrcuLrtion Hydrodynamscs: Energy loss and depo-
O s 2 3 4sition in the rectreulating flow were neglected. A 1-D Time (sec)momentum equation was used for calculating the pressure !

difference between core inlet and exit. !Fig. 2. Effect of nonlineanty and parauel channel geometry.
1

i

)
|

|
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606 Reactor Engineering

the central fuels and the penpheral fuels are behavmg out of he boron carbide absorber material in breed':r reacto>
- phase with each other, decreasing the change of the core control rods produces hehum gas under irradiation service
reactiuty, thus, the importance of nonlmeanty and parallel * conditions. In sealed pins, the associated gas pressure buildup
channel effect has been demonstrated. This program is . and. lush cladding stresses that develop can ultimately hmit
expected to be very useful in developing a new stability the absorber assembly lifetime. These problems are circum-
cntenon. vented by ventmg the helium to the reactor coolant. In the

present design, this is accomplished using a vent assembly -
compnsed of a porous plug flow restnctor device located

3. An A$anced Absorber Assembly Design for above a divmg bell chamber at the bottom of the absorber
Breeder Reactors, A. L. Fifner, K. R. Birney pm. The porous plug is fabncated from smtered stainless-

=

stui powder, and allows unting to occur only above some
' (Wesfinghouse Hanford) threshold pressure differential.The divmg bell chamber serves

An absorber assembly design has been developed that to prevent sodium wettmg of the porous plus. This vent
offers substantial improvements in performance character- assembly design was selected on the basis of suppressms
istics and fabncation economics of breeder reactor control sodium ingress to the absorber pm. .-

eternents. TM design represents a marked departure from The transition from a 61-pin bundle design to a 19-pinconventional at* mbly configurations, including incorpora-
tion of large<'rieter vented absorber pms, circular pin bundle design offers substantial savmss in fabncation costs

The pin diameter has been increased from 0.474 in.arrays and duct tubes, and advanced alloy structural com.
(1,204 cm) for the reference design to 0.784 in. (1.991 cm)ponents Benefits achievable from application of this ad-

vanced design include faster scram time, longer assembly for the advanced design. Since little gas pressure buildup
hfetime, and reduced fabncation cost. occun, the cladding wall thickness has been reduced from

0.051 in. (0.130 cm) to 0.025 in. (0.064 cm). The overall
The pnneipal design changes adopted in evolvms from reduction in cladding volume makes additional space avail-

* the Fast Flux Test Facihty (FFFF) reference absorber able for absorber material, and the "B centera for the
assembly design to the advanced design are depicted in Fig.1. advanced design is 12.5% greater than for the e'erence
Whereas the reference designis compnsed of 61 sealed boron assembly.
carbide pins arranged in a hexagonal configuration, the
advanced design incorporates 19 vented pms arrayed in a " Die advanced design employs round duct tubes, with
circular pattern itiside round dLet tubes. Also,in lieu of AISI hexagonal load pads affixed where the assembly mates with
Type 316 stainless 4 teel reference duct and cladding matenal, surroundmg core assemblies. Whereas the torque imparted
the advanced design makes use of the advanced alloy D9 m by the control rod dnvc racchanism dunns rod withdrawal
the fabncation of these structural components. These design can cause contact between the inner and outer ducts m a
changes lead to a number of improvements in both perfor. hexagonal design, round duct tubes will not interact under
mance and economics. these circumstances. "Daus, potential wear problems are

avoided by employing a round assembly design. Another
benefit gained with the round design is increased coolant
flow through the pin bundle. The pin bundle / bypass annulus
flow ratio for the hexagonal reference design is 60%/400,
while for the advan9J design it is improved to 75%/250

Q The pnmary Penefit gained in application of the ad.
vanced alloy D9 for structural components is related in-

0 assembly bowins behavior. With Type 316 SS, thermal and
L flux gradients across absorber assemblies result in significant

h bowmg. which can lead to vertical travel interference and
| shortened lifetimes. D9 exhibits very low in-reactor swellmg.-

@ which effect.vely elimmates problems related to duct bomng
I 9s Scram performance of the advanced assembly is substan-

# .* , 2 O F- tially improved relative to the reference design. The advanced
_

g y e$y [$ _ |
assembly weighs less and exhibits reduced hydraulic resis.- -

tance when compared to the reference design. Consequenti).
-

,

%* *.4 5 q- 9 | it responds faster to accelerating scram forces. Based on
,y J calculations performed using the SCRAM code,' which wasW s

