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There are a number of guantities of interest. (The notation for o, ),
and u agrees with Reference 5. The quantity A4 is called A] in

that reference,) The quantities are

A -
u =
p =
Ae = ull - g") =
w =
r] s A + up ’w s
e upk tw, ®
for k > 2
g = (up(l - qm']) +wllir =

The quantities r], rz,... are the

failure rate for an individual
assembly, not counting failures du2
to common cause shock

rate of nonlethal shock occurrences

probability that a specific assembly
fails, given that a nonlethal shock
occurs.

rate of nonlethal shocks that cause
at least one assembly failure, i.e.,
rate of visible nonlethal shocks
(here, g = 1 - p,

rate of lethal shock occurrences

rate at which a specific assembly
fails, either due to indiviaual
failure or due to a shock

rate at which a specific set of k
assemblies rails simultaneously (due
to a shock)

long-term fraction of assembly
failures that occur in multiple
failures; called the beta factor by

F]eming.7

relevant rates for fault tree

analysis. For, if a cut set of a fault tree involves k assemblies,
k > 1, then the relevant rate is i and the probability that the k

assemblies all fail in a short time is

rkt plus terms of order tz. The

use of F1s Fos etc., 15 discussed in the section "Application,” ead in

Appendix A. The expression given for g ignores the time for discovery

and repair of failures.
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The basic BFR model, as uctined in Reference 1, only includes events
of the first two kinds. Including the third kind, lethal shocks, has two
advzntages. First, it models the data more accurately, if lethal shocks
dre observed, without miking the model much more complicated. For some

kinas of I&C assemblies, notably for signal conditioning systems, there are
s0 many letnal shucks that the basic BFR model, without such shocks, does
not adequitely tit the data. Second, inclusion of the lethal shock rate,
wy puts & floor urderneath the estimates of rk, below which they cannot
sink. The basic BFR method estimates re as up , for k > 1. If p is small
and k s large, then upk can be microscopic. Using ' © upk + o keeps "
up at a realistic level, because the Bayes estimate of w is always

positive (even when the observed number of lethal shocks is zero).
Estimation
This section briefly describes the estimation procedure based on the

above model. The bpayesiar methods developed by Atwoods'6
extended to allow for plant-to-plant variation and lethal shocks.

are used,

The point estimates given are Bayes means. The mean is used, rather
than the moce or the median, because it i5 usually the largest of the
three, and in fact often the only one of the three that is not virtually
zero. (The median is used for g, because the mean is difficult to
cumpute). It should be realized that when the distribution has a large
variance, thea no single point--be it median, mean, or some other
point--adequately identifies the location of tne distribution. The
intervai estirates given are bBayes 90% intervals, with a 5% probabili®  *=
each tail,

The use of Bayesian methods is unavoidable, because classical
non-Bayesian methods do “ot give confidence intervals for complicated

expressions such as r., or even for simple expressions such as p wnen the

"’
Jata are obtained.irom system: with different numbers of assemblies. The

Sayesian distributions (sed are either ~stimated directly from the data, to
reflect the apparent variability in the parameters, or else are calculated

in the usual way based on diffuse prior distributions. Therefore, the
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results obtained should not differ ma:kedly from non-Bavesian results, if
the latter were obtainable.

First, if enough faults are observed, a gamma distribution is fitted
to the observed individual faults of the pumps. This was described in the
section "Examining the Data for Structure," and defines a distribution for
the parameter x». For signal conditioning systems, enough common cause
faults are also reported to allow a gamma distribution to be fitted to the
nonlethal common cause events, and for reduced capability faults to allow a
distribution to be fitted to the lethal events; this gives distributions
for A, and w.

Any variability in p, from plant to plant or shock to shock, is not
estimated, because a method for doing this has not been developed. There-
fore, standard Bayesian methods are used to get posterior distrioutions for
p, for » when few or no individual faults are observed, and for A, and w
when few or no common cause events occurred. For p, an approximately
noninformative prior distribution is used, as described in Reference 5,
pp. 16=17. For x, x»,, Or w, a noninformative prior distribution is used,
proportional to Y : A:‘/Z, or w V2,

The quantities p, A, A,, and w are treated as fundamental. The distri-
butions of all the otner quantities are obtained from the disiributions of
the four fundamental quantities, using the equations relating the para-
meters in the preceding section. Unfortunately, these equations involve m,
the number of assemblies in the system in question. Therefore, estimates

of y, 8, and r_, 1< k < m, are found separately for each value of m. Then

overall estima:es are given, which do not depend on m, as follows. As a
point estima.e, the median of the point estimates is used. (If the number
of point estimates is even, the larger of the two possible medians is used. )
As a conservative interval, the smallest lower bound and the largest upper

Lound are useda.
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ESTIMATES

The estimates are given in Appendix C for the groups of assemblies
listed in Table 2. Depending on the application, either failure mode may
be of interest. Therefore, for each group of assemblies, two sets of esti-
mates are given, one for inoperability faults and one for reduced capabil-
ity faults, Every estimate is given as a triple of numbers, showing the
lower limit, the point estimate, and the upper limit. The point estimate
is the mean of the Bayes posterior distribution. (For the beta factor, the
median rather than the mean is shown.) The upper and lower limits form a
90% interval. Apnendix C also contains summaries of the data used to
produce the estimates, both tabular summaries and printouts of the one-line
summnaries of the LERs. A few comments precede each set of estimates.

Application of the estimates is discussed in the next section.
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DISCUSSION

Application

A1l the rates given are per calendar hour. Those who want rates in
other units, such as per demand, must perform their own conversions. Users
may also wich to adjust the estimated rates to account for presumed under-
reporting; see the earlier section "Problems in Interpreting the Results.”

The uncertainty intervals should be used, not just the point estimates.
There is great variability from one plant to another, so many of the inter-
vals are quite wide, and use of the point ectimates alone is overly naive.
In some cases, the lower bound is many orders of magnitude less than the
point estimate. This happens when most of the plants o~ systems show no
faults, but some of them show several faults. In such cases the distribu-
tion has a spike at zero and a very long flat tail. 5o the lower bound
should e regarded as unknown, but essentially zero, and the point estimate
should be thought of as a crude way to characterize a wide distribution.

Consider now the effect of delayed discovery of faults. OSuppose that
an assembly becomes inoperable or develops reduced capability dur’:g a time
interval t, but that the fault is not discovered until the assembly is
tested at the end of the time interval. Faults in the other assemblies are
also not discovered until the end of the time interval. If the interval is
long enough, then a substantial portion of the simultaneous faults may not
be common cause faults, but rather may be individual faults that were not

discovered promptly.

In Appendix A, the section "How to Obtain Probabilities from Rates"
gives the general method for using the estimated rates to estimate proba-
bilities, for example, the probability that at least three cut of four
assenblies fail during a time period t. Using the general method,
approximations can be founa if t is not too larye, such as
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P(1 specific assenbly fails) # r1t

and
P(k specific assemblies fail) # (xt)k rrt

for k > 2. These approximaticns are accurate to at least one significant
digit if, in the first case, r]t < 0.1, and in the second case, if

at < p/10 and ret < 0.1. The more general methods of Appendix A should

be used if it is too large for these approximations, e.g. if reduced capa-
bility faults in main steam line radiation monitors are under consideration,
A i1s the upper end point of the 90% interval, p is the point estimate, and
t is one month (720 hours).

The formulas just given should look familiar to fault tree analysts.
In particular, if k = 2, r2t is used in the way that sr]t is often used by
analysts. The formulas given here are more general than those obtained by
the beta-factor method, because they recognize that systems can have more
than two assemblies. (The ratic rk/r] woulu be a beta factor for k assen-
blies, and the value given in this report as tne beta factor is a compromise
amony these values.)

Diagnostic Check

A final diagnostic check on the BFR assumptions is performed. The
statistical datails are given in Appendix A, but the idea of the check is
this. If the BFR assumptions are correct, then the number of assemblies
affected by any (fiture) nonlethal shock is a binomial(m,p) random variable.
Once p has been estimated, the observed numbers of affected asseublies can
be compared with the numbers predicted by the BFR assumptions. If they
difter greatly, then the BFR assumptions should be questioned. The compar-
isons are performed by looking at the standardized residuals, defined as

(observed number - expected number)/standard deviation.
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There is one residual for the number of common cause events involving
exactly one assembly, one residual for the common cause events involving
exactly two assemblies, etc. If the BFR assumptions are correct for the
data set, then all the residuals should be small.

In many cases, there are no observed nonlethal common cause faults, so
tne check cannot be performed. In other cases, there is only one such
fault, so the residuals have little meaning. In the cases with two or more
observed shocks, the largest standardized residual occurs wher reduced
capability faults are analyzed in signal conditioning systems. Shocks
occurred in systems with up to six assemblies, so there are six standard-
‘7ed residuals, corresponding to one through six failed assemblies. They
are, respectively, 1.79, =1.30, =1.71, 1.15, 1.52, and -0.18. The largest
absolute value is approximately 1.8. This means that no observed count is
more than about 1.8 standard deviations from its estimated expected value.
Therefore, this investigation finds no strong evidence of departure from
the binomial distribution,
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CONCLUSIONS

Estimates have been found for common cause fault rates and related
gquantities. The estimates are based on LERs for 1&C assemblies for 1976
through 1978. Because the LER data base seems to be incomplete, the
estimates should be used with care.

A1l the rates presented are per calendar hour. Every quantity has
been estimated by both a point estimate and a 90% interval. The width of
the intervals reflects both statistical uncertainty, due to the random
nature of the data, and also the actual substantial variability in the
fault rates from plant to plant or system to system.

How to use the estimates in applications has been discussed. A diag-

nostic check shows no marked departure in the data from the assumptions of
the model.
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APPENDIX A
TECHNICAL DETAILS OF METHODOLOGY

Fitting a Gamma Distribution to the Data

Suppose that A has a gamma(a,b) distribution, and that, given x, the
number of faults of an assembly has a Poisson(at) distribution. Then it is
not hard to show that the unconditional distribution of the number of faults
is negative binomial with parameters a and bt (see Johnson and KotzA'])

Therefore, the maximum likelihood estimates of a and bt can be found numeri-

cally, based on the exposure times and observed failures for the assemblies.

To 1llustrate this, consider the individual inoperability faults in
signal conditioning systems. There are 449 groups of conditioning systems
at the various plants, such as the group of 4 auclear power conditioning
systems at Calvert Cliffs 1 (CCI-PN) or the group of 3 reactor coolant
pressure conditioning systems at Beaver Valley (BV1-kKP). When a gamma
distribution is fitted to the 147 faults from these 449 sources, the
estimated parameters are 0.258 and 1.272E-5, the estimated mean of the
distribution is 3.287E-5, and the estimated 90% interval is (7.960t-11,
1.575€-5). The single group of 4 nuclear power conditioning systems at
Fort Calhoun (FC1-PN) had 13 faults in 26304 hours. If a and b were equal
to their estimates, the probability of getting at least 13 faults in
4 x 26304 assembly hours is only 0.000053. Therefore, the probability that
at least one of the 449 data sources would be as extreme as this is approx-
imately 449 x 0.000053 = 0.024. In fact, FC1-PN is influencing the esti-
mates of a and b, so this calculation makes FC1-PN look better than it is.
Using estimates based on all the data sources except FC1-PN gives
449 x 0.000009 = 0.004 as the probability of seeing a data source as
extreme as FC1-PN. The data source is clearly an outlier.

If FC1-PN is excluded, and a gamma distritution is fitted to the
remaining data, the estimated parameters are 0.325 and 9.069E-6, the
estimated mean 1s 2.948E-6, and the estimated 90% interval is (6.399E-10,

1.314E-5). That is, the mean shrinks by 10% (or by 3% of the length of the
original interval), and the upper end point shrinks by 17%. These changes
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are not considered large enough to justify the complication of giving
special treatment to the single data source FC1-PN. The rates are
estimated based on all the data, which is conservative.

The above case was chosen to illustrate the metnod because it is the
only case with an outlier problem.

How to Obtain Probabilities from Rates

When using the model of this report, the key to evaluating probabili-
ties is to condition on the numlier of nonlethal shocks. Let N5 be the
number of nonlethal shocks, and N the number of lethal shocks. Consider
any event involving the failure or survival of certain pumps in some time
period t. Let P(A|B) denote the conditional probability of A, given B.
The following decompositions hold

P(event) = P(event | NL > 0) P(NL > 0) + P(event | NL = 0) P(NL =0)

P(event | N, = 0) =
n

it~ g

; P(event | N =0, Ng = n) P(Ng = n).

Normally, only the first few terms in the sum need to be evaluated.

The model assumes independent shocks with a constant shock rate.
Therefore (Reference A-1, Ch. 4.1), the number of shocks in time t is a
Poisson random variable, with parameter equal to t times the shock rate.
It follows that some uf the aoove probabilities are easy:

= = -ut
P(NL 0) = e
PN >0) =1 - ™
P(N = n = et (ut)"/n!
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If t is small, these expressions can te approximated by even simpler ones.

The nontrivial term to evaluate is the conditional probability of the
event under consideration, given that N = 0 and NS = n. As a major step

toward evaluating this, let g = 1 - p, and note that for any specific single
assembly

P(survival | N = 0, Ng = n)=q" Fipgt

This expression is the probability that the assembly survives all n shocks
(qn). times the probability that it does not become inoperable individually
(e'Xt). Denote this expression by Qn. To find P(event | NL = 0, Ns =n),
use Q, and the fact that, given a shock, the assemblies behave

independently.

As an example, suppose that a system has four assemblies. What is the
probability that at least three of the four become inoperable during some
time period t? Given that NL = 0 and NS = n, tne conditional probability
that a specific assembly survives is Qn, so the conditional probability that
at least three fail to survive is

P(exactly 3 fail | N = 0, NS = n) + P(exactly 4 fail | NL =0, Ng = n)

- (P -gda,+ -0 == (1430,

Therefore, to obtain the desired probability, observe that
P(event | N> 0) equals 1, and substitute into the equation for P(event)
at the beginning ot this section. The answer is

-ut

(1 -e“h) v et (1-00% (1 +30)e™" (ut)n!

n

Substitution of estimates for p, u, » and w yields an estimate of the
desired probability. To obtain upper and lower uncertainty bounds on the
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probability is not so easy. Using the end points of the 9U% intervals for
Py ws A, and w 1s conservative, because it is unlikely that the four
parameters are all at their upper ends or all at their lower ends. In
principle, a Bayes 90% interval can be found, based on the distributions of
Ps Xy Ay, and w. This is how the intervals for 8, ry, r,, etc. are found in

this report. To perform this operation, however, requires numerical
integration.

The point estimate obtuined by substituting the Bayes means intc some
complicated expression is not necessarily the same as the mean of the Bayes
distribution of the expression. But it is simple, and credible.

when t is not large, simple approximations can be used. Each of the
approximations given here is valid if at << 1, ut << 1, and ot << 1.

They follow from the Taylor series expansion for e X and are

wt ,

e
—

e

-ut

1 -e¢e wt

e-ut : ]
Q, *q"

1-0, % (1-4") +qht

(1-0,)" @ P(Ng=n) £ (p+at) ¢ ut, for i >0 and j > 0.

e~ g

n=1

This leads to simple approximations of many probabilities. For each of the

probabilities below, the first approximation is valid if at << 1, ut << 1,
and wt << 1. The second approximation for one specific assembly is valid
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if in addition u << A and w << A, The second approximation is valid

for k assemblies if the first approximation is valig and in addition git << p.

)

P(1 specific cesembly fails) = at + put + wt )

2]t

P(k specific assemblies fail) = (xt)k + (ot + p)k ut + wt

e

(lt)k + pkut + wt = (At)k * rkt for k > 2

P(at least k out of m assemblies fail)

m .
. ;M K m i m=i
PO +ut § (et +p) g +et
1=K
. (M k Mome i mei
00T+t .ik () p @+t
i=

for k > 1 .

Diagnostic Check Based on Residuals

If the binomial failure rate (G6FK) assumptions hold, then the number
of assemblies atfected by an obser-:ble shock has a binominal(m,p) distri-
bution, truncated because zero caniot be observed. Once p has been esti-
mated, the correctness of this distributional assumpiion can be studied.
The sample sizes in the [&C data are much too small to allow standard
goodness of fit tests, but residuals can be used, essentially as described
in Section 5 of Atwood.A~¢

Suppose n, nonlethal shocks hit the systems with m assemblies and
cause at least one assembly to become inoperable. Then define

_oMmo 3 me) m
25 (J)p q /(1 -q)
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e e

for 1< j<m withg=1-p. Let Nj be the number of shocks that aftect

exactly J assemblies. Conditional on Ny Nj has mean EJ =n, zj and vari-

ance VJ " N, zJ (1 = zj). Now suppose that there are systems with various sizes
ms and corresponding values Nejo Nji' Eji’ and vji. Then, conditional

on the values of n ., Njo = 2”31 has mean Ej, = {Eji and variance V;, {vji'
Here, the summations are over all i, such that m, > j. Substitution of the
estimate of p gives Ej, and V.,. Tnen for each j, a standardized residual

J
can be constructed

SNl )
J* J°
¢ Ry ol
JO

Under the BFR assumptions, the UJ values have a mean and variance of
approximately O ana 1. Any large value of U, indicates that the data do

J
not satisfy the BFR assumptions.

Effect of Data Inaccuracies

In the main body of this report, in the section "Common Cause Classifi-
cation," there was a description of an actual experience suggesting the
importance of data misclassification. Now let us investigate the effect of
data inaccuracies more theoretically, by asking, “What effect does a small
relative change in the data have on the estimates?" This effect can be
approximated by the use of the relevant der’vatives. Let © denote a para-
meter to be estimated (a, A,s @y Pyou, B, Oran rk). Let x denote some
quantity in the data (nI, Nys s OF V, all defined below). Relative change
means the change in the guantity, civided by the value of the guantity.

Then the rate of relative change in the estimate of ¢ per relative change

in x 1s

(A-1)

Approximate formulas will now be derived.



It is convenient during the derivation to work with maximum 1ikelihood
estimators rather than Bayes means. The difference between these two esti-
mators is not important here, because tne purpose is only to roughly approx-
imate the effect nf data inaccuracies. Suppose data are combined from
“stems with populations m; and times ti' Let Nris Meqe Myo and s, denote
the observed numbers of indiviuual faults, nonlethal shocks, lethal shocks,
and pumps made inoperable by nonlethal shocks. Then the maximum likelihood
estimates satisfy

- Ny,
R COF
- In,,
l+ T
1
‘;:EnLi
Lt
. Mm. n, .
fs, =0 —— . (A=2)

1 - ¢ *

tguation (A-2) requires knowledge of each separate mn, ;. However, it
can be approximated by

P Lmn,,
zsi . i
(1 -a)

where m, generally not an integer, is the weighted average defined by

where the sum is taken over all i such that m, > 1. The terms with

m.

§ 1 are not counted because they contain no information about p.
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S0 now, if we define n = e ny = In, s n_ = I"Li' and
v = {si/{m‘n+i. and if m is as just defined, then the estimates satisfy

- n
I
S CA
X‘ = YF;
b n
w YEL-
2y (1 - qm) -

Finally, tne coefficients C(e,x) defined by tquation (A-1), can be approxi-
mated for @ = i, Ays @y Py uy Ty OF g, and for x = nl. Nys Ny OF Ve
Formulas are given in Table A-1, and very rough approximate‘values are given
in Table A-2. For these approximations it is assumed that " 2.

These coefficients are used as in the following example. Suppose that

information is needed about the effect on the estimate . of increasing "
and v by 10% and decreasing n, by 5%. The relative change is

M]

= 2 C(r],nl) x (0.1) + C(r], n,) x (-0.05) + C(r],v) x (0,1) .

-

|

Of course, the real difficulty is not in calculating derivatives, but
in deciding how much inaccuracy might realistically be in the data.
Inaccuracy due to misclassification of the reporteu events was addressed in
the first part of this section. To assess the amount of missing data
(unreportea events or overlooked reports) is beyond the scope ot this

report.
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TABLE A-1.

FORMULAS FOR C(e, x) = -:% .

@ x>

X

9 nI " " v
A 1 n 0 0
0 1 U U
w 0 0 1 0
p 0 0 0 ) - g

Teqmemp qﬁ:T

" 0 ] 0 1 - Cp,v)
y e Lp . BP

] " " [ "

wp" up'
M w
Fes k21 0 - - . [T+ (k=-1) C(p,v)]
K k K
2 m-2
A D up w b+ (m- Jup” g ~ C(p,v) _
. 7 D+e r, D+e D+ Ciryav)
Notes:
. Here, D denotes up(1 - qm']).
2, For typographical clarity, the hat is omitted from estimatec

quantities.
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TABLE A-2. CRUDE APPROXIMATIONS FOR C(e,x)@

X

] "I "y i v

] ) 0 0

As 0 1 0 0

w 0 0 1 0

p 0 0 0 >]

u 0 1 0 <0

r 2] 20 20 20
Fes kK > 1 0 <] <l varies
B s -] <] <] varies

a. This table shows, tor example: 1if n; increases by 1Ue, 8 will
decrease by approximately 10%; if v increases by 5%, p will increase by
more than 5%. For unusual data, the assumptions underlying the
approximations may not be true. For very small data sets, small relative
changes are impossible, so the table is irrelevant.
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APPENDIX B
PLANT INFORMATION, CODE DEFINITIONS, AND SYSTEM POPULATIONS

This appendix contains the plant information used in this report.
Table B-1 gives the plant code, vendor, and calendar hours for each plant.
Table B-2 defines the codes used in the one-1ine summaries of the data; it
gives all the codes except the plant codes, given in Table B-1, ana the
system codes, given in Tables B-3 through B-10.

Tables B-3 through B-10 give the populations of the instrumentation and
control assemblies in the plants and systems considered. The codes for the
systems of assemblies are shown in parentheses. These codes are intended
to be mnemonic: in the codes for sensors, digital channels, and radiation
monitors, the second character is always the code for the corresponding
parameter; the codes for conditioning systems are often identical to the
codes for the corresponding sensors. The arrows connecting the sensors and
conditioning systems show the flow of signals through the channels. If the
trip signal is generated, say, by high pressure or by low level, then a word
("hi" or "lcw") is printed by the final arrow. In more complicated cases,
such as mismatch, no word accompanies the final arrow.
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TABLE B-1. PLANT CODES, VENDORS, AND CALENDAR HOURS

Calendar

Plant Hours
Arkansas Nuclear One 1 B 26304
Crystal River 3 B 17184
Davis-Besse 1 B 11448
Oconee 1 B 26304
Oconee 2 B 26304
Oconee 3 B 26304
Rancho Seco B 26304
Three Mile Island | B 26304
Three Mile Island 2 B 6672
Calvert Cliffs 1| G 26304
Calvert Cliffs 2 C 18264
Fort Calhoun C 26304
Millstone & C 26304
Main Yankee . 26304
Palisades C 26304
St. Lucie C 23592
Beaver Valley 1 W 23160
Donald C. Coox 1 W 26304
Donald C. Cook 2 W 7104
Haddam Neck " 26304
Inaian Point 2 W 20304
Indian Point 3 IP3 n 23976
Joseph M. Farley 1 JF1 W 12210
Kewaunee KE1 w 26304
North Anna 1 NA1 W 6480
Prairie Island 1 PR1 W 26304
Prairie Island 2 Pr2 w 26304
Point Beach 1 PT1 " 26304
Point Beach 2 PTZ W 26304
| Robert £E. Ginna RG1 W 26304
' H. B. Rohinson 2 RUZ W 26304
Salem 1 SA1 W 18000
San Unofre 1 SO1 W 26304
Surry 1 SUl “ 26304
Surry 2 Su2 W 26304
Trojan TR1 W 26304
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TABLE B-1. (continued)

Calendar

Plant Code Vendor Hours
Turkey Point 3 Tu3 " 26304
Turkey Point 4 Tud W 26304
Yankee Kowe YR W 26304
Zion 1 11 " 26304
Zion 2 Zi2 W 26304
Browns Ferry | BF 1 G 26304
Browns Ferry 2 BF2 G 26304
Browns Ferry 3 BF3 G 21000
Big Rock Point BP1 G 76304
Brunswick | Br1 G 19536
Brunswick 2 BRZ G 26304
Cooper Station col G 26304
Duane Arnold DAI G 26304
Uresden 1 DR1 G 26304
Dresaen 2 Dke G 26304
Dresden 3 DR3 G 26304
Edwin . Hatch 1 ENI G 26304
Edwin 1. Hatch ¢ EN2 G 4320
James A, FitzPatrick FP1 G 26304
Millstone 1 MI1 G 26304
Monticello mO2 G 26304
Nine Mile Point 1 NM1 G 26304
Oyster Creek 1 0c1 G 26304
Peach Bottom 2 PB2 G 26304
Peach Bottom 3 PB3 G 26304
Pilgrim 1 PI G 26304
Quad-Cities 1 QC1 G 26304
Quad-Cities 2 Qce2 G 26304
Vermont Yankee VYl G 20304
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TABLE B=3. POPULATIONS OF ASSEMBLIES CONSIDERED:
ALL BABCUCK & WILCOX PLANTS AR1, Cr3, DBl1, OE1, OEZ,
0E3, RS1, TI1, TI2
(Coges in Parentheses)

Analog Channels

Parameter Sensing Device Conditioning System
Flux (N) 8 power range flux —= 4 nuclear powera hi, trip
detectors (=4 (PN)
2-section
detectors) (PN) l
Flow (F) 8 reactor coolant —= 4 power/flow (NF) — trip
flow sensors (RF)
Temperature (T) 4 reactor outlet  — 4 reactor oytlet DL trip
temperature temperature” (RT)
sensors (RT) l
4 pressure/tempera- —= trip
ture (TP)
t
Pressure (P) 4 reactor coolant —e 4 reactor coolant hi b
pressure sensors pressure  (RP) = trip
(KP) Tow
Digital Channels
Parameter Channel
Pressure (P) 0 or 4C reactor building pressure switches (CP) —= trip

a. Inputs to other conditioning systems are analog signals, sent before the
signal reaches a bistable.

b. Each conditioning system has two bistables, one for high-pressure trip,
one for low-pressure trip.

c. Apparently none at CR3; four elsewhere.
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TABLE B-4. POPULATIONS OF ASSEMBLIES CONSIDERED:
ALL COMBUSTION ENGINEERING PLANTS
TWO LOOPS--CC1, CC2, FC1, MI2, PAT, SLI
THREE LOOPS--MY]
(Codes in Parentheses)

Analog Channels
Parameter Sensing Device Conditioning System
Flux (N) 12, 8, or 2% wide range — 4 or Zb rate of al, trip
flux detectors (WN) flux (RN)
C d hi
8~ power range flux —= 4 nuclear power — trip
detectors (=4 2-section (PN)
detectors) (PN)
le
p c,f - low
Temperature (T) 16 or 6 temperature —e 4 thermal margin/ — trip
sensors (RT) //// low pressure (TP)
Pressure (P) 4 pressurizer narrow —= 4 reactor coolant 2, trip
range detectors (RP) pressure (RP)
4/loop steam genera.or — 4 steam generator low trip
pressure sensors (S¢) pressure (SP)
4 or 09 containment — 4 or 0% contain- 2 58 trip
pressure sensors (CP) ment pressure
(CP)
Flow (F) 4/loop reactor coolant —= 4 reactor coolant oy trip
flow sensors (RF) flow (KF)
10 h
Level (L) 4/1o0p steam generator —= 4 steam generator e trip
water level sensors (SL) water level (SL)
Uigital Channels
Parameter Chanrel
i 1 . J
Pressure (P) 4 or 2' turbine oil pressure (loss of load) (OP) --grtnpJ

a. For each channel, there is one fission chamber, and two (one at MYI,
none at PAl) proportional counters.

b. Two at PAl, four elsewhere.




TABLE B-4. (continued)

c. Not counting sensors for control channels,

d. Inputs to other conditioning systems are analog signals, sent betlure
the signal reaches a bistable.

e. This input seems to be absent at FC1 and PA}.

f. Sixteen at the two-loop plants, six for possibly a multiple of six) it
MY, ’

g. None at PAl, four elsewhere.

h. At MI2, this ch2anel has a second Distable, giving an
equipment-protective trip for high water level.

i. Two at PAl, four elsewhere. At SL1 these are digital charnels. At the
other plants, it is not certain whether they cre digital or aialog.

J. This is an equipment-protective trip.
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TABLE B-5. POPULATIONS OF ASSEMBLIES CONSIDERED:
WESTINGWIOUSE PLANTS
TWO LOOPS--KE1, PR1, PRZ, PT1, PT2, RG]
THREE wGOPS--BV1, JF1, KA1, Ru2, 501, SUl, Suz, Tu3, Tu4
FOUR &0O0PS--DC1, DC2, IP2, IP3, SAl, TR1, ZI11, ZI2
(Codes in Parentheses)

Analog Channels

P

-~

aeter

Sensing Dervice Conditioning System

Flux (N)

Temperature (T)

Pressure (P)

[ 1ow (F)

Z source renge flux —= 2 source range flux

detectors (SN) {SiN)
2% intermediate — ¢ intermediate range
range flux fiux (IN)

datectors (IN)

a b
8" power range flux — & power range flux
detectors (PN) (PN)

\
3 or 4d overpower/
delta T (NT)

: e f d
6 ‘or 8 reactor Jord bT-average/

oolant temperature \\aelta T° (DT)

detectors (RT) 3 or 4d over-

‘temperature/delta T

(TT)
d oy S d
3.or 4 pressuriier —. 3 or 4 reactor
pro.sure Sensers coolant pressure
(RP) (RP)
3/loop reacior — 3/1oo0p reactor
coulant flow coolat flow (RF)

sensors (RF

Z/Voop steam flow
sernsors (SF)

2/loop steam flow/
feed flow mismatchn
(FF)

2/'oop feedwater
flew sensors (FF)

5¢

ﬂl. trip

i, trip

% trip

rates

o trip

— trip

low tripf

|

123 trip

_— tripg



[ABLE B-5. (continuea)

Analog Channels (continued)

Parameter Sensing Device Conditioning System

Level (L) 3/1loop steam — 3/1oop steam 12!:12!.trip
generator water generator water
level sensors (SL) level (SL)
3/loop pressurizer —- 3/loop pressurizer — trip
level (PL) level (PL)

Digital Channels
Parameter Channel
Tow g

Pressure (P) 3 turbine low autostop oil pressure switches (OP) —= trip

a. At S01, there are only six power range detectors. The power range and
intermediate range detectors are all usea for the power range conditioning
systems.

b. Inputs to other conditioning systems are analog signals, sent before
the signal reaches a bistable.

C. At three-loop plants and TR1, this channel gives a trip if there is
hign flux, or a high rate of change of flux, or a high negative rate of
change of flux. At the other plants, high flux gives a trip but the rate
of change does not cause a trip.

d. Three at three-loop plants, four at two-loop ana four-loop plants.

e. Six at three-loop plants, eight at two-loop and four-loop plants.

f. Each channel gives a low-pressure trip. At two-loop plants, IP2, and
[P3, three of the four channels have a second bistable for a high-pressure
trip. At the remaining plants, all the channels have a second bistable for
a high-pressure trip.

g. This is an equipment-protective trip. It only occurs in conjunction
with a low steam generator level.




TABLE B-6. POPULATIZNS OF SYSTEMS CONSIDERED:
WESTINGHOUSE PLANT HNI1
(Codes in Parentheses)

Analog Channels

Parameter Sensing Device Conditioning System

Flux (N) 2 source range flux —= 4 reactor startup N trip
detectors (SN) - rate (RN)
Z intermediate range
flux detectors (IN)

\\\ ni ;

6 power range flux —= 4 neutron flux - trip
detectors (= 3 (PN)
2-section
detectors) (PN)

Temperature (T) 8 reactor coolant —= 3 reactor coolant oy trip
temperature temperature (RT)
detectors (RT)

hi X

Pressure (P) 3 reactor coolant — 3 reactor pressure — trip
pressure (RP) ("P)

Flow (F) Reactor coolant flow — reacgor coolant Joy trip
sensors® (RF) flow® (RF)
Steam flow sensorsa — 4 steam flowb fﬂ. trip
(SF) (SF)
Feedwatsr flow — steam flow/fesd — trip
sensors” (FF) flow mismatch

N (FF)

Level (L) 3 pressurizer level —e 3 pressurizer level al trip

sensors (PL) (PL)

a. Population unknown.

b. Not considered for rate estimates, since this system is not used for
trip at other plants.




TABLE B-7. POPULATIONS OF ASSEMBLIES CUNSIDERED:
WESTINGHOUSE PLANT YR]

(Codes in Parentheses)

Parameter Sensing Device Conditioning System

Flux (N) 2 source range flux
detectors (SN)

Rateaof change of 2 trip
//’ flux® (RN)

3 intermediate range
flux detectors (IN)

hi
3 power range flux — 3 power range s

trip
detectors (PN) flux (PN)

Populations for other systems are not known.

a. Population unknown.




TABLE B-8. POPULATIONS OF ASSEMBLIES CONSIDERED:
GENERAL ELECTRIC PLANTS: MODEL 3 and 4 BWRS
MODEL 3--DR2, DR3, MI1, MO1, PI1, QC1, QC2
MODEL 4--BF1, BF2, BF3, BR1, BR2, CO1, DAl, ENI, ENZ,
P1, PB2, PB3, VYI
(Codes in parentheses)
Analog Channels
Parameter Sensing Device Conditioning System
Flux {N) 4 source range monitors —= 4 source range flux 2 trip
{SN) (SN)
8% jntermediate range — 8 intermediate range = trip
(IN) flux (IN)
Manyb local power range — b6 average power UL trip
monitors (PN) range monitors (PN)
C
Flow (F) 4 reactor coolant flow —= 2 flow units (FU)
sensors (RF)
Digital Channels
Parameter Channel
Pressure (P) 4 reactor vessel steam dome pressure 22 trip
switches (RP)
4 containment pressure switches (CP) L 15 trip
: . ] )
4d condenser low vacuum pressure switches (VP) L trip
1 :
4 turbine control fast closure valve LU tr\pe
pressure switches (OP)
4f turbine first stage pressure (FP) low tripg
1 )
Level (L) 4 reactor liguid level (RL) — trip
hi )
4 scram discharge volume water level (VL) —= trip
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TABLE B-8. (continued)

Radiation Monitors

Parameter Charnel

Radiation (R) 4 main steam line rauiation monitors (SR) — trip

a. Six at DAl and VY1.

b. DRZ, OR3, 164; MI1, 120; MO1, 965 PI1, 120; QC1, QC2, 164; BF1, BF2,
BF3, 172; BR1, BR2, 124; CO1, 124; DA1, 84; EN1, EN2, 124; FP1, 124; PB2,
PB3, 172; VY1, 80. Each LPRM is a fission chamber. They are connected,
four to a string. Approximately three-fourths of them are used for reactor
trip.

c. The trip setpoint for flux depends on measured flow.
d. Not present at COl1, DAl, EN1, EN2, FPI.

e. This is an equipment-protective trip.

-
.

Not related to trip, so not counted, at MI1, BRI, or VYI.

g. This permits a trip, rather than initiating one.
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TABLE B-9. POPULATIONS OF ASSEMBLIES CONSIDERED:
GENERAL ELECTRIC PLANTS: MODEL 2 BWRS--NM1, OCI
(Codes in Parentheses)
_Analog Channels
Parameter Sensing Device Conditioning System
Flux (N) 8 intermediate range — 8 intermediate range ai. trip
monitors (IN) flux (IN)
120 local power range — 8 & +-vage power 8% trip
monitors (PN) range monitors (PN)
t
Flow (F) Reactoracoolant flow — 2 flow units (FU)
sensors® (RF)
Digital Channels
Parameter Channel
Pressure (P) 4 reactor pressure switches (RP) El» trip
4 or 8b containment pressure switches (CP) =, trip
4 condenser low vacuum pressure switches (VP) lg!-trip
C ’ g 1ow :
0 or 4% turbine first stage pressure (FP) —= trip
10 :
Level (L) 4 reactor liquid level (RL) -—l!trlp
_ hi }
4 scram discharge volume water leve, (VL) — trip
Radiation Monitors
Parameter Channel
Radiation (R) 4 main steam line radiation monitors (SR) LA trip

a. Populations not available.

b. Eight at AMi, four at OCI.

c. Zero at NM1, four at OCI.
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TABLE B-10. POPULATIONS OF ASSEMBLIES CONSIDERED:
GENERAL ELECTRIC PLANTS: MODEL 1 BWRS--BP1, DRI
(Codes in Parentheses)

Analog Channels

Parameter Sensing Device Conditioning System
Flux (i) 2, 32 intermediate range— 2, 3a short reactor — trip
flux detectors (IN) period (RN)
hi )
6 power range flux — 6 power range flux — trip
detectors (Pi) (PN)

Digital Channels

Parameter Channel

Pressure (P) 4 sphere pressure switches (CP) 18 trip
4 reactor pressure switches (RP) Al trip
0, 4a’b loss of feed pumps pressure switches 19! trip
4, ?a condenser pressure switches (VP) Joy trip

Level (L) 4,?a’b steam dome level switches kL. . trip
4, 0% reactor level switches (RL) 2oy trip

a. Two numbers separated by a comma are the populations ior BP1 and DBI
respectively. A zero means that the assembly is not present. A question
mark means that the population is unknown but nonzero.

b. Not considered for rate estimates, because this system is not used at
other plants.
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APPENDIX C
ESTIMATES
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APPENDIX C
ESTIMATES

This appendix contains 12 sections, each corresponding to one of the

classes of instrumentation and control assemblies defined in Table 1 of
this report.

Each section has the same format. There may be a few remarks con-
cerniig any special features of the data. Then there is a printout of the
estimated parameters, based on all the reported inoperability faults, and a
second printout of the estimated parameters, based on all the reported
reduced capability faults. Following the estimates are a tabular summary
of the data counts and a listing of the one-line descriptions of the
relevant LERs.
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Pressure Switches

The digital channels (and thkeir codes) considered here are: BWR
reactor pressure switches (RP), containment pressure switches (CP), BWR
condenser Tow vacuum pressure switches (VP), turbine control fast closure
valve (loss of load) pressure switches (OP), and turbine first stage
pressure switches (FP).

There is one event for which the number of failed pressure switches is
not known. At FitzPatrick on April 3, 1976, nine drywell pressure switches
had drifted. The plant only has four drywell pressure switches used for
reactor trip. The LER does not say how many of the drifted switches were
in the reactor trip system. For this report, the number was taken to be
three. This affects the estimate of A, when reduced capability faults
are used. The effect is very small, because there are 82 such individual
faults in all.

Be sure to r-:d the section "Application" in the main body of the
report. The following computer printouts give the estimates, followed by
summaries of the relevant data.
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ALL FlUllS IN PRESSURE SWITCHES

A
: g
C AFC _F Sy
Fat, 7 # a1ovtond
euvconrw, DATE ¥ P RO EPURVY ook oescersrion cAuse oescaieTiow
AP1 014496 032376 CP DC P ALé 1 T RY BUILDING PRESSURE SWITCH FATLED TO TRIP INSTRUMENT DREFT
NAL 023480 122878 0P DC P A9 1 N CH L TURS AUTO STOP NIL LOW PRESS SPURTOUS SIGNAL LOOSE TERMINAL SCREW ON PS-LO-609-4
TRL OLT759A 0S0ATT OF Ly P ALS 1 T PS-6309% EXCEEDED ALLOWABLE SETPOINT LINIT INSTRUMENT SETPOINT DRIFT
BFL O17077% 012677 VP OC P AL 3 T PS-2-1As18,8A WERE FOUND OPERATING BELOW TECH SPEC SETPOINT DRIFT
AF1 021560% 053078 FP DC P AL4 3 T PS=1-81AsALE,OLB(TURBINE PRES PERMISSIVE) DRIFTED SET POINT ORLFT
RF2 016393 111576 0P DC P BO2 € 1 T EWC LOF PRESS. SN:TCH (PS-87-142) FAILED SWITCH PLUGGED WITH TEFLON TAPE
BF2 019395 101977 CP DC P Als ' o-vusII-;;E§§BIE_557725.531;723-;;vono SET POINT  SETPOINT DRIFT OF PS-64-36C
BF2 023292% 121178 RP OC P ALS 2 1 RYX HIGH PRESS SWITCHS PS-3204A»8 EXCEEDED TS LINIT SETPOINT ORIFY
AF3 017529 031477 CP OC P Al4 i T ORYWELL WIGH PRESS SWITCH PS-64-36A EXCEED TS LIM. SETPOINT ORIFT
BPL 020937 040778 VP DC P ALS 1 1 VACUUM SWITCH Stito|§7°?ouno T0 BE OUT OF T¢S TOL. SFTPOINT DRIET (NINOR)
BR1 017082 012677 CP DC P AOS I T HIGH DRYMELL PS C71-PS-NDOZC FOUND 1O WAVF FOR.SUB FOREIGN SUBSTANCE BEEN TMERE SINCE 1STAL
AR2 014138% 011076 CP DC P Ais 4 T WS MIGH DRYWELL PRESSURE SWITCHES FOUND OUT OF CA SFTPOINT ORIFT,OF C72-NOOZAB,C AND €
AR2 014547 012476 CP OC P Al4 L T WIGH DRYWELL PRESSURE SWITCH FOUND WIGH 00C SETPOINT DRIFT OF C72-NOOZA
BR2 014392 013176 €P OC P Als 2 T RS WIGH DRYWELL PRESSURE SWITCHES FOUND 00C WIGH SETPOINT DRIFT OF C72-NOOZC AND 0
RR2 015398 060876 CP DC P Al4 2 T WIGH DRYWELL PRESS SWITCHES FOUND_ 0uT OF CAL SCTPOINT DRIFT OF 2-C72-PS~-NOO2C AND D
AE2 015397 061976 RP OC P Al4 4 T MP SCRAN PRESS SWITCHES FOUND OUT OF CAL MIGH SETPOINT DRIFT OF 2-821-PS-NO23As8,C & D
BE2 017588 031377 AP OC P Als L T RX WIGH PRESSURE vulv.rntss “Sw FOUND 00C HIGH SETPOINT DRIFT OF 821-PS-N0238
AR2 018179 061277 RP OC P Al4 L T RX WIGH PRESS TRIP PRESS SWITCH FOUND OUT 0F CAL. SETPOINT ORIFT OF 821-PS-NO23D
COL 016713 111676 OF OC # 802 U 1 N OURI: STARTUP PRESSURE SWITCH TRIP CAUSED @PS TRI PRESSURE SWITCH LEFT ISOLATED AFTER SURVE
COL OLA441s 0BORTT OF DC P ALS & T TGF PRESSUME SWITCHES FAILED TO DPERATE WITHIN LI SWITCHES MAVE EXCESSIVE SETPOINT DRIFT
DR2 014189 020776 CP OC P ALS 1 T DRYWELL ;;é;-;;E;;-;E;;;-;E;EOI"SZIOZII SETTING W SETPOINT DRIFT
DR2 015023 081676 RP OC P AL4 1 T REACTOR WIGH PRESS SCRAM SWITCH PS226335C AROVE L1 INSTRUNENT SETPOINT ORIFT
DR2Z 015024 061676 RP OC P ALS L T REACTOR WIGH PRESS SCRAN SW PS226355A ABOVE LINITS INSTRUMENT SETPOINT DRIFT
DR2 019903 112977 FP DC P AL4 1 T TURBINE FIRST STAGE PS-304C TRIPPED ABOVE SPEC INSTRUNENT DRIFT
DR2 021159 042478 FP DC P AlS L T TURBINE FIRST STAGE P5304D FRIPPED ABOVE SPFC INSTRUNENT SETPOINT DRIFT
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ALL FAULTS IN PRESSURE SII!CHES

HODE DESCQIPIION

HIGH PRESS SCRAM SWITCH FAILED TO lll' AS REOUIRFD

- ——

PS 504C t D 1ST STG TURB PRESS ElC!EDEO LINITS

- - —

DRYWELL 'lESS Sw 0%5-RL-16 INOOEIAIIVE

-

NINE HIGH DlVlEll SIIVCN!S SGI’OIN'S VERE HIGH
IEACYDI NIGN 'lESS SU 1-1-550 flllED TO ACTUATE
CDNDENS!I VAC SwITCH DUT OF lot!lln(! 8Y 0.1 IN HG

-

IUIRINQ CON' VALVE ACC RELAY 'lESS SI EARLY TRIP

- -

2 OF &4 HIGH DRYWELL PRESS SIIIC“ES tll’ HIGH

- -

DRYWELL ”IGM PRESS SCIAR & CONTY ISOt SW TRIP HIGH
2 OF 6 CONO Low VAC SCRAN SW IIIP'CD DUTSINE T.S5.

CONDQNSQ. LOw VAC SW TRIP LESS CD"SE.' THAN T,.5.
DIVUEII.NXG“ 'IESS SW IRIP 2.'9'3' 'ICE 2rst
DRYWELL HIGH PRESS S TRIP 2.1PS1 VICE 2951

MIGH DRYWELL PRESS TRIP 3.35 VICE 3.5 PSIG

- ——

OIVUElt Nl OIESS SCRAN SENSOR TPD A' 2.1 ¥$ 2.0

RX M1 'IESS SCRAM Sw REO3IC 'IIPS lFSS CONSRY THAN

COHD LOW_VACUUM SWS PS-2-3- 114, 86D TRIPD LOVP THAN
RX WI PRESS SW PS-3-2-3-338 NOULD NOT TRI®

COND LO VAC 5w _PS-3- 5-11A TRPD 0.26 IN BELOW TS

L0 VAC SCRAM PRES Sw PS-503860 SET AT 22.9 V5 231N
WI DRYWELL PRES PS-312A, 86D FOUND TO WAVE MINOR

®x W1 PRESS SWS PS-263- ssuic AT 1108 vs 1085 P5IG
WAIN TURS FRST 516 PRESS SWS P5-1-504AG8 SET GT TS
TURS FRST STG PRESS Sw OUT OF “CAL-401 VS 400 #SIG

TURR FST S'G LO PRES SW PS-1- DONA 'I'D 401 VS 400

- ——

PAGE

CAUSE OES(RIPIIOI

ADJUSTED MECHANICAL STOP OF BOURDON JUBE
INSTRUMENT SETPOINT DRIFY

MOISTURE IN SENSING LINE BLOCKED SIGHMAL
NORMAL DRIFT AND YOO CLOSE TO T S LIPITS
INCORRECT AOJUSTMENT OF MECHANICAL STOP
DIT-H1BSS VAC/PRESS Sw INSY DRIFTY
PT2AA-997 PRESS SW SETPOINY DRIFY
SFTPOINT DRIFT OF BARTON SWITCHES

MODEL 288 0-5PSI PRESS Sw SETPOINT DRIFY
MNDEL DIT-HLIBSS PRESS SW SETPOINT DRIFY
BARKSOALE PRESS SW SETPOINT DRIFT
INSTRUMENT ORIFT OF BARTON 288 SwITCH
BARTON 288 SW SETPOINT DRIFY

BARTON INSTRUMENT SETPOINT DRIFY
INSTRUMENT REPEATABILITY-CAT NO. 2N-Ké&
TS~SENSOR REPEATABILITY-9 PSI GV DES SETG
TS LIMIT-SETPY DRFY~-MOD DIT-H18SS PRES SW
FAILURE OF ZEN DIDDE IN TRIP UNT-XET-120%
SETPOINT ORIFT-BARKSOALE MDD DIT-*18SS PS
MINOR SEVPOINTY DRIFT

SE(POINT DRIFT ON LOW PRESSURE INSTRUMENT
SETPOINT DRIFT-0-1500 PSIG-MOD B2T-A125S
INSTRUMENT SETPOINT DRIFTY

INST STPOINT DRFT-TOLERANCES TOO CLS LCO
INSTRUMENT SETPOINT ORIFTY
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ALL FAULTS IN PIESSUIE SlllCHES

F
CON'.NU.

I Emo»e

Y
4 MODE DESCRIPTION CAUSE DESCRIPTION

e e e e —— - - -

EHC PRESS SW 1-5600-P°-3 VIPD AT IOO VS 9008 DFCRS INSTRUMENT SETPOINT DRIFY
TURB FRSY STG PRES SwS PS~ I'SOQA(B KICGEDFD TS LAY SETPOINT DRIFT-SETPOINT SAME AS LCO

- —

TURB FRST STG PRES SW TRIPPED AT 407~TS LIMIT-400 [INSTRUMENT SETPOINY DRIFY

- —

TURB FRSY STG PRES SWS PS-2-504CED EXCEED TS LIMIT INST SETPOINT ODRIFT ~ STPT TOO CLSE (CO
"A® RPS TURB FRST STG PRES SWCHS EXCEEDED TS LIMIT INSTRUMENT SETPOINY DRIFY

———— - ————— -

ELETROHYD LO PRES SCRAM Sw TRPD 15 PSI BELOW TS INSTRUNENT SETPOINY DRIFY
TURB FRST STG PRES SW TRIPPED AT 609 VS 400 PSI INSTRUMENT SETPOINT DRIFT-INST REPLACED

DRYWELL HI PRESS SCllﬂllSDllllOﬂ SU'CNS (1 OF 4SW) SETPT DRIFY MODEL # 12N-AAS
ORYWELL HI PRESS SClAIIlSOlAlI SI l 030VS.2.00 DRIFTD .1 PSI OVER ONE MONTH

023382 112278
013162¢ 077474
01”118 D11B77
018120* 042277
019%7T* OT2277
018656 OTF257TY
o1710% 082217
G15741 0R30TS
oi7138 020177

L4
4
L4
L
L4
L
L4
L4
L4

- e NN e A e
T O I I

PAGE 3




Reactor Liquid Level Switches

These digital channels are coded RL, and they occur only in BWRs.
They are treated separately from the water level switches for the scram
discharge volume, because of the apparent underreporting for the scram
aischarge volume switches.

The only observed common cause faults involved reduced capabiiity

rather than complete inoperability. Therefore, most parameters cannot be
estimated based on inoperability faults.

Be sure to reaa the section "Application" in the main body of the
report. Tne tollowing computer printouts give the estimates, followed by
summaries of the relevant data.
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INOPFRABILITY FAULTS IN REACTOR LIQUID LEVEL SWIVCHES
RATES ARE PER CALENDAR HOUR

TRIPLE COF NUMAERS SHOWS (LOWER BOUND, POINT ESTIMATE,
LOWER AND UPPER BOUNDS FORM 90 PERCENT INTERVAL

LAMBDA = t 2.1E-13 3.3E~06, 1.8FE-05)

LAMBDA = ( 3.4E~-09, B.B8E-07s 3.4E-06)
.

OMEGA * { 3. AE-09y B.BE-07s 3.NE-06)

NO DATA WERE NASERVED FOR ESTIMATING OVHER QUANTITIES

UPPER BDUND)



£l

PELUCED CAPABILITY FAULTS IN REACTOR LIQUID LEVEL SWITCHES

RATES ARE
TRIPLE OF

P =
LAMADA =
llHGDl‘ -
OMEGA -
SYSTEM

SIlE
L]
4 (
SYSTEM
SIZ¢
L]
& t

PER CALENDAR HOUR
NUMBERS SHOWS (LOWER BOUND,

«299, +593, .848)

2.3E~-08, B.BE-06s 3.5E-09%)
1. 0E=06y &4.4E~06s 9.7E~06)
3.1E-07y 2.6E~06s 6.8E-06)

RATE"
LY

1.1E-06, 4,76-06s 1.1E-05)

POINT ESTIMATE, UPPER ROUND)
LOWER AND UPPER BOUNDS FORM 90 PERCENT INTERVAL

RATE FOR
S’ECIFIC'SOﬂPONENI

{ 3.06-06, 1+4E-05,

4.0E~05)

BETA FACTOR

t «046s 305, 5562

RATE FOR SET OF X SPECIFIC COMPONENTS

R2
1.1E=06, &.3F~06, 9,3E-06)

R3
( 7.6“07’ 3.8E-08,

B.56~06)

Re
{ 6.06-07, 3.4E~06s R,0F-04)
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ALL FAULTS ll REACTOR thUlD LEVEL SII'CNES

NDDE DESCll!llON

-

TWO RX WATER LOW l!'!l SC!AN SHI'CN!S

-

RX L4 WATER

- ————

RX LOW WATER LEVEL INST.

- ——

SCRAN SWITCHES BZ1-LTS-NOLTAs8,C AND D FOUND 00C
RX LOW WATER LEVEL SW 2-821-LIS-NO24 As8,258 ACT L
RX LOW WATER LEVEL INST FOWND NUT OF CALISRATION
RX LOW WATER LEVEL #1 INST FOUND OUT OF CAL LOW
REACTIOR WATER LEVEL INST 2263578 ACTUATED ABOVE LI
WATER LEVEL SWITCH LIS226357A ABOVE SPEC
REACTOR LEVEL SWITCH L152-263-378 ABOVE LINITS

REACTOR

RX WATER LEVEL SW 821-NO178 EXCEEDED LINIT
LEVEL_OUT OUT OF SPEC_AND COULD NOT

INST 2821-NOL7C COULD WOT BE CALIBRATED
LEVEL SW 2821-NOL7C SETPOINT DRIFI

RX lGVEl LO-LO-LO TRIP AT 119 VICE l!! INCH

Rx lOI-tO& LEVEL TRIP AT 1L IN VICE 9 INCH

RX lOU l!'!l TRIP 00' 0‘ ADJUSIIEIV DID NOT TRIP

FOUR Il l'l SIVCNS US!D fDl SClll Iﬂl LESS CONSY
RX lVl Sv LIS l 2 !-1010 couLo NO‘ Oll ACC RESP TI
RX WTR LVL SWS LIS~ Z.!-;?l‘l IIIPDED 6T TS LINITS
RX lO-I'I LVL Sw 1 1S I-ISE-SIO SEI-AY 7.3 VS 8 IN

REACTOR WATER !i'El SWITCH !lCEEDED TS LImIr

WERE +20 1IN,
LEVEL SI(VCN L15~3- 20)0 FAILED TD OF,
FOUND OuT 0‘ CALIARATION

AND couLo Nﬂ' BE CALIBRATED

CAUSE ODESCRIPTION

SETPOINT DRIFTED BELOW SPEC. (LIS-3-7038)

RFFERENCE LEVEL COLUMN B WAS NOT FULL

ERRATIC MICRO SWITCH WAS REPLACED
SETPOINT DRIFT,INST.0 A21-LIS-NO1TS

SETPOINT DRIFY

CYRCUIY DESIGN VSED HWIGH LEVEL SWITCPES
INTRUMENT ORIFT OF B21-LIS-NOLTS

DRIVE ARN LINKAGE SLIPED ON B21-LIS-MO1TD
INSTRUMENT SETPOINT DRIFTY

INSTRUMENT SETPOINT DRIFY

INSTRUMENT DRIFT

SETPOINT DRIFY

SENSOR FAILED AND WAS REPLACED

SENSOR FAILED ANU WAS REPLACED

BARTON 288A SW SETTING HAD DRIFTED
INSTRUMENT SETPOINT ODRIFT

SETPOINT DRIEFT

SWITCH ODUT OF ADJUSTNEAT

THAN TS-DEFICIENCIES IN TEST PROCFDUFRE

ME-DEFECTY MICRO SW ~ MOOEL 2884 LVL IND

MINOR SET POINT DRIFT

INSTRUMENT SETPOINT DRIFY

LO=-LO RX WIR LVL SW LIS=1-"63-72A FAILD TOD DOPERATE NFRCOID SWCH MISALGND W CAM-MNTD MAGMET

1



Scram Discharge volume Water Level Switches

These digital channels are coded YL, and they occur only in BWRs.
There are no LERs for them. This may be due to underreporting in the
period 1976 through 1978. Because no common cause faults were reported,
oniy a few parameters can be estimated.

Be sure to read the section "Application" in the main body of the
report. The following computer printouts give the estimates. No summaries
of the data are given, because nc faults were reported.
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Source Range Flux Sensing Devices

These sensors are coded SN. No common cause faults were reported, so
most parameters cannot be estimated. The very wide interval for a» is

strongly influenced by a single sensor that is reperted to have failed six
times.

Be sure to read the section "Application" in the main body of the

repert. The following computer printouts give the estimates, foilowed by
summaries of the relevant data.
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Intermediate Range Flux Sensing Devices

These sensors are coded IN. No common cause faults were reported, so
most parameters cannot be estimated. Be sure to read the section
"Applicat.on" in the main body of the report. The following computer
printouts give the estimstes, followed by summaries of the reievant data.
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Power Range and Wide Range Flux Sensors, Except for LPRMs

The sensors included here are the wide range neutron flux sensors
(coded WN) at Combustion Engineering plants, and the power range neutron
flux sensors (coded PN) at PwWKs and at Model 1 BWRs. No common cause
faults were reported, so most parameters cannot be estimated.

Be sure to read the section "Application" in the main nody of the

report. The following computer printouts give the estimates, followed by
summaries of the relevant data.
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Local Power Range Monitors (LPRMs)

These are the power range neutron flux detectors (coded PN) in BWRs,
except for Model 1 BWRs. They are cennected in strings, with four LPRMs to
a string. Usually, three of the LPRMs on any string are connected to
average power range monitors (APRMs), and so used for reactor trip. The
remaining LPRM is usea for other functions such as control. However, this
varies from plant to plant. Also, within any plant the exact wiring changes

during plant operation, when LPRMs become unusable and other LPRMs are used
instead.

When an LER reports a fault involving an LPRM, it is sometimes not
possible to decide if the LPRM was being 'sed for reactor trip or not. |In
every case, it is at least possible that the reactor trip system was
involved. Therefore all the LERs involving LPRMs are used, five reports in
all. The extent of underreporting of LPRM faults is not known.

It is conceivable that plants do not submit LERs for LPRMs that are
not connected to APRMs. 1If this is the case, then tne relevant population
sizes for this report are approximately three-fourths of the sizes actually
given in Appendix B, and the estimates should be changed accordingly.

For reduced capability faults, no common cause faults were reported, so
most parameters cannot be estimated. Be sure to read the section "Applica-
tion" in the main body of this report. The following computer printouts
give the estimates, followed by summaries of the relevant data.
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Reactor Coolant Temperature Sensors

These sensors are coded RT, and are used in PWRs.

The LER for St. Lucie on February 3, 1978, refers to delayed response
times in “selected channels." The number of affected sensors is coded as
three in the data summaries, but the number is really unknown. Tnerefore,
this LER is used for estimating A, but not for estimating p.

Be sure to read the section "Application" in the main body of this

report. The following computer printouts give the estimates, followed by
summaries of the relevant data.
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FAULTS 1IN IFAClOI COOLIN‘ TEMPERATURE SENSOPS
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Pressure Sensors

The sensors considered here are used in PWRs. The quantities measured
(and their codes) are: reactor coolant pressure or pressurizer pressure
(iP), steam generator pressure (SP), and containment pressure (CP).

For reduced capability faults, no common cause faults were reported,
so most parameters cannct be estimated. Be sure to read the section
"Application" in the main body of this report. The following computer
printouts aive the estimates, followed by summaries of the relevant data.

109



(90-39°1

(90=49° 1
(90-39"1
190-39"1

40-32°% *60-31°2

“L0=-32*y *80-31°2
L0-32°%y *62-31°2
“10-32°y *80-32°2

L2 ]

(%09° *122* “»00°

(909" ‘941" *s00*
(LeS* “Eol* “L00°
1965 *g22° *110°
(2€8° *122* *110°

3G10v3 <i38

(950-39°1

(90-39°1
(90-39*1
(50=-39*1
(50-39°1

“L0-35"Y

‘2 0-3v"y
S$10=-39"%
*L0-35°Y
LO=36"Y
(3

SININOJWOD J141034S ¥

(90-32°€ “90-39°7
(90-36°2 *90-35°7
(90-30°€ “90-3¢°1
(90-31°%E “90-39°1
(90=-32*€E *“90-32"1
la
IN3INDdROD D1
403 3iv

(ONNOE 83¢dn

4
L]

“60-39°2

‘60-39*2
“60-3¢L°2
‘60-38°2
“60-30°¢

40 135 »04

‘L0-3%°¢

“L0-3%°¢
10-31°¢
‘L0-3%°9
“L0~38"9

13348

(90-34°1 “10-31°¢

190-34°1 “10-36°%
(90-32°1 “L0~-36"y

(90-31°

T “L0-31°¢

(90-3L°T *10-32°¢

vs

[1.]

(%0-32°T “s0-38°1

($0-3T1°E “60-36°¢
1§0-39°y “c0-3u°6
(§0-32%¢ “%0-38°1
(90-32°1 *s0-3€°2

(90-3¢*1
(90-31"¢
(90-36°1

JAin

“L0-30"% “eC-39°1
90-32°1 “L0-3%°1
“L0-31%9F *“10-30°¢
(LLs*® *Se1°

‘60-3E"%

‘60-3€°Y
“60-39"%
“60-3L"S
“60-39°*9

“10-30°%2

“L0-30%¢
“lL0-32°2
“L0-38°2
‘20-32"¢

‘00"

TVAM3INT IN3D¥3d 06 wWa04 SONNOR ¥3ddN
‘ONNDE ¥3A0T) SAOHS SH3emnN
UNOH avON3I YD add

“ILVRILS3 IN104

LALEET Y

21

L]

-

-

U
»wn

1Iva3A0
21
L]

v
3
B
37is
W3LSAS
\EELIY

*
vOdwvl
YOouwy

4

ONY #3M0)
40 34191
Jav Siivye

SHOSNIS 3aN5.38e NI SLIOVS ALIVIEVAIGUN]

110



L

REDUCED CAPABILITY FAULTS IN PRESSURE SENSORS

RATES ARE PER CALENDAR HOUR

TRIPLE OF NUMBERS SHOWS (LOWER BOUND, POINT ESTIMATE,
LOWER ANO UPPER BOUNDS FORM 90 PERCENT INTFRVAL

LAMBDA = ( 1.7E-10, 2.5E-06s 1.2E-0%5)
llﬂ!Ol. { 1.6E-09s 4.UE-07¢ L.5E-06)
OMEGA = { 1.4E-0Ts 1.2E~06s 3.1E-08)

NO DATA WERE OBSERVED FOR ESTIMATING OTHER QUANTIVIES

UPPER BADUND)
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Flow and Level Sensors

The sensing devices considered here all measure flow or level by
measuring a difference in pressure. (The scope of this report does not
permit checking each plant to find possible exceptions to this assertion.)
The quantities detected (and their codes) are: steam flow (SF,, feedwater
flow (FF), reactor coolant flow (RF), steam generator water level (SL), and
nressurizer level (PL). SL sensors are at Combustion Engineering and
Westinghouse plants. SF, FF, and PL sensors are at Westinohouse plants.

RF sensors are at virtually all plants.

Be sure to read the section "Application" in the main body of this

report. The following compu*er printouts give the estimates, followed by
summaries of the relevant data.
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015358
015859
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016770
017869
023529
021949
022695
023381

o%c2717
022378
092878
o11878
LLFLY 2
082977
o%0717?
112278
012676
030876
o8leT?
0A2477
020278
032677
091376

100776 ¢

091676
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010177
010377
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ALL FAULTS IN FLOW AND lEVEl SENSO'S

MODE DESCRIPTION

4 ICS 'tﬂv lNS'IUﬂ!N'S out OF CALI.!A‘ION
RPS
RPS
RPS
RPS
RPS

-

lloltl'lﬂl HIGH

- - —————————— -

-

RPS
IIII wge CaLtE- 90! out OF S'EC

LEVEL

LOOP 2 CH C STM GEN OP NlGN!l YHAN O'N!I 3

Looe 2 CN C STM GEN D¢ NIGNEI DUI 0‘ SPEC

Lo sto D!' CHNLS FOR 364 PUNP 0'(! HUDES EXCEED TS
COOllNl FLO XMTR '0'°°lllll READ l 'Cl HIGH
6 lVl INS' ll~07SlC S' '! 40 lﬂ - OU'SIDE TS LAIY

1A S'Ell GENERATOR LEVEL FAILED lDl

$/G LEVEL TRANSMITTER EXCEEDED LINIT.(BLP=120)
FEED FLOW TRANSNITTER EXCESSIVE ERROR (FFC-211)
'IESSB'IX!. LEVEL TRANSMITTER EICE;SKVE ERRNR
PRESSURIZER LEVEL TRANSNITTER EXCESSIVE ERROR
REACTOR COOLANT FLOW TRANSALTTER ERROR EXCESSIVE
$/G LEVEL TRANSAITTER ERROR EXCESSIVE (8LP=120)
PRESSURIZER LEVEL DEVIATION BETWEEN INDICATING CHA

-

DIESSUIIIEI LEVEL llbltl'lo& l!ADlNG HIGH (CH-1)

’IESSUIIIEI lE'EL INDICAVIDN CNA“NQl VARIATION

'IESSUIIIEI Li'El CHANNEL OIVIAYION TOO GREATICH-3
PRESSUIllEl LEVEL INDICATION I!lblﬂﬁ LOW (CH ONE)

(M ) Loop 2 NOY LEG FLOW fllCll) INOPERABLF
CH 1 LOO' 2 FLOW TRANSMITVER FAILED LDV

CH D lll' UNITS IVPCSSEO.S'UIKOUS LOW FLOW TR,
CH D TRIP UII'S l"lSSEDnS'UIIOUS LOW FLOW TR,
CN D TRIP UNIVS IVPASSED-SPUIIOUS LOW FLOW TR,

CAUSE DESC!I'!IDN

CALIARATION ORIFT OF D/P TRANSMITTERS
DEFECTIVE AMPLIFLER EN FLOW TRANSMITIER
DEFECTIVE AMPLIFIER

LEAK DUE TO BLOWN GASKETY

STEAM LEAK IN AREA OF LOVW FLOW XNITTER
STEAM LEAK IN AREA OF LOW FLOW XMITTER
STEAM LEAX IN AREA OF LOW FLOW XMITTER
GE/MAC 355 XMTR DRIFTED OUT OF TOLERANCE
MODEL 368 DP XMTR FOREIGN MATTER PRE SENT
MODEL 368 OP XNTR BAD LEROD ADJ POV
IERDESPAN DRIFT-NOD 296 W MOD 199 BELLOWS
LNSES ACCRCY WHEN PRESS ST 2000-S/N Es916
SETPOINT DRIFT-EASILY RECALIBRATED
FAILED TRANSMITTER

ZERO SETTING SHIFTED AND REOCCURRED
PFRSONNEL ERROR VALVING OUT TRANSMITIER
IFRO MAD DRIFTED LOW ON TRANSMITTER

ZTERD MAD DRIFTED LOW ON TRANSMITTER
SETPOINT DRIFT (FT-426)

PUSYT FORMATION AT FLEXURE BAR PLATE
PARTIAL LOSS OF ‘¥ REF LEG (CH I & I1)
GAS POCKET IN REFERENCE SENSING LEGS

GAS POCKET IN REFERENLE SENSING LINE (CH-3
GAS POCKET IN SENSING LINE

GAS POCKET IN SENSING LINC

1
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NALl
MAl
eR2
PR2
Sal

CONT.NOD. Ol;t ;

02097194
0209798
020933
021877
021948
022233
018774
o1ris2
0168642
023223
019696
014300
0146396
016118«
017156A
0171568
0173712
021391
02188)
0218629
022571
022593
0201264
0201268
017015%

032478
032478
040178
061878
071078
080278
oros517
04a2877
121276
112178
ey
022376
010976
092878
0215717
021517
032317
050478
0s1178
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092778
100278
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ALL FAULTS IN FLOW AND LEVEL SENSORS

- —

MODE DESCRIPYION

STEAM ELOW-FEED FLOW MISWATCH (5/6 & CH 1)

STEAM FLOW-FEED FLOW WISMATCH (S/G & CH 2)

$/G & FEED FLOW CHANNEL 2 FAILED
P!ESSUIIlt;.IE;E[-E;:;;;I-;—I;;;E:IING HIGH

STEAN FLOW CHANNEL WFC-120 WAS READING LOW
vn(ssﬁnxlsa LEVEL CHANNEL 3 |nolE:?|us WALFUNC TION
PRESSURIZER LEVEL #3 DIFFERS FROA 01 6 2

LT-460 LEVEL XATR OUT OF TOLERANCE WIGH

LEVEL lﬂl' QUTPUT DRIFTYED HWIGH

- ——————————— - —

Pl!SiUlllEl l(VELoCN 3, SHOWED l!VEl FALLING KIGH

PRI® LEVEL IND LT-461 READING LOW_
PIR LEVEL LT-427 FOUND OUT OF SPECIFICATION LOW
MAIN STEAN FT-464 OUT OF vﬂlEIIlCE NON-LINEAR

PIR LEVEL TRANSHITTERS (21 TRIPS TLESS CONSERWATIVE
2 0F 3 PIR LEVEL XWTRS TRIP SETTINGS NON-CONSERVA,
L OF 3 PZ® LEVEL XNIRS TRIP SETTINGS NON-CONSERVAT
STH GEN LEVEL CONTROLLERS LACK JF CONTROL

PIR LEVEL XATR OUT OF CAL LESS CONSERVATIVE

1 RCS_FLOW KNTR EACH LOOF OUT OF CAL LESS CONSERY
PR LEVEL IDICATING WIGH, LESS CONSERVATIVE

RX COOLANT LO-LO FLOW TRIP NON-CONSERVATIVE

CH 111 56 LEVEL INDICATION 5% DEVIATION

1 PROTCN SYS XNITR DRIFTED ST BISTBL STPTS GT TS
2 PROTCN SYS XMITRS DRIFTED ST SISTAL STPTS GT TS

NO 13 S/G STM FLO CH 1 HAD INNACCURATE FLND STGNAL

PAGE

CAUSE DESCRIPTIDN

- ——— - —

TRANSAITTER AND SENSING LINES AIRBOUMND
TRANSHITTER AND SENSING LINES AIRBOUM
TRANSHITTER SENSING LINES AIRBOUND

LEAK IN REFERENCE LEG TEE FITTING
TRANSMITTER HAD A ZFRD SHIFTY

GAS PODCKET IN SENSING LINE

NORMAL INSTRUMENT ORIFT

XMTR G13HM-H DRIFTED OUT OF TOLERANCE
BLOCKED SENSING LINE TO XNTR

BLOWDOWN VALVE LEAKING

DELTA=-P UNIT LT~-461 DEFECTIVE

TERD DRIFT LOW

DEFECTIVE BELLOWS IN TRASMITTER
INSTRUMENT ORIFT

DRIFTY

DEFECTIVE BELLOWS

CROSSED INSTRUMENT TAPS BETWEEN 2 CHANNEL
BARTON LEVEL XATR INSTRUMENT ODRIFY
FOXBORD FLOW XMTR INSTRUMENT DRIFT

BARTOM PIR LEVEL XMIR INST DRIFY

XMTR CAL PROCEDURE W/0 ELEVATION COMPENSA
LT~1496 MANIFOLD GASKET LEAK

INSTAT DRIFT = NO SINGLE CAUSE ESTABLISHD
INSTAT DRIFT - NO SINGLE CAUSE ESTABLISHD
XMTR DIAPGM & LINKG FLO-ROD 6906A535(A69

2
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oLTT759¢C
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oL7858
018375
018530
0195200
013538
019521
019516

-

062378
081578
112878
113778
120178
062878
112678
101178
111578
021778
050477
050477
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030576
022617
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osleT?
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ALl ‘lUl'S IN FLOW lND LEVEL SENSORS

MODE DESCRIPTION

- —— - —

NO ll $/IG STH 'lo Cw 11 OUT-OF~ SPEC LOw

- -

NO l’ $/6 Lyl tN l' TRIP POINT EICD TS LINLTS

o ———— - ————— - —

PRESSURIZER LEVEL WAS READING 10 PCT GT OTWER CHLS
$I6 S IS FYCEEDED

NO 12 5/G LVL CH I11_FOUND TO BE INOPERABLE

UNIT I TRIP AT 330MW_SPURIOUS LOW FLOW SIGNAL

“C* FEED FLOW SUDDEN INCREASEILOSS OF 1 STEAM/FEED

LEVEL L-1-439 DRIFTD HI--0 ADJUSHNT §

- —— - ——

NO l! SIG STh 'lo CH I CAL DATA SNOV!D

CHAN 1 PREZ,
CHAN 1 OF PREZ LEVEL LI-1-439 DRIFID LOW
20F3 PREZ LEV. TRANSAITR
LT-461 SETPOINT EXCEEDED
LT-537 SETPOINT EXCEEDED
FOUR OF 12 56 LEVEL INST

S«GEN. 1C FEED FLOW XNTR

lllOUlCLE llll!
ALLOWABLE LINILY

LFT=-520 FAILD HI

10 STEAM GEN FLOW INDICATION LOW -REDUND CHAN AVAL
FLOW IND 1FI-3533 ON S/6 1D CHAN I LOW READING

LOOP D STEAM FLOW INICATR READING O LBS/HR
lF'-S!J STEAM FLOW XMTR SPIKING tOI

QUY OF CALIBRATION

S("DINIS OUI OF SPEC-92%

1FT~ 533 STEAM FLOW XMTR FAILD YO lElO } REPLACED

XMTR IFV 510 OUT OF TOLERNCE FOR LOOP A

- — - —— - ——

LOOP 10 STEAM FLOW IND. Fhllb LOw

nr- 5)795)0 € 539 S6 l!'l XMTIRS ;I INONCONSFRVATY)
PR liVl INTI ILT-481 'OUND LOlllESUlI NONCONSERY,

Wwr- le '1' lEVEt XMTR FOUND lO! IESUL'INOHCONSER'

L3 COOl"l leI KNTR I"-QZS NIGN llO“CONSE!VA'lV!'

PAGF

CAUSE DESCRIPTION

INSTRUMENT ORIFT [N NONCONSERVATY DISCIN
TRANSMITTER ORIFY

STRAIN GAUGE DVLPD MI RES IN OUTPT BFIDGE
ZERD SHIFT CSD BY S/D & S/U OF UNIT
PARTIALLY CLOGGED SENSING LINES

FAILD FEEDBACK MOTOR IN FLOW TRANSHITTER
FLOW STRAIGHTNR DISLODGED AGAINST DRIFICE
LEAKAGE THU TRANSHITR BYPASS/EQUAL . VALVE
DRIFY IS INTERMITTENT JUNKNONN CAUSE ) FECAL
LT-459-93% € LT~461-92.08% ELECTRONC DRIF
INSTR SETPOINT DRIFY

INSTR SETPOINT DRIFT

“NORMAL®™ INST. DRIFT; CALIS WHEN COLC
LOOSE LINKAGE BETWEEN FORCE BALANC & DISC
DEFECTIVE COIL ASMBLY IN FLOW XNTR

FAD'D COIL ASMBLY ON XWTR

LOSS OF FLUID IN DP XWMIRj REPLACD XMIR
LOSS OF XMTR FLUEID FILL} REPLACED xMIR
APPARENTLY DUE TO ENTERMITYNT CONNEC TION
TFRO SHIFT OF THE XMTR

OF LINES PLUGGD wITH SEDIMNT} WATR HANNER
TERD SHIFT TO ALL 3 XAWIRS

ZERD SHIFT OF THE XMIR

DRIFT OF BARTON MODEL 386

IERD SHIFT OF XMTR

3
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ALL FAULTS IN FLOW lID l!'!l SENSORS

- — - —

MODE OESCRIPTION

RX COOLNT FLOW XMTR 1FT-444 HIGH (NONCONSERVATIV)
RC FLOW XMTRS 1FT7-43% £ 0!6 HIGH (NONCONSERVATIVE)

- - ————

PIR LEVL XMTR JLT-459 nut OF TOL LOW (NONCONSERVT)

- ————— - —

SYEAM FLOW IND 1FI-513 SIG Loor l lOi (NONCONSERY)

1A S/6 LEVL IND.

-

1LI518 Nl lNDNCONSERV) (aLrss)

STEANM ‘LOU CHANL 1F523 BEGAN IND tuv! THAN OTHER
Sl!ll FLOU XMTRS 1FT-532 & 533 lOI (NONCONSERY)
6 lD l!'l CHNL 538 TRIPPD DUE TO HI INDICATD LEVL

CHNL 337 S6 LEVL IND "IGNEI THAN Cﬂll 539

6 ltVl CHNL 538 HIGHR INAN CHNLS SSVSSIQ (NONCSY)
XNTR 1FT-446 FALLD HI CNONCONSEIVl'l FOR LO RC FLW

FEED FLOW XNTR 1LT-531 OUTPUT RESULY
6

IN NONCONSER
18 LEVL CHNL 1L-548 DRIFTD HI (NONCDNSERY SETP”

SG 1D LEVL CHNL 1L-538 NONCONSERVTY SETPOINT

1FT7-523 READIN LT. OTHR FLOW CHANLS ON =C*™

SI6

S/G LEVEL INDICATOR 2L 1-538 FOUND READING MIGH
2LY~-528 2C S/G LEVL XMTR OUT OF TOLU(NONCONSERVTVE)
LEVL XMTR 2L T7-539 FOUND OUT OF TOL FOLLWNG RX TRIP

SIG LEVL XMTR 20L7-547 FAILD HI
S/6 B LEVL XMIR
STEANFLOW XMTR 2FT-543 FOR 8 S/6 FOUND LOW

FEED FLOW XNTR 2FT-521 FOR S/6 C HIGH

ZLT=549 OUT OF TOL HIGH (NONCONSR)

STEAMFLOW XATR 2FT-523 FOR S/6 C FOUND YO BE LOW
S/G LEVL CHNL 20L-527 FOUND READING NIGN INONCONSR)

- —— o —

PIR LEVL CHNL 20LT-461 READING HlGNEl THAN OTHER CH

PAGE

CAUSE DESCRIPTION

TERD SHIFY OF xmIR

DRIFT OF XATRS BY 4.5% & 3.7% RESPECTVLY
TERD SHIFT) PREVIOUS LERS

ZERD SHIFT) TRENDING INSTRUMNT DRIFTS
ZERD SHIFT) PRESENTLY TRENDING DRIFTS.
TERD SHIFT OF FISCHER-PORTER XNTR

DRIFY OF XWNTRS); RECALIBRATED

FAILD TRANSNITTER

PACKING LEAK FROM ROOTY VALVE OF XMTR
ORIFTED OUT OF TOLERANCE; REPLACD wif SPARE
FAILD OSCILATR IN XMIR

ENTR DRIFY CAUSED CHANNL TO BE OUT OF
~ YR DRIFTYD OUT OF TOLERANCE

INSTRU LINE TO XMIR BLOCKD

FS DRIFT &S NONCONSERYj; XMTR QUT OF TOLER
INSTRUMENT ROOT VALVE DEVELOPED A LE MK
SCALE SHIFT IN XNTRj RECALIBRATED
REPLACED XMTR WITH SPARE

STICKY INTERNAL COMPONENT PARTS

LERD SHIFY UWODER INVESTIGATION

TERO SHIFT) PLAN MODIFICATIONS BY SUPPLIR
ZERO SHIFT3 PLANS TO MODIFY ARE BEINE MDE
LERD SHIFTJPLANS TO MODIFY

XMTR DREFT) RECALIBRATED

UPPER ROOT VALVE LEAKING THRU BODY TC BNT

ToL

.
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ALL FAULTS IN FLOW AND LEVEL SENSORS

MODE DESCRIPTION

PIR LEVL XMTR 207-461 FOUND LOW BY 72
FEED FLOW INDICATR 2F[-540 NONCONSERVTIVE
28 S/6 LEVL IND.

- -

2LT=947 READING HI (NONCONSERVTY)
XMTR 2FT=44% HIGH) NONCONSERY FOR ;C FLOW RY TRIP
S/G LEVEL IND 201547 FAILD HI-NONCOMSERY DIRECTION
2L-547 FAILD WIJNONCONSERY FOR SF/ZFW MESNATCH

S/G LEVL CHNL 2 L1I-538 NIJNONCONSERY FOR LOLD $/6G
PIR LEVL CHANL 20-459 DU OF TOL HIGH NONCONSERVTY
PZR LEVL CHANL 439 FOUND LO-NONCONSERV FOR WI TRIP

CAUSE DESCRIPTION

-

DRIFTD OUT o TOLERANCE

DRIFT OF XMTR 3 RECALIBRATED
STICKING INTERNAL PARTS

ZERD SHIFTEDs RECALIBRATED

CHECKD ROOT VALVS FO STEAM LEAKS-NONE
REPLACED XWTR ——NO CAUSE FOUND YET
DIRT IN SEMSIN LINES, TUNED OSCILATOR
RANGE SHIFT OF XMIR

LERD SHIFT ,READJUSTED

s



Signal Conditioning Systems

The signal conditioning systems (and their cndes) are for: source
range flux (SN), intermediate range flux (IN), power range flux or nuclear
power (PN), power to flow (NF), rate of change of flux (RN), T-average/
delta T (DT), overpower/delta T (NT), overtemperature/delta T (TT), reactor
outlet temprature (RT), reactor coolant pressure (RP), pressure/temperature
or thermal margin/low pressure (TP), reactor coolant flow (RF), steam
flow/feed flow mismatch (FF), steam generator water level (SL), pressurizer
level (PL), steam generator pressure (5P), containment pressure (CP), and
flow unit (FU). When considering common cause faults, PN and NF are grouped
together, and NT and TT are grouped cogether; this is discussed in the sec-
tion "The Scope of Common Cause fvents" in the main body of this report.

At FitzPatrick on June 26, 1977, during advance preparations for LPKM
replacement, a contractor cut 19 of the 31 LPRM strings, causing the loss
of the 15% APRM scram function. Apparently all six APRMs were affected.

The LER does not make it clear whether this should be regarded as a leihal
shock, automatically causing all the APRMs to fail, or a nonlethal shock
that only happened to cause them all to fail. The event is classified here
as a lethal shock, because then the data show a much better fit to the
extended BFR model.

Enough common cause events were reported to allow gamma distributions
to be fitted for A, and for reduced capability faults to allow a gamma
distribution to be fitted for w. The corresponding intervals are very
wide. This reflects the observed tendency of the faults to recur at
certain plants. The wide intervals have unrealisticaly small lower end
points. These erd points should be understood to be unknown, but virtually

2ero.

Be sure to read tie section "Application" in the main boay of this
report. The following computer printouts give the esimates, followed by
summaries of the relevant data.
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ALL FAULTS IN SIGMAL CONDI'IDNI"G SYSTENMS

RUDE DESCRIPTION

e SRR ——

FPS CH 3 FLOW LOOP B FAILED LOW

- ——

RPS CH ) HOT LEG TEMP STRING TI- ICJIO INOPERARLF

OUADIANV POWER TILY EXCEEDED TECH Sl(C
QUADRANT ®OWER TILT EXCEEDED TECH SPEC

"

FLUXZFLOW IMBALANCE, CH B RX.COOL.FLOW TRIPPED LOW

- —— . ——

CH B MIGH RX COOLANT ‘lll T TRIP lN' LEVEL
RPS CH A flUlIlHIALNCEI'tOU TRie ENVELOPE ourso 1s

"D CHANL TRIPPD (FLUXZINBALANC/ZFLOWIEnC™ IN AYPAS

-

RC HI TEMP BISTABLE CHAN ®C™ FAILD TO TRIP

uon-couiE;;Z?i;t LOw 5107.?33;.1'5-55 84 FOUND

SOVER IANGE U'PEI 0('!('00 CllCUlI-CN As FAILED

"!SSUQI!!I 'I!SSUIE lﬂDlCl YON AT lCDb READ MIGH

VARTABLE ovr;;B;E;-Eif;:fi‘i:-v;;ﬁfa-nov RESFY
RPS CH A MIGH POWEF TRIPS GAVE SPURIOUS TRIPS
RPS CH 8 TRIP UNITS BYPASSED DUE T0 LOW TC IND.
RPS CH A HIGH POWER TRIP UNIT BECANE ERRATIC

oS L - e

C TRIP UNIT® WERE BYPASSED
RS CHANNEL B TAZL TRIN UNET 4774RTED
RS CH C AST INOICATOR DECLARFD INCPERABLE
CH D ASI_DBSERVED COING OPPOSITE DIRECTION

CHANNEL B THERKAL lA.GlNIt' S'UllOUS Teies
CH A illll llUl DFFSE! POSI'IV( llll' FAILED MIGH

POVER SU"(' FUl CH l LINE AR IINGG NUC INS FATILFD

RPS TH C BX COO‘ANI FlOI-lOU Yll"Ill'PED

-

«H A AXTAL FLUX OFFSET POS LINMIT lll? FOUND INOP,

CAUSE DESCRIPTION

————— -

FAULTY CONTACT ON POWER SUPPLY FUSE HOLDE
LNNSE WIRE CONNECTION AT TEMP ELEMENT
OPERATOR FAILED TO RESET TRIPS

OPERPATUR FAILED TO RESET TRIPS

UNKNOWN NON-REPETITIVE

NOPMAL USAGE FAILURE REPLACED

DRIFY OF FUNCTION GEN MDD 662502741

SHART IN JUNCTION BOX3™C™ PLACED IN NOBML
DIRTY CONNECTOR ON BISTABLEJ CLEANED CINN
DEFECTIVE POWER SUPPLY CAUSED DRIFT
DETECTOR DRAWER FIELD CABLE CONN. DISCCONN
DIRTY SIDE LINK CONNECTIONS AT 1C25D

LOW LEVEL ALARM COMPARATOR MAD FAILED
NOISE ON TEMP LNDOP SIGNALS

DUST ON THE SLIDE LINX TERMINALS INC RES.
COMPARATOR FATLURE

PONFER SUPPLY REGULATING HIGH, REPLACED
THERMAL MARGIN/LOW PRESS CALCULATOR FAlc
FATLED COMPARATOR MODULE

CARLES REVERSED DUE TO MISLABLING

TH SIGNAL LEADS WERE LODSE

FATLED AMPLIFIER

PONER SUPPLY GROUNDED BY TECHNICIAN
FATLED FLOW SIGNAL CHARACTYERIZER
MULTPLIER/DIVIDER FOUND LIMITING APD SIG.
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ALL FAULTS IN SIGNAL (ONDIVlUNlNG S'SIEIS

A
<oz o ]

v so.ovauc&

| % PLT CONT.ND. DATE { s CEFLRTVY _MODE DESCRIPTION _CAUSE DESCRIPTION
£ W12 021353 042578 PN CA 809 I N PWR BNG CW D INDICATION FAILED LOW LONSE CONNECTOR TO CMAN D DETFCTOR

| € Wi2 022132 OAD1IT7A RF CN Al4 L T RPS RX COOLANT FLOW LOW TRIP OUT OF SPEC NOMCONSER ELD=-240-0000~1F INSTRUNENT DRIFT

| € W12 022P83 100478 RF CM alé L T RPS CH B RX CODL LOW TRIP OUT OF SPEC NON-CONSEOVA FLD-240-0000-IF INSTRUNENT DRIFT

| € MI2 023210 113078 PN PS AL} L N RPS CH B CORE PROTECT CALCULATOR FAILED LEN-A=22 PUR SUPPLY FAILURE
C MYL 014009 011676 PN IN R13 L T RPS VAR OVER-POWER HIGH TRIP NON-CONSERVATIVE FFEDBACK LINITER MODULE WORN POTENTIOMETR
C AYL 014123 011876 BF S B13 | T REACTOR LOW FLOW TRIP NON-CONSERVATIVE PS DRA 15-750/15-7508 INPROPER OUTPUT

| € MYl 014010 012376 TP IN 813 L M DELTA-T INPUT TQ TAZLP TRIP CALCULATOR LOM/ZERRATIC 864 10 TURN POTENTIOMETER WORN/DIRTY
€ WYl 014262 021976 RP PS B1) L T BPS PIR PRESS WIGH TRI® POINT NON-CONSERVATIVE DRA 15-750/15-7308 PS INCORRECT DUTPUT

| C WY1 014261 022476 RN PS B13 L N RPS "0 WIDE RANGE LOG “NUCLEAR FIGH VOLT ALARN BENRUS TECHNIPOWER PS MODULE FAILURE

| € MYl 015074 061576 ®P PS 813 L T %S WIGH PRESS PZR TRIP NON-CONSERVATIVE DRA 15-750/15-7508 PS INCORRECT VOLTAGE
C WYL 015276 072676 TP 1N 813 L T CH B THILP TRIP LOWER THAN OTHER 3 CHANNELS #EH 19-301A ADD/SUB WODULE FATLED

o C WY1 015275 0R03TE TP IM 813 I N SPURIOUS TRIP CH D TRILP BEW 19-502 ANPLITUDE SELECTOR FAILED
e C WY1 016756 OL1877 RF PS B13 1T ees Low ;EZE76;-Eﬁafii?-iia;-7;i;-§6;-cunssnVAllve DRA 15-750/15-7508 PS5 INCORRECT VOLTAGE

C WY1 023558 122678 TP IM 813 I N KPSWC® VAR PRESS SETPOINT FOR TR/LP LOW DIRTY POT IN TN/LP MODULE
C PAL 016395 030676 PN IZ A0 R 1 T PR NG SAFTY CHNL NIOO6 TRIPPED AT 107.1 PRCNT  LING CH #T NO-ELJ 147-000-1As SN-NP=56-1(5
C PAL 016490 111576 PN CH AL4 L T NEUT WON CHNL C TRIP AT 108.8 V5 10645 PERCENT INSTRUNENT SET POINT DRIFT
C PAL 016621 120676 SU CH ALS L T S6 L0 LVL TRIPICH D) BELOW TS BY .135 INCHES SEY POINT ORFT AND ADNIN LNT CLOSE TO 15
C PAL 020622 120577 RP CHM A4 L T PRI PRESS ST PT FOR CHNL =C* WAS 1767 ¥S 1750 INSTRUMENT DRIFT(3 PSII-NOD 562
C PAL 021323 OAL4TA RF CN ADS € 1 T CH A LO PRI FLOW WAS 94.6 PCT, 15 neE WIN 95 PCT  CALIS PROCED REQS CHK TWAT AFFECTS TRIP
C PAL 022783 102078 RP CW Al4 L T PCS CH D PRESS INSTIPT-01020) TRIP AT 1745 ¥S 1790 ZFRO SHIFT CAUSED BY INCREASE IN AMS TENP
W BYL 016606A 051276 NT CH BOL U 1 N OVERPOWER RISTABLE NOT TRIPPED WHEN REQ. OPERATOR FATLED TO TRIP BISTABLES
W BV1 0146068 051276 TT CH BO1L U 1 N OVERTENP BISTABLE NOT TREPPED WHEN REQ. OFEPATOR FAILED TO TRIP BISTABLES
v AVL 014671 051376 IT €A BO2 S 1 T LOOP 1A 6;;;;2;;-6;-;;;;;;:;_;;;;;E;-CAUSING 2X TR VOLTAGE SPIKE CAUSED BY PERSONNEL (MAIN.)
W AV1 015726 082376 OT AM B13 1 N LOOP A DT INDICATOP DISCOVERED LESS THAN 2E20 WAGAN STGNAL ISOLATOR FAILURE
W BVI 017623 041477 FF IM B13 L N 1A 5/G FEED FLOW INSTRUMENT FAILED MIGH FATLED SOUARE RDOT EXTRACTOR

- ——
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PLT

Avl
Avil
Bvl
Bvl
Bvi
8vi
avi
Bvi
Aavl
avi
oci
L8 |
oc1
ocl1
0C2

‘D‘
LE
Ve
13
13

CONT.ND. DATE ¥

017695
018830
019932
020129
020127
020440
020755¢
020793
024843
022881
014723
019767
022333
022535
020931
022502
02311}
014005
016161
01420¢
016220
016556¢
015131
015114
116340

0&2s677
or2irr
121077
121477
121677
011678
021178
022878
042478
101378
051378
112377
082878
092478
040178
091378
112578
010878
021976
o11676
101378
112876
052576
060576
10297e

\AJ
PN
v
L1d
fFF
N
NT
PN
oY
PN
FF
SN
St
SN
LAl
Lid
SN
PN
L]
St
or
PN
LLJ
RF
NT

LR =1

i

ca
L]
L]
AM
(L]
AN
L]
cn
L]
1
(4
Ca
In
cn
Ca
L]
CcH
PS
i
AN
(4]
L]
AN

| K« OO

- et o et | wm wm w X = T X wm T = wm T ZT T ZT Z ZTZ2Z Z

1C

CHL OVFRPOWER PT SETPOINT READING MIGHER THAN OTHE

Lo

ALL 'lullS IN SIGNAL COMDITIONING SYSTENS

- ———

MODE DESCRIPTION

RCL OVERTEMP DT SETPODINT

-

DISCOVERED FULL

————

- — - ——

0P 3 OV INDICAYOR FAILED LOW

" o~

SCALF

PIR PRESSURE INDICATOR FAILED LOW »CHANNEL 445

Lo
N
ON

- —

FEED ’lDU CHANNEL QOb INDICAIEO LOw

or 3
TER.
w0

S('llll DAVSoDVE!POUEl D' SEI'OIHI L]

- ———

llNGE CNANM!l Nlb l“ﬂltl'!b lElDU oP. LINITY

FAD HI

POTENTIOMETER DISCOVERED OPElA'ING !lllll(lll'

Loor

B DV-TAVE IMDICATION FALILED LOW

- — - —

EX CORE UNST.oCH NAL,RATE TRIP SEI'UINI 700 MIGH

(l(E‘SlVE (IIOR IN SQUARE IUQI EIIIACIOIIIVV-SPI!'
Two SUJIC( IANGF CHANNELS lﬂo’!!lll! FOI ABOUT 1 M

S/G LEVEL BISTABLE EIC(EOED IINIHUH SEY'OIHY
SOURCE RANGE CMAI“([ l((lﬂ( l“u'!llllf (N-31)

IEACIDl COOLAN' Loor 1 DElll T OVEIlEH?(IAIU!E FAI
’IISSUIIIER PRESSURE HIGH REACTOR lll’ BISTABLE FaA

-

-

SOURCE IANGE NEUTRON !lul CHANNEL N~!l INOPERABLF

CH
CH
LA
DF
L
8l
FT-

Y3 OVERPOWER TRIP ABOVE LINIT
34 OVERPOWER TRIP ABOVE LIAIT

STABLE LC-4176-2-218 0UT OF SPEC__

LTA-1_CHZ2 DIFFERS FRON OTHER 3 CHANNELS

R RNG F_(DELTA 1) FOR CH 81 & 43 OUT OF §
STARBLE 63U-AC-OWAA-F SETPOINT ORIFT

- ——

434 OUIPU' DQIFVING

PEC

CH Il OVEOOOHEI'DELIA-V SETPOINT NONCONSERVATIVE

B T ———

CAUSE DESCRIPTION

FATLED LEAD-LAG MODULE,WEST.MNODEL 131-114
FATLED SUMMATOR

TEMPERATURE DETECTOR CABLE DAMAGED
FAILED ISOLATION AMPLIFIER

FATLED CHANNEL MUTIPLIER-DIVIDER MODULE
FATLED CURRENT AMPLIFIER

MODULE OQUTPUT DRIFT,MODULE REPLACED
NON-CONTINUOUS AREA ON POTENTIOMETERINGL)
FATLED CAPACITVOR IN SOVW-LEVEL AMNPLIFIER
INADVERTENT READJUSTMENT

SET POINT DRIFT

CAUSE UNKNDWN-FAILURE COULD NOT BE LOCHTE
BAD SOLDER JOINT ON RESISTOR

CHANGED CABLE FROM DETECTOR TOD DRAWER
RODULE ZTY-411C FAILED

BISTABLE FAILED DUE TO A BAD TRIAC

HIGH VOLTAGE & SIGNAL CABLE CONN CLEANED
NORMAL INSTRUMENT DRIFT

NORMAL INSTRUMENT DRIFT

M/563 ALARM UNIT PWR SUP DEFECTIVE

CHANGE OF DELTA-T SINCE PHYSICS TESTINE
STATIC GAIN UNIT 62H-2 OQUT OF CALIBRATION
PC-457A READJUSTED

FT AMP ASSY 143SY DEFECTIVE

STATIC GAIN UNIT MODEL DQ OUT OF ADJUSY

PAGE ‘.
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1P
e
e
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Jrl
iFl
JF1
JF1
JF1
JE1
JF1
JF1
JF1
KEl

sl
~al
NAL
N
PR2
pe2
PR2
PR2

CONT.ND. 53‘}

017123 112576
016468 113076
016634 113076
oL7121 oN277?
0197263 092817
021652 060278
019056 OR2277Y
019358 090777
019364 092177
019371 100877
019697 111777
019849 112977
019848 120277
019846 120977
020282¢ 011279
OQLT7240R N304TY
017723 oMOTY
0215%1 052978
022557 083178
022937 101278
022771 101774
014202 020976
016275 022976
015341 110176
017112 020417

| A

NT
NT
NT
NT
N
or
L
or
oY
™
R
FF
Lid
FF
Lid
PL
or
Lid
FF
FF
T
Lid
SN
NY

| 9mON

AN
AM
AN
AN
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in
cn
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1L
cn
N
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cn
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AN
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s
In
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cn
AN
in
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ALL FAUlYS IN STGNAL CONDIYIONING SYSTEMS

HOD( DESCRIPTION

CH Il OVERPOWER-DELTA-T SETPOINT “ONCONSERVATIVE

-

CH [T OVERPOWER-DELTA-T SETPOINIS NONCONSERVATIVE
CH LI OVERPOWER~DELTA-T SETPOINTS NONCONSERVATIVE

oL ov;i;a;iiiie[3117'53?;5i§?§'iouconssavnvnvs
€M IV OVERPOWER-DELTA-T SETPDINTS NONCOMSERVATIVE

-

FLDQ) ND. &1 SETPOINTS NONCONSEIVI'IVE

Looe ¢ lo:la-;lVG !o-saze SETPOINT ou1 OF TOLERANC

PR t!V!l tl 059&12’ S!"Olﬂ' OUV Of 'OlillﬂCF

- - -

TA-4328~1 SETPOINT QUT OF lﬂlfll“(!

- " ——— - ———

DELTA-T/TAVG CH 11 ODUT OF TOLERANCE

- —

HIGH L!VEI TRIP llS'lll( NC206 IN EICESS OF T.5.
PIR

CAUSE DESCRIPTION

DQ STAVIC
CO STATIC
DO STATIC
DO STATIC
DQ STATIC GAIN
DO STATIC GAIN
TR-432€ OUT OF

GAIN
GAIN
GAIN
GAIN

LEAD/LAG CARD TY=422¢
875 RELAY DRIVER

UNLT
VLIRS
UNLT
UNILT
UNIT
UNITT

our
our
our
our
our
our

OF
oF
ot
oFf
oFf
OF

CALIBRAYION
INSTRUMENT DRIFY
INSTRUMENT DRIFT

NAL CARD PA-A5TA DEFECTIVE
N®D CARD FY=484 OUT OF CALIBRATION

DEFFCTIVE

BISTABLE CARD

ADJUSTHENT
ADJUSTMENT
ADJUSTNENT
ADJUSTHMENT
ADJUSTHENT
ADJUSTMENT

FAILED
NC206 INST DRIFT

CARDS FB-4988 & FY-49T NORMAL DRIFT
INSTRUMENT SETPOINY DRIFT

WIGH PRESS PB-4371 TRIPPED ABOVE SETPOINT
STM FLOW IND FI-488 READING LOW
PIR WIGH PRESS PB-437A TRIPPED ON

SLET ;EEB-;IG;_;;;;;;E;.;;;;-:E;;.CDNSEIUAtIVF
PIR PRESS MIGH PRESS RX TRIP WIGH & PSIG

PIR MIGH LEVEL TRIP CHANNEL ABOVE T.5. SETPOINT
PROTECT TAVG LOWs PROTECT DT MIGH 1-1412

PIR PRESS CW P-43% SPINE INTERMITIENTLY
FEEDWATER FLOW FT-1496 LO0P C FAILED LOW
SIH-FEGB;:EES-'LDU RISWATCH TRIP ulcn

ONE DIFF OVRTENP SE"O]“' FOUND DUISSDE 1S LINITS

-

ONE LO PSZR PRESS SI STG FOUND 9 PSI DELOU TS umry

- ——

NUCLEAR SOURCE RANGE CHANNEL 2N-32 flll!b

-

ALARN BISTABLE DRIFT

COLD LEG RTD ANP FAILURT

FAULTY PIR PRESS LOOP POVER SUPPLY
POVER FUSE ALOWN

DRIFT OF MULTIPLIER-DIVIDEF CARD
SET POINT DRIFY

LPOSE LOOP RESISTOR

FAULTY PREAMPLIFIER

OVERPOWER FUNCTION DELTA-T SP2 TRIPPED DUT OF SPEC INSTMT DRIFT IN SUMMING AMP -MOD 66RC-(L

- ——

PAGE 5



FAULTS 516 CONDITIONING SYSTEMS

MODE DESCRIPTION

INER RANGE CHAMAEL 2N6L1 FAILED URE OF ~25Y LOW VLIG FS-ROD UPH-44& W

R SUP FAILED~-4] DETECTOR INNPFRATYV L UPH~-4 PONER SUPPLY REPLACED

CH &2 FALILD TO IP POSITN AUSNG CUTRACK NOD UPH 44K 25V PMR SUPPLY FAILED

SUMMER(1-TH-404Y)IIN DVR PHR DELTA T CH SP2 DRFTYD HI-DFCTVY ZERD POT~ HARC-N

C 44 FAILED,CAUSING TURBINE RUNBACK PWR SUPPLY FAILED - MDD PUMP~-XS4&W

UNIT EXPER TURS RUNBACK FOLLOWING LOSS OF PR DFT V CAUSE UNKNONN -~ MODEL UPHD~-XS4W

AOIH CONTROL POWER FUSES BLEW FOR N42 PUR BNG CHNL CAPACTR IN AUX PHR SUP BD FLD=UPMDXSS

NAGA PuR RNC VLIG PuR 5!“7611 To srv oc MODULAR BLOCK PT NO [V-101 -~ MOD UPHMD~-I54

BOTH INTERMEDIATE RANGE NUCLEAR INST CHNLS INNPER WETTING OF DICIRS WITHIN WELL-HI CONN FES

COOLANT FLOW MANNEL 1 BECANME INOPFRARLE SWAGELOK TUBE FITNG BACKED OFF-CONST EROR

#14 RX CULNT LOOP DELYA-T/TAVG TRIP POINTI GT TS LMY SLIGHT COAP VALUE CHGS WITHIN SLD SY CHrY

#1464 RX CLNTY TZTAVG CHANNEL DRIFTY =~ CHMN FATLURE CHPNTS UNDEY
CHANNEL H DUAL DQUTPT COMPARATOR FLD=2 CAPCTIRS ON PS
214 S/6G 3 INSY DRIFT IN SO ROOTY EXIRCTIR-PN/ S111:12
SIGNAL ISOLATOR FAILED-CONSOLE IND LOSTY
RC LNOP CH [T OPDY SETPY DEYRMND TN EXCD TS LOW LEVEL AMPLIFIER FAILED - mOD 111

NO 16 S/G STM FLO CH LI TRIEPPEL GT TS wiInmIT INSTY DRIFT IN SQ RY EXTRACTYOR=-PN/ 4111°%11

LOOP 13 OVR TEMP DELTA-T CHANNEL FAILED FATLED CAPCTYR IN TYPE 4111513 FNCTN GEN

PWR RNG CH N43 TRIP SETPOINT FOUND 1<% PCT GY ALLW INSTRUMENT DRIFT

MATNY PERS DISCONN WRONG LEADS FOR RX CON

NO 11 S/G FEED FLD CH 2 SETPT ABODVE TS INMTS FAILED OF AMP IN THE DUAL CONMPARATOR m([D

PRESS PROY TRIP SETPI TECH SPEC LiMT UNSTABLE OUTPT FRF® COMPARATOR FDG TRIP BS

SIG FFED CONT., B/7U PONER SUPPLY DEGRADED CAUSIN INTP FEFD FLOW R/X TRIP; FAILD DIODES

COMPARATORITC=1-=432C) FAILD TO TRIP POMFR CAPACITOR MALFUNCTION

HI STEAM FLOW RELAYU(FC ~48S~-XA) MALFUNCIND- § DEARIS UIN BF~48 RELAY CONTACTS

PAGE
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020097
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ALL FAULTS IN SIGNAL CONDITIONING SYSTEMS

-

MODE DESCRIPTIUN

"

"A" S/G lEVEl Cﬂln ll CON’AIA'OC FAILD T0 TRIP

LOSS NF DETECTR VOLT ALARM TO PR IINGE NI CHAN &2

- —— -

NIS POWR RANGE CHAN NA2 0(']!'0 l' !l FROM NTHR CH
DUAL COH'IIA'I 0fF S/6 '!' NA!!D! IIIG CHAN 23L0W L

uge lODP !CDLD CHAN l-‘!l FOR OVI'UR & OVR TEmP

- —— - —

RIX COOlN’ FLOU CONP. FC-2-414 ‘lllo T0O TRIP

C S‘Elﬂ G!N lU L!UEl II STABL 5]7( flllo 10 TRIP

----- -

S/6 LEVEL PROTECTN S(' IV LB-537C lllP'l LOWFR LFY

SOURCE IANG(—E;IN N-!l FAILD YO EIEIGIIE AT 10-10A

PRIR lf'(l CONP. lC-CSQI TRIPPIN ll &.bl!v VS. 4.08

-————

STEAN flOU COMPRTIR FC~-3-484 SETPDINT NONCONSERVATY

-

TRIP St"lS Of OVEIPVI CONPS. 'C l*Q)ll £ 432C LOW

STEAM FLOW COMP. FC- 3-600 SE‘PI l!SS CONSEIVI'!VF

-—————— - — - ——

CHAN 2 DEl'l ' Teip SETPY l DEG HIGHR THAM ALLNND

DELTA ' lll’ .'C-Qll cro CDHPAIAIO! INOPEPARLF

- ——— - —

lESCll‘D PWR RANGE DET.INGL»42,43 & 44 HOWEVF DID

SUH“AVDI lln-‘ll( OVERPWR € DELTA T 'IOT. RAMABLING

-

COMPARATOR 1FC-416 FOR RX COOLNT FLOW OUT OF TOL®N

DELTA T IND ERRATIC D!D"D FROM 100 !0 8ot LonP 0O

-

ONE OF PRESSIR PRESS CNANtS READING NXGN

RX PROT. A RELAY IFC&ZO-I! FD’ LOOP C FLOW TRAIN A

FEED FLOW CHANL 1F-511 SO.I' EXTRACIR HI INONCONS)

-

lUN('lUN GENERATOR INM-4418 QUTPUT OUT OF 0L LOW

- ———

CAUSE DESCRIPTION

—

2 NPEN CAPACITORS IN COMP. POWER SUPPLY
LOOSE CONNECTION ON SUMMATOR

=25 VOLY POWER SUPPLY FAILD 33 CHAN OPER.
DUTPUT OF LEVEL € SUMMNING AMPLIFR DRIF LO
OPEN CAPACITORJCN WOULON'T DENERGIZE
MALFUNC .OF SPAN POTENTIONTR IN LEVEL AFPL
CAPACITOR LEAKAGE) 2 REDUNDT. SYS OPERIBL
OPERATIONAL AMPLIFIER ON CKY BRD FAILD
FOUND TO HAVE Ml RATE OF SETPOINT DRIFY
REMDNVEDE REPLACED FUSESJOPERATED OK THEN
SETPOINT DRIFT; WILL ADJUST TO COMPENS ATE
2 FILYR CAPACTRS ON PRNTD CXT.BD.IN PWE §
SETPOINTY DRIFTSEXACT CAUSE OF DRIFT UNKwN
FAULTY 2EG. AMP [N PWR SUPPLY BOARD

2 FILTR CAP, FAILD IN SIGNL SUM.TM-4-422F
OPERTNL AMPS A2 & A3 DEFECTIVE

NOT RESCALE DELTA I SUMMATORS--NONCONSERY
FATLD CAPACITOY CB

DEFFCTIVE LEAD/LAG MODULE 1TN43LJ

BAD CAPACITOR IN POWER SUPPLY FOR COMPRTR
GROUNDED SUMMATOR, DEFECTIVE INTEGRTD (kT
BAD LEAD/LAG MOOULES 2 FAILD CAPACITORS
FOUND HUNGUP-~BINDING PLUNGER PIN ON RILAY
DRIFT OF CLOCK PULSE FOR SQUARE ROOT EXT.
SETPTS NONCONSERVIVE) INSTRUMNT DRIFT
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ALL FAULTS IN SIGNAL ("NolVl“Nle SYSTENS

- - - P

MODE DESCRIPTION CAUSE DESCRIPTION

022902 102178 RC FLOW CHANL I1F-414 LOOP A TRIP SETPOIMT DRIF LOW SETPOINT DRIFT; 20THER LOOP CHANLS OPE SRl
016049 091076 BAD OPERATIONAL <MPLIFIER A=1 § REPLACED
015050 091416 . 3 COMPRTR WAS REPLACED WITH SPARE
016491 112476 LOOP © $/G FLOW IND FALLD 10 ZERD THEN NORML ATIME 8AD MULTIPLIER/DIVIDER MODULE
015698 120376 L0 : SQUARE ROOT EXTRACT BAD CAPACITORS C11 & C12 IN SQ.RT.FM-5238
017250 020377 —‘;[ny FOUND HIGH DRIFT OF LOW END SETTING OF SO.RT.EXTRCIR
017249 020777 Q4RO DRIFT OF LOW END SETTING 2FM-5308

18054 061177 c BAD OPERATIONL AMPLIFIER A=)

2 1223717 - ; 5P RINDING PLUNGER PIN AGAINST RECAY HOUS ING

0203%0 012178 ¢ ' ; FATLD OSCILLATOR AMPLIFIER IN XMIR
020554 020178 ) TOLANONCONS) MALFUNCT SQUARE ROOT EXTRACTOR
023499 022078 - TNDS REVERSD DIDDE CAUSN IMPRPR VOLT REGULATIN
022802 091578 BAD 2% VOLY PWR SUPPLY
022800 092578 ; N0 CAUSE COULD BE FOU-D

022824A 102978 2 [RM F CHANNEL DECLARED INOPERABLE SIGNAL CABLE SMEARED

J228248 102978 ( C [RM H CHANNEL DECLARED INOPERABLE SIGNAL CABLE DISCONN

023032¢ 112878 ALL LRPM'S OF 43 STRINGS FOUND REVERSE CUNNECTED LACK OF EXPLANATION OF PROPER LPRM CONPREC

015443 O0R137s L] )T RESPOND PROPERLY t82) POLARIZING VOLT. ON COMP ION CHAM SWAPFED
016855¢ 010577 C 5 DEFFCTIVE PROCEDURE

019185 092677 ¢ RECAL. DONE WITH INADEQUATE PROCEDURE
D20679 012878 ! SETPOINT DRIFTY

)20680 021478 SETPOINT DRIFY

020917 0OsDITH IRM E HAD NI DIPTY AND WETYT DETECTOR CABLE CONNECTIODNMS

018897 0681877 ( 5 0 125-TESY INSTRUMENT DRIFTY IN TWO MODULES
018899 081077 APRM FLOW INOICATION DECREASED-CAUSED UPSCALE ALAR BAD ISOLATION AMP IN SURMER UNIT-REPLACED

PAGE
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DAl
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DAl
DAl
bRl
LD
DRl
oR1
DR1
DR1
DRl
DR1
oRl
DRl
DR1
or2
oR2
oR2
DR2

Fllt
CONT.NO. DAY

019286
020799
021197
014378
014518
016732
015322
019128
019208
019945+
0135078
016391
017294
017731
017797
019019
019199
019320
021016
021515
021514
015160A
0151608
0171849
o1r221

092377
012978
040878
031476
0AL1:78
0s1276
081276
090217
o91s577?
112877
061176
112676
022317
042377
042877
090477
o%3077
101777
031ATH
032578
os0278
063076
063078
0128717
021477

———— . —— - ——

CA
s
CA
PS
cn
cn
n
PS
L]
cA
cn
AN
AN
cn
Am
AN
AN
cn
AN
AN
AN
AN
1
CN
RE

Lag ol el

%

802
813
802
LI
B13
Als
Als
813
LI R ]
AO0L
Als
Als
AlS
AlLs
AlLS
Als
813
AlM
AlS
ALS
AlLS
805
ALS
A0S
813

T
Y
P

™
xCZz

I I e I Y O R O L

- -, ) -

- e XX et M e wm X e e e e 4 ed w4 wm M ™ = = = X X X

ALL FAULTS IN SIGNAL COMDITIONING SYSTEMS

- —

MODE DESCRIPTION

CAUSE DESCRIPTION

SRM WAS IEADING HIGH AND ERRATIC bUllNG REFUELING BREAK IN DUTER SHIELD OF TRIAXIAL CABLE

APRN OZOV 'Olll SuPPLY flUC'UA'ED'CAUSFD HALF SCRA ZENER DIODE FAILED IN POWER SuPPLY
BREAK IN SHIELD OF TRIAXIAL CABLE
FAULTY DIODE IN VOLTAGE PREREGULATOR
DEFECTIVE FLOW UNIT SUMMER CIRCUIY

pLL] IQU&D NU! RESPOND PROPERLY OUllNG REFUELING

- —

APRN/RBM FLOW UNIT O COMPARATOR EXCEEDED LINIT
APRN CW A UPSCALE TRIP EXCEEDED LIMIT

SAM O UPSCALE RB TRIP EXCEEDED LI

IRM CH A DOWNSCALE TRIP OUND INOPERABLE

IRM CH 8 DOWNSCALE TRIP FOUND f;Binnult
NONCONSERV ERRORS INDUCED IN APRW CH As84C & 0
POMER RANGE CH 3 ACTUATES ABOVE LINITS

IN CORE_NEUTRON FLUX ANPLIFIER 103C TRIPPED WIGH
IN COPE NEUTRON FLUX AMPLIFIER 109A TRIPPED MIGH
POWER RANGE CH 1 & 2 ACTUATED ABOVE SPEC

IN-CORE FLUX ANPS 1048 1100 1120 1134 113C 1140
CH ) HIGH NEUTRON WONITOR FAILED 10 TRIP DURING
CH 2 OUT_OF CORE_NEUTRON WONITOR FALLED DOWN SCA
CH 1 PIC-281 TRIP EXCEEDED LINITS WNEN TESTED
INCORE MONITOR ANP 1048 EXCEEDED TRI: LIMIT
INCORE MONITOR AMP 1094 EXCEEDED TRIP LINIT
INCORE MONITOR AMP L113C EXCEEDED TRI® LIMIT

APRM CH5 INDICATION DROPPED FRON 56 10 31 PERCEN
APRMN CN! l‘:' HIGH VALUE

-

APRN Flﬂ;-!ll! FLOW INDICATION EICESDED 100% (A€

REED lEllV CUN'!;IS 0“ lEllV KO WERE SEPIIAYED

INSTRUMENT
INS TRUNMENT

DRIFT
DRIFT

VOLY REG AND PRE-REG WERE DEFECTIVE
LONSE CONN GN PWR SUPPLY CAUSED FUSE TC 8
PERSONNEL~REVERSED INPUT/OUTPUT OF LPRYP

INSTRUMENT
INSTRUMENT
INSTRUMENT
INSTRUMENT
HI INSTRUMENTY
TE INSTRUMENT

SETPOINT
SETPOINT
SETPOINT
SETPOINT
SETPOINT
SETPOINT

ORIFT
ORIFY
DRIFT
DRIFTY
DRIFT
DRIFT

DUE TO HIGH TEN

LE TUBF FAILURE IN AMPLEFIER CIRCUIT
SETPOINT ORIFY
INSTRUNENT DRIFTY
TRIF ADJ BIAS VOLVAGE 25K0OHM RESIS ORIFTE
TRIP ADJ BIAS VOLTAGE 25KOHM RESIS DRIFTE

T BROXEN LEAD ON DC AMPLIFIER
INSTRUNENT DRIFTY

PROCEDURE FOR TCTAL CORE FLOW IND REVISED

CONTACTS REPLACEDsAPRN AVE CARD RELAY
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ALL FAULTS IN SIGNAL CONDITIONING SYSTENS

- ———— - —— -

Lt s
mooa

PLT CON;%O- Dl“ i §

S men Satiiies wesw " A . MODE DESCRIPTION - CAUSE DESCRIPTION
0R2 0177283 022377 IN CN Al4 IRNO1G TRIPPED ABOVE SETSOINT DURING TEST INSTRUMENT SETPOINT DRIFY

DR2 017651¢ 042577 FU CN AOG M

"
1
6
N APRM/RBM FLOW BILAS EIC!EOEO lOOl IV 1001 CORE FLOW APRM/RBNM CONVERTERS CALIB 10 ORIG SPECS
G OR2 190 092077 IN IM ALN
G
G
G
G
G

APRM 5 WAS FOUND TO INOP 0' 12 INS!!AD OF 11 LPRMS ELECTRONIC ODRIFY OR DIRTY CONTACTS ON CAR
IRMeL3 OID NOT TRIP AS I!G'D 8y SUIVElltANCE PROCE DEFECTIVE DUAL TRIP MODULE

OR2 019904 113077 IN CH 813

019989 120877 IN CH AL IRMEL) 'll"to ABOVE llll'! INSTRUNENT DRIFT
019910% 122277 FU CN AODS N APRN FLOW lllS SCRAM €& ROD ItOCI S!’POI“'S NON-CON DEFICIENT PROCEDURE
021981 062678 PN CNH ALS APRN CH 4 kOO ltOCI TRIP NIG“ SETPOINT DRIFY
022071 O0O8OLTE PN IR 813 APRM (N" SC'II SEI'OIN' FOUND AlDVE SPEC BROXEN WIRE AND TRANSISTOR FAILURE
017212 020877 PN RE 8113 APRN oo-Faaio 'lUC'UllllG FATLED REED RELAY CONTACTS
DRI 0173254 022077 PN CH ALS APRN 3 lOD BLOCK 'll' EXCEEDED llﬂl'S ELECTRONIC DRIFTY
DRI 0173258 022077 PN CM AlLS APRM 6 ROD BLOCK TRIP EXCEEDED LIMITS ELECTRONIC ORIFT
DR3 017974 092677 FU AN 813 CH A 6 CH B FLOW EXCEEDED i!SHl'CN..- FAULTY PROPORTIONAL AMPLIFIER
DRI 017975 052677 PN [N ALS APRM & INOPERABLE ELECTRONIC DRIFT
APRN & !ggto NOT GENERATE AN INOP Uﬂ;lt 13 LPRM'S  VOLTAGE SHIFT-DIRTY POWER SUPPLY(PIN-1¢)

DR3 018937+ 082777 PN N ALS
ORY O19176% 092977 PN I1 ALM C

APRM * € 2 WOULD NOT GENERATE INOP UNTIL 12 LPRM*S ELECTRONIC DRIFY
APRM'S & € & GENERATED INOP WITH 12 LPRM*S AYPASSF ABNORMAL ELECTRONIC DRIFT

B = = = T W w M wm w w w X wm wm X e = X ew wmo-

1
2
1
1
1
2
1
1
1
1
1
1
1
DR3 018550 0723577 PN PS AlL2 1
2
2
2
1
1
L]
2
i
1
1
L]

@ OO D O 9D o0 0 00
o
-
-~

020603% 020278 IN CH AL& IRM 15 & 16 EXCEEDED TRIP SETPOINT INSTRUNENT ORIFT
DR3 0215098 052078 SN CA B1) SRM 21 DECLARED INOPERABLE - BAD SIGNAL CABLE
EN1 020020 100477 PN CH Al4 APRN CH A FOUND OUT OF TOLERANCE SETPOINT DRIFT
EN2 022676% 101178 PN CM A0S L HIGH rtﬁ;.§EEZ;.§E?:5;;7§-§E?-;§;;-§76u PROCEDURE DID MG° LIST STARTUP SETTING
EN2 022704 101678 PN IM Al4 RPS CHANS AGE INOPERATIVE APRM E DRIFTED WIGH, APRM A COUNT CKT CRI
FPL 015497 0BOBT6 PN TN AL4 APRN € ;55E5'337.7;i;';?'IE§§-?§Z§.Ii INPUTS RANDOM SET POINT DRIFT
FP1 015851 090576 PN IN ADO APRM INOP SIGNAL WOULD NOT FUNCTION CAUSE NOT GIVEW
FPL OL7328 022777 PN CN Al4 APRN “E% DOWNSCALE TRIP SETPOINT HIGH NORMAL ORTFT
FPL1 018051% 0A2677 PN CA 802 L LOSS OF 15T APRM SCRAM FUNCTION CONTRACTOR CUT 19 OF 31 LPRM STRINGS
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ALL FAULTS IN SIGNAL CONDITIONING SYSTENS

- —

i
C F C F i v

$ 0O ADT AN 8 ;

Fl%% { A I10YIWUV

PLT CONT.NO. DA F LEPLAVY MODE ODESCHIPTION CAUSE DESCRIPTION
FP1 022031 OT0778 PN [N AlLS N APRM D l'lﬂ COUN' TRiP SE!'OINI NIGN SET“ JINT ORIFT, READJUS/ED CIRCULYS
MI1 015456 081376 IN CH ALS T lllilﬂ!b IANGE HONIVOI SE"OIN! lESS CONSE!VIVIVF SETPOINTY DRIFT OF INSTRUMENT CHANNEL
M1 021562% 060678 PN CH A0S C T & 0OF & A'lﬂ SCRAN SEI'INGS ) '0 Ql lOU BIASED DISTRIB OF LPRMS WITHIN APRM PACES
MOl 022186% 0BOS78 PN CH A0 8 T 1 APRM S!l'lﬂﬁ 4 TO 5% LOW, 1 O"lSSEO LRG PWR SHAPE CHNG DEFECT PROCEDURES
NM1 014983 032176 PN Ch A02 APRM OI. Flllfb TO TRIP AT lOl FlOU POII! TEST METER OFFSEY CAUSED BAD CALIBRATICN

NML 015170¢ 061376 PN CM AlS
NM1 015171¢ 062776 PN TH ALS
NM1 018593 OTILITTY PN Q1 ALM

2 OF 8 APRR PAI&!D T0 lll' A' IEOUIIED FLOW AIAS APRM 17 & 18 SETPOINT DRIFT

-

APRM 11 € 15 FAIL TO TRIP AY IEQUIIED FLOW RIAS SETPOINT ORIFT LESS THAN 12
BYPASS 6 Vle S LPRNS YO GEV l'lﬂ-lb INOP LIGHTY APRM 216X51362 SETPOINT URIFT

NM1 021439¢ 052678 PN CA 802 C LPRM D(l ltl TO APRM i1 € 1% CIOSS CONNEC'ED GF~NA-100 DETECTORS CROSS-CONNECTED
0C1 015286¢ 0WOS?6 PN CA B1)3 TWO APRM'S IN THE SAME TRIP SVS CUNCIN'LV INDPERAR FAULTY PIN RECEPTACLE

DC1 O1AST4A 072277 IN CA 802 IRM CHNL 13 FOUND INOPERABLE WIRE YD DETECTOR DISCONN - MAINTEN
NC1 0185748 072277 IN CA BO2 IRN CHNL 14 FOUND lNO'ElAIl! - WIRE TO DETYECTOR DANGD ~ MAINTEN

0CL O18B877A 090177 FU CN B13
0C1 OL*B778 090177 FU CN 813
0C1 022743 101978 IN CA BO2
PR2 015760 O0B2ATSHE PN CH ALS
PB2 O17774 OALTTY PN IR ALS
PB2 021707 OTOS578 PN IR ALS
PR3 014683 050776 PN I1 B1)
PB3 015084 061276 PN RE 813
PB3 016174 101176 FU AR A09
PB3 017548 Q414677 PN CN ALS
PB3 017778 0OS0977 PN CH AlLS
PI1 022799 103078 SN I7 802 §
VY1l 0180561 052577 FU CN AlLS

RECIRC FLO SIG FOR APRM 1 l ll Hl!l INAN ACT FLOW FLD CNYTR ND 13588308GL-ZERD SHIFTY
RECIRC FLO SIG FOR APRM ll 1.7 Nl!l YNAN ACT FLOW FLO CNVTR NO.L35B8308G1-HI GAIN ADJUSTPFT

IRN 12 I!CA!E llO'!IAll'E UHllE lll lh DISCONNECTD CABLE FOR IRM 12 DAFATED BY MAINT ACTIVIY

APRN 'A; IIIP PTS LESS CONSF!VAII'! VHAN TECH SPEC INSTRURELNT DREFT-INSTRUMENT RECALIBRATED
AFRM A INOP IIIP DID NOT OCCUF lll IS (9 VS 8 LPRM SETFL SHIFT - NOD GEK-32537A APRM

SCRAN Cllﬂ' ‘l' STPT FOR ®A™ APRM llS 1 PCY 6T TS SETPPYMT DRIFT-IMMEDIATELY RECALIBRATEC
CH "gw AIPN ll'o AT FLUX LVLS HIEI Iulﬂ LICENSFE TS SETPT SHIFT - DEF INGT34A IENER DIODE

"E" APRM lUD 'lOCl NOT OBTND Flﬂ Slﬂ NI FLUX CONDT FATLURE OF MOD 35AT600 4RI RELAY

CORE FLO .lAS INPUT TO THE A lOGlC lPQl STRNG = HI ABSENCE OF OFFSET SIGNAL IN FLO BIAS Arp
DWNSCLE TRIP FOR APRM E FOUNT AT 2.3, TS (S 2.5PCT SETPOINT SHIFT ON A MOD GEM=-32537A APRYP

- —

DUNSC(( YIIO FOR APRM D FND AV 1.5 VS 2.9 PERCENT SETPOINT SHIFY ~ MOD GEXK-32537A
SOURCE ING MON "A"™ BECAME IHOPGIAILE PEPSONNEL JUMPERED ENTIRE LOGIC FOR SRF A

-

APRM FL™w BIAS HI FLUX ll?' our OF SPEC & ALARMED FLNW CONVRTR REPLACED, NO REASON FOR DFIF

-

P e e e e e e e e b e e e b e NN R NN e e e

Z W e X W W EE TR N -
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Main Steam Line Radiation Monitors

These channels are in BWRs, and are coded SR. Be sure to read the
section “Application" in the main body of this report. The following
computer printouts give the estimates, followed by summaries of the
relevant data.
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THOPERABILITY FAULTS IN RWR MAIN STEAM LINE RADIATION MONITORS
PATES ARE PER CALENDAR MOUR

TPIPLE UF NUMRERS SHOWS (LOWER BDUND, POINT ESTIMATE, UPPER BOUND)
LOWER AND UPPER RDUNDS FORM 90 PERCENT INTERVAL

P el L0003, 194, .,577)
LAMBDA = ( 2.7E~Chy 4. RE~06y T.5€~06"
llNBDA. * { 3.2E~C7» 2.0E~06s T.2E-086)
OMEGA * { 3.6E~09, 9.2E-07» 3.3%E-06)
S;?}gﬂ §=?$K SPECl::éEi;agﬂlfN' BETA FACTOR
;:-‘ ~ my L]
A" “ U 6.4F~07) 4.0F-04y 2.1E~04) ( 3.TE-06» 6.TE~06s 1.1F-05) 1 .00%s 118, .423)

S;?}gn RATE FOR SEY OF X SPECIFIC COMPONENTS
" R2 3 R4
4 { 1.3E~0f, 1.2E~065 3.9€E-06) ( 6.%5E-09, i.0E-06s 3.76=06) ( 5.06-09s 9.7€-07.

3.6E-068)



£l

REDUCED CAPABILITY FAULTS IN BWR MAIN STEAI LINF RADIATION MONITORS
RATES ARE PER CALENDAR HOUR

TRIPLE OF NUMARERS SHNWS (LOWER BOUNDe POINT ESTIMATE, UPPER RNUND)
LOWER AND UPPFR BOUNDS FORM 90 PERCENT INTERVAL

P = ( 4001 0% 309)
LAMBDA = ( 1.9E-08, 4.7€E-06: 1.8E-0%5)
LAMADA = [ 2.0E-06, 6.4F-06s 1.3E-05)
NMFGA ;! = { 1.1E-C6by &.6E~06, 1.0E~05)
SYSTEM SHOCK RATE FOR
SlgE l:&! S'!CIFIC.iOHDOIEN! BETA FACTOR

B { §.9E-06p 2.3E-03s 1.3E-03) ( 3.56-06s 1.1E-05, 2.5E-05) ( 134, .527, .749)
S;?;EH RATE FOR SET OF K SPECIFIC COMPONENTS

" R2 R3 R&

4 { 1.26~06s 4.8F~06y 1.06-05) ( 1.1E~06s 4.6E~06y 1.06-05) ( 1.1E~0C6» &.6E-06,

1.06~-09%)
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APPENDIX D
ONE-LINE SUMMARIES OF INSTRUMENTATION AND CONTROL
LICENSEE EVENT REPORTS







?‘ IN INSTRUNE NIII(WN & CONTROL ASSENALTES

CAUSE DESCRIPTION

| i ot £

ay|(\|~, PRESSURE SWITCH FAILED TO TRlP INSTRUMENT DRIFT

INSIH;‘fHIS wr n; CALIBRATION CALIBRATION DRIFT OF D/P TRANSMITTERS
unm LOW FAULTY CONTACT ON POWER SUPPLY FUSE FHOLDE
3 HOT LEG TENMP srnlw 1 384 INOPERAALE LODSE WIRE CONNECTION AT TEMP ELEMENT

LOOP 2 HOT LEG f‘ﬂ‘ F "l‘ INODPERARLF DFFECTIVE AMPLIFIER N FLOW TRANSHMIT TER
TRANSHITIER FAILED o OW DEFECTIVE AMPLIFIER
POMER TILT EXCEEDED TECH SPEC NPERATOR FAILED 1O RESET TRIPS
POMER T Y EXCEFDED TYECW SPEC VYPERATOR FAILED TO RESET TRIPS
EXCESS TEMP/HUMIDITY INDUCED ORIF 7
ATION HIGI LEAX DUE YO BLOWN GASKET

FLUX/FLOW CH B RY.COOL.FLOW TRIPPED LOW UNKNOWN NON-REPETITIVE
CH B “;(—»"‘-‘—’;-E'-)T)I:;;-;;‘l(—-;.t ;;;;-;N' LEVEL NORMAL USAGE FAILURE REPLACED
MTR AFTER REPAIR TO TESY TEF INCORRECT/ZINCUMPLETE VALVE CHECKLISY
RPS E MOISTURE FROM LEAKING YALVE ONTO RYD TEGM
3 RPS vnFs\ .nlvs READ DUTSIDE OF TS - LOW INST DRIFT-VERITRAK MOD 59 PH 443-70°%0
RPS PRESS XMTR READ QUISIDE OF - HIGH INST DRIFT=VERITRAK MOD 59 PH &43~-70°%0
QUTSH TS DRIFT OF FUNCTION GEN MOD 6625027A1
TRIPPD lHUlllﬂﬂlllNL/flOlll"(" IN AYPAS SHORY IN JUNCTION BOX3I™C™ PLACED IN MORML
R/X COOC ) . RPS CHAN BEC CALIB, DR (MINOR)
RC : S S C( IS DEFECTY TRANSHITTIRI(WEST. MODEL 59
RC DIRTY CONNECTOR ON BISTABLE; CLEANED CONN
MI~7 DAMAGD DURN INIVIAL INSTALLYN-REPLAC

NON~-( )N\EQVAHVI LOW FLOW TRIPLRPS CH B.FOUND DEFECTIVE POWER SUPPLY CAUSED DRIFY

POWER OAM.( !°9¥9 DETECTOR CIRCUITSCH Ay FAILFD DFTECTOR JRAVER FIELD CABLE CONN. DI SCONN
“-li'.“lDlIU? PRESSURE CO6 READ MIGH DIRTY SIDE LINK CONMECTIONS AT 1C250

PAGE




ENTATION &

MODE DESCRIPTION

VARIABLE TRIP,CH D» WHOULD NOT RESET

IVERPOWER

CH B READING

TRIPS GAVE SPURIOUS TIPS

RPS T=-HOTY HIGH

CH A HIGH P(

TRIP UNIT BECAME

CH A HIGH POWER ERRATIC

TRIP UNITS IND.

TRIP UNITS WERE BYPASSED

BYPASSED,SPURIOUS LOW FLOW TR

SPURIOUS LOW FLOW TR

BYPASSED,SPURIQUS

TRIP UNITS

TRIP UNITS LOW FLOW

CHANNEL B TH/LP

RPS CH C AST INDICATOR DECLARED INOPERABLE

RPS
CH D
CHANNEL B THERMAL MARGIN/LP SPURIOUS TRIFPS
CH B M POVER,

FLUX PRUBLEMS EXPERIENCED IN CH B MI TR/LP

INS FAJILED

RPS CH C RX COOLANT FLOW-LOW TRIP, TRIPPED

RPS CH D

LOw
FOUND

INDICATED
LINEY TRIP
B RPS FOUND

CH POS INDP.

CONT. PRESS INPUT YO CH OCILLATING

RPS CH B WIDE RANGE NEUT. INDI COULD NOT BE ALIGN
RPS A STM GEN B LEVEL TRIP DID NOT ACTUATE

CONTROL ASSEMALITES

e,

CAUSE DESCRIPTION

FAILEC
RESIST ANCE

LOW LEVEL ALARM COMPARATOR HAD

THE
ON TEMP LODP SIGNALS

INE OF TWO RTD*S HAD MHIGH

NOISE
COMPARATOR FATLLURE

YUST ON THE SLIDE L7+ TERMINALS INC RES.

POMER SUPPLY REGULATING HIGH,REPLACETL

STEANM LEAK IN AREA OF LOW FLOW XNMITTER

STEAN LEAX IN ARC A OF LOW FLOW XMITTER

IN AREA OF LOW FLOW XMITTER
PRESS
EALLED COMPARATOR MODULE
FAILED OSCILLATOR IN S/G PRESS
CABLES REVERSED DUE TO MISLABLING
TH SIGNAL LEADS WERF LOOSE
(CONT) & AXIAL OFFSET.FaT!
FAILED AMPLIFIER

GROUNDPED BY TECHNICTIAN

STEAM LEAK

THERMAL MARGINY - CALCULATOR FAILL

XMITTER

FLUX DEY TUBE
PONER SupPLY
FAILED FLOW SIGNAL CHARACTERIZIER

BROKEN LUG CONNECTION ON RTDsRTD REPLACED
TH RTDSCAUSE UNDETERMINED
IN PRESSURE TRANSMITER

LIMITVING

NOISE
TERD SHIFT

FR(
MULTPLIER/DIVIDER FOUND APD SIG.
FAILED E/E ISOLATOR

IGH CAPAC
INPUT

SIGNAL
CONNECTIEON

STISTABLE RESISTOR OUT OF TOLERANCE
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251
('\"'ﬁﬂﬂ(\ﬂnﬂﬂﬂhﬂﬂﬁﬂﬂﬂﬁﬂﬁﬁhﬁﬂ

ALL FAULTS CUNSIOEIED IN lNSllUﬂFNllllﬂN i CDN'IOL lSSf'!tlES

A
? ]
P 1
C AFC F é v
S O RAODT AN ‘
u& Y M AIDYILIUD
PLY CONT.ND. DA $- 2 N4 EPE RBYY MODE DESCRIPTION CAUSE DESCRIPTION
FC1 014305 0227%7e SP Tx P B1) 'tloooz PRESS CHMANNEL DQUT OF CAL FOXBORD E~11GM XMIR HAD BAD AMP CARD

-

FC1 014507¢ 032676 PN IN 804 R
FC1 014509 032776 PN INM 804 B

86H IO lOlA ADD-SUR MODULE WENT ll'ﬂ OSCILLATION PASITIVE LINIT MODULE DEFECTIVE REPLACED

BEH 19-301A ADD sus HOBULE-HENl ll'ﬂ OSCILLATION CIRCUIT MODEFIED PER LATER LER

VT

1N

1N
FC1 016499 040176 PN IN Al L T wNem TRIP B AT 6 VICE 4.2 MEW 19-317-2X FBL MOD OUTPUT DRIFTED
FCL 014510 040576 PW IN B804 ® 1 N CH B APD POS LIMIT WIGH BEH 19-301A ADD-SUB WOGUL# OSCILLATING
FC1 014558 041376 PN [N BO4 R & N CH AGH APD POS LIMIT WIGH & TIMES SEH 19-301A MOD OSCILLATES, RANDOM NCISE
FCL 018667 121476 BT TX T A6 € 1 T B CH COLD LEG TENP WIGH NET CALIBRATION PROCEQUR™ IN ERROR
FC1 017237 021677 SP CM 813 I T RPS O TRIP 6 SG PRESS FAILED 0 lllP TRIP INCICAT ON BULBS OUT OF TOLERANCE
FC1 019385 102077 SL CH 813 1 T APS D TRIP & SGI1 LEVEL DUT oF spec TRIP UNIT ELD-240-0000-1F INTERNAL FAILUR
FC1 019563 103177 PN PS  B13 1 N SETPOINTS FOR Z;o'-53-06-irs lncoaaecv LANBDA PS LCD-A-22 LOW DUTPUT, REPLACED
FCL 020849 032778 TP IN 13 1 N VAR HP TRIP ®B® NOT INDICATING PROPERLY AEH 19-309 MULTIPLII  MODULE FAILED
FC1 021697 061978 % IN 813 L N VAR WP TRIP NOT INDICATING PROPERLY BEH 19-502 AMP SELECT MODULE FATLED
FCL 021800 070378 RF CM  ALS 1 1 mce LOW FLOW TRIP SETPOINT OUT OF TOLERANCE GEN ATONICS ELD240-0000~1F B/S ORIFT
FC1 021801 071278 SP PS 813 I T STM GEN PRESS TRIP OUT OF TOLERANCE PR MATE PS DRA 15-750 FAILED
FCL 622303 081478 PN PS  B13 L T wce LIN PWR METERS READING LOW il ®S MC=18.5-1.0 LOST REGULATION
FC1 022230 083078 PN PS  B13 1 N "B"RPS VAR OVER POWER TRIP RESET DEW ALARN ACTUATO »S 19-601A 18VOLT F4iLED UP TO 27¥OLT
FC1 022544 091878 RT SE T BO7 I T HOT LEG TENP IND FAILURE RTD 104vC HAD WATER IN POTHEAD
FC1 022787 101478 BT SE 1 813 I N COLD LEG IND B/122C WIGH OFFSCALE _ RTD 104VC OPEN CIRCUITED
FC1 023133 112278 SL Tx L Al& L T LEVEL XMTR mCw C/LI-901 OUT OF SPEC GE/MAC 555 XNTR DRIFTED OUT OF TOLER ANCE
W12 014015% 011476 TP IN  BOS L & P & OF & TA/LP TRIP NDN-CDNSEl';;;;E-FOI ALL CONDITI DESEGN WIRING ERROR INPUT TO CEA FUNC GEN
MIZ 014165 012676 RF Tx F ALl 1 T LOOP 2 CH C STH GEN D* HIGHER THAN OTHER 3 4NDEL 368 DP XNTR FOREIGN SATTER PRE SENT
M12 014460 O03I08TS #F Tx F 813 I T LOOP 2 CH C ST GEN P WIGHER OUT OF SPEC MODEL 368 0P XNIR BAD ZERO ADJ POT
W12 015079 061376 TP AN 8113 I N TH/LP CALCULATOR ERRATIC NON-CONSERVATIVE TRIP BT AGH DUAL BIPOLAP AMP 381441-01 FATLUGE
W12 015580 0R0678 SL CM  Al4 I T CH A STH GEN LEVEL HIGH TRIPS WIGHER THAN SPEC £LD-240-0000-1F BISTABLE INST DRIFT
12 017116 020977 RF CM 402 C 1 T RPS LOW FLOW SETPOINT SET HIGH no«cows:nvav:v: PERSONNEL MISINTERPRETED FORMULA
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IMENTATION

CONTROL ASSEMALIES

CAUSE DESCRIPTION

PUMP OPER MODES YCEETS IEROGSPAN DRIFT-MOD 296 W MOD 199 BELLOWS

POT=0112 - 8 PCT HIGH LDSES ACCRCY WHEN PRESS 6T 2000~5/N €091

PRI S ST PT FOR CHNL "C™ WAS LT747 VvS 17%0 INSIRUMENT DRIFTULN PSII-NDD 562

INST LT=-0751C § L O IN - OQUTSIDE TS L™IT SETPOINT DRIFT-EASILY RECALIBRATED

CH A LD PRI FLOY WAS 94.6 PCT, TS REQ MIN 95 PCTY CALIS PROCED REQS CHK THAT AFFECTYS TERIP

PCS CH D PRESS INSTIPT-0102D) TRIP AT 17453 VS 17%0 7FRD SHIFT CAUSED BY INCREASE IN AMB TEMP

RTD RESPONSE 67. SSEC. VALUE SET BY VENDOR TO*S MOUNTD IN INST.WELLS==NOT BCCTL FOR

OVERPOWER BISTABLE NOT TRIPPED WHEN REQ. DOPERATOR FAILED TO TRIP BISTABLES
IVERTEMP BISTABLE NOT YRIPPED WHEN REQ. NPERATOR FAILED TO TRIP BISTABLES

VERTENP DY BISTABLE TRIPPED CAUSING RX TR VOLTAGE SPIKE CAUSED BY PFRSONNELINAIN.)

LOOP A DT INDICATOR DISCOVERED LESS THAN ZEROD AAGAN SIGNAL ISOLATOR FAILURE
1A STEAM GENERAYOR LEVEL FAILED LOW FAILED TRANSHITTER

IA S/G FEED FLOW INSTRUMENT FAILED HIGH FAILED SQUARE ROOY EXTRACTOR

1€ FuLL SCALF FAILED LEAD-LAG MODULE,wEST.MODEL 131-11¢

SETPOINT READING MIGHER THAN NTHE FAILED SUNMNATOR

NEUTRON DETECTOR READ HIGH (DETECTOR N&1) INSTRUMENT DRIFTY

Loor DV INDICAYOR FAILED LOw TEMPERATURE DETECTOR CABLE DAMAGED
PIR { ALS FAILED ISOLATION AMPLIFIER
FLOW CHANNEL 496 INDICATED LOW FAILED CHANNEL MUTIPLIER-DIVIDER MODLLE

CHANNEL N36 INDICATED BELOW NP, LIMIT FAILED CURRENT AMPLIFIER

IW0 SEPARAT DAYS,OVERPOWER DT SETPDINT RFAD WI MODULE OUTPUT DRIFT,MODULE REPLACED

POTENTIOMETER Dlﬁ’ilvt‘ﬂg'\—) )"fﬁi.;iN‘,, ERRATICALLY NON=CONTINUOUS AREA ON POTENTIOMETER INGL)
DY-TAVE INDICATION FAILED LOW FAILED CAPACITOR IN LOW-LEVEL AMPLIF IER
CH NQLsRATE TRIP SETPOINY f 5 IMADVERTENT READJUSTMENT
SET POINY DRIFTY

PAGF




ASSEMRL

NSIDERED IN INSTRUMENTATION & INTROL

JESCRIPTION

EED LIKITS(BLP~-120)

EXCES

S/IG LEVEL '-IANS"llVFP !l

PRESSURIZE TRANS 11![(»0 SIVE ERRNR

TRANSHIT EeROR

LEVEL SIVE

'p‘N')ul‘[,D EXCESSIVE ERROR (FFC-211)

FLOW TRANSMITTER spww £

n‘||u! XCESSIVE

EQROR EXCE

INOPERABLE ¥

lfVFl IRANSHITIER tBLP=-1200

CHANNELS

RANGE OR ARDUT 1 H

9!'!9 (‘EVXAY!)N BETWEEN INDICATING CHA

TION READING

LEVEL

.Hnu uvn HIGH (CH-1)

SOURCE QAN GE (N=-32)

Fno
BISTABLE

GE

(MANNH VARIATION

EXCEEDED 'XN!HUP‘

PRESSURIZER TION

$S/G LEVEL SETPUINT

INOPERABLE

(VFVXAIHJ”

SOURCE RAN (N=-31)

100 GREATICH-]

;,“\\‘ READING LOW (CH ONF)

FEED CH 1)

(5/6 2)

.H!Q'F'U’GWAY"""

YvA"H'-i FEED 4 CH

FLOW MISMATCH

REACTOR COOLANTY 1 DELTA Y FAI

$/6G CHANNEL 2 FAILED

YEL CHANNEL 3 INOICAT HIGH
LOw

MALFUNCTION

STEAN

PRESSURIZER LEVEL

PRESS MIGH REACTOR TRIP BISTARLE FA

;71\ INDPERARLE

SOURCE uum&l

v»'u-xv

TES

CAUSE l‘t SC

LERD SETVTING SHIFY

IFERD HAD DRIFTED L

TFRO HAD DRIFTED L

PERSONNEL ERROR VA
SFTPOINT DRIFY
RUST FORMATION AT

CAUSE UNKNOWN-FAIL
LOSS

IN REFE

PARTIAM OF Ix

GAS POCKETY
FXACT CAUSE OF Fal
GAS POCKET

SOLDER JDINTY O

IN REFE
RAD
CHANGED CABLE FROM
GAS POCKET IN SENS
GAS POCKET IN SENS
TRANSMITTER AND SE
SE

FA

TRANSPHITTYER AND

MODULE ZTY-411C

TRANSMITTER SENSING

LEAK IN REFERENCE

TRANSMHITTER HAD A

GAS POCKEY IN SENS

RISTABLE FAILED DU

316

INSTRUMENTY

MIGH VOLTAGE &

NNRMAL

(FT~

RIPTION

ED AND REODCCURR

OW ON TRANSHITY

Ow ON TRANSHITY

LVIN:G OUT TRANS
426)

FLEXURE BAR PLA
URE COULD NOY
(CH 1

SENSING

REF LEG
RENCE L
LURES UNKNOWN
RENCE
N RESISTOR
DETECTOR
L INE

L INE

LINES AR

SENSING

T0 DR
ING
ING
NS ING
NSING LINES AIR
ILED

6 LINES AIRBOUN

LEG TEE

SHIFTY

FITTIMNG
LERD
ING LINE
E 10
CABLE CONN

DRIFY

NAL

ED
EwR
R
MITTER

TE

E I
EGS

AWE F

BOU MO
80UMN

0

A BAD TRIAC

CLE INED

BE LCCATE

LINE (CH~3




‘1"“-\ Y
1565540

156642

19696

’)n,|»rup IN [w"inn[NlAl('N B L)“'V‘\ ASSENALIFS

LEVEL

MODF A"’Wl"-l"i

V~9"]d‘~ TRIP ABOVE LINILY
ERRATIC
LEVEL #3 DIFFERS FROM #1 6§ 2
(76-2-218 OUT OF SPEC
FROM OTHER

SPEC

XrTR QUuiTPuTY U'l'lfllh uUH

LT=460 LEVEL XNTR DUTY ")v Y!ILGPAN(E HIGH

*I'Ylﬂlf 63U~AC-0OHA SETPOINTY DRIFY

PuR UAN(F CH 43 DECREASING Stuulv

KI-N\Q J‘HPJY DRIFTING

CH

CH
FLDG)
HOT

(‘Viﬂ’UHFﬂ Ullll T SETPUINT NONCONSERVATIVE

3(*“"”’”’ NONCONSERVATIVE
OVERPOWER-DELT A~ SFTPHINI NONCONSERVATIVE
OVERPOWER~ [,‘flll T SETPOINTS NONCONSERVATIVE

NONCONSERVATIVE

OVERPOWER-DELTA~Y SETPOINTS NGNCPN’)F"VIYIVF

ND. &1 SETPOINTS NV)N(AINSQPVAIIVG

HIGH

TOLFRANC

18- ‘o??ﬂ-l SETPOINY OUT OF TOLERANCE

')HH-HHV, CH 11 OUT OF TOLERANCE

CAUSE DE \(HlPIIQN

NNRMAL INSTRUMENT DRIFT

DETECTOR AND CABLE DETCRIODRATION

NORMAL INSTRUMENT ORIFY

M763 ALARM UNLIT PHR SUP DEFECTIV

CHANGE OF DELTA-T SINCE PHYSICS TESTING
STATIC GAIN UNLIT 62H=2 “UT OF CALIBRAT.LUN
RLOCKED SENSING LINE TO XMTR

XMTR H13HM-H DRIFTED OUYT OF TOLERANCE
PC-457A READJUSTED

WL23686 DEFECTIVE AND REPLACED

FT ANP ASSY 1435SY DEFECTIVE

STATIC GAIN UNIT MODEL DQ DUT OF ADJLST
DQ STATIC GAIN UNIT OQUY OF ADJUSTHMENT
DO STATIC GAIN UNIT OUT OF ADJUSTHMENT
DO STATIC GAIN UNIT OUY OF ADJUSTHENTY
NO STATIC GAIN UNILY QUT OF ADJUSTMEN]
DQ STATIC GAIN UNIT QUT OF ADJUSTMENT
DO STATIC GAIN UNIT QUT DF ADJUSTMENT
AORATED WATER LEAK ON RTD WIRING
ALOWDOWN VALVE LEAKING

TRA-432E OUT OF CALIBRATION

INSTRUMENT ORIFTY

INSTRUNENT DRIFT

LEAD/LAG CARD TY-422F FAILED

NELTA=P UNIT LT~46]1 DEFECTIVE




CONSIDERED IN INSTRUMENTATION & CONTROL ASSENBLIES

MODE DESCRIPTION CAUSE DESCRIPTION

MIGH LEVEL TRIP BISTABLE NC206 IN EXCESS OF T.5 875 RELAY ORIVER NC206 INST DRIFT
PIR NAL CARD PR~-457A DEFECTIVE
STM FLOW IND FI-484 READING LOW NMD CR2D FY=4B4 OUT OF CALIBRATION
PIR MIGH PRESS PB-457A TRIPPED ON NEFECTIVE BISTABLE CARD
CARDS FR-4988 & FY~497 NORMAL DRIFT
NEW DETECTOR LESS SENSITIVE THAN ORI CINAL
IFRD DRIFY LOW
DEFECTIVE BELLOWS [N TRASHITTER
INSTRUMENY DRIFT
DETECTOR AND PRE-ANP FATLURE
2 OF 3 PIR LEVEL XMTIRS TRIP SETTINGS NON-CONSERVAT DRIFY
L OF 3 PZR LEVEL XWTRS TRIP SETTINGS NON-CONSE@VAT DFFECTIVE BELLOWS
PIR PRESS MIGH PRESS RX TRIP WIGH 7 PSIG INSTRUMENT SETPOINT ORIFT
PIR PRESS HIGH PRESS RX TRIP HIGH & PSIG INSTRUMENT SETPOINT DRIFTY
STH CROSSED INSTRUMENT TAPS BETWEEN 2 CHINNEL
PIR ALARM BISTABLE DRIFT
Y206 4 pIR PROCEDURE NOT INCLUDING WEAD CORRECT ION
0504 PIR BARTON LEVEL XMTR INSTRUMENT DRIFY
0511 1 FNXBORD FLOW XMTR INSTRUMENT DRIFT
0601 S AARTON PZR LEVEL XMTR INST DRIFTY
1529 ) COLD LEG RTD AMP FAILURE
083178 ) FAULTY PZIR PRESS LOOP POWER SUPPLY
09271748 [ XMTR CAL PROCEDURE w/0D ELEVATION COMPENSA
XMTR OQUTPUT DRIFT
LT=1496 MANIFOLD GASKET LEAK




TS CONSIDERED IN INSTRUMENTATION € CONTROL ASSFEMALIES

MODE DESCRIPTION CAUSE DESCRIPTION

| - —— )

FEFDWATER FLOW FT-1496 LOOP € FAILED LOW POMER FUSE BLOWN
STR-FEEDWATER FLOW MISMATCH TRIP HIGH DRIFT OF MULTIPLIER-DIVIDER CARD
CH 1 TURB AUTD STOP OIL LOW PRESS SPURIOUS STIGNAL LNOSE TERMINAL SCREW ON PS=LO-609-4
BOTH é% PERCEN, T“YRRENTS CHANGE SIGNIFCTLY OVER CORE LIFE
NIS Si FAULTY DElELiun JETe TR REPLACED
NIS INPUT=PRASY SIG COMPNSTN CAPABILITY WAS LOST=DET wmevr LACED
204314 011C 1T BCHE APPRNT THAY DET FOR SR CH N3I1 REQD RFPLCMT NO CAUSE WAS GIVEN
204318 011078 CONTROL ROOM LOST ALL SOURCE RANGE [INDICATINN TEST PRSNL DISCONN Ch N32 VS CH N3)
14202 020976 ONE LINITS SET POINT ORIFT
16275 022°¢ TS LMIY LOOSE LOOP RESISTOR
16341 FAULTY PREAMPLIFIER
16720 RTD FAILED ~ MODEL 176KF

17112 ' INSTMY DRIFT IN SUNNING AMP -NMOD 66RC-0L

1 PROTCN SYS XMITR DRIFTED ST BISTAL STPTS GT TS INSTMT DRIFY -~ NO SINGLE CAUSE ESTABLISHD
2 PROTCN SYS XMITRS DRIFVED ST BISTYBL SVPTS GV 7S INSTHY DRIFT = NO SINGLE CAUSE ESTABLISHD
NIS FATILURE OF =25V LOVW VLTG PS—MOD UPH~-4&4KW
MOD UPM~44K POWER SUPPLY REPLACED
MOD UPM~44K <25V PWR SUPPLY FAILED

x

)201264

201268

x

2716 081878 PS
)13946 011076 PN PS
016573 113076 PN PS
D21 444 051278 NT N M=40&V)IIN DVR PHR DELTA T CH SP2 DRFID HiIi~DFCTY ZCRD POY~ 66RC~-OL

PUR SUPPLY FAILED ~ MOD PUMNP-X54N
MOD WL23-T710 WAS RPLCD WITH NOD WL23-686
V CAUSE UNKNOWN =« MODEL UPMD-X54W
PERSONNEL DVERSIGHT
ROTH CONTROL POWER FUSES BLEW FOR N42 PNR ANG CHNL CAPACTR IN AUX PWR SUP BD FLD-UPMDAS A
STv oC MODULAR BLOCK PT NO IV~10L = MNOD UPNI-xX54

023304 121978 PN PSS
JI4746 051476 PN SE
014951 0613764 PN PS

*3123% 120978 RY SE

014203 012976 PN PS

=2 ZT ZT T ZT T zT =z =z

041276 PN PS

9




15174
315998
0231374

0186257

06037
120577
120677
1207177
010373
0104678
0311078
)61078
NA21T7A
0R0974
0OR1578
091278
112874
113078
120178
062876
0821374
112678

110176

FAULTS CONSIDFRED IN INSTRUMENTATION & CONTROL ASSEMALIES

| o e st €

MODE DESCRIPTION

T-AVE € DELYA T FOR LOOP 3 DRIFTING LOW

BOTH

INDPER

NO 12 RX COOLANT FLOW CHANNEL 1 BECAME INNPERABLF

N L3 S/G STM FLO CH 1 HAD INNACCURATE FLT SIGHAL

pIY

TS LNY
LAY

POWER SUTPLY DEGRADID CAUSING

CAUSE DESCRIPTION

HOT LEG RTD FAILED

WETTING OF DTCTRS WITHIN WELL-HI CONM RES
SWAGELOK TUBE FITNG BACKED OFF~CUNST ERDR
XMTR DIAPGM & LINKG FLD=MOD 6906A535(CA6Y
SLIGHT COMP VALUE CHGS WITHIN SLD ST CkTY
CHANNEL DRIFT ~ CMN FAILURE CHPNTS UMET
DUAL QUTPY COMPARAIQOR FLD~-2 CAPCTRS [N PS5
INST DRIFT IN SQ ROOT EXTRCTR=-FN/ 4111511
SIGNAL ISOLATOR FAILED-CONSOLE IND LCST
LOW LEVEL AMPLIFIER FAILED - mOD 111

INST DRIFT IN SO RT EXTRACTOR-PN/ 4111511
FAILED CAPCTR IN TYPE 4111513 FNCTN €EN
INSTRUMENT DRIFY

MAINT PERS DISCONN WRONG LEADS FOR R)Y COM
INSTRUNENT ORIFT IN NOMCONSERVATV DIRCITN
FAILED OP AMP IN THE DUAL COMPARATOR POD
TRANSHITTIER DRIFTY

UNSTABLE OQUTPT FRN COMPARATOR FDG TRIP BS
STRAIN GAUGE OVLPD HI RES IN OUTPY BRIDGE
LERD SHLIFT CSD BY S/70 € S/U OF UNIY
PARTIALLY CLOGGED SENSING LINES

FAILD FEEDBACK MOTOR IN FLOW TRANSMITTER
INOP FEED SLOW R/X TRIP) FAILD DIODES
FLOW STRAIGHINR DISLODGED AGAINSY ORIFICF
POMER CAPACITOR MALFUNCTION




CONSIDERED IN INSTRUMENTATION & CONTROL ASSEMBLIES

MODE DESCRIPTION CAUSE DESCRIPTION

032877 HI STEAM FLOW RELAY(FC—4B5-XA) MALFUNCTIND~ ST TEST DEBRIS IN BF-48 RELAY CONTACTS
121677 ! "A® S/G LEVEL CHAN I1 COMPARATOR FAILD TO TeIP 2 OPEN CAPACITORS IN COMP. POWER SUPPLY

101178 CHAN 1 PREZ. LEVEL L=1=4%9 DRIFTD MI-~0 ADJUSMNT £ LEAKAGE THRU TRANSMITR BYPASS/EQUAL. VALVE
111578 CHAN 1-;;-;;;i_;;;fft(fti:;;;-ﬁifg;n LOW DRIFT iS5 INTERMITTENT;UNKNOWN CAUSE j FECAL
121176 LNOSE CONNECTION ON SUMMATOR
D21776 LYT=459-938 € LY=461-92.082 ELECTRONC DRIF
062176 CHAN 42 =25 VOLT POWER SUPPLY FAILD 33 CHAN (PER,
062676 1 NTHR CH DUTPUT OF LEVEL & SUMMING AMPLIFR DRIF LO
101376 DUAL COMPARATR OF 23L04 L OPEN CAPACITOR;CM WOULDN'T DENERGIZ:
020977 D TEM® MALFUNC.OF SPAN POTEMTIOMTR IN LEVEL AMPL

0 01877 Ch RIX Tg rare CAPACIVTOR LEAKAGE) 2 REDUNDT. SYS OPERABL

111574 ) wg® LOOP MOT LEG SENS ELEMENT DRIFTING LOV--CHAN 2 PACKING LEAK REDUCED RESISTANCE OF ELEN'N

116798 010777 S C STEAM GEN LO Lt 7EL BI-STABL 537C FALLD YO TRIP NPERATIONAL AMPLIFIER ON CKT BRD FALID

O17759A 050477 ( PS-6309X EXCEEDED ALLOWABLE SETPOINT LIMIY INSTRUMENT SETPOINT DRIFT
0177598 050477 PI-456 SETPOINT EXCEEDED ALLOWABLE LINITS INSTRUMENT SETPOINT DRIFY
017759C 050477 SL LT-537 SETPOINTY EXCEFDED ALLOWABLE LIMIT INSTR SETPOINT DRIFT
177590 050477 LY=461 SETPOINT EXCEEDED ALLOWABLE LIMNIY INSTR SETPOINT DRIFTY
070877 SL C FOUND TO MAVE HI RATE OF SETPOINT LR IFT
090377 < REMOVEDS REPLACED FUSESOPERATED OK THEN
)21312% 040578 S 0 FOUR OF 12 SG LEVEL INST OUT OF CALIBRATION *NORMAL™ INST., DRIFTH CALIB WHEN CNOLE
015007 051976 PRIR LEVEL COmWP T 4.685V VS, 4.58 SETPOINT ORIFT; WILL ADJUST TO COMPERSATE
Y16886 112576 2 FILTR CAPACTRS ON PRNTD CKT.BOD.IN FWR 5
17590 012777 ! SETPOINT DRIFTHEXACT CAUSE OF DRIFT LNK¥N
122768 092978 g FAULTY REG. AMP IN PWR SUPPLY BOARD
)14878 013076 2 FILTR CAP, FAILD IN SIGNL SUM.TA-&-422F

PAGE




| —— )

MODE DESCRIPTION CAUSE DESCRIPTION

DELTA T TRIP 17C~422 C/70 COMPARATOR INOPERAALE NPERTNL AMPS A2 & A3 DEFECTIVE
DIND NDT RESCALE DELTYA I SUMMATORS-~NONCOMSERY
FEED FLOW XMTR 1FT-520 FAILD HI LDOSE LINKAGE BETWEEN FORCE BALANC & DISC
D&18TH ! € TAILD CAPACITOR C8
11776 | DEFECTIVE LEAD/LAG MODULE 1TM&31J
TOLRN AAD CAPACITOR IN POWER SUPPLY FOR COPPRIR
~REDUND CHAN AVAL DFFECTIVE COIL ASMBLY IN FLOW XMTR
DELTYA T IND ERRATIC DROPPD FROM 100 TO 8S0% LOOP N GROUNDED SUMMATOR, DEFECTIVE INTEGRTC Cx7Y
FLOW LOW READING FAILD COIL ASHBLY ON XMTR
183764 08167 . LOSS OF FLUID IN DP ANMTR}) REPLACD XMTR
022112 08197 LSS OF XMTR FLUID FILLS REPLACED xMIR
017853 05127 ‘ } REPLACED APPARENTLY DUE TO INTERNITTYNT CONNEC TION
018375 070877 S XMTR 1FT-510 OUT OF TOLERNCE FOR LOOP A PFRO SHIFT OF THE XMNIR
018529 07197 ONE HIGH BAD LEAD/LAG MODULE) 2 FAILD CAPACIT (RS
01853 072977 S DP LINES PLUGGD WITH SEDIMNT; WATR HIMMER
018535 O0B0&7 IFROD SHIFT OF THE XMIR
019521 10207 S JRIFT DF BARTON MODEL 388
019520% 10217 ) 56 IFRO SHIFT TO ALL 3 XMTIRS
)19516 10287 LERD SHIFY OF xmIR
)19514 10317 RX COOLNT FLOW XMTR LFT=444 HIGH (NONCONSE2VATIV) ZERD SHIFT OF XMTR
19317 RC FLOW XMTRS L1FT-435 & 434 HIGH (NONCONSERVATIVE) DRIFT OF XMIRS BY 4.5% & 3.7% RESPEC TVLY
120877 (NONCONSERVT) ZTERD SHIFT) FREVIOUS LERS
120977 INONCONSERY) JERD SHIFT) TRENDING INSTRUMNY DRIFTS

122377 S (iLrsia) TERD SHIFT; PRESENTLY TRENDING DRIFTS

o1L1A78 N CHANL 1F523 BEGAN IND LOWR THAN DOTHER IFRD SHIFT OF FISCHER-PORTER XMTR

PAGF 12




DERED 1IN 1~'vnu-$w1AlluN £ CONTROL l"‘-1|l-‘

P ppm——

| €=

MODE DESCRIPTION J5¢ ')tS RIPTION

)257% 012478 S STEAM FLOW XMTRS 1FT~-532 €& 533 LOW (NONCONSFRY) ! OF XMIKS) RECALIBRATED

20589 012778 RX PROT., 1F¢C C FLOW TRAIN A FOUND HUNGUP--BINDING PLUNGER PIN ON

1 449 050978 FEED FLD L d g (NONCONS) DRIFT OF CLOCK PULSE FOR SOUARE ROOY

L967A 071778 § 56 LEVL CHNL 538 TRIPPD DU { 1 INDICATD LEVL FAILD TRANSMITTER
19678 071778 St S J CHNL 9537 S6 LEVL IND MIGHER ["AN CHNL %39 PACKING LEAX FROM ROOT VALVE NDF XNTR

080278 $6 C (NONCSY) DRIFTED OUT OF TOLEC®ANCE) REPLACD w7 SPARE
» 278 - ONCI FOR LD RC FLW FARLD OSCILATR IN XNTR
2578 UNC ( INM-6418 OQUTPUT OUT OF TOL LOW SETPTS NONCONSERVIVES] INSTRUMNT DRIFY
)2078 ; FEED FLOW XNIR v ")I-!I—;:!;-;(T\.ULY [ NONCONSER XMTR DRIFT CAUSED CHANNL TO 8E OUT OF TOL
22078 - SG 18 LEVL CHNL 1L-548 DRIFTD MI (NONCONSERY SETPY X®TR DRIFTD OUT OF TOLERANCE
020718 S 5 C 1L~538 NONCONSERVYTY SETPOINT INSTRU LINE TO XMTR BLOCKD
RC FLOW CHANL L1F=414 LOOP A TRIP SETPOINT DOIF LOW SETPOINT DRIFT; 20THER LOOP CHANLS DPERBIL
1FT~%23 READIN LT, OTHR K1 NLS ON "C»™ S/6 FS DRIFT IS NONCONSERY; XNTR OUT OF TOLER

$/6 LEVEL INDICATOR 2L1-538 FOUND READING MIGM INSTRUNENT ROOT VALVE DEVELOPED A LE M

zl1_5}545[#E;:-[EQ{-;;vi_ga;.5{'§][(~n~cyusrnvaFv SCALE SHIFT IN XMTR; RECALIBRATED

LEVL ; 39 FC FOLLWNG ®¥ TRIP REPLACED XMTR WITH SPARE

SIG LEVL XMATR 2L 7-5 ( STICKY INTERNAUL COMPONENT PARTS

S/G B LEVL XNTR 20T=549 OUT OF T G S8} TERD SMIFT UNDER INVESTIGATION

STEAMFLOW XMTR 2FT-543 FOR 8 S/G FOUND LOW TERD SHIFT) PLAN MODIFICATIONS BY SUPPLIR

FEED FLOW XATR 2FT=521 FOR $/6 C HIGH TERD SHIFT; PLANS TO MODIFY ARE BEING WO

STEANFLOW XMTR 2FT=523 FOR S/G C FOUND TO BE LOW  ZFRO SHIFT;PLANS TO MODILFY

PR lfVl CHNL ’l"‘?)l READING MIGHER THAN NTHER CH UPPER ROOT VALVE LEAXING THRU BODY TC BNT

LOOP 8 COMPARTR 2FC-5618 & 2FC-541A FOUND HIGM SAD OPERATIONAL AMPLIFIER A=l § REFLACED
COMPRTE WAS REPLACED WITH SPARE

Lone 0 S/ (l"i [ND FAILD T0 ZERD THEN NORML GTIME 82D MULTIPLIER/DIVIDER MODULE

PAGF 13




IN INSTRUMENTATION € CONTROL ASSFMALTES

MODE DESCRIPTION C DESCRIPTHO

SGUARE RDOT BAD CAPACITORS C11 6 C12 IN SQ.RY.FM=-51338
IR EMTR 2LT-481 FOUN, DRIFTD OUY OF TOLERANCE

SQUARE EXTRACTR LOOP B STEAM FLOW FOUND HIGH JRIFTY OF LOW END SETTING OF SQ.RT.EXIRCIR

‘J.”'ﬁ' EXTRACYR FOR LOOP D STEARM ;t)u FOUND MIGH DRIFT OF LOW END SETTING 2FN-5308
-'; 2PC~456A -ﬂ‘ll;\_:{);riéi;;_lﬁ' IN TRIP NOD RAD OPERATIONL AMPLIFIE A-3
S/t (NONCONSR) XMTR DRIFT) RECALIBRATED
FFED DRPIFY OF XMTR ; RECALIBRATED
CHECKD CHNL ELECTRICALY} REPLACFD DETECT®
28 S/6 LEVL STICKING INTERNAL PARTS
FLOW TRIP LOGIC TRAIN 8 MHUNGUP BINDING PLUNGER PIN AGAINST RELAY MHMOLSING
FAILD OSCILLATOR AMPLIFIER IN XYMTR
MALFUNCT SQUARE ROOT EXTRACTOR
PIR LEWL ZL=-460 OUT OF AND LD ENDS REVERSD DIODDE CAUSN IMPRPR VOLY REGUILATIN
RC FLOW Ry TRIP JERD SHIFTED; RECALIBRATED
SONCONSEQVTY RANGE SHIFY OF XMTIR
TRIP 7FRD SHIFT »READJUSTED
CHECKD ROOT VALVYS FO STEAM LEAKS~-NONE
RAD 25 VOLY PR SuPPLY
REPLACED xXMTIR -NO CAUSE FOUND YETY
N CAUSE COULD BE FOUND
DIRT IN SENSIN TINES, TUNED OSCILATOS®

PS=2-1As13,8A WERE FOUND OPERATING BELOw TECH SPFEC SFTPODINT DRIFTY

PS=1=B1AsB81F,91BITURBINE PRES PERNISSIVE) NRIFTED SET POINY DRIFTY

SETPOINT DRIFTED BELOW SPEC. (LIS~3-2038)

SWITCH PLUGGED WITH TEFLON TAPE

14
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CONT. N].

0184632
0191395
0228540
023292
3171460
017529
022824\
0228240
023032
)1544)
0209137
0156851
)16855¢
n17082
019544
018685
)18R39
)19185
020679
020680
020770
N20815*
021187
J14138¢

014547

FAIL
DAY
0BslLAT?
101977
111478
121178
020877
ND31477
102978
102978
112878
D81376
DAOT7H8
121576
010577
012677
or137?
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081577
092677
012878
D2147H
03017%
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012476
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cn
oC
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CONSIDERED 1Y INSTRUMENTATION £ CONTROL lS"'lL!‘K

MODE DESCRIPTION

IO RX ¥ TER LOW LEVEL SCRAM SWITCHES WERE +20 [N,

DRYZELL PRESSURE SWIVCH DRIFTED BEYOND SET PODINT

M/S LINE ® D

RX HIGH PRESS SWITCHS PS~3204A,8 EXCEEDED TS LINIY

LEVEL SWITCH LIS-3-2030 FAILED TN OF.

IRM F CHANNEL DECLARED INOPERABLE
IRM H CHANWNEL DECLARED INOPERABLE

43 STRENGS FOUND REVERSE CONNECTED
te2)

TO 8F TOOD MIGH

SETPOINT FOUND TN BF WI

lll'S BEYOND T/5S

HIGH

APRN

APRM E-ctnt (122 PER)

APRM S LImLY

MAIN “TEAW LINE RAD MONITGR =D™ PS5 FAILED

IRN INOPERABLE
D12=-RM=N6OIC OUT NF SPECS

RPS DRYWELL 'ntSSUH( SWITCHES FOUND OUT OF CA

CAUSE DESCRIPTION

RFFERENCE LEVEL COLUNN 8 WAS NOT FULL
SETPOINT DRIFT OF PS~-64-56C

INSTRUCTION DEFICIENT IN REQUIREMENT S
SETPOINT DRIFT

ERRATIC MICRD SWITCH WAS REPLACED
SETPOINT DRIFY

STGNAL CABLE SHEARED

STGNAL CABLE DISCONN

LACK OF EXPLANATION OF PROPER LPRM CONNEC
POLARIZING VOLT. ON COMP [ON CHAN SWIPPED
SETPOINT DRIFY (NINOR)

COMPONENT FAILURE,MONITOR RECALIBRATED
DEFECTIVE PROCEDURE

FOREIGN SUBSTANCE BEEN THERE SINCE INSTAL
SETPOINT DRIFT,D12-RA-XH03C

SETPOINT DRIFT,LINST.® B21~-LIS~NOLTS
UNKNOWN CAUSE, INST, 1D D172-RM-K603A
RECAL. DONE WITH INADEQUATE PROCEDURE
SETPOINT DRIFTY

SETPOINT DRIFT

TPM CABLES DAMAGED D12-RM-X8030D ¢S

[N ®E® AND ™A™ FAILED, COMPONENT FATLURE
INST RECALIBRATED.RETURNED TD SERVICE
SETPOINT DRIFTLOF C72-M002A:8,C AND €
SETPOINT ORIFT OF CT2-NOOZA

15




ALL FAULTS CONSIDERED 1IN INSTRUMENTATICON € CONTROL ASSEMBLIES

KODE DESCRIPTION CAUSE DESCRIPTION

014392¢ 213176 ) ’ RPS HIGH DRYMELL PRESSURE SWITCMES FOUND 0OC MIGH SETPOINT DRIFT OF CT2-N002C AND D
0161391 020776 T (W GuUND 00C SETPOINT DRIFY
015398+ 0b60R78 DL HiG C SETPOINTY DRIFT OF 2-~C72-PS-NOO2C AND O
014948 0HK1276 C X : - - - ¢ L CYECU{T DESIGN USED MIGH LEVEL SWITCHES
015397¢ 061978 HP > LETPOUINT ORIFT OF 2-B21-PS5S~NO23As0:,C & D
017%88 o313 RX 00C ®IG SETPOINTY DRIFTYT OF B21-PS~ND23D
018179 o081277 RY C SETPUIMNT DRIFT OF B21-PS~-NO23D
0190198 090277 - RX ) TNYRUMENT DRIFT OF B2L-LIS-NOLTH

010278 S ) 2 - ~Xa( C PREVICUS CALIBRATION PERFORM WRONG

G3047H ( DRIVE ARM LINXKAGE SLIPED ON 821-LIS-M0LTD
D20968A DI247H8 ) C PROBABLE CAUSE,TWO BAD TRANSISTORS
0209688 032978 - PROBABLE CAUSE,TWO BAD TRANSISTORS
20917 040378 DIRTY ANMD WEY DETECTYOR CABLE CONNECT TONS
014839 0%077s WHILE PE SET AS PEQ®D SENSITIVIYY DECREASE WITH EXPOSURE

6713 111476 - LV ] DURING STARTUP PRESSURE SIIYC“ 'il’ CAUSED 27% TRI PRESSURE SWITCH LEFT ISOLATED AFYER SURVE

017299 012877 APRM B BYPASSED AND OFCllﬂ(a‘T;a;g;lllJNAl LPRN SEAL FAILED, LPRM ORIFTED; RECALIS
018897 O0&iL6TT7 ) INSTRUMENT DRIFT IN TWO RMODULES
J184AL* 080877 ( ¢ SWITCHES MAVE EXCESSIVE SETPOINT ORIFTY
D18899 DR107? SAD ISOLATION AMP IN SUMNER UNIT-REPLACED
0192886 092377 < AREAK IN OUTER SMIELD OF TRIAXIAL CAPLE
020799 0129798 S TENER DIODDE FAILED I™ POWER SuPPLY
021197 04087H ( ) L BOEAX IN SHIELD OF TRIAXIAL CABLE
D2LT4T 0527718 C J PROCEEDURAL DEFICIENCY FOR SOURCE CALIBRA
014378 031476 6 ( ) FAULTY DIODE IN VOLTAGE PREREGULATOR
014516 041774 2 APRM/RBN FLOW UNIT D COMPARATOR EXCEEDED LI™IY DEFECTYIVE FLOW UNIY SUMNER CIRCUIY

PAGE 16




IN INSTRUMENTATION &

DESCRIPTION CAUSE DESCRIPTION

CH A UPSCALE TRIP EXCEEDED LINMIT INSTRUMENT DRIFT
"UPSCALE RB TRIP EXCEEDED LIMET INSTRUMENT ORIFT
LPRN N c LPRN ODRIFT DUE TO LEAKING SEALS
wna;kg OVERLAP INKND N
PROPERLY THO VACUUMN TUBES & GNE DIODE WERE DEFECT!
VOLT REG AND PRE-REG WERE DEFECTIVE

LOOSE CONN ON PWR SUPPLY CAUSED FUSE TO0 8

NONCONSERY ERRORS INDUCED £ 0 PERSONNEL-REVERSED INPUT/DUTPUT OF LFRN

POWER RANGE CH 3 ACTUATES ABOVE LINMITS INSTRUMENT SETPOINT DRIFT
N '\ﬂ;_;f‘;;;1;-;(:‘;-;;;[;;;;;-1:};£ TREIPPED HIGH INSTRUMENT SETPOINT DRIFY
TRIPPED MIGH TSNSTPUNENT SETPODINT DRIFTY
SPEC INSTRUMENT SETPOINT DRIFY
1048 1100 1120 1134 113C 11ayu M1 INSTRUMENT SETPGINT ORIFT DUE TO MIGH TEM
TE INSTRURENT SETPOINT DRIFTY
TUBE FAILURE IN AMPLIFIER CIRCUIY
SETPOINT ORIFT
INSTRUNENT DRIFTY
EXCEEDED TRIP LINIT TRIP ADJ SIAS VOLTAGE 23KOMM RESTIS DRIFTE

113C EXCEEDED V;l' LINIY TRIP ADJ BIAS YOLTAGE 25xKOMM RESIS OFIFTE
A_---—."-—_-—;;;_;;;g:);-;;;lh"l! SETTING M SETPOINT DRIFY
PRESS CRAN SWITCH PS226395C AAOVE LT INSTRUMENT SETPOINT DRIFY
PRESS SCRAM SW PS226355A ABOVE LINITS INSTRUMENT SETPOINT DRIFY
APRM CHS INDICATION DROPPED FROM 54 TO 31 PERCENT AROXEN LEAD ON DC AMPLIFIER
APRM CHS AGAF MIGH VALUE INSTRUMENT DRIFY

INSTRUMENT SETPOINT DRIFY
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IDERED IN INSTRUMENTATION &

CONMTROL ASSEnmAY IES

MODE

INDICATION EXCEEDED 100T (AEBY PROCEDURE FOR TOTAL CORE FLOW IND RENISED

ON RELAY X6 WERE SEPARATED CONTACTS REPLACEUSAPRN AVE CARD RELAY
(RMEls TRIPP SETPOINT DURING TESY INSTRUMENT SETPOINTY DRIFTY
--L—)k.l-l; 100X CORF FLOW APRM/REM CONVERTERS CALIS TO ORIG SPECS
) 11 LPRNS FLECYRONIC ORIFY OR DIRTY CONYACTS OM CaAr
ABOVE SPFC INSTRUMENT SETPOINT DRIFT
TURBINE FIRST STAGE PS-3 SPEC INSTRUMENT ORIET
[RME13 DID NOT TRIP AS REQ PRICE DEFECTIVE DUAL TRIP MODULE
INSTRUMENT DR *T
APRM FLOW BIAS SCRAM £ ROD BLOCK SETPOINTS NON-CON CIFICIENT PROCEDURE
-_--[;E‘::;;;:;;;-;ﬂ’)ﬂ LInITS INSTRUMENT DRIEF T
MSL MIGHM RAD ISOLATION SETPOINT SET HIGH TYPOGRAPHICAL ERROR [N PROCEDURE
TURBINE FIRSY STAGE ;;;626';5i;5;5-nan£ SPEC INSTRUMENT SETPOINT DRIFTY
APRM CH & ROD BLOCK TRIP HIE SETPOINT DRIFY
APRN L SPEC RPOKEN WIRE AND TRANSISTOR FAlLURE
APRN #6 FOUND FLUCTUATING FAILED REED RELAY CONTACTS
APRM 3 RDD BLDCKX TRIP EXCEEDED FLECTRPONRIC DRIFTY
APRM & POD BLOCK TRIP EXCEEDED FLECTRONIC DRIFTY
UTPUT OF UPsSC FERAMIC SEAL FAILED
CH AL CH B FLOW EXCEEDED MISMATCH FAULTY PROPORTIONAL AMPLIFIER
APRM & INGPERABLE FLECTRONIC ORIFY

APRM & NWOULD NUTY GENERATE AN [INOP UNTIH 13 LPRN'S VOLTAGE SHIFT-DIRTY PONER SUPPLYIPIN=-]16)

HIGH PRESS SCRAM SWITCH FATLED 1O TRIF AS RFQUIRED ADJUSTED MECHANICAL STOP OF BOURDON Tud:

£ 2 MOULD NOT GENERATE INOP UNTIL 17 LrPon*'s FLECTRONIC DRIFT

MONITOR 8 INDICATION DOUBLED DETECTOR MALFUNCTIONFD
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ALL FAULTS CONSIDERED IN INSTRUMENTATION €& CONTROL ASSENBLIES

MODE DESCRIPYIODN

019176¢ 092977 . APRN'S & € & GENERATED INOP WITH 12 LPRN'S AYPASSE ABNORMAL ELECTRONIC CRIETY
)603¢ 020278 C . IRn ) INSTRUNENT DRIFT
a7l 032778 S MSL HIGH PERSONNEL ERROR-SETPOINT ADJUSTED MIGH
021155¢ 042478 ( ps LIMITS INSTRUMENT SETPOINT DRIFT
021509A 052078 SRM 24 FAILED TO INSERT YO STARTUP POSITION FAULTY DRIVE CABLE
0215098 052078 SRM 21 OECLAFRED INOPERABLE SAD SIGNAL CABLE
122477 { SETPOINT DRIFT
100477 SETPOINT DRIFY
110178 SH LOOSE WIRE AND DAMAGED COMPONENTS
101178 PROCEDURE DIO NOT LIST STARTUP SETTIN
101678 APRM £ DRIFTED HIGHs APRM A CODUNY Cx 1T ORI
023634 111278 B SENSOR FAILED AND WAS REPLACED
023036 111578 SENSOR FAILED AND WAS REPLACFD
023068 1210798 RARTON 288A SW SETTING HAD DRIFTED
0131959 010A76 ;;;EVE MOISTURE IN SENSING LINE BLOCKED SIGMAL
J164485% D40ITS NORMAL DREFT AND TOO CLOSE YO T S LIPITS
J14483 040576 ¢ 02 C INCORRECT ADJUSTMENT OF MECHANICAL StO®

015061 061076 ] R TESTED AND WORKED PROPERLY CAUSE UNKROWN

0150954 062876 NDRMAL INSTRUMENT DRIFT

15497 OR0BTS RANDOM SET POINTY DRIFT

015851 090576 CAUSE NOT GIVEN

017328 022717 ( NORMAL DRIFY

018051¢ 062677 ( CONTRACTOR CUT 19 OF 31 LPRN STRINGS
020928¢ 040178 £ NOT OF DETECTOR WIRING INCORRECY

022031 070778 JETPOINT ORIFT, READJUSTED CIRCUITS

19




FAULTS CONSIDERED IN INSTRUMENTATIOM € CONTROL ASSEMBLIES

sl

MODE DESCRIPYION CAUSE DESCRIPTION

INTJND,

014214 012076 MAIN STEAMLINE RADIATION MONITOR 40% LOW DUTPUY ANPLIFIER DRIFT WITHIN MONLITOR
014229 021078 o COND TCH OUT OF TOLERANCE BY D.1 IN HG DIT=HIASS VAC/PRESS SW INST DPIFY
014291 02197% ( \ C vnss S¥W EARLY TRIP PTZAA-997 FRESS S, SETPOINT DRIFY

015456 081378 - ) )6"011‘ LESS CONSERVATIVE SFTIPOINT DRIFT OF INSTRUMENT CHANNEL

) 16672 122176 CP ¢ CHES : SETYPOINT DRIFT OF BARTON SWITCHES

)17208 021477 C SW TRIP MIGH MODEL 288 0-5PSI PRESS Svw SETPOINT DRIFI
017215¢ 021577 © / . MNDEL DIT~-HIBSS PRESS Sw SETPUINT DRIFT
022077 070578 . BARKSODALE PRESS Sw SETPOINT DRIFT

022679 101178 C INSTRUMENT DRIFT OF BARTON 288 SWITCH
022860 110478 BARTON 288 SW SETPOINT DRIFT

021562 0AK0ATA ( BIASED DISIRIS Of LPRNS WITHIN APRN FPAGES
0221856% 080578 --;;;;;SFO LRG PWR SHAPE CHNG DEFECTY PROCEDURES
014248 020776 C . BARTON INSTRUMENT SETPOINT DRIFY

014979 030378 LOW DETECTOR RESISTANCE, REPLACED

J14983 032176 C C TEST METER OFFSET CAUSED BAD CALIBRATION
015170% 061376 C ( APRM 17 & 18 SETPOINT DRIFY

015171 082176 « SETPOINT DRIFT LESS THAN 12

017398 030477 { - - ] INSTRUMENT SETPOINT DRIFTY

D17442 032077 DC =L SETPOINT DRIFY

018165 060477 SWITCH OQUT DF ADJUSTHMENT

018593 oOr317Y [ APRN 216X513G2 SETPOINT DRIFT

)21 439¢ 052678 2 ) GE-NA~100 DETECTORS CROSS~CONNECTED
114489 040676 - ( ( . . INSTRUMENT REPEATAMILITY-CAT NO. ZN-Fs

015%5284% 0OBOSTS - . FAULTY PIN RECEPTACLE

019574A DT2217 IRM CHNL 13 FOUND INDPERABLE WIRE TO DETECTOR DISCONN -~ MAINTEN




NSIDERED IN INSTRUMENTATION £ CONTROL A SEMALTES

CAUSE DESCRIPTION

IRM CHNL 14 10 TOR DANGD = MAINTEN
REC I R( ;{}-J ] &l;; THAN ACTY FLNOW 0 13588308GL~-TERD SHIET
t HIER AN ACT FLOW FLO CNYTR NDL13%88308G1-HI GAIN ADJIYSTH]
.E;;; ;ax LESS CnONSY THAN TS~DEFICIENCIES IN TEST PROCEDUGE
18 DISCONNECTD CABLE FOR IRMN 12 DAMAGED BY MAINT AC
CONSRY THAN TS=SENSOR REPEATABILITY~-9 PS5SI GT DFS
ACC RESP TI NF-DEFECTV NICRO Sv - MODEL 2884 LvVL
LESS CONSERVATIVE THAN TECH SPEC INSTRUMENT DRIFT-INSTRUMENT RECALIAR
COND WS PS-2-5-11A,BE0 TRIPD LOWR THAN TS LINIT-SETPT DRFT-NOD DIT-H18SS PR
APRM A INOP TRIP I IS (9 ¥S A LPRM SETPYT SHIFT -~ MOD GEX-32537A APRN
2C MN ;, Ty CLR DEFECTIVE REED RELAY = RPLCD IN KINC
2C ( TO CLEAR IMADEQUATE INST WARNUP PRIOR TO CALIERTN
S LImY SETPOINT DRIFT-RECAL & RETURNED TO SERVI
UPSCHL SPIXKG CONTACT MISALIGNMENT PROBLEN
SCRAM CLAMP TRP STPT FOR "A™ APRM WAS 1 PCT GT TS SETPOINT DRIFT~INMEDIATELY RECALIBRATIED
AN § MON RIS~2%51A DID wOT TRIP WHMEN DTESIR WALL STPTY DRFT ON LOG SCL-194X829G0GCT
CH THAN LICENSE TS SETPT SHIFT - DEF INATIAA JENER DIODF

— FLUX CONDY FAILURE OF mOD 35AT600 4RI RELAY

RX H1 PRESS SW PS5S~-3-2-3-5%58 wOULD NOT TRI® FAILURE OF ZEN DIODE IN TRIP UNT-XET~-120%

COND ) VAC SW P5-3=5-=11A TRPD 0.26 IN BELOW TS5 SETYPOINT DRIFT-BARKSDALE MDD DIT-MLI8°S PS

CORE FLO BIAS INPUT TO THE A LOGIC APRM STRNG -~ MI ARSENCE OF OFFSET SIGNAL IN FLD BIAS ANP
DNNSCLE TRIP FOR APRN 1S IS 2.%0C SETPOINTY SHIFT ON A MOD GEM-32537A APRN
2.% PERCENT SEIPODINT SHIFT -~ ROD GEK-32537A

IND ON MN STM LN RAD MODN R ~17-2510 ERTATIC CAUSE COULD NOT BE DETRMND-RETURNED 10 SV

#D" MN STM LN RAD MON FAILED TO CAUSE HALF SCRAM DEFCTV XISTR IN TRIP UNIT-NOD 194X625007

PAGE 21
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ALL FAULTS CONSIDERED IN INSTRUMENMTATION £ CONTROL ASSEMALTES
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E = = T X M m wm e e w  e wf wn e o e W e ww o

MODE DESCRIPTION

R e e T —————

LD VvAC SCllﬂ PRES Sw PS~5038E0 S!l l! 22.%9 VS 231IN
Hl DIV!Fll 'IE! P5-512A: 860 FOUND '0 HAVE MINDR

RX M1 'lESS SWS PS~263-558¢EC AT IIOO vS 1085 PSIG

- -

SOUICE RNG MON "A®™ BECAME INO’E!ID[E
Rx IIR lVl SWS LIS~263-57A68 l!l"fo 6T IS LImITS

MAIN 'Ull FRST S'G PRESS SwS PS B §0§l‘l SET GV TS
TURS F!S' s$T16 'IESS SW OUT OF CAL- 00! VS 400 PSIG

e S p——

RX LO WYR LVL Sw LIS 1-263-588 SET AT 7.3 vS 8 IN

-

TUR® FST STG LO PRES SW PS~1-5044 llPD 401 VS 00

-

lO-lO ll WIR LVL Sw LIS-1~- 263-721 Flllo 0 NDPFRATE

- —————

ENC ’IESS S l 9600-'5 J TRPD Al 0.0 VS 9008 DECRS

- ——

TURS ;DSI S'G '!ES SwS ’S’Z 504468 GICEEDCD s uny
TURS FISY STG PRES Sw TRIPPED l' QO'*!S LINIT-400
TurRs F!Sl STG PRES SwS PS 2-50$C‘0 EICE!D TS LINITY
wpw l'S IURI FRST ST6 PQES SICNS ElCEiOﬁD TS LImry
ELEVIQNVO LO PRES SCRAM Sw TRPD l! PSI BELNW TS

TURS FISI STG ’IES SW TRIPPED AT 009 ¥S 400 PSI
20 Hlll STEAM lllE RAD MON IEAOING DOINS€AlG

MN STM LN RAD MON 2-1705-2D FLD lﬂ OUﬂSCl CONDITN

- ——

DRYWELL HI PRESS SC.AHIISOlAII"N SU'CNS (1 OF &SW)
DRYWELL HI PRESS SC!IHIISﬂllIN SU Z.OJOVS.?.O'

- ——

APRM FLOW BIAS HI FLUX TRIP OUT OF SPE( £ ALARNED

B Tk T p—

PAGE

CAUSE DESCRIPTION

-

MINOR SETPDINT DRIFT

SETPOINT ORIFT ON LOW PRESSURE INSTRULMENT
SETPOINT ORIFT-0-1500 PSIG-MOD A2T-A 1255
PERSONNEL JUMPERED ENTIRE LOGIC FOR PN A
MINOR SET POINT DRIFY

INSTRUMENT SETPOINT DRIFT

INST STPOINT ORFT-TOLERANCES TOO CLS LCO
INSTRUMENT SETPOINT DRIFT

INSTRUMENT SETPOINT ORIFT

MERCOID SWCH MISALGND w CAM-MNTD MAGMET
INSTRUMENT SETPOINT DRIFTY

SETPOINT ORIFT-SETPOINT SAME AS LCO
INSTRUMENT SETPOINT ORIFT

INST SETPOINT DRIFT - STPY TOO CLSE (CO
INSTRUMENT SETPOINT DRIFT

INSTRUMENT SETPOINT DRIFT

INSTRUMENT SETPOINT DRIFT~INST REPLACED
M1 VLTG LEAD TO MON WAS IMPRPRLY ATT ACHED
INST DRIFT ENHANCED BY HI TFMPERATURES
SETPT DRIFT MODEL & 12N-AAS

DRIFTD .1 PSI OVER DNE MONTH

FLOW CONVRTR REPLACED, NO REASON FOR DRIF

22



ALL COMMON CAUSE FAULTS

MODE DESCRIPTION cAUSE DESCRIPTION

QUADRANT POWER TILT EXCEEDED TECH SPEC JPERATOR FAILED TO RESET TRIPS
QUADRANT POWER TILT EXCEEDED TECH SPEC MPERATOR FAILED TO RESETY TRIPS
287 ( { TEST TFE INCORRECT/ZINCOMPLETE VALVE CHECKLISTY
DETECTOR DRAWER FIELD CABLE CONN. DISCONN
1276 ¢ C CABLES REVERSED DUE YO NISLABLING
142177 INS FAILED PNWER SUPPLY GROUNDED BY TECHNICIAN
121476 ( 6 CALIBRATION PROCEDURE IN ERROR
)14015¢ 011476 4 OF IM/LP TRIP NON-CONSERVATIVE FOR ALL COMDITI DFSISN WIRING ERROR INPUT TO CEA FUNC GEN
17116 020977 . RPS LOW FLOW SETPOINT SET HIGH NONCONSERVATIVE PERSOMNEL MIS'NTERPRETED FORMULA
)1 323 041478 C 06 C - ( CALIB PROCED REQS CHK THAT AFFECTS THIP
02051) 20378 £ ( > . RTD RYD*S MOUNTD IN INST.WELLS==NOT ACCTL FOR
J14606A 051276 C 0 OVERPOWER BISTABLE NODY VDIPFED WHEN FEQ. DPERATOR FAILED TO TRIP BISTABLES
)146068 051276 YPERATOR FAILED TO TRIP BISTABLES
)22881 101378 ) INADVERTENT READJUSTMENT
16114 100776 ; ‘ PERSONNEL ERROR VALVING DUT TRANSHITIER
17372 032317 B STM GEN LEVEL CONTROLLERS LACK OF CONTROL CROSSED INSTRUMENT TAPS BETWEEN 2 CHINNEL
020424 020678 ¢ - PIR 95f§5-3525i§52-316;'__-' -------- PROCEDURE NOT INCLUDING MEAD CORRECT ION
023123 120978 { CRITICAL PERSONNEL DVERSIGHT
016026% 092776 . C INDPER WETTING OF DYCTRS WITHIN WELL-HI CONM RES
0216408% 061078 - SAINT PERS DiSCONN WiING LEADS FOR R CON
D14285% 022176 NOT RESCALE DELTA I SUMMATORS--NONCONSERYV
013530 072977 S Looe NP LINES PLUGGD WITH SEDIMNT; WATR HIMMER
316395 111576 EHC SWITCH PLUGGED WITH TEFLON TAPE

018632¢ 081477 { { Tl WERE 420 IN. RFFERENCE LEVEL COLUMN B WA3S NOT FuLlL

22854% 111478 ) n/s RAD MON RM=90-135:136,137,138 SETPOINT MT INSTRUCTION DEFICIENT IN REQUIREMENTS

‘
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ALL COMMON CAUSE FAULTS

- —

HODE DESCRIPTION

IRM F CHANNEL DECLARED INOPERABLE
IRN M CHINNEL DE(llliD INOPERABLE

ALL llPH‘S OF 43 SIOIIGS FOUND l!VEISE CONNECTED

PR N(UIION NOI!'O! DID NOT IESPOID PROPERLY (#02)
HIGH FtUl e GOI A'QR‘S FOUID 'G .E T00 HIGH

HAIN S'Elﬂ LINE !AD RDNIYOI " S FlllED

RX LOW WATER LEVEL SW 2-821-L15-N024 4,8,258 ACT L
STE RAD MON_ D12-RM-K603 READ DOWNSCALE
DURING STARTUP PRESSURE SWITCH TRIP CAUSED #PS
SA% WAS READING MIGH AND ERRATIC DURING REFUELING

MAIN SIEAN tll(

ALL] UOUlD NCT RESPOND PQDP!ILV OUQIIG REFUEL ING
MAIN STEAM LINE RAD HONlVOI TRie POINI NOT ANJUSTE

thfuNSEl' ERRORS INDUCED IN APRNM CN ArBsC £ D

IN-COIE FLUI AMPS 1048 IIOD 1120 llll 113C 1140 M1
APRM FLOW-BLAS FLOW llOlClllOﬂ EICEEDED 100X (AES)
APRM/RBN FLOW BIAS ElC(EDEO 1001 l' 1002 CORE FLOW

-

APRM FLOW BIAS SCRAM € IOO .lﬂCI S!IPD!N!S NON=CON

NSL HIGN
APRM'S 5
MSL HIGH

HIGH FLUX SCIIN SETPODINTS SET VERY MIGH

-

RAD ISOLATION SE"OIN' SCI HIGH

REACTOR HIGH PRESS SW 2-3-55D FAILED TO ACTUATE

LOSS OF 158 APRM SClAﬂ FUNCTION

l'ln-!b-b’ DEI A g 0: l'lﬂ-ll-ll DG! 8 € C NOY OF

& OF & l'll SCRAM SE‘!INGS 3 10 Ql LOw

-

£ 6 GENERATED INOP WITH ll LPRN'S BYPASSE
RAD SCIA” IS0L MONITOR SETPOINT MIGH

CAUSE DESCRIPTION

STGNAL CABLE SHEARED
SIGNAL CABLE DISCONN
LACK DF EXPLANATION OF PROPER LPRM CONNEC
POLARIZING YOLT. ON COMP ION CHAM SWIPPED
DFEFECTIVE PROCEDURE

TRN CABLES DAMAGED D12-RA-KH03D PS
CIRCUIYT DESIGN USED MIGH LEVEL SWITCHES
PREVIOUS CALIBRATION PERFORM WRONG
PRESSURE SWITCH LEFT ISOLATED AFTER SURVE
BREAK IN OUTER SHIELD OF TRIAXTAL CAERLE
AREAK IN SHIELD OF TRIAXIAL CABLE
SROCEEDURAL DEFICIENCY FOR SOURCE CALIBRA
PERSONNEL-REVERSED INPUT/OUTPUT OF L FRN
INSTRUMENT SETPOINT ODRIFT QUE TO HIGHK TENM
PROCEDURE FOR TOTAL CORE FLOW IND REVISED
APRM/RBN CONVERTERS CALIB TO ORIG SPECS
DEFICIENT PROCEDURC

TYPOGRAPHICAL ERROR IN PROCEDURE

ABNORMAL ELECTRONIC ORIFY

PERSONNEL ERROR-SETPOINT ADJUSTED HICH
PROCEDURE OID NOT LIST STARTUP SETTING
INCORRECT ADJUSTMENT OF MECHANICAL S0P
CONTRACTOR CUT 19 OF 31 LPRM STRINGS
DFTECTOR WIRING INCORRECT

BIASED DISTRIB OF LPRMS WITHIN APRN

FAGES
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022186
021439
018574
0185748
021929
022743

080578
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lll CUH!UN CAUSE FAULTS

NODE ODESCRIPTION

D e p—

L APRM SETTING & TO ST LOWs 1 BYPASSED

LPRN DET AR TO APAM 11 & 13 CROSS CONNECTED
IRN CHNL 13 FOUND INOPERABLE
RN CHNL 14 FOUND INOPERASLE

FOUR RX WIR SWTCHS USED FOR SCRAM lll LESS CONSY

CAUSE DESCRIPTION

LRG PWR SHAPE CHNG DEFECT PROCEDURES
GF=NA-100 DETECTYORS CROSS~CONNECTFD
WIRE 7O DETECTOR DISCONN - MAINTEN
WIRE "7 DETECTOR DAMGD - MAINTEN

THAN TS-DEFICIENCIES IN TESTY PROCEDURE

IRM 12 l!CANE lNO’EIlTI'! WHILE lll 14 DISCONNECTD CABLE FOR IRM 12 DAMAGED BY MAINT AC (YVIT

PAGE
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