Dj developed for FFTF control rod scram analysis, the advanced'~

absorber assembly scrams 30 to 40% faster than the referencei '

| | assembly.,

[N [ The FFTF reference absorber assembly design has been
=== modified to increase its lifetime from 300 to 600 full pc.er

days (FPD). IJfetime analyses performed for the advanced
3

I design using the CONROD code indicate that this assembly
is capable of a 900-FFD lifetime in the FFTF.- The 50-'

,

increase in design lifetime combined with reduced fabncatinn
costs provide for substantial econo nic gains when the

.
advanced absorber assembly is implemented in FFTF. Two of

REFERENCE DESIGN - ADVANCED DESIGN . the aberbu asumblies in FFTF will be teplaced with ad.

SEALED PIN VENTED PIN ,','"[g,[t types in the future to venfy
puformance

Fig.1. Comparison of FFTF reference and advanced ab- It is expected that the general benefits denved from the
sorber assembly designs. advanced absorber design developed for FFTF can be

i
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Core Staai ity Analysis 3rocram
INTRODUCTION -

- -

-

CURRENT METHOD -------- FRE0VENCY DOMAIN

STABLE OR NOT, DECAY RATIO

M0$T TIME DOMAIN CODE--- SINGLE CHANNEL

PURPOSE OF STUDY

1. DEVELOP A TIME DOMAIN CODE WITH PARALLEL CHANNEL
'

CAPABILITY .

'

2. INVESTIGATE EFFECT OF PARALLEL CHANNEL -

:

.

!

- - - - _ - - - - - - - _ - - _ - - _ - _ _ _ _ _ _ _ _ _ - __- _ __ _ _ _
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A N A _Y~~::CA _ V O J E _

i -

FUEL THERMAL HYDRAULLCS, , ..

o FEW PARALLEL CHANNELS

o SPATIALLY UNIFORM PRESSURE ( C MATERIAL PROPERTY )

o 1-D' SLIP FLOW MODEL / QUASI-EQUILIBRIUM SUBC00 LED VOID

NEUTRON KINETICS
,

o1 POINT MODEL WITH 6 DELAYED NEUTRON GROUPS

'

o PROMPT JUMP APPR0X.

,

FUEL HEAT TRANSFER

o RADIALLY 1-D DISTRIBUTED PARAMETER MODEL: s ,

RECIRCULATION HYDRODYNAMICS

o INCOMPRESSIBLE FLUID IN 1-D FLOW PATH
. .

4

0
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RELA ~ IONS AVONG VAR:A3_.ES
( HOW TO OBTAIN VARIABLES AT T+AT FROM THOSE AT T )

. -
, . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ,

,,

| FUEL HEAT TR.
i 3 3--

,

IN REClRC.:> '
i

"E FUEL : \'

'
|

"

_ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ,

! 9'' b- IWATER Op CORE -

.

.__________________; ; Q ;
i i.c_________________,

: se, W |
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g" ! ! FUEL THERMAL HYDRAULICS !|

; i ! RECIRCULATION DYNAMICS !
! C etAy j
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D

i QCORE 4 USE BOTH VALUES' AT T AND T+ATi
i i

'

! .! NEUTRON KIN.| > USE VALUES AT T
,

.
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A\lALYZE J CORE

| CORE FEATURES _
' '

RATED POWER 2381 MWT
'

RATED CORE FLOW 3335 KG/S

RATED PRESSURE 7.14 MPA

NUMBER OF FUEL BUNDLES 548

DIVISION OF CORE

'

CHANNEL 1 ( CENTRAUHIGH POWER ) 298 BUNDLES

CHANNEL 2 ( CENTRAULOW POWER ) 174 BUNDLES

CHANNEL 3 ( PERIPHERAL ) 76 BUNDLES'

INITIAL C0tIblTION

CORE POWER 65 %- '

CORE FLOW 32 %. ,

INLET TEMPERATURE- 264 *C
-

.

m - - - . - _ _ _ _ _ _ _ _ _ - . _ _ . _ _ _ . _ _
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CORE 30WER RESPONSE ~0 SIN SO JAL
~

37 ESSURE PER UR3A~ ION

- - PRESSURE PEAK PRESSURE PEAK .-

20 h h
'

-

: 0.3 Hz
10 -

-

FO ER 'P * /' /
' '

N /-
0 ,,,

CHANGE 0.'1)z
' ' '', '

- -

( f, ) -.- , --

-10 -

.

-20 | | 1
-

0 0.5 1.0 1.5 2.0
TIME. .

PERIOD OF OSCILLATION
. .
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rlEQ ENCY RES30\SE Or POWER ~~0 3RESSURE
- .

O

f = 0.2 9 Hz
1

D.R. = 0.13
GAIN

-5 - ~

80-

GAIN ~~~~
-

.2 60-10(dB) 's-

.

-

^* PHASE'' '-
40 PHASEs = < -

'

/ 20 (deg)
s

\ i -

#

'g ,'-15 -

0-

\
i

'

N / -20-

s /

-20,i ii i 4 T-Et iii1 ,-40
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FREQUENCY ( Hz ) ' -

.

-
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; JIRECT C L J_ATION Or JECAY lA-~IO .

'
, .

,

' ' '.:- ,

80
T2 -*

'X3 Xc
T1 T --- D.R.= Xi , X2 ,

'= == -

370 -

X4
X2

b_ ./
) ).

' " ' '

Ti T2 ,CORE .

POWER 60 X3
-

1

(*/.)

| 50 -

v

65 R$ CIRC.-
;

40 -

; HEAD HEAD45
I I I I I I I (kPa) <

2 0 2 4 6 8 10 12 -

TIME (s) ,

l;
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|
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| DECAY RA~IO AN J RESO\A\~ =REQJ EN CY

'. 0.5. -

CURFtENT
0.4 0.'4DESIGN

- -

CODE -
"

0.3^-^"''** A -y#ar+ d ""# 0.3 FREQ.#

DECAY ( Hz)
RATIO

~

0.2 0.2- -_

< 6~- ') O DECAY RATIO
0.1 - -

J A FREQUENCY
%. ../

0.0 I I I I I

1 2 3 4 5 6
n

.

e
e

_ _ . . _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _



-- - - - - - - - .

.

E EC" O r 3A M __ E'_ C'- AN N EL

BESPONSE OF POWER TO RECIRCULATION HEAD 4 kPa STEP DOWN

65
ss

%
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' ~

| ~./ .

CORE 60 8-

POWER /
1 ' -- PARALLEL CHANNEL(*/.) s '

\[ ----- SINGLE CHANNEL
33 '/-
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-

TIME (s)
'
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E FECT OF PARALL EL C- ANNE _

CHANNEL INLET FLOW CHANGE
-

,
-

' ' ~ ~

: 1 CENTRAL HIGH POWER
0 96 t 2 CENTRAL LOW POWERS

3 PERIPHERAL.

0 90 ,'\ 2 ' ,/ \ 1' -

j,I Y'-

CHANNEL
' PARALLEL CHANNELFLOW \ 3/

-

'
I IRATE o.84 '

RELATIVE O 5 10 15 ,

TO 0 96 |

INITIAL
VALUE

-

0 90 -

SINGLE CHANNEL ._.

'

0 - 5 10 15

TIME (s),
.

'

.
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! E FECT OF PA RA _ _ E _ C- A slb E _

VOID FRACTION CHANGE AT MID-HEIGHT OF CORE
~

~

__

6 1 CENTRAL HIGH POWER-

2 CENTRAL LOW POWER

4 3 PERIPHERAL-

.

VolD N
FRACTION ~~~r # ~ ' ' F ' - ~ ~. " ~ '' - ''CHANGE / 'i.2 --
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i 1
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.
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CO NC_JS"Os S

' 1. TIME DOMAIN STABILITY CODE DEVELOPED

o PARALLEL CHANNEL CAPABILITY

o POINT NEUTRON KINETICS

2. COMMERCIAL SIZE BWR ANALYZED

o SMALLER DECAY RATIO TilAN CURRENT DESIGN CODE

o DECAY RATIO TEND T0 INCREASE AS AMPLITUDE DECREASE

( SEEM TO BE NONLINEARITY EFFECT )

o PAliALLEL CHANNEL EFFECT

1) DESTABILIZE CORE

2) OUT OF PHASE BEHAVIOR

.

' '
.

'

* * 2 ...

'
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _


