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1 INTRODUCTION

There are numerous industry and NRC documents that talk
sut qualification. Throughout the next two' days we will be

eferrir.g to many of these documents. Hence, the first thing I
thought I would do in this introduction is to provide a roadmap
to a few of these documents.

tFirst, let us start with the requirements. Comission
regulations in 10 CFR 50 require that structures, systems, and
components important to safety in a nuclear power plant be
designed to accomodate the effects of. environmental conditions
(i.e., remain functional under postulated accident conditions)
and that design control measures such as testing be used to
check the adequacy of design.

Specific requirements pertaining to qualification of
electric equipment important to safety are contained in 10 CFR
50.49. These requirements include a list of acceptable methods
to accomplish qualification, a requirement that certain
qualification information be generated by the licensee, and
implementation deadline requirements.

Regulatory Guide 1.89 (revision 1, June, 1984) describes a
method acceptable to the NRC steff for complying with 10 CFR
50.49. Strictly speaking, Reg Guide 1.89 does not present
qualification requirements,'only qualification guidance.

Reg Guide 1.89 interpretes IEEE Std. 323-1974. This is the
" motherhood" IEEE standard providing qualification guidance.
Prior to the final publication of Reg Guide 1.89, The IEEE
revised 323, but the NRC.did not base its regulatory guide on
the revised 323-1983 IEEE standard.

| In addition to the IEEE " motherhood" standard, IEEE has
! issued numerous " daughter" standards that discuss qualification

practices for specific equipment types. For example, IEEE Std.
383-1974 discusses qualification practices for electric cables.
This standard has been endorsed (with some modification) by NRC
Reg Guide 1.131.

L
| Two other documents are of historical regulatory importance,
l One is NUREG-0588. This was first issued for public comrent in

Dec ember , 1979. Prior to the modification of the document in
response to public comments, the NRC commision endorsed
NUREG-0588 as the interim positions that should be satisifed
until the 10 CFR 50.49 rulemaking was finalized. Hence rather
than modify NUREG-0588 in response to public comment, the NRC
issued in July, 1981 an Appendix to the report that provided NRC
staff response to the public comments.

A'second document of historical regulatory importance is the
DOR Guidelines. This document is dated November 13,1979 and
was used to evaluate reactors which had received operating
licenses as of May 23, 1980.

_ _ - _
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There are numerous industry documents that provide industry
espectives concerning qualification. For example, several of

*ne NSSS suppliers have generated reports providing their.

interpretation and implementation plans for qualification
efforts. Two examples are:

1. General Electric's Licensing Topical Report
tNEDE-24326-1-P which describes the General Electric
Environmental Qualification Program.

2. Westinghouse's WCAP 8587 which describes a " Methodology
for Qualifying Westinghouse WRD Supplied NSSS Safety Related
Electrical Equipment".-

In both cases, NRC staff have reviewed these reports and if you
don't agree with a position in the report you will need to
discover NRC's official position.

We will be referencing these documents throughout the
course. Let us start using some of these documents by defining
the term qualification. Equipment qualification is a design
verification process. IEEE Std. 323-1974 defines it as

"the generation and maintenance of evidence to assure that
the eq"ipment will operate on demand, to meet the system

j performance requirements".-

NRC Regulatory Guide 1.89 (revision 1, June 1984) states:

"For the purpose of this guide, " qualification" is a
verification of design limited to demonstrating that the
electric equipment is capable of performing its safety

j function under significant environmental stresses resulting
from design basis accidents in order to avoid common-cause
failures."

) Within the framework of the above two definitions there are
at least seven broad questions that can be addressed during an
equipment qualification inspection. These are:

1. Were the environmental conditions appropriately
enveloped during the qualification effort?

?2 . Were functional performance requirements adequately$

'demonstrnted during the qualification effort?
i

I
*

| 3 Were the equipment installation practices and in'terfaces'

.(particularly with regard to moisture intrusion problems)
properly tested? .

i

4. Were the electrical inputs to the device appropriately
enveloped?

5. Was the qualification program performed in a quality

.
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mar er?

6. Is the installed item sufficiently similar to the tested
item?

7. Are the maintenance requirements assumed by the
qualification effort being implemented?
In this course we will discuss several of these questions.

Regulatory requirements will be summarized, technical issues
will be discussed, some sample inspection questions will be
provided. Overall, one purpose of this course is to acquaint
you with qualification information useful during inspections.
This information, when coupled with an inspection process,
should produce reasonable inspection results.

A second goal of this course is to suggest a useful
inspection process. Typically, we at Sandia look for technical
consistency. Further examination of identified inconsistencies
is a means to identify both QA and Technical problem areas. In

other words we believe that consistency checks are the core of
the inspection process. The course will reflect this bias.

The use of consistency analysis as an inspection process has
widespread use. For example, a typical Quality Assurance
Programmatic Inspection asks the following two questions:

1. Are the QA manual and QA procedures consistent with 10
CFR 50, Appendix B and 10 CFR 21 requirements?

2. Are test and documentation practices consistent with the
QA manual and QA procedure requirements?

Similarly, consistency analysis is a valuable part of any
technical evaluation. A Technical Inspection asks some of the

*

following four questions:

1. Are test strategy and test practices consistent with NRC
requirements and recommendations (10 CFR 50, App B; 10 CFR
50.49 ; Regulatory Guide 1.89 ; etc.)?

2. Are test strategy, practices, and results
self-conNjstent? (Inconsistencies may reflect test
probleme.)

'

>_

3 Are test strategy, practices, and results-consistenti

"with past qualification test' experiences? ,,

.4. Are test strategy, practices, and results consis3ent
with good engineering judgement? ,

For an NRC inspection the first three technical cuestions are
more pertinant than the last technical qu'stion. " Good

engineering judgement" is usually too nebuloas an issue to be t
viable inspection criterion. -Technical questions 2 and 3 may

|
.J
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- ro appear at first glance as providing a difficult inspection
31s. However, if the consistency approach is used, problems

.scovered in answering technical questions 2 and 3 will usually
ancover nonconformances related to QA or technical requirements.

To summarize, the two goals of this course are to provide
technical and programmatic information useful during
qualification inspections and to suggest that a useful

To achieveinspection process involves consistency analysis.
these goals our course outline is as follows:
k'e d n e s d ay , February 6, 1985

1. Equipment Qualification Environments including :

What environments need to be envelopeda.
b. reasonable testing simpitfications
c. NRC and IEEE test requirements

equipment necessary to monitor test conditionsd.
e. examples

2. Functional Performance Requirements including

acceptance criteriaa.
b. NRC and IEEE requirements

common mode versus random failuresc.
d. examples'

.

Thursday, February 7.-1985

3 Interfaces and Installation Practices

4. Seismic including

general seismic backgrounda.
b. seismic qualification

5. Hydrogen Burn Issues

?.
6. Quality Assurance and the Mechanics of Qualification
including

a. 10 CFR Appendix B, 10 CFR 21, and 10 CFRL50.49-
b. purchase orders, test plans and procedures, and

s- documentation
i c. review procsss-and certification
y d. examples

.

Friday, February 8, 1985 ,

,

7. Tour of Sandia test facilities used in equipment .

qualification research
,

1

Y % .. _ _. bo
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' EQUIPMENT QUALIFICATION ENVIRONMENTS ,
j

This portion of the course has several important goals. -These
I include:
I

1. To.become familar with typical environmental
eoecifications applicable to equipment qualification.

:2. To discuss the concept of " margin" and to understand its
impact on qualification test environments.

3. To discuss reasonable testing simplifications that allow
for the accomplishment of qualification testing. Topics to
be considered are:

,

a. What test simplifications are reasonable for
simulating aging environment 37 We will discuss the
following topics:

1. thermal aging techniques including a
discussion of the Arrhenius methodology,

ii. radiation dose rate considerations
;

111. synergistic and sequencing effects for
radiation and thermal environments.i

iv. other environments including dust, voltage
and frequency variations, vibration, and
mechanical cycling.

b. What test simplifications are reasonable for
simulating accident environments? We will discuss the
following topics:

1. radiation dose rate considerations

11. steam ramp time considerations

iii. chemical spray considerations

iv. synergistic effects-and-the importance of
oxygen.

.

s .- V. superheated versus saturated steam issues.
4

7 vi. post-accident acceleration techniques
,

. vii. beta-gamma equivalence
.

.

~

e - 4. To'become familar with NRC and IEEE requirements'
regarding " test simplifications".- Also, to become familar'

with some current industry practices..
i

I



Regulatory Guide 1.89 (revision 1, June, 1984) describes a
method acceptable to the NRC staff for complying with the 10-CFR
50.49 requirements. This Reg Guide provides specific

| recommendations for acceptable techniques t3 calculate
t temperature and pressure envelopes to which equipment should be

qualified. For the purposes of-this course we will not review
these techniques. Rather, we assume that environmental profiles
contained in a licensee's Final Safety Analysis Report have
received NRC staff review. Hence, environmental conditions
contained in purchase orders to test laboratories and/or
manufacturers typically will be acceptable for the purposes of
this inspection program.

However, frequently you may encounter qualification efforts
that are not based on specific purchase orders. Many
manufacturars perform generic qualification analysis or
testing. Thus you may encounter situations where it is useful
to understand potential qualification environmental
specifications

TYPICAL AGING AND ACCIDENT ENVIRONMENTS

Now let us dev . lop a better understanding of typical aging
and accident environments for nuclear reactors.
Radiation Aging

Normal operation radiation environments are typically less
than 50 Mrd. For many applications, integrated doses
substantially less than 50 Mrd are predicted. For example,
Table 1 summarizes the 40 year integrated radiation doses for
the primary containment of Limerick's BWR/4 Mark II. (Figure 1
illustrates Limerick's containment design.) A maximum value cf
37 Mrd is predicted. Table 2 summarizes radiation environemts
predicted by Grand Gulf's FSAR (dated 8/78). Grand Gulf is a
BWR/6 Mark III. (Figure 2 illustrates a Mark III containment

'

design; Figure 3 provides Grand Gulf's key to the Table 2
data.) Within the drywell, the maximum gamma dose is 18 Mrd.
Uithin the secondary containment (outsidethe drywell) at the
general floor area the integrated dose is only 350 r ds. The
auxillary steam tunnel at Grand Gulf has a maximum gamma aging
dose of 2 Mrd.

s. Figure 4 provides a representation for some PWR
containments. Unlike for BWRs, this PWR containment is not
segmented into primary and secondary zones. Westinghouse's WCAP
8587, rev 5, dated April, 1982 describes a " Methodology for
Qualifying Westinghouse WRD Supplied NSSS Safety Related
Electrical Equipment". Table 6.2 of WCAP 8587 (See Tabib 3)
indicates-that in the general area of the PWR reactor co^oling
loop the 40 year gamma dose is less than 20 Mrd. Outside the
loop compartment wall, a total gamma dose less than 1 Mrd is
obtained.

_ _ _ _ - _ _ _ _ - _ .
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These references suggest a lide variation in gamma radiation
aging dose within containme"t of nt' clear reactors. Therefore,
generic qualification efforts are sometimes based on a 50 Mrd
aging simulation (the recommended aging dose in IEZE 383-1974
for cable qualification).

A Sandia report (NUREG/CR-3156; SAND 82-2559, April, 1983)
discusses gamma and neutron radiation doses based on health
physics measurements in non-hot spot locations. The authors
conclude that a 40 year gamma total dose of ~3E+04 rads may be
reasonable for the majority of non-hot spot locations. They
also suggest that a neutron fluence of 2 E+09 to 3 E+14 n/cm2
is reasonable. These health physics derived neutron fluence
valuer are consistent with Grand-Gulf FSAR predications
presented in Table 2 for drywell locations.

To summarize: There is little public data on ambient
radiation measurements within containment. Most qualification
efforts are based on NSSS (or FSAR) predications. These
predications are generally less than 50 Mrd, though on a few
inspections qualification specs sometimes have indicated higher
values.

Radiation Accident Conditions

The radiation accident exposure will depend on the equipment
location. Tables 1 and 4 provide accident predictions for the
Limerick BWR. In these tables, shielding effects that may be
very important for establishing the total beta dose have not
been considered. The Grand Gulf FSAR (dated 8/78) indicates
that all safety related equipment is appropriately protected so
that beta radiation effects can be ignored. Table 4 (for
Limerick) indicates that the primary containment (drywell)
integrated gamma dose for a 180 day LOCA is 46 Mrd. The
integrated beta dose is over twenty times larger, exceeding 1000
Mrd. The Grand Gulf integrated accident gamma dose (Table 2) is
less than 20 Mrd. The Limerick data in Table 4 indicates that
init'ial gamma dose rates in excess of 10 Mrd/h are possibile.
Initial beta dose rates in excess of 100 Mrd/h are predicted for
Limerick's primary containment.

Accident dose rates and doses (Figures 5-8) are provided by
Westinghouse in their WCAP 8587 document. LOCA accident
-scenerios generate substantially more irradiation than do steam
line break accidents. Initial dose rates of 8 Mrd/h (gamma) and
100iMrd/h (beta) are predicted. The one year total exposure is
in excess of 100 Mrd (gamma) and 1000 Mrd (beta). NRC,

Regulatory Guide 1.89 (revision 1, dated June 1984) presents a
sample calculation for the qualification radiation dose at the
midpoint of a PWR having a containment free volume of 2.3
million cubic feet and a power rating of 4100 MWt. One year
after the start of a LOCA, the integrated gamma dose is 15 MR
while the integrated beta dose is 220 Mrd.

To summarize, accident irradiation doses depend on equipment
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position. Integrated one year accident gamma doses of 20 - 100
Mrd are predicted. One year accident unshielded beta doses as
high as 1000 Mrd are also predicted. Because of shielding
effects, beta doses at actual equipment locations may be less.

Thermal Aging Conditions:

One typically can find normal operation estimates for aging
thermal environments in FS ARs or NSSS equipment qualification
documents. Normal operation temperatures for Limerick's primary
containment (BWR/4 Mark II) are listed in Limerick's equipment
qualification report as 65 F min and 150 F max (Table 1 ) . Grand
Gulf indicates in its FS AR (dtd 8/78) that normal operating
temperatures inside primary containment (i.e., inside the
drywell) are 112 to 135 F (Table 5). WCAP 8587 lists normal and
abnormal operating environments in its Table 6.1 (our Table 6).
In-containment temperatures vary from 65 F to 135 F.

Accident Steam Conditions

10 CFR 50.49 indicates that the equipment qualification
program must be based on the time-dependent temperature and
pressure at the location of the electric equipment important to
safety. Moreover it must be established for the most severe
design basis accident during or followl' hich this equipment
is required to remain functional. The a several acronyms
used to descrit. those design basis acci t events
traditionally considered most severe. T'-se include :

LOCA = Loss of Coolant Accident

MSLB = Main Steam Line Break

HELP = High Energy Line Break

Until the mid 1970's, the design basis event considered during
qual.ification testing was a LOCA. It was then discovered that
MSLB type m;cidents could cause higher initial temperatures and
therefore might be considered more severe at the start of an
accident.

Figures 9 and 10 provide WCAP-8587 PWR Containment
Environmental Design Conditions for LOCA and MSLB accidents.
respectively. Note, that according to WCAP-8587 profiles, the
MShB-accident results in idtial temperatures approximately 100 F
higher than does the-LOCA accirent. For both accident scenerios-
theymaximum pressures are in the range of 50-60 psig..

,

,Some Limerick BWR profiles are shown in Figures 11-1f.
Pr'imary containment (i.e., inside the drywell) temperatures of
330 F are achieved. The maximum predicted pressure is 44 psig.

It is of interest to list the saturated steam temperatures
associated with pressures of 45 to 60 psig. At sea level we have
a saturated steam temperature of 293 F for 45 psig, 298 F for 50

i



_ _ _ _ _ _ _ _ _

|

psig, 302 F for 55 psis, and 307 F for 60 psig, hence,
temperature specifications above 310 F will typically correspond
to superheated steam conditions.

Chemical Spray

10 CFR 50.49 states in section e.3: "The compositian of
chemicals used must be at least as severe as that resulting from
the most limiting mode of plant operation (e.g., containment
spray, emergency core cooling, or recirculation from containment
sump). If the composition of the chemical spray can be effected
by equipment malfunctions,- the most severe chemical spray
environmentthat results from a single failure in the spray
system must be assumed."

WCAP-8587 indicates that in-containment PWR chemical spray
specifications are 2500 ppm boron buffered with 0.88% dissolved
sodium hydroxide to maintain a pH of 10.5. George Masche in
Systems Summary of a Westinghouse Pressurized Water Reactpr 3
Nuclear Power Plant indicates that the containment spray system W
is designed to deliver, with only one pump running, enough NaOH
to the containment to form an 8.8 pH solutica, when combined
uith the refueling water and spilled reactor coolant water after-
the refueling waterstorage tank has been emptied. Sprays for
BWRs are typically demineralized water.

Now let use our understanding of nuclear plant accident
environments to assess the generic applicability of a Rockbestos
analysis.

EXAMPLE 1

The following t:chnical report was generated by Rockbestos
to demonstrate that beta radiation effects are not important for
a Bechtel applicati n at Limerick. This report was subsequently
attached to a generic Rockbestos qualification test plan for

'

their chemically cross-linked polyethylene cable products. A
reasonable question is whether the Rockbestos analysic has
generic applicability?

First, let us review the thrust of the Rockbestos analysis.
There are two types of radiation that are postulated to occur
during an accident scenerio, namely beta radiation and gamma
radiation. Beta radiation typically has a very short
penstration distance. Hence, Rockbestos' analysis is to
dempnstrate that the jacket of a multiconductor cable will stop
most of the beta radiation and that the interior insulat'ed
conductors experience only a small fraction of the total beta
dose. In this case Rockbestos is estimating that less t'han .06
Mrd total dose is received by any portion of the insulat' ion. To
perform this estimate, Rockbestos divides the beta energy
spectrum into two portions: beta particles with energy less
than 0.5 Mev and those with energy greater than 0.5 Mev. Their
first calculation indicates that beta particles with energy less

-

. . - . .
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than 0.5 Mev will be stopped by a 45 mil thick jacket. Their
second calculation illustrates that the beta particles with
energy greater than 0.5 Mev account for only 0.06 Mrd total
dose. Hence they conclude that beta radiation will not cause an
electrical breakdown during the 720 hour time period after a

| LOCA. Their analysis is based on Bechtel supplied beta spectrum
| information for Limerick. Let us determine whether this

analysis is applicable to other nuclear plants. By placing the
analysis within a generic test plan Rockbestos is hinting that
it is applicable.

To answer whether the analysis is applicable to other plants
we need to refer to our understanding of typical beta accident
environments for nuclear plants an_ compare our understanding
with the assumptions of the Rockbestos analysis. The Rockbestos
analysis is based on beta accident information supplied by
Bechtel for the Limerick BWR/4 Mark II reactor. Table 1
provides Limerick estimates for accident irradiation doses. As
mentioned earlier, there are large differences in both beta
total dose and dose rate between the primary containment and the
secondary containment. Within the primary containment initial
dose rates are above 100 Mrd/h and the total beta dose for 720
hours exceeds 1000 Mrd. The initial beta dose rate in the
secondary containment is orders of magnitude lower. The total
beta dose for secondary containment af ter 720 hours is 1.0 Mrd.

Wc van now examine the Rockbestos analysis to determine whether
the primasy or secondary containment-application applies. To do
this we must examine the beta energy informatAon supplied by
Bechtel to Rockbestos. This analysis'never indicates the total
dose. However, dose rate information is supplied. At half an
hour after the start of the LOCA, the dose rate is listed as
1.0E+09 Mev/cc/sec. If we convert this to Mrd/h we can :ompare
it to Table 4 to determine whether Rockbestos' analysis is for
primary or secondary containment.

'1.0E+09 Mev/cc/sec = 1602 erg /cc/sec = 1.24E+06 erg /g/sec
=1.24E+04 rd/sec = 4.5E+07 rd/h

This agrees very well with the Table 1 value of 4.48E+07 rd/h.
Hence Rockbestos' analysis is for a primary containment
application and should be applicable in general to both BWR
primary and secondary containment locations as well as to PWR
locations. However, there are potential problems with the
Rockbestos analysis. For example, they assume that all beta
radration with energy less than 0.5 Mev is absorbed by the
jacket. However, this is a total dose of 1000 Mrd. We have to
ask whether the jacket still exists. They - also don' t consider
an'y shielding effects due to cable conduit or cable tray's. In
fact, the analysis doesn't mention installation practices. This

~

example clearly demonstrates a. recurrent fact about inspections.
At the vendor and test laborstory level you will be performing
inspections with an incomple'.e picture regarding application and
installation.

__ __
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~ RADIATION ACCIDENT CONDITIONS -- GRAND GULF BWR/G MARK III @
.

I. Drywell

Design Basis Integrated Dose (2)
Accident

Equipment Radiation Operating Dose Dose Rate (1) Normal Accident
Rate (1) Type

or-Area _ Type _

7
1.3 x.10' 8.8x10f3 2.6 x 10

25.0 *LOCA
5 x 10, 6.3 x 10Above Core Gansna

Neutron*(Zone 1)
7 76 1.8 x 10 , 2.6 x 10x 0Core 50.0 3.

Begion Gamma 5 1.8 x 10
1.4 x 10* f*.one 2) Neutron

6 6 7
7.2 *LOCA 1.3 x 10 2.5 x 10 2.6 x 10Under Ivessel Gamma 1.3 x 10<1

* (Zone 3) Neutron

6 6 7
Near Recirc' 25.0 MA 1.3 x 10 B.8 x 10 **

12
Pumps G aser a 3 2.5 x 102 x 10
* (Zone 4) Neutron

II. Containmert (Outside Drywell)

Equipment Radiation Operating Dose Design Basis Integrated Dose (2)
I'

Accident
Rate (1) Type Dose Rate (1) Normal Accident _

.

or'AEea" Type

6 4 7
0.1 *LOCA 1.3 x 10 3.5 x 10 2.6 x.10

|
Suppression
Pool Garuna 2

2 x 10
| *(Zone 6) Neutron

2 2 5

Floor Area Gamma 0.001 *LOCA 6.5 x 10 3.5 x 10 1.7 x 10-General

-- w-, ,,
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RADIATION ACCIDENT CONDITIONS -- GRAND GULF BWR/6 MARK III
,

* .

II. Containment (Outside Drywell) (Cont.)

Equipment Radiation Operating Dose Design Basis Integrated Dose (2)
Accident

Rate _(1) Type Dose Rate (ll_ Normal Accident
or Area _ _p _

24-in. Pipe
Containing 54Suppression Negligible *LOCA 1.4 x 10 0.0 7.9 x 10

Pool Water Gamma
(Typical
Pipe) |

.

Cleanup Systems
2 6

changer Gamma 15.0 *LOCA 6.5 x 10 8.76 x 10 1.7 x 10a) Heat Ex-
2

E Tanks Ganana 10.0 *LOCA 6.5 x 10 3.6 x 10 1.7 x 10b) Filters

- . .. .

0
*

*
' t .

!
.

4

u _-

-
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RADIATION ACCIDENT CONDITIONS -- SRAND GULF BWR/6 MARK III
w

III. Auxiliary Building

Design Basis Integrated
Dose (2)

Equipment Radiation Operating Dose Rate (1) Accident

Plant Oper System Oper Type Dose Rate (1) Normal Accident

Typeor Area _

3 4.5x10"2

0.015 0 200 *LOCA 1.6x10 5.3x10
HPCS and
RCIC Area Gamma

2 3 4

LPCS Aree Gamma 0.015 0.030 *LOCA 1.6x10 5.3x10 4.5x10
RHR and

Steam *LOCA 1.6x10 1.8x10 4.5x10
2 2.5x10

Tunnel Gamma 5 RM 2.$x10
Drop

4Standby gas 5 3.8x10 .

treatment *LOCA 5.7x10
Gamma 0.00 |

system

1
.. .

.

9

mpmmpm, s'
--
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40 YE AR NORMAL ODER ATING DO5C$ . INSICC CONT AINMENT

Location Y Dese rate R /hr 40 yr y done (R)

820 3.0 x 108
RCL pipe center .

470 1.6 x 108
RCL pipe ID

165 5.8 x 107RCL pipe OD (contact)
50 <2.0 x 107

RC1. . general area

Outside loop cc npartment writ (0.1 < 3.5 x 104
10(a)

Detectors located next to R.V. 5 x 104 1.8 x 10

.

.

(a) 40 year dose f tom neutrons > 1 Mev is 5 x 1018 n/cm7

T ABLE 6 3

40 YE AR NORM AL OPER ATING DOSES . OUT SIDE CONT AINMENT

Loc atio.n
40 yr y dose (R)

(;

Penetration Area < 1 x 106

3 Pump Cubic.es
'

Radioactive Waste Area

9

Redwaste Tank Cubicles <1 x 107 .

Other general areas <4 x 102

s.
.

.
.

. .. .. .

.. _ _ _
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GAMMA DOSE AND DOSE RATE INSIDE CONTAINMENT (LOCA)
o =4

(FROM WCAP-8587, REY. 5, APRIL 1982)
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BETA DOSE AND DOSE RATE INSIDE CONTAINMENT (STEAM LINE BREAK)
(FROM WCAP-8587, REV. 5, APRIL 1982)
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TAOLE 7

,, ,,140RMAL PLANT OPERATIONAL ENVIRONMENTAL CONDITIONS b. GM 6*
, ,,

Relative
Temperature humidity

o
Pressure (F) %

Area (as'noted) Normal (2) Min / Max $
.

u

.I. Inside drywell

A. Area above reactor vessel -0.5 to
shield to top of drywell +2.0 psig 135 40/60 -

" "
"

B. Region adjacent to core
.

C. Under_RPV, insida shield "112"

. . . E wall
2o

,

a
$ D. Vicinity of recirculation 135 yo"

*

pump motors

- k II. Containment
- w

A. Area above suppression -1.0 to
-0.10 in. wg 80 60

pool
=**

B. General floor area
125 30/90"

C.- Main steam line tunnel
'

D.-- Reactor water cleanup 105- 30/90"

system
1. Heat exchangers

''2.~ Filters and tanks.g-
e

.&

R t'

to

|
'

_
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)
.i TABl [ (Cont.)'

.

Relative
Temperature humidity. . .r <- -

,
- Pressure (F) %~

1 o 1

(as noted) Normal (2) Min / Max g-
-

Area,

|
. ,

tu ,

III. Auxiliary Building~
,

Atmos +1.0A. RHR eqmt rooms
in. wg 105 (1) 30/90-

*"*
,B. HPCS eqmt room

" (1)
""

C. RCIC eqmt room
mmom .. " ""

$ D. LPCS eqmt room >O
:o

'e . " ""_ gt

E. SGTS room
u

" " 2

Q ,F. Pipe penetration rooms
;
!. " G. Electrical Penetration 104 30/90- ;"

i Rooms'
! "105"

H. Purge and ventilation rooms r

4 . .=

I. Drain pump rooms
4

J. CCW pump and heat exchanger "' 80"
room

" " =-

i K. . CRD pumps and filter room -

-5 " " =

$. L. CRD repair room* ,

o. " ""*
M. Fuel pool egmt room

u !" "m "
N. Fuel pool demineralizer rooms

" "
"

O. Fuel handling area fan room ,

I

m.

i

,, - .- y , , - -- ,s - ..gm7 . 4-,n -.-.7,,-, m ,,. ,,-
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1

TABLE 5" (Cont. )
- 5 7'. ..

Relative
Temperature humidity

Pressure (F) % .o

Area (as noted) Normal (2) Min / Max g
"

"""
P. Fuel handling area r

50 ;""

Q. All other areas

125 30/90*
R. Vicinity of Steamlines

IV. Control Building

$ A. Control room 1/4 in. + 72 40/50wc
' -

1/4 in. wg ,
moe
$

" B. Other rooms contain- -
-

ing batteries, switch-o
gear, cables, etc."

having safety-relatedW
104 30/90*

functions

V. Other Areas
" 80 30/90

A. Diesel generator areas
2595 max --

--

B. Outdoor areas

105 max 50"

E C. Turbine Building

$ .,

.a NOTE

M 1. 150 F during hot standby and plant shutdown
.O

2. Minimum temperature inside the plant structures containing g
D safety-related equipment will be 65 F or. greater with an F"
=

outside temperature of 20 F.* ,
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TAat.C r I

NORMAL AND ABNORMAL OPEft ATINr; ENVIRONMENTS

Newmot Orweetim_. Atwwwmet Operatim

Geriorel Zone Zone Typic,1 Reng. Temp stH Pre,s. Tim. Temp RH Prese.

("rl g (p,wg) t_ smit (T) (g) (p.aq)
Aree Des rlpthm Code Arcos

InContelnment inaccesible IC/l Inside Sec. Men 135 70 0.3 8 haure ..s 95 Atmo.

%ield Min 65 20 -0.1 50 0 Atame

170 95 Atmos
Accessable IC/O Outside Sec. Men 120 70 0.3 -

%seld Min 65 20 -0.1 50 0 Atnwu.

87 95

Out ef Air OC/A.C. Contria e% M= =0 50 Atmoe 12 hre 170 35 At mo.N

Conteinment CamdItsened Av Equip Room Min 60 30 Atmos 40 0 Atmos

81 15

Ventileted OC/V Ave building Meu 104 70 Atmo, 17 hrs gro 35 Atmos

Sefeguardo Min 60 20 Atmoe 40 0 Atmoe

82 95

170 35 Atmoe
h OC/NV Tv.tsine- Meu 104 70 Atmne =

Ventitetod - Hell Min 60 20 At moe 40 0 Atmos

.s .

A n.rm -et% ,., emet . .nir o,, fo, ,,,i e t% .t Cisem iE si, ,,t , ,o, e,e,e s er.

unto m
.

- te

" 82-
From Qc39 % s >3 7 , L- G > A P , \ t

--
_

--



_
.

. - . . . . -

6 "..
-

. . _ . , . .. . ..

WCAP-8587 PWR CONTAINMENT LOCA DESIGN CONDITIONS @
200 300 2000 70

~

''' II I

,0.~ note u s0--

290 -
,

. -
.

50-

25o -

* Note c 6
C a
t , n'
a 200 -|

-

$E /

[f iso

' 30
P

s
E 2c-

iOO

10-

So
:- .Note a-

l' l I I I i ! ,
O 7 86 10 100 1 2 3 4 5 10

* .

10 10 10 10 10 10
~

7
on of g containment g ay1 24 TIME (SECONDS) 3.15 x 10sojInNote a: ppm kron * 1-YEA 9

0.24% NaOH
Note b: Represents-plants whose

. analysis predicts super
herted conditions

Note c:: Represents plants whose
. analysis.does not

' predict super heatedi

conditions
|
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WCAP-8587 PWR CONTAINMENT MSLB CONDITIONS
!

.

180 300 70 -

500 lI
,

- 60
450 -

50 _. -

C 400 E-

o_ 5
E 40 w-

3 350 -

3
4 0
$ 30 E-

g 300 *--

-

w

20) -

'. 250 -

10-

2M
(-

1 I I I I i 0- '
1M -

3 4 5 6 7 8
0 1 2 10 10 10 10 10 10

10 10 10
7

TIME (SECONDS) 3.15 x 10
1-YEAF

\

. _ .
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.
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LIMERICK BWR/4 MARK II ACCIDENT ENVIRONMENTAL PROFILE@
.s.
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Margin

?#' 10 CFR 50.49 indicates that * margins must be applied to |
'

secount for unquantified uncertainty, such as the effects of
production variations and ir- Juracies in test instruments. ,

These margins are it. addition to any conservations applied
during the derivation of local environmental conditions of the
equipment unless these conservatisms can be quantified and shown
to contain appropriate margins.

Reg Guide 1.89 (revision 1. June,1984) provides additional
guidance regarding the Ib CFR 50.49 requirements. . It states:

Ant ten bonn of the event. This eq4 ment should4. The enagested vdass in Section 6.3.1.$, '' bis.y.n,"
sensin kv&cd k the ac4 dent eenvotanest for aof IEEE 5td 323 l>14, except tirat rnus:r.s. an suert.

able for : netting the neshucents of rang spb 5049(e)(s), pnied of et laaet I beur an exces of the time amused
k the accident ana.'yms unles a time musin of ass

Afternauvely, quatti$ed mus:ns should be arrbed to ' hat one bout enn be justi$ed. This JustiLc4 bon musttthe ermrer.tnental yuameten dian.ned la Reg.Jatory Andude, for each place of eq4 ment, (1) sonaldennonPoetion C2 to enest, that the poendsted weidea:
oce!Jtioca have been enveloped dunna tartfag. These of a spetrum of bnds, (2) the potentia! amed for the

eq@ ment later b an reest or during necnery opers.supas shoald be strued in addJtion to uy conarne, 8 sons, (3) e detenrdnetion that failun of the equipment
thm strLed during the dernation of lxa! envitcarcetta! ther performanc4 of ka enfety function wC) not be
scadatou of the equipment ut.!eu these conaertsta:na detrimtatal to plaat safety as addud the e;citor,
saa be quanti 5ed ud shows to contain attropnate

and (4) e detenr.instion that the ma.v.m atrbed to themusins. The snargina should ac4ount for es.nacons is udr. mum openbihty time, then setetitied with the
commercial produtboa of the equipment and the hao. other twl musins. ori'J socou t for the uncertainuuaunrisa h the tut eqQment. asociated with the use of na!ni:n! tuhr.ique h the*, / derbsboa of environmental pea:neters, the number of

Some slectric equipment may be required by th, .mnits tested. production toleruces, and test equipment
'

dessa to perform fu safety function only within the dnaccure:iet. For all other equi;rnent (e.g., portucident
morJtoring. necretinen), the ID'; time roa.T.a identiLedi

, h Section 6.3.1.5 of IEEE Sid 32k1974 abould be
| mud.
'

Note that Reg Guide 1.89's guidance inc1hdes a one hour minimum
operability recommendation. For other parameters, the reg guide
indicotes that the suggested values for margin contained in IEEE ;

Std. 323-1974 are acceptable.
.

k
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IEEE Std. 323-1974 and 323-1983 provide guidance regarding
margin. The 1983 version changes the recommendation for
environmental transient margin, clearly states that margin is
not meat.1 to be applied to aging. and states that "in all cases
engineering judgement should used to determine the adequacy".
The 323-1983 version also rails to endorse the one hour minimum
operability requirement that was first mentioned by the NRC in
NUREG-0588 (December, 1979). IEEE Std. 323-1974's statement
concerning margir. is as follows:

6~. ; Martm Margin is the Cffcrence
between the most severe specified service con-
ditions of the plant and the conditions used in
type testing to account for normal variations in
commercial production of equipment and rea.
sonable erTors in defining satisfactory per.
formance. The qualification type testing shall
include provisions to venfy that adequate mar.-

gm exists. in defining the type test, increasing
levels of testing. number of test cycles, and test
duration shall be considered as methods of as-
suring adequate margin does exist.

Suggested factors to be apphed to service
conditions for type testing are as follows:

(1) Temperature: + 15'F (8'C). When quali-
fication testing is conducted under saturated
steam conditions, the temperature margm shall
t>e such that test pressure will not exceed satu.
rated steam pressure corresponding to peak ser-
vice temperature by more than 10 lbelin3

(2) Pressure: + 10 percent of gauge,but not
2more than 10 lbelin* 17.03(10- t ) kg/cm )

10 percent (on accident(3) Radiation: +
dose)

(4) Voltage: 1 10 percent of rated value un-
less otherwise specified

(5) Frequency: 2 5 percent of rated value
unless otherwise specified

(6) Time: + 10 percent of the period of time
the equipment is required to be operatianal fol-
lowing the design basis event

(7) Environmental Transients: The initial
transient and the dwell at peak temperature
snall be applied et least twice

(8) Vibration: + 10 percent added to the
acceleration of the response spectrum at the
mounting point of the equipment

NOTE: Negative factors shall be applief when lowering
the value of the service conditions increues the
severity of the sast.

. . _ . . - ___
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IEEE Std. 323-1983's statement regarding margin is aa follows:

6.3.1.5 Margin. Margin shall be applied to
the type test parameters for DbE testing, Specif-
ic equipment qualification stalidards provide
guidelines on margin. However, for cases where
no margins are given, the following suggested
factors may be used. These are only suggested
factors and should be reviewed for each applica.
tion. In some cases, lesser values will be adequate
while in others larger values may be necessary.
In all cases, engineering judgment should be
used to determine the adequacy. Margm may be positive or negative in accor-

(1) Peak temperature: + 15 'F (8 'C). When dance with what increases the seventy of the
qualification testing is conducted under saturat' test. For example,it will generally be necessary
ed steam conditions, the temperature margin to increase temperature, while in the case of
shall be such that test pressure will not exceed equipment supply voltage given as a nominal
asturated steam pressure corresponding to peak value,it may be necessary to use either increas.
service temperature by more than ing or decreasing values.
10 lbflin8 The margin factors suggested above are not

(2) Peak pressure: + 107, of gage.but not more meant to be applied to aging. Natural aging (see
than 10 lbflin , 7.03 (10 8)kg /cm', or at a gage 6.3.3.1) by its nature, does not require margin.8

raressure of 68.948 kPa For age conditioning (see 6.3.3.21, use conserva-
(3) Radiation: + 107c ton accident dose) tive practices in simulating aging effecta; that is.
(4) Power supply voltage: 107c but not to age conditioning shall be performed on the basis

exceed equipment design limits of conservative estimates of service conditions
(5) Line frequency: : 57, of rated value and conservative accelerated aging techniques.
(6) Equipment operating time: + 10% of the

period of time the equipment is required to be
operational following the stan of the DBE

(7) Seismic vibration: + love added to the
acceleration requirements at the mounting point
of the equipment.

For, environmental transients, two methods
which' may be used to apply margin are:(1) tem-
perature and pressure margin may be added or
(2) the peak transient without temperature and
pressure margin may be applied twice. Combina..

tions of these or other methods may also be used.

.. . .
. ..

. .. ..

.. .. . .
.

.. .. .. .
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One obtaino quelification gpecifications by adding morgan toFrom the standpoint ofsuipment environmental specifications.
.C inspections there are several things to bJ aware of:

Purchase specifications may indicate to a manufacturer1.that environmental profiles in the purchase specification
already include adequate margin.

IEEE Std. 323-1974, Appendix A includes a " Test Chamber2.
Temperature Profile for Environmental Simulation (Combined
PWR/BWR)". For lack of a better standard profile, numerous
manufacturers have employed this profile for their
qualification tusts. Reg Guide 1.89 has a definite opinion
regarding the IEEE Std. 323-1974 profile. It states:

"Since the test profiles included in Appendix a to IEEE
Std 323-1974 are only representative, they should not
be considered an acceptable alternative to iasing
plant-specific containment temperature and pressure
design profiles unless plant-specific analysis is
provided to verify the applicablity of those profiles."

IEEE Std. 382-1980 presents specific qualification3profiles to be employed during qualification of
safety-related valve actuators. These profiles may be too

severe for some plant applications. Rumor suggests that the
bounding conditions for PWR applications is based on an
unsold PWR design.

.
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5. Must the effects of mechanical cycling be considered in
the aging program 7 Can the mechanical cycling requirements

be reduced?

mAccident Questions

1. Should the accident simulation account for radiation
dose rate effects?

2. How does one simulate beta and gamma radiation
environments? How do you account for beta shielding
effects?

3 Are there accident synergistic effects?

4. Is oxygen presence during an accident simulation
important?

5. Is the steam ramp time impr.rtant?

6. Can saturated steam conditions be employed instead of
superheated steam?

7. What test considerations are relevant for chemical
spray?

8. What are relevant post-accident acceleration techniques?

9. Must submergence be considered in the accident
simulation?

We will now start answering these questions. Both
It someregulatory and technical issues will be discursed.

cases a strong regulatory position has not yet been formulated. -

Let usMany times this reflects en inadequate technical basis.
begin with th( first question.u

Must the same piece of equipment be exposed to all portions of
the sequential exposure?

Testing of the same prototype to both environmental and
aesmic stresses is not required. In its prologue to 10 CFR

50.49 the NRC indicates "The Commission has decided..afterconsiderable deliberation, to pursue the issue of seismic and
dynamic qualification separately at a future date" 10 CFR
50 49, section e states that requirements for dynamic and
seismic qualification of electric equipment important to safety
is not part of 10 CFR 50.49.

Neither 10 CFR.50.49 nor Reg Guide 1.89 (revision 1, June,
1984) clearly state that the same protype must be used during

Earlier
(- all portions of the sequential qualification exposure.

NRC positions indicated that the same protype was.to be
employed. For example, the DDR Guidelines state:

~ - ___ _ ..
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"The same test spec', men should be used throughout the test
sequence for all service conditions the equipment is to be
qualified for by type testing. The type test should only be
considered valid for the service conditions applied to the
same test specimen in the appropriate sequence." ,

Similarly, Section 2.3(1 ) of NUREG-0588 states:

"The test prodedures should insure that the same piece of
equipment is used throughout the test sequence, ano that the
test simulates as closely as practicable the postulated
accident environment."

The Append!x to NUREG-0588 further clarifies this issue in
response to comment 66. The staff basically agrees that
performance requirements during normal operation can be
established via separato protypes than those used for accident
simulation tests. However, the staff asserts that when exposing
equipment to hostile environments, the same piece of equipment ,

abould be used.

Replacement of equipment subcomponents during a test
oequence is something you may run into during an inspection.
There are two possibilities:

1. During the aging simulation, components such as 0-rings
or gaskets are replaced at pre-defined intervals as
established by the test plan. This test procedure should be
corr elated with maintenance practices for that device. For
example, maintenance requirements may specify that gaskets
and 0-rings for a transmitter be replaced every 5 years.
Thus during the 40 year aging simulation it would be
acceptable to replace the gaskets and 0-rings on a periodic
basis. However, for this example, 0-rings and gaskets
should be aged to their most severe condition for a 5 year
life. During an inspection check to insure that maintnenace
requirements assumed by the test strategy are clearly
identified in the test plan and test report.

2. During the aging and/or accident simulation a
subcomponent may fail. The test laboratory may decide to
replace the subcomponent with an identical subcomponent
(arguing that a random failure occurred) or may elect to
install a new subcomponent design and continue the test. We
have experienced both of these situations during NRC
inspections. Some things to look for in this situation:

a. Was the replacement subcomponent properly aged?
Are there adequate aging records, etc?

b. Was a thorough failure analysis performed that
clearly established the random nature of the failure?

c. Was more than one component tested?

- _ - _ _ _ _ - _ _ - _ _ - _ _ _ - _ _
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At what ,gortionc of the cequential exposure muct functional
performance be demonstrated?

Reg Guide 1.89 (revision 1, June, 1983) clearly states:

i

" Performance characteristics that demonstrate the
operability of equipment should be verified before, after,
and periodically during testing throughout the range of
required operability."

We will be discussing functional performance requirements later
in this course,

low can the the: mal aging environment be accelerated?

The first thing we must discuss is the purpose of
accelerated aging. There are two possibilities:

1. To rigorously place a piece of equipment in the
condition one would expect at its enu of installed life
(typically 40 years).

2. To probe or qualitatively assess the vulnerability of
equipment to aging effects and not to achieve aging in the
strict sense.

The second purpose is the most realistic purpose of accelerated
aging. It also appears to be NRR's intent. However it is
rather difficult to write NRC requirements or guidance that
suggest the second purpose which are also inspectable. Hence,
many NRC aging requirements are writt^n in the style of the
first purpose with the stated understanding that there are
state-of-the-art limitations to what is achievable. For
example,10 CFR 50.49 states that:

" Equipment qualified by test must be preconditioned by
natural or artificial (accelerated) aging to its
end-of-installed life condition." J

Reg Guide 1.89 expands on this requirement. It states :

"The Arrhenius methodology is considered an acceptable
method of addressing accelerated thermal aging within the
limitation of state-of-the-art technology. Other aging
methods will be evaluated on a case-by-case basis....

The aging acceleration rate and activation energies used
during qualification testing and the basis on which the rate
and activation energy were established should be defined, 1

justified, and documented.
Periodic surveillance and testing programs are acceptable to
account for uncertainties regarding age-related degradation
that could affect the functional capability of equipment."

.
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Let us discuc$the Arrhenius methodology 1as a baslo-Ior-
cecelerated thermal aging.

The simplest form of the Arrhenius mode? assumes that
material degradation is dominated by a sincie chemical process
whose reaction rate is' temperature dependent. The Arrhenius
equation-is used to relate the chemical reaction rate to
temperature:

(Eq. 1)r = A exp -

T

where

r = chemical reaction rate

A = pre-exponential factor (frequency)

EA = activation energy (eV)

kB = Boltzmann's constant
= 8.617 x 10-5 eyfog

T = absolute temperature (*K)
%

Equation 1 is sometimes expressed using different units for
the activation energy and the constant, kB. You might
encounter the following:

Aexp[-gg
E

(Eq. 2)I =
T

.

where

EA = activation energy (Kcal/ mole)

R ._ gas constant
.

= 1.987 x 10-3 Kcal/ mole *K

For the remainder.of this course, we will use eV units. An
easy conversion factor to employ is:-

EA(eV) =EA(Kcal/ mole.)/23 (Eq. 3)

.

. _ . _ - -
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Equation 1 may be used to derive an expression for
accelerated aging provided that materi.1 degradation is dominated
by a single chemical process, namely:

h?Y r ,
b [\ ah - hs'7 (Eq. 4)K= E - exp -

a / B i

g
where

k = factor by which aging time may be reduced when
the temperature i.s increased from Ts to Ta and
still obtain same equivalent degradation

Ta = acceleration temperature (*K)

Ts = service temperature (*K)

ts = aging time at service temperature. Tg

ta = aging time at acceleration temperature. Ta

Eg = activation energy (eV)

kB = Boltzmann's constant (8.617 x 10-5 eyf.x)

The pairs:

(Ts, ts) and (Ta, ta)

yield the same degradation when:

1. Degradation is controlled by a single process.
-

7

\ah - hs
2. E = exp b (Eq. 4)-

a B
t .,

Example Two:

Problem:

A cable manufacturer produces a low voltage electrical cable
using cross-linked polyethylene insulation. The cable manufac-
turer advertises the activation energy for thermal degradation as
1.04 ev. A nuclear power plant intends to use the cable for 40

~

1 Tears at a temperature of 40*C. For the qualification program,
an aging temperature of 110*C will be used. How long must the
cable be aged at 110*C to simulate a 40-year life at 40*C?
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Solution:

Ts = 40*C = 40 + 273 = 313*K
-.ts = 40 years = 14600 days

Ta 110*C = 110 + 273 = 383*K

ta = ?

9
* 1-K=tE = exp * = 1150-

8.67 x 10-5 ,y (383 313 ga

)*K

E = 14600 12.7 dayst, 50
==

_

Example 3:

A cable manufacturer produces an electric cable with:

A copper conductor

Jacket material (40 mil thick) :EA = 1.1 eV-,

Insulation material (25 mil thick) -EA= .85 eV
A nuclear power plant intends to use the cable for the

following environmental conditions:

1) 40-year exposure to service conditions

2) average service temperature = 45'C

3) maximum service temperature = 60*C

If the aging temperature is to be 130*C, for what time
interval must the cable be- aged?

Before we calculate the aging: time, ta, we'must' decide:

1. What do we use for E ?A

EA = 0.85 eV

EA = 1.1 eV

.

..P. _ - - - _ _ . _ _ . _ - _ _ _ . - _ . - - - . . _
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2. What do we use for Ts?
; Ts = 45*C

Ts = 60*C4

Solution to Example 3:

The cable is a composite device containing both insulation
and jacketing material. Eq. 4 can be used to determine the
required aging parameters for both materials, assuming:

1) a constant service temperature of 60*C

2) a constant service temperature of 45'C
,

The results are:

Table 7

AS3UMED
CONSTANT

*

SERVICE
TEMPERATURE JACKET (Ea = 1.1 eV) INSULATION (Ea = .85 eV)

60*C K = 778 K = 171

ta = 18.8 days ta = 85.4 days

45'C K = 4740 K = 693

ta = 3.1 days ta 21.1 days

i

The following conclusions may be drawn from Table 7:

1. The smaller the activation energy, the slower is the
accelerated aging process. Therefore. the aging
program should be based on the lower. activation
energy, i.e., for the insulation material.

2. The most conservative aging program would assume a
constant service temperature of 60*C for the entire
40 years. Note, however, that this substantially
increases aging requirements. Hence, industry
should be encouraged to more precisely define
environmental specifications.

-
.
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The folloVing table (Table 8) further illustrates theFe tWo
conclusions:

_.

Table 8
.

7 days at 121*C (394*K) is equivalent to:

Activation Enercy
Tservice 1.0 eV 1.1 eV 1.2 eV 1.3 eV ~

90*C (363) 86.6 days 111 days 343 days 184 days

80*C (353) 214 days 301 days 424 days 1.64 yrs

70*C (343) 1.63 yrs 2.37 yrs 113 days 5.69 yrs

60*C (333) 4.23 yrs 7.25 yrs 12.44 yrs 21.33 yrs

50*C (323) 12.43 yrs 23.76 yrs 45.39 yrs 86.73 yrs

.___. ......_ ..-____ ........ ........._--.--._........... . _ _

7 days at 136*C (409*K) is eq'Jivalent to:

Activation Enercy
Tservice 1.0 eV 1.1 eV 1.2 eV 1.3 eV

90*C '.363) 255 days 365 days 1.43 yrs 2.05 yrs

80*C (353) 1.73 yrs 2.71 yrs 4.25 yrs 6.67 yrs

70*C (343) 4.51 yrs 7.78 yrs 13.43 yre 23.19 yrs

60*C (333) 12.45 yrs 23.79 yrs 45.46 yrs 85.86 yrs

50*C (323) 36.62 yrs 77.95 yts 165.9 yrs 353.2 y:s

__.. ________ _______._____.._________ ..._______. ___....___....

7 days at 150*C (423*K) is equivalent to:

Activation Enarcy
~ _

Tservice 1.0 eV 1.1 eV 1.2 eV 1.3 eV

90*C (363) 1.79 yrs 2.81 yrs 4.43 yrs 6.97 yrs

80*C (353) 4.42 yrs 7.62 yrs 13.12 yrs 22.61 yrs

70*C (343) 11.53 yrs 21.86 yrs 41.45 yrs 78.60 yrs

60*C (333) 31.84 yrs 66.84 yrs -------__ _-..____-

50*C (323) 93.67 yrs --------- --------- ---------

_________.____._-_____ ____..____-_.-_-..---_____--______.___ ____

-
-

- - - .. .
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Table 8
(continued)

7 days at 158'C (431*K) is equivalent to:

Activation Enercy

Tservice 1.0 eV 1.1 eV 1.2 eV 1.3 ev

90*C (363) 2.97 yrs 4.92 yrs 8.16 yrs 13.50 yrs

80*C (353) 7.36 yrs 13.34 yrs 24.18 yrs 43.83 yrs

70*C (343) 19.18 yrs 38.28 yrs 76.38 yrs ---------

60*C (333) 52.99 yrs --------- ------------------

--------- --------- --------- ---------

50*C (323)

Our solution to Example 3 was to age the composite cable at
130*C for 85.4 days. This guarantees that the cable insulation-
has a qualified life of 40 years. Let us consider what the
qualified life for the jacket becomes:'

From Table 1. we see that the minimum value of K is 778 for
,

the jacket. Therefore -(
>

Qualified life >,778 (85.4 days)

>,182 years

Conceivably. the cable cannot withstand such severe acino.
This may require that flexibility and engineering judgrent be
applied during the formulation of the qualification aging strategy.

To summarize so far:

1. It is acceptable to use the Arrhenius equation to
establish accelerated thermal aging conditions.

2. Use of the lowest activation energy ir most
conservative.

3. Assumed values of service temperature have large
impact on aging time.

--Adding a + 15'F margin to service temperature
specification may double the aging severity.
(Hence, margin is not employed for aging
acceleration).

--Therefore, it is important to accurately specify
service temperatures.

-- _ _ _ _ _ _ _ _ ___
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4. Thero nay b3 a neod f or cood ongineering . judgment
during the development of aging strategy.

>

4

A
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COMPLEX SYSTEMS

How let us extend our Arrhenius aging concepts to more
complex equipment items. At the simplest level, there are two
common approaches.

1. List each subcomponent of the safety-related equipment.
Establish for each subcomponent (usually via literature

'

searches or manufacture contacts) an activation energy
describing the thermal degradation. Choose the lowest
activation energy on the list and employ it as a basis for
the accelerated thermal aging program.

2. Employ an activation value such as 0.5 eV or 0.8 eV and
argue that it is limiting based on " statistical" analysis
for a large population of cocponents.

Let us illustrate each of these approaches. Table 9 is an
example of the first approach. It is part of an aging table for
a qualification test plan. Each equipment component is listed
with applicable information such as activation energies. An

aging program is developed based on an anlysis of this agir.g
table.

Westinghouse's WCAP 8587 and 1.8E Std. 382-1980 (for
aarety-related valve actuators) are examples of the second
approach. In Appendix D to WCAP B587, Westinghouse selected an
activation value of 0.5 eV for use throughout the Westinghouse
program, whenever specific activation energies were not
available. Their choice was based on a statistical examination
of activation energies reported by EPRI for 170 materials as
well as on an independent review of materials used in
Westinghouse supplied equipment. The statistical distributims
of activation energies for these two data bases is presented in
Figures 18 and 19. Westinghouse indicates that 95% of the
activation energies exceed approximately 0.4 eV it om the EPRI
data and 0.6 eV from the Westinghouse data. Hence they selected
a valye of 0.5 eV.

The aging recommendation of IEEE Std. 382-1980 is based on
an activation energy of 0.8 eV. The standard then states: "If
0.8 eV is not sufficiently conservative for the-materials in the
actuator being qualified, a smaller value...shall be used."

DETERMINING-ACTIVATION ENERGIES

Until now we have assumed that we have access to an
appropriate activation energy. Let us now discuss "deturmining
activation energies". There obviously are two approaches-

1. You can measure the activation energy.

2. You can reference an activation energy for a similar
material with a similar application.

.

w
-

- . - -
-
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Both approaches are commonly used and both approaches meet the
Rog Guide 1.89 guidance:

"The aging acceleration rate and activation energies used
during qualification testing and the basis upon which the
rate and activation energy were established should be
defined, justified, and documented."

Let us first discuss how you can measure activation
energies. Cable qualification efforts are good examples where
activation energies are actually measured rather than eferenced
via a literature citation. The most-important consideration is
*he degradation parameter to be monitored. Activation energies
oometimes strongly depend on the degradation parameter. Once
the degradation parameter has been chosen the following three
steps will generate an activation energy.

1. Measure degradation versus time for several
temperatures.

2. Choose a valie of constant degradation and determine the
(time, temperature) combinations that produced that level of
degradation.

3 Plot (log t. 1/T) for each combination of time and
temperature. The slope of the line is the activation energy y

divided by Boltzman's constant.

Figures 20-22 illustrate this proceduro. Figures 23 and 24
illustrate some Sandia data for a Neoprene and a cross-linked
polyethylene product.

Note that Neoprene (typically a jacket material) has a
lower activation energy than does the croos-linked polyethylene
(typically an insulation material). There is an important
point that can be made with the Neoprene and cross-linked
polyethylene data. The activation energy is not a measure of
expected life. Rather, it is an indication of how degradation
can be accelerated. For a given temperature and time exposure,
Neoprene will have lost more of its tencile properties than will
have cross-linked polyethylene. But cross-linked polyethylene

4 will have more closely approached its accelerated life.

This may be of importance when " qualification by analysis"
is employed to justify a manufacturing change to a product
previously qualified by a type test. It is insufficient to only
compare activation energies to justify similar aging tolerarce.
One must also compare absolute life.

A problem might develop during the measurement of activation
energies. It is illustrated in Figure 25. Different ~
temperature regimes may have different rate controlling chemical
processes. Hence you could measure different activation

.
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energies based'on what temperatore regime was used for theSome of the IEEE daughter standards try toeasurements._account for'this by recommending that certain temperatures befor example, IEEEemployed-when measuring activation energies._
Std. 383-1974 states:-

" Aging _ data should be submitted to establish long-term
performance of the insulation.. Data may be evaluated-using .

the-Arrhenius technique. A minimum of-3 data points,-
including 136 C and 'two or more others at .least 10 c- apart
in temperature, should be used."

Now let us examine how one establishes activation energies
This is the most common methodvia a literature search.

employed by test-laboratories, especially1 Tor _ complex equipment.
importanticonsiderations for a literature search are:The most

;

The activation energy measurement;shuuld relate to the-1.
material property of interest. For-example, consider a low
voltage _ cable. The dominant mechanism by which this cable

Hence awill probably fail is mechanical degradation.
tensile elongation activation energy referenceJwould be
appropriate. .In contrast,-a high-voltage cable 2may fail
dielectrically before it fails-mechanically. Hence in this-
case a dielectric strength activation energy reference may

To summarize, the inspection should assure-be appropriate.-
the degradation process monitored for the referencedthatactivation energy is related to the postulated failure modes

of the equipment.-

2. It is reasonable for several different activation item.energies to be listed for the same generic equipment
These-variations may result from:the use of different
formulations or _ processing = for the same generic. material.
Hence a thorough literature search may generate _ailist (or-
range) of activation energies. The-lowest'value on the1 list
would generally be most appropriate.

The obvious next question is where does one find activation
energies. -Many test laboratories have established a-proprietaryTheresare-now two-library of- activation energy references._Both were generated by EPRI.- . j

;

public lists that are helpful.
The first is contained in EPRI's report EPRI NP-1588. The

second-is a Qualification Materials Data' Bank-(QMDB)
_
;

that

current 1y'is being_ developed'for EPRI.

;
i

f) -
i

i
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| Activation Energies'

.

B.1 TABULATION
Acthation energies for a number of materials and components are tabulated in this
appenda. As in Appenda D, no effort was made to produce an eshaustne ta%:a.
tion, rather,it is a consenient recording of actisation energy data ob:sined inciden
tally to preparation of this report. It is essent:al that the oted daci morces be mn.
sulted to senfs the relesante to the user's applicet:on.

B.2 HISTOCRAN1
A graphical representation of the distribution cf actnat:en energ es. for the
materials and components included in the tabulation,is gnen by the ha..g

..n

Figure B.l.

The values of acination energy range from 0.09 eV for inanium ::te.;um h
ide, thin film capsc. tors to 1.29 eV for Kraft paper. This range was d.oded :nio
0.2.eV increments. and the number of mater:ais and compo ents that haie an a -!

tnation energy webn a gnen increment was counted (from the tabht en; Thne
numbers were then used to plot the hktogram. The large number of eur.n f or
magnet wire contnbutes substantially to the hatogram oser a broad range frcm 0.2

I-

to 1 S eV, except in the interval between 1.2 and 1 A eV. Polymers and transistors
male a rnaior contribution to the peak between 1.0 and 1.2 eV.
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. OTES FOR TGL'L ATED ACTIVATION ENERCIESN

En.4psulated with al;'.atic amine cared bo;heno! Aep.chlerb dnn epende (epon east) NoNotes: 3

1

1 Inse.ps.,:ated with a:;hatic a n,ne e. icd t spheno! A<pich!c:53 rin epende epony cait) imer pre;nsie. d

En a;ss'.aied with .B staged arematic ar,ine cured bopheno! A epichloth dnn epende tepenpinnated 3 .
'

ir

t -ife, en'ried) Ne impiegnare.
Encapu.'a'ed ..th B s: aged a,c matic amine cured b sphenol A ep.chloth. dnn epcs6de (epen

i

4

transfes mi.:ded) Irrptegnated
i. En.4,sulated ith phthabe anh d ide cured b>ipheno) A epichlorhydon epeude tepony bot-

6 Enc 2;sulated ith phaahc anh:Oide surec bn;%no A epieh::th d .n ep.a.dc .e;;n For r .elt
melt) No :r preg . ate

No : neas*) ;rrpregna'ed
E t apshed ..th nv'if ed anF dnce c4.:ed bp'e-o! Avi&h.dr.r e;. We*

p:r;naie
5 Ensap w'a ed *it'. r act c5.d'c :.>rd e; 33 r.o,e:ac No : ;eqcate.Ta 5.re cenet a :: art:rg of :ni.'ven to espe *e :cedweto:. die;ectnc 's snd. 4n kn ice c,,::ent
9

> iM A a: iMO V A:1 ge:. en* |v ed to (Are
10 Ta.'uie . .*e .n .. N;e c:en ci . s:3s .v d fc: ! $ se. 3 .Js at iv.S p, H A::.pc. mens

te*' d te f ' ore
bt d . ; a;t of ' .; . ec .:t e : 'a ;te) s s I .T-

i t d i %,e Ai: u r:es mw: t e ', '.>r e .11

11 F 3 :u c ~e cn i A .b n .: ie ' . :; ; : - ~'C '.' ,.r ': . . e . o ? ,;-.

:1 c.. .rd n y 1:Y C. ' en; . : :: g

W. . g . -cnts
la C./ ,/re: f:cm An'te . a y,ie ;'rts

-- _ __.. _ _

A:t n ation RemaisMaweial/ Etictgi lev) Citation
C omponent 'Doice

1.71 10:6 50et retention of butal
A!!>d Grade 1500 strer.gth (thier Cep J. See

Note 14.

1.14 1026 50*b _ retention of diclutrie
,

A'i>d, Crade 1500 strength (ibler Corp.). See
-

Note 14.

Allen. imide, irradiated. 0 55 46) 5111. W.510-54/l' A. Nican time
o and 14.to fa: lure. Notes|

insulation,20 gauge une
511LE51351/12. 31ean t.me to

Aromatic polpmide, 1.29 461
failure. Notes 9 and 14.

msulation. 20 gauge wire
| 1.08 603 40% loss of elongation. See

Butyl Note 14.

1.17 566 DC hfe. Stressed at 1000 solts
Capacitors, chlorinated per mil. See Note 14.
diphenyl. No stabih2ers.

DC hie. Stressed at 1000 volts1.53 566
Capacitors chlorinated per mil. See Note 14.
diphenyl. 0.5%
anthraquinone

B2
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Ataienal/ Acti ation
Compone nt /De$ic e EnerefeV) Citation Remarks

Capacitors, chlonnated 2b3 566 DC hfe. Strened at 1000 solts
diphenyl 0.5% per mit c- Note 14.
azobenzene

Capacitors, chlonnated 0 56 150 Dielectne stressed w:th de
diphenyl Kraft paper potential,10' Wm. See Note 14.

Capacitors, chlorinated 1.50 150 Diele:tric strested with de
diphenyl Kraft paper potential,10$ Win. See Note 14
with 0.5% azobenzene

Capacitors, chkt:r.ated 1.93 150 D;tht:,c etened w.th de
d:phenyl Kraft paper potent:al,10' Wm. See Scte 14.
with 5.0'c a:obenzene

Capacitor, dielectric, 2.42 717 1002 capac:tance :nt:ene. See
tubular paper S te 14.

Life de .ned as i me cy :d totCaracitors, metahzed 1 32 150

paper 19 n er ,;.nal u'ae of
c p.u .ur.se af:et m .31.naease.
See Note 14

Capniwrs. tiurcum- Ox9 M6 F rd b anri cat .r T;,ts-

t:nn;um dicude, thin. w th rate of it: pe .,:.:e rae ap-'

'!m 3 25'C-100*C preimatch :i::C. min..

Choseal (Chc menc Inc.) 1.04 765 Deter =ned ' tho: -rau.
(Siher f.lled condustne metne ana!>sn liu ng rate of
silicene) 10*C per minute.

Ccnnectors: Thir gold D = D. esp (e AT1. w here D =
(25100g) electrop!ated <.hemical interdiffuson coef.
over copper base material fic.ent and D,a 1.5 x 10" cm:/s.

(:50*C 750*C) 1.02 433 Predommant degradation

( 50*C 250*C) 0.50 433 mechanism is defect diffusion
41ong grain boundar;e5 and
dislucation pipes-dependent
upsmn defect density.

Dacron Parachute 1.1 ) .65 De - .ained by thermogravi.
material (polyethylene metne analysis Heating rate of
g!> col terephtha! ate, see :*C per minute
see Ref.124)

Diall> phthalate, glass 1.04 763 Determined by thermegravi.
filled metne analysis. Heating rate of

10*C per minute.

Diodes, Si
- general 1.13-2.77 340

Diodes, Si (- 1960) 1.14 340
i

B.3
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Ac t u a tion
%1sta sial / fn e (cVi Citahon F marks
Ci.mpnm nt 'Dmee _

~--

Dicde. <ilicon. lN673 1.50 339 50'b failure. See Note 14.

and 15696
Diodes, silicon, p n p n 1.41 340

Diodes silicon. s aractors .31 2.35 340 '

D odes, others 1.13 2.77 340

Diodes, varactors 2.31 2.3S 340

Ethyler.e picplene. No. 0.7 ) 374 See Note R

5 lead ure w:th paper
< epa rator

Ed lene pre,yl ne 1.:S il :0*i 1 n in elcr.p:.x. See
"

Note 14.

E&J.-ne ; rykne hase 1 05 603 40'c im of v; ephen See
Note 14.

m<aht.on

Eth:.kne p::pciene. No. 090 34 En m.tt d a.erage life See
Note 14.

:5 'e.ed .ure

E:' .; ne m;. ene, e. lid 00 373 ' :9 h!Jc 0 11. C
.

.uth 7.apvr q.:ator
E6 :ene propylene, solid 09) 3.4 10.030 b 11- 0 li:'C

3

f namel, pbin. nsubSon 0 35 610 See 9tes 3.11 end R

on magnet wire

En.unei, plain, insutstion 0 64 610 See Notes :.11 and 14

on m.gnet aire

Enamel, plam, msalation 1 61 610 See Notes 1,11 and 14.

on magnet wire

Ent,mel. p!ain, insu!ation 0 35 610 See Notes 4,11 and 14
)

en magnet wire

Enamel,'phin, insuhtion 0.45 610 See Notes 5.11 and 14.
,

on magnet wire

Enamel, p!ain, insulation O '5 610 See Notes 6. I1 and 14.

on megnet wire

Epon 5:S (Shell 1.34 765 Determined by thermogravi-
metnc analysis. Heating ra'e of

Chenucal) 10*C per minute.

Epon (epoude film). 0.71 36S See Note 14.

insulation, magnet uire
09S 1026 50% retention of Gesural

y
Epcxy, Crade 2000 strength (Hooker Corp ). See

5

Note 14.

B4
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- Actnetson Energ,en

\ tats rial / Actisation

Comsmistnt/Desice Enern (eV) Citation Remarks

.
Epox), Crade 2000 1.24 1026 50% retention of dielectric .

strength (Hooker Corp) See*

Note 14.

Epoxy insulation on 0.99 610 See Notes 1 and 11.

magnei wire

Epoxy insulation on 0.94 610 See Notes 2 and 11.

magnet wire

Epox) insulation on 0.67 610 See Notes 3 and 11.

magnet wire '

Epexy insulation on 0.73 610 See Notes 4 and 11.

magnet wire

Epoxy insulation on - 0.73 610 - See Notes 5 and 11.

magnet wire

Epoxy insulation on 0.93 610 See Notes 6 and 11.

magnet wire -

Epoxy, um arnished, '0 67 532 - See Note 14.

magnet wire

Epciy, phenotic 0.66 632 . See Note 14

varnished, magnet wire

Formsar (Bondese). 1.09 320 See Note 14.

cemer. table insulation
and Andover Corp.

<

epon encapsulant -

Formvar, cementable 0.70 320. See Note 14.
insulation and epoxy

. ,

encapsulant-solenoid 1

coil
g

Formsar ins ilation on 1.61 610- See Notes 1 and 11. ,

,

magnet wire

Formvar insulation on 0.23 610- See Notes 3 and 11.

magnet wire

' Class, high lead -- - 0.37 97
4

1sonel- 175 insulation 0.68 320 Average coillife. See Notes 12
s and 14.and Acme 200S epoxy.

encapsulant on solenoid -
coil. -

Kraft paper in mineral 1.39 _B36_
50% of tensile strength. See

. Note 14.-oil.

Kynar, hllLspecification 1.95 374 See Note 14.

wies-

_.

B.5
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Actostion R e te.a r ks
Aisterul/ Energs feV) Costion
Compone nt/De. ice

25h c 250*C = $066 failure.
'

*

1.0 795
.

hiicrocircuits, CMOS See Note 13.
(type CD 4024A

795 42h c 250'C = 50% failure. :
3.1hiicrocircuits, CMOS See Note 13.

type CD 4011A
1.4 795 90h e 250*C = 50% failure.

hiitrocircuits, CMOS, See Note 13.
t>pe CD 4011 A p

hiictccircuit, CMOS L

0.9 517

f40C7 freat pop.
J.) 517

1.43 610 See Notes 7 and 11.main pop.

htL s16 taist pairs See Note B. Failute criteria was
1.15 610

htL a31 co0s shorted turn, open circuit
and/or 2500 ott hipot failare of

cou. l
2 44 610 See Note 6 .fhiL #1B twist pirs Data based on 50% electric1.15 559

ht>1ar film stiength failure. See Nate 14.

0 B7 401 70'C .130'C.
Neoptene

0 56 401 70'C - 100'C.
Nitnle

0.57 610 See Notes 6 and 11.
N>lere insulation on
magnet wire

0.99 610 See Notes 1,11 and 14.
Nylere insulation on

0.75 610 See Notes 2,11 ra i4m2gnet wire'

N>lete insulation on t
magnet wire

0.68 610 See Notes 3, s; ed N.
Nylete in501ation on
magnet wire

0.59 610 See Notes 4,11 ant i4.'

N> tere insulation on
magnet wire

1.04 610 See Notes 5,11 and 14.

N>lete insulation on
magnet wire Tested at 205 and 255'C. 50%

1.14 530
Nylon 6/6. glass. reduction in tensile strength.

icinfoteed See Note 14.

Terted at 140 and 150*C. 50%
Nylon 6/6 glass. reduction in tensile strength.

g1.29 530

reinforced See Not 14.
,

,

B.6
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Coinponi nt mo ke F.nop (ev) Cetation Rema Li

Operational Amphfier
741
-freat pep. 0.7 511

-main pop. 1.6 517

-n hed pop. 05 517

-freal pop. OS 517

-main pep (% icitage) 0.9 517

Paper, manila, under 1 66 566 Reduction of tensile strength to
20% of original strength See

cd
Ncte 14.

Papet, manita, vnd-r 1 56 566 Reduction of tenWe strength to
70% onginal strength See

od
Note 14.

Penche, gnt'al pu pese, 1 16 10 6 50% setention of impact
stiength (Hocier Corp ) See

Durez 791
Note 14

Thenohc. general 1 05 10:6 50% retention of (|esural

purpose Du:ez 791
stteng'h (Hcder Corp) See
Note 14.

Phem,lic, Orde 666 0.96 1026 50% retenbon of Oesural
striength (Hwier Corp) See
Note 14.

Phenche, Crade 666 1 11 1026 50% retention of iksural
st:ength (Hxter Corp) See
Note 14.

Phenohe, Ciade 649 1.16 1026 50% retention of Ceiural
stiength (Hooter Corp.) See
Note 14.

Phenohc, Crade 649 1.43 1026 50% ietention of Cesural
streng'h (Hwier Corp.) See.

Note 14.
,

Phenche, Crade ; 55 1.27 1026 50% setention of Sexural
strength (Hooter Corp) See
Note 14.

Phenohc Kraft laminate 1.47 575 75% retention of Derural
strength. See Note 14.

2

Phenohe Kraft laminate 1.50 575 50% retention of Detural
strength. See Note 14.

Poly ester, amide imide 1.54 943 See Note 14

overcoated, hehcal cou

B7
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Ac t u ation Remaskikt,ta bal/ Ene.g f en Citation
C ..nnnint Deuce __ _

f,4) See Sote ;4
1 25

,

Polyestet, smide imide
os ercoated, w ire, t.usted

pairl
1.26 53: See Nae 14.

Poly ester.uset ecated,
r.:agnet uite and dass
15? impregnatmg sarnish

1 66 Si: See Note 14.
IO!} ester Chef coaf ed,
rragnet .e e and class
}$$ift;fef.3!.n;taf-
n;sh,
nn mv1vrette spfems

1.44 55: Ste Scre 14.
IUI)etit! onetC *;;1ed,
Unn af *,:thtd I A (ts Of

mefrie' A if e,
i 6* 9: Ste N te :4 .

P:!.iriter ue costed,
m;;nct .ue N sts suth
.r. d .-d < : ., r.e i a: ::sh..

1% M: Ste N..te ;4
Pni)e s t er.os er. cat ed,
magnet u te '.usts with.

,s.d ! ed s.la ne armsh..

1.04 bi: See Nee 14
PJ ester, phenohe
sarnahed, magnet ure.

P C.3 ester te ms(unie::ed)
0.5 nb

He' ton :4505,Sii 354
and Maro 670.

1.00 61: See Note 14.
Poly ester, um arnished, I

1.13 603 40'c ios, of eiongtinn. Seetr gnet wire.

Poly ethylene, cross. Nnte 14.
linked 20% loa in elongation. See

1.25 51
Poly ethelene, cross. Note 14.
hnted

1.15 973 t,e induction pern.ds See
Polyethylene,0.92 Note 14.
denoty Extrapolated induction penods.

1.51 9'3
Polyethylene, low density See Note 14.
(below 97'C) te induction periods. See

1.14 973 i
Po!> ethylene,0.96 Note 14.

g
8

1.35 973 phose 110*C) estrapolateddensity

Polyethylene, low density induction periods. See Sete 14.

3.10 537 10'b ueight loss in sacuurs
Polyethylene, linear See Note 14.

B-B
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Malctist/ Attnation '

ComponenvDrisce Encre lev) Cit ation Remarks

Polypropylene, isciactic 1.13 971 t,o induction penods See Nrte
'

14.

Poly a" ene - polp in>h. 1.10 461 N11LW51C44/9 Nican tee to
dene ductide, irrad.ated, fai!ure, See Notes 9 and 14

insulation 20 gauge aire.

Ponted circuit board 1.05 717 - 50% retention of electrical
mat enal (1/ i, in.), strength. See Note 14.

. ENI A C 10 and FR 4N

Pnnted circuit beterd 1.49 717 ??! reter.tien of Desural

meenal (' / . in.) it: etch. 5:e Note 14i )

. E\1A C 10 and FR 4N

Poly.mide, arcmatic. 1.57 461 Nic.;rtime to E.;!are. See Setes

o and 14.1 FE Fanded and eated 1

in<ubtion. 20 gr se aire.

Poly meth>1nw!hacn! ate 0.34 590

F:ly tetrafluoroethtiene 0.d 3 690

P:: tctr nuou:h.:ene 3:9 55- Mr: .seg'. 'cs n ..c..:m..

See Nute 14.-

P 1 thermalere. hean, 0.95 3:0 Ase age coil!Je. Sve Netes 12
3-

insulation and 151 :41 and 14.

epen enopsubnt on
so' enc.id coil,

Polythermalete insula. 0.92 320 Aserage co;! hfe. See Notes 1:

tion and Acme 402%A and 14.

epen encapulant on
solenoid coil.

Polythermale e insula. 1.00 610 See Notes 1 and 11.

tion on magnet wire.

Poly thermalere insula- 0.96 610 See Notes : and 11.

tion on magnet wire.
'

i hermaleze insula, 1.56 610 See Notes 3 and 11.Po3 t

tion on mi.;, net wire.
|

Pol > thermaleze insula. 1.00 610 See Notes 4 and 11.

tion on magnet wire.
|

Polythermalere insula. 0.98 610 See Notes 5 and 11.

tion on magnet wire.

Polythermaleze insula. 0.75 610 See Notes 6 and 11.

tion on magnet wire. ,

B.9
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Mateiist/ Actiistion
Compone nt /De. ice Eneto (eV) Citation Rtrnsiks

. Po!> therma'eze sii on 0.57 610 See Note ~ Fa?Je'IT.fina was
shcrted turn, cren c:rcuit and/

coih. .

or iOD s e!! apot falure of . oi!S
.

Polotyrene 0 26 590
,

'

Poly urethane insulation OA9 610 See Notes C and 11.

on magnet ute.

Pel>urethane insulation
0.;9 610 See Notes t and 11.

en magnet wire.

P:! urethane inm! mon 01: 6!O See Neies:.,-d !!
3

on r agnet wire.
Pc:,urtthane ir.se!ation 0 55 610 Sce N.ars : r d ll.

,

on m4; net aire.

It'>urethc.e intutatien 0 :5 610 See Notes : rd 11
on m.gnet w ae.

IY,.urtth.1nein*J!atiCn 036 (!O See N.nes : .< id 11 ,

en n.;..e: w ne.

P:1 un>!a.etate' O |6 iOO
3

Pelp.nykhi ride 0.:6 90
P:!> un.sl fer-al. tr...gret 0 50 Si: See Note 14

u ne twis, .uth phe n:.he

a" >d urn:sh.
Po!pinyl formal. magnet 05: Ei: See Note 14.

wire, with phenolie type
urnish.
Pelpmp formal, with 0.93 bi: See Note 14

phenohc type utnish,
magnet wire.

Polpinyl forrnal, with 1.04 Si: See Ncte 14

phenohc type impreg.
nating satnish, magnet'

wire.

Polpinyl formal, un. 1.01 83: See Note 14.

urnished, magnet wire.

Polpinyl formal enamel 0.9S 365 See Note 14.

and oil modified
phenohc sarnish, magnet
wire.

Po!> vinyl formal. un- 0.54 532 See Note 14

phenolic type sarnish,
magnet wire.

B 10
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Comiv,ns ist /Desice Eners, tcVI Citation RemovLsAt416 eivl/

Polpinyl formal, im. 1.03 832 See Note 14.

- pregnated with phenoli
-

type sarnish, magnet
w ire.

PVC nylon insulation, 1.40 461 MllW50%/2. See Notes 9
and 14.

20 gauge wire

PVC, irradiat ed. 0.99 461 See Notes 9 and 14.

insulation,20 gauge
w ir e.

Resin mica insulation, 0.70 179 Loss factor in stator coils dunng
10 > ear field senice in:rea,ed in

seh entless accordante with Arrhenius
model to a peak.

Semiconductor de, ices, 0.91,4 86 Predominant salue,- 1.1 eV.

sibcon.

Si!, en 6110 6 (Dow 1.14 765 Determined by thermogtavi.
metne analysis. Heating rate of

Corning) 10'C per minute.,

'
Sibeone, modif.ed, wire 1.56 566 1000 solt failure between twisted

pairs. Ascrage hfe. See Note 14.enamel on repper with.
out sarnish.
Sihcone, modar,ed, wire 1.61 566 l@0 solt failure betw een twated

pans. Aserage hfe. See Note 14.enamel on copper with
silicone sarnish.
Sibcone, mc.dified, wire 1.46 566 1000 volt failure between twisted

p, irs. Aserage hfe. See Note 14,
enamel on aluminum
without sarnish.

Silicon transistors and 1.1 184 Testing of transistors and
integrated civeuits based on

integrated circuits
Arthenius model.,

SML insulation and 0.72 320 See Note 14.

Jones Dabne) epoxy
| encapsulant.

Termination, tinned 0.77 69 Present aging relation: 16 h @
155'C = 5 yr c room temp.

round wire (Sn, Sn +
Recommended relation: 4hCSnPb, Au, Ag) 155'C = 5 yr e room temp.)
Failure caused by: high tempera-
tuve, high humidity, sulfur.
diodde.

,

e
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Aes.shemEnetva

Actsoshon RemstksMatefiel/ Enteg+ lev) Citsoen
Component /De *sce

1.0 165 See Note 14.
,

Thermakze 'B' (epox> *

po1> ester film). insulation
magnet ure.,

Thermalete F insulation
1.10 320 See Note 14.

and lones Dabne) epoxy
encapsulant

Therm:1on insulation
0.42 320 Aserage coil Me. See Notes 12

ano 14
and 3M 241 epoxy
encapsulate on snienoid

coil.
0.66 123

Transistors .

Transistor, Ce alleyed.
1.26 235

OC 1972 (1964)
1.05 235

(1966)"

T ansistos, Ce alloy 1.25 670 )
t
f LT123 (1955).

Transistor, bipolar, 1.65 340

p.n p n
Transiston, CMOS 1.15 334 E> ring model.

Transistor,6ffu>ed. 0.;7 340 Step stiesi tests without
meistute getter. Meban life.

geronium See Note 14'

Transistor,6ffused. 1.24 140 Constant stress tests with
mD.skie getter. Mehan life.

germanium See Note 14.
'
-

Transistot, Ce gettered 1.24 340
3

4^ Transistor, Ce mesa, 1.00 235

i
AF106 (1969)
T ansistor, Ce mesa,

2N559 (1938)
1.17 671

0.95 671
-(1959) - 1.14 67)
(1960,

Transistor, Ce MADT, \lADT. = Micro s!'oy diffused
2N501 (1958)

1.07 673

Ce MADT,2N5013959) 1 C7 574 niansistor

Transistct, Ce MAT, 1.0 - 6B - MAT = M.cro alloy transistor

!2N393 (1960)
' Transistor, Ce MAT, 1.00 67) MAT = Micro allo) transistor .

.

2N393 (1959)
Transistor, Ce unsettered 0.88 340 .

B.12
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4

Aff,teisvn Energers

hidicrial/ Att a t a tion

Crunponent / Deuce Enop (cV) Citation Rs movLs

Transist or5, ge rmanium 0.991.26 136:
c 60*C. (Appendir)

Transistors, germanium 0.17 236 Near and below rcom
tempe.ature-

Transistor, germanium, O SS 340

(. ungettered

Transistors, germanium, 1.24 340

gettered ai:h ycor or
molecular siese

Transistor, Si mesa,' O.35 677 Cor 6tions not spenfied.

2N:69 (1961) 0 35 677 Cer.stant sttess.
;

1

Trantistor Si mesa.
2S360 (1959f 1.12 672

(1960)
1.50 672

Transistor, Si mesa,

2N105) (1960) 1.12 671

Transistor, modern 1.4 129
( submarine cable

Transistors, MOS 1.2 129
|

| Transators, MOS 1.10 157 Me6an hie foi failure criteritn
of 1.0.V shift. See Note 14.

|
' Transistors, MOS 1.10 157 Me6aa hfe for failure criterion

of 0.5-Y shift See Note 14.

Transistor, power, MSC 0.81 125 Me6an time to failure. See
No!c 14.

1530

Transistors, Si main pop.

(1960)
1.02 340

Transistor, Si planar.

BFY 33 (1969) 1.12 235(

Trai sistor, Si planar,

4A 2(1967) 1.lE -675 Step stress.

(1%7)
1.50 675 Conu.nt stress.

(1963)
1.29 676 Constant stress.

Transisto , Si, p n p.n 1.65 340

Transistors, silicon,(All)
-before wearout 1,12 235

-at wearout 1.46 235

Transistor, sineon, bipolar 1.02 '340 With surface insersion failures.*

I Transistor, silicon, bipolar 1.021.04 340 With Au.Al bond failures.

B 13
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.
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Trantitor, s.Ls on, bipela: 1.7? 149 % 'th me*al pe ett aten into St.
'

Tiarneet. pi, cont mesa.
2 16 139 W: I4 lu'e See Note 14-

:N560
'

Tnroe rts, uht on.
0 96 340 t ,, hfehne. See N.ote 14.

; t y pical

Transoto:5. s>ht on.
1.11 340 to hiehne See Note 14

. , p,c ,1

T 3rs.ce 5. v r anne- 0 0: W f:1 re See N 'te 14-1 10 15' i
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$ Vitan A 'DuPont; 1 11 ~ti e

metnc .inalen ik.u q; ta'e of
10:C per m. .ute.

..

W.re. .ntsraft. Ty pe 1.
1 66 160 MIL.B W6 A. Asc:4ge hfe See

s.:e p
Notes 10 and 14.

i

u ne anunft, Tspe !!. 1.77 45 MIL T % %A \'e''Se1"'e S''
i

' N tes 10 and 14.
5.ee 5

W.re. anstaft. Type 11. 1.% 165 MIL u 4'M A. Ase:. ige hie. See
,

t.
'

Notes 10 and 14.'' g,,,14,
W.re, anuaf t, Type lil. 1.57 16S MILWYi6 A. Asenge hie See
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f INSPECTION QUESTIONS

Let us summarize some questions that could help focus a
thermal aging inspection.

|

i Request a parts list and drawing for the device. Check that
all non-metallic components of the device are identified in the
aging analysis. For those components deemed necessary for

. safety-related function, make sure they were considered in the
! aging analysis. Were self-heating effects accounted for in the

aging analysis? Check the maximum rated temperature for each
component and insure that the aging temperature employed during
accelerated aging is not higher than this temperature. Check

l the normal operating temperature given for the device. Is it
consistent with procets fluids or other environments in contact
with the device.

Check 1 few random activation energy references. Is the

degradation mechanism for the component similar to that measured
for the activation energy analysis? Does supporting data
indicate that the measured activation energy is independent of
temperature er was there a strong temperature dependence? If a

temperature dependence occurred, were the high or low
temperature regimes used to determine the activation energy?
When literature references are employed as a basis for
estimating generic activation energies, is a list of literature
references supplied? From the range of possible values was the,

lowest value chosen as a basis for qualification? Does a test
laboratory or manufacturer consistently employ the same
literature reference for the sate generic material? When

! analysis is employed to argue component similarity (and hence
qualification by similarity) did the analysis consider component

|
lifetime as well as component activation energy?

| Verify the aging calculation by checking the mathematics.
Make sure that the intended qualified life is clearly stated and
is consistent with stated maintenance requirements.

|

|

_ _ _
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SOME ADDITIONAL THOUGHTS ON THERMAL AGING
i

So far we have discussed thermal aging using an equation.
Many people prefer a graphical approach to develop thermal aging
requirements. Both approaches are " theoretically" identical.
Let us first review the equation approach and then relate it to
the graphical approach.

,

Jn the equation approach you first generate thermal aging
data. This data is plotted on a log (t) versus 1/T plot which
yields a .ight line with slope related to the activation
energy. Once you calculate the activation energy from the
slope, you employ it in the Arrhenius equation to determine
aging conditions.

,

An alternative approach is to generate the log (t) versus 1/T
plot. Then choose your aging goal (say 40 years at 90 C) and
identify that point on the plot. Draw through that point a
straight line parallel to your original data (i.e., with the
same slope and hence with the same activation energy). Any-
combination of (log (t), 1/T) on the newly constructed line is
equivalent to your desired aging condition. For example,
suppose the line passes through the point (log (2 weeks),
1/423K). Then a two week exposure at 423 K (150 C) would-te
equivalent to the 40 year exposure at 90 C. This approach to
thermal aging analysis is demonstrated in Figure 26.

' One final topic deserves mention before we leave the issue of
thermal aging. The topic concerns whether-thermal aging may
enhance equipment performance and thus mask a potential common
mode failure. Let us review again the 10 CFR 50.49 aging
requirement. 10 CFR 50.49 states that:

" Equipment qualified by test must be preconditioned by
natural or artifical (accelerated) aging to its
end-of-installed life conditon."

Note that this requirement is worded-slightly (but importantly)
different than the requirement specified in IEEE Std. 323-1974.
Section 6.3 2(4) of IEEE Std. 323-1974 states:

" Equipment shall be aged...to put it in a condition.which'
aimulates its expected end-of-qualified-life condition."

The difference is best expressed by considering the IEEE
daughter standard 381-1977 for Class 1E Modules. In Section 5.8
this standard states:

"In-some-instances, aging may actually improve equipnent
capability to. perform.... In such cases it'is, therefore. '

recognized that to demonstrate the capability of some Class
1E modules to- perform their sed ;y-related function may
require-.that they be subjecteo to design basis eventi, ,

conditions with minimum or no-aging (that is, new or
partially aged modules may, in some cases, be limiting."

'
- _ _
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!

t

|
EXAMPLE 2 1

IE Information Notice B3-72 mentions a thermal
non-repeatability in the performance of ITT Barton's
transmitter, mode 32 M-163 and M-764 A leakage current path

-

through the shaft 0 of the zero and span potentiometers was !
detected by Barton. Of interest is why this performance was not
noted during qualification testing.

Testing at Sandia of these transmitters suggested that the '

leakage current was enhanced by moisture driven from the :rlon
in the potentiometer. This moisture had a transient phenamena. i

iDuring the temperature transient. moisture was driven out of the
<

nylon producing a leakage path along the shaft of the
t

'

potentiometer. As the temperature exposure continued, the
moisture dryed and the leakage reduced.

Figure 27 illustrates a LOCA temperature profile employed at
Sandia to test Barton transmitters. . Figure 28 illustrates the ,

corresponding transmitter error. Note that as the LOCA proceeds -

the error reduces. One can postulate that if tne LOCA exposure. 4'

had been proceeded by a tht:* mil aging environment, then all.
moisture would have been drive * away from the nylon in the
potentiometer and no error wou d have been noted during the
qualification test. The message is that age. preconditioning,
while important, may not produce the moct limiting condition for

g Class 1 E equipment.

+

!

k,

)

_ _ _
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SYNERGISTIC EFFECTS, SEQUENCING EFFECTS, DCSE RATE EFFECTS, AND
j

|
THE IMPORTANCE OF OXYGEN

We now want to discuss four related questions, namely:

1. How can the radiation aFing environment be accelerated?
|Specifically, are dose rates an important consideration?

Are there synergistic effects between the aging ,

2. 1

environments that must be accounted for when developing the
sequential test strategy?

3 Are there accident synergistic ef fects?

4 Is oxygen presence during an accident simulation
important?

Technically, these four questions are related because of the
importance of radiation, thermal, and oxygen environments to
polymer degradation. The mechanistic degradation pathway is

Possibile manifestationsinfluenced by all three envi.aonments.
of the mechanistic degradation include dose rate effects, aging

accident synergisticsynergistic and sequencing ef fects,
effects, and oxygen effects during accident simulations.

From an inspection standpoint, these issues are much moreIn one Sense, thedifficult to deal with than is thJrmal aging.
is not as advanced. For example, the Arrheniusstate or the ar'technique has been in existence for a long time and is etaployed

in non-nuclear lidE standards. In contrast, industry wide

knowledge of nuclear synergistic effects has not yet received
institutional blessing. IEEE standards have been under

in the area of synergistic effects, but have not,

development!

been published.
Before discussing the technical issues, let us review the

10 CFR 50.49regulatory guidance regarding these issucs.
provides the following requirements:

The radiation environment must be based on theRadiation.
type of adiation, the total dose expected during normaland theoperation over the installed life of the equipment,
radiation environment associuted with the most severe design

isbasis accident during or following which the equipmentincluding radiation resultingrequired to remain functional,
from recirculating fluids for equipment located near the
recirculating lines and including dose rate effects.

Synergistic Effects. Synergistic ef fects must be considered
effectwhen these ofrects are believed to have a significant

on equipment performence.
Reg Guide 1.89 (rev 1, June, 1984) states:
Electric equipment tnat could be exposed to radiation should
be environmentally qualified to a radiation dose that

- . , -
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simulates the calculated radiation-environment (normal andaccident) that the equipment should withstand prior to
completion of its required safety functions. Such qualification
should consider that equipment damage is a function of total
integrated dose and can be influenced by dose rate, energy
spectrum, and particle type....

If synergistic effects have been identified prior to the
# initiation of qualification, they should be accounted for in
the qualification program. Synergistic effects known at
this time are dose ruto effects and effects resulting from
the different sequence of applying radiation and (elevated)
temperature.

(' Now let us review the technical background for these
techrdcal issues. In ger.eral, synergistic effects, sequencing
effects, dose rate effects, and oxygen effects are observed for
some polymers. A simple representation for polymers is a plate
of spagheti. Each spagheti noodle represents a polymer chain.
Each polymer-chain is characterized by the repeating chemical
units that make up its length. For example, the backbone of
polyethylene is the repeating unit (- CH -CH -). Other2 2

polymers have different repeating units. For example-

polyvinylchloride replaces one of the H molecules in the-
polyethylene unit with a C1 molecule. In some cases such as
ethylene propylene rubber, a simple side molecule such as H is

( replaced by a more complex molecule.

The long length of each spagheti noodle is responsible for*

some of the polymer's properties. For example, intertwining of
many spagheti noodles makes it difficult to pick up just one
with a fork. Mechanical properties of some polymers are
similarly produced. Clearly, for this situation the length of

> - each polymer chain is an important-determinate of polymer .

properties. If a polymer chain is broken into smaller pieces by 4

a. radiation, thermal, or oxygen reaction, then mechanical
properties will be changed.

For some polymers, the spagheti noodles are randomly bonded
to each other at various locations along their lengths. This

( process is known as cross-linking. For a cross-linked polymer,

no one polymer chain can be separated from another since they
are all bonded together. The two major cable insulations
currently being employed in nuclear installations are
cross-linked polymers, namely-ethylene propylene rubbers and
cross-linked polyolefins.

The mechanical properties of cross-linked polymers depends
on.two properties, the cross-link density.and-the length of the
polymer chains. (In one sense :it may be difficult to
differentiate between these two concepts). If a polymer chain
or coss-link is broken by radiation, thermal, or oxygen
environments- then mechanical properties will be modified.i

Synergistic effects, dose rate effects, and sequencing effects
are manifestations of.the interactive nature of radiation.

.

'
- _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _
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thermal, hnd oxygen influence on polymer chain breakage.

In this course we cannot spend the necessary time to explain
the chemistry of this interaction between oxygen, radiation, and

thernal environments. Rather, let us discuss and illustrate the
empirical manifestations:

1. Oxygen presence is important to polymer chain scission
' degradation when either thermal or radiation environments
are present. At high dose rates (of the order of 1 Mrd/h)
the initial oxygen concentration in the polymer is depleted
in less than 1 Mrd. Hence the replenishment of oxygen
depends on the oxygen diffusion rate and its relationship to

( the dose rate. In the regime where oxygen concentration is
diffusion limited, dose rate effects may occur. This is

demonstrated for PVC in Figure 29. Note the plateau that

develops at approximately 300 Gy/h (30 Krd/h) at 43 C
irradiations. Above this dose rate, degradation is oxygen
diffusion limited and dose rate effects occur.
One method for dealing with this effect is used by the
French in their qualification efforts. The French require

that aging irradiatiuns be at dose rates less than 150
krd/h. The minimum allowable value is 50 krd/h. In the U.S.
many generic qualification efforts use a 50 Mrd aging dose.
At a maximum value of 150 krd/h, this 50 Mrd irradiation
would require a 14 day exposure.

g,

2. Figure 29 illustrates another dose rate mechanism at low
dose rates (i.e., at 45 C for dose rates below approximately
30-40 cy/h (3-4 krd/h)). This mechanism is caused by
breakdown of hydroperoxides within the polymer. Theoretical
and experimental efforts regarding this breakdown mechanism
result in Figure 30 for PVC. In this figure the required
dose to achieve equivalent damage is plotted at several dose
rates. Note that at high dose rates an order of magnitude
increase in total dose is required to achiave the same
degradation as is obtained at low dose rates.
The data of figures 29 and 30 are for PVC. This material is

', no longer commonly used inside containment. Its value is
that long term natural aging data (i.e., 14 years) is

| available and hence correlation between theoreticalacceleration techniques and actual experience is possibile.
The correlation is excellent in this case.

t

The hydroperoxide breakdown effect can manifiest itself in
another form besides dose rate effects. It may sometimes be
responsibile for sequencing or synergistic effects. In

particular, when hydroperoxide breakdown is important,
radiation aging prior to thermal aging will be more severe.
The hydroperoxide effect has has been clearly demonstrated
to cause sequencing effects for PVC and LDPE. Other'
materials exhibiting aging sequencing effects include EPR's,
Chlorosulfonated polyethylene (HYPALON), chemically,

i

, , . _ . _ ,,,



cross-linked polyethylene, and chlorinated polyethyleno.
.

3 Another manifestation of oxygen's importance to polymer
degradation occurs during LOCA simulations.- Figures 31-34
illustrate Japenese data suggesting the importance of
oxygen. Note that degradation is typically more severe when
oxygen is included in the LOCA simulation. Additional
results regarding this issue were.obtained during

;U.S.-French cooperative experiments that have been performed
during the last few years. Some results are illustrated in
Figures 35-39 and provided in Tables 11-12. EPR, TEFZEL,
and Chloroprene rubber (Neoprene) materials are examples
where degradation is enhanced when air (oxygen) is present
during accident simulations. The U.S. cross-linked
polyolefin materials are examples where degradation of
tensile elongation was reduced when air was present-during
LOCA simulations.

4 The interaction of radiation, thermal, and oxygen
environments (presence or depletion) can also give rise to
accident synergistic affects. Numerous examples have been
provided in Figures 31-39 and Tables 11-12- that have been
previously shown.

These results clearly demonstrate that for some materials
dose rate effects, sequencing effects, synergistic effects, and

( oxygen presence are important to the mechanical degradation of
polymer materikis. For other materials such effects'have not
been noted. Unfortunately, the influence of dose _ rate effects,
etc, may not be uniform within a " generic" polymer
classification. For example, EPR insulations are typically only
40 % by weight EPR polymer. Each manatacturer adds a collection
of clays, antioxidants, fillert. nnd possibily fire-retardants
to the EPR polymer to form an EPR insulation. These additional
constituents-can be.very important~1n establishing.the
insulation's properties, particularly with respect to dose rate
effects, synergistic effects, etc. Developing an insulation or
p'olymer formulation is truly a " black art". As such it is
appropriate that the qualification process design verify'the
" black art" product.

f
' Table 13 provides a partial chronological history of the

development of a " synergistic and dose rate" data base in the
public-literature. . Applicable conclusions of each publication
for materials studied-is also provided. This list when combined

-

with Reg Guide 1.89's| guidance provides a basis for inspection.
Note Reg Guide 1.89 statest'

"If synergistic' effects have been identified prior to the
initiation -of qualification,. they should be accounted'for11n
the qualification program. .-Synergistic 1 effects known at
this-time are dose rate-effects and the effects resulting-
from the different sequence of applying radiation and'

(elevated) temperature."



.

Thus based on the date of the qua'ification effort it should ,

reference applicable literature from Table 13 If not, a
nonconformance against Reg Guide 1.89 may be possible (Note,

many purchase orders to manufacturers will list Reg Guide 1.89
as an applicable document. Hence a nonconformance via criteria
5 of 10 CFR So, Appendix B may be possibile. "We will discuss
the mechanics of an inspection in more detail later.)

It is important to recognize that initially the
nonconformances should be for failure to analyze published
literature applicable to the qualification effort.

There is an adcitonal inspection basis when electical wiring
is involved (such as leads to a pressure switch, electrical,

cabling, etc). IEEE Std 383-1974 in section 2 3 3 3 states that
dose rates greater than 1 Mrd/h shall not be employed. If a
test plan or test report references aging radiation dose rates-
in excess of 1 Mrd/h without explanation, then consideration of
dose rates appears to have been ignored. A nonconformance may
be warrented.

There is the potential for confusion with the current
wording- of Reg Guide _1.89's guidance with respect to synergistic
effects. Namely, Reg Guide 1.89 states in part "if synergistic
effects have been identified prior-to the initiation of
qualification...." This needs further clarification. Many
manufacturers perform generic qualification tests and then
analyze their results to meet-the needs of specific purchase
orders. Is the initiation of qualification the initiation-of
the original qualification test activity or the initiation of
analysis to demonstrate compliance with the purchase order?
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How does one simulate beta and gamma radiation envircements?
HoU~do you account for beta shielding effects?

Radiation environments for primary and secondary containment
of Limerick's BWR/4 Mark 11 were previously presented in Table
4 For both locations unshielded beta doses are at least an
order of magnitude higher than are-gamma doses. WCAP-8587 for
Westinghouse PWRs also indicates an order of magnitude higher
beta' dose than gamma dese. These beta doses should be accounted
for during qualification activities. Reg Guide 1.89 states:

"Such qualification should consider that equipment damage is
a function of total integrated dose and can be influenced by

(
dose rate, energy spectrum, and particle type."

One approach to beta doses is shielding. Reg Guide 1.89
states:

" Shielded components need be qualified only to the gamma
radiation environment provided it can be demonstrated that
the sensitive portions of the component or equipment are not
exposed to significant beta radiation dose rates or that the
effects of beta radiation, including heating and secondary
radiation, have no deleterious effects on component
performance. If, after considering the appropriate
shielding factors, the totrl beta radiation dose
contribution to the equipment or component is calculated to
be less than 10% of the total gamma radiation dose to whichg

the equipment or component has been qualified, the equipment
or component is considered qualified for the beta and gamma
radiation environment."
When shielding has been employed to account for beta doses,

the following inspection questions are applicable.

1 Has the shielding been installed at all important
locations, particularly at interfaces. For example, is
there shielding between the cable conduit and the instrument
housing of a Class 1E component? ,

2. Is the shielding appropriate? For example, cable jacket
material may not survive a 1000 Mrd beta dose. Hence, for

the later stages of an accident, the jacket may not be
providing the assumed shielding.

3 The shieldins me; ncht up due tc teth radiation. Has
this been accounted for during the qualification analysis.

4. Was plant specific analysis used to justify any
reductions in dose or dose rate resulting from component
location or shielding? This is a "requirementr of Reg Guide
1.89.

Recent research suggests that a previous additional concern may
not be important. Electron charge buildup due to beta radiation

-
- _ _ _ _ _ _ _
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i' on' insulation surfaces does not appear to-be a problem.-
I' A'second approachito-beta-radiation _is also typically used

. .

"

by. industry. It is assumed that-beta radiation effects _on;

:
:. material properties can be simulated with an equivalent' gamma
~

dose. Reg Guide 1.89 states's
:

" Cobalt-60 or cesium-137 would1be acceptable gamma radiation
L ' sources for environmental qualification."#

| What is unclear in this statement is whether Co-60 or Ce-137 are-
acceptable for beta simulation. NUREG-0588, rev_1 clarifiec4 ,

] this subject _in its Response to Comments section:;-
1 t there does not seem-to be any significant. pre;1em in-
|

"

using only a gamma source _to qualify certain types of...

!
equipment for a-beta / gamma environment-provided the.gamLa

_

dose rate during the qualification. tests.is consistent'with
the expected be',a and gamma dose rates-(energy deposition| ~

t

rates) during LOCA. It appears therefore that a gamma
source (only) may be used for qualification testing.-,

| provided an analysis or test _ data indicates that the dose
~

and dose rate produces damage similar to that which could be,

i produced under accident-exposure (i.e., combined gamma and!

beta environment)..."
|
i- ; The issue of beta-gamma equivalence is currently a reseachj(
j- activity in the NRC research program.
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What are relevant post-accident acceleration techniques? What
analysis is necessary to claim that a generic environmental
~ profile is acceptable for a plant specific application?

Sometimes manufacturers will perform a generic qualification
test prior to marketing a product. Then, in response to a

purchase order, analysis is performed to justify the
applicability of the generic effort to plant specific
requ'irements. Frequently the generic profile is similar to the
Appendix B profile of IEEE Std. 323-1974 This profile does not

envelope the initial tempertures of MSLB test conditions. Also,

test duration is typically not as long as the purchase order
specification. A second related situation occurs during the

( development of qualification test strategy. Some Class 1E
equipment must operate for long periods after the start of an
accident (for example, 1 year). It may not be viable to perform

a one year accident simulation. A reasonable question is how to
deal with these situations on an inspection.

Let us start by reviewing industry practice. Frequently the

Arrhenius equation is invoked. For example, a one year accident
simulation may be shortened by raising the accident simulstion
temperature and shortening the time exposure. The Arrhenius
equation is employed to calculate appropriate " shortened" test
conditions. In the case where a test has already been
performed, say for one month, but a purchase requirement is for

i one year, the Arrhenius equation is invoked in reverse. For
example, the purchase specification may require a 10 minute
exposure to 340 F while the specimen was actually exposed for 3
hours. The Arrhenius equation is then used to argue that the
additional 2 hour, 50 minute exposure at 340 F is equivalent to
a much longer time at say 150 F. By adding up such additional
increments, assertion is made that the purchase order
requirement is satisfied.

A second variation of this arguement is to use LOCA test
data and the Arrhenius technique to argue that qualification for
the initial high temperatures of a MSLB have been satisified.
For example, an arguement may be made that 3 hours at 340 F is
more severe than 15 minutes at 385 F. This arguement should
rarely be accepted without more substantial analysis. It is

also unclear whether any analysis is currently acceptable in
lieu of MSLB testing. More about this when we consider the
applicable regulations.

Next, let us look at the technical aspects of these
practices. The Arrhenius equation describes acceleration of
chemical reaction rates that may ultimately give rise to
macroscopic material changes. Years of industry experience

suggest its applicability in thermal environments. There is not

a very large data base indicating its applicability for steam
environments. Some data published in S ANDB2-1071 suggests that
degradation of many polymers in steam environments (with air) is

similar to degradation in a thermal environment. Thus one might

argue that the Arhenius equation is also applicable to steam

_ - _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _



environements. Research by the Naval Research Laboratory (NRL
Memorandum Report 5158, August, 1983) indicates that KAPTON'

degradation in heated water is Arrhenius. Hence to accelerate
long term materials degradation in post-accident environments,
the Arrhenius technique can probably be considered current
state-of-the-art. However, there are some limits to its use
that need to be considered.

1. The activation energy in a steam environment may differ
compared to the activation energy for a hot air environment.
For example, the EPRI draft Equipment Qualification Data
Bank lists seven references for polyimide or
polyimide/ glass. Activation energies vary from .87 eV to

( 1,68 eV. The NRL report reports an activation energy of .6
eV for a heated water exposure. Hence, conservative choices
for activation energy may be warrented for post accident
acceleration techniques. Westinghouse's WCAP-8587 suggests
that a conservative value cf .5 eV will be employed for post
accident acceleration.

2. Insure that the acceleration is not overly arbitious.
For example, it may not be wise to reduce a one year
requirement to a 2 day test exposure unless substantial
supporting data and analysis is availabic. WCAP-8587
describes Westinghouse's program for post-accident
acceleration. A 15 day test is employed to simulate a 4
month requirement. A 29 day test is used to simulate a one-

year requirement.

3. Insure that failure modes or degradation mechanisms are
not masked by the acceleration process. For example,
increasing the temperature without consideration of the
pressure may

a. create superheat conditions and possibily mask
failure modes associated with moisture condensation.

b. reduce oxygen presence in the test chamber and
| hence reduce oxygen dominated degradation,
l

| 4. The Arrhenius technique may not accelerate moisture

l intrusion processes. One test laboratory we visited during
I our inspections combined the Arrhenius technique with

temperature, humidity cycling to generate a post-accident
acceleration process.

5. Long term materials degradation may not be the only_
failure mode for a piece of equipment. For example.

| temperature effects may be important. Hence, be wary of

qualification analysis that attempts to use LOCA test data
and Arrhenius techniques to satisfy MSLB test requirements.

(We will discuss this issue further in a minute. ),

l

Now that we have reviewed some industry practices as well as
some of the technical issues, let us review the NRC guidance.
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NRC guidance concernin's these practices'1h ra follows. Reg'

~

b Guide 1.89 states
- ;

:

;

!?
"Since the test-profiles included in Appendix A to 1EEE Std--

-

323-1974 are only reprerentative,- they should-not'be.-

i:. considered an acceptable alternative to using plant-specific'
| containment temperature and-pressure design-profiles unless-

i

. -

plant-specific analysis it, provided to verify the-
|

' applicability of those profiles."
! This is the extent of current NRC guidance regarding
! post-accident acceleration and the use generic test profiles-to
j satisfy different plant-specific profiles. NUREG-0588

is no-longerpreviously provided additional guidance that -

i mentioned in revision 1 of Reg Guide 1.89. For example,

NUREG-0588 specifically discussed the case where LOCA;

qualification had been completed-but MSLB conditions-had notThe thrust of the requirement was that;
~

been considered.| equipment temperatue response to the MSLB conditions.had to be;

i evaluated. If the maximum LOCA test. conditions.were'never '

exceeded, then the previous LOCA testing _was_ acceptable. .If!=
calculations indicated-that.the LOCA temperatures-_would:be-.

ev- 7eded by the_ equipment, then either retesting-.or protective-
coverings were required.

,
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' ADDITIONAL-QUESTIONS
,

We have examined several'of the test simplification
questions. Let us quickly review the remaining questions.-

Must the effects of dust be consid.ered in the aging program?

NUREG-0558 originally required that " dust environments
sho'uld be addressed when establishing qualification service
conditions". In response to public comment on-NUREG-0588,'the
revision 1 Appendix stated:

"It is not the staff's intent.to require quantitative
testing to ensure equipment ope. ability in dustyi environments, but rather to highlight a potential failure

Equipmeat-suscefa. ability to dust should bemechanism.considered when qualifying safety-related equipment anc be
accounted for in tne interface requirements via, for
example, in improved periodic maintenance, or by the use ofThe staff is currently in the process ofprotective covers.rulemaking and will consider the recommendations in the
above. comments, inLthe " Final" position."

The final rulema:.ing (10 CFR 50.49) does not explicitly
mention dust as an environnment that must be-considered during-
qualification. Reg Guide:1.89 also doesn't mention dust in
Section C, " Regulatory Position". In Section B, " Discussion",
accumulation of deposits is mentioned as;a process or
environmental factor that could result in degradation and the
Reg Guide appears to recognize that1 state-of-the-art
preconditioning techniques may not be available.
Must true effects of eschanical cycling be -considered in the
aging program? Can the mechanical cycling requirements be
reduced?_

Reg Guide 1.89 endorses and supplements IEEE S td. - 323-1974. -
.

Section 6.3 3 of IECE Std. 323-1974 states:
"Electromechanical equipment (motors, relays, etc) chall be

-operated to_ simulate the expected _ mechanical-wear and
electrical contact degradation (for-example, contact
pitting) of the_ device to be type tested.
An accelerated rate for the-number of cycles equal to the
required number-during the design life _may be~ utilized-
providedLthe_ rate shall not be accelerated _to any value
which results'inEeffects-that would notLbe present at normali

-

,-

rates "

-Hence, mechanical cycling is required and-may be accelerated.
There-are-two' industry practices that you may encounter.-

1. IEEE Std. 382-1980 requires a minimum of 10 percent of
the required mechanical-wear aging operating cycles to bel

,

---,h - , , - - - - ,y m- ,, ,y a %,e--,--+.---,,7q gi-9-r.g==w-g.g ry v+-p.,.-g- g- pi- 9-
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For IEEE Std.performed under load during the aging period.the recommended aging temperature is 138 C.382-1980,I. Franklin Research Center performed research testing on
several value actuators as part of an NRC research program.the elevatedThey conclude that " operational cycling at
thermal aging temperature may have produced stresses not

, representative of in-service use.
'2. Non-typical pressure gases may be employed duringFor the abovequalification testing to actuate values, etc.

mentioned Franklin researer 'st on valve actuators,

Franklin concludes "the use oz nitrogen to pressurize the
values during thermal aging severly inhibited the aging
process since the majority of EPDM components were blanketed(
in nitrogen".

Should the accident simulation account for radiation dose rate
effects?

Reg Guide 1.89 indicates that

" qualification should consider that equipment damage is a
function of total integ.'ated dose and can be influenced by
dose rate, energy spectrum, and particle type".

As discussed for aging, dose rateThere are two issues here.effects may contribute to long term materials degradation that
A second issue is whether the(- may eventually lead to failure.

initial high accident dose rates may momentarily cause electical
Note, typically, theseequipment such as transmiters to fail.items may be shielded from beta radiation effects.sensitive

,

Can satarated steam conditions be employed instead of
|

super'..eated steam?

Table A2 of Appendix A of Std. 323-1974 states:

"If it is not practical to reproduce the specified pressure
and temperatue profiles combined, it is acceptable dur$ng,

the first four days to follow the temperature profile and|
'

l allow the pressure to conform to saturated conditions (100
percent relative humidity). This procedure is justified by'

the fact that temperature is the most important parameter
increasing the pressure (to maintain sattratedand ifconditions) will increase the severity of the test,

anything."

During its discussion-of LOCA and MSLB environmental profiles,
Reg Guide 1.89 states:

,

"For example, superheated steam followed by saturated steam
may be a limiting condition and should be considered."

I
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2 What test considerations are relevant for chemical spray?
'

i(
Reg Guide 1.89 states:;

: is" Chemical spray or demineralized water _ spray that'

representative of service conditions should be incorporatedtesting at pressure and temperature'

during simulated event
conditions that would occur when-the spray systems actuate.'

:-

see theFor additional discussion regarding this issue,
|
: following three references:
!

. 1. Franklin's generic Technical Evaluation Report, p 52
I i Wyle's report discussing chemical spray differences and2.

their effects on materials.
j

A very recent Japane.se report that suggests that3 HYPALON, andinsulation and jacket me'erials such as FPR,-

! NEOPREt:E undergo more dimensional swelling in a water
| environment than in a chemical spray' environment.
;

(JAERI-M-83-072)
i

i
Must submergence be considered in the accident simulation?

!

!
If the equipment is subject to being submerged, then it must

be considered according ' to 10 CFR 50.49. Note, that submergence
|( The-is more than submergence integrity to a' water environment.

environment may be borated water with the additonal presence of;
'

j radionuclides.
.

Is the steam _ ramp time important?
_

'

This issue should be addressed via a failure modes and
effects analysis.

,

!
We have considered numerous environmental issues relating to-

equipment qualification. Let us review those issues by listing|

| some questions that may help focus an inspection efrort..

:

i

!

i

|

.

i-
;

i

i

'

W
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INSPECTION QUESTIONS

Environments:

Was a plant specific environmental specification employed for
the qualification progrcm? Did the specification include
temperature, pressure, humidity, chemical effects, radiation.

and submergence? Is the location of the equipment,

aging,
located above or below a flood level?

Is the equipment,-

including all connectior.4, shielded from beta rad!ation? Is

beta radiation shielding based on metallic or polymericsurvive theshielding materials (polymeric materials may notWere accidenttotal beta dose postulated for a LOCA).
conditions specified for MSLB or HELP accidents as well as LOCA( Were qualification tcsts based on generic profilesconditions? 323-1974) rather(such as the Appendix A profile of !EEE Std.
than plant-specific profiles? If so, was a plant specific

analysis performed te demonstrate applicability of the generic ;Were prccess gases and fluids thatprofile test results?
contact the device or pass th?ough the device specified?

Margins:

Was margin added to the plant specific environmental
specification during development of qualification test str cegy?
Did test acceptance criteria insere that equipment operability,

~~ least one hour? If not, 1|was demonstratec for a minimy2L of at '

l\was substantial justification provided consistent with Reg Guideg

1.89 guidance? Compare test plan margin f actors with IEEE StdAre differences clearly justified?
323-1974 recommendations.

Test Simplifications 1

Was the came piece of equipment used throughout the
environmental qualificat.on effort? Were equipment
subcomponents replaced during the at3 ng simulation to account1

for routiae maintenance activities? If so, were maintenance

requirements clearly defined by the qualification
documentation? Were equipment subcomponents replaced during
testing because of random failures? If so, was the replacement
subcomponent properly preconditioned? Are preconditioning

Wasauditable records avellable for the replacement component?i

thorough failure analysis- performed to . insure that the f ailure
was random? Was a sir.gle component being tested when thet,

" random" failure oc iced?
after andWere acceptance criteria specified for before,

periodically during environmental accident exposures?
Does the qualification documentation include a parts list and a
drawing of the devic?? Check that all non-metallic components

in the aging analysis. Was a
of the device are icantifiedf ailure modes and ar ilysis performed to identify thostr"-~~for the safety-related function.~ Were all\
components necessary in the aging analysis? Werethese components considered
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Checkself-heating effects accounted for in the aging analysis?
insure thatthe maximum rated temperature for each component and( the agang temperature employed during accelerated aging is not
Check thehigher than this ter.perature without justification.
Is itnormal operating temperature given for the device.

consistent with process fluids or otner environments in contact
with the device?
Check a few rancom activation energy references. Are the

dgradation mechanisms for the components similar to those
measured during the activation energy antlysis? Does supporting

data indicate that the measured activetion energy is independent
Ifof temperature or was there a strong temperature dependence?

a temperature dependence occurred, were the high or low( temperature regimes used to determine the totivation energy?
When literature references are employed as a basis for
estimating generic activation energies, is a list of literature
references supplied. From the range of possibile values was the
lowest value chosen as a basis for qualification? Does a test

laboratory or manufacturer consistently employ the same
literature reference for the same generic material? When

analysis is employed to argue component similarity (and hence ,

qualification by similarity), did the analysis consider
component lifetime as well as component activation energy?

MakeVerify the aging calcu ation by checking the mathematics.
isaure the intended qualified life is clearly stated and

(- consistent with stated maintenance requirements.

Does failure modes and analysis suggest that unaged electical
modules might be more susceptible to LOCA environments than aged
modules?

/
Were thermal and radiation aging performed in an air
environment? Was radiation aging performed at a dose rate
greater than 1 Mrd/h. Was applicable published literature
regarding dose rate effects, synergistic effects, sequencing

and the importance of oxygen evaluated in the testeffects,
plan? (See Table 13 of the text for a partial list of published
literature.)

( Were beta doses e.ccounted for via shielding or gamma-equivalent
test exposures? If shielding was employed, was the shielding
installed at all important locations including at interfaces?
For example, is there shielding between the cable conduit and
the instrument housing? Is the shielding sufficient. Were

Werecalculations performed to demonstrate its sufficiency.
beta heating effects analyzed. Was plant-specific analysis used
to justify any reductions in dose or dose rate resulting from

component location or shielding? If gamma equivalent test
is thereexposures were employed to account for beta radiation,

a one-to-one correspodence between the test gamma dose and the
i combined gamma and beta dose requirenent?

Here post-accident acceleration techniques employed? Was a
.

1
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conservative activation' energy: employed? Was a Tour month
functionability requirement satisfied with less.than a.15-day.

Was a one year specification satisfied with lesstest exposre.
than 29 day e @ osurei UTd posi.-test h ion techniques

otential f ailure modes: for the Class 1E1EFcifically s.

device. For example, was all oxygen' removed from the; test
chamber because saturated steam conditions were employed?- Is

the Class 1E device subject to: moisture intrusion:Tailure-modes.
Werb temperature, humidity cycling techniques employed as part
of the post-accident acceleration process? Were momentary

__

f ailure modes that depend on temperature or pressure considered ,

a

prior to post accident acceleration?
Was functionability under MSLB conditions demonstrated by a-

( steam test?-
Was mechanical cycling included in the qualification test
strategy?

For electrical instrumentation, were the effects of high dose
rates at the start of the accident considered in the
qualification documentation?
What were the chemical spray conditions employed'during testing?
Was analysis provided to justify differences between achieved
spray conditions and specified conditions. Did the analysis

consider the increase in reactivity of the upray solution withy

temperature? Did the analysis account for-the-effects of solid
chemical deposition on equipment internals,-'e.g., plateout of
salts on terminal-blocks internal to motorized valve actuators.
Did the analysis reference specific supplemental test data ?
Were differences between specified-service installation and test
conditions for mounting, electrical termination, compartment
sealing, esble penetration, and-enclosure typa analyzed with
respect to chemical spray effects?
Were failures to achieve steam ramp times analyzed by a-failure
modes and effects anelysis?

;

1

- - _ - _ _ - - _ _ _ _ _ _ _
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FACILITIES AND INSTRUMENTATION
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QUALIFICATION TESTS CANNOT BE CONDUCTED WITHOUT FACILITIES
THAT..ARE CAPABLE OF ACHIEVING THE SPECIFIED TEST CONDITIONS.

1. TEMPERATURES

' 2. PRESSURES

3. ' STEAM / HUMIDITY CONDITIONS

11 . RAMP TIMES

.

'5. . CHEMICAL SPRAYS

6. DOSE RATES.
,

''

_ _ _ _ _ _

. . ..
.
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I

DATA SAMPLING RATES ARE DEPENDENT ON THE SPECIFIC FACILITY.'

. 1

r

1

,

1. TEST' EQUIPMENT SHOULD'BE--CALIBRATED-TO SPECIFIC PERFORMANCE
-

,

;

i

2. SAMPLING RATES SHOULD BE BASED ON RELIABILITY (PREDICTABILITY)
-

OF EQUIPMENT
.

'

3. REQUIRED ACCURACIES SHOULD BE SPECIFIED IN TEST PLAN / PROCEDURE
_ !

.

(IT IS' ASSUMED'.THAT' EQUIPMENT'HAS CURRENT CALIBRATION).

'

.

4

!

s

.

p 9 w _. __ _ _ ___ - _ _ _
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SIMPLE EXAMPLE DEMONSTRATF.S REASONABIE JUDGMENT ON SAMPLE RATES.

THERMAL. AGING OVEN

A B C

-THERMOSTAT 1 2*F i 2*F 1 5'F

DEAD BAND

EXPECTED i l'F/ MONTH i 5'F/ MONTH i l'F/ MONTH

DRIFT
, ,

'i

2 TIMES / DAY 10 TIMES / DAY CONTINUOUS !

!DATA
|

SAMPLE RATE .

OFTEN A-STRIP CHART RECORDER IS USED FOR ALL CASES--
| PROVIDES CONTINUOUS (ANALOG) DATA.
|

.
__ - _ _ -n ,
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THE RADIATION EXPOSURE IS OFTEN DONE BY A SUBCONTRACT
FACILITY (I.E., ISOMEDIX).

1. OFTEN HAVE TO RELY ON CERTIFICATION FROM SUBCONTRACTOR

2. CHECK DOSE RATE X EXPOSURE-TIME = TID

3. COMPARE DOSE' RATES AND. TID'S WITH TEST PLAN
;

- .)

14 . WAS SPECIMEN ROTATED TC'' RECEIVE A MORE EVEN DOSE

-

-

_ _ _ _ _ _ _

_

--

. .
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YOU DON'T HAVE TO BE AN EXPERT TO INSPECT DOSIMETRY TECHNIQUES!
-'

.

1. ALL CALIBRATIONS SHOULD BE TRACEABLE TO NBS.

2. THERE SHOULD BE" PROCEDURES FOR ENSURING THAT

-ALL INSTRUMENTS IN A SYSTEM ARE WORKING.

:

i

-...,..,.i . . . . . ..-i2 . - - - - . . . - - . . . . . . . . . . . . . , - . . . . . , . . . . . ,~..ii...,....--......................... . . .
- -

- .- -

. , . . . . . . . . . . . . .+- .

. . .. . . . . . . . i..,i , . . . .. i . _ . .. ..
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.

!
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'

TEMPERATURE OF SPECIMEN SHOULD BE MONITORED DURING RADIATION EXPOSURE.

:

|

|

1. TO MONITOR RADIATIVE HEATING FROM SOURCE
i

,

i

2. PREFERABLY'USE THERMOCOUPLE MOUNTED TO SPECIMEN.'

;

i
*

,

i

i

3. MONITORING' TEMPERATURE OF OTHER 0BJEC1 NOT USUALLY |

SUFFICIENT

!

:

*
,

e

,
:
4 !
4 i

3

,

- , - - _. ..m_,,..
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'LOCA SIMULATIONS ARE MUCH MORE COMPLICATED THAN
THERMAL AGING OR RADIATION EXPOSURES.

|

1. TRANSIENT PRESSURES / TEMPERATURES

2. SATURATED VERSUS SUPERHEATED STEAM

3. ' CHEMICAL SPRAY

'

4. TEST SPECIMEN OPERATION AND MONITORING- .

. _ . . _ _ _ .

' ' - ' " ' -
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.

.

SPECIAL CONSIDERATIONS FOR INSTRUMENTS MEASURING'
TRANSIENTS PHENOMENA.

3

1. RANGE

1

A) . SENSOR-

B) RECORDER

,

2._ RESPONSE TIME
.

3. CONDENSATION-

4. DATA SAMPLING RATE
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SUPERHEATED STEAM CONDITIONS ARE ASSURED BY MEASURING

TEMPERATURE AND PRESSURE AND USING STEAM TABLES.

: ArW AR G STEAM TABLES

TEMPERATURE 1 PRESSURE TEMPERATURE- PRESSURE TEMPERATURE PRESSURE

210
'

11.529 PSI 290*F 57.53 PSI 390*F 220.2 PSI200*F
14.125 300 66.98 400 247.1

212 -14.698 310 77.64 410 276.5
220 17.188 320 -89.60 420 308.5-
230 20.78- 330 103.00 430 343.3
240 24.97 340- 117.93 440 381.2
250 29.82 350 134.53 450 422.1
260 35.42 - 360 152.92 460 466.3
270 41.85' 370 175.23
280 49.18 380 195.60:

.

i

- a :.- : . : .:=xx.:a - _._.e..._.,,,.._.._;a.m,,,,_..._
..
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POSSIBLE ERROR EXISTS IN CALCULATING SATURATED STEAM CONDITION.
,

HOW NUCH AIR iS LEFT IN CHAMBER WHEN STEAM IS-ADDED?1.

2. MUST-OVFRPRESSURES BE EMPLOYED'IF OXYGEN IS REQUIRED?-

3. APPENDIX C OF IEEE 323-1974 GIVES-NETHOD FOR. ASSURING
$ATURATED CONDITIONS. ;

*

L

<

_ __
i:.-.-

-~

, p
-



APPENDIX C SHOWS THAT SATURATED STEAM CONDITIONS ARE DIFFICULT
TO ENSURE WITH CALCULATIONS ALONE.

....

1. AMOUNT OF AIR IN TEST CHAMBER IS NOT KNOWN.

MIXTURE OF AIR AND STEAM AT TEMPERATURE T /.ND PRESSURE P.2.

3. P = SUM OF PARTIAL PRESSURES = PA+P.3

4. T=T =T-
3 A!

5. AT 100% RELATIVE HUMIDITY, P MUST EQUAL P *? T.
3 SAT

6. BUT NO WAY TO MEASURE PSAT-
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IN 84-44

UNITED STATES( NUCLEAR REGULATORY COMMISSION
OFFICE Of INSPECTION AND ENFORCEMENT

WASHINGTON, D.C. 20555 -

*June 8, 1984

IE INFORMATION NOTICE NO 84-44: ENVIRONMENTAL QUALIFICATION TESTING OF
ROCKBESTOS CABLES

\

Addressees:

( All holders of a nuclear pewer reactor operating license (OL) or construction
permit (CP).

Purpose:

This information notice is provided to inform licensees and construction
permit holders of potential generic problems regarding Rockbestos environmental
qualification (EQ) testing of Class IE electrical cables. Addressees are
expected to review the information for applicability to their fac'alities.
No specific action or response is required.

Description of Circumstances:

( The NRC has perforred a number of inspections of the QA programs establic.5ed
at several enviror.wntal testing facilities. This ef fort was starte6 in
late August 1982 to assess the facilities' establishment and implementation |
of a QA program based on the requirements of 10 CFR Part 50, Appendix B.
Severtl such inspecticns were recently conducted at the Rockbestos Company
in New Haven, Connecticut. The NRC inspection team reviewed qualification
related documents such as EQ reports, associated supporting items including
test plans, test procedures, test instruments, test log books, related raw
data and QA documents. The inspections revealed several QA nonconformances
and related testing /dncumentation problems. Details of these nonconformances
and inspection findings are documented in the following NRC Inspection Reports:
99900277/83-01, 99900277/03-02, and 99900277/83-04. Listed below are some of
the QA nonconformances and related testing / documentation problems which may
affect the qualification of Rockbestos cables that are installed at licensees'
facilities:

1. The Rockbestos Company did not impose quality assurance / test control re-
quirements on an outside' test organization which performed testing (LOCA/
HELB) during the period of 1969-1979.

2. The Rockbestos Company did not establish and implement a QA program in
accordance with 10 CFR Part 50, Appendix B requirements to control Rock- -

bestos EQ testing; i.e., the EQ program was controlled by a Rockbestos I
engineering organization which was not under a QA program until 1983. [

(

8406060336
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3. As a result of inadequate QA controls, testing and the required documen-'

tation were not properly controlled. Several discrepancies between. final-

qualificA1.iong eports_an.d supporting.te_st data were found.

4. Rockbestos' QA and er.gineering organizations did not impose QA and techni-
cal requirements / acceptance criteria on organizations that performed

<

qualification testing for Rockbestos between 1969 and 1979. furtnermore, a
no supporting test data f or these tests were available for audit at Rock-
bestos or subtier test organizations.

~-e- 5. Test equipment and instrumentation were observed to have inadequate reso-
lution to record LOCA test parameters and f unctioning of test specimen
during testing. -

- 2* 6. Test equipment was not properly calibrated or under the cont ol of the
calibration system. An internal Rockbestos audit dated May 'l0, 1983,
documented these grneric deficiencies in their calibration system,

Test plans, acceptance criteria, and test procedures for ce/tain quali-7.
fication tests were not made available during the NRC audits.

8. A number of test deficiencies, deviations, and other anomalies were not
documented and ev.'luated in the test reports.

Discussion:

The results of the NRC inspections show that several Jeficien;ies were present
in the Rockbestos Company qu..lification programs in effect at time of the audit.
Individually, some deficiencies could be adequately reconciled, but taken col-
1ectively, the natice and rember of deficiencies identified would not adequately
demonstrate that acs ,otable qualification had been established. It appears that
the validity of some of the Rockbestos qualification reports is in doubt, how-
ever, the NRC staff has concluded at this time that no immediate safety problem
exists in the use of Rockbestos cables. The NRC staff considers that it is the
responsibility of the user utilities to review the information provided above
and take applicable corrective action to ensure the qualification of Rockbestos
cables installed in their plants. The following possible courses of corrective
action should be considered:

,

a) Perform a valid qualification test of the installed Rockbestos
cables,

b) Obtain documantation from other available qualification tests
already performed and determine its applicability to the install-
ed cables.

*

I

_ __________________J
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c) Perform analyses of existing qualification reports applicable to
the installed cables to ensure that the documentation relied upon to
demonstrate environmental qualification scoports such a conclusion.

The NRC staf f considers this review to be part of the on going activities that
the licensees are currently undertaking to resolve other environmental quali-
fication deficiencies to meet the deadline and requirements set forth in the
EQ final rule, 10 CFR 50.49.

,

Questions regarding details of, and resolutions to the NRC inspection findings
described above si.ould be directed either to the equipment manuf acturer, or the
cognizant design / test agency, if you have questions regarding this infornation

,

notice, contact the Regional Administrator of the appropriate NRC Regional
Office, or this office.

/ @' --
Tward Jordan. Director.

Divisigp of Emergency Preparedness
and D3gineering Response

Office of Inspection and Enforcement

Technical Contacts: R. G. LaGrange, NRR
(301) 492-820B j
N. B. Le, IE

(301) 492-9673

Attachment:
List of Recently Issued IE Information Notices

.
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TODAY'S PRESENTATION IS INTENDED TO BE A GENERAL REVIEW
OF TEST FACILITIES AND INSTRUMENTATION.

1. REVIEW THE APPLICABLE REQUIREMENTS

2. DISCUSS FACILITIES AND ~5"-f* fENTATION FOR THE

DIFFERENT PHASES OT A 4L' (CATION TEST

3. -DISCUSS EXAMPLE FROM RCC& #STOS INSPECTION

(TOUR ON FRIDAY WILL INCLUDE MORE INFORMATION ON TEST FACILITIES AND
INSTRUMENTATION)

.

.
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IEEE 323-1974 CLASSIFIED THE MEASURED VARIABLES INTO GENERAL CATEGORIES.

.

6. MECHANICAL CHARACTERISTICS.
THRUST. TORQUE, TIME, AND

LOAD PROFILE.

7. AUXILIARY FUNCTION MEASUREMENTS. FUNCTION MEASUREMENTS

RELATED TO CLASS 1E EQUIPMENT WHICH ARE INCLUDED IN THE
EQUIPMENT BUT NOT NECESSARILY.FOR ITS OWN OPERATION:
THAT IS ITEMS WHICH ARE REQUIRED TO PROVIDE A SIGNAL TO
CONTROL.0THER CLASS IE EQUIPMENT (I.E., AUXILIARY

SWITCHES AND POSITION FEEDBACK POTENTI0 METERS).
|

;.
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FACILITY AND INSTRUMENTATION REQUIREMENTS ARE DIFFERENT
FOR THE THREE PHASES OF AN ENVIRONMENTAL QUALIFICATION TEST.

,

.

1. THERMAL AGING

2. RADIATION EXPOSURES

3. LOCA SIMUI.ATION

.

:

. . . . . . . . . , . , - . . , . . . . , . _ . . .
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UNIFORM ENVIRONMENT IS IMPORTANT IN THERMAL AGING.

Nd SPECIFIC VOLUME REQUIREMENTS FOR CHAMBER1.

2. ATMOSPHERE CIRCULATION

SHOULD HAVE "ENOUGH" THERMOCOUPLES TO DEMONSTRATE UNIFORMITY3.

THERMOCOUPLES SHOULD BE SHIELDED FROM ANY RADIATIVE HEAT4. .

SOURCES-(LIKE HEATING COILS)
.

AGAIN, THE IMPORTANT THING IS TO DEMONSTRATE THAT THE TEST CONDITIONS
WERE MET--NOT CRUCIAL HOW THEY WERE ACHIEVED.

._ _- .
-
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WITHOUT ADEQtfATE INSTRUMENTATION, QUALIFICATION IS MEANINGLESS.

,

.

IT DOESN'T MATTER
IF THE INSTRUMENTATION IS INSUFFICIENT,1.
HOW GOOD THE FACILITY IS, OR HOW WELL THE EQUIPMENT,

PERFORMS.

INSTRUMENTATION IS THE LINK BETWEEN THE ACTUAL PERFORMANCE2.
OF THE EQUIPMENT AND THE QUALIFICATION OF THE EQUIPMENT.
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FCCEPTAtCE CR2TERIA

Background

Acceptance criteria provide the basis for deciding if equipment passes or
fails a qualificatinn test. In order for a qualification ef fort to be
meaningful, acceptance criteria must be specified. Acceptance criteria
define the level of performance at which the equipment is required to
function for a given environment. For example, an RTD (resistance
temperature detector) may be reqaired to measure temperature within + 2 F
during a IDCA. It is possible that the Rr0 may survive the LDCA enviroiiment
(i.e. still give a temperature reading) but is not within the specified
tolerance of + 2 F. Thus the acceptance criteria would not be met, and the

- RTD would have f ailed the test. This simple example points out the
,

importance of choosing acceptance criteria carefully so that they are'

appropriate for the intended amplication of the equipment. Often, however,
acceptance criteria are either not clearly specified or are chosen somesat
arbitrarily. Enter, the inspection.

Requirements

IEEE 323-1974 is fairly specific regarding acceptance criteria:

Section 6.2, " Equipment Performance Specifications," states " Electric
equipment specifications shall define the equipmcrit's Class 1E requirements
and shall incitde as applicable:

1. Performance characteristics under defined normal, abnormal,
containment test, design basis event , and post design basis event
conditions

2. The range of voltage, frequency, load, electromagnetic
interference, and other electrical characteristics

3. The installation requirements including mounting method and
configuration (s)

4. Preventive maintenance schedule for the installed life of the
eqaipment, (incitriing lubricants and seals)

5. The design life of the equipment and the design life of any
. components Wich may have a life shorter than that of the emplete equipment
.

6. Control, indicating, and other auxiliary devices contained in the
equipment or external to the equipment and required for proper operation

7. 'Ibe range, type, and duration of environmental conditions incitriing
temperature, pressur9, humidity, radiation., chemicals, and seismic forces

8. Complete description and number of operating cycles including
periodic testing

9. Qualified life. (This Performance Specification entry may be
established during the qualification testino)"

Section 6. 3.1.1 states, in part , "The test plan should contain....
,

performance limits or failure definition."

Section 6.5.4, " Determination of Qualification," states " The electric
egaipment type shall be considered to be qualified by dmonstrating that the
equipment performance will meet or exceed its specified valtes for the most
severe environment or sequence of environments in the equipment
specification during its qualified life."

.3-..
,,
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Section 6.7, ' Criteria of Failure," statos "In the ovaluation of thee
gaalification test results, any sample equipment is considered to have
f ailed when the equipnent does not perform the Class 1E functions regaired
by the eqaipent specifications."
Were are similar statemmts in other docments, such as 100FR5h.49, section
(d): ...the applicant or licensee shall inclu3e the following information"

. .

for this electric egaipent imp 3rtant to safety in a qaalification file:
1. the performance specifications under conditions existing during and

following design basis accidents.
2. Se vol: age, fregaency, load, and other electrical characteristics

for which the performance specified in accordance with paragraph (d)(1) of
this section can be ensured.

3. The environmental conditions, including temperature, pressure,
humidity, radiation, chemicals, and submergence at the location where the
eqaipmmt must perform as spelfied in accordance with paragraphs (d)(1) and
(2) of this section."

The requirements for acceptance criteria are relatively specific, but they
are not detailed enough to be applied directly to a qualification file
during an inspection.

Inspecting Acceptance criteria

There are several things to consider when inspecting acceptance criteria.
First is whether er not any are included in the qualification package at
all. Given that there are, one must then check them to see if they are
consistant with the appropriate purchase order (for a test lab) or other
applicable specifications (ruch as FSAP for a plant) . Once this internal
consistancy is established, one may proceed to assess the technical adegaacy
of the acceptance criteria themselves.

To do this, it is necessary to have an understanding of the intended safety
function of the equipment. For example, in the case of a cable, is it in
e power circuit, control circuit, or instrunentation circuit? Each of these
require dif ferent acceptance criteria. Instranentation circuits have much
lower current loads and are much more sensitive to noise, while power
c.ircuits will likely have high current loads and may be suseptible to
resistive heating. Thus the performance requirements for dif Zerent
applications of similar equipment may be quite different.

A good way to inspect acceptance criteria is to use past findings and
experience (from both the imC and industry) as a guide. The best way to
illustrate this is with an example from some Sandia research on terminal
blocks. (See paper by C. M. Craf t.)
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! Equipment may still " work" during and after test, ,

:
i

| but still fail the qualification test. |
:[

-

(j
t

i

Example
,

,;

Test qualification of RTD for LOCA environment |.

.
'

Acceptance criteria: RTD must maintain accuracy'

i of 4*F before, during, and after test
i,

'Result RTD accuracy was within tolerance before
and after test, but was out of spec for a few

j minutes during OOCA exposurf ;

i
i~ Qualification status not qualified |

:

I

'

,

|:

; i
*

._ - -. _ _ _ - - - _ - - _ - - - - - - -
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IEEE 323-1974 is relatively specific
.

regarding acceptance criteja=

Section 6.2 states " Electric equipment specifications
shall define the equipment's Class 1E requirements"

Section 6.3.1.1 states, in part, "The plan should
contain . . . performance limits or failure definition"

'

.
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Section 6.5.4, " Determination of Quai!fication," states
"The electric equipment type shall be considered to be
quallfled by demonstrating that the equipment performance
will meet or exceed its specified values for the most severe
environment or sequence of environments in the equipment
specifk;ation during its quellfled Rfe."

.
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| Acceptance criteria encompass all
aspects of equipment performance'

;

i i

| 1. Performarse characteristics under defined normal, i
,

| abnormal, containment test, design basis event, i
and post design basis event conditions. |

:

2. The range of voltage, frequency, load, electromagnetic |

j interference, and other electrical characteristics j
.

!

I 3. The installation requirements including mounting
method and configuration (s)i

.

L |
| |
'

!

!

i. .

te
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!
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I
'
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|
. .

c i
,

'
r

| 4. Preventive maintenance schedule for the installed life f
i

| of the equipment (including lubricants and seais) !
,

5. The design life of the equipment and the design life of |
iany components which may have a life shorter than that

,

of the complete equipment !'

-

!
t.

3

| 6. Control, Indicating, and other auxBlary devices contained i

in the equipment or extemal to the equipment and required |
'

,

1- for proper operation. |
|- |
1 !
; :

i

!
i

!
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(
7. The range, type, and duration of environmental conditionso

including temperature, pressure, humidity, radiatio:1, |.

| chemicals, and seismic forces i
,

: ic

8. Complete description and nurrear of operating cycles |c
including periodic testing |

;

[
I 9. Quallfled life. (TNa Performance Specification entry may :

I
| be established during the qualification testing)

.

!:

! i
: !

t.

!e

'
!

l I

! !
;

4

: ,

!i

b |

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

1,



- _ _ _ _ _

:

:

10CFR50.49 contains similar requirements

applicable to licensee's qualification files
The files must contain

1. the performance specifications under conditions existing
during and following design basis accidents.

2. The voltage, frequency, load, and other electrical charac-
teristics for which the performance specified in accordance
with paragraph (d) (1) of this section can be ensured.

3. The environmental condtions, includng temperature, pressure,
humidity, radation, chemicals, and submergenca at the
location where the equipment must perform as specified in
accordance with paragraphs (d) (1) and (2) of this section. -
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Acceptance Criteria can be inspected
by asking a series of questions

1. Are they addressed in the qualification file?-

No - obvious non-conformance
.

Yes - proceed to Question 2

.

#s i (1
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2. Are the' acceptance criteria consistent with the
appropriate purchase order or FSAR specifications?

No - non-conformance against EEE 323-1974
Section 6.5.4 " Determination of Qualification"

Yes - proceed to Question 3 .

.

|

.-
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3. Are the acceptance criteria technically adequate?
.

To answer this question, it is necessary to have
an understanding of the Intended safety function
of the equipment

.

.

'I
-
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Example - Qualification of Cable

Power Circuits and instrumentation circuits
should have different acceptance criteria. |

|

Power. circuits have high current loads and
may be susceptible to resistive heating

'

acceptance criteria: thermal properties of insulation'

Instrumentation circuits have low current loads
and are sensitive to noise

acceptance criteria adequate shielding .

1
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Past findings and e.v.perience, from both industry
and NRC, can be used as a guide to inspecting

acceptance criteria

a
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Common mode failures are failures due
,

.

to a common mechanism or cause

1. " mechanism" is the basic physical cause of failure,
such as corrosion or wear

2. " mode" is method of failure, such as the opening
of a circuit due to corrosion or the seizure of
a bearing due to wear

3. common mode failures may also occur as a result'
.of a design flaw or error in manufacturing process

4. these are the failures that are of concern when-
qualifying equipment-:

.

t

. _ _ _ _ _ _ . , . . . .
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If a component fails a qualification test,

it is necessary to determine whether the
.

failure was random or common mode.'

1. not easy without statistical tests

2. must use analysis and judgement

3. should monitor safety-system equipment that
|

had a random-failure during qualification.
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performance and Ef f ects of Terminal Blocks
in a Loss of Coolant Accident Environment *

Charles M. Craf t
'

Sandia National Laboratories
.

Albuquerque, New Mexico

Abstract

Terminal blocks continue to be used in instrumentation and control (1&C)However, for many terminal blocks the
appucations in the nuclear power industry.

'

qualification tests use an acceptance criterion which does not quantify the performanceof terminal blocks at the low voltage and current levels of IhC appucations. Our tests
monitored terminal block performance during LOCA steam and chemical spray
simulations and were conducted at current and voltage levels representative of 1&C

Leskage currents from 0.5 mA to 15 mA were observed. These values areapplications.
of su!ficient magnitude to af feet some 1&C applications.

1.0 Appucations of Terminal Blocks in the Nuclear Industry

Historicany, terminal blocks have been used by the nuclear industry to make cable
junctions in both Class 1E and non-Class 1B circuits inside and outside containment.
Applications range from low voltage instrumentation circuits to 480 Vac power circuits,
with most of the appilcations in the low power instrumentation and control circuits. A
review of industry's equipment quaufication submittals and a survey of industry repre-
sentatives (Ref.1) provides a picture of terminal block usage in the nuclear industry.All of the
Table 1 summarizes some of the pertinent results from that reference.
termin.1 blocks listed are used in both inside and outside containment appucations.
Approximately 60 percer.t of the utilities are planning to continue using terminal blocks inThose choosing to use terminal blocks la these
Class IE circuits inside containment.applications operate mostly older plants with a large number of installed terminal blocks, Alternately, some utilities
but some of the newer plants will also use terminal blocks.
have removed an explicit ** terminal blocks in Class IE appucations inside containment

Duke Powerh and others are removing them from selected appucations (e.g.,The major trend for(e.g.,
transmitter circuits) or locations (e.g., below submergence level).
new plants is to use splices inside containment. The two major designs of terminal blocksReference 1 tabulates 57
(one piece. and sectionaD are in approximately equal usage.
distinct models of termiral blocks 32 are of sectional construction and 25 are of one-
piece construction. However, one-piece terminal blocks are probably more numerous in
absolute terms since they are specified by a larger number of plants. To characterize
terminal block types by a ' percentage of total population is difficult, since data for the
numbers of each type as well as the total population of terminal blocks are not readily

Some of the utilities would also have difficulty in identifying the number of
each type of terminal block in their plants, and to do so would probably require aavailable.

walkdown of the plant.

*This work supported by the United States Nuclear Regulatory Commission and performed
at Sandia National Laboratories which is operated for the U.S. Department of Energy
Und - Contract Number DE-AC04-76Dp00789.

**The term explicit refers to terminal blocks which are not integral parts of larger pieces
of equipment such as electrical penetrations or motor operators.
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Table 1
Summary of Terminal Block Usage in the

US Nuclear Power Industry

Number of
Plants Percent of PlantsManuf a cturer Model Using* OperatinR** All* *

_

General BB Series 33 43 23Electric EB-25 25 32 17EB-5 23 30 16CR151 Series 14 18 10,

Weidmuller SAK Series 18 23 12
Westinghouse 542247,805432 11 14 8 !

I

States Type NT 10 13 6

i
|

Type ZWM 6 8 4

Buchannan 'NQB Series 8 10 6

NOTE:
Porty-one different model numbers are each used in 4 or fewer plants

*
Based on data from 73 of 77 operating plants and 17 of 68 planned or underconstruction plants.

**
Based on world list of nuclear power plants in the August 1983 Issue of NuetearNews.

Seventy-seven operating plants (including TMI-2) and 68 planned or under
construction plants, for a total of 145 nuclear plants in the US.

2.0 Industry Qualification of Terminal Blocks
.

Since 1977, there have been a number of test programs sponsored by both utilities and
terminal block manufacturers that have been used to support qualification of terminalblocks (Refs. 2 through 8).

These tests generally age the terminal blocks using Arrenhlus
techniques or the 10'C tule, expose the terminal block to a seismic test, and then conduct
a LOC A/HELB simuhtion. Punctional tests normally consist of insulation resistance (IR)
measurements and conductor continuity checks between each of the sequentially applied
environments (i.e., thermal aging, radiation, selsmic tests LOC A simulation.) All indus,
try test reports reviewed by us indicate that the terminal blocks pass the functionalIR
tests subsequent to each type of exposure.

Measurements of the variations in terminal
block performance during these tests with the blocks powered is generally not conducted,
though about half of the tests depower the blocks and make megohmmeter measure-
ments. The WPPSS test of Weidmuller blocks in a post-LOCA soak environment (Re!,6)
and the Phonix test of their own blocks (Ref. 8) did monitor leakage currents withoutdepowering the ' blocks. Por the other tests the typical method used to monitor termir.al
block performance during the LOC A/HELB simulation is via fuses in the circuit providing
power to the terminal block. These fuses are sized to fail at between 1 A to 24 A of
leakage current depending on the test specification. Acceptance criteria are based on

262
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whether or not the terminal blocks can maintain t'.e specified voltage and current without
f ailing the fuses. Typically, during a test the fuses to one or more terminal blocks will
f all one or two times and be replaced. Sometimes a terminal block is unable to keep the
fmes from blowing and that terminal block will be removed from the test. An important
point which is not specified is how often a fu:,e is allowed to f all or how Sany terminal
blocks are allowed to be removed from the test, before the test lot is determined to have
f ailed. Further, using fuses to monitor during-test performance has two drawbacks: first,
the f ailure of a fuse is only a single point criterion that says leakage current was at least
as large as the rated value of the fuse for the time necessary to f ail the fuses and second,
the sizing of the fuses to "large" values provides no information about low level leakage

Low level leakage currents can af f ect low power, hJrumentation and controlcurrents.
circuits which are the primary terminal block applications, in this sense, the acceptance
criteria are not germane to the majority of terminal block applications. Table 2 provides
a brief comparison and summary of some industry terminal block qualification reports.

3.0 Sandia Tests of Terminal Blocks in a Simulated LOC A Environment

Earlier work at Sandia (Ref. 9) consisted of testing terminal blocks under TM1
conditions. This test raised questions regarding terminal block performance but was not
conclusive in that there were several areas where test conditions deviated from actually
installed conditions. Therefore, to quantify the performance of realistically-installed and
protected terminal blocks in a LOC A environment and to investigate terminal bbek
f ailure and degradation modes, we tested 24 terminal blocks (5 models from 4 manuf ac-
turers) in a simulated LOC A environment (Ref.10). Based on our reviews of the qus11-
fication documents, we determined that neither the accelerated aging process nor she
seismic testing significantly af fected terminal block performance. Thus, we tested 1

terminal blocks in the "as received" condition. To simulate normal handling during
installation, no special care was taken during test preparation to prevent the deposit of
fingerprints or other normal contaminants on the terminal block surf acesi however, we did
not simulate deposits of construction dirt or other sediments which tend to accumulate
over time. As such, the terminal blocks were probably in the best initial condition that
might possibly exist for ternanal blocks instaHed in the field. The terminal blocks were
protected by NEMA-4 electrical enclosures with 1/4" diameter weep holes in the bottom.ToCables entered the boxes from the side through nuclear grade 11guld tight conduit.
simulate cables entering a conduit from a cable tray system, the conduit was terminated
inside the test chamber and was unsealed at both ends.

The test was divided into two phases. Phase I consisted of an 11-day exposure to a
steam only environment. Phase Il consisted of approximately one day of simultaneous

Bothsteam and chemical spray followed by a 5-day exposure to a steam environment.
temperature profiles closely followed the PWR temperature profile recommended by IEEE
323-1974, Appendix A (Ref.11). -Saturated steam conditions were maintained throughout
both test phases. In Phase I, the terminal blocks were connected in an alternating pole
serpentine, similar to the wiring scheme used in industry qualification tests (Figure 1). In
Phase II, the terminal blocks were connected in a configuration more representative of
actual plant connections with one pole powered and the two adjacent poles and ground
plate monitored for leakage currents (Figure 2). One terminal block in the Phase II test
was connected to a pressure transmitter in a circuit configuration representative of a

This transmitter circuit was included to validate the resultsplant transmitter circuit.
obtained from the other circuits and to confirm the analysis'of the effects of terminal
block degradation onlow power circuits. Figure 3 shows the transmitter circuit wiring.
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Table 2
Comparison of Some Indust ry LJCA Simulat ions for Terminal Block Qualificat ion

Megohn Meter Measurements Length

Utility / 78 No. Acceptance fohns) 15'j0 Vdc unlets noted) Special of 1DCA
Test Lab ID Teste# Criteria Poavei Dur inq IDCA Pos t-IDCA Notes E u rmsur e Ref.

Philadelphis Buchannan Ability to carry ISO vac < 5 108 102 to 1012 One block removed 14 d 2

Electric / 20104 4 specified current at 12.5 A at 50 vde f rom test at 4.9 Phase A
FRC* 28108 2 specified voltage. days. Others

removed at various
times.

Philadelphie Buchannan Ah!!ity to carry 150 vac < 5sIOS < 5 104 One T8 renowid from 7d 2

Electric / 28108 3 specified current at 12.5 A at 50 Vdc at 50 voc to from test after Phase a
FRC* Marathon sPecified voltage. < 5:105 5.1 hours.

1608 2 at 50 vor.

Generic / Neidauller 5 Maintain 600 vac 600 vac mone 2.4 10I to voltage reduced to 29 hr 3
'FRC* FJE Types and 20 A with leakage 20 A 3.5 108 150 V when spray

PJ current less than 1 A. at 500 Vdc introduced to
$ Monitored by fuse. maint ain leakage

current less than 1 A.<

Generic / Buchannan Maintain potential s29 vac < 5:108 Post-test During IDCA, leakage 7d 4
FRC* NQB106 1 of 120 V and current 25 % at 10 V to hipot test cur rents were < 200 mA

HQB112 1 of 25 A. 2 1012 to ( 5 mA for all
WQ81065 1 at 500 V terminal blocks
NQell2s I together.
NQO Series 1

Generic / Marathon I,eakage currents 132 Vac, hone < 5 105 Blew 25 A fuse on 30 d 5
Wyle 1600 NUC 6 less than 12 A, or 33 A for a!! 528 Y 528 vac specimena.
(Huntsvilla) 1500 NUC 6 18 A, or 24 A. 264 vac, bones memoved from test.

142 NUC 6 Monitored by fuse. 33 A 81ew 18 A fuse on
528 vac, 264 vac specimena.

33 A seplaced fuse and

|
_ ti .

I
' j *FRC = Frank!!n Assearch Cerster
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Table 2 fconti
comparison of Some Industry IDCA Simulations for Terminal Block Qus11rication

Length
Megohn Meter Measurements

tohnel 1500 vde unless notedi
Special of toCA

TB No. Acceptance Dur ing thCA Post-LOCA Motes .Esposure Bef.

Ut111t3 Power

Test Lab ID Tested Celterla 32 4 6
5 to Measured leakage

WPPSWWyle Weideuller 5 1 A Leakage current 600 Vac Mone 1.2 10
10 current during test.5.0 10

-Monitored tiy rese 20 A Test was only a post-
inorco) SAE Types

and discrete time test IOCA soak. 230*F
(same T8e as monitoring of and 20 pelg, 1000
tested by

leahace currents. relative humidity.
Weideeller,

~ Mo steem.Eef. 3) *

7

1 REPORT NOT AV411ABLE TO US)
Ceneric/ Stetes

Acton 1986 Types

None Reported 2 superheated steen 24 hr s

Generic / Phonis
yle SSR Serjes 30 9one specified 420 Vac Feriods. No leahage;

y W|Norco)
20 A

. Ceramic unite current measurements
48 Vdc(pv

REE Series esposed of DC circuits.

Ceramic to < 40 sh to

y' SSR Series. 14CA > 700 sA current
observed in 420 Vac!

Melamine caseh Series
Polyester
it Typest !

*FDC = Franklin Dese?rch Center
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The terminal blocks were powered at voltages typteal of in-plant applications: 4 Vdc
typical of RTD circuits (Phase I only), 45 Vdc typical of instrumentation circuits, and
125 Vdc typical of control circuits. The terminal-to-terminal leakage currents were
monitored in both Phase I and Phase II tests, and the terminal-to-ground leakage currents.
were monitored in the Phase II tests. The data was acquired at discrete time steps by
data loggers. The time interval between successive measurements varied depending on
the experimental activity being conducted. For example, during steam ramps or other
transients, monitoring was accomplished as rapidly as possible (about overy 6 seconds);

iduring long periods of steady state conditions, the monitoring interval was lengthened to
30 minutes. Based on this data, insulation resistances were calculated for each leakage
path on each tetminal block. - Pon channels of leakage current data were monitored
continuously by strip chart recorders throughout the test.

Surf ace leakage currents through conducting surface mhisture films are the primary
mechanism by which terminal blocks contribute to instrumentation and control circuit
degradation. During our tests, the formatten of surface films reduced insulation
re:istar ce to 102 to 105 ohms from initial values of 108 to 1010 ohms. Pigures 4
and 5 tilustrate these changes in insulation resistance for both Phase I and II at various
LOC A temperature conditions. At 45 Vde, leakage currents were on the order of 0.1 to
10 mA. These values are sufficiently large to affect A to 20 mA instrumentation circuits
by 0.2 to 170 percent with a nominal effect of 0.5 to 46 percent- st the mid-range of
instrument output. At 4 7de, insulation resistance was 5x108 to 7x104 ohms, vahtes
which are sufficiently low to affect RTD measurements by 0.2 to 6 percent. At 125 Vde, a

the IR values were comparable to the 45 Vdc values and were at times slightly
(approximately 1/2 to 1 order of magnitude) higher. We experienced one_ open failure
where the leakage currents increased over a 90-minute period to values which caused the
12 AWG wire supplying power to the terminal block to separate and open the circuit. The
separation owurred at the terminal block-wire junction.

During the periods of cooldown to 96*C and the
period, the insulation resistance values increased to 10pst-test ambient temperatureto 108 ohms be not to the
pre-test values of 108 to ;.010 ohms. This behavior illustrates three points: first, the
similarity between cooldown and post-test IR values indicates that the same conduction
mechanism is probably occurring during these periods: second, IR recovery to higher
values af ter exposure indicates that a transient phenomenon is responsible for the low IR
values during the steam exposures and third, that some permanent degradation of the
terminal block insulation resistance occurs. A conductive moisture !!1m is the most
prob'able explanation for the transient phenomenon. During cooldown periods, the residual
heat of the termin21 block will keep its temperature higher than- the surrounding
atmospheric temperature. Since the surface film will be close to the terminal block
temperature, its vapor pressure will exceed the surrounding atmosphere's pressure,
causing the film to vaporize. In the post-test case, the same phenomenon occurs until the
terminal blocks cool to ambient temperature. Then the normal relative humidity reslme
takes over. The permanent degradation of the terminal block IR may have been caused by
carbonization of the terminal block surf ace or other organic materials in the vicinity, or
by restlues of sem1 conducting mediums such as cadmium sulfide. Post-test chemical
analysin of three Phase 11 terminal blocks showed the presence of both cadmium sulfide
deposits and carbonaceous residues in a graphite-like structure.

There was a noticeable dependence of IR on temperature. The IR's at temperatures
less than 110*6 tended to be 1/2 to 2 orders of magnitude . greater than IR's at
temperttures greater than 110'C. The improvement in the 95'C values can be attributed
to the vaporization of the moisture films however, the values at the long 105'C soak
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This result is in agreement with the findings of Reference 9 and theperiode cannot.
theory of electrolytic conduction (Ref.12) which indicate increased conductivity with
increased temperature.

Since saturated steam conditions were maintained throughout the test, the
could also have been interpreted as a pressure dependence.temperature dependence

Pressure per se, though, is not the governing parameter in film conduction, but it is
important in determining the conditions necessary for film formation. If a system is
superheated, and at equilibrium, flims win not form and the performance of the terminal
block will be relatively good. Similarly, if the terminal block is above the dew point in an
air environment, the same condition will exist. Alternately, if the terminal block
temperature is below the dew point in an air environment, or if films have formed due to
a cool terminal block being surrounded with steam and the system remains at saturation,
films will form and remain on the surf ace of terminal block. These latter conditions are
the situations that would nominally exist in a 1.OC A accident.

During the chemical spray periods of the Phase U tests, no effect of the chemical
spray was observed. This finding was somewhat surprising since we expetted the chemical
spray to ent .r the conduit, penetrate down through the condult-cable interstitial space,
and drip onto the terminal blocks. This process would introduce Na+ and OH- lons to
the surf ace flim and thus enhance the film conduction. However, for our experimental
configuration, this method of spray entry was apparently not operable. We also checked
whether or not the steam in-rush would carry spray droplets to the terminal blocks by
turning on the spray shortly before reintroducing steam into the chamber for the second

Again, the results were negative. We conclude, therefore, that for oursteam ramp.
experimental configuration the NEMA 4 enclosures with unsealed conduit entries and 1/4"
weep holes adequately protect the terminal blocks from the effects of chemical spray.
This result corroborates the findings in Ref. 6.

4.C Examples of Possible Terminal Block Effects

A.1 Transmitter Circuit. A pressure transmitter typteally operates as a 4-20 mA
device. At zero pressure 4 mA is allowed to flow in the circuit, at full pressure 20 mA is
allowed to flow in the circuit. The key word here is "anowed". A transmitter essenticily
functions as a variable resistor in the circuit. Hmiting the amount of current ib ing in itscurrentbranch of the circuit to a value proportional to the input pressures it is not .

This characterization is extremely simplified, but it captures the c.. ace of
source.
circuit behavior and permits terminal block effects to be analyzed. Figure 6 shows how a
transmitter might typically be connected in an actual plant application.

The transmitter win operate correctly as long as the voltage remains in a specified
Por example, a typical transmitter will operate to specification as long as therange. The loopvoltage across the transmitter terminals remains between 15 and 50 Vdc.

res: stance external to the transmitter (from the current-to-voltage amplifiers, the cable,
and the other external resistances) also may vary over a specified range depending on the
voltage supplied to the transmitter. Por a typical transmitter,if the power supply voltage
is 45 Vde, the externa 11oop resistance may vary between 250 and 1500 ohms. Note from
Pigure 6 that the potential across the transmitter, 6V , is essentially the potentialT
across the terminal block and therefore would be the driving potential for any terminal
block leakage current. 6V7 can be expressed in terms of the normally constant
power supply voltage, V,, and the voltage drop. 6V , across the external loope

resistance, R :e
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AVT " V - OVs e

= V, - R !eL

where It is the total loop current. The leakage current, ITB, across the terminst
block is

AV T
kB" RTB

.

where RTB is the insulation resistance of the terminal block. The total loop current
which will be observed in the control room as the transmitter signal will be the sum of the
transmitter output current,1, and the terminal block leakage current:7

It=ITB + IT

Under normal conditions, ITB will be zero or negligibly small _ compared to I-THowever, under ace! dent condition. ITB can become a sizable fraction of I , andT
therefore, becomes a sizable portion of the total loop current sensed by control room
instrumentation. The error, c. in the signal will simply be the ratio of the terminal block
leakage current to the transmitter signal current. That is,

kBe=
k

By using Ohm's Law, we can express e in terms of V , R , RTB, and I :s e T

V, - R,IT
*"

I (RT B + R,)T

Figure 7 shows a plot of the sige.<.1 ersor as a function of transmitter output for common
values of V , R , and several assumed va:ues of Rs e TB- 1

The errors can be quite significant when the terminal block leakage current
approaches the values of the transmitter signal or equivalently, when the terminal block
IR approaches the values of transmitter input impedance. At 45 Vde, the transmitter
input impedance ~will vary from apprrximately 2 to 10 Kohms as its output varies from 20
to 4 mA. Hence, the terminal block may be viewed as a resistor in parallel with the
transmitter and, as such, acts as a current divider. Pigure 8 shows the current trace of
total circuit current as a function of time for the terminal block connected in the
transmitter circuit during our test. Por the period of time covered by the plot, the
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transmitter was operating at -4 mA base signal level. Clearly, the total circuit current
observed is in agreement with the above analysis. Also visible is the return to the
transmitter base current level during the cooldown period where the film vaporizes from
the terminal block surf ace.

To illustrate the impact of these errors, suppose that the transmitter in question
was a narrow range reactor coolant system (RCS) pressure, monitor calibrated from 1700
to 2500 psi. Thus, each milliampere of signal corresponds to a 50 ps! increment in

The sensed pressure will be based on the total loop current,1,. Assuming1pressure.
everything else in the circuit works perfectly, Pigure 9 sh- 's the readouts that would be

so ohms, and RTB = 10,000observed in the control room for V, . 45 Vde, Re,
ohms. Note that the minimum reading is 1886 psi at M minimum transmitter current
level of 4 mA.

One of the uses for narrow range pressure monitor is an actuation signal for high
pressure injection (HPD, A common set point would be 1750 psi which is less than the
minimum reading of 1886 psi caused by the summing of the 4 mA base current signal of
the transmitter and the terminal block leakage current. The result is that actuation of
HPI by low RCS pressure would not be automatically accomplished, and another means of
actuation would have to be implemented. This type of error would also affect the
pressure readings observed by the operator. Not only would the readings themselves be in
error, the operator would be f aced with a discrepancy in readings between narrow and
wide range gauges.

4.2 RTD Circuit. RTD circuits are low voltage, low current circuits. They are not,
however, immune to the effects of terminal blocks. An RTD circuit typically operates at
4 Vdc or less with c.urrents in the range of 1 mA or less. The resistance in a typical RTD
might vary from 200 ohms to 500 ohms over the full temperature range of the RTD.
Figure 10 shows in a very simplified block foam how an RTD circuit will look using aThe IR of theterminal block to connect the RTD to the remainder of the circuit.
terminal block is a parallel connection with the RTD resistance. Hence, the bridge or
constant current circuit used to sense the resistance of the RTD is actually sensing the

t

eff ective resistance, R gg, of this parallel combination. Regg is simply:l e
;

i
R RTB RTD

eff * R TB+ RTD

.

and the fractional error e is: .

RTD" TBeff .1
Re.

TB + R RTDR RTD
i

Por a typical 200-ohm RTD which varies in resistance from 200 to 480 chms over its|

temperature range, a terminal block resistance of 10,000 ohms introduces an error in
measured resistance of 2.0% at the low end of the calibration and an error of 4.6% at the

Figure 11 shows the two bounding curves of percent error in measuredhigh end.
resistance for a commonly used 200-ohm RTD as a funttion of terminal block insulation

Por an RCS temperature monitor calibrated from 200*P to 750*P thescresistance.
resistance errors translate to a 7'P error at the low end and a 43'P error at the high end.

-
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Since the parativ onnection will make the measured resistance less than the actual RTD
resistance, these .emperature differences will always be on the non-conserystive side.
That is, the readout temperature v41 always be less than the actual temperature. Such an
error may be significant in determining tl.e degree of subcooling in reactor coolant. If the
actual temperature i 640*F, an RTD calibrated as assumed above should have a
resistance of 424 ohms at that temperature. A terminal block insulation resistance of
10,000 ohms would give an effective resistance of 407 ohms or a temperature readout of
606*F. Thus the degree of subcooling seen would be 34*F greater than what actually
exist ed. If high pressure injection was maintaining RCS pressure at 1800 psia, (saturation
temperature 621'F) an operator looking at 606*F would assume he has 15'F subcooling,
whereas in actuality the temperature of 640'F would mean that the coolant is vapor.
Thus, even relatively large terminal block IR's (e.g.,10,000 ohms compared to 424 ohms
for the RTD) can have a significant impact on the perceived conditions in the plant.

.

5.0 Conclusions

We have tested terminal blocks at voltage levels reptesentative of common
applications in a simulated LOC A environment and measured their insulation resistances
during the test. We observed insulation resistance decreasing to 10 2 to 10 5 ohms
from initial values of 108 to 1o10 ohms. These IR values are sufficiently low to
affect high impedance instrumentation circuits by 0.2 to 170 percent with a nominal *

ef f ect of 0.5 to 46 percent at the mid-range of instrument output. At 4 Vde, insulation
resistance was 5x103 to 7x104 ohms, values which are sufficiently low to affect RTD
resistance measurements by 0.2 to 8 percent. Depending on the RTD calibration, this
could translate to as much as a 40'F error in indicated temperature.

For our experimental configuration, the NEMA-4 enclosures with 1/4" diameter
ww.:pholes in the bottom and unsealed conduit entrances adequately protected the blocks
from the effects of chemical spray. The NEMA-4 enclosures, however, dn not offer any
protection from the steam environment.

The illustrations of the transmitter circuit and the RTD circuit highlight the
necessity of considering applications in (,termining whether or not terminal block
performance will be adequate. Qualification tests have the objective of demonstratin5
that under specified environments the component being qualified will acceptably perform
its function. Acceptance criteria should reflect this acceptable performance level. In the
case of terminal blocks, however, the acceptable performance level varies with the
application and hence the acceptance criteria should vary. Thus, it becomes important
that a blanket, single-point acceptance criterion not be used, but rather data be rvided
on performance so that analysis of the effect on a particular appilcation can be made.
Alternately, H. e. single-point acceptance criterion is used, then it should be germane to
the intended application. Acceptance criteria based on the failure of a 1 A fuse do not
provide information about leakage currents less than 1 A. As we have shown, small
leakage currents do exist, and may be significant to some appilcations.
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Section 2

The Common
Failure Problem _

Since the common fauure problern is at the root of concern for equipment aging, an'

effort will be made to defme the problem and to clarify the terms used in discussing

it. Whue the terms common mode failure and common failure mode are used more
or less interchangeably, the phrase 'commen failure mods' focuses on the
mechanism (or mode)* which is commor, to the failure, whereas ' common mode i

failure' emphasizes the fauure due to a common mechanism. It would thus appear
that a common failure mechanism or mode,if undetected or undiscovered, could
lead to a failure which would then be described as a common mode failure. A coa . !

mon fauure mode becomes a potential source of common mode failure.

IEEE Std 3804972 defines common fauure mode as a * mechanism by which a
single design basis event can cause redundar.t equipment to be inoperable." This
definition could be interpreted as excluding causes which are not design basis
events, therefore excluding causes which would make the equipment inoperable |

| before the design basis event (DBE). This meaning apparently is not inteaded since

|
several authors-among them Cain (.844), jolley and Wreathall (662) and Caugloff
(649)-include causes other than design basis events in their discussion of the commonI

failure problem. Some of these authors suggest subclassifications of common failure
mode by distinguishing among various causes. The causes include design inade.
quacie:, manufactaring shortcomings, and age degradation in normal and DBE con.
ditions (344). Caugloff extends this with an allinclusive listing which encompasses
catastrophic causes. Jolley and Wreathall make a distinction between intemal or in.
en'nsic causes and extemal or extnnsic causes. They include catastrophic conditions
of fire, flood, tornads and earthquake as exttinsic causes, referring to this kind of
cause as common system faults. Iluman error is included as a cause of common
fauure by both Caugloff and by jolley and Wreathall.

The following two features are usually comklered essential for fauures to be
classified as common mode failures:

;

1. The fauures occur in each of two or more redundant paths in a safety system.

|
2. The fauures are telated to each other by a common or shared cause, mechan.

ism, stress or other similarity.
{
I

* Mechanism is defined as the basic physical cause of failure, such as corrosion or weat. Mode is defined6

as the manner os method of failure, such as the opening of a circuit due to conosion or the seiruse of a
bearing due to west.

p)
.
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Jolley and Wreathall state as additional preconditions that the failures must oc.
cur prior to, or at a time w hen demand could occur, and they must be undetected or
unexpected failures. These are features relating to failures of elements of a system
which together lead to the system failure.

The mechanisms or modes which are common to th elements can originate
frc Ti many kinds of shared similarities. The commonness can occur at any point in
the history of a device, from the original concept through the various steps oflogical
design, instrument design, manufacturing, testing, qualification, installation,
checkout, service, and operational stages. Thus, a temporal classification of causes
can be made. At each of these stages the fault peculiar to the stage can occur, be
disccvered and rectified. The common fault of one stage may aho be discovered in a.

later stage, but then it is often difficult to rectify or eliminate. Each stage appears to
be sufficiently different from the others to merit a subclassification, as suggested in
Table 21.

Table 21

SUGGESTED COMMON FAILURE MODE TYPES
Type 1. Conceptual or engineering design error or inadequacy.
Type 2. Manufacturing error, shortcoming or poor practice.
Type 1. Testing or qualification error or omission.
Type 4. Installation error, omission or lack of validation of proper installation.
Type 5. In service aging or deterioration due to environmental or operational

'

stress. Stresses include normal and abnormal DBE and post DBE
stresses.

Type 6. Operational misuse.This includes human errors of commission or omis-
sion.

Countless examples, either discovered or suspected, could be given for each of
the common failure mode types listed in Table 21. That many (and perhaps most) of
these faults have been detected, corrected or circumvented by good engineering
practice, thoroughness of review, diversity of design, physical separation, inspection,
and administrative controls, is a tribute to -he integrity and competer.ce of those
charged with the responsibility of performance and safety. All of the problems,
however, have not been solved.-

The purpose of the material covered in this report is directed toward, and
peripheral to, common failure mechanisms or modes primarily of Type 5 and related
to Type 3. Failuies of Type 5, it is hoped, will be more readily recognized, evaluated,
and reduced or eliminated by the proper application of accelerated aging procedures
at the Type 3 level.

For few, if any, of the failure types is there an analytical or physical procedure
which will insure that no cause is overlooked. However, there are methods for detec.
tion, discovery and correction of each type of common failure mode listed in Table

f- 21. In manufacturing, for example, quality control of various levels of sophistication
' is used to insure the production of components and ass-mblies of uniformly high

22
.

sE

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



- _ _ _ _ _ _ _ _ _ _ - _

.

*,

.

N
The Commn Tvive NMem

quahty. It is conceivable that successful quality control could also ensure the.

! perpetuation of an undiscovered common failure mode in each of the final products
being controlled. However, this observation is not intended to suggest less quality
control but to point out a potential pitfall that should be recognized.

The philosophy of dhersity, which reduces the commonality among redundant
safety systems,is a prir'cipal methW of decreasing the possibility of unknown com.,

mon fadure modes. Dii esty inchieved by introducing as many differences as possi.:

I ble into the design and construction of the systems, e.g., by use of different
operating principles, different types of components and materials, different
manufacturers and different locations in the plant. Diversity can be applied to any of
the types of common failure modc; however, a higher level of diversity is probably4

possible with the first three types listed in Table 21 than with the last three types. In.
service deterioration due to environmental and operational stresses, a common
failure mode of Type 5, can extend over many diverse systems, and hence requires,

special utention. A Type 6 fcilure made, human error or operational misuse, is a
most difficult area in which to apply the philosophy of diversity. This mode will not
be considered in this report.

The fact that diversity can reduce the probability of common failure due to ag.
ing should not diminish efforts to attack the problem of aging. Measuring the degree
of diversity is largely a quautative process, and there is no way to assure that com.
mon failure mechanism or mode is not present in even highly diverse systems.

Commommode failure is generally distinguished from random failure in the
qualification of safety. system equipment. As discussed in Section 5, random failure

*

is often applied loosely to the constan' failure rate region of the classic * bathtub"
characteristic curve of har.ard rate vs. time. Failures that occur in this region are
thought to be the consequence of random variations among material and compo.
nent properties and manufacturing processes;in particular, they are usually regarded
as being independent of degradation due to aging or wearout. Since random failures
are not likely to cause simultaneous malfunction of redundant safety systems, they
are not a basis for rejection of equipment for use in safety systems of nuclear power
generating stations. Surveillance and maintenance procedures are expected to reveal
random failures so that corrective action can be taken.

If a test specimen fails'during a qualification tett,it is necessary to determine
whether the failure was of the random or common mode type. However,
distinguishing between these two types of failure is not easily accomplished, if it
were economically feasible to subject a large number of specimens to a qualification
test,it would be possible to make the distinction between random and common.
mode failures on a statistical basis. However, this is rarely a feasible approach. Even
in the case of the simplest test, that of coating specimens consisting of small coated
metal panels (a passive type of specimen that does not require any monitoring of per..

I formance during a test exposure but only an evaluation of results aftcr a test), the
number of specimens required to produce statistically significant results tends to-

make the test unreasonably expensive, Generally, it is necessary to analyze any.

failures carefully to determine the cause of failure and then to determine whether
'
.

,
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the cause is a form of design deficiency or one that can be classified as random. For
example,if a transistor fails in an electronic instrument,it is necessary to determine
whether fa0ure is due to causes such as excessive thermal or electrical stress, in
which case it would be classified as a common mode failure requiring a desig..
c..ange, or whether there is truly no design related weakness responsible for the
failure, in which case one can (at least provisionally) classify the failure as random.

It is advisable to monitor the performance in service of any safety system equip.
ment that was the subject of a random failure during qualification, so that the nr.
vie, record can provide a further chreck on the validity of the randomness of the
failure. Such monitoring should be keyed to the type of ' random' failure that oc.

' curred during qualification. For example, the procedures for maintenance and
testing of the equipment in the plant could specify that the particular amponent in
questien be inspected separately (not just as an element of an assembly)and that any
evidence of degradation be used to re evaluate the adequacy of the component.
Maintenance and testing intervals of greater than normal frequency could be
specified in these cases.

A critical need for high reliabuity has existed previously in weapons and space
systems, w here the lifetime requirement (5 to 10 years)has been relatively short com-
pared to the desired lifetime (up to 40 years) for nuclear safety systems. The weapons
and space programs have used accelerated testing to identify fauure modes in ad.
vance of field application, to obtain failure rate estimates and to provide a basis for
making selections among altemative materials, components and devices. On the.

other hand, the object of accelerated aging,in a program of equipment qualification,
is to put a specimen into a condition simulating its ability to function as required
dunng and following a design basis event that may occur after as much as forty years
of service. Often, the equipment has already been selected, subject to being
qualified, and it may be on order or in various stages of installation in a poo : plant
under construction.

Conclusion

in service aging due to environmental and operational stresses can lead to
essentially simultaneous faGute of redundant safety systems when there is a demand
for a safety function in a nuclear power generating station. Because it is the most'

prevalent source of potential common mode failures, equipment aging merits the ut-
*

most attention in the process of qualifying equipment for use in safety systems.
Although it is acknowledged that so<alled random faGures are not likely to cause
simultaneous failure of redur dant safety systems, and this type of failure during
quahfication dces not automatically lead to rejection of the equipment being tested,
great care must be taken in analyzing an apparently random fadure to provide
assurance that it is not related to a deficiency of design or manufacture.

.

.

24

,

4

|

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



giA

$

:

b
V

5
9

<
D V)

.

'5 &
-

C y

5 (-=

n

w .hC

<8c
'

+ 1se -

@
C. 4

b O.

w a

Cc ,-

C
-

i

% - - -

_ _



@

,
0
a -

<
v A

& g
=
#

0 A v1
O .5 4.

O 0)o v w v
h R

g .o
'2 e > C

i 8 0 k
u e g)7

$y 2 h
~

c

t~ 6 &.
8_j .

.

s ~ m
.-

b
'E
@

<

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



4

9

e

@%m al t

s<o;+chgmiiced presso mDoes a_

pio s

gooli-Cicd \cc>d colN s

egal

gwtcaes sy r,m ?.a
!

'

13c+ necesseily v3ha+ Vuad o%-

connecAion 5 are osed ?

_ .._.



!
- - - - - - - - - _ - _ _ _ _ _

E
+-

$
.

$

$ (
a

8

T
~

we&
8 3

s m
52 t a 2

% 0$ L

Y $ $*: ^ g.

+L t

b Y 2 5
a 0 v1 o
8 8

k < ~ '

3 2 -@ 8

2 b E
N 8 3

e

F u i
fa

o.- . .

4 toe
.

~

c_

M
-

9
E



__-_-__-__ -. . _ . - _ _ _ _ _ _ _ _ _____ ___ _ _ _ ._
.

,

!
,

: ;

,

9

:.
; ;..

i e
i

O%
.

'I
i t
.

| t

;

1.
!

O5 '' e
IEFE d%A3~1974 deGne5 *inferhe #r

be%3cen CL Class JE |
jonc+ ion or juncHonS lego! " "t orPegoipmnt and anob r

deotce. . E exan pues : connee m n boxes, j
i

\ g(Q PM t 7%(A by O(. IC

conne.cMon s , 9rommets 3 gaskafs y ca6/es, ;

condu;+s i enciosores > e+c '\ l

:
1
,

&

i
!

l

.

k

!

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

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



|
.

.

.

-

isess95-n74 goes on say '7le cqp2bihYy-lo

hc/cxhoj ins,crF a/I Cisss /E egen|p m 1 i

or o m>cteac pocoen gewas:y aun s
i+,s rega;ms' -G>n cWon 3ha// be

pcr-foeming
denens*ufed. "

.



!
,

.

t

y:a

1 1.+s s
.f 5>l.

4

eti 5'S
-5 D

'

*@ o kv

4)
{$W %

w'<

i n
~+&

sc u e e

V "i d,

$hilm.d t-

% 4 3o b q '

0- ' o *

Y h *\< v s y
QsY0

($"315
4

y18%ac.s e
1

.

__----~~~



s

6

4

,

h
J

t C$
bd$9ya; -

. s .c
? 3

0 0p
9 V '

g0 8*

~

os-<t9c
8c 8) % ,o

o
.

s+F
% E2 I

. .



. .

.

.

.

O

$ . Y

Aq% 4
*1, %m

s
q s14% i l.'$%%'$ m t .o %M5'

3 1>
s , e eS4

'4'(4! ,.ga
v
4

,

t ++
1

%n % 4.14 Y19

*\ @% %
+'n 3>

1 % %h.,
s

e % y% .mks% t
'o * .

asR

3 ~ >sg % .y
q 'gt g

k
g

n $ gasik 55c
-

S
1

"g
1 1g is

a 3'i jb
g la.

e se
h

N
.

8

b~
\

.



_

.

.

.

~[ lore att Noeral c'dSes do ctndcler-

considered, ond %rc is
3. In4erfaces are

syf-ficien+ inforena4 ion +o decicle if h

in4erface_ i s gocdMied , bo+ 4Le ireema+1on

shops 4ko4, in -fac+ , & ink r -roc r_. s's

no+ gocdXieci .

4. _An+ec4c.ces. are considered , and 4ere is

so4Cicien+ in4ccrna4len 'fo demon 5%+e

goalMiccdicvt as 4e h+r4oce.

really ' & son , excep +3rd ? 44h case are
4ka+ 3 resol +s in a non confernonce and 4 cles nof.

.

- - - - - -

m.
. . -- .---- - _ ... - .. - - . --.



.

e

FN1
I nspec+ ion enos+ osse-s,s *chnical odeguacy - _

l. J .s *st set op consistent as/ A
us'll be.A usay % eguaymon4

connec+ccf in acfua/ Service ?

9 flos jnst experknce. Oncaxeecf

any' j]'roblem s }D 35x|lat 3ifoankws ?

i

I



_ . _ _ _ _ _ - - , - ~,-
'

'

x
4
* n
4 k:

, s

f .R M
'

V D
q Q s

Q
s 2

k-

eus

'k .

c a mh

_



---

1

I

e .< ,g_

5t E
o

gh
.I h

5
S

Ts $ 'd
+g ' ' 2

.5 .Q &.
, t is 4

Mo
C b

A b2+4-

e i.9 + 0 C$
6fk4~ b *

4
@m

_

a4

tA $ j+
>48 % E

N + o.
yA L

3 46S '

. - _ _ - - - - - - - - - - - - - >



,_ ,_,_-_-__-- -

-

E

,
D

$(a 'kE
.%n

Iia<
.

U t>

o b) e
O

d k A D p
i s i 4 .@ ve

s 3.a -E & e c
~ U (E R 2q) q

.s 9 4 8 -R 0 8
% 4

g . . .

, e q s > b e
S

$
C

l

_ _ _ - - _ _ - .



_ A

.

v

CDA4Wd 5ps

323-1974 states "Equipnent shall be mounted [in aSection 6.3.1.2 of IEEEin a tunner and a position that simulates its expected installationtest]when in actual use unless an analysis can be performed and justified to show
that the equipment's performance would not be altered by other mean of

By ' manner' i; meant the me ns to be used such as bolts, rivets,mounting. By 'p sition' is meant the spatial orientation withwelds, clamps, etc. The effect of anyrespect to the gravitational field of the carth.
interp" sing structures which are required for installation, such as control

~

inboards, stands, legs, pedestals, etc, shall be taken- into account
specifying the test momting."-

323-1974 states "R3uipment shall be connected (in aSection 6.3.3.3 of IEEEin a manner that simulates its expected installation when in actualtest]use unless an analysis' can be performed and justified . to show that the
equipment's performance would not be altered by other means of connection.
By ' manner' is meant the means to be used in cocawction to equipment such as
wiring, connectors, cables, conduit, terminal blocks, service loops, piping,
tubing, etc."
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INTERFACES cnd INSTAILATION

Interfaces and installation are twc related areas that are sometimes
overlooked or insufficiently addressed in a qualification ef fort. Because

ofthis,andbecaMus thev are immrtant te consLder when'qualifyinaequipnmt, they are areat to exaMne durin 1 an nnspection.. The tw6
sub3ects are discussed separately here, but i.ecause they are related,
similer inspection techniques can be mployed.

Interfaces

_Back';;rotrd

Equipment classifled as Class 1E is normally a sub-set of a system. Because
it usually is not feasible to qualify an entire system at once, it is
necessary to qualify parts of a system one or several at a time (i.e. a
pressure switch and its lead wires as opposed to the entire system including
jonction boxes, penetrations, etc.) . When testing portions of a system it
is very important to consider the interfaces between the various parts. As
a simple example, consider the pressure switch and lead wires. It is
possible to test the switch without the lead wires by. connectinn the switch
to special connections during the test. It is also possible to qualify wire
without connecting-it to anything other than special test connections.
Individmily these emponents may pass the qualification test, implying tnat
if they are used together the resulting combination will be qualified.

However, unless the wire and switch are tested together or a justified
analysis shows otherwise, there is no assurance that the connecticns between
the two are qualified. It is possible that moisture from the IDCA steam
enviroment could condense onto the the connections, causing them to short
to each other or ground.

It turns out that most of- the problems with interfaces are related to
noisture. These problems are usually due either to corrosion of parts or
s'iorts and groa)ds. Some of them are not all that surprising for example ,
veep holes in junction boxes relieve pressure but let water in. Sme of the
problems, however, are much more subtle and require some insight on the
mechanisms at work. They will be illustrated in the examples in this
section.

Requirem mts '
-

'the information in this section is aimed at qualificatior efforts that list
IEEE 323-1974 as an applicable docunent. This is c .sistant with most of
the packages reviewed on vendor inspections, but 'it ! 'ikely that the later
IEEE standards do not apply to some of the ol plants. The older
standards - (e.g. IEEE 323-1971) are much less. specific d are more difficult
to inspect to; the information presented here will serve as technical
background on which to base decisions rega"'!ing qualification to the older
standards.

IEEE 323-1974 defines '' interface" as "a junction or junctions between a

Class 1E equipment and another equipment or devicio. (Ex con tionns,g"toblestets , ga" stets ,boxes, splices, terminal boards, electrical connect
cables, conduits, enclosures, etc.)"

.. .. .. - -
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IEEE 323-1974 7;es on to say " The capability of all Class 1E equipment,
including interf aces, of a nuclear powr generation station for performing
its regaired function shall be demonstrated."

IEEE 323-1974 f urther states " Principles and procedures for dmonstrating
the qualification of Class 1E equipment include.. . . . qualification of any
inte- ' aces asscciated with Class 1E eqJlpments."

Inspecting Interfaces

It can be seen from the above that IEEE 323 is specific in that it requires
qualification of interfaces, but it does not specify what constitutes
adequate qualification. So, how does one inspect the qualification of
interfaces when there are few specific guidelines? 1here are several cases
to consider when inspecting a given gaalification package:

1. Interfaces are not considered in the qualification package.

2. Interf aces are considered, but the qualifica'. On packacy: contains
'

insufficient information to demonstrate that the interface is
gaalified.

3. Interfaces are considered and there is suf ficient information to
decide if the interface is qualified, but the information shows that in
fact the interface is not qualified.

4. Interfaces are considered, and there is sufficient information to
deonstrate gaalification of the interface.

The first case is straight forward, if interfaces Lre not considered then
the qualification package clearly is not in conformance with the
requirmaits. 1he secord case is also fairly simple, but the nonconformance
could aim be written as 'insuf ficient documentatioa' or ' qualification
file is not au$itable.'

The third and fourth cases are really the same, except that the third case
'results in a non-conformance and the fourth case does not. For these two
situations, the inpection process is the same. On the surface, it appears
that interfaces have been considered carefully. 1hus an assessment of the
technical adequacy must be made. Two approaches can be used here: One is
to see if the test setwup is consistent with the way the egaipment will be
connected for service in a reactor. For exanple, if coaxial cable is to be
used in actual service, the test should include the coaxial connection (as
opposed to a special test set-up that will qualify the component without the
connections). The other approach is to use past experience as a guide to
find prob 1m s. For example, if Company A discovered a problem with the
qualification of a certain kind of interface, and Canpsny B is qualifying a
similer device, the inspector could examine Company B's efforts to ensure
that the same problem is not present. An experience qualifiying coaxial
cable illustrates both approaches.

- _ _ - _ - - _ _ .
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Installation

Packground

The purpose of uis section is to point out the importance of simuiating the
installation of egalpment during a goalification test. The specifications
for most equipment contain important installation instructions that are
essential for proper operation of the equipment. These specifications
ineltrle such things as orientation, lubricants, seals, torgaing reqairments,
cooling and entilation, and mounting procedures. If the equipment is not
installed in a test the same way it is installed in a plant, then the
gaalification may or may not be valid.

Requiremmts

Again, this section is almo3 at qualification ef forts thst are consistant
with the 1974 version of IEEE 323. Pquipnet qualified to IEEE 323-1971 is
more difficult to inspect because IEEE 323-1971 is less specific, but the
information presented here provides a technical basis on sich to jtr$ e9
older qualification efforts.

Section 6.3.1.2 of IEEE 323-1974 states " Equipment shall be mounted [in a
test] in a manner and a position that simulates its expected installation
when in actual use unless an analysis can be performe3 and justified to show
that the equipment's performance would not be altered by other mean of
mounting. By ' manner' is meant the means to be used such as bolts, rivets,

,

welds, clamps, etc. By ' position' is meant the spatial orientation with"

respect to the gravitational field of the earth. The effect of any
interposing structures sich are required for installation, such v control
boards, stands, legs, pedestals, etc, shall be taken into scount in
specifying the test mounting."

Section 6.3.1.3 of IEEE 323-1974 states "Equipnent shall be connected [in a
test) in a manner that simulates its expected installation when in actual
use unless an analysis can be performed and justified to show that the
equipmmt's performance would not be altered by other means of connection.
By ' manner' is meant the means to be used in connection to equignent such as
wiring, connectors, cables, conduit, terminal blocks, service loops, piping,
tubing, e'c."

Inspecting Installation -

It is clear from the above quotations frLn IEEE 323 that simulating the
equipment's mounting is a requirement. If equipment mounting and
connections are not considered, then obviously the qualification effort is
not in conformance with the standard. But often the problem that should be
addressed during an inspection is not whether installation requirements were
considered, but whether they were considered adequately and/or correctly.
To assess the technical adequacy of the installation the same tw approaches
used for inspecting interfaces can be used. The mounting and conr.ection
proceduresused in the test should be consistant with the mounting and
connection reqairements for actual use. Note that this does not mean that
they have to be exactly alike, but rather the test must simulate or be more
conservative than the actual application. Of course, if the mounting and
connection procedures do not match those for actual inta11ation, proper
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justification for the differences most be providal. The following example
denonstrates the ireportance of simulating mounting procedures. )

Example

In this case, a pressure switch being qualified was not installed in the
test exactly as it would be in actual service. Wis resulted in a situation
where a significant failure of the switch cot.1d g' underected in the test.
By "significant failure" it is meant the f ailure in actual service could
result in loss of a safety function. We details fonow:

We switch was installed in the test in such a way that it was vmted to the
outside, thereby causing the back side of the diaphram to always see ambiant
pressure. Because of this, it is likely that a failure of the seal would
have gone undetected during the test. In other words, anblant pressure

would have been maintained inside the switch (and on the back side of the
diaphram) despite the leak. During actual use of the switch (Whether inside
or outside containmmt) if the switch is not vented in a similar manner, a
leak in the seal would cause the pressure on either side of the diaphram to
equalize; this pressure equalization would cause failure of the switch to
operate properly.

There is no specific procedure to follow to check for deficiencies such as
this -- instead the inspector must check for consistancy in each irr3ividtn1

Sometimes past experience can be used as some problens are likely tocase.
Wis is especialy true where things lik. orientation (position) of arecur.

piece of equipment are involved, as they apply to many types of equipnent.

.

' ''
'
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DAMAGING EARTHQU,+ ,',URRED

ACROSS THE ENTIRE UNITED STATES
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EARTHQUAKE EFFECTS DIE OUT MUCH MORE QUICKLY !z

IN THE WEST THAN.IN THE EAST.
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T4E GROUND SHAKING AT A LOCATION CONSISTS OF THE
SUPERPOSITION OF SEVERAL TYPES OF WAVES'
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.
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ssee- nonrn
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n e soo n.

Fsgure 7.4. Typscal earthquake accelerogram. Adaptedfrom Elemen-
tary Seismok>gy by Charles F. Richter, W.H. Ikerman
and Connpany. Copyright Q 1958.
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MOST OF THE EARTHQUAKE ENERGY ARRIVES IN P, SH, AND

RAYLEIGH (SURFACE) WAVES
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WAVES TRAVEL AT DIFFERENT SPEEDS, THUS HAVE

DIFFERENT ARRIVAL TIMES AT A STATION

o BODY WAVES P & SH & SV ARE IN 2-10 HZ RANGE, AND USUALLY ACCOUNT

FOR THE PEAK GROUND ACCELERATION (PGA).

o WAVE SPEEDS ARE:

'

E (1-v)
VP= Q(1+v)(1-2v)-

: s

Y
S

V = F(E,V)
R

o Vp > VS>VR

SO CHARACTER OF WAVES DEPENDS ON DISTANCE FROM THE FAULT.

.

.
. .

.

.
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THERE ARE TWO MEASURES OF EARTHQUAKE SIZE

* MODIFIED MERCALLI INTENSITY (MM)

THIS IS A JUDGEMENTAL SCALE BASED ON OBSERVATIONS OF

DAMAGE

* RICHTER MAGNITUDE M

'

DEFINED AS THE LOG 0F THE TRACE AMPLITUDE OF A

" STANDARD" SEISM 0 METER LOCATED 100 KM FROM THE SOURCE.

CORRECTION CHARTS AVAILABLE FOR DIFFERENT DISTANCES.

ENERGY RELEASE IS RELATED TO RICHTER MAGNITUDE VIA*
,

LOG 10 W = 11.8 + 1.5 M (ERGS)

A MEDIUM EARTHQUAKE RELEASES ENERGY EQUIVALENT TO A

NUCLEAR B0MB BLAST

. _ _ - _ _ _ _ _ _ __
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MODIFIED MERCALLI INTENSITY SCALE .

_

l. Not felt. hlarginal and long. period eNects of large earthquakes (for details
seetext).

11. Felt by persons at rest, on upper floors, or favorably placed.
..

.
.

Ill. Felt indoors Hanging objects swing. Vibration like passing of light trucks.
Duration estimated, hfay not be recognized as an earthquake.

11'. Hsoging objects swing. Vibration like passing of heavy trucks; or sensation
of a jolt like a beavy ball striking the walls. Standing motor can rock.
Windows, dishes, doors rattle. Glasses clink, Crockery clashes. In the upper
range of IV wooden walls and frame creak,

V. Felt outdoors; direction estimated. Sleepers wakened. Liquids disturbed,
..

some spilled. Small unstable objects displaced or upset. Doors swing, close,
open. Shutters, pictures move. Pendulum clocks stop, start, change rate.

1*l, Felt by all. blany frightened and run outdoors. Persons walk unsteadily.
Windows, dishes,-glassware broken. Knickknacks, books, etc., off shelves.
Pictures o5 walls. Furniture moved or overturned. Weak plaster and ma-
sonry D cracked. Small bells ring (church, school). Trees, bushes shaken
(visibly, or heard to rustle-CFR).

I'll. Ddficult to stand Noticed by drivers of motor cars. Hanging objects quiver.-
. Furniture broken. Damage to masonry D, including cracks. Weak chimneys
broken at roof line. Fall of plaster, loose bricks, stones, tiles, cornices
(also unbraced parapets and architectural ornaments-CFR). Some cracks
in masonry C. Waves on ponds; water turbid with mud. Small slides and
caving in along sand or gravel banks. Large bells ring. Concrete irrigation
ditches damaged.

I'lli. Steering of motor cars affected. Damage to mason" C; partial collspse.
Some damage to masonry B; none to masonry A. T.tl of stucco and some
masonry walls. Twisting, fall of chimneys, factory stacks, monuments,

,

towers, elevated tanks. Frame houses mo$ed o: 9undations if not bolted i

down; loose panel ualls thrown out, Decayed plmg broken off. Branches
broken frorn trees. Changes in flow or temperature of springs and wells.
Cracks in wet ground and on steep slopes.'

IX. General panic, hfasonry D destroyed; masonry C heavily damaged, some-i
t mes with complete collapse; masonry B seriously damaged. (General dam-
age to foundations-CFR.) Frame structures, if not bolted. shifted off
pipes broken. Conspicuous cracks in ground. In alluviated areas sand and
nmd ejected, earthquake fountains, sand craters.

.

X. hiost masonry and frame structures destroyed with their foundations. ,
'

Some wellbuilt wooden structures and bridges destroyed. Serious damage
to dams, dikes, embankments. Large landslides. Water thrown on banks
of canals, rivers, lakes, etc. Sand and mud shifted horizontally on beaches
and clat land. Rails bent slightly, .

_

XI. Rails bent greatly. Underground pipelines completely out of service.
'Xfl. Damage nearly total. Large rock masses displaced. Lines of sight and level

distorted. Objects thrown into the air, ,

i

..

. .. . .- . . . .
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A' ROUGH. CORRELATION EXISTS BETWEEN MM INTENSITY

AND LOCAL ACCELERATION
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THE OCCURRENCE RATE OF EARTHOUAKES IS DETERMINED FROM

THE HISTORICAL RECORD FOR A GIVEN REGION

EARTHQUAKE OCCURRENCE MODELED BY THE RICHTER RELATION

LOG N = A - BM

OR

LOG N = A - BI

WHERE N = NUMBER OF EARTHOUAKES WITH MAGNITUDE GREATER THAN M

(OR I)

M,I = RICHTER MAGNITUDE OR MM INTENSITY

,
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EARTHOUAKE STUDIES HAVE BEEN PERFORMED FOR VARIOUS4

E REGIONS OF THE UNITED STATES ,
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EART1100AKE ACCELERA110NS DECREASE WITil DISTANCE

AWAY FROM Tile SOURCE. BUT SMALL EARTil0UAKES'

CAN llAVE BIG ACCELERATIONS

e.9

as .h
/ rOroville. Calif.

5" [ '
'(

earthquake (44 :41)j/ t

, Slone Canyon, Cohf.
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--M-7,6g's A TYPICAL GROUND MOTION MODEL--
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DISTAhCE Frees CAUSATIVE FAULT.lfe KILOtfETERS

&ctrar 25 -Itange of horizontal peak acceleration as a function or
destance and magnitude for rock sites in the Western Unitni
States ifrom Schnabel and Seed.1973L
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CONS 10ERABLL V6RIAT10N EXISIS IF ALL DATA LUMPLD TOGETHLR,

SO' REGIONAL ATIENUATION LAW SHOULD BE USED IF PO!SIBLE.
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PEAK GROUND ACCELERATION MAPS HAVE BEEN

CONSTRUCTED FOR THE UNITED STATES
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Ei DEMAGING EARTHOUAKES HAVE MANY STRONG MOTION
ef

PEAK ACCELERATION CYCLES (8-12' CYCLES TYPICALLY)
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DAMAGING EARTiiOUAKES ARE BROAD BAND IN FREQUENCY,

AND 11tOS EXCITE MANY MODES IN STRUCTURES
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EARTil00AKES CAN HAVE LARGE PGA, BUT NOT

BE' DAMAGING TO STRUCTURES. BUT COMPONENTS?

5tLICIED (ARIHQuArt RfCORDS (all to the same scale)
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SURFACE GROUND ACCELERATIONS DEPEND

ON UNDERLYING S0ll CONDITIONS
i

$\D
\Q6

[0 <

Elev. S. Rocco (rock)
(m) 650 m

400 ~ '- "Cornino Forgaria"(soil)

4% (Ca dant.)
-

~. 6;,,..; g44(p s; "
:-

300 -

v[ ,,
% '.4 p

M,' ,. , 'N200 -

I I ' ' I * " ' ' " * - C- - -150
0 200 300 400 500 600 m

Friuli 9/15/76. Horizontal NS component (3:15:19)

I i' + i 0.8 - Damping: 5%4 4 i i
| -

0.2 Soil site F152- Soil site-

0 - _ s it llu _ _ F152
n my,-_

,

f, -0.2 - l I-

I, , , , , , , ,

,iii

j 0,4 - -

g Rock site
< ' ' ' '

| R153' ' ' '

Rock site R153- h0.2 -

k0 =Ni4N - -- -

#

-0'2 - - - ~ ~ ~ -
l 0-- I, i , , , , ' '

O 10 -20 10-1 300 101 102
** I* I Frequency (Hz)

_



_ _ _ _ _ -
..

.. .. . . .. .. .. .
. .. ..

IN S0ll, EARTHQUAKE ACCELERATIONS DECREASE WITH

DEPTH. 50 EMBEDDED STRUCTURES SEE LESS ACCELERATION
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STRUCTURES AMPLIFY-THE GROUND ACCELERATIONo AND

CHANGE THE FREQUENCY CHARACTERISTICS

Turbine building | Auxiliary building
i

Controf rcom~ -

|

| ,7 ' M k

E ''

'
l

y .-
D

- U- 1 I O
/ O CCC9,_ _ _- .f El. 592 - - ----_

||El.560 -
-- -

-/| 7 ;
/ /M 01 GCB---

f' -

/ El. 542 A. ' *
*

164

All elevations and dimensions in feet

Median
2Accel. (ft/s ) COV

4

4

A 3.0 0.195
B 3.0 0.19
C 3.2 0.23 '

D 3.98 0.23
E 4.0 0.26

. . . . . . . . - _ _ _ - - _ - - _ - _ _ - _ _ _ _ . _
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OBSERVED COMPONENT BEHAVIOR IN EARTHOUAKES

.

.
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MODERN POWER PLANT EQUIPMENT HAS PERFORMED:WELL

IN EARTHQUAKES IF.. PROPERLY ~ ANCHOR _ED
4

* SQUG & SSRAP HAVE REVIEWED EARTHQUAKE EXPERIENCE
'

ASSESSMENT DERIVED GROUND-MOTION-SPECTRA FOR WHICH EIGHT TYPES*

OF EQUIPMENT WOULD REMAIN FUNCTIONAL

^

MCCS MOVs

'

480 V SWITCHGEAR A0VS

4 KV-SWITCHGEAR -HORIZONTAL PUMPS & MOTORS

SUBSTATION TRANSFORMERS VERTICAL PUMPS &' MOTORS

IT IS PROPOSED-(A-46) THAT IF THE DESIGN GROUND SPECTRA IS BELOW*

THE DERIVED BOUNDING SPECTRA, SEISMIC QUALIFICATION--IS ROI

REQUIRED.

!G'N CA Ykw\ q--- k\ .s ,3

6 6 d La h4
c w(

.

i

.

.. .. .. .. .

.. .

. ..
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INADEQUATE ANCHORAGE CAUSES MOST OBSERVED DAMAGE

* SWITCHGEAR AND MCSS TIP

* FLAT BOTTOM TANKS SLIDE, SHEAR PIPES

.. BATTERY RACKS PULL-0UT ANCHOR BOLTS

* TRANSFORMERS SLIDE AND SHEAR CABLES

* SUSPENDED CEILINGS COLLAPSE

* CABLES IN YARD (FLEXIBLE BUS CONDUCTORS) Fall DUE TO

INADEQUATE SLACK

.. .
. . .. .

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

CERAMIC INSULATORS IN YARD CRACK AND FAIL AT RELATIVELY

LOW-LEVEL EARTHOUAKES

* MEDIUM FAILURE LEVEL 0.25 G, BUT FAILURES HAVE

OCCURRED AS LOW AS 0.11 G.

* THIS MEANS LOSS OF 0FFSITE POWER DURING AN

EARTHQUAKE OF SSE LEVEL IS MOST LIKELY

.

4

. . . . .
. .

.

. .
_ _.
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CIRCulT BREAKERS TRIP AND RELAYS CHATTER DURING EARTHQUAKES

* STRUCTURALLY, NO PERMANENT DAMAGE, AND BREAKERS CAN BE MANUALLY

RESET FOLLOWING QUAKE

BUT, IF TRIPPED BREAKER CANNOT EASILY BE LOCATED, OR IF RELAY*

CHATTER CAUSES A " LOCKING" CIRCUIT TO CHANGE STATE, THESE

MALFUNCTIONS CAN HAVE SAFETY IMPLICATIONS.

VIRTUALLY, ALL SWITCHGEAR, MCCS, BATTERY CHARGES AND INVERT 0RS*

CONTAIN RELAYS AND CIRCulT BREAKERS!

_ - _ __ ____ _ -__ __-_ _-_ _ _ _ _
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FLAT BOTTOM VERTICAL STORAGE TANKS ARE VULNERABLE

TO GROUND SHAKING EVEN IF ANCHORED 1

THESE INCLUDE TYPICAL RWST, CST AND DEMINERALIZED WATER STORAGEo

TANKS,

o TYPICALLY, 20-40 FT OD BY 24-60 FT HIGH

ANCHOR BOLTS YlELD, AND GET PLASTIC BUCKLING (ELEPHANT'S FOOT) ATo

BOTTOM OF ONE SIDE.

o

>

,_
_

_ . .
,
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REQUIREMENTS FOR SEISMIC EQUIPMENT QUALIFICATION

IN US NUCLEAR POWER PLANTS ,

.
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#

C

THE LEGAL REQUIREMENT FOR SEISMIC EQUIPMENT QUAllFICATION IS
4

GENERAL DESIGh CRITERIA 1, 2, 4. AND 23 0F AFPENDlX A TO 10CFR50*

APPENDIX B TO 10CFR50*

'\

h

.

A

;

- - - - - . - - _ - _ - _ _ -
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TECHNICAL GUIDANCE ..ND APPROVED QUALIFICATION METHODS ARE

PRESCRIBED IN

* REG. GUtDE 1.100 SEISMIC QUALIFICAfl0N OF ELECTRIC

EQUIPMENT FOR PUCLEAR POWER PLANTS

e STD. REVIEW PLAN 3.10 SEISMIC AND DYNAMIC QUALIFICATION

0F MECHANICAL AND ELECTRICAL,

EQUIPMENT

IEEE 344-197G IEEE RECOMMENDED PRACTICES FOR= '

SEISMIC QUALIFICATION OF CLASS 1E

EQUIPMENT FOR NUCLEAR POWER q
- GENERATING STATIONS

IEEE STANDARDS FOR VAR) - '.JMPONENTS, E.G.,*

IEEE 382-1980 (VALVE ACTUATORS)
'

IEEE 387-1977 (DIESEL GENERATORS)

ETC.

x

-

4
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TWO EARTHOUAKE LEVELS ARE PRESCRIBED AT EACH SITE FOR DESIGN AND

QUALIFICATION PURPOSES

THE OPERATING BASIS EARTHOUAKE (OBE)*

THE MAXIMUM EARTHOUAKE TO BE REASONABLY EXPECTED DURING THE LIFE

OF THE PLANT. PLANT SHOULD BE CAPABLE OF CONTINUED OPERATION

FOLLOWING AN OBE. < ', On yet- % .. S A v ? ~ d d" 'I # f/ $.

THE SAFE SHUTDOWN EARTHOUAKE*

THE MAXIMUM PLAUSIBLE EARTHOUAKE AT THE SITE. DAMAGE -

EXPECTED, BUT COMPONENTS REQUIRED TO BRING PLANT TO SAFE

SHUTDOWN MUST FUNCTION.

.

I

_ . . _ . . . _ . . , , - - -. , ,- w -- - - + ' - - - - ''-
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1

THE OBE AND SSE ARE DETERMINISTIC DEFINITIONS I.

o DERIVED FROM:

!
* LOCAL SEISMIC HISTORICAL RECORD

LOCAL GEOLOGICAL FEATURES (SIZE AND NUMBER OF FAULTS)*

DETERMINATION OF LEVELS AND GROUN.') MOTION FROM POTENTI AL*

EARTHOUAKES

* SITE-MATCHED RECORDED EARTHOUAKES

* LOCAL SITE CHARACTERISTICS
,-

MM INTENSITY VS. ACCELERATION CORRELATION*

o THE OBE AND SSE ARli SPECIFIED BY A VALUE OF PEl.X GROUND

ACCELERATION AND A SPECTRA:3 .

* REG. GUIDE 1.60 PROVIDES AN ALLOWABLE SPECTRA, BUT SITE I

] SPECIFIC SPECTRA MAY BE DEVELOPED 1

1

.

A

e

4

.

. _ _ _ _



THE RG, 1.60 SPECTRA WAS DERIVED FROM AN ENSEMBLE

OF RECor.DED EARTHOUAKE TIME HISTORIES (BOTH ROCK AND SOIL)
'

AND IS AN 84% CONFIDENCE LEVEL SPECTRA

'

s N /
0.

e C. 2

/ / \ / \jo

m\ /
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\ ,~

!"QgIbC6% D6C: 7xxScWxx>66Md$6%6"

/ '?
.

\9 N / o'N / \ -

/

[Ob )Db[ lb
0.1 0.2 0.5 1 2 6 10 20 50 100

FR E QUENCY, cps

HORIZONTAL DESIGN RESPONSE SPECTRA - SCALED TO Ig HORIZONTAL

GROUND ACCELERATION
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TYPICAL OBF IS HALF THE SSE, AND MINIMUM

Al.LOWABLE SSE IS 0.10 G ..

WEST COAST EAST COAST

TROJAN 0.25 G ZION 0.18 G

DIABLO CANYON 0.75 G QUAD CITIES 0.24 G

SAN ON0FRE 0.67 G TURKEY POINT 0.15 G

RANCHO SEC0 0.25 G POINT BEACH 0.12 G
.

,,UMBOLT BAY 0.50 G INDIAN POINT 0.15 G

ST. LUCIE 0.10 G

.

A
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APPROACHES TO SEISMIC QUALIFICATION

f

r

i

a

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



SEISMIC QUAllCICATION CAN BE ACHIEVED IN THREE WAYS

* ANALYSIS

USED FOR " SIMPLE" STRUCTURES WITH STRUCTURAL FAILURE MODES -

USUALLY THOSE T00 BIG TO TEST (E.G., STEAM GENERATOR).

* L 31NED TESTING AND ANALYSIS

RESPONSE TO A FORCED OSCILLATION YIELDS MASS AND STIFFNESS

PROPERTIES, Af!D DAMP!NG CAN BE MEASURED. THEN DYNAMIC

ANALYSIS IS USED TO CALCULATE C0t''ONENT RESPONSE TO DESIGN

EARTHOUAKES.

* TESTING

THE BEST. USUALLY ESSENTIAL FOR FtlNCTIONAL (RATHER THAN

STRUCTURAL) FAllllRE MODES.

|

|

|
|

|

|
|
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FOUR METHODS COMMONLY USED TOR ANALYSIS

EQUIVALENT STATIC ANALYSIS*

RESPONSE SPECTRUM ANALYSIS*
' ~

MOST COMMON TODAY
y uisinov_ n' At ys t s.

POWER SPECTRAL DENSITY ANALYSIS*

i

__________.____.m_ _ -
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SPECIFICATION OF MOTION FOR QUAllFICATION PURPOSES

4-

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

- - - - - - - - - - - - - - -
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,

MOTION IS SPECIFIED IN TERMS OF A RESPONSE SPECTRA

Tile RESPONSE SPECTRA MUST REFLECT

ACTUAL LOCATION IN BUILDING ~*

AMPLIFICATION AND FILTERING OF GROUND MOTION \*

BY BUILDING

* EMBEDMEF"

* S0Il-STRUCTURE INTERACTION

* DESIGN EARTil00AKE

///

- - , - , ,Eedro ck ,.

. - --_ _ ___



4

A RESPONSE SPECTRA IS THE LOCUS OF ACCFLERATIONS EXPERI..NCED

BY FAMILY OF SINGLE DEGREE OF FREEDOM OSCILLATORS EXCITED

BY A GIVEN BASE ACCELERATION, WITH A GIVEN DAMPING
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SPECTRA ARE VERY SENSITIVE TO DAMPlNG LEVEL

30-
j ,

\-re :

A

%")?
, o,- 1 uun

_ .

\ V.v_e,
-

-

o,
- A \ '/\1
J\ _ \ / \ % Ho nomo sen,

h \' \(o,

'/ N \ \N,,
'

- \M ' N,, .

i A \ \A\X
i \ -\s+r \' f,,

i NAx ,
: 's L7
: N
O 05 to -15 20 2S

Undomped noNeos period Y, see
~

Pig.15. AsselereWou speetre fee eleone eyesema.1940 Il Centre certtigvehe,
'

.. ;. - . -

. . . _ -



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

NOTES ON RESPONSE SPECTRA

I
IT DOES CHARACTERIZE SEVERITY AND FREQUENCY CONTENT OF LOCAL*

(FLOOR SLAB) EXCITATION.

IT DOES SPECIFY WHEN A COMPONENT CAN BE CONSIDERED RIGID.*

IT DOES ROI SUPPLY THE TIME HISTORY THAT PRODUCED THE SPECTRA.*

GIVEN A SPECTRA, BMD' TIME HISTORIES CAN BE GENERATED WHICH

CLOSELY MATCH THE SAME SPECTRA.

IT DOES ROI SPECIFY THE DURATION OF MOTION OF THE TIME HISTORY*

THAT PRODUCED THE SPECTRA.

f

.

|

|
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RESPONSE SPECTRA ARE OFTEN GIVEN AS "TRI-PARTITE" PLOT 5 I
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SEISMIC TESTING
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IN GENERAL, THERE ARE THREE TYPES OF QUALIFICATION TESTS

1

i

e PROOF TESTS

:

i
TESTING TO A SPECIFIC LOCATION SPECTRUM FOR A SPECIFIC

APPLICATION.
, ,

o GENERIC TESTS !

,

THE RRS IS CHOSEN TO ENVELOPE SPECTRA FOR A VARIETY OF

LOCATIONS. MORE HARSH THAN PROOF TEST.
,

$* FRAGILITY TESTS

,

THE EQUIPMENT IS TESTED UNTil ITS ULTIMATE FUNCTIONAL r

'

CAPACITY IS DETERMINED.-

.

t

t

?

i

f

,

o
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!

!

!,

I.
TO QUALIFY EQUIPMENT, THE TEST RESPONSE SPECTRUM (TRS) MUST ENVELOP !, .-

!j;
. THE REQUIRED RESPONSE SPECTRUM (RRS) I

i

i-

;, . .

!

!- * TPE-TRS IS THE SPECTRA 0F THE SHAKE TABLE MOTION.
!
t

(
THE DAMPING OF THE TRS, RRS AND THE ACTUAL EQUIPMENT DAMPING !

*

-

SHALL BE.THE SAME.
/- i
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IEEE-344 CRITERIA FOR ACCEPTANCE OF TEST RESPONSE SPECTRA

FOR ANY WAVEFORM EMPLOYED, THE SHAKE TABLE MOTION MUST BE

ADJUSTED S0 THAT:

1. THE TRS ENVELOPS THE RRS OVER THE FREQUENCY RANGE OF INTEREST.

2. TRS SHOULD BE COMPUTED WITH A DAMPING VALUE EQUAL TO THAT OF

THE RRS.

3. THE SHAKE TABLE MAXIMUM PEAK ACCELERATION SHOULD EQUAL OR

EXCEED THE ZPA 0F THE RRS.

4. THE TOTAL TEST- DURATION AND NUMBER-0F EQUIVALENT MAXIMUM' PEAK

CYCLES SHOULD BE PER THE-DESIGN SPECIFICATION,
i

, _ - - . _ _ - _ _ _ . . _ _ - - _ .
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CONSIDERATIONS IN SPECIFYING AND REVIEWING SEISMIC TESTING

* NORMAL 71NG AND ENVIRONMENT DURING TEST

MONITORING 0F EQUIPMENT FUNCTION & ACCEPTANCE CRITERIA*

* MOUNTING ON TEST TABLE

* MONITORING 0F TRS AND EQUIPMENT ACCELERATION s

* EXPLORATORY TESTS

* TESTING SEQUENCE

* SINGLE VS, BIAXIAL VS, TRIAX1AL TESTS

* CHOICE OF WAVEFORM AND DURATION TO MEET RRS

* REQUIRED DOCUMENTATION

- _ . _ _ _ _ _ _ _ _ _
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NORMAL LOADING AND ENVIRONMENT DURING TEST

IEEE-344 REQUIRES TESTS TO BE PERFORMED WITH EQUIPMENT*

SUBJECT TO NORMAL OPERATING CONDITIONS (PRESSURE,

ELECTRICAL, MECHANICAL & THERMAL LOADS, ETC.)

GUIDELINES FOR LOADS AND ENVIRONMENT FOR CLASS 1E*

ELECTRICAL EQUIPMENT GIVEN IN IEEE-323-1974.

IF NOT INCLUDED IN TEST, ABSENCE MUST BE JUSTIFIED.*

|

|

|

|



1

MONITORING 0F EQUIPMENT FUNCTION AND ACCEPTANCE CRITERIA

OPERATION BEFORE AND AFTER TEST MUST BE DEMONSTRATED*

OPERATION USUALLY REQUIRED DURING TEST IF POSSIBLE*

EXPLICIT PROCEDURES NEEDED FOR*

EQUIPMENT CHECK 0UT--

BASELINE TESTING--

FUNCTIONAL MONITORING--

* EXPLICIT SATISFACTORY FUNCTIONAL PERFORMANCE CRITERIA ARE

NEEDED, USUALLY IN TERMS OF TOLERANCES ON EQUIPMENT

OUTPUT PARAMETERS (V0LTAGE, ETC.)

. .
.

_
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MOUNTING ON TEST TABLE

9
IEEE-374REQUIRESEQUIPMENTTOBEMOUNTEDINAMANNER

'*

WHICH SIMULATES INTENDED SERVICE MOUNTING

BOLTS, BRACK5TS, ETC., MUST BE THE SAME.*

THE EFFECT OF ELECTRICAL CONNECTIONS, CONDUIT, N0ZZLE*

LOADS, ETC., SHOULD BE INCLUDED

3

BECAUSE OF THE IMPCRTANCE OF ANCHORAGE FAILURES OBSERVED*

DURING EARTHQUAKES, THE QUESTION OF MOUNTING DURING

TESTING IS OF CRUCIAL CONCERN.

2

)

-
-.

.

. . .
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MONITORING OF TRS AND EQUIPMENT ACCELERATION

IEEE-3 4 REQUIRES SUFFICIENT MONITORING EQUIPMENT TO*

EVALUATE THE TRS AND EQUIPMENT PERFORMANCE BEFORE, DURING

AND AFTER THE TEST.

* IEEE-3 :4 RECOMMENDS MONITORING EN0 UGH POINTS ON THE

EQUIPMENT TO EVALUATE THE METHOD CHOSEN FOR THE TEST.

* THE LOCATION OF ALL MONITORING SENSORS SHALL BE

DOCUMENTED.

|
.

|
|
i !

i

w
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EXPLORATORY TESTS

/-

* MAY BE PERFORMED TO

4
AID IN DETERMINING THE APPROPRIATE TEST METHOD--

IDENTIFY EQUIPMENT RESONANCES (IF RIblD,-PERHAPS
{

--

(ANALYSIS WILL DO)-

IDENTIFY CROSS-COUPLING 0F RESPONSES (AND HENSE NEED--

_

FOR BI-0R TRI-AXI Al. TESTS) b

e' USUALLY PERFORMED AT-LOW LEVEL (SAY 0.2G) WITH SINE-SWEEP-

TEST-(2 OCTAVES PER MINUTE)-0VER FREQUENCY-RANGE OF

INTEREST. [
a

* NOTE: BErAUSE OF NON-LINEARITIES, RESONANCES MAY ROI BE.

*

EXCITED .tT LOW TEST LEVELS -;0R-MAY SHIFT IN FREQUENCY AT

HIGH TEST LEVELS.

4

3

I

i

e

. . . . . _ _ . _ _ . _ _ _ _ _ . _ _ _ .
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)

| TESTING SEQUENCE

IEEE-344 REQUIRES AT LEAST ONE OBE TEST FOLLOWED BY SSE*

TEST.

UNLESS OT'cRWi"E JUL ./1ED, TESTING WITH 5-OBE FOLLOWED*

BY SSE IS REQUIRED. ,

.

. . . . . . , . , _ , . ---.___------.u--_- --
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SINGLE VS, BIAXIAL VS. TRIAXIAL TESTS
,

d

4

'
SEISMIC GROUND MOTION OCCURS SIMULTANE0USLY IN ALL*

DIRECTIONS IN A RAND 0M FASHION. S0-IN PRINCIPLE, TEST

INPUT MOTION SHOULD BE IN ALL PRINCIPAL AXES-

SIMULTANE0USLY.
.

e- HOWEVER, TWO AXI TEST FACILITIES ARE LIMITED, AND THREE

AXIS FACILITIES ALMOST NON-EXISTANT.- SO SEVERAL

ALTERNATIVES ARE ALLOWED.

* SINGLE AND BIAXIAL TESTS MUST BE APPLIED CONSERVATIVELY

TO ACCOUNT FOR ABSENCE OF MOTION IN ORTH 0 GONAL DIRECTION.

* SINGLE AND BIAXIAL TESTS SHOULD BE APPLIED IN SEVERAL.

DIRECTIONS RELATIVE TO EQUIPMENT.
.

_

r- m.. ,.- yw w- 93m = y - -py s9 m..- ,- sip,y qw y .4wWy 'y y 9
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SINGLE AXIS TESTS

.

* IEEE ALLOWS THESE IF

TESTS CONSERVATIVELY REFLECT SEISMIC EVENT AT--

EQUIPMENT MOUNTING LOCATION, OR

fHE EQUIPMENT CAN BE SHOWN TO RESPOND INDEPENDENTLY !--

IN THREE ORTH 0 GONIAL DIRECTIONS,

THE-IN-SERVICE EQUIPMENT MOTION 15 UNI-DIRECTION.--

(E.G., A DEVICE MOUNTED IN A CABINET WHICH AMPLIFIES

MOTION IN ONLY ONE DIRECTION.

* OTHERWISE, MULTIAXIAL TESTING IS REQUIkdD.

.

F

O

e

_ ___-______:- _
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e
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1

i-

|
- B! AXIAL TESTS

.

1

l
:

j * MINIMUM REQUIREMENT FOR MULTI-AXIAL TESTING IN IEEE-344

!- IS BIAXIAL WITH SIMULTANE0US INPUTS IN PRINCIPAL

I!' HORIZONTAL AND VERTICAL AXES.- '

i ,

!
'

,

:

IF INPUTS ARE INDEPENDENT AND' RAND 0M (C0HERENCE LESS THAN-i! *

!

[ 0.3) TEST MUST BE. PERFORMED IN TWO STEPS, WITH EQUIPMENT
4.

ROTATED (HORIZONTAL PLANE) 90* BETWEEN TESTS. (PREFERRED).

i

i
.

|- IF INDEPENDENT RANDOM INPUT NOT.USED-(E.G.,. SINGLE*

i

j' FREQUENCY TESTS) 4 TESTS ARE REQUIRED.
!
4

f-
t-

!
!

.

|
!

I
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CHOICE OF WAVEFORM AND_ DURATION .

. -

I b s l(
* THE TEST TABLE MOTIONS'(WAVEFORMS) SHOULD

SIMULATE REAL EARTHQUAKE WITH RESPECT TO ENERGY AND
--

DURATION

BE AS INC0HERENT AS POSSIBLE FOR MULTI-AXls TESTS
--

ENVELOPE THE RRS--

NOT INCLUDE FREQUENCIES ABOVE THE ZPA 0F'THE RRS
--

HAVE A DURATION AT LEAST EQUAL TO STRONG MOTION
--

__ ggg,,, f; ,

PORTION OF TIME HISTORY USED TO GET THE RRS FOR THE

SSE.

COMMON INPUT WAVEFORMS ARE*

SINGLE FREQUENCY--

MULTIPLE FREQUENCY--

C

!

;

t

. . .. . .. . . .,
_ . - - - - - . - - - - -- -
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SINGLE FREQUENCY WAVEFORMS

* CONTINUOUS SINE q g_q p
UVUU

CONCENTRATES ENERGY AT ONE FREQUENCY--

MINIMUM TEST EQUIPMENT--

DOES NOT EXCITE MULTIPLE. MODES--

MORE AMPLIFICATION THAN SEISMIC EVEN1- - -

* SINE SWEEP . ..

R A A ll M ft

SAME AS AB0VE--

PRODUCES A THOROUGH SEARCH FOR. NATURAL FREQUENCIES--

* SINE BEA1

ffT~lT'n'-|.

|
. 'U-y_Q,W~

'
- CONCENTRATES ENERGY.AT-ONE FREQUENCY.

MORE. TYPICAL OF A SEISMIC EVENT.|
'

--

USED TO MODEL LOW CYCLE FATIGUE EFFECTS--

* DECAYING SINE

0~_
SIMILAR TO SINE BEAT- - U- v +--

._ , .. . ._____2_.__... ._...........:...-._ ..
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MULTI-FREQUENCY WAVEFORMS

~ . - - .

* REAL TIME HISTORY ;j
e.. . .

1,j ' -
,

EXCITES MULTIPLE MODES .

---

USUALLY-T00 SPECIFIC--

NOT SENERALLY USED--

e SYNTHESIZED TIME HISTORY !4ikilIli '6 niili

]f f',ioi,WiJ;/i
SAME AS ABOVE--

* RAND 0M ji iIfqfigi'
i,,

l'ij,ai ei r,'vi it [ iipi

g

EASY TO GENERATE--

CLOSELY MATCHES SEISMIC GROUND MOTION--

EXCITES MULTIPLE MODES--

'

MINIMUM DURATION-15 SECONDS--

'. .i ' , ,.

gg,..,.','.e COMPLEX SUMMATION 0F DECAYING SINES ,
-

-

COMPLEX CAN BE MADE TO FIT ODD-SHAPED RESPONSE-SPECTRUMS,--

BUT DURATION IS~NOT REALISTIC.

i

|

L

L

_ - _.__. -
- -. . , - . , , , , . , - . . , ~
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i

,

t

SOME IMPORTANT QUESTIONS FOR-A SEISMIC TEST

-1, IS THE RRS REASONABLE FOR THE INTERNAL EQUIPMENT LOCATIONS? IF

NARROW BAND, IS-THERE A JUSTIFICATION?- IS DAMPING LEVEL-
'

APPROPRIATE FOR EQUIPMENT BEING TESTED?

2. IS ITEM TO BE TESTED COMPLETE? ARE' APPENDAGES OR INTERFACE
.

CONNECTIONS MISSING?-

3. ARE FUNCTIONAL PARAMETERS AND. PERFORMANCE PROPERLY DEFINED?-

"

Lt . ARE NORMAL LOADINGS-AND-ENVIRONMENT BEING PROPERLY INCLUDED?
,

| ANY MI: SING?

S. IS MOUNTING THE-SAME AS FOR SERVICE? -

#
6. IN SEARCHING FOR EQUIPMENT-REG 08RC4@, Hg SINE OR SINE- SWEEP

TEST BEEN USED?. 0THER WAVE F_0RMS MAY NOT BE APPROPRIATE.

! 7. ARE OBE TESTS BEING PERFORMED BEFORE SSE TEST?

8. HAS CONSERVATISM'BEEN USED IN DEFINING SINGLE AXIS AND BIAXIAL.

TESTS?

. b SS- brp,.q & f fL a. + i , | { R' 3 V' h m ) /
1

_

- , , , <- --,;., ;,..,, -,-.a,. ,-;,;-,.....,,,.,.,..

_



CONTINUED

9. IF A SINGLE _AYi9 TEST, HAS CROSS-AX1S COUPLING BEEN RULED OUT?
_

10. IF BIAX1AL TEST WITH INDEPENDENT INPUT, HAS C0HERENCE BETWEEN

INPUTS BEEN CHECKED. HAVE MULTIPLE TESTS WITH EQUIPMENT

ROTATIONS HAVE BEEN PERFORMED.

11. DOES TRS ENVELOP THE RRS? ARE DAMPING FOR RRS AND TRS THE

SAME? IS ITS DURATION APPROPRIATE?

bDa-
5

--



HYDROCDJ BURN CONSIDERATIONS

Af ter the accident at Three Mile Island - Unit 2, the issue of hydrogen
prodtred by chemical reaction between steam and fuel cladding material
received much attention. The original concern was that a hydrogen
deflagration or detonation would produce pressure spikes that would rupture
the contairenent. For some reactor designs, it was shown thae hydrogen burns
would not be a serious threat. For other reactor designs, including Mark
III BWR's and ice condenser NR's, hydrogen was shown to be a problem, and
the ecmnission proposed a rule to address the concern. We purpose of this
section is to present an overview of some of the aspects of qualifying
equipment for hydrogen burn environments.

Hydrogen Control Rain

The hydrocyan coatrol rule was tentatively approved on December 10, 1984, and
is an amendment to 10 CFR 50. It applies to Mark III WRs and ice condenser
PWRs. (A rule concerning hydrocyan control in large dry NR containments is
still pending.) The rule requireb Mark III BWR and ice condenser PWR
facilities to*

1. provide hydrogen control systems that can handle large z nounts of
hydrogen (Ono _ solution is to ignite the hydrogen bef ore it reaches
concentration levels at which burning cr detonation would threaten
contaiment intscrrity.)

2. demonstrate the survivability / qualification of containment and
safety systems during and follosing a hydrogen burn

3. perform and submit analyses concerning hydrogen control and
survivability / qualification of contairrnent and safety systems.

The rule has many implications; the one of interest here is that some Class
lE equipment may have to be qualified for various hydrogen burn
environments.

Hydrorn Burn Environment

The hydrogen burn environment is different from a typical IEEE 323 test
profile zo that the transient effects of the environment are more important,
and the equignent is exposed to higher temperatures for a shorter time. We
typical IDCA environmental test profile has a 10 second ramp to 340 F which
is maintained for several hours. A hydrogen burn environment is 1;kely to
see tm perature increases on the order of 1000 F with a ramp time of roughly
30 seconds, but the temperature is not maintained and drops off relatively
rapidly (depending on many factors) .

1

The hydrogen burn environment is very dependant on the specific reactor.
Containment size and geometry as well as how mtrh hydrogen is cymerated are
very important. Another aspect is how the hydrocyan is burned - all in one
relatively high concentration burn or in multiple burns with lower hydrogen
concentrations.

* This information was taken from The NRC Calendar , Voltrne III, NtInber 49.

. _ _ . _ _ - _ _ _
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Because hydrogen burns are transient phenomena, heat flux is the important
paramenter instead of temperature. The heat flux results from the "cloM"
of hot pses remaining after a burn, not fran the burn itself. The gas then
dumps its energy to. walls, equipment,- and other structures, producing
temperature rises and thermal stresses. Thermal damage _ is the main concern
from an equipment survival standpoint, although pressure may serve to drive
in moisture af ter seals, etc. are damagd. Note that the equipment itself
is not likely to experience as-high temperatures as the ps because there is
not enough time for thermal equilibrium to cccur. (In IOCA simulations there
is enough time for the equipment temperature to equilibrate with the
environment temperature.)

Local variations in the hydrogen burn environment are very important.
Shielding plays a major role, and the survivability of equipment is very
dependant on its specific loaction within the contairrnent. Concrete and )
steel are epod heat sinks; equipnent located nea2. the containment walls or
other massive structures will be somewhat- protected. Equipment located-in
large open volumes will be exposed to more severe conditions and will
receive higher heat fluxes from the hot gas envirorinent.

Simulating the hydrogen burn environment is very difficult because the
thermodynamics do not scale. Hydrogen burns in containment-size volumes do
not behave at all like hydrogen burns in test volmes.- In addition to-the
surface-area-to-volume ratios being orders of magnitude different, the
dominant heat transfer mechanisms (i.e. convection and thermal radiation)
depend on geometrical factors such as path length- and vertical dimension.
In a test, the hydrogen burn environments must be simulated by means- other
than actually burning hydrogen in a test volme. At Sandia thic is done
using the Solar Power 7bwer to provide transient heat fluxes to simulate the
thermal environment of a hydrogen burn. It has not yet been specified
exactly how to qualify equipment for hydrogen burn environments; research
will likely continue in this-area, Thus, the material presented in this
section is intended only to give an overview of how the hydrogen burn '

environment is different from the standard-LOCA envirnnment and what
considerations are important regarding equipment survival in hydrogen burns.

3

Effects on Equipment

As stated before, from an equipment survival standpoint, heat flux is the
parameter of interest in a hydrogen burn environment. Each piece of
equipment will respond differently to hydrogen burns because of differences
in thermal mass, geometry, and location of the equipnent; shielding effects;
and- the hydrogen burn itself. For a given heat flux environment, a more
massive device ,. such- as a -pressure transmitter, = will have a smaller
temperature' rise than a thin-walled piece of equipment like a junction box.
Equipment located in the middle' of 'a large open volme will receive much

*

1arger heat fluxes than identical equipment located near a concrete wall ot
other thermally massive-structure. Caole installed in conduit will~
experience significantly smaller temperature rises than exposed cable.
Components exposed to multiple burns may see a ratchet effect in their

~

temperature response; that is, there may be insufficient time between burns
for the ccanponent to- return to its original temperature.

In additon, the temperatures rises are not likely to be uniform throughout
a piece of equipment; this complicates the survivability analysis. For

i

,
_

. . . . . . . . . ..
.
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example, crientation of a particular piece of equipment may play an
important role if sub-components are vulnerable to tmperature. Mounting
the equipnent auch that the vulnerable portion is near a wall or other
protective structure may be enough to assure survival.

Ultimate failure of equipment expsed to hydrogen burns is usually due to
moisture. The thermal environment weakens or damages seals and insulation,
leaving a path for water to create shorts or grounds.

Predicting equipment failure is dif ficult. In the first place, it is nearly
impossible to accurately define a hydrogen burn environment. Once the
environmental parameters (such as heat flux) are chosen and the local
surroundings (shielding, heat sinks) are defined, established heat transfer
computer codes can be used to predict temperature responses of equipment,
but reliable computer models of the equipment must be available. And
finally, the heat transfer codes will merely calculate the thermal response
of the equipment, not whether it fails or survives.

One approach to equipment qualification for hydtcgen burns would be to use
the above techniques as well as possible, including sufficient margin to
account for unc<.rtanties. Then, if equipment temperatures are shown to be
less than the IDCA qualification temperatures to which the equipment has
already been qualified, the equipment could perhaps be considered qualified
for that particular hydrogen burn environment.

s
!

e
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FITS is a " medium-scale"
. test facility.

NTS vol:2100 cu. meters

FITS vol:5.6 cu. meters
.

LAB SIZE VOL: 0.01 CU. METERS

I
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Vol: 17000-86000 on. meters
;

Fdi XTSi
I

I Vol: 2100 ' cu. meters
,

t ' d FITS '
'
l
' Yol: 5.6 cu. meters
I ,

I

r I
I

'. I
7/

/- xi' ,L -. - --
. --- ----- .

_ . . _

( .
-

|/ -/ - ,
,

|.
/

;, -
-

~~~~~~~~~~~~14
I

- -~~~-- ,- 1

|*
l

*
( 1 |'s

|
,

"
' p

'
' - ,--.

, ,

l ,#
,

!



_____-__ _ _ _ _ _ . __ _ - _ _ _ _ _ - _ - - . - _ _ _

,

.

VOLUME INFLUENCES PULSE DURATION
,

;
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Pye 1. *

INTRODUCTION _

Recently some customers have raised the question of B-radiation

effects. Since S-radiation is essentially a bombardnent with electrons,
it can be handWd similarly to our electro, beam processing. Since

B-radiation has orders of magnitude lower penetration capability in com-
parison with y-ndWion, 7,ost of the electrons do not penetrate much

beyond the jacket triiciness, which is usually 45 mils. In other words,

the insulation material is affected little under most situations.

To analyze the situation more quantitatively, the S-radiation data
supplied by Bechtel (Appendix I) are taxen and classified into two groups.
With the first group, it is demonstrated that 6-radiation below 0.5 MeV
does not penetrate beyond the jacket thickness in our usual cable construc-
tion. With the second group, it is demonstrated that the total cumulative
S-radiation dosage is too low to be a major concern even if the S-ray
penetrates into the insulation above 0.5 MeV.

'
CONCLUSION,

'

B, radiation will not cause an electrical breakdown during the 720 -

hour period after LOCA.

III. ANALYSIS

A. Effect of B-Radiation Below 0.5 MeV

I Effective penetration depth of high energy electron beam
is weli established as shown in Figs.1 and 2. The figures are
taken from chapter 3 of the reference book shown in Chapter IV.
The figures indicate that electrons have relatively low penetrating
capability and the maxirum ionization occurs at much shallower
depth than the maximum penetration. Since the ionization is what

icauses chemical reaction, effect of the electron beam diminishes
quickly near the end of its maximum penetration depth.

Similarly to the figures shown, Charlesby gives Equation (1)
on page 34 of the reference book for S-radiation:

d = 0.35 E p'I cm (1)

1

_ _ _ _ _ _ _ _ _ _ _
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Page 2.

!!!. ANALYSIS

A. EffectofS.RadiationBelow0.5MeV(Continued)

Here d denotes the maximum penetration depth in cm. E energy level
in MeV and p density of the material in g/cc. From Eq. (1) the

depth of the cable jacket material, which will be penetrated by
0.5 MeV S-radiation, can be calculated as follows:

d=(0.35)(0,5)/(1.50)
= 0.117 cm

= 0.0459 mils. (2)

Here the density o,f the jacket material is taken as 1.5 g/cc.
This calculation demonstrates that essentially all the effect
due to B-energy spectra between zero and 0.500 MeV is stopped by
the jacket, which is usually 45 mils in thickness.- Hence, we
need not be concerned about the effect of S-radiation within the
spectral range, i.e., froh. zero to 0.5 MeV.

.

B. Effect of B-Radiation at the Energy Level Above 0.50 MeV

Total energy received from the S-radiation spectra between
'

0.50 and 3.0 MeV may be calculated by integrating the energy over.
the time and the energy spectra. Hence, the total cumulative energy
received is calculated by integrating the radiation intansity over
the 720 hour period at each spectral interval, and then, sum the
values over the whole spectra as shown in Table I. Since

1 eV = 1.602 x 1012 ergs (3)

and

1 rad = 100 ergs /g. (4).

.
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!!!. ANALYSIS

B. Effect of 8 Radiation at the Enerny level Above 0.50 MeV (Continued)

we can calculate the total radiation dose received as follows:

From Table I, the total energy received is:
12

ET = 5.18882 x 10 MeV/cc

12 6= 5.18882 x 10 x 10 eV/cc

= 5.18882 x 10 x 106(eV/cc)12

x1.602x10-12(ergs /eV)
.

= 8.31249 x 106(ergs /cc) (5)

For the meterial of density 1.5 (g/cc)

ET = 8.31249 x 106(ergs /cc)/1.5-(g/cc)
"

= 5.5417 x 106 (ergs /g) (6)
WithEq-(4)wehave:

E= 5.5417 x 106 (ergs /g)
T

100(ergs /g)

= '5.5417 x-104 (rads)
= 0.055417 (Mrads)

Hence, the maximum irradiation dose received by;any part of the-
insulation due to S-radiation is only 0.0554 Mrads. Effect of.

this dosage level is ir.significant in polyolefin based insulation
material.

.

IV. REFERENCE

A. Charlesby, " Atomic Radiation and Polymers", Pergamon Press,1960.
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TABLE I

S. Radiation Dose Received Above 0.5 MeV

Total Energy *
Range of Median Received During

Radiation Potential Potential 720 Hour Period
(MeV) (MeV) (MeV/cc)

*

120.60 - 0.80 0.700 1.21822 x 10
,

100.80 - 1.00 0.900 2.34158 x 10

II1.00 - 1.25 1.125 4.96981 x 10

121.25 - 1.50 1.375 3.08394 x 10

ll1.50 - 2.00 1.750 3.66263 x 10

12Total 5.18882 x 10

* The cumulati"e ener9y received over 720 hour period shown here is
,

'

based on the information supplied by Bechtel which is attached as
Appendix I.

.
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QUALITY ASSURANCE AND THE MECHANICS OF QUALIFICATION

Introduction:

So far in this course we have discussed several important
technical issues. These included:

1. Were functional performance requirements adequately
specified and demonstrated during the qualification effort?

2. Were the environmental conditions appropriately ,

specified and enveloped during the qualification effort?

3 Were the equipcont interfaces and installation practices
properly tested?

4. What are technical issuer casociated with hydroEen burn
and seismic qualification?

Regulecory requirements and guidance associated with these
techn. cal issues are defined in 10 CFR 50.49, Reg Guide 1.89.
IEEE Std. 323-1974 and related documents.

We now wish to discusa the question: Was the qualification

program performed in a quality manner? The regulatory
requirecants and guidance concerning " quality" are contained in
10 CFR 50. App B, Reg Guide 1.89, and IEEE Std 323-197a. Our
discussion of " quality" includes several major aspects:

1. First, we will discuss the regulatory qualification ,

i

perspective and compara it to a different industry i

perspective. This will aid your understanding of inspection
experiences.

2. Second, we will discuss different types of inspections.
In a broad way we will consider relevant issues for an
inspection of a utility or A/E, for a test laboratory, and
for a manufacturer.

3 Third, we will discuss qualification documentation and
practices requirements, including:

a. The purchase specification
b. Test plan requirements
c. Test procedure requirements
d. Test documentation requirements
e. The review process-

The certification question
.

-_ _ . .- _ - _ .-_.__. _ . _ , __.,.,.. _ _ _ ,_ - - - . . , _ _
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NRC requirements assume plant-specific monitoring ofFifth, In contrast, until recently, parts ofqualification activities.
industry have only performed onsite monitoring of production ;

This occurs because generic qualification activites
activites.were performed prior to initiation of the purchase order.

_ Types of Inspections:
There are several types of facilities that one may inspect.

Ve can divide the facilities into several major categories,
namely:

1. Facilities that generate qualification requirements and
review qualification submittals to assure that qualification
requirements have been satisfied. This includes utilities,

A/E's, NSSS vendors, and consultants.
Facilities that develop test strategy (as expressed in2.test plans) to satisfy either plant-specific or generic

This includes testqualification requirements.
laboratories, NSSS vendors, manufacturers, and consultants.

3 Facilities that perform quallrication tests. This
includes testing laboratories, NSSS vendors, and
manufacturers.

There are some broad inspection questions that are useful
These are:probing questions for each type of facility.

Facilities that generate qualification requirements and review
qualification submittals:

Did the A/E specify through purchese orders and other1. specifications that quality requirements did apply to
vendor qualification activities?

.

Did the A/E specify through purchase orders and other2.
specifications the normal and abnormal environmental
parameters to which the safety-related component must be
qualified?

.Did the A/E specify through purchase orders-and other3.
specifications the performance requirements and

'

functional acceptance criteria to be employed during
qualification testing or analysis?
Did the A/E during its review of qualification4. documentation assure that required performance and
functional acceptance criteria were.satisified?
Did the A/E during its review of qualification

L 5,
documentation assure that-normal and abnormal'environmental parameters were enveloped or satisfied by

""

the qualification test parameters?
<
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6. Did the A/E during its review of qualification activities
or documentation insure that appropriate quality
standards as specified by the purchase order were being
implemented or had been implemented?

Facilities Preparino Test Plans:

1. What are the responsibilities assumed by the design
facility?

2. During the review of the facility's test plans and
reports, did you discover instances suggesting inadequate,

training of the staff?

3. Does the staff adequately incorporate codes, regulatory
requirements, etc., into its test plans?

4. Does the test plan's acceptance criteria, environmental
conditions, etc., adequately reflect the applicable
specifications and equipment use conditions?

5. Is there an adequate and auditable review process to
insure the correctness of the test plan (strategy,
calculations, etc.)?

6. Are deviations and anomalies during testing reviewed by
the test sponsor (customer or design facility) to assure
that these deviations or anomalies do not impact test
strategy conclusions?

7. Are the test plans employing current state-of-the-art
qualification techniques?

Test Facilities:

1. What are the responsibilities assumed by the test
facility?

2. Is the staff adequately trained? ( i.e., was there
evidence of inadequate training of the staff?)

,

3. Does the test facility adequately incorporate test plan
requirements into test procedures?

4. Are the test facilities adequate to perform those
portions of the qualification tests for which it accepts
responsibilities?

5. Are the test procedures and results adequately
documented? (Including deviations and anomalies).

6. Is there an adequate and auditable review process to
insure that testing is being properly performed and
documented?

. . . .. .. . . . . .. ...
. .. . . . . . . . . . .. . . _o
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Now we want to discuss qualification and documentation
practices requirements. There are three basic concepts required

by IEEE Std. 323-1974 and 10 CFR 50, App B. These are:

1. The qualification documentation must be in an auditable
form that allows verification by competent personnel other
than the qualifiers.

2. Qualification testing is different than research
testing. As a design verification process, qualification
testing requires a pre-test, documented plan that describes
the required tests and provides an auditable link between
the specifications and the expected test results.

3 The purchaser shall perform reviews and audits to insure'

'

the adequacy of his purchased product.

These three requirements help insure quality in an environment
of proprietary technical issues, manufacturing profit motives,
and lack of independent, anonymous peer review. Let us examine
the first two of these concepts further.

Auditability:

Section 4 of IEEE Std. 323-1974 discusses the issue of
auditability:

"With all qualification methods, the end result must be
documentation that must demonstrate the equipment's adequacy
to perform its required function. The documentation must be
in a form that allows verification by competent personnel
other than the qualifiers and should contain the performance
requirements, the qualification method, results, and
justifications." .

Section 6.3 1.1 elaborates on auditability during its discussion
fo'the test plan:

"The plan should conta11 sufficient detail to describe the
required tests and provide an auditable link between theg

- specifications and the test results. Auditable link means
' that the plan should provide proof that the test method used

was adequate, as this is not always discernable frcm the
test results."

Section 8 provides documentation requirements. It states:

"The qualificaticn documentation shall verify that each type
;of electric equipment is qualified for its aplication and

meets its specified performance requirements. The basis of
qualification shall be explained to show the relationship of
all facets of proof needed to support adequacy of the

.-

complete equipment. Data used to demonstrate the
qualification of the equipe9t shall be pertinent to the
application and organized in auditable form."

|
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IEEE Std. 323-1974 also provides guidance for the contents
of a qualification file. For example, when type testing is the

(
i

basis of qualification, the type test data shall contain:
|

(1) The equipment performance specifica-
tions (Section 6.2)

i
(2) Identification of the specific feature (s)*

to be demonstrated by the test'

(3) Test plan (Section 6.3.1.1)
(4) Report of test results

The report shallinclude:
| (a) Objective'

(b) Equipment tested
(c) Description of test facility (test setup)

and instrumentation used including calibration
records reference *

(d) Test procedures
(e) Test data and accuracy (results)
(f) Summary, conclusions, and recom-

mendations
(g) Supporting data
(h) Approval signature and date

; Test Plans:

IEEE Std. 323-1974 indicates that the first step in the test
! procedure is the preparation of the test plan.

"The plan shculd be compatible with the equipment
specification and should contain sufficient detail to
describe the required tests and provide an audiable link
between the specifications and the test results. Auditable

.

link means that the plan should provide proof that the test
I

! method used was adequate, as this is not always discernable
f mm the test results."

IEEE Std. 323-1974 provides the following content requirements'

for the test plan.

(1) Equipment descriptions (8) Environmental, operating, and measure-
(2) Number (quantity) of units to be tested ment sequence in step-by step detail
(3) Mounting and connection requirements 'P) Performance limits or failure dermition
(4) Aging simulation procedure 9 h Documentation (Section 8.3)
(5) The service conditions to be simulated (11) Statement of nonapplicable portions of

me e
(6) Pedo anee and environmental variables {3 de npron of any conditions pecu-

liar to the equipment which are not covered
(7) Test equipment requirements incl-dit.g ab ve, but whien would probably affect said

accuracies equipment during testing

.-
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Documentation:

Were the documentation requirements of IEEE Std 323-1974
achieved? Specifically, does the documentation file include test
plans, test procedures, a list of equipment using including
accuracy and calibration information? Does the qualification

file clearly identify all deviations and nonconformances? Were
raw data sheets dated and signed by whoever tilled in the data 7
Does the test plan meet tha documentation requirements of the
relevant section of IEEE ~.9747 Are the numbr:r of specimens

to be tested clearly idei ed in the test plan?

Does the documentation file show evidence of failures that
were ignored in the qualification report?

Was the documentation reviewed and approved?

Did revisions to test plans and test procedures receive the
same review process as the original?

Some other issues:
- Make sure the test plan gives a detailed description of the

test specimen, including its materials, parts and
subcomponents.

- Make sure that all interface and connection details are
provided in the test plan.

- Make sure that the same test specimen is used for all
phases of the test plan.

- Make sure that the test specimen is typical of standard
production items.

!('

!

|
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INSPECTION QUESTIONS

Let us summarize some questions that could help focus a'

! thermal aging inspection.

Request a parts list and drawing for the device. Check that
all non-metallic components of the device are identified in the
aging analysis. For those components deemed necessary for
safety-related function, make sure they were considered in the
aging analysis. Were self-heating effects accounted for in the
aging analysis? Check the maximum rated temperature for each

| component snd insure that the aging temperature employed during
,

Check
I accelerated aging is not higher than this temperature.

the normal operating temperature given for the device. Is it

consistent with process fluids or other environments in contact
with the device.

| Check a few random activation energy references. Is the

degradation toechanism for the component similar to that measured'

for the activation energy analysis? Does supporting data j

indicate that-the measured activation encegy is independent of
temperature or was there a strang temperature dependence? If a

temperature dependence occurred, were the high or low
temperature regimes used to determine the activation 'nergy?
When literature references are employed as a basis for
estimating generic activation energies, is a list of literature
references supplied? From the range of possible values was the
lowest value chosen as a basis for qualification? Does a test,

|
! laboratory or manufacturer consistently employ the same

literature reference for the same generic material? When
analysis is employed to argue component similarity (and hence
qualification by similarity) did the analysis consider component

|

|
lifetime as well as component activation energy?

Verify the aging calculation by checking the mathematics.
Make sure that the intended qualified life is clearly stated and

| 1s consistent with stated maintenance requirements.i
|

.

|

l
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Technical Review Q1 EQ Files
Qyerview

Environmental
1

--Aging
--Thermal
--Rad' tion
--Oper, ional

--Seismic (will not be covered)
--Accident

--Ridiation, beta and gamma (covered withradiation aging)
--Steam
--Chemical Spray

--Post-accident
--Submergence

Assessment of the adequacy of the above requires
additional information as follows:

--Functional performance requirements and data
--Accuracy requirements and data 1

--Insulation resistance data, if needed
--Qualification basis

--NUREG-0588 Category I cr II
--DOR Guidelines
--10CFR50.49

--Similarity

--Margin

A simple (and perhaps idealistic) interpretation of
qualification which envelops virtually all technicalqualification problems is as follows:

2r similar eauloment which verifies that the equipment isTesting, analysis, or operating experience data from identical
All environments to which it might be exposed. capable of meeting its functional performance recuirements in

f

1 \

.
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Acina

objective: to put equipment in its end-of-qualified-life
state *

--- -

~

Thermal Acina

Usually established by Arrhenius plot or calculations

Arrhenius aquation:

3 = erp [ [A ( f - f ))
h St X

B

T = temperature in degrees Kelvin (K)
t = time (any units)
Eg = activation energy (eV)
kB = Boltzmarin's constant (8.61, '0-5 eyjg).

How do we determine activation energy?
--Put samples in aging ovens at various temperatures.
--Periodically remove samples and measure degradation
in some property (tensile elongation, dielectric
strength, etc.).
--Choose some " standard" of degradation, e.g. 50% of
the original value, and find the time to that level of
degradation at each temperature.
--Plot log (t) vs 1/T (absolute temperature) for the
chosen endpoint. Other " standard" endpoints may also
be plotted.
--Activation energy is the slope of the resulting line
timec Boltzmann's constant if the line is very nearly
linear, indicating the sample degradation is dominated
by a first-order cher.f. cal reaction.

| The Appendix gives values of activation energy for many
materials from EPRI NP-1558 and may be used for general
guidance.

Example plots (fram Rockbestos) are shown on the next two
pages.

Relationship of Activation Energy and Life

--Activation energy does ngt g'v.- --ny information about
material life.

Example: A claim tnat because a m.aterial has a high
activation energy, it has a long life is Det yalid.

Activation energy measures the amount of acceleration that
occurs when a material is aged at a higher temperature.

2

.
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Actnoteori Energies

NOTES FOR TABULATED ACITVATION ENERGIES

Notes:
1, Encapsulated with ahphatic amme cured bisphenol A<pshlorhydnn epoude (eposy cast) No

trnpregnate.
2. Encapsulated with ahphatic amme cured bisphenol Aepichlorhydnn epoude (epoxy cast). Im-

-

pregnated.
L Encapsuhted with B staged aromatic amine cured bisphenol A<pichlornydnn epoxide (epoxy

transfer moldedt No impregnate.
4. Encapsuhted with B staged aromatic amme cuud bisphenol A epichlorhydnn eponde (epoxy

transfer moldedy impregnated.
5. Encapsuhted with phthahe anhydnde cured bisphenol A<pichlorhydnn epoxide (epoxy hot

melt) No impregnate.
6. Encapsulated with phthabe anhydnde cured bisphenol A<pichlorhydnn epoude (epoxy hot melt

cast). Impregnated.
7. Encapsulated with modified anhydnde cured bisphenol A<pichlorhydnn epoude. No im. f

pregnate.
B. Encapsuhted with rnized anhydnde cured epoxy novolac. No impregnate.
9. Failure entena: crackms of msubtion to expose conductor, dielectne breakdown leakage cunent

> 300 SA at 1000 V. All specimens tested to failure. ' '
10. Failure entenon: voltage stress of 1000 volts held for 15 seconds at 100% iLH. All specimens

tested to failure.
I1. Based on graph of log (mean time to failure) vs.1/T.
12. Failure entenon: 3 A drawn at rated soitage. All samples tested to failure.
13. Burned m a 125'C. then powerei dunng hfe testing a 250*C. Mam failure rrode was high

leakage cunents. I

14. Calcuhted from Arrhenius type plots.

Material / Aethetion
Component /Desice Energs (eV) Citation Remarks

Alk>d. Grade 1500 1.71 1026 50.% retention of flexural
strength (Hooker Corp.). See
Note 14.

Alkyd, Grade 1500 1.14 1026 50% retention of dielectric
strength (Hooker Corp.). See.

'

Note 14.

AP en. imide, irradiated, 0.85 461 hill W 81044/17A. hiean time
insulatim,20 gauge wire to failure. Notes 9 and 14.

Aromanc polyimide, 1.29 461 h11L W-813Bl/12. hiean time to

insulation,20 gauge wire failure. Notes 9 and 14.

Butyl 1.08 603 40% loss of elongation. See
Note 14.

Capacitors, chlorinated 1.17 566 DC life. Sttsssed at 1000 volts

diphenyl. No stabilizers. ~ per mil. See Note 14.
~

Capacitors, chlorinated 1.53 566- DC life. Stressed at 1000 volts

diphenyl. 0.5% per mil. See Note 14

anthraquinone

B2'
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Artnation Ent'gits

Material / Acti*ation
Component /Desice Energs (eV) Citation Remarks

Diode, silicon, IS673 1.50 339 50% failure. See Note 14.

and IN696
Diodes, silicon, p n.p-n 1.41 340

Diodes, silicon, varactors 2.31 2.35 340

Diodes, others 1.13 2., < 340

Diodes, varactors 2.31 2.38 340

Ethylene propylene, No. 0.71 374 See Note 14.

B lead wire with paper
separatot

Ethylene propylene 1.28 51 20% loss in , ngation. See
Note 14. .

Ethylene propylene base 1.05 603 40% loss of elongation. See

insulation Note 14.

Ethylene propylene, No. 0.90 374 Estimated average life. See

18 lead wire Note 14. ;'
.

Ethylene propylene, solid 0.70 37' 10,000 h life @l12*C 3' '
-with paper separator ,

'

Ethylene propylene, solid 0.95 374 10,000 b hfe @l32 C

Enamel, plain, insulation 0.35 610 See Notes 3,11 and 14.

on magnet wire

Enamel, plain, insulation 0.64 610 See Notes 2,11 and 14.

on magnet wire

Enamel, plain, insulation .l.61 610 See Notes 1,11 and 14.

on magnet wire .

Enamel, plain, insulation 0.38 610 See Notes 4,11 and 14.

on magnet wire

Enamel. plain, insulation 0.45 610 See Notes 5,11 and 14.

on magnet wire

Enamel, plain, insulation 0.28 610 See Notes 6,11 and 14.

on magnet wire

- Epc<n 82S (Shel! 1.34 765 Determined by < ?.ermograsi.

Chemical) metric analysis. Heating rate of
10*C per minute.

Epoxy (epoxide film), 0.71 368 See Note 14.
insulation, magnat wire

Epoxy, Crsde 1000 0.98 1026 50% retention of flexural
strength (Hooker Corp.). See
Note 14.

*
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Material / . Activation
. Component / Device Energy (eV) Citation Remarks .

hiicrocircuits, Ch1OS 1.0 795 25h c 250*C = 50% fa0ure,

type CD 4024A - See Note 13.
"

hiicrocircuits, CMOS 1.1 795 42h c 250 C = 50% fauure.-
type CD 4013A See Note 13.

hiicrocircuits, CMOS, -1A 795 90h a 250 C = 50% fauure.
,

type CD 40ll A See Note 13.

hiicroci cuit, ChiOS
4007 ft:ak pop. 0.9 517

rnain pop. 1.3 517

htL plS twist pairs 1.43 610 See Notes 7 and 11.

htL 933 coils - 1.15 610 See Note 8. Fauure criteria was -
shorted turn, open circuit

,

and/or 2500. volt hipot fauure of :
C00,

h!L #18 twist pairs 2.44 610 See Note S.
-

blylar film 1.18 589 Data based on 50% electric
strength failure. See Note 14.

Neoprene 0.87 401 70*C - 130 C.
,

NitrGe 0.86 401 70*C - 100 C.

Nyleze insulation on 0.57 610 See Notes 6 and 11.
rnagnet wire

Nyleze insubtion on 0.99 610 See Notes 1,11 and 14.

magnet wire

Nyleze insulation on 0.7: 610 See Notes 2,11 and 14.

rnagnet wire
,

Nyleze insuhtion on 0.68 610 See Notes 3,11 and 14.

rnagnet wire

Nyleze insubtion on 0.59 610 See Notes 4,11 and 14. ;

magnet wire

Nyleze insuhtion on 1.04 610 See Notes 5,11 and 14.

magnet wire

Nylon 6/6, glass. 1.14 530 Tested at 205 and 255'C. 50%

reinforced _ reduction in tensik strength.
See Note 14.

Nylon 6/6, glass. 1.29 530 Tested at 140 and 150*C. 50%
~

reinforced reduction in tensue strength.
See Note 14

1

-
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Actnatson Enerpes

Material / Aethation
Component / Device Energs (eV) Citation Remarks
_

Poly ester, amide imide 1.25 943 See Note 14.
overcoated, wire, twisted
pairs

Polyester over:oated, 1.26 832 See Note 14. -

magnet wire and class '

155 impregnating vamish

Polyestereverecated, 1.66 832 See Note 14.
magnet wire and class
155 impregnating var.
nish,
in motorette systems

Polyester overcoated, 1.44 '32 See Note 14.
unvamished twists of
magnet wire.

Polyester overcoated, 1.67 S32 See Note 14.
magnet wire twists with
modified silicone vamish.

Polyester.overcoated, l.S6 832 See Note 14.
.:.agnet wire twists with
modified silicone vamish.

Polyester, phenolic 1.34 832 See Nw 14.
vamished, usnet wire.

Polyester resins (unie' led) 0.S / nS
Hetron 24505, S53,354-

and Maro 6'0.

Polyester, unvamished, 1.00 832 See Note 14.
magnet wire.,

Polyethylene, cross- 1.13 603 40% loss of elongation. See
linked Note 14.

Polyethelene, cross. 1.23 51 20% loss in elongation. See
linked Note 14.

Polyethylene,0.92 4.15 973 t o induction periods. Seei
density Note 14.

Polyethylene, low density 1.51 973 Extrapolated induction periods.

(below 97 C) See Note 14.

Polyethylene,0.% 1.14 973 t o induction periods. Seei

density Note 14.

Polyethylene, low density 1.35 973 (Above 110 C) extrapolated
induction periods. See Note 14

Polyethylene, linear 3.10 537 10% weight loss in vacuum.
See Note 14.

B.8
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Actnation Enerpe

-.

Material / Actisation
. Component / Device - Energs (eV) Citation - Remarb

Polypropylene,isotactic 1.13 973 t o induction periods. See Notei
14.

'

Po!yaikene-polyvinyli; 1.10 461- hill-W.81044/9. hiean time to
dene fluoride, irradiated, failure. See Notes 9 and 14.-

insulation,20 gauge wire.

Piinted circuit board 1.05 717- 50% retention of electrical
material (1/i in.), strength. See Note 14.

NEhiA G.10 and FR.4

Printed circuit board 1 49 717 50% retentwn of flexural

material (8/32 n.)- strength. See Note ! 4i .

NEhiA G 10 and FR.4
Polyimide, aromatic, 1.57 461 hieantime to failure. See Notes

TFE. banded and coated 9 and 14.

insulation,20 gauge wire.

Polymeth>lmethacryhte 0.34 890

Polytetrafluoroethylene 0.43 890

Polytetrafluoroethylene 3.29 537 10% weight loss in vacuum.
See Note 14.

Polyth-rmalete, heavy, 0.95 320 Average cou life. See Notes 12
'

insuhtien and 3h! 241 and 14.

epoxy encapsulant on
solenoid coi!.

Polythermaleze insub. 0.92 320 Average coil life. See Notes 12

tion and Acme 4027.A and 14.

epoxy encapsulant on
solenoid coil.

~

Polythermaleze insula. 1.00 610 See Hotes I snd l1.
* tion on magnet wire.-

Polythermaleze insub. 0.% 610 See Notes 2 and 11.
tion on magnet wire.

,
Polythermaleze insub. 1.56 610 See Notes 3 and 11.
tion on magnet wire.

Pohthennaleze insuh. 1.00 610 See Notes 4 and 11.

tion on magnet w.re.

Polythe.maleze insula. 0.9S 610 See Notes 5 and 11.

tion on magnet wire.

Polythermaleze insula. 0.75 610 See Notes 6 and 11.

tion on magnet wire.
1=

i -

i.
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A:tnafson Entires !
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Material / Actisation
Component /Desice Energs (eV) Ci: ' ion Remarks

Polysinyl formal, im. 1.03 632 See Note 14.

pregnated with phenolic ,

type vamish, magnet g

|w1te. t
PVC-nylon insulation, 1.40 461 billW.5056/2. See Notes 9
20 gauge wire end 14. !

-

PVC, irradiated, 0.99 461 See Notes 9 and 14. !
insulaticn,20 gauge j
wire.

'

.

3

Resin mica insulation, 0.70 179 Loss factor in stator cous during ,

sohentless 10 year field senice increased in !

accordance with Arrhenius |
model to a peak. i

Semiconductor devices, 0.91.4 86 Predominant value-1.1 eV. j
,

suicon. }
Silicon 61 04 (Dow 1.14 765 Determined by thermogravi- ;

'

Comint : metric analysis. Heating rate of
'

10 C pu minute.

Silicone, modified, wire 1.56 566 1000 volt failure between twisted
enamel on copper with- pairs. Average life. See Note 14. |
out vamish. i

S0icone, modified, wire 1.61 566 1000 volt failure between twisted i
'

enamel on copper with pairs. Average life. See Note 14.
silicone vamish.

Silicone, modified, wire 1.46 566 1000 volt fadure betv.een twisted -

enamel on aluminum p.ir.t. Average life. See Note 14. !

without vamish. I
-

Silicon transistors and 1.1 184 Testing of transistor, and !

integrated circuits integrated circuits based on ,

Arrhenius model. !

ShtL insulation and 0.72 320 See Note 14.
Jones Dabney epoxy
encapsulant.

Termination, tinned 0.77 69 Present aging relation: 16 h c
round wire (Sn, Sn + 155'C = 5 yr @ room temp.

SnFb, Au, Ag) Recommended relation: 4hc
155 C = 5 yr G room temp.
Failure caused by: high tempera-
ture, high humidity, sulfur.
dioxide.

B.11
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Aetnetion Ent' pes

Material / Actnation
Component /Daice Enerp (eV) Citatwn Rematis
Transistors, germanium 0.991.26 136
@ 60 C. (Appendix)
Transistors, germar.ium 0.17 236 Near and below room

temperature
Transistor, gernunium, 0.S$ 340
unEettered

'

Tunsistors, germanium, 1.24 140
.

gettered with vycor or
molecular sieve

Transistor, Si mesa, 0.38 677 Conditions not specified.
2N269 (1%1) 0.5S 677 Constant stress.
Transistor, Si mesa.

2N560 (1959) 1.12 672
4

(1960) 1.50 672
Transistor, Si mesa,

2N1051 (1960) 1.12 671
Transistor, modern 1.4 129
submarine cable

Transistors, h10S 1.2 129
Transistors, h10S !.10 157 hiedian hfe for failure criterion

of 1.0N shift. See Note 14.
Transistors, A105 1.10 157 hiedian Le for failurs criterion

of 0.5N shift. See Note 14.
Transistor, pow er, htSC 0.81 125 hiedian time to failure. See

,

1330
Note 14.

Transistors, Si main pop.
(1960) 1.02 340
Transistor, Si planar,

BPt 33 (1%9) 1.12 235
Transistor, Si planar,

4A 2(1%7) 1.18 675 Step stress.
(1%7) 1.50 675 Constant stress.
(1%3) 1.29 676 Constant stress.
Transistor, Si, p n-p-n 1.65 340

Transistors, silicon,(All)
-before wearout 1.12 235
-at wearout 1.46 233

Transistor, silicon, bipolar 1.02 340 With surface inversion failures.
Tranes. silicon, bipolar 1.021.04 340 Wit'n Au Al bond failures.
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cxample (Rockbestos data): 825 hr 6 150*C, 4300 hr 0
and 12600 hr 9121*C all represent the same amount of136*C, i.e. to 60% of the origins 2 value. The

elongation degradation,,

! activation energy relates the t;aee different times at
temperatures as well as relating similar times / temperatures fcr

'

any other chosen amounts of degradation.
End-of-life is determined by a criterion which puts a limit

on how much a material property can degrade before the material|
i would no langer be capable of performing its intended

Measures of end-of-life for a cable might be when itfunction.can no longer maintain dielectric strength, when its insulation
tensile elongation has degraded to a value where the cable is
too brittle for handling, or ac.y other criterion one might have
for a given application. The major point is that the
end-of-life definition lo largely determined by thg

The true measure of end-of-life for nuclearacolication.
applications is when a material or device is no longer capable
of performing its intended function in an accident environment
for the amount of time required. However, this criterion is;

not generally vm ? by manufacturers (for practical reasons).
The typical approach of a manufacturer is to first determine
some set of service conditions (typically some enveloping

the activation energy of the materials invc1ved,conditions),
and the desired qualified life of the device (often 40 yr, butan artificial aging temperature is chosen, next,may be less);'

based on experience, mate. rial limitations, and practicality;
final *ay, using the Arrhenius equation, the artificial aging .

time is calculated based on the material with the limitint '

(lowost) activation energy.
|

Why is this approach acceptable?

This approach causes the material to be in a condition
to if it we.- naturally aged in the plant at the" equivalent" Afterservice terperature for its desired qualified life.

other aging, the material is accident tested and checked for
functionality. If it functions, the material must have been at
some point less than or equal to its true end-of-life for the
given application, i.e. in all probability, more aging could
have been performed ruccessfully. Conversely, if the material

fails, it may heve been overaged and may not be able to meet
the desired qualified life (note that nany other effects,
unrelated to thermal aging, could have caused the failure). In

addition, overaging of certain materialc in the device might
i

cause failures as described below.
Since activation energies can vary widely, the acing of

some parts of the device will be accelerated more than the
aging of other parts, causing tne former to be aged to much
greater lifetimes t' nan the denired qualified life. In some

cases, this overaging can cause failures of the device which
may not be representative of real life aging failures.i

Different techniques have been used to limit overaging, with
some examples as follows:

5
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I --Preaging of materials that have low activation energy
| prior to final assembly of the device with subsequent aging of
| the complete device.

--Replacement of high activation encrgy materials at an
appropriate time during aging-so that they will be aged to the
correct qualified life.

NOTE: Most manufacturers do not wish to disturb seals or
gaskets used on a device, which can limit the usefulness of the
above methods in some cases.

--Selecting a shortor qualified life for the overall
nevice, but requiring replacement of the subcomponents with the

| lowest activation energies at appropriate intervals.
NOTE: It must be emphasized that the above does n21 imply

|
that the materials with low activation energies are necessarily

| anywhere near the'ir true end-of-life, only that the aging
performed is insufficient to demonstrate a longer qualifisd

( life.

In many cases, none of the above techniques are used and
the overaged parts are used throughout the rest of the test

| sequence,

other notes on thermal' aging:

--some materials may exhibit non-Arrhenius behavior.
--10*C rule may also be used, i.e. for every 10*C rise ir

temperature, the life decreases by a factor.of 2. Mcwever,
this method may be somewhat less precise than the Arrhenius
method, and therefore it is used sparingly. It may also be
modifimd, to say a 7.3'c rule, based on specific material data.

--In some cases, a utility might use a number of different
normal aging environments to cover various operating conditions
of the plant when the temperatures are different. In effect, a
summation procedure is used in the calculation of qualified
life and the Arrhenius equation is medified slightly.- This
approach is often used if the testing done does not support a
qualified life at some envelc,ing temperature.

--The DOR Guidelines contain the least strict thermal aging
requirements. Section 5.2.4 has been interpreted to mean that
in virtually all cases, analysis and/or separate ef fects tests

,

are permissible for thermal life calculations. When thermal
aging was not included in the test program, there is no real|

basis to define end-of-qualified-life in terms of a measurable
parameter. Consegeantly, utilities may chi .9. a definition for
end-of-qualified life which will res"It in , iesired qualified
life. In genera), a basis of belcw 50% retr.cion of a given
property would need good justification.

--The uncertainty associated with the Arrhenius-
calculations should be recognized and understood. For example,
censider an aging time of 100 hours, an aging temperature of
13013*C, an ambient temperature of 5015'C, and an activation >

energy of 1.010.1 eV., The range of potential lives from this

6
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r
,

f

i

. Normally,.the life
| data is-from 3.52 years to 68.6 years!
i should be determined-in a conservative' fashion, but this

!' example demonstrates.that even slight variations in parameters
i can make extreme differer. *es in qualified life. The reason is,

of course, that the exponential in the Arrhenius equations
i

greatly magnifies uncertainty. . ,

:
|

1

l

|
|

i

4

|
.

t
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Acina and Accident Radiation
Normally, the total integrated dose (TID) of radiation

(aging + accident) is applied at one time using a fixed dose
rate which is much higher than the normal aging dose rate and
may be on the order of the peak accident dose rate. This type

of exposure uses an equal-dose-equal-damage assumption, meaning
any possible dose rate effects are neglected (except that
margin might be added to the TID to account for dose rate
effects).

Applying the total dose at one time at a fixed dose rate is
consistent with IEEE 323-1974 and IEEE 383-1974 (for cables).
IEEE 083-1974 does sta.;e that the dose rate should be less than
1 Mrad /hr for insulating materials. 10CFR50.49 ope.cifically

requires considerati1 n of dose rate effects when establishing
radiation service ccnditions. The DOR Guidelines do not
require consideration of dose rate effects.

The following materials have been demonstrated to have some
dose rate effect g ,

Ethylene Propylene Rubber (EPR)
Polyvinyl Chloride (PVC)
Low Density Eplyethylene (LDPE)
chlorosulfonated Polyethylene (Hypalon)
Chloroprene

For these materials irradiated to a given total dose, the
anount of degradation tends to increase as the dose rate is
lowered (up to a point, depending on the given material).

In addition, 10CFR50.49 and NUREG-0508, Category I
qualifications are required to consider synergistic effects
(dose rate effects may be thought of as one type of synergistic
effect). Materials that have been demonstrated to show
significant synergistic effects between thermal and radiation
aging are as follcus:

,

I

| Low Density Polyethylene
Polyvinyl Chloride

For these later two materials, simultaneous radiation and
thermal aging is much more severe than sequential aging.
Radiation followed by thermal is best if sequential tenting is

I employed. both of the above materials are in very limited use
inside contuinuents and in virtually all cases where they are

| used, qualification is to the DOR Guidelines, which does not
require consideration of synergistic effects. In these cases,

|
we have to rely on some sort of maintenance / surveillance to

! detect severe degradation. However, we don't really know that

parameters are important in such a program... Current Sandia
research is addressing this question.

8
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Beta-Gamma Eqvivalence

All regulations support using a gamma source to simulateBeta is consideredboth the beta and gamma radiation.,

Mostfor exposed materials (primarily cables).-

organic materials other than cables are well shielded from betaimportant

radiation, which has very little penetrating power.
Few significent problems have been found in this area. theEven when beta radiation is not well addressed in a file,

utility can usually make valid arguments for neglecting its
effects.

One possible sticky point: taking credit for beta
shielding by a cable jacket when the integrity of the cable
jacket is not verified at the end of the test.In the Rockbestos tests, neoprene jackets wereExample:cracked enough ta see the insulation on the cables below, but
this is not reported in the qua iiication test report becauseOneRockbestos does not claim any credit for the jacket.
utility, not knowing about the cracked jackets, took credit for
the jacket as a beta radiation shield.

Operational Acina

--Generally cycle devices a given number of times
only necessary if some failure mode can be reasonablyExamples: cables don'tpostulated based on cycling.;

really need to be cycled, but solenoid valves shouldf
| be cycled.

--No major problems known in this area.

|
|

|
i

i

l seismic
I

--Not covered by environmental qualification.|

!

|

|

|

|

9
|

|
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Accident Simulation j

Steam Exposure hBd Chemical Sora_y

All regulations require steam testing if equipment is to be
exposed to a steam environment. This is the one area where
even the DOR Guidelines are fairly rigid, stating the
following:

"The choice of qualification method employed for a
particular application of equipment is large)y a matter of
technical judgement based on such factors as: (1) the severity
of the service conditions; (2) the structural and material
complexity of the equipment; and (3) the degree of certainty
required in the qualification procedure (i.e. the safety
importance of the equipment function). Based on these
considerations, type testing is the preferred method of
qualification for electrical equipment located inside
containment requ3 red to mitigate the consequences of design
basis events, i.e., Class 1E equipment. . . As a minimum, the
qualification for severe temperature, pressure, and steam
service conditions for Class 1E equipment shocid be based on
type testing... Exceptions to these general guidelines must be
justified on a case by case basis."

chemical spray is usually included in the steam test if it
is a realistic service conditions. This is true even in older
tests, although the DOR Guidelines do allow analysis for
chemical spray qualification. Few problems have been found
with qualification for chemical sprays, although some minor
problems rave been identified with facilities performing
testing, prinarily in quality assurance verification that
sprays have been properly determined and mixed. The

: approximate concentrations of chemical reagents to mix IEEE
323-1974 standard checiaal spray is as follows (IEEE 323-1974

| spray often used as A- snveloping condition):

!
17.3 g/l of H B033
10.7 g/l of NaOH
10.1 g/l of Na2 2 3 QB 15.2 g/l ofS0

S 0 5H ONa2 2 3 2
NaOH to make pH of 10.5 at 77'F

Steam testing is an area where many problems have been
identified:

--Failure to perform a steam test on a configuration
similar to the installed configuration
(similarity /installatien discussion later) .
--Failure to monitor appropriate functional parameters
during the steam test (more discussion later).
--Failure to envelop required accident parameters.'

,

Example: Namco limit switchen were tested with cable leads
,

in scaled conduit such that no moisture could anter the limit
10
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!

switch through the conduit. An acceptable installation is thus
to use a conduit seal to prevent moisture _ entry, but seals may
not always be used.

In some cases, deviations may_be successfully justified.
Exampic: A thermal lag analysis may-be used to show that a
short duration temperature transient not enveloped by the test
actually results in lower peak temperatures insido a device
than does the testing performed over a much longer period.

Example: It is often possible to argue that the
orientation of a device is not important during a steam test,

4such as for a pressure transmitter that is essentially sealed
from the steam environment by gaskets or "o"-rings. This

argument would perhaps be more difficult for terminal blocks or
motor operators, whose orientations may be more critical during
testing.

Although failure to envelop required accident parameters
seems rather straightforward, it may be complicated by several -

factors. Rarely will a utility have non-enveloping conditions
stated on the SCEW sheet without some analysis of why the
deviation is acceptable (see thermal lag analysis example
above). However, the important part of the review is to make '

<good engineering judgemants of the technical validity of the
arguments presented and to be able to provide apprepriate
questions where the arguments appear weak.

Example for discussion: At Oyster Creek, the conduit seals
normally required for Namco limit switches (see above example
on Namcos) were not used outside containment. Upon questioning
the rationale, utility personnel stated that the accident
environment .t the location of the limit switches (193*F and100% relative humidity) did not constitute steam service asa

defined by the DOR Guidelines and hence did not requirc a steam
test. The walkdown inspection revealed that the limit switches
were at the lowest point of a run of about five feet of
conduit. What do you think?

11
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Discussion of Saturated vs. Suparhonted Steam

Saturated steam-is steam which is at a temperature and
pressure where both liquid and vapor can coexist at
ecuilibrium. Some saturated temperature / pressure conditions
are as fcallows:

Terperature (*F) pressure (psia)
70 0.363

100 0.950
150 J.722
200 11.53
212 14.70
250 29.82
300 66.98
350 134.5

Relative humidity is the ratio of the partial pressure of
water vapor to the saturation pressure of the steam at the
given temperature.

Example: A water vapor / air mixture has a total pressure of
14.7 psia. What is the relative humidity if the temperature is
100*F and the vapor has a partial pressure of 0.5 psia (i.e.
vapor accounts for 0.5 psia of the total pressure and air
accounts for 14.2 psia of the total pressure)?

Solution: The saturation pressure of steam at 100*F is
0.950 psia. Therefcre, the relative humidity is 0.50 / O.95 x
100% = 53%.

Superheated s team is steam that is at a temperature greater
than the saturation temperature at the given partiel pressure
of the steam, or equivalently at a partial pressure below the
saturation pressure at the given temperature. In the example
above, at 53% humidity, the environment technically includes
superheated steam since the partial pressure of the steam

| (0.5 psia) is below the saturation pressure at the given
| temperature (0.95 psia)! Similarly, subcooled liquid is at a
' temperature below the saturation temperature at the given total

pressure (total pressure since the substance in in a liquid
| form). An example of a subcooled liquid is a glass of water

which is evaporating.
t

I A relative humidity of 100% implies that the environment
includes saturated steam, although at low temperaturer, it is
usually not thought of as such. The reason is that at low,

| temperatures and 100% humidity, the amount of moisture is much
less than at higher temperaturas. The absolute amount of
moisture is directly related to the partial pressure of the
vapor and the proba;ility ni condensation is related to the
partial pressure of the vapor and the temperature of the
surface where the moisture might condense, condensation occurs
if the partial pressure of the vapor is above the saturation
pressure corresponding to the temperature of the potential| .

| conMensation surface.
12!
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i
,

!

Example: Will condensation occur from a water vapor / air
mixture at 150*F and 40% humidity onto a surface at 100*F?

Solution: 'he partial pressure of the water vapor is the
i

relative humidity in decimal form times the saturation pressure!

of steam at 150*F, or 0.40 x 3.722 = 1.5 psia. The saturation
| pressure corresponding to the te.mperature of the potential

condensing surface is 0.95 psia. Therefore, condensation will
occur.

The theoretical sequence of events which occurs to a
component when steam is dumped into a closed compartment (such
as a containnent) is as follows. First, the component is
usually at a temperature below the saturation temperature
corresponding to the resulting partial pressure of the steam
(unless the component has very s3gnificant self-heating) .
Condensation immediately begins on the surface of the,

!

component. The maximum temperature of this condensed steam is
the saturation temperature of steam at the partial pressure of
the ambient steam. Next, as condensation continues and heat is
transferred to the component from the ambient steam, the,

'

temperature of the component rises until it reaches at least
the temperature of the environment. The temperature may
increase further if the device generates any internal heat.

. Finally, at this point, one of two situations occurs: if the
|
|

device has self heating, it till eventually cause the collected
moisture to evaporate; if not, an equilibrium will be attained
with liquid on the device in equilibrium with the surrounding
environment.

In reality, the sequence will not occur exactly as
describcd above. Many interacting factors will govern exactly
what happens. Some important complicating effects are those of
chemical sprays and contamination in the plant (dust, chemic.1
residues, rust, etc.) which will tend to keep more moisture on
equipment.

Hopefully, the above will provide some insights into what a
" steam" environment really is and some of the very basic
mechanisms of steam behavior.

13
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Post-Accident
(.
[ -The regulations generallyLrequire that equipment be
i qualified ~for the time duration that they need to function,
i plus margin. The staff position has been that post-accident
j acceleration using Arrhenius analysis is normally. acceptable as

long as the acceleration is not excessive-(not easily' defined,!

; of. course). The DOR Guidelines tend to'be most permissive in
that they only require qualification up until the time that-the-

|
accident conditions have essentially' returned to pre-accident

t values, and they also specifically allow tatrual aging-type
calculations to justify even shorter tests.; --

,

| Even though the post-accident acceleration has typically
; been deemed. acceptable, there'are some assumptions made in the
j analysis that are significant and may be non-conservative :in

one example is that using thermal aging analysisj. some cases.
i

for post-accident qualification assumes that-the only failure
j mechanism is1 thermal age related. This approach discounts -

i long-term moisture related failures to a large extent, should'
,

they exist.
5 .

|
In-general, the transient part of-the accident may not be-

accelerated or used for acceleration; only the steady state
i
- portion-of the post-accident exposure should be accelerated.
| However, calculations which include credit for the transient
: portion of the accidentfand demonstrate very long pcst-accident

qualification are generally not questioned (i.e. where thej steady state portion alone could easily be shown to be
sufficient by itself) .

i
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Submeroence

The regulations all support actual submergence testing to
qualify components which nay become submerged. Specifying
saturated rteam during accident testing is generally not
considered dequate for submergence qualification.

Example: A clear case where saturated steam would be
insuf ficient is when testing terminal blocks. For many
applications, the blocks can be qualified for saturated steam,
but invariably, terminal blocks will fail when submerged.

From a technical standpoint, it should be possible to
qualify some types of equipment for submergence based on
saturated steam testing. Specifically, the following points
would need to be addressed:

--The device would have to be sealed from the environment
by design.
--The qualification report would have to make a clear and
convincing argument that no moisture got into the device.
A simple visual inspection stating that there was no
evidence of moisture intrusion may not be sufficient,
although detailed examination results might be more
convincing.
--Similar to the above, a valid argument addressing
moisture intrusion from interconnections, such as cables,
conduit seals, and conduit fittings, would be necessary.
--Verification that the seal materials would not be
degraded by the submerged condition.

Examples for discussion:

1) Minco RTDs submergence question at Diablo Canyon.

2) Neutron monitor junction box at Maine Yankee

15
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i Functitjlgl, Performance Recruirements add ' Data

The regulations require demonstration that plant functional
performance requirements have been satisfied for the,

environments in which the device-must operate. Many individual#

instances can be cited where utilities have. failed to do this,
but they generally fall into one of two categories:-

1. The functional performance requirements are not1
'

specified adequately.
; 2. The qualification report and EQ file do not demonstrate

that the functional performance requirements have been met,
.

! most often during accident condit!.ons.
<

The first item seems obvious,-yet legitimate questions can
j be asked such as what are the necessary functional performance

requirements for a section of cable, which doesn't necessarily-*

have an easy answer. Even further, what is the necessary,

accuracy for a pressure transmitter used to monitor reactor
i coolant pressure following an accident and what is the
; technical- basis to support the necessary accuracy? In general,

the accuracies should-be based on assumptions used in
: developing the plant safety analysis,-but determining the
1 necessar* accuracy for a particular instrument is often

difficul- on this basis.*

Let's leave some space here for notes and get some class
opinions on the subject of determining instrument accuracy.

|

t

I

,

4

i

In general, power and control devices have somewhat more
easily specified performance requirements. For example, a
motor operated valve may need to "open or close on demand and
remain in the desired position." However, one might ask the
following question of a particular test which appeared to
denonstrate the above capability:

--Does the motor torque degrade during the accident test?
If so,.how much, and does this degrade operability of the valve

,

16
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in the as installed configuration (e.g. when working fluid
interactions with the valve are considered, coupled with
degraded torque).

As another example, a solenoid valve might have similar
requirements as for the motor operated valve described above.
However, one might fail to consider a specification on
allowable leakage of the valve. How to determine tha allowable*

leakage may be somewhat difficult, but it snould be addressed.

Utilities generally use two different approaches to $-
determine the functional performance requirements. First, T' '

Lbased on something, they may determine the necessary
requirements for their applicati<.n and then check that a
particular test verifies t',2t the requirements are met.
Alternatively, the demonstrated parameters from testing may be
evaluated and found to be acceptable. This second method
presents somewhat of a direct conflict with IEEE 323-1974,

'

which states in section 6.3.1.1 that the test plan should
I incluoe "(9) Performance Jimits or failure definition." .

However, the staff position has been to accept this latter
{ method of demonstrating functional performance, largely because

much testing is done in a generic fashion and in most cases,
the functional performance requirements are plant spezific.

)
.

Interconnecting devices, such ac cables, penetrations,
terminal blocks, etc. present unique challenges to defining {_
functional performance requirements. What is it that these

c'

interconnecting devices must do, exactly? They must transmit
current and voltage from one place to another while maintaining
the desired characteristics of the transmitted parameters. The
first part, that of transmitting current and voltage from one
place to another, is usually addressed in any reasonable
qualification. The second part is the difficult part. What
parameters need to be measured to determine that the desired
characteristics of the transmitted current and voltage are
maintained? At this point I will defer further discussion to

' the specific issues sections.

Once adequate and complete functional performance
requirements are defined, the second step $s to demonstrate
that they are met based on the tests conducted. It is easy to
envision that the most important time, and indeed, often the
most difficult time, for verifying functional perforrsnce
requirements is durina accident environment application. The
specimen will venally be inside a test chamber where it is
largely inacceTx4ble and the harsh chambr: environment makes
some types of eaaitoring difficult. If a good test was
conducted and 4A1 the pertinent parameters were measured, it is
straigntforward to compare the specifications to the
demonstrated performance. In many cases, however, the
performance data during the accident test is not 100%
complete. The following give some examples of potentially
incomplete data:

17
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--All paramstoro waro not coacured during tho occident
exposure.
--Palameters were not measured at appropriate times.
--The data presented is inconsistent and thus questionabic.
--Parameters were not measure over the entire spectrum of
instrument operation.
--At the utility level, the test report may not include all
data that was taken during the test.

Thus, it is often necessary to use good engineering
experience from similar tests, and insights fromjudgement,

other team members to make a determination as to whether the
performance requirements have been adequately satisfied.

The individual sections on specific components will provide
more insights for component specific functional performance
requilaments.

Later, we will discuss the related measurements of
insulation resistance (IR) and leakage currents. At this

point, we will address the question of the relationship between
IR and leakage current. In Ohm's law, V = I * R, the

resistance R (or IR) is assumed to be a fixed value, as for a
commercial resistor. On the other hand, leakage current I is
directly proportional to applied voltage (with R assumed
constant). The applied voltage is the voltage across the
resistance R and may vary with varying leakage currents. In

the figure below, the voltage applied to the circuit is 50
Vdc. With no leakage current (i.e. R=a), the voltage applied
across R is 50 V, but with a leakage current in the circuit of

i 9 mA, the voltage appliei across R is only 5 V. The
! corresponding leakage current if the full 50 V were applied

would be 90 mA, a significant difference. Thus, it is

important to remember that leakage current varies with voltage,
but resistance is generally assumed to be independent of
voltage. It should be mentioned that some valid arguments'do
exist to refute that R is independent of voltage, but we will
not discuss them here.

5000 f)

M
0 0 Terminal-

V=50 V 4Wv- Block
-

-

() ()--

t
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similarity

All the regulations require that qualification be based on
either an identical or similar piece of equipment. If

qualification is based on a similar piece of equipment, then a
supporting analysis is necessary to demonstrate that the tested
and installed equipment is indeed similar. This is often
necessary since every dif ferent model, configuration, and
installation cannot be tested practically. Therefore, we have
the question, what constitutes a similar piece of equipment?
The answer, as so many times before, is not an easy one,
similarity may need consideration of form, fit, function,
materials, manufacture, and installatien. A very important
point is that similarity deoends larceiv nn the acolication. A
similarity argument essentially must demonstrate that because
one piece of equipment was successfully tested in some
environment, another piece of different equipment will also
perform its required function in another (possibly different)
environment. Consider some examples as follows:

A pressure transmitter with a range of 0-1000 psi is to be
qualified based on testing of a pressure transmitter with a
0-10 psi range. Everything is identical about the
transmitters except that a different stainless steel
bellows is used. The desired qualification environment is
the same as the test environment. Are the units similar?

!

|

A limit switch was tested using a conduit seal to
IEEE 323-1974 conditions (including 200 MR rediation).. A
plant is using the same limit switch in a radiation only
harsh environment (100 MR maximum), but they did not
install a co,duit seal. Is the tested switch similar to
the installed switch?

|

|

|

19
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A whole family of cables is to be qualified based on
testing of representative sanples. Which cables should be
chosen as the representative samples? See Table 1 in IEEE
383-1974 for suggested selection of representative
samples. In addition, paragraph 1.3 states that
" qualification of on cable may permit extrapola'clon of
results to qualify other cables of the same type, with
consideration given to cable dimensions and probable modes
of failure."

A terminal block from one manufactarer is to be qualified
based on testing done on the termAnal blocks of two other
manufacturers. All are made of a nonspecific phenolic
material. The testing on the two terminal blocks used the
IEEE 323-1974 suggested profile (340*F for six hours,
etc.). The terminal block to be qualified is used where
the peak environment is 225'F for 4 minutes, followed by a
decrease to 150*F in 30 minutes and return to the ambient
of 90*F after 3 hours. Performance of the tested terminal
blocks was quite good, about as expected for terminal
blocks in the test environment. Are the blocks similar?

More similarity examples, including discussion of generic
materials similarity, will be included in the specific
component sections.

20
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Margin is essentially the difference between the worst case
plant conditions and the test conditions. It is applied to
account for uncertainties in the qualification process and for
normal production variations of equipment. IEEE 323-1974 gives
recommended values for margin and they will not be repeated
here, A significant point to address here is that of margin in
one area " compensating" for lack of margin in another area or
in some cases, even lack of enveloping in some areas. My
philosophy is that one needs to look at the qualification
package as a whole and decide whether the package verifies with
reasonable certainty that the equipment will perform ius
function when required. Thus, my feeling is that some amount'

of the above is reasonable. However, some points I would
,

carefully consider are as follows:

--A great deal of-margin in one area should be used to get
a much smaller margin in another area.,

--The area lacking some margin or enveloping should be an
'

area where known failure modes of the type of equipment
under consideration are not dominant.
--Knowledge of industry qualification experience with the
equipment needs to be considered, j
--When in doubt, consult with others as appropriate, and I

when not reasonably sure, err on the conservative side.
.

Some examples- '

--A cable was tested to a demineralized water environment
when it is needed in the plant for a more severe chemical
spray environment. A successful argument might be that the
other parameters are well enveloped, the material the cable
is made of is not typically degraded by the chemicals in
the spray, and that cable failures in qualification testing
are normally unrelated to chemical sprays.

--A solenoid valve was tested to a 300'F/67 psia saturated4

steam environment for 3 hours and is needed at 320*F/50
psia superheated steam environment for 30 minutes, followed
by 30 minutes at 275'F. The above requirements include the
suggested 15'F nargin. The solenoid valve was thermally
aged at 350*F for 7 days prior to steam testing. A
successful argument be that the valve was aged at a
temperature well above the necessary steam qualification,
that there is significant time margin in the test (even
though at a reduced temperature level), that the required
pressure was enveloped, that the actual requireds

temperature (before margin) is only 5*F above the test
temperature, that the actual amount of moisture present is
enveloped, and that the temperature / moisture interaction in
the steam environment is not a major failure mode for
solenoid valves. A similar argument might not work so well
if the component were a terminal block used in an
instrumentation circuit.

21
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Soecific Component Issues

Cables

The following list includes many of the issues identified
for cables:

u-Utility does no' know for sure what cable is installed.
--Utility does nos have all installed cable on the master
list.
--Utility does not have adequate documentation for
qualification.

--Similarity inadequate (includes generic
qualification issues).
--Functional performance inadequately addressed.
--Environments not enveloped.

The first two items on the list are related and may be
assessed in two major ways. One way to assess what is
installed vs. what is on the master list is to look at cable in
the plant that is connected to qualified equipment and verify
that the cable is on the master list (physical inspection
covered elsewhere in the course). In some cases, the cable may
not be field identifiable and it is necessary to rely on the
second method, examining the plant's qualf'y assurance and
installation records to identify cables. In some cases,
utilities do not know exactly what cable is installed in what
circuits, but they do have an exhaustive list of all cables
which might be installed in qualified circuits and they have
qualification documentation for all the possibilities.
obviously, this is the less preferable method since any
problems identified with a particular cable (either during an
inspection or at a future time) are much more difficult to deal
with.

The remainder of the list looks very familiar to the items
in the earlier definition of qualification given earlier.
Cable similarity has been questioned often and in many cases
has not been adequately demonstrated. Recently manufactured
cable is much less prcne to similarity problems because the
industry has become well aware of the issues involved. The
major problems thus occur with older cables. One of the more
controversial issues has been that of generic raterial

! qualification, i.e. trying to qualify one manuf acturer's cable
| based on successful testing of a second manufacturer's cable
' made of the "same" material. In some cases, generic

qualification has been accepted to a limited extent, but this
hardly means that the staff position is to accept it blindly as
some in industry, particularly consultants, might imply. Each
case must be carefully evaluated on its own merits. I will
attempt to give some insights into what.needs to be considered
in such a qualification because each case is unique. The
following cuestions should be kept in mind during a review:

--Is the cable inside or outside containment?t

22,
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--What are the environmental conditions for the cable?--What are the typical capabilities of the material under
consideration?--How does the local environment compare with typical
capabilities of cables in general as well as with typical
capabilities of the particular material?
--What similarity information is available for the tested
vs. installed cables?
--What type test data is available for the specific
material?
--How much can margin in one area compensate for deficiency
in another area?
So far, only one instance of generic material qualification

for inside containment applications (Ft. St. Vrain) has been
accepted, based on special circumstances including virtually no
radiation dose and a relatively short accident environment at

Several additional cases have been acceptedhigh temperatures.'

for outside containment based on considerations c< the above.
The above type of information should be addressed in the
qualification package. As is apparent, determining the
adequacy of generic qualification can require experience and
good engineering judgement. When in doubt, consult with others
as necessary.

Many other similarity issues have come up. In general, the

utility should have a certificate of conformance from the
manufacturer with a statement that the cables are identical or
similar to tested cables. If similarity is claimed, the basis ,

should be specified and justified, as necessary. An earlier

example gave information on choosing representative samples
from a family of cables. Thus, a statement from the

manufacturer that the materials and method of construction arethe same as tested cable is generally sufficient for
establishing similarity unless particular concerns are known
for the specific cables. The testing should generally include
samples with the minimum thickness of insulation used in the
plant. Most recent qualifications will meet these criteria.

Example for discussion: Butyl Rubber. Both Big Reck Point
and Quad Cities have butyl rubber cable installed. Both

qualifications have been questioned for various reasons.

Discussnon:

|
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Some difficulty may arise in terminology suca as if a
utility states, for example, that they have Rockbestos Firewall
III insulated cable and that testing was also performed on
Rockbestos Firewall III insulated cable. In fact, much more
specific information is sometimes necessary to establish
similarity. Some information will be given in the specific
product listing for commonly encountered cable products; in
other cases it may be necessary to request vendor catalog
information, discuss specifics with the licensee, or consult
with appropriate personnel.

.

The question of adequately addressing functional
performance for interconnecting devices was mentioned earlier.
The staff position for cables has been different for different
types of cable. For instrumentation cables and
interconnections, the primary parameter of interest is IR data'

or leakage current data durina the steam / spray simulatio . The
concern is greatest for devices involving exposed termwmis of
any kind, such as terminal blocks. However, the staff position
has been to require data for any instrumentation
interconnecting device exposea to harsh steam environments.
Analysis of the effects of degraded IR on instrumentation
circuit accuracies has often been neglected by utilities in the
past. Two methods may be used to assess the effects: either
determine an acceptable IR for the circuits and verify that it
is met or verify that the measured values are adequate. The
individual sections on' specific components will describe the
types of analysis for determining potential accuracy
degradation from interconnecting devices. In general, for

nog-coaxial type applications, instrument cable IR of above
10 0 for a test length of 10-15 ft can be shown to be
acceptable. Coaxial cable applications have special
requiremente and will be discussed in the radiation monitor
section. The major application for coaxial cable inside
containment, other than radiation monitors, is acoustic
monitors for valve position indication. Specific requirements
fer these circuits don't seem to be nearly as severe as for
radiation monitors, but they have never been as extensively
examined; they will not be covered in this material.

Power cable is at the opposite end of applications from
instrument cable. The staff position has been that IR
measurements are not necessary for power cables if a go9d test
was performed and the cables were loaded with appropriate
current and voltage during the test and satisfactorily passed a
post-test dielectric withstand test. (In some older
qualification tests, the withstand test may not be included.)
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Control cablo applications, cnd hanco roquircmanto, f all
somewhere between power and instrumentation. In some control

I circuits,IRconsiderationsmaybecome{mportant, although this
is rarely the case. Cable irs above 10 0 for a test length
of 10-15 ft durina steam testing are generally sufficient. For
most outside containment applications, the IR for control 4

cables would not fall to low enough values to cause circuit
problems. Hence, in some cases, a test where irs were not
measured has been found acceptable if a good test was performed
and the cables were loaded with appropriate current and voltage
during the test and satisfactorily passed a post-test
dielectric withstand test. For inside containment
applications, the IR data would generally be required. In any
case, consideration of the environment the cable is expected to
survive in is an important consideration.

,

Several specific areas to be aware of are as follows:

--Scaling of IR data. According to physical laws, if the
cable length is increased, its IR decreases. A few
manufacturers report IR data using units of 0-1000 ft,
which is the IR of 1000 ft of cable. Most report the IR
for the tested length of cabl2. It is important to
recognize that the two may easily differ by nearly two
orders of magnitude and that the guidelines mentioned in
the above paragraphs refer to tested lengths of cable. In
analyzing the effects of degraded IR, the actual installed
cable length needs to be considered relative to the tested
length. The IR to use in the calculation is found by as ,

'

Iris 1 d " Ik
insEakIebi. If t$stik x (length tested / lengthe is given in-an 0-1000 ft basis, then
1000 ft should be used as the length tested. In actual
testing, the measured IR is artificially low because of the
parallel effects of penetrations and lead wires. Sandia
has data over a limited range which appears to support an
increase in a calculated value by st least a factor of 2 if
the scaling is over a length of at leaFt a factor of 3.

Example: A 15 ft section of cable was tested and had a
5minimum IR of 5x10 O. The plant has an installed length of

200 ft. What IR should be used in the circuit calculations?

5Solution: The IR equation gives 5x10 x (15 / 200) =

37.5 kn. However, the length scaling is greater than a factor
of 3; thus, the IR may be increased by a factor of 2 to 75 kO.

--Failure modes considered. In some cases the utility may
only consider certain failures resulting from decreased
IR. One common occurrence in consideration of control
circuits is to only determine if the IR is low enough to
cause fuses to open. In fact, there may be other undesired
effects which can occur at much higher IR than that
required to open a fuse, such as spurious indiention or
operation. Some of these vill be discussed in other
sections.

25
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--Uca of post-test IR data in analyses. Where IR
considerations are important, it is imperative that IR data
durino steam / spray exposure be used. The IR almost always

( recovers efter removal of the harsh environment (unless a
[ f ailure has occurred) .

--A rule of thumb is that bulk IR decreases by a factor of
2 for every 10*C increase in temperature when in a
thermal-only environment. Decreases at least that large
should be expected during steam testing, with higner values
possible. This rule may often be used as a basis to assess
whether test results are reasonable.

The following list gives some manufacturer's product names
along with some information about the product:

--Rockbestos Firewall III and Pyrotrol are product names
for chemically cross-linked polyethylene (XLPT) insulation and
may use either a hypalon or a neoprene jacket. Pyrotrol is an
old formulation; Firewall IIl has been produced since Pyrotrol
and has sevcral different formulations, most with a KXL 760
type designation (one old formulation is KXL 510). The mont
recent formulation is KXL 760D and is covered by Rockbestos
test report QR-5804 (a new report uf testing which the NRC
closely followed). Most older formulations are qualified by
utilities using old test reports (those questioned in IN 84-44)
in combination with similarity to tested KXL 760D and possibly
other test reports. IN 84-44 allows several methods for
dealing with the old questionable test reports including
performing additional testing, analyzing the old test reports
(to show significant margin to account for possible problems),
or obtaining additional test reports from other sources (some
Sandia testing has been cited). The Firewall III designation
is also used for irradiation XLPE; however, the formulation of
irradiation XLPE has not changed over the years to the best of
our knowledge. A new tnst report, QR-5805, covers all
irradiation XLPE and this testing was also followed by the NRC.

--Rockbestos Adverse Service Coaxial Cables are available
in several different products, the most common being RSS-6-104
and RSS-6-113. These use two insulations, a radiation XLPE
it.sulation and a inner insulation, called either LD or LE. The
original (1st generation) coaxial cable was found to not
function satisfactorily above about 230*F and is supposed to
have been removed from all applications where the temperature
could exceed the thermal limitations. The 2nd generation cable
used a modified braid angle to prevent the conductor kinking
failures of the 1st generation cable. Subsequently, the LD
polymer of the 1st and 2nd generation cable was changed to an
LE polymer and the new cable is designated 3rd generation. The
LE formulations were tested successfully and the results are
reported in QR-6802. A similarity analysis was prepared by
Ecckbestos to qualify the 2nd generation cable based on the 3rd
generation cables (the 2nd gcneration test report is one

.
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quoctionod by IN 84-44). Thic on21ycia has baan rcviewed by
the staff and has been accepted at several plants. Production
dates for the cables are as follows: 1st generation before
6/8/81, 2nd generation from 8/20/81 to 3/14/83, and 3rd
generation since 3/15/83.

--Rockbestos also produces silicone rubber (SR) and
ethylene propylene rubber (EPR) insulated cables which have not
been retested. Qualification depends on plant specific
applications and analysis within the guidelines of IN 84-44.

--General Electric SI-57279 is called Vulkene Supreme SIS
and is a XLPE insulated cable. One applicable test report is
fF-C4497-2, a Franklin report of 3/7*/. A letter recently seen
at a utility indicated that GE considers standard Vulkene SIS,
or SI-57275, to be not qualified. Thus, it is important to
distinguish between the two, non-similar formulations. The
SI-57275 may possibly be qualified by other test reports to.
some environments, but GE currently sells only the Vulkene
Supreme for nuclear applications. A current question under
investigation is what Vulkene cable is used in GE electrical
penetrations produced a number of years ago.

--Boston Insulated Wire (BIW) Bostrad 7E cable is an
ethylene propylene rubber (EPR) insulated and hypalon jacketed
product. Qualification testing is covered by BIW report BIW
915 and an updated version BIW 915A. Both of these reports
have been determined to not support IEEE 323-1974
qualification. See Inspection report 99900283/83-02 for more
details. This test report has been found acceptable for some
applications where the DOR Guidelines apply. Current
information indicates that additional testing of the cables has

' been performed to qualify them to 10CFR50.49 requirements.

--Samuel Moore (Eat'on Corp.) Dekorad is an ethylene
propylene diene monomer (EPDM)/hypalon layered insulation with
a hypalon jacket for instrument applications. Cable testing is
reported in an Isomedix test report of June, 1978. Other

! Samuel Moore cables include Polyset (radiation XLPO) and
Elastoset (Flame Retardant EPDM).

--Kerite Corporation high temperature (HT) or high
temperature Kerite (HTK) and a flame retardant (FR) compound
are used in various combinations for insulations and jackets
for power and control cable. Various combinations have been
tested, with the control cable giving low IR values.

--Brand Rex produces a XLPE insulated cable with a hypalon
jacket. Testing is reported in Franklin Reports series
F-C5120- and in report F-C4113 for various applications,

! configuration, and types of cables.

--Raychem Flamtrol uses an XLPE insulation and has not been
|

| produced for quite some time. It is used at a number of plants
and qualification should always be to the DOR Guidelines.l
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--Okonite has a number of different products, including
insulations / jackets with trade names Okonite (EPR), Okoseal
(PVC), Okeguard (EPR), Okozel (modified ethylene
tetraflucroethylene, or tefzel), Okothern (SR), Okolon
(EPR/hypalon composite), and X-Olene-PMR (chemically XLPE).
Okonite did research testing on many products and supplies
selected data to customers based on individual needs. Some
concern has been noted that only positive results have been
given to customers, with no mention of test anomalies or y
failures on similar or identical cables. The large number of
different cable materials indicates that care should be used to
ensure similarity of test specimens to installed cables.

A large number of cable types have been identified at only
one or two utilities and hence must be carefully evaluated on a
case by case basis. The following list gives some of these
rare manufacturers / types (for nuclear use), but no attempt is
made at describing any in detail:

BIW silicone rubber, Galite, Hatfie)3, Lewis, Simplex,
Plastics Wire and Cable Co., Essex, Times W&L, Rome
(Cypress), Tensolite, General, Teledyne, Haveg, Essex, and
Harbour.

Some of the above may include manufacturers that are
subsidiaries of more common manufacturers or names that have
otherwise been obscured.

-

Some more common manufacturers have had name changes or
affiliations which are useful to know. For example, Rockbestos
was formerly called Cerro, Continental is a subsidiary of
Anaconda, and Rome and Cypress are equivalent.

.
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Electrical Penetration Assemblies (EPA)
As for any other type of equipment, the problems for EPAs

fall into categories t.f similarity, performance requirements,
and environmental enveloping. However, concerns over
similarity and environmental enveloping have been much less
pronounced than for cables. Functional performance has very
often been neglected for EPAs, but the required analysis is
exactly the same as for cables, terminal blocks, etc. with the
EPA simply another parallel resistance in electrical circuits.
Since component specific IR effects will be discussed

Iseparately for different devices, they will not be repeated
here.

The most significant recent similarity issue has been that
of butt splices supplied by GE with F-01 series electrical
penetrations. As a result of audit findings at Dresden, CECO
tested splices at Wyle and found some failed the test. The
original issue stemmed from GE supplying nylon-insulated
splices from more than one manufacturer, with no specific
documentation to establish exactly what was tested nor what was
supplied to plants. It should be noted at Ceco believes that
the connectors are still qualifiable and that the configuration
in the Wyle test was overly conservative. Butt splices that
were taped successfully passed the qualification test and Ceco
has taped the splices in both Dresden and quad Cities.

One concern that has been identified as a result of Sandia
testing is that electrical failures of D. G. O'Brien

'

penetrations may occur as a result of moisture intrusion. The
moisture barrier, made from a silicone rubber elastomer, tends
to undergo major dimensional changes when subjected to
compressive loads, especially when also subjected to elevated
temperatures. These changes have been observed to cause damage
to conductor insulation as well as allowing moisture
intrusion. One way to avoid the failures may be to age
component parts separately, but separate aging may not be
realistic. Consequently, D. G. O'Brien EPAs should be examined
carefully.

29

~~ . - .- _ _ _ - _ _ _



_ _ _ _ _ _ __

| Terminal Blocks
|

| The generic issues for terminal blocks parallel those for
I other equipment. In general, I feel that dimensional
I differences, including the shape of the block and the shapes of

convoluted surfaces on the block, are the major factor
governing differences in terminal block performance. The major
factor for terminal block performance is the ability to carry
voltage and current without excessive leakage currents. The
major mechanism for terminal block failure in a steam / chemical
spray environment is surface leakage currents and/or surface
breakdown. The major factor governing the leakage currents
seems to be the physical size and detailed shape cf the block.
This information suggests that the materials of construction
have less effect on accident performance ti.an for other types
of equipment, as long as severe radiation or thermal
degradation has not occurred. 'In general, phenolics are used
for terminal block construction and they are not very age
sensitive. Consequently, the major emphasis should be on
accident performance. Similarity evaluation should largely be
based on dimensional considerations which lead to primary
failure modes,

one parth M ar block which has received considerable
attention lately is the Marathon 1500/1600 series blocks. The
two series are q2ite similar and have been recently tested by
Wyle for Ceco to measure leakage currents. The leakage
currents reached about 300 mA at 132 Vac and 135 Vdc for four
terminal blocks (including a 1600 series) located below
unsealed conduit entrances to the top of a NEMA-4 enclosure.
The one block (1600 series) not located below the top entrances
gave leakage currents below 40 mA-at similar voltages. The
obvious conclusion is that any top entry conduit usage should
be examined care fully and generally discouraged.

The Wyle test has a very subtle, but instructive example of
possible improper monitoring of leakage currents in any test.
In the figure on the next page, the value of P1 is adjusted to
give a loop cc rent of 16 mA during the acci. dent simulation. A
simple calculation gives the required value of P1 as 625 O.
Another simple calculation, assuming a dead short of the,

|
tarminal block for circuit 1, gives a loop current of 67.2 mA
as the maximui loop current. The 500 mA fuse included in thisI

loop ein DAX2I open as a result of leakage currents on the
terminal bler.k! Fortunately, in this test actual leakage
currents were wonitored. However, if the actual leakage
currents had not been monitored, this particular circuit would
give no indication whatsoever as to terminal block leakage
currents during the accident exposure. This example emphasizes

| the need to see accurate and complete documentation of test
i apparatus, particularly when leakage currents are claimed to be

monitored via a fuse in the energizing circuit.

In another Wyle test (45603-1) of the same terminal blocks,
when power was applied to test specimens following a power

30
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outage, the fuses connected to the terminal blocks all opened.
In the test, 132 Vac circuits used 12 A fuses, 264 Vac circuits
used 18 A fuses, and 528 Vac circuits used 24 A fuses. At
other times, the 264 Vac and 528 Vac circuits had fuses open.
The conclusion from the tests was that the blocks were not
suitable for use in 528 Vac circuits when exposed to the
conditions of the test. The opening of the fuses after the
power outage was attributed to a test anomaly. However, in
some plant applications, the same type of sudden powering may
occur, raising the question of whether similar high transient
leakage currents could occur in plant applications. The
results from the Sandia tests showed the same kind of behavior
when voltage was suddenly applied.

Figure 30 gives an indication of the variation of terminal
block IR with voltage and temperature noted in Sandia testing.
The applied voltage up to 100 hr was 45 Vdc. Note that the
steady state IR is lower at the lower voltage and that the IR
decreased substantially when power was suddenly applied even
though the temperature had decreased. Figures 56 and 57 give
additional (str. which indicates that for terminal blocks, the
IR as a function of voltage is difficult to generalize over the
small voltage range tested. A theoretical model developed for
steady state conditions suggests that IR is constant up to a
certain voltage (depending on specific parameters of the
moisture film and terminal block), followed by increased IR at
higher voltage as the moisture film dries out. Transient
conditions are much more difficult mo predict, but the
experimental data provides two insights consistent with the
steady state model: (1) when voltage is suddenly applied, a
moisture film has had time to develop (no Joule heating to
evaporate it) and the initial leakage current is high, followed
by a reduction in leakage current over time as the leakage
current heats and evaporates the film, and (2) when steam is
first introduced into the environment, whether the block is
energized or not, condensation occurs on the block fairly
rapidly since the block is still at normal ambient temperature
(see discussion of condensation under saturated vs. superheated
steam). One final thing to note is that, based on the above
discussion,-superheated steam testing of terminal blocks is
generally not adequate to simulate conditions which might
actually be saturated.

Discussion of Limitorque Testing of Terminal Blocks

A Limitorque test (number B0119) was run to determine the
suitability of various terminal blocks, including Marathon 1600
series, for use in motor power circuits inside motor
operators. The test acceptance criteria was that the IR of
unpowered bircks must remain higher than the IR of two powered
blocks connected in series which were functionally verified to
be capable af operating a motor. The philosophy of this test
strategy has been questioned as well as the conclusion of
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qualification from this test. Let's examine some positive and

negative factors in this test:

Positive:

--Considering the discussion above, the unpowered terminal
blocks may represent a worst case condition (i.e. maximum
likelihood of film formation) with the IR measurements reading
more typical of wha.t might be expected in a plant before the
motor operator is powered.

--Many tests of terminal blocks at lower voltages indicate
thet terminal block IR remains sufficiently high for power
circuit applications.

--Power circuits are very insensitive to reduced IR of
interconnecting devices.

~~The test had two terminal blocks in series in the circuit
powering the motor, essentially doubling the possible leakage
currente.

--Terminal block measurements performed at low voltages may
be more conservative than those performed at high voltages
under steady state conditions since the higher voltage will
drive the conducting film from the block.

Negative:

--The terminal blocks were not all powered during the test
except during periodic IR measurements at fairly low voltages.

--The low voltage IR measurements give little direct
indication of the terminal block performance at 480 Vac.

--The test strategy of using only irs as an acceptance
criterion is technically weak.

--The Wyle test of Marathon 1600 terminal blocks concluded
that they should not be used in 480 Vac applications.

Discussion Notes:

,

There are numerous additional blocks in use in plants with
.

a partial list as follows:

Weidmuller SEK
States ZWM
Marathon 300/1500/1600
GE EB-5/ED 25/CR151
Curtis L
Amerace (Buchanan) NQB/0222/0524
Westinghouse 5224
Kulka -JJ

36
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Most of the list covers a series of blocks with various
numbers of terminals.

Testing by Sandia is reported primarily in NURIG/CR-3418
(data report) and NURIG/CR-3691 (assessment report). Some of
the above statements are derived from insights gained during
Sandia terminal block testing.

Probably the most significant issue for terminal blocks is
that of functional performance requirements during accident
testing. Ideally, terminal blocks and other interconnecting
devices should be tested in circuits that are identical in
every respect to what is installed in the plant. Some more
recent terminal block tests have approached this goal by

. testing with representative loads on the terminal block.:.
'

However, most testing has only been on the devices with some
rated loading and possibly periodic leakage current or IR
measurements. As with other interconnecting devices, terminal-
blocks constitute another parallel resistance in the electrical
circuit. Individual component sections will discuss the
effects of IR on the circuits.

1
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| Transmitterns
!

| The three major manufacturers of qualified pressure and
level transmitters are Rosemount, Barton, and Foxboro.
Analysis of functional performance with regard to loop accuracy
will be discussed generically; specific issues will be,

l primarily for the Barton transmitters since Sandia has run
tests on them.

Figure 1 shows an example of a 4-20 mA pressure transmitter
circuit with all interconnecting irs considered and some

I possible worst-case values for each during an accident inside
containment. In this figure, both a splice and a terminal
block are shown inside containment only to show that they are
analyzed in exactly the same fashion. The interconnecting
devices all contribute to the transmitter inaccuracy in a
parallel fashion. cleagly, in this circuit, insulation
resistanca values of 10 or above may be neglected since much
lower values are present. The insulation resistance for the
cable is assumed to be calculated based on testing of a

ten-gootsectionofcablewithaninsulationresistanc of
5x10 during design basis accident testing. The insulation
resistance is then scaled down by a factor equal to the ratio
of installed cable length to the test cable length inside the
test chamber. This is clearly taking a conservative approach
to IR scaling since the test chamber penetrations (as well as a
small effect from the external lead wires) is included in the
measurements. As mentioned earlier, data at Sandia
(unpublished) indicates that the scaling approach in
reasonable, but that for the longest cables tested, a factor of
at least 2 higher IR than that predicted by scaling was
typically observed (no such credit was assumed in the present
example). A practical approach to scaling might be to choose a
reasonable maximum length which could be expected inside a
harsh environment, rather than trying to establish the length
of each cable.

TheequivalentsguntresistanceinFig. 1 is easily
calculated as 1.4x10 ohms. The analysis proceeds as
follows, using the simplified representation of the circuit in
Figure 8-1 (showing only one IR, that of a terminal block
representing the parallel combination of all other irs):

)

A pressure transmitter typically operates with 4-20 mA of current in
the instrument loop. At aero pressure, or the low end of the calibrated
span, 4 mA is allowed to flow in the circuit, at full pressure 20 mA is
allowed to flow. The key word here is " allowed." A transmitter

essentially functions as a variable resistor in the circuit, limiting the
amount of current flowing in its branch of the circuit to a value
proportional to the input pressure; it is not a current source. This
characterization is extremely simplified, but it captures the essence of
circuit behavior and permits terminai block effects to be analyzed.
Figure 8-1 shows how a transmitter might typically be connected in an
actual plant application.

38
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Th3 tre.nsaitter will cperate corro:tly as long as s he voltage
remains in a specified range. For example, a typical tiansmitter will
operate to specification as long as the voltage across f.he transmitter
terminals remains between 15 and 50 Vdc. The loop restitence external to
the transmitter (from the current-to-voltage amplifier., the efble, and
the other external resistances) also may vary over a specified range
depending on the voltage supplied to the transmitter. For a tipical
transmitter, if the power supply voltage is 45 Vde, the extern 1' loop
resistance may vary between 250 and 1,500 ohms. Note from Figtre 8-1
that the potential across the transmitter, 6V , is essentially thet
potential across the terminal block and therefore would be the drivisit
potential for any terminal block leakage current. 6V7 can be
expressed in terms of the normally constant power supply voltage, V,,
and the voltage drop 6V , across the external loop resistance, R :e

OVT*Ys * OYe

6Vy = Vs - R.It Eq. 8-1

where It is the total loop current. The leakage current, ITB, across
the terminal block is:

AV
7

*
TB bB

where RIB is the insulation resistance of the terminal block. The
i total loop current, which will be observed in the control room as the

transmitter signal, will be the sum of the transmitter output current.
1, and the terminal block leakage current:7

It=178 + IT Eq. B-2

Under normal conditions, ITB will be zero or negligibly small
compared to IT. However, under accident conditions, ITB can become a
sizable fraction of I , and therefore, becomes a sizable portion of theT
total loop current sensed by control room instrumentatloa. The error, e,
in the signal will simply be the ratio of the terminal block leakage
current to the transmitter signal current. That is:

I~

L T TBe= =
g 7

Eq. 8-3
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Using the cbove equaticos, w2 can expross o in terms of V, l,ETB.o

and 17:

V, - R,IT
**

ef
I #
T TB

This anal h iv_e_sLerror in__ terms of percent of reading.-
Typleally, plants use percent of full scale when defining

.

accuracy. To get error as a percent of full scale, simply
in thecubstitute the full scale transmitter current for IT

denominator of Eq. 8-3 and 8-4. Some plants might use a
simpler, more conservative approach. Since RTB >> Re, Re

in Eq. 8-4 may bemay be noglected; similarly, R IT
neglected. Both of these resuIt in more conservative (larger)

Using equation 8-4 modified only to give error as aerrors.
percent of full scale and using a supply voltage of 50 Vde, an
equivalent external resistance of 1 kn, and a transmitter
current of 4 mA (worst case) gives an error of 15.3% of full
scale. (If the more conservative simplifications were used,
the error would be 17.9%). The only remaining problem is that
of calculating the total loop accuracy, which may be
accomplished by several different methods. The most obvious
and most conservative approach would be to simply add the
errors giving 1(10+2+15.3)= 127.3% total error. A second
methodwouldbetousethesquarerootofthesumoftge
squares of the individual errora giving 1(100+4+234) =

118.4% total error. The disadvantage of this latter metnod is
that it assumes that each error is normally distributed about
the 0% error point; in actuality, the leakage current
contribution to the error can only be in the positive
direction. This example is not bc:?d on any specific plant or
any particular qualification test results--it serves merely as
a demonstration of how the error calculations might be done. A
4-20 mA pressure transmitter circuit was chosen for this
example since it is often a limiting circuit in actual plants
if coaxial and triaxial cable is treated separately.

Every equipme.it qualification circuit in the plant should
be evaluated as indicated above or in some alternative
fashion. From a practical standpoint, a somewhat generic
approach is desirable. One such approach used by a utility was
to establish generic acceptance criteria for each indiNidual
interconnecting device. The approach might choose a value of
0.1 megohm per device (after insulation resistance has been
scaled for differences between tested length and installed
length), coupled with a generic reference showing that the
resulting error is acceptable in plant circuits with the
maximum expected number of interconnecting devices. If any
device exhibits an insulation resistance less than the analyzed
value, a circuit specific analysis would be performed to
determine acceptability of the device.

Sandia has perferned testing of Barton transmiteers as
reported in NUREG/CR-JsB63. The s;alient points of the research

may be summarized as Collows: 42
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i

--The Barton transmitter electronics are extremely
radiation hard, surviving a 400 Mrad total dose exposure with
maximum errors around 5%.

--The major stress affecting transmitter operation is that-
of thermally induced errors resulting from potentiometer
degradation. Barton has recommended installacion of electrical
isolation washers between the potentiometer and housing, which
appears to reduce thermal effects-by treating the symptoms of
the problem.

--A potentiometer failure (open circuit) was also observed
during testing. Analysis of the pocentiometer indicated that
corrosion was apparently responsible for the failure with the
potentiometer lubricant a primary contributor to the corrosive
environment.

--Time at temperature behavior indicated that thermal aging
exposure may actually improve the transmitter's performance
when subjected to an accident envitonment.

An additional concern has been identified with the gland
seals used in the Barton transmitters, with several failures
noted during testing by Westinghouse. The failures are
manifested as moisture and corrosion products getting into the
gland seal and causing corrosion and eventual opening of the
lead wires. Barton has performed additional testing and
analysis to justify that the anomalies were test artifacts, but
some doubt still remains that the testing is conclusive for
lengths of cable typically installed in plants. The analysis
has been considered accepted unless additional adverse ,

information is obtained.

One problem found for Rosemount transmitters is the failure
of utilities to install plugs in the alternate cable entrance.
Two cables entrLnces may be provided at oppeette ends of the
transmitter and only one is used. The othe c'e usually has a
plastic cap installed from the factory. Th. .astic cap must
be removed and replaced with an appropriate FL
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Limit Switches

The only vendor currently known to produce qualified limit
switches for inside containment, harsh environment usage is
Namco. The problems with limit switches have been primarily
the lack of qualified conduit seals installed on the devices.
Some older models of limit switches no longer produced have had
isolated instances of other problems and different models of
limit switches have had some operational problems not related
to qualification.

The need for qualified conduit seals arises from the method
of testing the limit switches: the conduit entrance to the
limit switch had sealed conduit attached and the conduit
penetrated the test chamber such that the cable and switch
interior were not exposed to the steam environment.

The primary effect of potential leakage currents on the
| operation of a limit switch would be related to false

indications. The following is an analysis of the potential'

effects of leakage currents on a solenoid valve circuit using
limit switches.

l

Terminal biccks are commonly installed in 120 Vac and 125 Vdc
control circuits for solenoid valves. Figure 8-12 is a simplified

schematic showing one possible solenoid valve circuit. Before addressing

the effee.s of terminal blocks, it is important to understand the normal

10 A
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operation of this circuit. To begin, assume that the valve is normally
open and that when energated, it closes. The desired position for
operation is open.

The contacts C1 and C2 are control switches in the control room.
These sw.tches can be any one of a numbsr of types, but s comon type
alght be three position momentary cont..ct switches. That is, there is a
neutral position which is the rest position for the switch, and there are

,

open and close positions which must be held by an operator in order for
the switch to make contact in that positlot Thus, when an operator |

moves the lever to open and releases it, the switches return to the
neutral position. * sume t. hat both C1 and C2 are )perated by the same
lever. 21, 22, 23 and 24 are two position limit switches located on the
valve itself. L1 and L2 are indicator lamps in the control room and
indicate that the valve is net closed and not open, rappectively.* S is a
status panel light khich lights when the valve is in the normally desired
position. Tables 8-2 and 4-3 are the contact development tables for this
circuit. An "z" means that contact is made in that switch position.

-

Table 8 2

Contact Development Table For Control Switches C1 and C2

---Switch and Valve Position---
91e.a Neutral Close

C1 r :-

C2 z- -

a = contact made
- = contact not made

-

!

| a

I

.

* The to as "not open" and "not closso ' are used rather than " closed" and
!

| "open" because that is the true meaning of the lamp. The "not open"
lamp lights when the va19 leaves- the open position and is thus lit
both while the valve is closing and when it is closed. Similarly the
"not closed" lamp lights when the valve leaves thi closed position and
is thus lit both while the vs!ve is opening and when it is open. If
both lamps are lit almultaneotely, then " wt open" and "not closed" sty
both true which means that the val'ee !s changing state. If only one
lamp is lit, then it means that the valve is either open ("not- closed")
or closa' ("not open").
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Table 8-3
23. and 24

Contact Development Table f or Limit Switches 21, 22,
......... Valve position-- -- ---

Intermediate Clope
QIe3

x
-

- -

21 r: -
22 -

s x23 *
-

24

x = contact made
__

- = cuntact not made

m-

h C1, C2,

If the valve is open, we see from Tables 6 2 and 8 3 t atOnly 22 and 23 are closed which means L1 and S are
t n "not

lit and the indication is that the valve is open (see footno e oIf the operator now wants to close the valve,Both C1 and C221, and 24 are open.

open" and "not closed").he moves the lever for C1 and C2 to the "close" position.is applied to the valve
make contact and, because 21 is still open, power d 24

The valve begins to close; 23 trips open extinguishing S anBoth L1 and L2 are now lit, and hence we knowvia C2.
trips closed itshting L2. If the operator releases the lever
the valve is changing position.is fully closed it will return to the full open h in

position since 21 is not yet closed and C2 is open w enWhen the valve reaches the fully closed position,before the valve
(nonenergized)
the neutral position. Il closes so that when the operator releases theC1 and 21; 22

switch lever, power to the valve will be at-plied throughThe sequence happens in reverse when opening a
21 and 22 change state.

i
The operator moves the switch lever to open, thus open ngopens turning L1 off.

power to the valve is lost and it begins toclosed valve. 21 opens to ensure that powerJC1; C2 was already open,As it does, 21 and 22 change state. tral position. 22
will nrt be reapplied when C1 is released to the neuWhen the valve reaches fully open, 23 and 24 change
open.

closes, lighting L1,23 closes, lighting s, and 24 opens turning L2 off
state. physical

The dots in Tigure 8-12 indicate circuit nodes which areThese may very likely be
junctions to fleid wiring near the valve.Three possible terminal block
adjacent terminals on a terminal block. leakage paths have been indicated on Figure 8-12 by dotted res s

i tors.

i f the solenoid

Each may have a detrimental ef fect on the operat on oFirst, consider Rygg, a leakage psth between the alwaysThis leakage
and the solenoid valve. Ths effect ofcircuit.

powered node of 22, 23, and 24, d 21.

path bypasses the valve control switches C1, C2, anthis leakage current could be the inadvertent energ n ngii of the valve
h terminal block. If RT81

when a steam environment quickly envelopes t eis small enough, a leakage current suf ficient to power t e v
h alve may

46



If the valve in question is a 17.4 tratt, de service valve. thenoccur.
the steady state resistance of the valve ist

= 900 0t .
y

in actuality, because of the finite value of Ernt, the entire
power supply potential will not be dropped across the solenoid valve.
The minimum voltage to actuate the valve is approstaately 90 Vdc 149) and
hence the current necessary for this condition 1st

0.1 A1, = 0

If at least 90 volts must crop across the solenold valve, then aUsing the 0.1 A currentmaximum of 35 volts can drrtp across RTB1
requirement to operate the valve, we see that

. 350 0R ,3 = - 1A7

Thus, a transient terminal block insulation resistance of 350 chesIndustry
would cause the valve to close when it was intended to be open.
qualifiention tests esperience leakage currents sufficiently large to

:

Fr7ther, low values of IR
indicate that such low 1R values are possible. (see Figures 4-6
would be most likely to occur under transient conuitions

The question here is whether or not such low values of ikand 8-3).
would prevall for a period suffletently long to complate the closing of

randla test results indicate that the answer is ptobably yes,the valve.because solenoid actuation is fairly rapid and the low values of terminal
block 1R prevailed for seconds to minutes after their onset.i

!

This path _ls a,

Next consider the leakage path designated by RTB2
leakage path by limit switch 22 and the net result could be a falso
lighting of indicating lamp Lt. Analogous paths, not shown la TLgure

The current and voltage
8-12 would erroneously light lamps L2 or S.
required to.11ght L1 will undoubtedly vary from design to design, but two!

In the first case, the lamp !s in
cases alght be considered as examples. A typical 125 Vdc lamp for
a series connection as shown in Figure 8-12.
such aa sppilcation ailght require a minimum of 110 Vdc to operate.150)
The lamp itself might typically have a resistance of 2000 ohms and hence
the current necessary would be:

i ,,,. ;;;,va . 0.055 i
t

4 '1
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Thus, the terminal block insulation resistant.e ceuBd have to bet

*

T82 " 0 5

Assin, this value of It is not unreasonable for transient conditions
though sustained values at this low level are unlikely.

The second lamp confituration would repisce t; e actual lamps with a
Thus L1, L2,

relay which would turn separately powered lamps on .? off.

and s would be the pick-up coils for these relays. Such relays might

typically have a pick-up voltage of 75 percent of the rated voltage and a
cell resistance of 13000 ohms. The required current therefore would bei

(0.75)(125 V) = 0.0072 A3 ,

relay 13000 0

The voltage drop across the terminal block could be at most 2$% of
125 Vdc or 31 Vdc and hence:

R *
TB2 * O O2A

Thus, a much larger terminal block IR would permit f alse operation
of the indicating or status lanps .f they were switched on and off by a

less than 4300 ohms would cause the lamps torelay. Any value of RTB2
falsely illuminate for the assumed type of relay.

The final fault shown in Figure'8-12 is RTB3 This Path leaks by

the valve itself and would cause a problem only if the leakage current
became large enough to make the circuit f use in11. for the worst caJe
with a 17.4 watt de valve energiced and all three lamps siluminated, the
current in the circuit would be:

DY. II*' W + 3* = 0.327 A2
max 125 V 2000 0

If the circuit were fused at to A, then 9.673 A would have to leak
around the valwe to cause the fuse to .911.

With the valve rte:alning

energized at 125 V. fuse failure would occur at a terminal block It oft

'IT83 * 9 67 A
"

!
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This value is ossentially a dead short; however, if the circuit core
fused at 1 A, fuse failure would occur at a terminal block 1R of 186
ohms. These low It values are not impossible to achieve, but for any
sustained seriod seem improbable. Momentary high leakage currents may
cause the fuse to open. At these high leakage current levels, one must
also be concerned with the power being dissipated by the terminal block
and the effect such power dissipation may have en permanently degrading
the block's surface.

In summary, the above discussion Indicates that terminal blocks may
laterfere with the proper operation of a solenold valve circuit when the
terminal block's insulation resistance decrerses to about the 4 kohm
1.evel. At this value of terminal block IR, indicating lamps may f alsely
l'.ght depending on how they are wired into the circuit. At a few hundred
ohms of insulation resistance, the valve may falsely energize and at a
few chas of insulation resistance the leakage current may be large enough
to fall circuit fuses. Being slightly conservative, we may conclude that
at IR values above 5 kohms, terminal blocks probably do not affect the
operation of solenoid valve circuits.

i

c
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S33d. stance Temoerature Detectors (RTD)
A*ns sre basics 11y simple devices whose resistance varies

au e tia.of on of the temperature the RTD is exposed to. The
ec3t signacicant concern identified for RTDs is failure to
konitor RTL uccuracy during exposure to steam environments.
ONW < siciL,h..al basis does exist to support that calibration,

m'e m pr.6 after accident testing verifies RTD operability and
a /, IR affects can be used to determine accuracy during

.
c:a W ant conditions. This approach has not been considered
tot.21y acceptable by the staff. The required accuracy of the

1 RTD is one important consideration in determining the
acceptability of this approach as well as other information
which may be available at a given utility. The staff position
remains that evaluation should be on a case by case basis with
particular attention paid to acceptance criteria. Sandia
testing of RTDs is reported in NUREG/CR-3597 and did monitor
functional performance during accident testing. The one model
tested that was qualified by the manufacturer (Rosemount)
performed well. The others, not qualified by the-
manufacturers, failed in some cases, primarily due to moisture
intrusion in the RTD head.

A second RTD concern is consideration of self-heating
effects on RTD aging. Some RTDs are used to monitor hot fluid
temperatures and may be subject to significant process
heating. A memo examined at one test lab indicated that the i

self-heating effect at one plant could increase the service i

temperature from 140*F to 223*F when monitoring 650*F reactor
coolant. Actual Sandia test data has indicated that the heat
rise may not be quite so bad, but may be on the order of 50'F
or less, depending on plant specific installations.

The following is an analysis of the potential effects of
leakage currents on an RTD circuit. Although IR effects on a
4-20 mA circuits typically produce more error than for RTDs,
RTDs may have more stringent accuracy requirements. The
analysis determines fractional error, with the extension to
percent of full scale left as an exercise.

,

An RTD circuit
typically operates at 4 Vdc or less with currents in the range of 1 mA or

The res1 stance in a typical RTD alsht vary from 200 ohms to 500less.
ohms over the full temperature range of the RTD. Figure 8-5 shows in a
vary simplified block form how an RTD circuit will look using a terminal
block to connect the RTD to the remainder of the circuit. The IR of the
terminal block is a parallel connection with the RTD resistance. Hence,
the bridge or constant current circuit used to sense the resistance of
the RTD is actually sensing the effective resistance, R gg, of thise

parallel combination. Regt ist

I
TS RTD

R,gg = Rg+RRTD

4 50
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and the fractional Orror e ist

I~ Tg
RTC- off

1 - gg, 3 5
* *

ITB * bT0
2

"RTD

For a typical 200-ohn RTD which varies in resistance from 200 to 480

chas over its temperature range, a terminal block resistance cf 10,000ches Introduces an error in measured resistance of 2.0% at the low end ofFigure 8-6 shows
the calibratton and an error of 4.6% st the high end.
the two bounding curves of percent error in sessured resistance for a
consnonly used 200-ohn RfD as s. function of teralnal block insulationFor an RCS temperature monitor calibrated 'f rom 93*C (200*F)

the 2 0% and 4.6% resistance errors translate to a 4'cresistance.
to 399'c (750*F)error at the low and and a 24*C (43*F) error at the high ond.
5(nee the parallel coenection w!!1 make the seasured resistance less than(7'F)

1 lower
the actual RTD reststance, the Indicated temperature will 3 ways pf
than the actual temperature.

.
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Hit:.h Rance Radiation Monitors VIRRM)

The primary deficiency notc.d with radiation monitors has
been the failure to meet performance requirements set forth by
RG 1.97. The General Atomics (GA) HRRM has been tested and
analyzed at Sandia and the report (HUREG/CR-4728) will be
issued shortly. The major conclusions of the report are as
follows:

--The HRRM accurately monitors high dose rates during
accident conditions.

--The HRRM does not always accurately monitor low dose
rases in accident environments.

--one f ailure mechanism for the above is due to insulation
resistances of interponnecting devices failing to meet the GAspecifications of 10 0 each for the electrical penetration
and the other intergonnections considered together (for- a net
parallel IR of 5x10 a minimum). The industry had not
previously recognized this problem.

--A second f ailure mode at low dose rates involves an
Gnknown mechanism, postulated to possibly be galvanic action.

--The operate light on the GA monitor will likely go out
early during accident conditions, indicating a fault with the
monitor; resetting the monitor will allow it to operate
properly if the dose rate has increased sufficiently. However,
without knowing the details of the detector operation,
operators could potentially be misled by the f ailure
indication.

--The effects of interconnection IR can _ be modelled by a
f airly simple technique, but the other effect is still somewhat
unknown. The following gives an analysis of IR effects on the
GA HRRM:

We believe that knowledge of the offset voltage
characteristics of the reedout module's input operational
amplifier is critical to assessing the loss of accuracy of the
readout module due to insulation resistance effects. To
illustrate the point, an operational amplifier circuit in shown-

in Figure 13. In this circuit, under ideal conditions, all of
the input current is diverted around the input amplifier and
through select fee 4back elements. Under these conditions, the
nqgative terminal of the input amplifier acts as a " virtual"
ground, i.e. the voltage across the amplifier inputs, V , is
very nearly at ground potential. The output voltage of the

out " "A*V , where A is the open loopamplifier must be V 1
amplifier gain. (The amplifier gain could vary gvar a widerange, but a typical value might be around 2x10 .) The

is " adjusted" by the feedback elements suchactual voltage V1
that the desired closed loop properties of the output voltage
are achieved. As an example of _the voltage at V , consider1
the above open loop amplifier gain and an output voltage of
5.0 v. The resulting voltage V1 is easily calculated as
0.025 mV (indeed a " virtual" ground). Any input offset voltage-

is automatically compensated for by the feedback eleme-ts since
(

S2
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the input current is-completely' controlling the feedback
characteristics. This compensation is manifested as the above
calculated voltage'" floating" on the input = offset voltage. In

the above example, if the' input | offset voltage were +1.5 mV, ;

; the actual voltage V1 would be -1.5 mV + 0.025 mV = -1.5 mV,
'

or essentially just the offset voltage (negative offset voltage [
- '

is located at the negative amplifier input). Insince Vifact, regardless of the amplifier output over a wide range,
1 remains-at approximately the negative of the offset1voltage as long as the amplifier open loop gain is high.

-
: Next, consider the effect of finite insulation resistance

and nonzero input offset volta N on the circuit of Figure 13.i

Finite IR will exist from cab connectors, penetrations, or
,

The voltage _V _is nearly-at'other interconnecting devices. 1_-

Theground potential (-1.5 mV for the case described above).
-

following analysis demonstrates how errors due to IR effects i

may be predicted analytically-if the input offset voltage is-
is essentially constant overknown. As discussed above, vil'

much of the range of detector currents if the amplifier _ gain is
high. Thus the input offset voltage can be easily. measured as
the voltage V with a=small input current.- For a given

2 -detector,.the input offset voltage might be.1.5'mV (V3 = -1.5_.

mV). Referring to Figure 13 and summing.c" rents at' node 1
gives:

It+Idet " Iin (1) -

With It == .V1 /_ Rins, (1) becomes:

[V (2)+Idet " lin:
ins

,
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With I in " (Y1+Yos) / Ri Wh'Y' Y is the
amplifier input offset voltage,n8(2) becomesos

-V det , V1+V,3 ,7 g
(3)R p

ins in

Solving (3) for V3 gives:
R R Ygn ins es (4)V1= 7 .

det nRin * Nins , in ,
,

Finally, using (4) in (2) and rearranging gives:

ins - s (5)Idet" Iin -

Rin + insRin + Rins,
,

Equation (5) gives an expression for the current actually
measured by the readout-module for a given offset voltage and a
given insulation resistance between the center conductor and-
shield of the coaxial cable. 4

Equation (5) works quite well for IR effects as has been
verified over a range of values' based on experimental Sandia
data. It should be emphasized that this assessment required
the knowledge of the input offset voltage of the readout module
input operational amplifier. The offset voltage is a random
parameter and might typically be within the range of -3.0 mV to
+3.0 mV. Consequently, without knowing the input offset
voltage for a given device, neither the magnitudo nor even the I

direction of the error,is predictable. However, given the I

manufacturer's specifications for the input amplifier, boundr
can be put on the IR-induced error'as a function of the
detector current and the interconnection insulation resistance
by using equation (5).

.

Equation (5) can also be used to give a qualitative
assessment of the readout module's behavior by considering the
two terms of the equation separately. -The-first term+

represents the loss of signal generated by leakage of detector
current to ground; the factor in parenthesis is always a
positive quantity less than 1.0. The second term represents
the contribution of the amplifier input offset voltage to the
input current and may be either positiva or negative. If the
input offset voltage is positive (as in our case), it causes
additional current to flow =into ths-readout. input because V
isapproximatelythenegativeoftheoffsetvoltageandiskhus
below groud potential, z causing current to be drawn from.
ground.: A reverse argument holds for a' negative offset
voltage, but the result is current drawn from the readout
module. In this second case,_at-low detector currents,Lthe

! '
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readout module will tend toward going off-scale on the low end
(due to both terus). At low detector currents, the second term
of equation (5) tends to control readout behavior, while at
high detector currents, the first term tends to control the
behavior. For any given interconnection insulation resistance,
the undesirable ef fects modelled by equation (5) are much more
pronounced for the low detector currents (mainly the second
term of equation (5)).

It should be emphasized that the effects modelled by
equation (5) are only IR induced. Another effect, which was
not even positively identified, tended to dominate detector
behavier at low detector currents. Consequently, analysis
using calculations such as equation (5) may be of somewhat
limited value.

The other major detector used by the industry (Victoreen)
has not been tested or evaluated as the GA has. Some of the
above concerns may also apply to the Victoreen. The Victoreen
NRRM includes installation requirements that the cable used be
installed in sealed conduit. This requirement came about from
the numerous difficulties and anomalies that were encountered
in testing of the detector. Onepieceofinformationgnthe
victoreen qualification indicates that a loop IR of 10 0 is
sufficient for detector operation, but no basis is given for
this value. (The CA requirement also gives no basis, but the
equation developed above can be used to show that the GA
criteria is adequate if a reasonable worst-case amplifier
offset voltage is assumed.)

.

+
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Aaaencix B .

Activation Energies __

B.1 TABULATION
Activation energies for a number of materials and components are tabulated in this
appendix. As in Appendix D, no effort was made to produce an exhaustise tabula-
tion; rather,it is a consenient recording of activation energ> data obtained inciden-
tally to preparation of this report, it is essential that the cited data sounes be con-
sulted to verify the relesance to the user's apphcation.

B.2 HISTOGRAM
A graphical representation of the distnbution of activation energies, for the
materials and components included in the tabulation is given by the histogram in
Figure B 1.

The values of activation energy range from 0.09 eV for titanium titanium diox-
ide, thin film capacitors to 3.29 eV for Kraft paper. This range was divided into
0.2<V increments, and the number of materials and components that have an ac.
tivation energy within a given increment was counted (from the tabulation). These
numbers were then used to plot the histogram. The large number of entries for
magnet wire contributes substantially to the histogram over a broad range from 0.2
to 1.6 eV, except in the interval between 1.2 and 1.4 eV. Polymers and transistors
make a maior contribution to the peak between 1.0 and 1.2 eV.
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Attnetson Lnerse
.

Malenal/ Artis ation
Component / Device Energs (eV! Citation Remarh:

'

Capacitors, chlonnred 2.00 566 DC life. Stressed at 1000 solts'

diphenyl. 0.5% per md. See Note 14,

i azobenzene

Capacitors, chlonnated 0.56 ISO Dielectric stressed with de
potential,106 V/in See Note 14.diphenyl Kraft paper

Capacitors, chlorinated 1.50 180 Dielectne stressed with de
potential,106 V/m. See Note 14.

i diphenyl Kraft paper
with 0.5% azobenzene

;

Capacitors, chlorinated 1.93 ISO Dielectric stressed with dei

diphenyl Kraft paper potential,106 V/in. See Note 14.

with 5.0% azobenzene

Capacitor, dielectric, 2.42 717 10% capacitance increase. See
Note 14.tubular paper

Capacitors, metalized 1.32 150 Life defined as time required to
regain onginal value of

paper
capacitance after imtial increase.
See Note 14.

Capacitors, titanium- 0.09 466 Formed by anodization. Tests

titanium dioxide, thin- with rate of temperature rise ap-

film, a 25'C 100*C proximately 2%'C/ min.

Choseal (Chomeric Inc.) 1.04 765 Determined by thermogravi-
metrie analysis. Heating rate of

(S0ver filled conductive

| silicone)
10'C per minute.

I Connectors: Thin gold D= 0, exp (VAT), where D =
chemical interrliffusion coef.(25100g) electroplated

over copper base material ficient and D,a 1.5 x 104 cm2/s.

(250*C . 750*C) 1.02 433 Predominant degradation

( 50'C . 250 C) 0.50 433 mechanism is defect diffusion
along grain boundaries and
dislocation pipes-dependent
tipon defect density.

Dacron, Parachute 1.15 765 Determined by thermogravi.

material (polyethylene metric analysis. Heating rate of

glycol terephthalate, see 2'C per minute

see Ref.124)
Diallyphthalate, glass 1.04 765 Determined by thermogravi-

metric analysis. Heating rate of
filled 10*C per minute.

! Diodes, Si
-general 1.13 2.77 340

,

Diodes, Si (- 1960) 1.14 340

i
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Actosetoon Entgen

hlaterial/ Actn atmn

Component / Des n e Enetp (eV) Citation Remarb

Operational Amplifer
741

0.7 517-freal pop.
1.6 517-main pop.
0.6 517-mixed pop.
0.8 517-freak pop.

-main pop. (% voltage) 0.9 517

Paper, manda, under 1.66 566 Reduction of tensue strength to
20% of original strength. See

ou Note 14.

Paper, man 02, under
1,56 566 ReJuction of tensile strength to

70% original strength. See
od Note 14.

Penolic, general purpose, 1.36 1026 50% retention of imput
strength (Hooker Corp.). See

Durez 791 Note 14.

Phenolic, general 1.05 1026 50% retention of Hexural
strength (Hooker Corp.). See

purpose, Durez 791 Note 14.

Phenolic, Grade 666 0.96 1026 50% retention of flexural
strength (Hooker Corp.). See
Note 14.

Phenalic, Grade 666 1.11 1026 50% retention of flexural
strength (Hooker Corp.). See
Note 14.

Phenolic, Grade 649 1.16 1026 50% retention of Sexural
strength (Hooker Corp.). See
Note 14.

Phenolic, Grade 649 1.43 1026 50% retention of Dexural
strength (Hooker Corp.). See
NcM 14.

Phenolic. Grade 6S5 1.27 1026 50% retention of flexural
strength (Hooker Corp.). See
Note 14.

Phenolic.Kr ft laminate 1.47 573 75% retention of flexural
strength. See Note 14.

Phenolic Kraft laminate 1.50 573 50% retention of Bexural
strength. See Note 14.

Polyester, amide. imide
1,54 943 See Note 14.

overcoated, helical cou
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Actnsfeon Integica 1

Mat e ri.1/ Actisatun
Component /Desice Energs teV) Citatmn Remath

Epoxy, Grade 2000 1.24 1026 50% retention of dielectne
strength (Hooker Corp.) See i

Note 14.
'

Epoxy insulation on 0.99 610 See Notes 1 and 11.
magnet wire

Epoxy imulation on 0.94 610 See Notes 2 and 11.
magnet wire

Epoxy insulation on 0.57 610 See Notes 3 and 11.
magnet wire

Epoxy insulation on 0.73 610 See Notes 4 and 11.
magnet wire

Epoxy insulation on 0.73 610 See Notes 5 and 11.
magnet wire

Epoxy insulation on 0.93 610 See Notes 6 and 11.
magnet wire

Epoxy, unvamished, 0.67 S32 See Note 14
magnet wire

Epoxy, phenolie 0.66 632 See Note 14.
vamished, magnet wire

Formvar (Bondege). 1.09 320 See Note 14.
cementable insulation
and Andover Corp.
epoxy encapsulant

Formvar, cementable 0.70 320 See Note 14.
insulation and epoxy
encapsulant-solenoid

., coil
Formvar insubtion on 1.61 610 See Notes 1 and 11.
magnet wire

Formvar insulation on 0.23 610 See Notes 3 and 11. -

magnet wire

Glass, high lead 0.37 97

l Isonel-175 insulation 0.6B 320 Average coil life. See Notes 12
l

and Acme iv0S epoxy and 14.
encapsulant on solenoid

| coil.

Kraft paper in mineral 1.39 838 50% of tensile strength. See
oil. Note 14.

Kynar. MIL. specification 1.93 374 See Note 14.
wires

B5
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Artnerion Eas pra

Matertal/ Actisation
Cornponent /Desite Enerp teV) Citation RemsLs

Polythermalere #33 on 0.67 610 See Note 7. Fadure entena was

coils. shorted tum, open circuit and/
or 2500 volt hipot fadure of cod.

Polystytene 0.26 690

Polyurethane insubtion 0.49 610 See Notes 6 and 11.

on magnet wire.

Polyurethane insuhtion 0.29 610 See Notes 4 and 11.

on magnet wire.

Polyurethane insubtion 0.32 610 See Notes 5 and 11.

on magnet wire.

Polyurethane insubtion 0.3B 610 See Notes 2 and 11.

on magnet wire.

Polyurethane insulation 0.25 610 See Notes 3 and 11.

on magnet wire.

Polyurethane insubtion 0.46 610 See Notes 1 and 11.

on magnet wire.

Polyvin>bcetate 0.16 S90

Polyvinylchloride 0.26 890

Polyvinyl formal, magnet 0.50 532 See Note 14.

wire twists, with phenolic
.

alkyd vamish.

Polyvinyl formal, magnet 0.62 632 See Note 14.
wire, with phenolic type
varnish.

Polyvinyl formal, with 0.93 632 See Note 14.

phenolic type sarnish,
magnet wire.

Polyvinyl formal, with 1.04 632 See Note 14.

phenolic type impreg.
nating vamish, magnet
wire.

Polyvinyl formal, un. 1.01 832 See Note 14
,

va-Jshed, magnet wire.

Polyvinyl formal enamel 0.95 368 See Note 14.5

and oil modified
phenolic varnish, magnet
wire.

Polyvinyl formal, un. 0.84 832 See Note 14.

phenolic type vamish,
magnet wire.
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Actnetnoo Entrves"

,

| Metenal/ Actintion
{ Component / Device Enerp (eV) Citation Remstka

| Thermaleze "B" (epoxy 1.0 368 See Note 14.

polyester fam), insuhtion!

i magnet wire.
i

Thermaleze F insuhtion 1.10 320 See Note 14,

| and Jones Dabney epoxy

|
encapsuhnt.

Thermalon insubtion 0.42 320 Average cou life. See Notes 12

and 3h1241 epoxy and 14.
:

encapsuhte on solenoid
cou.

'

! Transistors 0.66 123

Transistor, Ge aDoyed,

OC 1972 (1964) 1.26 235

; (1966) 1.08 235

Transistor, Ce alloy 1.25 670

LT123 (1958).
Transistor, bipobr, 1.65 340

pnpn
Transistors, ChiOS 1.18 334 Eyring model.

i

Transistor, diffused. 0.87 340 Step stress tests without

geronium moisture getter. hiedian life,
See Note 14. .

|

Transistor, diffused. 1.24 340- Constant stress tests with

germanium moisture getter. hiedian life.
See Note 14.

Transistor, Ce gettered 1.24 340

Transistor, Ge mesa, 1.00 235

AF106 (1%9)
'
-

Transistor, Ce mesa, ,

2N559 (1958) 1.17 671

(1959) 0.95 671

(1960) 1.14 671

Transistor, Ge N M)T.

2N501 (1958) 1.07 673 hiADT = hiicro alloy diffused
i

Ge hiADT,2N501 (1959)- 1.07- 674 transiator

Transistor, Ce hiAT, 1.0 673 -hiAT = hiicro alloy transistor >

2N393 (1960)
Transistor, Ge hiAT, 1.00 673 hfAT = hiicro alloy transistor

1 2N393 (1959)

|- Transistor, Ce ungettered 0.88 340

B.12
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Arts.stson Entepes

Mat rial / Actisation
Component /Desice Energs (eV) Citation Remaiki

Transistor, silicon, bipolar 1.77 340 With metal penetration into Si.

Transistor, silicone mesa,

2 S 560 2.16 339 50% failure. See Note 14. -

Transistors, silicon,
typical 0.96 340 t,, lifeline. See Note 14.

Transistors, silicon,
typical 1.11 340 t,o lifehne. See Note 14.

Transistors, submarine.

cable 1.30 157 0.025% failure. See Note 14.

Transistors, submarine.

cable 1.24 129 50% failure. See Note 14.

Transistors, 2N559,

sacuum baked. 0.89 750 Sledian life based on failure
criteria of collector breakdown
voltage and reverse current, and
emitter breakdown voltage. See

Note 14. ,

Transistor, V>cor ,

gettered germanium, 1.02 339 50% failure. See Note 14;

2N559.

Viton A(DuPont) 1.11 765 Determined by thermogravi.
metric analysis. Heating rate of
10'C per minute.

Wire, aircraft, T>pe 1,
- 1.66 160_ Sill W.5086A. Asetage life. See

Size 14
Notes 10 and 14.

Wire, aircraft. Type 11, 1.77 368 SillW.50%A Aserage life. See

. - Size 8 - Notes 10 and 14

Wire, aircraft Type 11, 1.56 36S Sill.W 4056A. Aserage life. See

Size 14. Notes 10 and 14.

Wire, aircraft Type 111, 1.57 36S hillW.5056A. Average life. See

Size 14. Notes 10 and 14.

Wire, aircraft, Type 111, 1% 36S hillW 5066A. Average life. See

Size S. Notes 10 and 14.-

.
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QUALITIED EQUIPMENT - SPECIFIC EXAMPLES

TERMINAL BLOCKS

LIMIT SWITCHES

| SOLENOID OPERATED VALVES
.

TRANSMITTERS

SPLICES AND TERMINATIONS
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,
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TERMI!1AL BLOCKS
''

PRlliCIPAL KAliUFACTURERS OF QUALIFIED BLOCKS

GV EB-6,25*

WF.STINCHOUSE
*

BUCHAKAN 224, 524*

CURTIS Type L

MARATH0ld 300, 1530, 1600, 1600tUC, 6000*

* KULKA

WEIDMllLLEk-
*

,

STATES*
,

CONSTRUCTION, AATERIALS (Size Shape, SOLID / SEGMENTED)

INeTALLATION (ENCLOSURES, ORIENTATION,1100NTING)

PROBLEMS

FAILUKE MODES

.
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TERMINAL BLOCKS

REPORTS

INDIVIDUAL MANUFACTURERS SPONSORED

LICENSEE SPONSORED

JOINT TESTS - LIMITORQUE B0119 -

SANDIA REPORTS (CRAFT)
INDUSTRY ASSESSMENT - NRUEG/CR-3691
SANDIA SCREENING TESTS - NUREG/CR-3418

PERFORMANCE REQUIREMENTS / ACCEPTANCE CRITERIA

FAILURE MODES.

OPERABILITY EVALUATIONS (GL 86-15)
FUNCTION PRIOR TO FAILURE
NO SAFETY DEGRADATION FROM FAILURE
OPERATOR NOT HIS?.EAD

ANOMALIES / PROBLEMS

Nh'.L Y .

3 4-73 ( m um imEt() SMG o4s.6 tau 6cn

gg-og ave smes
g 3 --] > $u e M3.Dild

s A- A~i nu t. k s

p. Q-

_



n

1.
. . .

.

Table 3-1 teontinued)
Industry 1.oCA stoelettone for Ternimal slock goalification Le'egthCompetison of 50**

pegohameter Wesentements special ,e ,.
of LotA

(ehes) (500 Vdc unlese notedt ,,,o..teote.,o.t - wc AAccept ance e i., we.Wo. ud i.Utility / . 73 etiter1.
ro,.e,

...e.e. i..t.,eve.ted i.2n!.S t.1..t t i.

S.Os!sIO
current dwetag test.

-

400 i,ec o.e
i A i.e.t.,e c.rtent t-

28 A Test was only a
_

d nor S bonitored by fuse/.yi. test LOCA eoat. F
(porco) JAR Types aW discrete tlw W ~20 peiST 1004

(same tse as moniterleg of relatlee heeldity.
- tested by 3eskage cutieate.

We6deu!!et, .tsee.

set. 33
-

-

24 hr 192 esperbea**d steenpoee peported
828 Vac periode, no Reekage

Generac/ Phools pone specified ,

$55 Series 30 20 A curteet messeremente *

t*y Ao units de yde of DC citeelts.
(soorcos cerealc

REE series esposed 24 Vdc e 40 eA to,

to >700 mA curteetCerseac ,

BSE Settes LOCA abeetoed in 429 vac,

case
E Series ,

Polyester
e

tz Typeal 36.9 ht 28
8** Some perlede ofe1.6s!0 12 superhest in accident17S Vee mome

to 2.2 10Leatege current
15 A at SOG vec espesere. One bloct 3

Commonwealth marathse *less thas 10 A. a
Edloon/Wyle series 6000 2 esceeded 19 A loategemonitored by fuse. curreet-shorted toimmatsvillel settes 2600 2 **Off scale

Iow. Measuto- ground.
,

eent with
DigitSal

,

puttimeter

read 3.6 ohes
.

* 23 hr 21

600 vac Ss10I to 2:3038 't o Leak-ege cut tent e
3 2.Js39II met monitovedpone specified Ss18 dering test with

Generic / Curtis 37
westinghouse Canch Jones blocks powered.

$41
w stinghousea

542-247
marathon 1500

eruc = fraskita poematch center
.
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QUALIFIED EQUIPMENT - SPECIFIC EXAMPI.ES

TERMINAL BLOCKC

LIMIT SWITCHES
i
!

SOLENOID OPERATED VALVES|

I

| TRANSMITTERS

:

| SPLICES AND TERMINATIONS*
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TYPES

USES

MANUFACTURERS

! QUALIFIED MODELS

INSTALLATION

REPORTS
(

PERFORMANCE REQUIREMENTS

FAILURE MODES ( A GC.I DENf f3 yog gL E TR(4b,L, Yf.u.LT5

OPERABILITY EVALUATIONS

REPORTS-

ANOMALIES / PROBLEMS

11:Sr Ni. pop.T3

* |,'e. n ,,,. .,e , w . nec n v/vm 9s-'

50.73 LER
50.55(O

7.E B 't
1E T.We
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TERMlliAL BLOCKS
_

PRIllCloAL MA.0FACTURERS OF QUALIFIED BLOCKS j

* GE EB-5,25

WESTINGHOUSE*

BUCHANAN 224, 524*

CURTIS Type L

HARATHON 300, 1500, 1600, 1600l:00, 6000*

KULKA*

WEIDMULLER*
.

' * STATES
,

CONSTRUCTION, MATERIALS (Size, Shape, SOLID / SEGMENTED)

INSTALLATION (ENCLOSURES, ORIENTATION,1:0VNTING)

PROBLEMS

FAILUKE MODES

.
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TEhriINAL BLOCKS

!

! TiPES

] SOLID OR SECTIONAL (SEGMENTED)

!
USFS SERVICE VOLTAGE;

: MOVs 480/240VAC
POWER

{ SOVs, MOVs, DPISs, 120VAC/125VDC
CONTROL

LSs, PSs, TSs"

! INSTRUMENTS FT,PT,LT,TEs <50VDC

t

HOW USED - CONNECTING DEVICE LEADS to FIELD-RUN?

CABLE - TO OT!!ER CKTs OR IPAs'

! MANUFACTURERS
i
i INSTALLATION
i ENCLOSURES (e.g., NEMA-4)
,

ORIENTATION
MOUNTING,

*

e

.

ADVENTAGES/ DISADVANTAGES
,

,

I

a

.

'

a

i
!
!
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TERMINAL BIOCKS

REPORTS

INDIVIDUAL PANUFACTURERS SPONSORED

LICENSEE SPONSORED

JOINT TESTS - LIMITORQUE B0119

SANDIA REPORTS (CRAFT)
INDUSTRY ASSESSMENT - NRUEG/CR-3691
SANDIA SCREENING TE3TS - NUREG/CR-3418

PERFORMANCE RFQUIREM.ENTS/ ACCEPTANCE CRITERIA

. FAILURE MODES

OPER7BILITY EVALUATIONS (GL Bb-15)
FUNCTION PRIOR TO FAILURE
NO SAFETY DEGRADATION FROM FAILURE

,

OPERATOR NOT MISLEAD

ANOMALIES / PROBLEMS

'.L Y
(mumirowjtd,qyc,~Qh6tgu weM-74

g9-03 6tN 5 b5
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Table 3-1
| Comparison of Some Industry 1.0CA Slaviations fot Terminal elock Ouattricetion

Lengthnegohmeeter measuremente,

(ohne) IS00 Vdc unlese noted) Special of toCA

During LOCA Post-LOCA Motes esposure Wef.Utility / TB Mo. Acceptance
*

Test Lao ID Tested Criteria Power

PD11aoelphia Duchanan Ability to carry 150 Vac < 5 108 102 to 10I2 One block removed 14 d 14

Electric / 2e104 2 speeltsed current at 12.5 A at SG voc from test at 4.9 Phase A
days. Othere

FNC8 28808 4 opecifled . 2tage. removed at various
times.

Philadelphia 6uchanan Ability to carry 150 vac <SeloS < Sal 08 one to removed from 7d le

siectric/ 23108 3 opecified current at 12.5 A at 50 voc at 50 vde to from tset after Phase e

<$slOS 5.1 heure.
FRC* Marathon specified ecltage. et 50 voc

16cs 2
.

conu ie/ suchanap maintain potential 120 vae < sul04 Post-test pering toCA, lestage 74 13 '

at 1 V to hipot test currents were < 2C0 mA
2:10p2ruc* pue106 1 of 120 y and current 25 A

to < 5 en for all
posit 2 1 of 25 A. terminal blocksat 500 V
hus106s 2 together.
ugstl28 1

Doo settoe 3

I Ceneric/ narathon Leakage currente 132 Vac, pone < 5 s 105 elev 25 A fuse on 30 d 11

y wyle 1600 NUC 6 less than 12 A, or 33 A for al! $20 V 528 vac specimene,

(nuntevtlle) 1500 WUC 6 18 A, or 24 A. 264 vae, bosee pesowed from test.

Blew IS A fuse on
'142 puc 6 Monitored by fusa. 33 A -g

264 vac specimene.$2s vac,
Deplaced fuse and~ 33 A
centineed.

,

2.eml07 to voltage reeuced to 29 hr 17

Senecte/ Weideeller S Maintain 600 Vac 600 vac mone ~3
FRC* SAR Types and 20 A with leakage 20 A 3. Sal 08 150 W when spr ay

at 500 Vdc introduced t o*
current less than 1 A. maintain leakage
monitored by fuse. corrent less then 1 A.

*FRC = trank11a Research Center

.
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Table 3-1 Scontinued) Qualification
Comparison of some Industry LOCA simulatices for tersleal BlocL Le'nge n

Magohemeter Measuremente special pet,
of Loch

lohne) 1500 Vdc unless noted) esposureMotespost *.,0CAAccept ance puring LocA
Utility / TS No. Power 32 4 33

Tested criteria m measured leakage.

1.2m105 totest Las in
5.Os1010

ca rent during test.600 vec Mone1 A Lestage current
Monitored by fuse 20 A Test was only a st ~

WFPss/Wyle Weldoutier S
test 14cA seat. F

(pori.o) $AE Types and discrete time 'and 20 peig, 1004(ease fra as monitori:tg of relaties humidity.tested by leakage currente. No steam.Weedseller,
get. 3)

-
-

24 hr 192 superhested atomeMone poported
4 20 vac periode, ho leakage

_

Generac/ Phonia pone specified current measuremente
.

ssa series 30 20 A *

t*y se unite 40 yde of DC circuits.
imorco) Ceramic

EEN Sesies esposed 24 Vdc <40 en to.

te P700 mA cartentCeramac ,

liSE Series LOCA obsereed in 420 Vac,

Melamine case
E Series ,

Folyester
36.9 hr 2013 Types)* *

< 1. 5 s 3 0'* * Some periode of
to 2.2x1012 superheat in accident375 vae mone

Lestage current 35 A at 500 vac esposure. One hjoch 3
Commonuealth marathom 1ees than 10 A. ..

Cdison/Wyle series 6000 J esceeded 30 A leakagemonitored by fuse. cur rent--shorted to
imenteet!!al sectos 3600 2 **Off neele

low. Measure- ground.

ment with
Digitial

,
Multimeter
seed 3.6 ches ,

21 hr 28e
Leakage currente

600 vac 8:103 to 2 10I0 o
None specified 5:105 2.3s10I not monitored

during test with
Generic / Ce*rtis St
Westinghouse Cinch Jonee blocks powered.

541
Westinghouse

542-247
starathon 1500,

|

*FWC = Franklin Research Center
.
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" Table 7-1
,

Summary of rallute Modes for terminal stocks

Contributing ' Effect/*

Comments _Potential Symptom
Factors

Causea
Mechanism Loss of Circuit Temmorary

Failure Mode Voltage Erposure
Environmental Conditions Operability

Gross Electrical Low Voltage Surface High Temperature
.

Time
Breakdown * Humidity / Moisture Insulation TypeBreakdown|

(e.g., low Contaminants Temporaryresistance path contaminant
terminal-to- Volatile / Soluble Surface Deposition Rate
terminal or Contamination
terminal-to. Aging
base plate Radiation Normal

Accelerated
.

High Leakage Currents
'and Surface Tracking Fermanent

Corrosion -

Non-Volatile Surface Products
Contamination

Conductive Residue,

Loss of Circuit Fermanent-a

Nigh Temperature7 Thermal and/or OperabilityConducting Fath Pryolytic Decomposition Exposure to I

of Insulation Burning'

Environment !

Cracking of ' Permanent |: *

ExcessiveStructural rallure Temperature insulation

Excessive Thermal
Shock

.

Vibration

.

its in nuclear applications
* High voltage breakdown not included due to lack of dV-circu

~~- . .. ,

^ ~ ,

- -
-
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. Table 7-1 (continued)
Summary of Failure Modes for Terminal Blocks

Potential Contributleg Effect/
ractors Symptom Comments

Failure Mode Mechanism causes

Cross Electrical Conducting structural Failure Imprope r
Maintenance(continued) 7greaucown Fath

(continued) (continued! j

Installation
I

.

Aging i

Bulk Insulation Radiation .
,

Breakdown Moisture Absorption Splitting ofMoistureCracking
Absorption insulation and,

formation of
conducting paths

: Leakage Currents surface Conduction Surface contamination Installation ' Low Frequency some leakage

Practices Line Noise will always
occur. The.

ga
g Environmental Maintenance Circuit question is

Conditions (e.g., Practices Crosstalk a matter of f.
degree, i.

i
High Temperature
Humidity / Moisture, Voltage Level Excessive Leakage of

Power Drain a few milli-
Contaminants) amperes may

Aging Blased be detri-
Readings on tal to an

Instrument in st r umen--

Outputs tation
circuit, but

Access for Cross have no
Radiation beta-emitting Breakdown effect on

a powerisotopes
circuit.

.

-Y

.__
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Table 7-1 (continued)

Summary of Faller 9 Modes for Terminal slocks

Potential. Contributing Effect/

Failure Mode Mechanism causes Factors Symptom
_.

Comments _ -

Leakage Currents surface Conduction Structural Failure Excessive Cracking of

.(continued) (continued) Temperature sneulation

E Excessive
Thermel Shock'

vibration
'

Improper
Maintenance

Improper Installation

Open circuit separation of Loose Termina1' screws Loss of Circuit

Conductor ,
Operability

Contact Corrosion Chemical meegente
:

f Moisture /
Humidity .

Structural Failure . Vibration Cracking of
Conductor

* Thermal Shock
.,

Impr' ope r
Maintenance'

Improper
Installation

Differential
.Empension

.

.

e.mme

_.._ -

'
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Table 7-1 (continued)

Summary of Failure Modes for Terminal Blocks
'

Potential -
Contributing Effect/

Comments
Factors Symptom

causesMr.chanismFailure Mode

Open Circuit Separation of High Leakage Currenta

(continued) conductor
Careless Main-(continued) Failure to Reconnect tenance ProceduresTerminals
Lack of Quality
Assurance

.
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OUTSIDE CONTAINMENT |INSIDE CONTAINMENT
,

> ,<
. I

I
I

I

I
RTBI

I
.

I . . ~

+IC r i m

r'V]sIPOWER SUPPLY
+ I ,I)[ l AV7 .

',

iu ;; u -_Z!
i--) I e * IT.

I TRANSMITTER -
,,

|ITB. -

? 1 TERMINAL
| BLOCK
i

4 j
,

<

(I t
WV .w svv

;

i _

Roxy RLINE

I
. i '

|S ATIONALS
AMPLIFIERS
. AT 250ff
EACH -n,

.~

Re :
!

r' '-Simplified Schematic of a Typical Transmittcr Circult'in.

Figure 8-1: t

a Nuclear Power Plset
i
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ii2500
RESPONSE CURVE WITH
10 KG TERMINAL +BLOCKIR -

#N2300 -

h RESPONSE
S CURVE FOR4INDICATED -

8 CORRECTLY
PRESSURE 2100

[[4
-

OPERATINGP'I' CIRCUIT
p

ASSUMPTIONS:
f[

_

1900 R, = 1 KR'
taas o

.

V,=45 Vdc.

.. " Rys=10 KO
'trao ''

4 8 12 16 201700
|

TRANSMITTER OUTPUT (mA)

Indicated Pressure as a Function of Transmitter Output for a
Correctly Operating Circuit and for a Circuit With TerminalFigure 6 4:

Block Insulation Resistance Assumed to be 10 kohms

|
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i

OUTSIDE INSIDE
CONTAINMENT CONTAINMENT .

:

_ _ _l
: ::

- |
=i:

{{ $ RayoRTB.

. _ .

POWER SUPPLY ..
+

MSMT.CKT --,-

J. R .ggy
(

d

a

1

4

'

4

1

Figure 8-5: Simplified Block Diagram of a 3-Wire RTD Circuit Showing
i Parallel Connection Between Terminal Block I.'sulation

Resistance and the Resistance of the RTD Sensing Element
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TYPICAL 2OOD RTG |-

8 - 't -- - - R RTD=480D _

R ro=2OODi g
7 8

- -

i
t

PERCENT 6 1- -

'ERROR IN g .

MEASURED RTD 5 g
'

- -

'
RESISTANCE. 4 g-

-

_ _

s
s

4 3 \- -

i
- 2- \-

s
-

'%g
'

~~1 - -

~____~~~--- -__.
' ' ' ' I I ' ' ;

O
O 50000 100000 .

TERMINAL BLOCK INGULATION RESISTANCE (D)

Figure 8-6: Percent Errcr in the Resistance Measurement of an RTD
as a Function of Teratinal Block Insulation Resistance
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R a1T
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h 125 Vdc ,' R
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* -- --

,' T 8 2 *.
i .- _ 7 SOLENOID '---o o o

RTa3 ( VALVE'
- 5 ~'
's STATUS~

, 1
', INDICATING S-'

,

'o LAMPS --

STATUS
PANEL
LIGHT7

-

'

.

Figure'8-12: Simplified Circuit Schematic for One Possible
Solenoid valve Circuit' ;
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11.0 CONCLUSIONS

The primary application of terminal blocks in the nuclear power1.
industry is instrumentation and control circuits.

Terminal blocks receive minimal quality assurance attention in
selection, installation, inspection and maintenance activities.2.

Most industry qualification tests do not continuously monitor
for low level leakage currents during LOCA simulation tests of3.

terminal blocks. Without quantitative knowledge of these
leakage currents, adequa'.e analyses of their effects oa
instrumentation and control circuits cannot be performed.

Surface moisture flims are the most probable explanation for4.
degradation in terminal block performance during exposure to a

Becasse the existence of moisture flims issteam environment.
highly oependent upon env.ronmental conditions, test
environments must realistically reflect the predominantlyFor example, superheated testexpected accident environments.
conditions may not accurately represent the terminal blocks'
performance.

The use of voltage levels above actual use conditions in5.
qualification tests of terminal blocks may be nonconservative
with respect to the measurement of low level leakage currents
which are the primary degradation mode of terminal blocks.

Terminal block leakage currents in a steam environment may6.
degrade performance of instrumentation and control circuits to
an extent sufficient to cause erroneous indications and/or
actions.

Cleaning will probably not reduce leakage currents to a level7.
acceptable for most instrumentation and control applications..
The large, positive impset on terminal block performance-that
was originally believed to accrue from cleaning was not

Further, terminal block leakage currents were notobserved.
significantly reduced by the application of either of two
coatings tested.

.
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PROBLEM TERMINAL BLOCKS

MARATHON 1600
J

! TEST SUMMARY

PARAMETER LIMITORQUE WYLE/MARA. WYLE/PP&L WYLE/ CECO

REPORT NO. B0119 45603-1 45822-00 17657
I
E DATE APR 82 FEB 82 FEB 87 DEC 83
-

RADIATION 2.0E8 2.0E8 2.0E8 2.0E8

MOUNTING UPRIGHT FLAT FLAT FLAT

ENCLOSURE DUMMY MOV NEMA-4 NEMA-4 NEMA-4
|

AGING TEMP 280*F 248'F 248'F 248'F

1 AGING TIME 300 HR 443 HR 185 HR 932 HR

LOCA TEMP 312'F 350'F 360/330'F 345*F

PEAK TIME 30 MIN 3 Hh 3 HR/3 HR4

VOLTAGE 250-2.$VDC 132/264/528 528VAC A 42/135DC/132 AC
HC601R.y coNrego.W5 Nfm WIM Coni t wc,u S

FPR/ACPT >300IR 12/18/ A FUSE FUSES LKG

EESULTS INCONCL FAIL FAIL HIGH LKG

pg CM CN "'T
g

OTBERS

1 5 6 's + "L WS

19 E3- ~IA a mo E PA (kU' M, w wor;

,

15o .2 , "
. _ . .

h

4-, ,
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1ERMIRAL BLOCKS
MARATHON
CRAFT REPORT

~

AGlhG DBE FUSES

REPORT DATE TEMP / TIME TEMP / TIME LINE/LKG RESULTS

WYLE41ARATh0N 45603

WYLE-PP&L FEB87

WYLE-CECO 17657

LIMITORQUE B0119

SAFETY RELATED FROM MARATHGN HAS STICKER. H.B. SAYS DIFFERENT
FR0h 1600s SUPPLIE9 TO LIM. COMM. GRALE.

ANOKALIES:

45603: cont, energ.,528 fail, 204 blew-not clear when replaced,
132 OK till near end of test when on restoratiuon of power,
all blew! a

PP&L-1600s only, three, horiz failed on enrgizing after spray
init.

50119-only one 300 energ, althcugh intermittently (worst case)
Curtis L data mis reported 700 chm vice 700K
irs taken wiyh as low as 2.8 VDC (500 V Megger)

N0te TDs mounted vertically out from base

HOW TO EVALUATE OPERABILITY A!;ALYSES

VOLTAGE DIVIDERS
FUSES
CONTINUGUS OPERATION
FAILURE t10 DES AND EFFECTS

i

m.
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* Ramp to 345'F 55 pelg
350 - la approximately 10 secomis

" Sisal Chemical spray as soon Temperetwo
as posalble and continue for

Presswo~~ ~24 hours
!345*F (including margin)

300 - |
*

"

ca.en.agine
g Relayse

g 270*F
I l ,-4

-

I I I "'
.

250 -
g Ertergize -

[ | Relays 2
y

gb "*'8I'*
| Relay 3 3 245'F S7 Raiseg g yg3 DC voltagey | g ygi lo 142 VDCg

E 200 -- | 1 ,221*F PP
,y

G ' '= g
g i : a-

' e:, ~55 psig (including margin) I Return DC $i
I i Ig g voltage to 135 VDC 50 "-

| \ I| I I 3150 -
| g 1 i g }

,

I I 8 iI \ *
I I l ' B| \

| N 8
' g O8

- 9 _4 _ e _Salurallon__pressurt. a_l *
I

__ _ _ _ __ --- o.T,
i 'a I g , current charnber lesapetalwe

,, ~
!::a , *

3 min 6 min | 12 Hea 24 Hrs; 27 Has30 sec ,

| 42 Hss #E
10 Hrs 25 Hrs E.S

,S, .N,

ACCIDENT TEST PROFILE gQrigore 3 '
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Table 2-l'

Typical Radiation Damage Thresholds and Maximum Service Temperatures
for Five Insulating Materials Used in Terminal Blocks

Found in U.S. Nuclear Power Plants

Insulating Radiation Danese S$rvice Temperature
Material Threshold (Rads (C)) *C (*F)

(61. (7)

Phenolics
glass filled 1010 160-190 (320-374)

10 109 120-220 (248-428)0
cellulose filled

Alkyd
glass filled 109 149-191 (300-376)
cellulose filled 108 191 (376)

Melamine (Resin) 100
glass filled 109 204 (399)' |

cellulose filled 107 99-150 (210-302)

Diallyl Phthalate

class filled 108 204 (399)
cellulose filled 107 160'(320) .

!

10 1o6 130 (266)
'

5Wylon 61
(8)-

__

glass), the radiation levels quoted in Table 2-1 indicate:that there will
be minimal effect on the insulating materials normally used for terminal
blocks by nuclear plant radiation doses (estimated-doses: 5 a 107 rad

8 rad accident).operating life and estimated 1.5 x 10
g

-

- -

The metallic terminals - are typically stable to- temperature and
-

radiation levels which exceed the aging and accident environments
postulated for nuclear power plants. Thus, we would notierpect degraded
performance of the conducting material based on pure radiation and/or
temperature effects. There is, however, potential for material-
interaction problems such-as corrosion or galvanic ection to occur. The
selection of metal coatings and base conductor material should be such
that L these ef fects are minimited in both' the normal operatiny oavironment

~

(e.g., 80-110*F and 10-100% RH) and the postulatedL accident = s. consents
which include steam and chemicals. One specific' example would be to
avoid the use of cadstum as plating material because in a steam-chemical
spray environment it may be a reactant in a galvanic reaction.

!

i
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KULKA MODEL 602JJ TERMINAL BLOCKS

;

AMPHENOL REPORT 123-2222

10 ma FUSE IN LEAKAGE CKT BLEW

f DURING SECOND LOCA PEAK (340*F) .

t

j HAD TO REDUCE VOLTAGE FROM 600VAC
i- TO 370VAC TO KEEP FUSE FROM BLOWING- ;

I RETURNED TO 600VAC ON DAY 7
1
4

ANOMALIE NOT EXPLAINEDr

irs AS LOW AS 100 OHMS AT 370VAC
,

| NOT ENOUGH INFO TO RESOLVE IR.NOR
ANALYSIS TO SHOW OPERABILITY OF
SERVED EQUIPMENT,

A NOM ALOt(6 MM PIfI bM

0.nwls per MED
;
.

4

e

i
!
:
,

I

1

<

J

i
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Enclosure D 11

6. Terminal Blocks, Raceways and Enclosures - EQ Concerns

(TB) - Installed directly below top conduit entries

in boxes without adequate-test documentation for-leakage current
j

(Anchor Darling) - Unqualified Nylon tbs. Unqualified for temperature.
'

.

(Anaconda Conduit) - Polyethylene copolymer jacket of flex conduit degraded

while exposed to LOCA conditions (IN No. 83-72). ,

(Marathon) - 1600 Series TB found unqualified for circuits over 264 VAC

in the drywell (In general there are no qualified TB's for 480V

applications in the drywell).

(Stanwick) - Corroded terminals affecting qualified life. Junction boxes

dirty and corroded,

i

-

_ __

. - - _ . - - - - - _ _
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/
EVALUATION OF LICENSEE'S FF0 GRAM FOR

QUALIFICATION OF ELECTRICAL EQUIPMENT
LOCATED IN HARSH ENVIRONMENTSgpendixB

LIMIT SWITCH PHYSICAL INSPECTION CHECKLIST

Component ID Reviewer:
,

Installed Condition

Agrees with
Documented

Documented Information Yes No Coments

1. Location
Bldg. Room Elev

'

2. Manufacturer

3. Model No.
*

-

4 Mounting Description
_

'

5. Orientation

6. Electrical Connection Type|

7. Housing Seals in Good Condition -

-

8. knbient Normal Expected (If ambient temp-
Temperature Range- erature exceeds

normal expected
conditions, verify
that licensee has
considered the
elevated tempera-
ture in the
qualified life

evaluation)

General Coments on Physical Inspection:

Issue Date:
- 18 -



nclosure D 14
:

,

9. Position Switch / Limit Switch / Push Button Switches - E0 Concerns

: - (NAMCO) - Lacked cable entrance seal

- (NAMCO) - Cover screws missing - Bad housekeeping

i

- (REES) - Push button - Lacked test report and evaluation for ambient

pressure

i

!

i

e

4

a

5

y
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EVALUATION OF Litch5EE'S PROGRAM FOR'
QUAL 1F1 CATION OF ELECTRICAL EQUIPMENT
LOCATED IN HARSH ENVIRONMENTS Appendix-B

SOLEN 01D OPERATED VALVE PHYSICAL INSPECTION CHECKLIST-

Component 10 c+ *iewer:
_

Installed Condition

Agrees with
Documented

Documented Information Yes No Comments

1. Location
Bldg. Room Elev ___

'

2. Manufacturer __,

3. a. Model No,

b. Voltage

c. Configuration

4. Mounting Description
.

5. Orientation
.

6. Process Connection Type

7. Electrical Connection Type __
,

8. Housing Seals in Good Condition
7_ ,

-
. u

9. Does Installed Device Experience (If yes, document-- '

a Significant Temperature Rise ation must be.

fran Process? reviewed to deter-
mine if_the tempera-
ture rise was
considered)

10. Ambient Normal Expected (If| ambient temp-
Temperature Range erature exceeds

norma 1' expected
conditions,--verify

General Comments on Physical Inspection: that licensee has
considered the
elevated _ tempert
ture in the

i qualified life

evaluat en) ;

Issue Date:
19 <

o



,

Enclosure D 8

4

4. Solenoid _ Valves - E0 Concerns

(ASCO) - Coil replacement interval exceeded.

(ASCO) - File required cor.duit entrance seal for valves under high

pressure; no scals found in field.

(ASCO) - File required sealed cable conduits with weep holes st low

poiht; not found in field.

(ASCO) - Loose housing found which could allow the atmosphere to enter

coil housing.

(ORESSER) - Valve Model No.1525VX had unqualified PVC wire (No

documentation)

(ASCO) - Model No Np-8316-54V not qualified by type test, in-that

moisture seals were not provided at the cable entry.

(TARGET ROCK) - Internal temperature rise causing temperature of field

run cable to exceed rating (IE8 No. 84-68).

(ASCo) - File stated that all solenoid valves (ASPit tiad to be testedg

once a month to insure proper opening and closing; while

maintenance instructions said no maintenance was required.'

(ASCo) - Valve containing viton dynamic seals, ASCo Model No. NPI,

not to shift position after being exposed to

> 20 MRads (IN No. 82-52).

I

.



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

9
Enclosure D

(ASCO) - Model NP-1 has ethylene propylene seal elastomers that degrade

when exposed to oils and greases (IEB No. 80-11).

(ASto) - Models NP 8316 and HP 8344 failed during LOCA te: ting at Franklin

(IN No. 84-23); attributed to elastomers sticking to valve

metallic parts.

(

. . - . - . _ _ . .
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EVALUATION OF LICENSEE'S PROGRAM FOR
'

QUAllFICATION OF ELECTRICAL E0VfPMENT
Appendix B LOCATED IN HARSH ENV1RONMENTS

TRANSMITTER PHYSICAL INSPECTION CHECKLIST

Component ID No.: Raviewer:

Installed Condition
Agree's with
Documented

Documented Infcrmation Yei No Comments

1. Location
B1dg. Room Elev

2. Manufacturer
.

3. a. Model No.
b. Range / Type Code

~~~

c. Serial No.
-

4. Mounting Description
--

5. Orientation

6. Process Connection Type.

.

.

7. Electrical Connection Type
___

8. Housing Seals in Good Condition,
Covers in Place

9. Does Installed Device Experience (If. yes, reviewa Significant Temperature Rise documentation to
from Process? | determine whether

considered)

10. Ambient Normal Expected Temperature (If ambient temp-
Range erature exceeds.

___

normal expected,
verify that quali-
fied life evalu-
ation -considered)

General Comments on Physical Inspection:

Issue Dcte:
- 16 -

.

, _ . , . _ _ _ _ _ _ _ _ . _ _ . - . - - - - - - - - _ _ - -
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9

12
Enclosure D

7. Transmitters - E0 concerns

(General) - Qualified life exceeded for parts or whole, Calibration

life exceeded

(Rosemount) - Pressure, level and flow transmitters lacked conduit
weepholes; had wrong location and wrong model

(Rosemount Level Transmitters) - No record of 0 ring replacement during

maintenance.

(Rosemount 1154) - File indicated a qualified life of 15 years but
maintenance requirements did not call for a replacement at that time.

(Foxboro) - Conductor insulation degradation found on Foxboro Model E
Controllers, IN No. 86-52

;

4

|

1

,
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h

4

13Enclosure D

Level Switch / Pressure Diff_erential Switch - E0 Concerns8.

(Static-D-Ring) - (50R) pressure switch lacked cable ensrance seal

(Magnetorol) - EQ File indicated nc qualification required, however, file

did not address effects of switch failure on other EQ equipment'.

(Static 0 Ring) - Series 102 and 103, erratic tripping below sprified

drift pressure setpoints, IEB No. F6-02, IE Wo. 86-47.

(Static 0 Ring) - DP switches exhibited errt. tic tripping due to corrosion

of 0 rings also exhibited drif ting setpoints, (IEB No. 8602)

(Barksdale) - Pressura switches Models 82T .ind D2M experienced blown seals

that allowed water to accumulate in the switch housing, and as a result,

| exhibited electrical shorts across the microswitches.
|

|
(Static 0 Ring) - Pressure Switches, Models SN and 12N failed in LOCA

testing due to blown in gaskets and elastrometric diaphragms rupture

l (IN No 83-72).

/egj f/g f.__..- t/4m<k Cdh M[,W 4 4,, /.
Ay

.

.--wa % sm - ,.+m. e w -,.8 , , ---e+me-s
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Enclosure D 6

3. Cable splices - EQ Concerns

- (Raychem WCSF-N) file did not address Beta radiation for unshielded

splices.

- (MP splices) Lack of oualification traceability for nylon insulated

splices.

- (MP spilces) Found degraded prior to the end of their qualified life

at Dresden.
,

- (Raychem) Files too general. No specific consideration for high

1eakage currents and low irs affecting instrumentation circuits.<

No plant specific acceptance criteria identified.

- (Raychem) Report made generic qualification statement of similarity

for all models; however, not clear on degree o' sintlarity, as no

discussion or analysis to suprirt similarity existed. No reference

to polymer materials of construction.

- (knerican Pamcor) Test report did not establish adequate similarity
.

t between testeo Model No 52979 and other cpecific models in plant,

t i

'
. .

.
.

.

_ _ _ _ - - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _
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Enclosure D 7

(Raychem) - Less than required overlap of seal length on cable-

insulation.

- Splicing over braided material / unqualified substrate.

- Exceeding bending radius requirements of shrink tubing.

- Use of wrong kits caused stretching of tubirg and inadequate

sval.

- Lack of shims on small diameter cables.
,

- Flexing of splices while hot caused damage to surface of

seal.-

- Lack of QA/QC hold points.

- Site procedures do not conform to RayChem instructions.

'
,

.

6

.

.

. . ,
. . . . .

. ., ..
.
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CADLE ,

DATE REPORTS AGING RADIATION PEAK /'t .. 4/pH SAMPLE DESC'1

j
(ori

1 NO.
._ _ ,

t

, , .
, _ _ _ _ _

. - - - - - - - - _ _.__ .--

In-Line Sp1 ice WCSF-N (6") XLPE

) 1973 71100 121* C, 168 hre 100 EPR/Neopren.[
Nrads 360*T, 100 days, 10

200 j
- . - - _

1974 FC4033-3 150*C, 168 hrs 150 9.5 In-Line Splice (6") XLPE
Transition Splice WCSF-M/-4 7Mrads 357*F, 30 days,

200 11.0 molded parts

unaged
168 hrs DOdBLE PEAK IDCA In-Line Splice WCSF-N (6") XLPE

f1978 EDR5019 150*C, 200 Mrads 350"F, 21 days, 10.5

.
1500 hrs '

i

j 1980 EDR5011 150*C, 168 hrs 163 Nrade DOUBLE PEAR IDCA In-Line Splice NCSF-M (6") on EPR/Hypalon r
*

340'r, 30 days, 10.5 EPR/HYPALOM WIRE
j .

__ - .. . . . . ._____ .
,L'

$ 1980 EDR5015 150'C, 168 hrs 200 Mrads DOUBLE PEAK IDCA - NNCE - Motor Connection Kit XLPE
- NESK - Cable End Sealinq Kit340*F, 30 days, 10.5

i,

unaged'

1981 WYLE 1000 hrs 200 390*F, 30 days, 10.5 In-Line Splice WCSF-N **L"I XLPE I

58442' '150*C, Nrads NCBK - CABLE Breakout Cit'

1500 hrs 290 MESK - END Sealing Kit
t

: MMCK - Notor Kit i
__

i
'

1982. 'WYLE 150 *' C, 767 hrs 215 Mrads DOUBLE PEAK LOCA In-Line Splice WCSF-N (6"! XLPE
1 58722 442*F, 30 days, 10.5 NPRV - Stub Connection Kit

NPK - Plant Splice Kit ,

Transition Sleeve - 202B.

1983 EDR5088 ANCI-C119.1 In-Line Splice WCSF-N (3") XLPE i,

One Inch Sea 1
(Non-Accident Criteria)

Y G nHeelltebR Gr$7
'

This list is a compilation of major qualification reports. These reports
*

'

reflect the overall development of the qualification program to meet the
then current industry requirements.- A complete list of reports is

i detailed in Raychem's Nuclear Product Guide I.
\ .. _ - - - -
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REGION 11 RESPONSE TO ALABAMA POWER COMPANY REQUEST FOR DOCUMENTS p j

INCONNECTIONWITHTHEFARLEYE0CIVILPENALTYHEARING g

REGION 11 CONTACT: BRUNDURYC,FTS 841-4192

DOCUMENTTITLE: Od /M[ be-ytAL

6pr~
DOCUMENTDATE: QMDA76b

DOCUMENTRECEIVEDFROM: b)i bEWL

beck'Ic- NO T. LTYPE OF DOCUMENT:

RESPONSIVE 10ITEMNO: M

EXEMPTIONCLAIMED: NO

-

.

YES-

|

3 -c
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_ _ _ _ _ _ _ _

. - '

(WY < id r * /i. ') s-
e

'),

(
SANDIA LIMITOROVE LECTURE . ' '

l. E0 ISSUE y'
A. LOADING OF ACTUATORS DURING TESTING

1. ACTUATORS GENERALLY LCADED ,VTA THRUST TUBE.
2. RATED MOTOR TORQUE WAS NOT ACHIEVED.
3. RATED THRUST CUTPUTS WE E' GENERALLY ACHIEVED.

n 14 6a

B. DEGRADED VOLTAGE TESTING OF ACTUATORS V
-

y , ,.q'.u
0 '. j/ ,.. > m1. NUREG 0558 CAT I AND 1, 2.2.(10) REQUIRES TESTING AT 4,.,r g'A'gEXTREMES lu VOLTAGE.

,

2. ONLY LiMITORQUE REPORT B0212 INCLUDED VOLTAGE VARIATIONS. M ''+'
(INSIDE PWR CollTAINMENT, RELI AllCE F TYPE LR INSULATION) . '" "

3. FOR ACTUATORS NOT COVERED BY REPORT B0212, LICENSEE NEEDS l're.'<'6
TO SHOW ADEQUATE THRUST MARGIN EXISTS. M,, rg;,

C. SIMILARITY ANALYSIS OF VARIOUS CLASS B
1. A SIMILARITY ANALYSIS REVIEWED AT LIMITORQUE WAS FOUND '

TO BE ACCEPTABLE FOR PEERLESS AC, PEERLESS DC,
RELIANCE AC AND RELIAICE DC CLASS B MOTORS.

.

D. NYLON INSULATED WIRE JoltiTS
1. NYLON INSULATED WIRE JOINTS USED IN SPLICING LEADS IN

SOME DUAL VOLTAGE MOTOR 3 ARE fiOT QUALIFIED BY ANY
LIMITORQUE REPORTS. NO TRACEABILITY OF THE TYPE OR MODEL
OF WIRE JOINTS WHICH MAY HAVE USED WITH TESTED MOTORS
WAS AVAIL /4LE AT LIMITORQUE.

E. LIMITOROVE TERM'..(Al BLOCK IEST B0119
1. hEGGER READINGS WERE TAKEN WITH MEGGER ON OHMS SCALE.2. OUTPUT VOLTAGE OF MEGGER WAS 2.2 VOLTS.3. SUITABILITY OF BLOCKS OTHER THAN MARATHON 300 FOR 480 VAC

SERVICE IS NOT ENSURED.
4. TRANSCRIPTION. ERROR FOUND IN DATA FOR CURTIS L BLOCKS'.

F. T-DRAlHS
1. T-DRAINS ARE REQUIRED ON ALL ACTUATORS THAT HAD T-DRAINS

INSTALLED IN THEIR APPLICABLE E0 TEST.
*2. ORIENTATION OF INSTALLED T-DRAINS IS IMPORTANT.3. lio TEST EXISTS THAT QUALIFIES ACTUATORS WITHOUT T-DRAINS

FOR INSIDE CONTAINMENT.

G. LUBRlCANTS - at a pr do .siy + l- S c om p<%./
1. ONLY QUALIFIED LUBRICANTS ARE ACCEPTABLE.2. Fore MAIN GEAR b0X/ ACCEPTABLE l.UBRICAllTS ARE EXON NEBULAEPO AND EPl. LUBRICANTS ARE LIGHT TAN IN COLOR.,

3. SUN OIL COMPANY SOEP (XC-421-39) CAtl BE USED FOR OUTSIDE
CONTAINMENT. IT IS BLACK IN COLOR.

1[s s
>> |i

m..

'4

_.z--....._... . . . . . . . _ .

-
'

'

^ ^ - - - - - ~ - -
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4. THE LIMIT ShlTCH GEAR H^USlflG SHOULD CONTAIN BEACON 325;*
(GREY /BElGE) OR MOB!t 25 (RED /BROWid.

H. MOTOR BRAKES
1. NONE TESTED FOR RADIATION.

: 2. REP.0RT 600198 TESTED A DINGS BRAKE FOR INSIDE
CONTAINMENT. TEST CONSISTED OF AGING 100 HOURS AT 100'C

'

PLUS LOCA

REPORTF-63271 TEST [2 HOURS.
3. D A RELIANCE BRAKE. TEST CONSIDERED-

0F 212*F STEAM FOR 1 NO AGING OR RADIATION.

11. IE NOTICES ;

A. 86-02 FAILURE OF ACTUATORS WITH MAGNESIUM ROTORS
1. MOTORS WITH MAGNESIUM ROTORS FAILED A GE TEST FOR INSIDE

CONTAINMENT BWR'S.
2. FAILURE OCCURRED 7 DAYS AND 14 DAYS INTO THE LOCA.
3. RELIANCE MOTORS OF FRAME SIZE 180 AND LARGER LIKELY

CONTAIN MAGNESIUM MUTORS.
4. LIMITORQUE OF SIZE SMB-0 OR LARGER MAY CONTAIN EFFECTED

MOTORS. ge g- w %g ,, 9 ,, ,, A, 3
'

B. 86-03 OPERATOR h'! RING
l. INTERNAi. ACTUATOR WIRING IS tl0T COVERE3 BY.LIMITORQUE :

QUALIFICATION REPORTS. ,.

2 SEPARATE WIRE QUALIFICATION REPORT ARE REQUIRED.
J. Tl 2515/75 GIVES GUIDANCE FOR !!!SPECTING FOR PROPER WIRE.

' ~

C. 86-71 LIMIT SWITCHES, TORQUE SWITCHES, SPACE llEATERS '

l. FOR ACTUATORS QUALIFIED TO INSIDE CONTA!NME#TREPORTS,
.lMIT AND TORQUE SWITCHES SHOULD BE EITHER BROWN OR WHITE. '

2. FOR ACTUATOR QUALIFIED TO OUTSIDE CONTAINMENT REPORTS,
SWITCHES CAN BE EITHER BROWN, WHITE, RED OR BLACK. -

3. ACTUATORS WERE NOT TESTED WITH SPACE HEATERS ENERGIZED.
'

ADDITIONAL CALCULATIONS ARE REQUIRED FOR ENERGlZED SPACE
HEATERS.

| D. 87-08 DEGRADED MOTOR LEADS IN PEERLESS MOTORS
1. PEERLESS MOTORS MANUFACTURED BETWEEN DECEMBER 1984 AND

DECEMBER 1985, LIKELY CONTAIN INFERIOR UNQUALIFIED MOTORI '

LEADS.
2. MOTORS WITH THESE LEADS MUST DE REPLACED

| 3. DATECODESOFAFFECTEDMOTORSGIVENINlbNOTICE-

| - - pu la y Ph.d -df Aw -6v n L>o

..

- p

,
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cAAS / <Ij

ca. , A.
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1. ENVIRONt'.ENTA,L QUAllFICATION ISSUE,

A. LOADING OF_ ACTUATORS DURING TEST!!!G

IT WAS DETERMINED THAT ACTUATOR LOADING DURllG MOST OF THE
LIMITORQUE ENVIRONMENTAL QUAllFICATION TESTS WAS BY MEAkS OF
A THRUST TUBE. THIS METHOD OF TESTING PROVIDES A LOAD ONLY
AT THE END OF THE ACTUATOR CLOSING CYCLE. THE LOAD 10 ACHIEVCD
BY DRIVING A STEM lllTO A STATIONARY THRUST TUDE. THE TUBE
STOPS THE STEM 1 RAVEL AND THE ACTUATOR IS LOADED UNTil MOTOR
CURRENT IS lilTERRUPTED DY MEAT!S OF THE TORGUE SWITCH. THE LOAD
ACHIEVED'DURING TESTING IS THEREFORE DIRECTLY RELATED TO THE
TORQUE SWITCH SETTING OF THE ACTUATOR. REVIEW OF LIMITOROUE
TEST REPORT B0212 SHOWS THAT THE MOTOR INSTALLED IN THE TESTED
ACTUATOR WAS RATED FOR 15 FOOT-LBS. US!!1G AVERAGE TORQUE
VALUES OBTAINED BEFORE THE TEST, A MOTOR TORQUE OUTPUT OF 14
FOOT-LB3. WAS CALCULATED TO HAVE BEEN ACHIEVED DURING THE EQ

'
TEST OF THIS ACTUATOR. It LIMITOROUE TEST b0009, A 25 FOOT-LB.
RATED MOTOR WAS LOADED TO 13.4 FOOT-LBS. THE ABILITY OF THE
LIMITORQUE MOTORS TO PUT OUT FULL RATED TOROUE WAS THEREFORE
fl0T PROVEN DURiflG THESE EQ TESTS. RATED THRUST OUTPUTS OF THE
ACTUATORS WERE HOWEVER ACHIEVED DUhlNG BOTH LU212 AND B0009
TESTS.

B. DEGRADED VOLTAGE TESTillG OF ACTUATOR

IT WAS DETERMit!ED THAT LIMITOROUE REP 0r.T B0212 IS THE OllLY
REPORT THAT DESCRIBES TESTillG OF All ACTUATOR DUR!!!G DEGFADED
V O L T A G E C 0!! D I T 1 0 f? S . THE APPLIED VOLTAGE !!! ALL OTHER TESTS
WAS THE NOMINAL RATED MOTOR VOLTAGE, CALCULAT10lls SH0W THAT
AT A Mit VS TEN PERCE!!T VOLTAGE CollDITIOil MOTOR TORQUE CUTPUT
WILL DECREASE BY SOME 19s' LIMITOROUE REPORT B0212 IS FOR Al;
AC RELIANCE MOTOR. DC MOTOR PERFORMANCE UNDER DEGRADED VOLTAGE

! C0f!DIT10NS WOULD BE CONSIDERABLY DIFFEREhT.

| THE STATEMENT CONCERNING DEGRADED VOLTAGE IN LIMITORGUE REPORT
B0058 WAS DISCUSSED. IT WAS DLTERMillED THAT THE MOTORS
INSTALLED IN THE TESTED ACTUATORS WERE SIZED BASED UP0li CALCULA-

'TIONS DONE U$illG NOMINAL MOTOR VOLTAGE. HAD DEGRADED VOLTAGE
BEEN TAKEll INTO ACCOUNT LARGER MOTORS WOULD HAVE THEN BEEl;
REQUIRED ON SOME OF THE TESTED ACTL'ATORS. TO TAKE CREDIT FOR
THE LIMITORCUE TESTS LICEllSEES THEREFORE NEED TO SHOW THEIR
ACTUATOR MOTORS WERE PROPERLY SIZED FOR THE APPLICABLE VOLT /GE
CONDITIONS.

C. SIMILARITY Af1ALYSIS BETWEEN C. ASS B AC PEEFLESSr DC PEERLESS.
Ut RELIANCE, AND AC RELIANCE HOTORS,.

A SIMILARITY AtlALYSIS CONTAINED lil A WYLE LETTER DATED,

AUGUST 10, 1962 TO STONE AND WEBSTER WA5 REVIEWED. THis LETTER
CONTAlllED A MATERI AL ANALYSIS OF THE MATERI ALS USED !!! CLASS B

'

AC PEERLESS, AC RELIAllCE, DC RELIANCE AhD LC PEERLESS MOTokS.

w
's

- ~
- - -
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THE AliALYSIS SHOWED THAT THE MATERIALS USED IM Tile MANUFACTURE
0F THE CLASS B DC PEERLESS, DC RELIAf.CE AllD AC PEERLESS MOTORS'

WERE EQUAL TO OR BETTER THAN THOSE USED !!1 THE MANUFACTURE
OF THE C. ASS B AC REllANCE MOTOR TESTED IN LIMITORQUE REPCRT
B0003. 10 DEFICIEt4CIES IN THE WYLE MATERIAL ANALYSIS WERE
NOTED. ,

D. QUALIFICATION OF NYLON lilSUL AT10f4 WIRE JOINTS

ACTUATORS EQUlPPED WITH DUAL VOLTAGE MOTORS HAVE BEEN FOUf;D
TO CONTAlli NYLON INSULATIOld WIRE JOINTS. THESE WIRE J0!!!TS
WERE USED AT LIMITOROUE TO MAKE C0fiNECT10NS ON DUAL VOLTAGE
MOTORS. ACTUATORS TESTED IN LIMITORQUE REPORTS B0003,
600370A, AND 600198 CONTAlliED DUAL VOLTAGE MOTOPC THAT LIKELY
CONTAlllED SOME TYPE OF INSULATED WIRE JOINT. NO DOCUMENTATION

'

AS TO THE EXACT TYPE OR AS TO THE JOINT MANUFACTURER EXISTS
AT LIMITORQUE. ADDITIONALLY, ll0 CollFIGURATION C0f1 TROL EXISTS
THAT WOULD ENSURE THAT WlRE JOINTS ARE KEPT AWAY THOM C0l1 DUCT!!:G
MATERIALS. THERE IS THEREFORE 110 DOCUMENTATION THAT EXISTS

AT LIMITORQUE THAT WOULD SUPPORT ENVIRONMENTAL CUAllFICATION
OF THESE NYLON lilSUL ATIOil HlRE J0!flTS.

E. LIMITOROVE TESY B0119

LIMITORQUE TEST B0119 DESCRIBES AT TEST IN WHICH A MARATHON 300
TYPE TYPE TERMillAL BOARD WAS USED TO POWER A MOTOR TO A
LIM 110RQUE ACTUATOR. THE TERMINAL BOARD WAS SUBJECTED TO Af4
INSIDE CONTAINMEliT TYPE EUV!RoliMEllT A!4D WAS SHOWh TO ADEQUATELY
TRAf! SMIT POWER TO THE SUBJECT MOTOR AT SELECTED PERIODS THROUGH-
OUT THE LOCA SIMULATED PORT 10ll 0F THE TESTicG. RESISTAf4CE
READlllGS OF THE TERMil4AL 00ARD (TEFMll AL TO TERMit|AL Al4D
TERM!!iAL TO GROUND) WERE THEN TAiWil BY DISC 0f.f!ECTillG THE MOTOR
IMMEDIATELY AFTER ENERG12ATIONa

lHE LOWEST READING OBTAltlED DURlllG THE TEST!ilG FOR THE MARATil0N
300 TERMlfiAL BOARD WAS 900 OHMS. SicCE THE MOTOR PERFORMED
ADEQUATELY WITH THE 900 OHMS MEASUEED INSULAT10h RESISTAf!CE
THIS VALUE WAS SET AS THE ACCEPTANCE CRITERIA FOR REQUIRED

, MEASURE !!1SULAT10ft RESISTA!4CE.

UPON REVIEW BY THE NRC liiSPECTOR, IT WAS DETERMINED THAT THE
MEASURED 900 OHMS II:SULAT10f| RESISTANCE WAS TAKEN USltlG A BIDDLE
21159 MEGGER. lilSPECTION OF THIS MEGGER REVEALED THAT READil4GS
!!1 THE 900 OHMS RANGE COULD ONLY HAVE BEEN READ 011 THE MEGGERS
OHMS SCALE. THIS MEGGER HAS FOUR SCALES WITH FOUR ASSOCIATED
OPEN CIRCUlT OUTPUT VOLTAGES. WITH-THE OHMS SCALE USED IN
OBTAINING THE 900 CHM READING, THE OUTPUT VOLTAGE APPLIED TO
THE TERMINAL BOARD WOULD llAVE BEEN VERY LOW. FROM DISCUSS 101.S-

hlTH THE MANUFACT'JRER OF THE MEGGER, BIDDLE INS 1RUMENTS, IT HAS
BEEN DETERMINED THAT THE MEGGERS OUTPUT VOLTAGE UNDER THE ABOVE
CONDIT!0tlS WOULD HAVE BEEN APPROXIitATELY 2.2 VOLTS.

--
..

.__
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ALTHOUGH THE OTHER TESTED BOARDS EXH,BITED INSULAT1014 RESICTANCE x-

READlHGS BETTER THAN 90C OHMS, THESE VALUES WERE ALSO OBTAlhED
USING THE MEGGERS CHMS SCALE. CollSE LZi1TLY, THE ABILITY OF THE
OTHERTERMllJALBOARDSTESTEDINB0]l{.TOADEQUATELYSUPPLYA
480 VOLT OR 120 VOLT CIRCu1T HAS NOT BEEll SHOWN. UliDER THE TEST
CONDITIONS, ALL TERMINAL BOARDS WOULI HAVE IllDICATED 0 OHMS ON
THE BIDDLE MEGGER USll4G THE 500 VOLT OR 250 VOLT SCALE.

ADDITIONALLY, A DATA TRAL | SCRIPT!ON EF ROR WAS DISCOVEFED lli THE
REVIEW. THE VALUES OBTAlhED AT EVEin 5 FOR THE CUhTls "L" TYPE
BOARD WERE REALLY 800 OHMS, 700 OHMS AllD IK, 110T SOCK, 700K,

1

AND 1K At INDICATED IN TEST REPORT BC119. THESE VALUTS ARE'
THEREFCRE BELOW THE 900 OHM LIMITORQUE ACCEPTANCE CRITERIA.

IN ColiCLUS10ll, THE ABILITY OF THE CURTis "L," MARATHON 1600,
BUCHAllAN 0222, BUCHANAN 0524 AND CE-EB-5 TYPE TERMillAL BPAPDS
TO ADEQUATELY SUPPLY 480 OR 120 VOLT S0WER TO MOTOR OR ColiTROL
CIRCUlTS HAS NOT BEEN DEM0l!$TRATED BY LIMITOROUE REPORT B0119.

F. T-DRAINS

T-DRAltJS ARE REQUIRED ON ALL ACTUATORS THAT HAD I-DRAlllS
INSTALLED lli THElR APPLICABLE E0 TEST. THE PURPOSE OF THE
" DRAIN IS TO ALLOW CollDEllSATE TO DRAll, FROM THE ACTUATOR.-

.llTERilAL PARTS SUSCEPTIBLE TO CohDEl:SATION FAILURES WOULD BE
THE MOTOR, LIMIT SWITCH, TORQUE SWITCH, TERMll1AL BLOCKS Al!D
OTHER ELECTRICAL ColitiECT10llS. IF T-DRAil S ARE REOUIRED THElR
POSITION SHOULD BE SUCH THAT THEY ALLOW A CollDENSATE DRAlliAGE
PATH WHICH WCULD PREVEllT COLLECT 10ll 0F W ATEk AROUt!D THE SUSCEP-
TIBLE COMP 0llENTS. FOR EXAMPLE, IF All AC TUATOR IS MOUNTED
WITH THE MOTOR HIGHER THAN THE LIMIT SWiiCH COMPORTMElli A
T-DhAlh ON THE MOTOR ONLY WOULD I;0T BE s'4: F l C I EllT . At:0THER
UllACCEPTAEL 5 lilSTALLAT10ll WOULD BE A T un?!9 Il4TALLED
GREATER THAN 22* FROM THE LOW PO!!!T OF A HB C 0l4 TALLY MOUllTED
MOTOR.

F0iLOWil1G 1S A TABULATIOli TAKEN FROM THE NUGEQ REPORT Oil LIMITORcVE
EQ CLAEIFICAT10lis. THE TABULAT10ld APPEARS TO BE CORRECT:

*

REPORT # T-DRAltlS lilSTALLED

600198 0
600376A 2
600470 2
B0009 1

B0003 0
F-C3271 0-

B0027 2,.

B0212 2
B0119 2

. ~ _ . .

;
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110TES. .

IllSIDE CONTAINMEf;T REPORT 600198 APPL.lES Ot1LY TO RELIANCE H TYPE
MOTORS. ALSO, GUESTION EXISTS AS HOW W!hES ENTER NG THE ACTUATOR
WERE SEALED. [10 RADIATION. NOTORS WERE AGED AT 280*C F0r,100

,

i HOURS.
|

|
OUTSIDE CONT INMENT REPORT B0003 APPLIES ONLY To RELIAllCE CLASS B MOTOR $. I
AGED AT 105'F FOR 200 HOURS, RADIAT10lJ TO 20 MEGARADS. |,

| OUTSIDE Col 4TAINMENT REPORT F-C3271 APPLIES ONLY TO RELIANCE CLASS B
MOTORS. f10 SPRAY, NO RADIATION, NO AGEING.

i

.
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REGION 11 RESPONSE TO ALABAMA POWER COMPANY REQUEST FOR DOCUMENTS.

INCONNECTIONWITHTHEFARLEYE0CIVilPENALTYHEARING A 4
REGION 11 CONTACT: BRUNOURYC,FTS 841-4192

: DOCUMENTTITLE: E Q k Atc.'I E -Ase e
. .

DOCUMENT DATL LitdDATEb

DOCUMENTRECEIVEDFROM: (0, C6 ills.

L o c,g A g b u t b A u gTYPEOFDOCUMENT: TOSP6Grrtor3 P

RESPONSIVETOITEMNO: @

DEMPTIONCLAIMED: NO
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E0 illSPECTION PROGRAM.

t

DESCRIBED lli SE.CY-85-220. (Jul1E 18, 1985)
:

: ~

!
START IST ROUND lHSPECTIONS OCTOBER 1984, COMPLETE OCTOBER

; 1957.
!

'

OBJECTIVES:
!

! REVIEW LICENSEES' IMPLEMENTATION OF PROGRAM FOR MEETING

10 CFR 50.49 REQUIREMENTS.
>

REVIEW LICEftSEES' IMPLEMENTATION OF SER CORRECTIVE

fjQ d N ACTION COMMITMENTS.
,

i REVIEW LICENSEES' IMPLEMENATION OF PROGRAM FOR MAINTAIN-

ING QUAL) fled STATUS OF EQUIPMENT DURING THE LIFE OF THE
PLANT.

PERFORM PHYSICAL INSPECTION OF EQUIPMENT TO DETERMlf!E

THAT THE INSTALLATIONS AGRES. WITH'SER COMMITMEliTS/QUAll-

FlCATION REQUIREMENTS.
.

| PROGRAM TRANSFERRED TO REG 1014S AFTER MODULE DEVELOPMENT AND

COMPLETION OF PILOT PHASE.

IIRR TO PROVIDE TECHNICAL SUPPORT (STAFF AND-CONSULTANT) AND

TO C00RDlHATE OVERALL SCHEDULil:G.

.

.

4

Sill-!1RC/E0/UP-1/10

..
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E0 It!SPECT10ll PROGRAM

.

CURREliT STATUS OF FIRST R00fiD liiSPECTIONS

LA_ULUST1987)A

. . .

El Ell * Bill ElY EY TOTAL-

SITES COMPLETED 15 8 10. 5 5 49

SITES REMAltJING 10 9 4 3 1. 27

>.

,

'DOES NOT lllCLUDE SPECI AL PROJECTS SITES.- i
-
.

[heb 1 h m Q, !

u n- zd G (,- !,

Voh11, >- d e nl o< 3 .

"
c e 4, t

Yt Ov h Ie,.

_

!
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GENERIC LETTER 85-15 ( AUGUST 6,1985) '

PRO. DES FOR CIVIL PENALTIES OF $5000 PER ITEM PER DAY
WHICH MAY'BE RETROACTIVELY IMPOSED:

FOR NONCOMPLIANCE IDENTIFIED AFTER NOVEMBER 30, 1985,-

FOR EACH DAY A LICENSEE CLEARLY KNEW OR SHOULD HAVE

KNOWN THAT EQUIPMENT QUALIFICATION WAS INCOMPLETE.

ESTABLISHED 3 MI,TIGATION FACTOR 0!
4

1. PROMPT IDENTIFICATION AND REPORTING.
'

2. BEST EFFORTS'TO COMPLETE ENVIRollMENTAL .

QUALIFICATION BEFORE DEADLINE.
'

3. FULL COMPLIANCE WITHIN REASONABLE TIME.

.

,

; a
sf k uf
7. P

||sb b
.h * y

/jt C6ui.w

& h$$k '

'
'

Shnsu:s le --

SNL-ilRC/EQ/UP-3/10;
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GENERIC LETTER 85-35-( AUGUST 6,1985) -
|,

DEFlflES " UNQUALIFIED EQUIPMENT:"

" EQUIPMENT FOR WHICH THERE IS NOT ADEQUATE DOCUMEllTATION

TO ESTABLISH THAT THE EQUIPMENT WILL PERFORM ITS-

INTENDED FUNCTIONS IN THE RELEVANT ENVIRONMENT."

DEFINES " ITEM:"
,

" SPECIFIC fiPE OF ELECTRICAL EQUIPMENT DESIGNATED BY,

MANUFACTURER AND MODEL WHICH IS REPRESENTATIVE OF ALL

IDENTICAL EQUIPMENT IN A PLANT AREA EXPOSED TO THE SAME-

ENVIP,0NMENTAL SERVICE CONDITIONS."

|
'

.

.

L

'

.

b

.

'

j
-

:

Sill-flRC/E0/UP Ll/10!
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GENERIC LETTER 86-15 (SEPTEMBER 22, 1986) -

IIE0 VIRES LICEtiSEES TO MAKE PROMPT DETERMINATION OF

OPERABILITY WHEN Ut400ALIFIED EQUIPMENT IS IDENTIFIED...

AND...-

TO TAKE IMMEDIATE STEPS TO ESTABLISH A PLAN WITH A
REAS0t!ABLE SCHEDULE TO CORRECT THE DEFICIEllCY.

WRITTEN JUSTIFICATIOli FOR CONTINUED OPERATION (JCO)
15 REQUIRED, BUT DOES NOT HAVE TO BE REVIEWED AND

APPROc2D BY NRC.

.

.

.

.

Sl1L-11RC/E0/UP-5/10a
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GENLRIC LETTER 86-15 (SEPTEMBER 22, 198si

REQUIRES LICENSEES TO MAKE PROMPT DETERMINATION OF

OPERABILITY WHEN UNQUAllFIED EQUIPMENT IS IDENTIFIED...

AND...-

TO TAKE IMMEDIATE STEPS TO ESTABLISH A PLAN WITH A
REASONABLE SCHEDULE TO CORRECT 'HE DEFICIENCY.

-

WRITTEN JUSTIFICATION FOR C0ilTINUED OPERATION (JCO)
IS REQUIRED, BUT DOES NOT HAVE TO BE REVIEWED AND

APPROVED BY NRC.

DEFINES "0PERABLE:"

. : ASONABLE. ASSURANCE THAT THE ECJIPMENT WILL

PERFORM SAFETY FUNCTION (S) PRIOR TO FAILURE...

AND...

SUBSEQUFNT FAILURE WILL NEITHER DEGRADE AtlY- .

OTHER SAFETY FUNCTION NOR MISLEAD THE OPERATOR.
*

FOR EQUlPMENT DEEMED INOPERABLE:

INVOKES TECH SPECS FOR' EQUIPMENT COVERED BY THEM..

ALLOWS FOR OPERATION UNDER CERTAIN CONDITIONS..

IF INOPERABLE EQUIPMENT IS NOT UNDER TECH SPECS,

SHL-liRC/EQ/UP-5.1/10
n ..

<g,
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GENERIC LETTER-86-15-(SEPTEMDER 22, 1980
'

.

TRANSMITS ENFORCEMENT GUIDANCE RELATED TO GL 85-15.

APPLICAT1011 0F " CLEARLY KNEW OR SHOULD HAVE KNOW11" TEST.. -

4.

TIME PERIOD FOR CIVIL PEllALTY.

$500,000 PER ITEM CEP

APPLICATION OF THE MITIGAT 0N FACTORS.

$50,000 PER ITEM MINIMUM.
_

(
OTHER ENFORCEMENT-REGARDING VIOLATIONS OF EQ REQUIREMENTS

~

.

IDENTIFIED AFTER NOVEMBER 30, 1985.

IF VIOLATION EXISTED BEFORE DEADLINE, APPLY " CLEARLY.

K!!EW OR SHOULD HAVE KNOWil" TEST.

IF VIOLATION DOES NOT RELATE TO ACTION OR LACK OF.

ACTION BEFORE DEADLIllE, USE NORMAL ENFORCEMENT.
,

.

6

9

e

h

Sill-NRC/E0/UP-6/10
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SECY 87-32 (FEBRUARY 5. T987)_

.

i.

;

PROPOSES THAT NO ENFORCEMENT ACTION BE TAKEll F0i'. CERTA!!1-
~

VIOLATICNS 1.E., UNQUAllFIED VALVE MOTOR OPERATOR INTERNAL
,.

WIRING.

COMMITS STAFF TO REVIEW LICENSEE SELF-IDENTIFIED EQ

VIOLATIONS IN ACCORDANCE WITH ENFORCEMENT CRITERIA FOR EQ

VIOLATIONS AND TAKE Et FORCEMENT ACTION AS APPROPRIATE.

|

|

~

e

e

i

e

i

4

$

SNL-11RC/EQ/UP-7/10
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EGM 87-02 (APRIL 10, 1987)
.

'

PROVIDES FURTHER GUIDANCE IN THE APPLICATION OF EQ
ENFORCEMENT POLICY.

I

ESTABLISHES THRESHOLD FOR ESCALATED EteFORCEMEllT:

THE QUAllFICAT4 f; DEFICIENCY IS NOT Col!SIDERED
'

_

SUFFICIENTLY SIGNIFICANT FOR ASSESSMENT OF CIVIL
PENALTIES IF...

SUFFICIENT DATA EXISTS OR IS DEVELOPED DURlilG THE.

INSPECTION TO DEMONSTRATE QUALIFICATION OF THE
EQUIPMENT...

OR...
,

.

BASED ON OTHER INFORMATION AVA!!,ABLE TO THE.

INSPECTOR, THE SPECIFIC EQUIPMENT IS QUALIFIABLE

FOR THE APPLICATIO!! IN OUESTION.
.

e

a

StiL-flRC/EQ/UP-8/10

. _ . .
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EO DEFICIENCIES -

.

| SEVERITY CLASSIFICAT10t;S i

.

POTENTIAlLY ESCALATED
'

.

A. SIGNIFICANT AUDITABILITY/ PROGRAMMATIC PROBLEMS (GENERIC)
'

B. SIGNIFICAt.T QUALIFICATION DEFICIENCIES NOT RESOLVED
DURING INSPECTION - EQUIPMENT' QUALIFICATION STATUS

INDETERMINATE.
_

SEVERITY LEVEL IV/V,

/
C. SIGNIFICANT QUAllFICATION DEFICIENCIES NOT RESOLVED

L DURING INSPECT 10H, BUT' EQUIPMENT-CONSIDERED:QUALIFIABLE.

|
D. SIGNIFICANT QUALIFICATION DEFICIEtlCIES CORRECTED DURING

liiSPECTIOli.
.

E. ISOLATED AUDITABILITY/ PROGRAMMATIC PROBLEMS'.

OPEN ITEMS
.

F. MINOR FILE DEFICIEhCIES,-WALKDOWN OBSERVATIO!!S. '

1

-

; . SNL-NRC/E0/UP-9/10

r..,
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EQ DEFICIENCIES
.

TYPE CLASSIFICATION-

A. EQUIPMENT NOT QUALIFIED /NOT ON EQ LIST

E. SIMILARITY OF INSTALLED EQUIPMENT TO TEST SAMPLE NOT
ESTABLISHED IN QUALIFICATION FILE.

c

C. SIMILARITY OF INSTALLED EQUIPMENT TO TEST SAMPLE-
| INVALIDATED BY IMPROPER INSTALLATION /MAlHTENANCE.

D. QUALIFICATION TEST PARAMETERS DID-NOT ENVELOPE PLANT

ENVIRONMENT.

E. PLANT SPECIFIC PERFORMANCE' REQUIREMENTS FOR EQUIPMENT

NOT ESTABLISHED /ECUIPMENT PERFORMANCE NOT DEMONSTRATED.

F. ' REPLACEMENT EQUIPMENT NOT UPGRADED TO CURRENT REQUIREMENTS.
(WITH NO " SOUND REASONS TO THE CONTRARY")

G. SIGNIFICANT ERRORS IN QUALIFICATION ANALYSIS (QUALIFIED
| LIFE CALCULATIONS IMPROPERLY PERFORMED, TEST AN0MAllES

'

NOT RESOLVED,.ETC.).

.

4
-

*

SNL-NRC/EQ/UP-10/10
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E0 DEFICIENCIES
.

TYPE CLASSIFICATION-

A. EQUIPMEllT NOT Q'JALIFIED/NOT ON EQ LIST (550.49(F),(D),(J))

B. SIMILARITY OF INSTALLED EQUIPMENT TO TEST SAMPLE NOT
ESTABLISHED IN CUALIFICATIOil FILE. (550.49(F)(2),(3)),
(D0R-5.2.2), (0588 I & II - 5(2))

.

C .- SlhlLARITY OF !!JSTALLED EQUIPMENT TO TEST SA'MPL.
INVAllDATED EY If1 PROPER lilSTALLATIOil/ MAINTENANCE.(SAME)

D. QUALIFICAT10fl TEST PARAMETERS DID NOT Et4VELOPE PLAT 1T
ENVIh0NMENT. (950.49(E)), (DDR-5.2.1), (0588 I & II - 2.2(4))

E. PLAf4T SPECLEIC PERFORMANCE REQUIREMENTS FOR EQUIPMENT

NOT ESTABLISHED / EQUIPMENT PERFORMANCE NOT DEMONSTRATED.
(S50.49(J)(2)),(DDR-5.2.5),(0588/1811-2,1(3),2.2(7),(9),5(1))

F. REPLACEMENT EQUIPMENT * NOT UPGRADED TO CURRENT REQUIREMENTS
(WITH NO " SOUND REAS0t15 TO THE CONTRARY") (S50.49(L)/RG 1.89,

REV 1).
G. SIGNIFICANT ERRORS IN QUALIFICATION AtiALYSIS (QUALIFIED

LIFE CALCULATIO!!S IMPROPERLY PERFORMED, TEST AN0MAllES

NOT RESOLVED, ETC.). (S50.49(F),(J)), (DOR-5.1/5.3/ VAR 10VS),
,

(0588 1 & II - 2.1(4),2.4,5(1))

*HOTE: EQUIPMENT PURCHASED AFTER 2/22/83 (10CFR50.49 EFF.
DATE), 10CFR50.49. 550.49(K) ALLOWS FOR NOT REQUAllFYlllG.

EQUIPMENT QUALIFIED UNDER DDR GUIDELINES (0.L 15 5/23/80) OR
NUREG-0588 (0.L > 5/23/80) - CAT I (C.P.0> 7/1/74) OR CAT-11
(C.P.<< 7/1/74) . SOME D0R a CAT 11 PLANTS COMMITTED TO

NUREG-0588(I) FOR NUREG-0737 AND/OR RG 1.97 EQUIPMENT.
.

d

SHL-NRC/E0/UP-30.1/10
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APPENDixA-GDC1,2,g,23*

APPENDIX',B - CRITERIA 3, 11*

10 CFR 50.55t(h) - IEEE 279-1971*

IEEE 323-1971 (scME Post-1971 OL)*

R.G.1.89. AND 323-74 (CP SER AFTER 7/1/74)*

DAUGHTER STANDARDS
*

.

STANDARD REVIEW PLAN SECTION 3.11-
-

*

SEP TOPIC 111-12, 12/77*

UCS PETITIONS 11/4/77, 5/2/78*

DDR GUIDELINES, Nov 79*

NUREG 0588 (FOR 'C-0MMENT), DEC 79 CAT I AND II, CP SER 7/1/74*

IEB 79-01B, 1/14/80.(PREDEC. AND SUPPL.)*

SEP PLANT MEETING, 2/21/80 (IP, ZION)*

CL1-80-21, 5/23/80 - - DEADLINES, RULEMAKING*
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L- CONDUCT OF INSPECTIONS

INSPECTION MODULE
*

REFERENCE INFORMATION
*

PREPARATION FOR INSPECTION*

PRE-lNSPECTION DOCUMENT REVIEW-

SAMPLE SELECTION-
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EQUIPMENT FILE REVIEW*

| PROGRAM / PROCEDURE REVIEW
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MASTER LIST*
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| WALK-DCWN
*

FEEDBACK TO LICENSEE
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EXIT MEETING*
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TI 2515/76 EQ PROGRAM*

.

TI 2515/75.LIMITORQUE WIRIliG
*

TI 2500/17 RAYCHEM SPLICES*

TI 2515/87. REG. GUIDE 1.97*
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PRE-lNSPECTION ACTIVITIES
. .

.

HQ COORDINATE SCHEDULES
*

.

REGIOP CONTACT LICENSEE*

ESTABLISH DATES

REQUEST ADVANCE INFORMATIO',-(SEE TI J04, ADD CC REPORTS)

DETERMINE FILE LOCATION AND HQ CONTACT.

HQ ISSUE LETTER TO LICENSEE*

TEAM LEADER PHONE LICENSEE*

, _

SCOPE

LOGISTICS / *'

WALKDOWN PREP n *1
-
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LICFNSEE ENTRANCE MEETING PRESENTATION <j
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ORGANIZATION
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MAlilTENANCE-PRESERVATION-
'

Qf_QMALIFIED STATUS

EC REQUIREMENTS
*

L REQUIRED ' ,*

RECOMMEllDED"
*

NORMAL '*
-

PROCEDURES
*

EXISTING- B
*

EC-SPETIC-*

ROUTINElRONROUTillE*

IN-KIND REPLACEMENTS*
.

KODIFICATIONS.' *

IE ins /BULLL Tills*

I TREND ANALYSIS
*-

PROCUREMENTS
*

STORAGE
*

*
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PROCUREMENT =
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* EXCEPTIONS T0 UPGRADING
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* 11EW EQUIPMENT-

* REPLACEMEllT EQUIPMEllT
-

* REPLACEMEliT PARTS-

* EQ REQUIREMENTS Ifi PURCHASE ORDERS

* COMPLI AllCE KITH PURCHASE ORDER REQUIREMEllTS-

._

,65c' g"f P' px -

,. p %9 p
j u /'' ,.is>~gcd Y /' .. c w :4|a(W

'|jy -n "'j- g inp re 9 ' ~
,

'
i: ^ y9w

-

c

8g7
g; S * J - Q ), qs 3[J

.

.
.

-

by

g/ y,- ;,f

a -h > e.*
jo y',

y

-

p ej '' ,. -Ov f
o lio K e

h & ,^

p u y 49 y Y*'y4 y p kp/'
'

. ge n
|

. v
fuhfr#1(*l.,4-

**
.

Sill-NRC/EQ/RW-05/12
ge (

h/-9 i_ . .

___ _.
-



- - - _ _ - .
.

. . .- -

.

'

1
. .

.

O

MODIF1 CAT 10NS/ DES 1GN CHANGES

PROCEDURES ADDRESS EQ CONSIDERATIONS _
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REGION SCOPE, f0 INSPECTION- '

,

'

,

' TYPICAL SPLIT
-BETWEEN 2 MEN

OVERALL E0 PROGRAM X

l% STER LIST COMPLETEllESS AND UPDAT!!iG- X
,

hAINTENANCE(CANSPLITIstVSELECTRICAO X

TRAINING X

QA/QC X-.

. . .

..

PROCUREMENT a SPARE PARTS- X

IEB/IN PROCESSING FOR EQ X

CABLE IDEllTIFICAT10ll SYSTEM -X

FILES (ONE EACH) X X
-
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REVIEWER ASSIGNMENT 3 -
*
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SPECIALTY
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WALKDOWN INSPECTION

.

USUALLY WEDNESDAY AFTERNOON
*

FULLY ESCORTED, MINIMAL H/P & SECURITY*
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TYP1 CAL PROBLEM-AREAS ;

.

PLANT PERFORMANCE SPECIFICATIONS*

4

TERMINAL BLOCKS (VARIOUS APPLICATIONS)

CABLE (DITTC)

PRESSURE, ETC SWITCH ACCURACY

-
_

SELF HEATING (SOLENDID VALVES)

SIMILA9ITY-(DOR G/L)*
-

?

) CALCULATED LIFE-(DOR G/L)*

,

COMPLETE MATEPIALS LIST.
-

i

INSTALLATION DATE

REPLACEMENT EQUIPMENT UPGRADED*

,

4

*

*
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*
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CONTAlflMENT ELECTRICAL
'

.

PENETRATION ASSEMBLIES

* FORT C.ALH0Uti - FIRST EG LEVEL 111- NOV - A e d R7 -7 D G %) ,

* DRESDEN - Ull0VALIFIED AMP SPLICES GE - Esci W A. b y.
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* SAN ONOFRE 1 - REPLACEMEllT EQUIPMEliT PROBLEMS - c<>> -

H.B. ROBIllSON - TWO PLAllT SHUTDOWf!S C rou t.< N ; 1,

* E 82-04 - BUllKER RAMO-SPLICES INSULATION,-
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8 AND EP0XY
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'. REGION 11 RESPONSE TO ALABAMA POWER COMPANY REQUEST FOR DOCUMENTS

INCONNECTIONWITHTHEFARLEYE0CIVILPENALTYHEARING M
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QUALIFIED TQUIPMENT - SPECIFIC EXAMPLES
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TERMINAL BLOCKS

LIMIT SWITCHES

SOLENOID OPERATED VALVES

TRANSMITTEPS

SPLICES AND TERMINAT ONS
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TYPES
.

USES

MANUFACTURERS

. QUALIFIED MODELS

INSTALLATION

REPORTS

PERFORMANCE REQUIREMENTS

FAILURE MODES g R & Q den iS:
u 3 7 o E g t LET R R % Y f.utTS : -

OPERABILITY EVALUATIONS

*

REPORTS

ANOMALIES / PROBLEMS
-
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TERMINAL-BLOCKS

PRIllCIPAL MANUFACTURERS OF QUALIFIED BLOCKS

GE EB-5,25*

WESTINGHOUSE*

BUCHANAN 224, 524*

,

CURTIS Type L

MARATHON 300, 1500, 1600, 1600t!UC, 6000*

KULKA*

* WEIDMULt.ER-

STATES*

.

CONSTRUCTION, MATERIALS (Size Shape, SOLID / SEGMENTED)

INSTALLATION (ENCLOSURES, ORIENTATION,liOUNTING)- .

'

PROBLEMS.

FAILUKE MODES
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TTRMINAL BLOCKS

TYPES

SOLID OR SECTIONAL (SEGMENTED)
..

USES SERVICE VOLTAGE
POWER HOVs 480/240VAC
CONTROL SOVs, Hova, DPIss, 120VAC/125VDC

LSs, PSs, TSs
INSPRUMENTS PT,PT,LT,TEs <50VDC --

.\
POW USED - CONNECTING DEVICE LEADS TO FIELD-RUN
r M LE - TO OTHER CKTs OR EPAs

:

MANUTACTURERS

INSTALLATION
ENCLOSURES (e.g., NEMA-4)

ORIENTATION
MOUNTING

ADVANTAGES /DISADVANTAs4S

.
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TERMINAL BLOcts

REPORTS-

INDIVIDUAL MANUFACTURERS SPONSORED

LICENSEE SPONSORED

i

_ JOINT TESTS - LIMITORQUE B0119 t

SANDIA REPORTS (CRAFT)
INDUSTRY ASSESSMENT a. NRUEG/Ch-3691
SANDIA SCREENING TESTS - NUREG/CR-3418

PERFORMANCE REQUIREMENTS / ACCEPTANCE CRITERIA

FAILURE MODES

OPERABILITY EVALUATIONS (GL 86-15)
FUNCTION PRIOR TO FAILURE
NO EAFETY DEGdDATION FROM FAILURE

*

| OPERATOR NOT MISLEAD
9

ANOMALIES / PROBLEMS
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Table 7-1
*

' Summary of Failure Modes for Terminal Stocks ,

Potential
'

Contributing - Effect/

P.a!!ure Mode Mechanise causes Factors Sympton Camments

Cross Electrical Low voltage Surface Environmental Conditions voltage Exposure Loss of Circuit Temporary

areakoown areakdown* High Temperature. Time Operability -

te.g., low sumidity/Moistute
resistance path Contaalaants Insulation Type

[f
-

terminal-to-
terminal or Volatile / Soluble surface Contaminant Temporary

,t terminal-to- Contamination position Rate

base ;1ste '

Radiation Aging
Normal
Accelerated

.

Righ Lakage currents
and Surface Tracking

PermanentNon-Volatile Surface Corrosion .

Contamination Producta
e
u

conductf.we ResidueY
conducting Path The. mal and/or Nigh Temperature Loss of Circuit Permanent

Pryolytic Decomposition Operability
' of Insulation Esposure to

, Burning
-

Envircement

Structural Failure Escessive Cracking of Permanent
Temperature Insulation

Escessive Thermal
Shock

i

Vibration
.

- .

.

Migh voltage breakdown not included due to lack of NV circuits in nuclear applications*

.

9 9

_ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _
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Table 7-1 (continued) !

summary of Failure stodos for Terminal slocks

Potential Contributing Effect/

Fa t t ure stodo nochaatse causee Factors Symptoe Comments

cross siectrical conducting structural railcre Impioper
-

areeaaown paesi (continued) stainter.ance .

icentinued) (continued) '

Japeoper
lasta11ation

f Aging

ftalk Insulation Radiation . ..-

|areakdown ,,
~lmoisture m .'ptiot

Cracktar. stoisture Splitting of
*

Absorptica lasulation and
formation of
conducting pathe

. _ , _

Leakage currents surface conduction sur f at - 1;s A riaatica Installation Low Frequency some leakage
Practices Lfae asoise will always

2 -

occur. Tae
a

- taviroc _.1 Maintenance Circuit question is
conditions (e.g., Practices Crosata a a matter of

Nigh Temperature degree,

leumidity/ moisture, voltage Level Escessive Leakage of

Contaataaats) Power Drain a few milli-
amperes may

Aging Bissed be detri-

~

Readings on tal to an
Instrument inattueen-
Outputa tation

circuit, but

Radiation Access for Cross have no
bet a-eu t ting Breakdown effect on
isotopes & power

circuit.

.

4m

9

. .
-

m $ /



- _ _ _ _

_ _ _ _ _ __

. e

Table 7-1 (coatinued)

.

Suasary of Failure Modes for Teralaal Blocks

Potential . Contributing Effect/
Fallure mode ne_c_ha r.i eu Causes Factora Sympton Comments

Leakage currents surface Conduction structural failure racessave Cracking of

icontinued) (continued) Temperature Insulation -

Escessive
Thermal shock

f
~

vibration

t i
< - 1 Improper .

- Maintenance
,

Improper Installatica

Open Circuit separation of Loose Terminal Screws Lose of Circuit
conductor Operability

,

Contact corrasion Chealcal Reagents
8,
e
e noisture/

Numidity

structural failure . Vibration cracking of
Conductor

.

* Thermal shock
,

Zapr' ope r
Maintenance

Improper
Installation

Differential
. Espansion

.

.

|

|

|
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! RESPONSE CURVE WITH -

f 10 KG TERMINAL
BLOCKIRi - ,

;I| 2300 \-
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RESPONSE,
.

CURVE FOR
.

! INDICATED Y ~

4 CORRECTLYPRESSURE 2100'- 4
C OPERATINGj (psi) [y' |CIRCUIT;

|
,

j ASSUMPTIONS: _

,

|~ 1900' R =1 KD'

sees
v =45 Vdc

,

,

.

. .

' Ryg=10 KDI
'

17so ' '

' '

4 8 12 16 201700

,, ' TRANSMITTER OUTPUT (mA) ,

>
|

Tadicated Pressure as a Function of Transmitter Output for a
.

!~

Correctly Operating Circuit and for a circuit With TerminalFigure 8-4:

Block Insulation Resistance Assumed to be 10 kohns

'
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11.0 CONCLUSIONS

The primary application of terminal blocks in the nuclear newer.

( 1. industry is instrumentation and control circuits.l

Terminal blocks receive minimal quality assurance attantion in
selection, installation, inspection and maintenance activities.7.

Most industry qualification tests do not continuously monitor
f or low level ' leakage currents during LOCA slaulation tests c'3.

Without quantitative knowledge of theseterminal blocks.
leakage currents, adequate analyses of their effects on
instrumentation and control circuits cannot be performed.

Surface moisture flims are the most probable explanation for
degradation in terminal block performance during esposure to a

4. i
'

Because the existence of moisture flims issteam environment.
highly dependent upon environmental conditions, test
environments must reallstically reflect the predominantlyFor extaple, superheated testespected accident environments.
condillons may not accurately represent the terminal blocks'
performance.

bk.The use of voltage levels above actual use conditions in f

qualification tests of terminal blocks WWbe ganconser_yallyL '
5.

'

with respect to the measurement of low level leakage currents
which are the primary degradation mode of terminal blocks.

| Terminal block leakage currents in a steam environment may
.

| 6.
degrade performance of instrumentation and control circuits to'

an estent sufficient to cause erroneous indications and/or
actions.

Cleaning will probably not reduce leakage currents to a level7.
acceptable for most instrumentation and control appilcations.
The large, posi'tive tapact on terminst block performance that
was originally believed to accrue from cleaning was not

Further, terminal block leakage currents were notobserved.
significantly reduced by the application of either of two
coatings tested.
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PROBLEM TERMINAL BLOCKS

MARATHON ItiOO

TEST SUMMARY I

PARAMETER LIMITORQUE WYLE/MARA. WYLE/PP&L WYLE/ CECO' -j

REPORT NO. B0119 45603-1 -45822-00 17657
, - _ ;,

,

DATE APR 82 FEB 82 FEB 87 DEC 83 / ;

|,

RADIATION 2.0LB 2 . 0 E8_ 2.OE8_ 2.0E8 !.

'
MOUNTINd'~~ ' UPRIGHT FLAT FLAT FLAT

ENCLCSURE DUMMY MOV NEMA-4 NEMA-4 NL'MA-4 - i
. ,

AGING TEMP 280'F 248'r 248*F 248'F

AGIEG TIME 300 HR 443 HR 185 HR 932 HR

LOCA TEMP 312 ' F _., 350'r -360/330'F- 345'F ,

PEAK TIME 30 MIN 3 HR 3 HR/3 HR
VOLTAGE 250-2.8VDC 132/264/528 528vAC 42/135DC/132AC

- M(60& C.g) ccNT44 God witnetu Cont W 0us.
., FPR/ACPT >300!R 12/18/gAFUSE FUSES LKG

RESULTS INCONCL FAIL FAIL HIGH LKG
.

_ Atcro# 10C :i
M pe wMioWb W g w a .6 St.44.L

,

,

o T M .R.S

1E 8 % + T 9 '' -

,

;t9 IS-O O
k o 15.'PA kkULFDg

1awor
,

;

!

|
|

I h

*
./Q*.

1
t<

,, , , _ . . . . - .__--.m.. _ , , _ . _ , . , . . . . . , _ . - . - - ., . . . , _ _ , _ _ , . . _ , , . _ , , . _ _ _ _ . , , , , _ , - . _ , . . ..
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TERMINAL BLOCKS
' *

MRATHON
CRAFT REPORT

,

AGING DBE FUSES
REPORT DATE TEMP / TIME TEMP / TIME LINE/LKG RESULTS.

WYLE-H/AATHON 45603

WYLE-PP&L FEB87

WYLE-CECO 17657

LIMITORQUE 80119

SAFETY RELATED FROM MARATHON HAS STICKER. H.B. SAYS DIFFERENT
FROH 1600s SUPPLIED TO LIH. COMM. GRADE.

ANOMALIES:

45603: cont energ..S28 fail, 264 blew-not cleer when replaced,
132 OK till near end of test when on restoratiuon of power,
all blew! _ .

PP&L-.1600s only, three, horiz failed on enrgizing after spray
init.,

60119 only one 300 energ. althcugh intermittently-(worst case)
.

Curtis L data mis reported 700 onm vice 700K
irs taken wiyh as low as 2.8 VDC (500 V Hegger)

Note TDs mounted vertically out from base

HOW TO EVALUATE OPERABILITY ANALYSES
,

.

VOLTAGE DIVIDERS
' FUSES-

CONTINUOUS OPERATION
FAILURE 1:0 DES AND EFFECTS

.

*

,.

.

= He t

*%

- . - . ,- - . . . _ . . . . . . , . - . . . , - . . , , , . - - . . . - . - _ - , ,- . . , - - . - , - . . , , ,
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Table 2-1

Typical Radiation Damage Thresholds and Ma 1 mum Service Temperatures
for rive Insulating Materials Used in Terminal Blocks

i Found in U.S. Nuclear Power Plants

Insu1 sting Radiation Damage Service Temperature
Mateelal Threshold (Rads (C)) 'C (*F)

f61 171,

Phenolles
glass filled 1010 160-190 (320-274)

IO -1098cellulose filled 120-220 (248-428)

Alkyd
glass filled 109 149-191 (300-376)
cellulose filled 108 191 (376)

Melamine (Restn) 108
glass filled 108 204 (399)
cellulose filled.,,__ 107 99-150 (210-302)

Diallyl Phthalate
glass filled 108 204 (399)
cellulose filled 107 160 (320) .

'

510 -106Wylon 61 130 (266)
(8)-

l

( glass), the radiation levels quoted in Table 2-1 indicate that there will
be minimal effect on the*1nsulating materials normally used for terminal
blocks by nuclear plant radiation doses (estimated dosest 5 x 107 rad
operating life and estimated 1.5 x 108 rad accident).

The metallic terminals are typically stable to temperature and
radiation levels which exceed the aging and accident environments
postulated for nuclear power plants. Thus, we would not expect degraded
performance of the conducting material based on pure radiation and/or
temperature effects. There is, however, potential for material
interaction problems such as corrosion or galvanic action to occur. The
selectica of metal coatings and base conductor matertal should be such
that these effects are minimized in both the normal operating environment
(e.g., 80-110*F and 10-100% RH) and the postulated accident environments
which include steam and chemicals. One specific example would be to

* avoid the use of cadmium as plating material because in a steam-chemical
| spray environment it may be a reactant in a galvanic reaction.

I
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KULKA MODEL 602JJ TERMINAL BLOCKS

AMPHMNOL REPORT 123-2222

10 ma TUSE IN LEAKAGE CMT BLEW
DURING SECOND LOCA PEAT. (340*F)

HAD TO REDUCE VOLTAGE FROM 600VAC
TO 370VAC TO KEEP FUSE FROM BLOWING

RETURNED TO 600VAC ON DAY 7

ANOMALIE NOT EXPLAINED

irs AS LOW AS 100 OHMS AT 370VAC

NOT ENOUGH INFO TO RESOLVE IR NOR
ANALYSIS ?O SHOW OPERABILITY OT
SERVEL EQ'JIPMENT '

A 9 0 A14 lot (6 5% M PIE 6 Ah @

07>W1G mrf h6&D
,_
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Enclosure D 11
. .

.

'

6. Terminal Blocks. Raceways and Enclosures - E0 Concerns
.

. - - - . .
W

. n f'

(TB) - Installed directly below tep condait entrieT '

in boxes without adequate test documentation for leakage current

(Anchor Darling) - Unqualified Nylon tbs. Unqualified for temperature.

(Anaconda Conduit) - Polyethylene copolymer jacket of flex conduit degraded |

while exposed to LOCA cor ditions (IN No. 83-72).-

-.

(Marathon) - 1600 Series TB found unqualified for circuits over 264 VAC
- ~ .s

in the drywell [n general there are no qualified TB's for 480 D
" -- )-,

; applications in the

(Stanwick) - Corroded terwinals affecting qualified life. Junction boxes

| dirty and corrode'd.
|

'

|
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1
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"
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*
g d.

't



_ _ _ _ .. _ ..... _ . _ .. _ _ _ _ _ _ _ _ _ _ . _ _ _.. _ _ . -. __

.

'

.

LIMI r sw|Tcons.

- - - - -

~ TYPE S - povet E 6 cTtt4 6 / stoc,LF
- .

YALVE / ph upE R FO 5 i T| ON tNOlcATION05 E S '

P/219 ca 9AL MF GR5

td & M 60 Co p1-R o L 5 EEF # E M M'
ySTf;(21 A L _ ONA9'M

W SM '

G AsK<E.75 - V st Ego i p / 6 R
67 06TT6 C006

Qo ALsR EP mod ELS

Wh \ eO ~ ~CRTR \O5 3.8 3-74

EA i 70 GTR \D7 RAD {S cN1.Y 20e ngG

D Z4 cO % P/ LED &c.>d $ oy E A)TO

|

A A.740 3:2 4 ~ ~74
S E ts ( 3M -75')

g.4 , g o 3 co u Pa c 4

!

gp 300 s tA S Cus L4
.

.

- GASK675 - M.o O El N o-

" C ON D \G ORATIOiU 0V F MN
- A C 5 A !5 .~~ .z

#

x es -,n->cn.

Mi C2O 5W lQ V P 5T, | R T 5 . I -d 2. 4x 3 5.712

._ _ . _ _ _ . _ _ _ _ . . . ~ _._.,__._.._.-,;._,__...__ . ._....._.-.._...um



.__._ _ -- _ . _ _ _ _ - _ . - _ - . . _ _ _ _ _ _ _ _ . . - . _ . _ _ _ _ . _ . . _ _ _ . _ . -

EVALVATION OF LICENSEE'S PROGRAM FOR
.

QUAllFICATION OF ELECTRICAL EQUIPMENT*

Appendix B LOCATED IN HARSH ENVIRONMENTS
.

,

*

LIMIT SWITCH PHYSICAL INSPECTION CHECKLIST ,

:

Component ID Reviewer:

Installed Condition !

Agrees with
Documented

Documented Information Yes & Comnenh

1. Location
Bldg. Room Elev

2. Manufacturer '

3. Model No.
.

4 Mounting Description
-

-

5. Orientation *

*

,

6. Electrical Connection Type

7. Housing Seals in Good Condition -.
.

8. Ambient Normal Expected (If ambient temp-
Temperature Range ereture exceeds

normal expected
conditions, verify,

that licensee has
considered the
elevated tempera-

| ture . in the
qualified - life,

evaluation)-
General Comments on Physical Inspection:

,

-

. .
,

.

Issue Date:
18 - '-

N..
*s

- . - . . . - - - . + ~ ~ ~ & , - . . . - - < . . , n, , , ,v.._,, , - - - , - . , or ,~ - -. .,,,,,+E..e ,_r-., ~ , - - , + ywi~ v.,- ..+~-r-.--erv--,,,,_...,w,e-.-
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Enclosure D 14
-*

9. Position Switch / Limit Switch / Push Button switches - E0 Concerns

- (NAMCO) - Lacked cable entrance seal

- (NAMCO) - Cover screws missing - Bad housekeeping

- (REES) - Push button - Lacked test report and evaluation for ambient

pressure

-

e

e

4

*

4

'
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'6
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__

-
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EVALUATION OF LICENSEE'S PROGRAM FOR
QUALIFICATION OF ELECTRICAL EQUIPMENT

-

LOCATED IN HAksH ENVIRONMENTS Appendix B
.

-

SOLEN 0ID OPERATED VALVE puYSICAL INSPLCTION CHECXLIST

Component ID ___ Reviewer:

Installed Condition

Agrees with,

Documented

Documented l'nformation Yes No Comments

1. Location
Bldg. Room Elev

_

2. Manufacturer .

3. a. Model No.

b. Voltage

c. Configuration-
<

.

4. Mounting Description
_

.

5. Orientation
.

-

6. Process Connection Type
.

7. _ Electrical Connection Type __,

'

8. Housing Seals in Good Condition

9. Does Installed Device Experience (If yes, document-a Significant Temperature Rise ation must befrom Process?
.

reviewed to deter-
mine if the tempera-
ture rise was

.

considered)
10. Ambient Norwal Expected (If ambient temp-Temperature Range erature exceeds- ~.

normal expected
conditions, verifyGeneral Comments on Physic.1 Inspection: that licensee has
considered the-
elevated tempera-
ture in the

; qualified life

evaluation)
! N ;- Issue Date:
| 19 --
.

'
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*

.

t

-. .

8Enclosure 0 -*

4. Solenoid Valves - EO Concerns
,

(ASCO) - Coil replacement internal exceeded.

(ASCO) - File required conduit entrance seal for valvez under high

pressure; no seals found in field.

(ASCO) - File required sealed cable conduits with weep holes at_ low

point; net found in. field.

( ASCO) - Loose' housing found which could allow the atmosphere to enter

coil housing.
?

(DRESSER) - Valve lodil No. 1525VX had' unqualified PVC wire (No
"

documentation)

( ASCO) - Model No. NP-8316-54V not qualified by type test,- in that

moisture seals were not provided at the cable entry.

(TARGEf ROCK) - Internal temperature ri.se trusing troperature of field

runcabletoexceedrating((}[EBNo.84-68).'
N

(ASCo) - File stated that all solenoid valves (ASCo) had to be tested

once a month to insure proper opening and closing; while-

maintenance instructions said no maintenance was required.

(ASCo) - Valve containing viton dynamic seals. ASCo Model No. NP1,

not to shift position after being exposed to

> 20 MRads- (IN No. 82-52).
.

M ..
's

a

. ~ ., .~. ,--.m -ee' y v-,
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.

.

9*
Enclosure D -

(ASCO) ,Model NP-1 has ethylene propylene seal elastomers that degrade

when exposed to cils and greases (IEB No. 80-11).

(ASCo) - Models NP 8316 and NP 8344 failed during LOCA testing at Franklin

. (IN No. 84-23); attributed to elastomers sticking 1.0 valve
.

metallic paris.

-

.

.

.

$
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EVALUATION OF LICENSEE'S PROGRAM FOR
QUALIFICATION OF ELECTRfCAL EQUIPMENT'

Appendix B
LOCATE 0 IN HARSH ENVIRONMENTS

' ~

TRANSMITTER PHYSICAL INSPECTION CHECKLIST

Component 10 Hb.: Reviewer:
.

Installed Condition
Agrees with
Documented

Documented Information Yes No Comments

1. Location
Bldg. Room Elev

2. Manufacturer
.

3. a. Model No.
b. Range / Type code
c. Serial No.

-

4. Mounting Description
- - - -

5. Orientation

6. Process Connection Type
-

-
_

7. Electrical Connection Type

8, Housing Seals in Good Condition.
Covers in Place

'!9. Does Installed Device Experience (If yes, reviewa Significant Temperature Rise
from Process? documentation to

' determine whether
considered)

10. Ambient Normal Expe ced Temperature (If ambient temp-Range
erature exceeds
normal expected,
verify that quali-
fied life evalu-
ation considered)

'

General Comments on Physical Inspection:

Issue Date:
- 16 -

% ..
t
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. . .

.

'

.
.

. -

12Enclosure D

7. Transmitters - E0 Concerns

(General) - Qualified life exceeded for parts or whole, Calibration

life exceeded

(Rosemount) - Pressure, level and flow transmitters lacked coriuit

weepholes; had wrong location and wrong model

(Rosemount Level Transmitters) - No record of 0 ring replacement during

maintenance.

(Rosemount 1154) - File-indicated a qualified life of 15 years but

maintenancereqdrementsdidnotcallforareplacementatthattime.

(Foxboro) - Conductor insulation degradation found on Foxboro Model E

Controllers, IN No. 86-52
,

c<scr a. /h -,, cs h m h a vs h
'

j ew s Vm

.
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Enclosure D 13
' -

8. Level Switch / Pressure Differential Switch - E0 Concerns-

(Static-9-Ring) - (50R) pressure switch lacked cable entrance seal

(Magnetorol) - EQ File indicated no qualification required, however, file

did not address effects of switch failure on other EQ equipment.-
3

s

(Static 0 Ring) - Series 102 and 103, erratic tripping below specified

drift pressure setpoints, IEB No. 86-02, IE No. 86-47.
_

(Static 0 Ring) - DP switches exhibited erratic tripping due to corrosion

of 0 rings also exhibited drifting setpoints (IEB No. 8602)

(Barksdale) - Pressure switches Models B2T and 02M experienced blown seals

that 311 owed sater to accumulate in the switch housing and as a- result,

exhibited electrical shorts across the microswitches.

- (Static 0 Ring) - Pressure Switches, Models 5N and 12N failed in LOCA

testing due to blown in gaskets and elastrometric diaphragms rupture

(IN No. 83-72).

.

!

"
gi

~4
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4

Enclosure D 6
~

3. Cable Spitees - E0 Concerns

- (Raychem WCSF-N) file did not address Beta radiation for unshielded

splices.

- (AMP splices) Lack of qualification tracesb111.ty for nylon insulated

splices. -

- (AMP splices) Found degraded prior to the end of their qualified life
- - _ _

at Dresden.

- (Raychem) Files too general. No specific consideration for high

leakage currents and low irs affecting instrumentation circuits.

No plant specific acceptance criteria identified.

~

- (Raychem) Report made generic qualification statement of similarity

I for all models; however, not clear on degree of similarity, as no

discussion or analysis to support similarity existed. No reference'

to polymer materials of construction.

- (American Pamcor) Test report did not establish adequate similarity

between tested M'odel No. 52979 and other specific models_ in plant.
,

.%
't

,, - .,,.r,, . = - . , , . - - ,,,....4 .., - - . , ,y
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Enclosure D 7--' -

(Raychem) - Less than required overlap.of seal length on cable-

insulation.

- Splicing over braided material / unqualified substrate.

- Exceeding bending radius requirements of shrink tubing.

- Use of wrong kits caused stretching of tubing and inadequate

seal.

- Lack of shims on small diameter cables.
,

- Flexing of splices while hot caused damage to surface of

seal.

- Lac M f~QA/QC hold points.

- Site procedures do not conform to RayChem instructions.

.

_ _ _

e
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CAnLE
DATE REPORTS AGING RADIATION PEAK /T a..s./ pH SAMPLE DESC

.

(of)NO. - - -

. . . . - . - . . _.

- _ _ . - .

1973 71100 121* C, 168 hre 10'O
In-Line Splice WCSF-N (6"I MLPE

EPR/Neopre
~

Mrads 360*F, 100 days, 10
200

- . . -

1974 FC4033-3 150' C, 168 hrs 150 9.5 In-Line Splice (6') xLPE

Mrads 357*r, 30 days, Transition Splice WCSr-N/-4

200 11.0 molded parts *

"}
unaged .

168 hrs DOUBLE PEAK LOC 3 In-Line Gplice WCSF-N (6*) XLPE

i 1978 FDR5019 150*C, 200 Mrads 350'r, 21 days,110.5 .

1500 hrs '
.

1980 EDR5011 150'C, 168 hrs 163 Mrads DOUBLE PEAK IDCA In-Line Splice WCSF-N (6*) on EPR/Hypale
340'r, 30 days, 10.5 EPR/HYPALON WIRE

,

- -- - -- . . . . __ _ .._... . _ . . {

1980 EDR5015 150*C, 168 hrs 200 Mrads DOUBLE PEAK IACA - NMCK - Motor Connection Kit XLPE
- NESK - Cable End Sealing Kit340* F, 30 days,10.5

.

unaged
1981 WYLE 1000 hrs 200 390~r, 30 days, 10.5 In-Line Splice WCSF-M ("L") XLPE

50442 150'C, Mrads NCBK - CABLE Breakout Kit
1500 hrs 290 NESK - END Scaling Kit

MMCK - Motor Kit

1982 WYLE 150*C, 767 hrs 215 Mrads DOUBLE PEAK LOCA In-Line Splice iCSF-N (6") XLPE
58722 4 42"r, 30 days, 10.5 NPKV - Stub Connection Kit

NPK - Plant Splice Kit
Transition Sleeve - 2028

1983 EDR5088 ANCI-C119.1 In-Line Splice WCSF-N (3") XLPE
One Inch Seal '

(Non-Accident Criterial

Y G - ps H u lltEbR Gr57
* This list is a compilation of major qualification reports. These reports

reflect the overall development of the qualification program to meet the
then current industry requirements. A complete list of reports is
detailed in Raychem's Nuclear Product Guide I.

_ _ _ _ - .



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

o
,

,

. .

.WALWOMM AOW51DERATio Ns,
_ -

,

P L A W M i 4 C, 9 4 A 5_'E_.t

SusoE5T PART AL PREF 5 /i:ASTe.uER 1.00SEnit%/-
~

FEpovAL 1:taiop_qo courasolae 9T yNT RY.

COMM DE.R. AGGEOSAG i L1Ty 30T 1 EE P tN plN D-

THAT ITE M.s osa i ca ARE N occE.ssl6LE GA.
cD f.;T R ooTE.D gy yg; gggggpq ggy 9g

6 WE. Bsaa APE G,o oT e L.y m GPro w p 1;y .a.g
U C E u S E: E . - .

E S C.o RTS hssi armTS-

- < uca 1.s oc,6 cs p t.s er - Raco eoER
~ G y3 T E.M 3
- (= 0 oc.T i o.U

' bOC. AT)Ca.O / A cc@.b5 (poMT To u 08
,

- kN o v.;15 h CA SQ - 69 9C.12 ED, ,

|

- 6LEGT R(f l AN(0)
.- sv razn2

| _.Too t.S r !.. i P B oA@ US.E- P LANN TUC'I-b-

.

- Bnch
- t=.tAsatIG+V

| __5AFE.TY GO A'

i - )usvgG73cdJ us reoR.
- Mt CEO c.6556T
- POLAE.O t D 1

PERS/PA' PEA
- y e n a i v.e a o x

.

_ _ , . _ - ,



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

. .e
-e.1

v/A LKPOW14.
.

AG R EE MEW - E N sN R E 76 AT A u c h t4 5 E E
-

REP wtrn 50M E A UTHOR I TY OB SER VES W'AAN l

YO U 90 - SECLURE A G R EE MJE.NT A 5 g o TH E

Oc 9MTJo%5 o8 3ERVED - REco RD Aeoo MTF t.y

oc uu eMT A c e sf M FWC - N R N P/rtTLE of u e. , Rs p

U tW,.5 C O R.TED A c c E 5,5-

' N c>r o.eav,n.ep og pg 9 e rp g
-.

1

C@To A e tor pArrRoL
REGO LATo?.2' MATTE RS -PreE eRteF

ARGO M fE. tdTE - R E F E K 5 ff
.

p b5TftR LIST' YA L| PAT \ oI6
REhe.w OF PeocEDu.A6 5 'To DEVF Lo9 i PAAt NTA,N

k2) BN A W 5 t h
"

t'

D E.L6TJ o9 U U STn F,1 C,ATJ otJSH ''

Go o ySt EcP 's u.wTrS A9 GG.,ExPFM a y 9 09,3
.-

Ex'P"chT (My 8s SAM t. P Mso rJ)

S EL&dT' .TE MS AT R R WDo/v1
gas 7tNA 8W - REM oyg D

9ERtFy (n.L oto uST oR
, , y , , .,. ,

-sory"u s wu e,wFare Ae.e,tO N T etc. m 3 e m.'

" - ''
-

*q,.



.e ..<-a, + - .a s. - a- a w o. - ,_m 4 -_a 4. s - g--

t 9'
h

4

.a r

s .

I

f% .

.

I

f
i-
t

I

i e
'

f

.

8

I

I

l

%
Whmmm -

t

, e , , , , - .-- .,- . y. , . .- ,-,



_ . . .______ . . _ . . _ _ - . _ . _ _ _ _ . . . . _ . . _ _

'

,

. 4
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i EQUIPMENT QUALIFICATION SEMINAR ,

;

i
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!

U.S. Nuclear Regulatory Commission ..
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__

.

; U.S. Nuclear Regulatory Commission
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Sandia National Laboratories
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Technical Review Af EQ Files
overview --

Environmental

--Aging ~i

--Thermal
--Radiation
--Operational

,

--seismic (will_not be covered)
--kecident

--Radiation, beta and gamma (covered with
radiation aging)
--Steam
--Chemical-spray

--Post-accident

--Submergence

Assessment of the adequacy of the above requires
additional information as follows:

--Functional performance requirements and data
--Accuracy requirements and data -

--Insulation resistance data, if needed

--Qualification basis
--NUREG-0588 Category I or II
--DOR Guidelines-
--10CFR50.49

.
--similarity

--Margin

.

A simple (and perhaps idealistic)_ interpretation of
qualification which envelops virtually all technical-
qualification problems-is as follows:

-

Testing, analysis, or operating experience data from identicini
gr similar eaulement - which verifles- that _ the equipment is
capable of meeting its functional performance reauirements in
-all environments to-which it might be-exposed.

L. 1
i

f
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ObjectL '; to put equipment in its'end-of-qualified-41fe.

_ stats

Thermal &gji2

Usually' established by Arrhenius plot'or calculations
Arrhenius equation:

fem > N t 1 _1_ jit = e x p [ Egg IlTt k -A !y B

T = temperature in degrees Kelvin (K)
t = time (any units)
Eg = activation energy (eV)
kB = Boltzmann's-constant.(8.617x10-5 eV/K)
How do we determine activation energy?

--Put samples in aging ovens at various temperatures.
--Periodically remove samples and measure degradation
in some preperty (tensile elongation, dielectric

ystrength,-ete.).
--Choose some " standard" of degradation, e.g. 50% of'
the original value, and find the; time toLthat level of
degradation at each temperature.
--Plot log (t) vs 1/T-(absolute-temperature; for the
chosen endpoint. Other " standard" endpoints may also
be plotted.

--Activation energy is the slope of the resulting line,

times Boltzmann's constant if the line is very nearly
linear, indicating the sample degradation is dominated
by a first-order chemie=1 reaction.

The-Appendix gives values of activation energy for many
materials from EPRI NP-1558 and may be used for. general 3

guidance.

Example plots (from Rockbestos) are shown on~the'next te
pages.

Relationship of Activation Energy and Life

--Activation energy does-D21 give any information about
material life.

Example: A' claim that because a material has n'high-

.getivation energy, it has a long life is net y.gl.id.
'

Activation energy measures the amount of an.celeration that
occurs when a material.is aged at a higher temperature.-

\
S 2

,,'p s lup .L y&
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--preaging of materisis that have low activation energy
prior to final assembly of the device with subsequent aging of
the complete device.

--Replacement of high activation energy materials at an
appropriate time during aging so that they will be aged to the
correct qualified life.

NOTE: Most manufacturers do not wish to disturb seals or
gaskets used on a device, which can limit the usefulness of the
above methods in some cases.

--Selecting a shorter qualified life for the overall
device, but requiring replacement of the subcomponents with the
lowest activation energies at appropriate intervals.

NOTE: It must be emphasized that the above does Dat imply
that the materials with low activation energies are necessarily
anywhere near their true end-of-life, only that the aging
performed is insufficient to demonstra1g a longer qualified
life.

In many cases, none of the above techniques are used and
the overaged parts are used throughout the rest of the test
sequence.

___

0ther notes on thermal aging:
_

_

--Some materials may exhibit non-Arrhenias behavior.
--10'C rule may also be used, i.e. for every 10*C rise in

temperature, the life decreases by a factor of f. However,
this method may be somewhat less precise than the Arrhenius
method, and therefore it is used sp ringly. I' may also be
modified, to say a 7.3*C rule, based on specific material data.

--In some cases, a utility right uso a number of different
normal aging environments to cover variot $ operating conditions

i of the plant when the temperatures are different. In effect, a
'

summation procedure is used in the calculation of qualified

I
life and the Arrhenius equation is modified slightly. This

( . approach is often used if the testing done does not support a
i qualified life at some envelorf.ng temperature.

--The._ DOR _Guidglines ce ntain the .least strict thermal aging'

_

repuirements. Section S.2 Ahatbern _interpre.ted to mean that g
in virtuall_y_all. cases,_anhlysis..and/or separate effects tests

| are permissible _for_ thermal li_fe, calculations. When thermal
! aging was not included in tne test program, there is no real

~

basis to define end-of-qualified-life in terms of a measurable
parameter. Consequently, utilities may choose a definition for
end-of-qualliist life which will result in a desired qualified
life. In general, a basis of below 50% retention of a given
property would raad good justification.

--The uncqrtainty associated with tne Arrhenius
calculations should be recognized and understood. For example, |
consider an aging time of 100 hours, an aging temperature of
13013'C, an ambjent temperature of 50 5*C, and an activation i

'

ene gy of 1.0 0.1 eV. The range of potential lives from this

6
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data is from 3.52 years to 68.6 years! Normally, the life
should be determined in a conservative fashion, but this,

example demonstrates that even slight variations in parameters
can make extreme differences in qualified life. The-reason is,
of course, that the exponential in the Arrhenius equations
greatly magnifies uncertainty.

.
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Acina and Accident Radiation
.

Normally, the total integrated dose (TID) of radiation
(aging + accident) is applied at one time using a fixed dose
rate which is much higher than the normal aging dose rate and
may be on the order of the peak accident dose rate. This type
of exposure' uses an equal-dose-equal-damage assumption, meaning
any possible dose rate effects are neglected (except that
margin might be added to the TID to account for dose rate
effects).

Applying the total dose at one time at a fixed dose rate is
consistent with IEEE 323-1974 and IEEE 383-1974 (for cables).
IEEE 383-1974 does state that the dose rate should be less than
1 Mrad /hr for insulating materials. 10CFR50.49 specifically
requires consideration of dose rate effects when establishing
radiation service conditions. The DOR Guidelines do not
require consideration of dose rate effects.

The fcilowing materials have been demonstrated to have some
dose rate effects 4

Ethylene Propylene Rubber (EPR)
Polyvinyl Chloridv TPVC)
Low Density Polyethylene (LDPE)
Chlorosulfonated Polyethylene (Hypalon)
Chloroprene

For these materials irradiated to a given total dose, the
amount of degradation tends to increase as the dose rate is
lowered (up to a point, depending on the given material).

In addition, 10CFR50.49 and NUREG-0588, Category I
qualifications are required to consider synergistic effects
(dose rate effects may be thought of as one type of synergistic
effect). Materials that have been demonstrated to show
significant synergistic effects between thermal and radiation
aging are as follows:

Low Density Polyethylene
Polyvinyl Chloride

For these Ister two materials, simultaneous radiation and
thermal aging iw much more severe than sequential aging.
Radiation followed by thermal is best if sequential testing is
employed. Both of the above materials are in very limited use
inside containments and in virtually all cases where they are
used, qualification is to the DOR Guidelines, which does not
require consideration of synergistic effects. In these cases,
we have to rely on some sort of maintenance / surveillance to
detect severe degradation. However, we don't really know what
parameters are important in such a program... Current Sandia i

research is addressing this question. |

I

8
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|
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Beta-Gamma Equivalence,

All regulations support using a_ gamma source to simulate
both the beta and gamma radiation. Beta is considered
important_for exposed materials (primarily-cables). __Most
organic materials other than cables are well shielded'from beta
radiation, which has very little_ penetrating power.

Few significant problems have been found in this area.
Even when beta radiation is not well addressed in a file, the
utility can usually make valid arguments for: neglecting its
effects. -

one possible sticky point: taking credit for beta
shielding by a cable-jacket when the integrity of the cable-
jacket is not verified at the end of the test.:

Example: In the Rockbestos tests, neoprene jackets were
cracked enough to see the insulation on the cables below,-but
this is not reported in the qualif3 Nation test report because
Rockbestos- does not _ claim any. cred3; for the jacket. _One
utility, not knowing about the cracked jackets, took credit for
tt- jacket as a beta radiation shield.

.

Ooerational Aoine

--Generally cycle devices a given number of times
only necessary if some failure mode can be reasonably
postulated based on cycling. Examples: cables don't i

really need to be cycled, but solenoid valves should
be cycled.

--No_ major problems known in-this area.

Seismic

--Not covered by environmental qualification.

9
.
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Accident Simulation

Steam Excesure and Chemical Sorav_
-

All regulations require steam testing if equipment is to be
exposed to a steam environment. This is the one area where
even the DOR Guidelines are fairly rigid, stating the
following:

"The choice of qualification nethod employed for a
particular application of equipment is largely a matter of
technical judgement based on such factors as: (1) tne severity
of the serv!0e conditions; (2) the structural and material
complexity of the equipment; and (3) the degree of certainty
required in the qualification procedure (i.e. the safety
importance of the equipment function). Based on theseconsiderations, type testing is the preferred method of
qualification for electrical equipment located inside
containment required to mitigate the consequences of design
basis events, i.e., class 1E equipment... As a minimum, the
qualification for severe temperature, pressure, and steam
service conditions'for Class 1E equipment should be based on
type testing... Exceptions to these general guidelines must bejustified on a casa _by-case basis."

Chemical spray is usually included in the steam test if it
is a realistic service conditions. This is true even in older
tests, although the DOR Guidelines do allow analysis for
chemical spray qualification. Few problems have been found
with qualification for chemical sprays, although some minor
problems have been identified with facilities performing
testing, primarily in quality assurance verification that
sprays have been properly determined and mixed. The

i

| approximate concentrations of chemical reagents to mix IEEE
323-1974 standard chemical spray is as follows (IEEE 323-1974
spray often used as an enveloping condition):

17.3 g/l of H B03 3
10.7 g/l of NaOH
10.1 g/l of Na2 2 3 QB 15.2 g/l of80

Na2 2803 SH O2
| NaOH to make pH of 10.5 at 77'F

' ' Steam testing is an area where many problems have been
identified:

--Failure to perform a steam test on a configuration
similar to the installed configuration

I (similarity / installation discussion later).' 'N --Failure to monitor appropriate functional parameters
during the steam test (more discussion later).
--Failure to envelop required accident paLameters.
Example: Namco limit switches were tested with cable leads

in scaled conduit such that no moisture could enter the limit
10
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) switch through the conduit. Jul acceptable installation is thus -l
'

to use a conduit seal to prevent moisture entry,.but seals may| .

not always be~used.
'

'

,

In some cases, deviations may be'successfully.justifiedL
Example: A thermal lag-analysis may be used to show-that a

3 short durat' ion temperature transient not enveloped by the test
.

ig, actually results in. lower peak temperatures inside -a device
j than does the testing performed over a much longer period.-
;
~

Example: It is often-possible-to argue that the
orientation.of a-device is-not important during a steam test,

htsuch as for-a pressure transmittee that is essentially sealedi g from the steam environment ' by gaskets or:?o"-rings. This.r.

O 'f er7ument W uld Perhaps be more difficult for terminal blocks or! f
; motor operators, whose orientations may be more critical during ,

i testing.
i
I Although failure to envelop required accident parameters
i seems rather straightforward, it may be complicated by several
j factors. Rarely will a utility have-non-enveloping conditions ,

j stated on the SCEW-sheet without some' analysis of why the
j deviation is neceptable (see thermal lag analysis example

above). However, the-important part of the. review is to make
i good engineering judgements of the technical validity.of the
! arguments presented and to be able to provide appropriate

questions where the arguments appear weak.-

j Example for discussion: At Oyster Creek, the conduit seals
i normally required for Namco limit switches (see=above example
i on Namcos) were not used outside containment. Upon questioning
i the rationale, utility personnel statedithat'the: accident
^ environment at the location of the limit switches-(193*F'and

100% relative humidity) 'did -not constitute steam' service - as -
defined by the DOR Guidelines and hence-did'not?-require a' steam
test. The walkdown inspection revealed that-the limit switches ,

vera at the lowest point of a run of-aboutLfive feet 1of-
conduit. What do-you think?

;

*
h
i

|
i

1

t
!

I

11

i

3

'
- - --,-,, ,,, , ,. ~ - . , , .,.--n.,, -, . - . , . , ., , -



_ _ _ ___ _ . . _ . . . _ _ _ _ -_ _ _ _ __ __ _ ._ _.

I.

.

.

Discussion of Saturated-vs. Superheated Steam
f

Saturated steam is steam which is at a_ temperature and-

pressure where both liquid and vapor can cuexist at
equilibrium. Some saturated temperature / pressure conditions
are as follows:

[ n. .

Temperature (*F) Pressure-(psia)
;70 0.363

100 0.950
15C 3.722 '

200 11.53
212 14.70
250 29.82
300 66.98
350 134.3

Relative humidity is the ratio of the partial pressure of
water vapor to the saturation prassure of the steam at the,

givati temperature.

Example: A water vapor / air mixture has a total pressure of
14.7-psia. What is the relative humidity if the temperature is

. 100'F and the vapos-bas- a partial preasure of 0.5 - psia- (i.e.
!

vapor accounts for 0.5 psia of the total pressure and air
accounts for 14.2-psia of the total pressure)?

Solution: The saturation-pressure of steam at 100'F is
0.950 psia. Therefore, the relative humidity is 0.50 f 0.95'x
100% = 53%.

Superheated steam is steam that is at a= temperature greater
than the saturation temperature at-the given partial' pressure
of the steam, or equivalently at a partial pressure below the
saturation pressure at the given temperature.. In the example
above, at 53% humidity, the environment technically includes
superheated steam since the partial pressure of-the steam.
.(0.5 psia) l'. below the. saturation-pressure at the given.

temperaturo (0.95 psia)! Similarly,tsubcooled liquid-is-at a
temperature below the saturation temperature at the given total
pressure (total pressure since the substance is in a liquid

-

form).- An example of a subcooled liquid is a_ glass of water
which is evaporating.

!

.A relative humidity _of 100% implies that the' environment
includes saturated steam, although at. low temperatures, it is
usually not thought-of as such. The= reason is-that at-low
temperatures 1and 100% humidity, the! amount of moisture-is much
less than at higher temperatures. -The absolute amount of
moisture is directly related to the partial pressure of the-

vapor.and the-orobabilitv ni condensation is related to the
partial pressure of the vapor and the-temperature-of:the-
surface-where-the moisture might condense. Condensation occurs!

if the partial pressure of the vapor-is above the saturation
pressure corresponding to the temperature of the pctential'
condensation surface.

12
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Example: Will condensation occur from a water vapor / air
aixture at 150'T and 40% humidity onto a surface ht 100'r?

,

Solution: the partici pressure of the water vapor is the
rutative hemidity in decimal form times the saturation pressure
of steam at 150'F, or C.40 x 3.722 = 1.5 psia. The saturation
pressure corresponding to the temperature of the potentiali

concensing surface in e.95 psia. Therefore, condensation will
occur.

The theoretical sequence of events which occurs to a
component when steam is dumped into a closed compart9 mat (such
as a conceinment) is as follows. First, the component is
usually at a temperature below the saturation temperature
corresponding to the resulting partial pressure of the steam
(unless the component has very significant self-heating).
Condensation immediately begins on the surface of the

_

y
component. The maximum temperature of this condensed staan is
the saturation tenperature of steam at t's partial pressure of,

the ambient steam. Next, as condensatios. continues and heat is
transferred to the component from the ambient steam, the
temperature of the component rises until it reaches at least
the temperature oS-the-er,vironnint. The temperature may
increase further if the device generates any internal heat. ]Finally, at this point, one of two situations occurs: if the i
device has self heating, it will eventually cause the collected 1
moisture to evaporater if not, an equilibrium will be attained
with liquid on the device in equilibrium with the surrounding
environment.

In reality, the sequence will not occur exactly as
described above. Many interacting facters will govern exactly
what hapoens. Some inportant complicating effects are those of
chemics sprays and contamination in the plant (dust, chemical
residue rust, etc.) which will tend to keep more moisture on
equipmet

Hopefully, the above will provide some insights into what a
" steam" environment really is and some of the very basic
mechanisus of steam behavior.

,
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Post-Accident ,

The regulations generally require that equipment be-

qualified for the time duration that they need to function,
plus margin. The st;ALLpos1Mnn hes been that_ post.acc_1. dent
acceleration us'T6fArrhenius analysis is normally.acceptabl~e as

'long as the, acceleration is not excessive (not easily defined,
of course). The DOR Guidelines tend to be most permissive in
that they only require qualification up untia the time that the |

accident conditions have essentially returned to pre-accident'

values, and they also specifically allow thermal aging-type
calculations to justify even shorter tests.

Even though the post-accident acceleration has typically
be>n deemed acceptable, there are some assumptions made in the
analysis that are significant and may be nor-conservative in
some cases. One example is the.t using thermal aging analysis
for post-accident qualification assumes that the only failure
mechanism is thermal age related. This approach discounts
long-term moisture related failures to a large extent, should
they exist.

In general, the transienLpart _ of 1)c_ accident _sayJqQe
accelerated or used_for accelerations only the_ steady __ILtate
E:irtio6 6f the posfr ~ccident exposure _shbuld be_acceleratid.-

a
. vever, calculations which include c** edit for the transient
portion of the accident and des.onstrate very long post-accident
qualification are generally not questioned (i.e. where the
steady state portion alone could easily be shown to be
sufficient by itself).

'

!

i

I

i
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Submerarmt
-

The regulations all support actual submergence testing to
qualify cocponents which may become submerged. Specifying
saturated steam during accident testing 16 generally not
considered adequate for submergence qua.*iilcation.

Example: A clear case where saturated steam would beinsufficient is when testing terminal blocks. For many
applications, the blocks :an be qualified for saturated steam,
but invariably, terminal blocks will fail when submerged.

From a' technical standpoint, it should be possibic to
quality some types of Squipment for submergence based on
saturated steam testing. Specifically, the following points
would need to be addressed:

--The device would have to be sealed from the environmentby design.
--The qualification report sould have to makn a clear and
convincjng argument that no moisture got into the device.
A simple visual inspection stating that there was no
evidence of moisture intrusion may not be aufficient,
although detakled- examination results might be more
convincing.
--Similar to the above, a velid argument addressing
moisture intrusion from intsrconnections, such as cabJes,
conduit seals, and conduit fittings, would be necessary.
--Verification that the seal untarials would not bedegraded by the submerged condition.

Pr< s s u e-- s
Examples for discussion:

1) Minco RTDs submergence question at Diablo Canyon.
-

2) Neutron monitor junction box at Maina Yankee

.

15
,

_ _ _ _ _
_ _ _ _ _ _ - - - - - - - - - - - - - - - - - - -- - - - - - - -



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

.

.

Functional Performance Reauirements and Data

The regulations' require demonstration that plant functional.

performance requirements have been satisfied for the
environments in which the device must operate. Many individual
instances can be cited where utilities have failed to do this,
but they generally fall into one of two categories:

1. The functional performance requirements are not
specified adequately.

j 2. The qualification report and EQ file do not demonstrate
g that the functit 031 performance requirements have been met,

most often duri W M cident conditions.

The first i n w seenn obvious, yet legitimate questions can
be asked such as what are the necessary functional performance
requirements for a section of cable, which doesn't necessarily
have an easy answer. Even further, what is the necessary
accuracy for a pressure transmitter usad to monitor reactor
coolant prsssure following an accident and what is the
t2chnical basis to support the necessary accuracy? In general,
the accuracies should be based on assuoptions used in
developing the plant rLfety analysis, but determining the
necessary accuracy for a particular instrument is often
difficult on this Es~1s.

Let's leave some space here for neten and get some class
opinions on the subject of determining instrument accuracy.
Esf A cc u v.< < y- t .2. T '?tcv + v[ &f5

f

v

A[ /c 7u du p a a/' W " c c * W+d
~ s.,. n,, .2 s t e.ytu;
),r.su us Aa.s tf e / dH u w/,
[ t u Q, ,. ', n c c y 76 h (< -frw
a << . va ,D , T L ~ ., e - h, r. 3-

In general, power and control devices have somewhat more
easily specified performance requirements. For example, a
motor operated valve may need to "open or close on demand and
remain in the desired position." liowever, one might ask the
following question of a particular test which appeared to
demonstrate the above capability

--Does the motor torque degrade during the accident test?
If so how much, and does this degrade operability of the valves

16
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in the as installed configuration (e.g. when working fluid
interactions with the valve are considered, coupled with

*

degraded torque).

As another example, a solenoid valve might have similar
requirements as for the actor operated valve described above.
However, one might fail to consider a specification on
allowable leakt.ge of the valve. How to determine the allowable
leakage may be somewhat difficult, but it e5ould be addresned.

Utilities generally use two different approaches to
determine the functional performance requirements. First,
based on something, they may astermine the necessary
requirements for their application and then check that a
particular test verifies that the requirements are met.
Alternatively, the demonstrated parameters from testing may be
evaluated and found to be acceptable. This second method
presents somewhat of a direct conflict with IEEE 323-1974,
which states in section 6.3.1.1 that the test plan should.
include "(9) Performance limits or failure definition."
However, the staff position has been to accept this latter
method of demonstrating functional performance, largely because
auch testing is done in a generic fashion and in Lost cases,
the functional pessormance requirements are plant specific.

Interconnecting devices,-such as cables, penetrations,
terminal _ blocks, etc.-present unique challenges to defining
functional performance requirements. What is it that these
interconnecting devices must do, exactly? They must transmit
current and voltage from one place to another while maintaining
the. desired characteristics of the transmitted parameters. The
first part, that of transmitting current and voltage from one
place to another, is usually addressed in any reasonable
qualification. The second part is the difficult part. What
parameters need to be measured to determine that the desired-
characteristics of the transmitted current and voltage are
maintained? At this point I will defer.further discussion to
the specific issues sections.

Once adcp?- mLnd n againt;a functie -el-performance
requinmentsMe def1.ned, the-secand atop _is.to demonstrata
that_they_areJet_ based .on the.. tats _tp_ conducted. It is easy to
' envision that the nost important time, and indeedc often the
most difficult time, for verifying functional performance
requirements-is during accident environment application. Thespecimen.will usually be inside a test chamber where it is
largely. inaccessible and the harsh chamber environment makes
some types of monitoring difficult. If a good test was
conducted and all the pertinent parameters were measured, it is
straightforward to compare the specifications to the.
demonstrated performance. In many cases, however, the
performance data during the accident test is not 100%
complete. Qe following give some exampleL of_potentially
incomplete data:

17
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--All parameters were not measured during the accident N
exposure.
--Parameters were not measured at appropriate times. (--The data presented is inconsistent and thus questionable. ( e
--Parameters were not measure over the entire spectrum of /" 4 3

instrument operation. (
--At the utility level, the test report may not include all
data that was taken during the test.

Thus, it is often necessary to ase good engineering !--

judgement, experience from similar tests, and insights from
other team members to uake a determination as to whether the
performance ~ requirements have been adequately satisfied.

The individual sections on specific components will provide
more insights for component specific functional performance
requirements.

Later, we will discuss the related measurements of
insulation resistance (IR) and leakage currents. At this
point, we will address the question of the relationship between
IR and leakage current. In Ohm's law, V = I * R, the
resistance R (or IR) is assumed to be a fixed value, as for a
commercial resistor.-.on the other hand, leakage current I is
directly proportional to applied voltage (with R assumed
constant). The applied voltage is the voltage across the
resistance R and may vary with varying leakage currents. Inthe figure below, the voltage applied to the circuit is 50
Vdc. With no leakage current (i.e. R==), the voltage applied
across R is 50 V, but with a leakage current in the circuit of
9 mA, the voltage applied across R is only 5 V. The
corresponding leakage current if the full 50 V were applied
would be 90 mA, a significant difference. Thus, it is
important to remember that leakage current varies with voltage,
but resistance is cenerally assumed to be independent of
voltaie. It should be mentioned that some valid arguments do
exist to refuto that R is independent of voltage, but we will
not discuss them here.

5000 f)

N
O O Terminal-

V=50 V *-

Block--

() q)
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Similarity

*

All the regulations require that qualification be based on
N either an identical or similar piece of equipment. If

qualification is based on a similar piece of equipment, then a
supporting analysis is necessary to demonstrate that the tested
and insta)ted equipment is indeed similar. This is often
necessary since every different model, configuration, and
installation cannot be tested practically. Therefore, we have
the question, what constitutes a similar piece of equipment?
The answer, as so many times before, is not an easy one.
similarity may need consideration of form, fit- f aunctimaterialst manufacture, and installation. A very Emportant
point is that similarity deoends laroelv 2D the aooliention. Asimilarity argument essentially must demonstrate that because
one piece of equipment was successfully tested in some
environment, another piece of different equipment will also
perform its required function in another (possibly different)
environment, consider some examples as follows:

A pressure transmitter with a range of 0-1000 psi is to be
qualified based on testing of a pressure transmitter with a
0-10 psi range. Everything is identical about the
transmitters except-that a different stainless steel
bellows is used. The desired qualification environment is
the same as the test environment. Are the units similar?

'*k

A limit switch was tested using a conduit seal to*

IEEE 323-1974 conditions (including 200 MR radiation). A
plant is using the same limit switch in a radiation only
harsh environment (100 MR maximum), but they did not
install a conduit seal. Is the tested switch similar tothe installed switch?

)lb

,
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A whole family of cables is to be qualified based on
testing of representative samples. Which cables should be.

chosen as the representative samples? See Table 1 in IEEE383-1974 for suggested selection of representativr
samples. In addition, paragraph 1.3 rtates that
* qualification of onCcable may permit extrapolation of
results tn qualify other cables of the same type, with
consideration given to cable aimensions and probable modes
of failure."

A terminal block from one manufacturer is to be qualified
based on testing done on the terminal blocks of two other
manufacturers. All are made of a nonspecific phenolic
material. The testing on the two terminal blocks used the
IEEE 323-1974 suggested profile (240*F for six hours,
etc.). The terminal block to be qualified is used where
the peak environment is 225'T for 4 minutes, followed by a
decrease to 150'F in 30 minutes and return to the ambientof 90'F after 3 hours. Performance of the tested terminalblocks was quite good, about as expected for terminal
blocks in the test environment. Are the blocks similar?

_.

More similarity examples, including discussion of generic
materials similarity, will be included in the specific
component sections.

20.

|
. _ _ _ - - _ _ _ _ _ - - _ _ - - - - - - - - - - - - - J



.

.

Marain

*

Margin is essentially the difference between the worst case
plant conditions and the test conditions. It is applied to
account for uncertainties in the qualification process and for
normal production variations of equipment. IEEE 323-1974 gives
recommended values for margin and they will not be repeated
here. A significant point to address here is that of margin in
one area " compensating" for lack of margin in another area or
in some cases, even lack of enveloping in some areas. My
philosophy is that one needs to look at the qualification
package as a whole and decide whether the package verifies with
reasonable certainty that the equipment will perform its
function when required. Thus, my feeling is that some amount
of the above is reasonable. However, some points I would
carefully consider are as follows:

--A great deal of margin in one area should be * sed to get
a much smaller margin in another area.
--The area lacking some margin or enveloping should be an
area where known failure modes of the type of equipment
under consideration are not dominant.
--Knowledge of industry qualification experience with the
equipment needo-te be considered.
--When in doubt, consult with others as appropriate, and
when not reasonably sure, err on the conservative side.

Some examples:

--A cable was tested to a demineralized water environmentwhen it is needed in the plant for a more severe chemical
spray environment. A successful argument might be that the
other parcmeters are well enveloped, the material the cable
it made of is not typically degraded by the chemicals in
the spray, and that cable failures in qualification testing
are normally unrelated to chemical sprays.
--A solenoid valve was tested to a 300*F/67 psia saturated
steam environment for 3 hours and is needed at 320'F/50psin superheated steam environment for 30 minutes, followed
by 30 minutes at 275'F. The above requirements include the
suggested 15'T margin. ~The solenoid valve was thermally
aged at 350*F for 7 days prior to steam testing. A
successful argument be that the valve was aged at a
temperaturs well above the necessary steam qualification,
that there is significant time margin in the test (even
though at a reduced temperature level), that the required
pressure was enveloped, that the actual required
temperature (before margin) is only 5'T above the test
temperature, that the actual amount of moisture present is
enveloped, and that the temperature / moisture interaction in
the steam environment is not a major failure mode for
solenoid valves. A similar argument might not work so well
if the component were a terminal block used in an
instrumentation circuit.

21.
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Soecific conDonent Issues
'

cables

The following list includes many of the issues identified
for cablest

--Utilitydoesnotknowforsurewhatcableisinstalled./
--Utility does not have all installed cable on the master
list.
--Utility does not have adequate documentation for
qualification.

--Similarity inadequate (includes generic
qualification issues). /'--Functional performance inadequately addressed.
--Environments not enveloped.

The first two items on the list are related and may be
assessed in two major ways. One way to assess what is
installed vs. What is on the master list is to look at cable in
the plant that is connected to qualified e pipment and verify
that the cable is on the master list (physical inspectinn.s

covered elsewhere in-the course). -In some cases,-the cable may
not be field identifiable and it is necessary to rely on the
second method, examining tne plant's quality assurance and
installation records to identify cables. In some cases,
utilities do not know exactly what cable is installed in what
circuits, but they do have an exhaustive list of all cables
which might be installed in qualified circuits and they have
qualification documentation for all the possibilities,
obviously, this is the less preferabia method since any
problems identified with a particular cable.(either during an
inspection or at a future time) are much more difficult to deal'

with.

The remainder of the list looks very familiar to the items
in the earlier definition of qualification given earlier.
Cable similarity has been questioned often ind in many cases
has not been adequately demonstrated. Recently manufactured
cable is much less prone to similarity problems because the
indestry has become sell aware of the issues involved. Themajor problems thur occur with older cables. one of a more
controversial issues has been that of(6eneric mater
guAlif i c a t i on,_LE t ry_ing_t cL gu a_l i f y_ o n e sanstairMne r ' s c a.b l e
based on successful testing of a second manufacturer's cable'

made of the "saa'e" material. In some cases, generic
~

## L# qualification ha's been accepted to a limited extent, but this
~ - ~

y3h- hardly means that the staff position is.to accept it blindly as
)a some in industry, particularly consultants, might imply. Each

case must be carefully evaluated on its own merits. I willattempt to give some insights into what needs to be considered
in such a qualification because each case is unique. The
in11owing questions should be kept in mind during a review:

--Is the cable inside or outside containment?

22
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--What cro tho envirenn:ntol conditions for the cable?
--What are the typical capabilities of the material under
consideration?'

--How does the local environment cocpare with typical
.

gp capabilities of cables in general as well as with typical
capabilities of the particular material?\ --What. similarity information is available for the tested/

t vs. installed cables?f7 g4( --What type test data is available for the specific
\ materiali.

@{
--How much can margin in one area compensate for deficiency4

in another area?6

Y 4I
Q So far, only one instance of generic material qualificationf

k for inside containment applications (Tt. St. Vrain) has been
k accepted, based on special cirensstances including virtually no

radiation dose and a relatively short accident environment at
high temperatures. Several additional cases have been accepted
for outside containment based on considerations of the above.
The above type of information should be addressed in the
qualification package. As is apparent, determining the
adequacy of generic qualification can require experience and
good engineering judgement. When in doubt, consult-with others
as necessary. _ , , ,

Many other similarity issues have come_up. In general, the
utility should have a pestic_ ate of conformangf from the
manufacturer with a stateseid snat sne cabres are identical or
similar to tested cables. If similarity.js claimed, the_hApis
should be specified. ant jusNd, as necessary. An earlier
example gave information on choosing representative samples
from a family of cables. Thus, a statement from the
manuf acturer that the materials _ Ant methoLof,_construntion., are
the same as tested cable is generally sufficient for
establishing similarity unless particular concerns are known
for the specific cables. The testing should generally include
samples with the mLnimum_thi.Ckness of_insulatiof used in thei

plant. Most recent qualifications will meet these criteria.

Example for discussion: Butyl Rubber. Both Big Rock Point
and Quad cities have butyl rubber cable installed. Both
qualifications have been questioned for various reasons.

Discussion:

.

)

23

i



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

.

.

.

Some difficulty may arise in terminology such as if a
utility states, for example, that they have Rockbe_tos Firewall
III insulated cable and that testing was also performed on
Rockbestos Firewall III insulated cable. In fact, much more
specific irformation is sometimes necessary to establish
similarity. Some information will be given in the specific
product listing for commonly encountered cable products; in
other cases it may be necessary to request vendor catalog
information, discuss specifics with the licensee, or consult
with appropriate personnel.

The question of adequately addressing functional
performance for interconnecting devices was mentioned earlier.
The staff position for cablev has been different for different
types of cable. For instrumentation cables and
inte nnections, the_ primary-parameter of interent is IR data
or kage curraul_ data durina the steam / spray simulationD The
concern is greatest for devices involving exposed terminals of
any kind, such as terminal blocks. However, the staff position
has been to require data for any instrumentation
interconnecting device exposed to harsh steam environments.
Analysis of the effects of degradad IR on instrumentation
circuit accuracies has often been neglected by utilities in the
past. Two methods may be used to ausess the effects either
determine an acceptable IR for the circuits and verify that it
is met or verify that the measured values are adequate. Theindividual sactions on' specific components will describe the
types of analysis for determining potential accuracy
degradation from interconnectinq_ devices. In general, for
non-convial type applicationer4nstrument cable IR of moove
10*a for a te can bi shown to beaccep}t.able /n_ length of 10-1 R- hcoaxial cable applications have specials
reqUlrements and will be discussed in the radiation monitor
section. The major application for coaxial cable inside
containment, other than radiation monitors, is acoustic
monitors for valve position indication. Specific requirements
for these circuits don't seem to be nearly as severe as for
'adiation monitors, but they have never been as extensively -s camined; they will not be covered in this material.

Power cable is at the opposite end of applications frqm
Jnstrument cable. The staff position has been that'IR '-
uneasurementsa re not necessary for power cables _if a_ good __tsst' .
yas_ performed and the cableilintere . Loaded with appropriate g
current ana voltage during~tne test ano satiszactorily passed a

(post-test dielectric withstand test._ (In some older
qualification tests, the witnstand test may not be included.)

24-
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Control cablo opplicationo, cnd honco requirc2:nto, foil
somewhere between power and instrumentation. In some contJr 1circuits, IR considerations __say become importan N,E this.

Ls rarely sne case. cabTt_lRs_ above 10 0 for a test leng PD

pf I F15-f rdurine steam testing are cenerally surric M . Formost~vutsiue containment applications, the IR f or control
cables vould not fall to low enough values to causa circuit
problems. Hence, in some cases, a test where irs were not
measured has been found acceptable if a good test was performed
and the cables were loaded with appropriate current and voltage
during the test and satisfactorily passed a post-test
dielectric withstand test. For inside containment
applications, the IR data would generally be required. In any
case, consideration of the environment the cable is expected to
survive in is an important consideration.

Several specific areas to be aware of are as follows:
--Scaling of IR data. According to physical laws, if the_
rable 1encth is increased, its IR decreases _. A few
manufacturers report IR data using units of_n-1000 ft,
which 1- +h= TR of 1000 ft of emble,_ Hnst report the IR ~

.,

for the tested length of cable. It is important to
recognize that the two may easily differ by nearly two
orders of magnTE6Be' and that the guidelines mentioned in
the above paragraphs refer to tested lengths of cablo. Inanalyzing the effects of degraded IR, the actual instelled

. cable length needs to be considered relative to the tested
langth- The IR to use in the calculation is founa oy as
IRinstalle I kasted x (length tested / length
installed)d "If the IR is given in an 0-1000 ft basis, then.

1000 ft should be used as the length tested. _In actual.
testin L,_the measured IR is artificially low because_of_ths
Jarallel effects of nanstratinn- end lead wires, SanSia
aas cata over a limited range which appearsdq_suMWLan-
fii5rease in a calculatea vTIve-brat-~least a f ac_ tar __of 2_ if]Ene scaling is over a length of at least a f actor of 3.

-

Example: A 15 ft section of cable was tested and had a5minimum IR of 5x10 n. The plant has an instelled length of
200 ft. What IR should be used in the circuit calculations?

Solution: The IR equation gives 5x105 x (15 / 200) =37.5 kn. However, the length scaling is greater than a factor
of 3; thus, the IR may be increased by a factor of 2 to 75 kn.

--Failure modes considered. In some cases the utility mayonly consider certain failures resulting from decreased
IR. One common occurrence in consideration of control
circuits is to only-determine if the IR is low enough to
cause fuses to open. In fact, there may be other undesired
effects which can occur at much higher IR than that
required to;onen a fuse, such as apurlous indiR& tion _o1
.eparation. Sent of t31se will be discussed in other
section17-
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--Use of post-test IR data in analyses. Where IR
considerations are important, it is imperative that In data-

siging steam / spray exposure be used. The IR almosy nivavs
recovers after removal of the harsh environment (unless a
$4ur^e7as oJcUheNt bulk IR decreases byd
- A mule ofUuw 2 a factor of
a for every lo'c increase in temperature when in a
tTiernrl-only enui=-enu Decreases at Aeant that large
sEould be expected during steam testing, with higher values
possible. This rule may often be used as a basis to assess
whether test results are reasonable.

Tne following list gives some manufacturer's product names
along with some information about the product;

--Rockbestos Firewall III and Pyrotrol are product names
for chemically cross-linked polyethylene (XLpE) insulation and
may use either a hypalon or a neoprene jacket. Pyrotrol is an
old formulation; Firewall III has been produced since Pyrotrol
and has sever-1 different formulations, most with a KXL 760
type designation (one old formulation is KXL 510). The most
recent formulation is KXL 760D and is covered by Rockbestos
test report QR-5804 (a new report of testing which the NRC
closely followed).- MUst older formulations are qualified by
utilities using old test reports (those questioned in IN 84-44)
in combination with similarity to tested KXL 760D and possib3y
other test reports. IN 84-44 allows several methods for
dealing with the old questionable test reports including
performing additional testing, analyzing the old test reports
(to show significant margin to account for possible problems
or obtaining additional test reports from other sources (some),
Sandia testing has been cited). The Firewall III designation
is also used for irradiation XLPE; however, the formulation of
irradiation XLPE has not changed over the years to the best of
our knowledge. A new test report, QR-5805, covars all
irradiation XLPE and this testing was also followed by the NRC.

--Rockbestow Adverse Service Coaxial cables are available
in several different products, the most common being RSS-6-104
and RSS-6-113. These use two insulations, a radiation XLPE
insulation and a inner insulation, called either LD or LE. Theoriginal (1st generation) coaxial cable was found to not
function satisfactorily above about 230*F and is supposed to
have been removed from all applications where the temperature
could exceed the thermal limitations. The 2nd generation cable
used a modified braid angle to prevent the conductor kinking
failures of the 1st generation cable. Subsequently, the LD
polymer of the 1st and 2nd generation cable was changed to an
LE polymer and the new cable is designated 3rd generation. TheLE formulations were tested successfully and the results are
reported in QR-6802. A similarity analysis was prepared by
Rockbestos to qualify the 2nd generation cable based on the 3rd
generation cables (the 2nd generation test report is one
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qucaticn0d by IN 84-44). Thio Cnnlyaic h30 bO n rCvicw0d by
the staff and has been a :epted at several plants. Production
dates for the cables are as follows: 1st generation before,

'

6/8/81, 2nd generation from 8/20/81 to 3/14/83, and 3rd
generation since 3/15/63.

--Rockbestos also produces silicone rubber (SR) and
ethylene propylene rubber (EPR) insulated cables which have not
been retested. Qualification depends on plant specific
applications and analysis within the guidelines of IN 84-44.

--GeneralElectriedr:5 % s calle3. Vulkene Supreme SIS
and is a XLPE insulated cable. One applicable test report is
fF-C4497-2, a Franklin report of 3/77. ~_ letter recently seenA

~

.at a utility indicated that GE considers stan'dara vuixene SIS,
gr_SI-57275, to be not qua11 ries. Thus, it is important to
distinguish Detween the two, non-similar formulations. The
SI-57275 may possibly be qualified by other test reports to
some environments, but GE currently sells only the Vulkene
Supreme for nuclear applications. A current question under
investigation is what Vulkene cable is used in GE electrica)
penetrations pfddur ori a_ number oT v n rm_ago J T

-

--Boston Insulated Wire (BIW) Bostrad 7E cable is an
ethylene propylene-rubber (EPR) insulated and hypalon jacketed
product. Qualification testing is covered by BIW report BIW
915 and an updated version BIW 915A. Both of these reports
have been determined to not support IEEE 323-1974
qualification. See Inspection report 99900283/83-02 for more
details. This test report has been found acceptable for some
applications where the DOR Guidelines apply. Current
information indicates that additional testing of the cables has
been performed to qua !y them to 10CFR50.49 requirements.

"

--Samuel Moore (Eaton Corp.) Dekorad is an. ethylene
propylene diene monomer (EPDM)/hypalon layered insulation with
a hypalon jacket for instrument applications. Cable testing is
reported in an Isomedix test report of June, 1978. Other
Samuel Moore cables include Polyset (radiation XLPO) and
Elastoset (Plane Retardant EPDM).

--Karite Corporation high temperature (HT) or high
temperature Kerite (HTK) and a flame retardant (FR) compound
are used in various combinations for insulations and jackets
for power and control cable. Various combinations have been
tested, with the control cable giving low IR values.

--Brand Rex produces a XLPE insulated cable with a bypalon
jacket. Testing is reported in Franklin Reports series
F-C5120- and in report F-C4113 for various applications,
configuration, and types of cables.

--Baychem riantrol uses an XLPE insulation and has not been
produced for quite some time. It is used at a number of plants
and qualification should always be to the dor Guidelines.

; 27
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--okonite has a number of different products, incloding*

insulations / jackets with trade names okonite (EPR), Okoseal
(PVC), okogusrd (EPR), Okozel (modified ethylene
tetrafluoroethylene, or teftel), Okothern (SR) , Okolon
(EPR/hypalon composite), and X-Olene-THR (chemically XLPE).
okonite did research testing on many products and supplies
selected data to customers based on individual needs. Some
concern has been noted that only positive results have been
given to customers, with no mention of test anomalies or
failures on similar or identical cables. The large nur.ber of
different cable materials indicates that care should be used to
ensure similarity of test specimens to installed cables.

A large number of cable types have been identified at only
one or two utilities and hence must be carefully evaluated on a
case by case basis. The following list gives some of these
rare manufacturers / types (for nuclear use), but no attempt is
made at describing any in detail:

.n,

BIW silicone rubber, Galite, Hatfietid, Lewis,diinr x
j Plastics Wire and cable Co., ssem Times W&L,' <,

(Cypress), Tensolite, General, ledyne, Haveg, Es' sex, and'

Harbour. ---

Some of the above may include manufacturers that are
subsidiaries of more common manufacturers or names that have
otherwise been obscured.

Some more common manufacturers have had uane changes or
affiliations which are useful to know. For example, Rockbestos
was fonnerly called Cerro, continental is a subsidiary of
Anaconda, and Rome and Cypress are equi',Tlent.
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Electrical Penetration Assemblies (EPA)
' As for any other type of equipment, the problems for EPAs

fall into categories of similarity, performance requirements,
and environmental enveloping. However, concerns over
similarfty and environmental enveloping have been much less
pronounced.than for cables. Punctional performance has very
often been neglected for EPAs, but the required analysis is
exactly the same as for cables, terminal blocks, etc. with the

,.

EPA simply another parallel resistance in electrical circuits.
Since component specific IR effects will be discussed
separately for different devices, they will not be repeated
here.

The most significant recent similarity issue has been that
of butt splices supplied by GE with T-01 series electrical
penetratIBns. Aa result or aucit findings at Dresden, Ceco
' tested spiaces at Wyle and found some failed the test. The
original issue stemmed from GE supplying nylon-insulated
splices from more than one manufacturer, with no specific
documentation to establish exactly what was tested nor what was
supplied to plants. It should be noted that CECO believes that
the connectors are still qualifiable and that the confiraration
in the Wyle test was. overly conservative. Butt splices that
were taped successfully passed the qualification test and CECO
has taped the splices in both Dresden and Quad Cities.

One concern that has been identified as a result of Sandia
testing is that electrical failures of D. G. O'Brien
penetrations may occur as a result of moisture intrusion. The
moisture barrier, made from a silicone rubber elastomer, tends
to undergo major dimensional changes when subjected to
compressive loads, especially when also subjected to elevated
temperatures. These changes have been observed to cause damage
to conductor insulation as well as allowing moisture
intrusion. One way to avoid the failures may be to age
component parts separately, but separate aging may not be
realistic. Consequently, D. G. O'Brien EPAs should be examined
carefully.

.
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Terminal Blocks p) - '

The generic issuen for terWInal blocks parallel those for'

other equipment. In general, I feel that dimensional
differences, including the shape of the block and the shapes of
convoluted surfaces on the block, are the major factor
governing dif ferences in terminal block perfore'nce. The major
factor for terminal block perfornance is the a7,11ty to carry
voltage and current without excessive leakage currents. The
major mechanism for terminaA alock inilure in a steam / chemical
spray environment is surface leaka3e_norrents.And/or surface
breakdown. The major factor governing the leakage currents
seems to be the physical size and detailed shape of the block.
This information suggests that the materials of construction
have less effect on accident performance than for other types
of equipment, as long as severe radiation or thermal
degradation has not occurred. In general,_phenollen are used
for terminal block construction and they are not very age
mannitive- Consequently, the acjor emphasis snould be on
accident performance. Similarity evaluation should largely be
based on dimensionni considerations which lead to primary
failure modes.

One particulac_ block which has received considerable
attention lately is the Marathon 1500/1600 series blocks. The
two series are quite similar and have been recently tested by
Wyle for Ceco to measure leakage currents. The leakage
currents reached about 300 mA at 132 Vac and 135 Vdc for four
terminal blocks (including a 1600 series) located below
unsealed conduit entrances to the top of a NEMA-4 enclosure.
The one block (1600 series) net located below the top entrances
gave leakage currents below 40 mA at similar voltages. The
obvious conclusion is that any top entry conduit unnge_=EFLid
j[[;evaminad_ carefully and generally discouraged.

The Wyle test has a very subtle, but instructive exampic of
possible improper monitoring of leakage currents in any test.
ln the figure on the next page, the value of P1 is adjusted to
give a loop current of 16 mA during the accident simulation. A
simple calculation giver the required value of p1 as 625 O.
Another simple calculation, assuming a dead short of the
terminal block for circuit 1, gives a loop current of 67.2 mA
as the maximum loop current. The 500 mA fuse included in this
loop can never open as a result of leakage currents on the
terminal block! Fortunately, in this test actual leakage
currents were monitored. However, if the actual leakage'

currents had not been monitored, this particular circuit would
give no indication whatsoever as to terminal block leakage
currents during the accident exposure. This example emphasizes
the need to see accurate and cumplete documentation of test
apparatus, particularly when leakage currents are claimed to be
monitored via a fuse in the energizing circuit.

In another Wyle test (45603-1) of the same terminal blocks,
when power was applied to test specimens following a power

30
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cuttga, tho fuc0s conn 0ct0d to tho torminal block 3 c11 cpanad.
In the test, 132 Vac circuits used 12 A fuses, 264 Vac circuits
used 18 A fuses, and 528 Vac circuits used 24 A fuses. At.

other times, the 264 Vac and 528 Vac circuits had fuses open.
The conclusion from the tests was that the blocks were not
suitable for use in 528 Vac circuits when exposed to the
conditions of the test. The opening of the fuses after the
power outage was attributed to a te.st anomaly. However, in ,

some plant applications, the same type of sudden powering may
occur, raising the question of whether similar high transient
leakage currents could occur in plant applications. The
results from the Sandia tests showed the same kind of behavior
when voltage was suddenly applied.

Figure 30 gives an indication of the variation of terminal
block IR with voltage and temperature noted in sandia testing.
The applied voltage up to 100 hr was 45 Vdc. Note that the
steady state IR is lower at the lower voltage and that the IR
decreased substantially when power was suddenly applied even
though the temperature had decreased. Figures 56 and 57 give
additional data which indicates that for terminal blocks, the
IR as a furetion of voltage is difficult to generalize over the
small voltage range tested. A theoretical model developed for
steady state conditions suggests that IR is constant up to a
certain voltage (depending on specific paranoters of the
moisture film and terminal block), followed by increased IR at
higher voltage as the moisture film dries out Transient
conditions are much more difficult to predict, but the
experimental data provides two insights consistent with the
steady state model '1) when voltage is suddenly applied, a
moisture film has had time to develop (no Joule heating to
evaporate it) and the initial leakage current is high, followed
by a reduction in Icakage current over time as the leakage
current heats and evaporates the film, and (2) when steam is
first introduced into the environment, whether the block is
energized or not, condensation occurs on the block fairly
rapidly since the block is still at normal ambient temperature
.(see discussion of condensation under saturated vs. superheated
steam). One final thing to note is that, based on the above
discussion, superheated steam testing of terminal blocks is
generally not adequate to simulate conditions which might
actually be saturated.

Discussion of Limitorque Testing of Terminal Blocks

A Limitorque test (number B0119) was run to determine the
suitability of various terminal blocks, including Marathon 1600
series, for use in motor power circuits inside motor
operators. The test acceptance criteria was that the IR of
unpowered blocks must remain higher than the IR of two powered

,blocks connected in series which were functionally verified to
be capable of operating a motor. The philosophy of this test
strategy has been questioned as well as the conclusion of

32
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qualification from this test. Let's examine some positive and
negative factors in this test

.

Positivet

--Considering the discussion above, the unpowered terminal
blocks may, represent a worst case condition (i.e. maximum
likelihood of film formation) with the IR measurements reading
more typical of what might be expected in a plant before the
motor operator is powered.

--Many tests of terminal blocks at lower voltages indicate
that terminal block IR remains sufficiently high for power
circuit applications.

--Power circuits are very insensitive to reduced IR of
interconnecting devices.

--The test had two terminal blocks in series in the circuit
powering the motor, essentially doubling the possible leakage
currents.

--Terminal block measurements performed at low voltages may
be more conservative than those performed at high voltages
under steady state conditions since the higher voltage will
drive the conducting film from the block.

Hegative: ,_,_ _ .

--The terminal blocks were not all powered during the test
except during periodic IR measurements at fairly low voltages.

--The low voltage IR measurements give little direct
indication of the terminal block performance at 480 Vac.

--The test strategy of using only irs as an acceptance
criterion is technica111' weak.

--The Wyle test of Marathon 1600 termintl blocks concluded
that they should not be used in 480 Vac applications.

Discussion Notes:

There are numerous additional biccks in use in plants with
a partial list as follows:

Weidauller SAK
States ZWM
Marathon 300/1500/1600
GE EB-5/EB-25/CR151
Curtis L '

Amerace (Buchanan) NQB/0222/0524
Westinghouse 5224
Kulka -JJ

36
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Most of the list covers a series of blocks with various'

numbers of terminals.

Testing by Sandia is reported primarily in NURIG/CR-3418
(data report) and NUREG/CR-3691 (assessment report). Some of
the above statements are darived from insights gained during
Sandia terminal block testing.

Probably the most significant issue for terminal blocks is
that of functional performance requirements during accident
testing. . Ideally, terninal blocks and other interconnecting-
devices should be tested in circuits that are identical in
every respect to what is installed in the plant. Some more
recent terminal block tests have approached this goal by
testing with representative loads on the terminal blocks.
However, most testing has only been on the devices with some
rated loading and possibly periodic leakage current or IR
sensurements. -As with other interconnecting devices, terminal
blocks constitute another parallel resistance in the electrical
circuit. Individual component sections will discuss the
effects of IR on the circuits.

- -
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The trcus31tt0r will Cperate estractly as 102g as the voltage
resales in a speelfled ra ge. For example, a typteal transmitter will
operate to specification as long as the voltage across the transmitter
terminals remains between 15 and $0 Yde. The loop resistance esternal to

*

the transmitter (from the current-to-voltage ampitflers the esble, and
the other external resistances) also may vary over a speelfled range
depending on the voltage supplied to the transmitter. For a typical
transmitter., if the power supply voltage is *$ Vdc. the esternal loop
resistance may vary between 250 and 1.500 ohns. kote from Figure g-1
that the potent!al across the transmitter 6Vy. is essentlall,v the ^

potential across the terminal block and therefore tsvid be the driving
potential for any terml?al block leakage current. AVy can be
expressed in terms of the normally constant power supply voltage. V .s
and the voltage drop. 6%,, across the external loop resistance Re:

AVy = Vs * OYe

6VT*Ys*IIeL 39' 8-1

where It is the total loop current. The leakage current. Igg, across
the terminal block is

- - -

6V7
T8 * R,7

whers Ryg is the insulation resistance of the terminal block. The
total loop current, which will be observed in the control room as the
transmitter signal, will be the sum of the transmitter output current.
1 . and the terminal block leakage current:7

IL=178 + IT Rg 8-2

Under normal conditions. Igg will be sero or negingibly small
compared to 1 . however. Under accident conditions. Igg can become a7
sizable fraction of ty. and therefore, becomes a sizable portion of the,

total loop current sensed by control room instrumentation. The error, e,
in the signal will simply be the ratto of the terminal block leakagecurrent to the transmitter signal current. That is:

IL'IT =y,'-I
e=

g g Eq. 8-3
T T
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This analysis gives error in_ terms of percent of reading.
Typically, plants use percent of full scale when defining-
accuracy. To get error as a psrcent of full scale, simply- "

substitute the full scale transmitter current , tor I in theT qdenominator of Eq. 8-3 and 8-4. Some plants might use a ysimpler, no~re conservative approach. Since RTB >> Rmay be neglected; similarly, R.Iy in.Eq. 3-4 may be ., R,
{neglected. Both of these result in more conservative (larger)-

Using equation 8-4 modified -only to give errorias aerrors.

percent of full senle and-using a supply voltage of-50 vde, an
equivalent exterstd resistance- of 1- kn, end a transmitter y

current:o2 4 mA (watst case) Seas an errty of 15.3% of full ' t(If the more conserva(tive simplifications were used,scale._
the error would be 17.9%). The-only remaining-problem is that:
of calculating the total loop accuracy, whip" -a; iaccomplished by several different methods. 1... A ;t obvious
and most conserykt4ve approach would be to simply add the:
errors giving t(10+2+15.3)= i27.3% total error. A second k.methodwouldbetousethe-squarerootof-the-sumoftge ssquares of the individual errors giving_i(100+4+234) 4

=
i18.4% total error. The disadvantage of this latter method is

-
-

that it assumes that each error is normally distributed about
the 0% error point; in actuality, the leakage-current
contribution to the error can only be in the positive
direction. This example is not based on any specific plant or
any particular qualification' test results--it serves merely as
a demonstration of hev the error ~ calculations might be done._ A4-20 mA pressure trans91tter circuit was chosen for this
example since it is often'a limiting circuit in actual-plants
if coaxial and triaxial' cable is. treated separately.

Every equipment qualification circuit in the plant should -

"

be evaluated as ludickted above or in some alternative
fashion.- From a practical st3Dipoint, a somewhat generic
approach is desirable. One such approach used by a utility was
to attablish generic acceptance; criteria for each individual
interconnecting device.- The approach-might chooseia value of 10.1 magohn per device (after insulation resistance has been-
scaled for differences between tested length and installed
length),. coupled with a generic reference _ showing-that the
resulting error is acceptable in plant circuits with the
maximum expected number-of-interconnecting devices.. If any
device exhibits an jnsulation resistance less than the= analyzed
value, a circuit specific analysis would be performed to
determine-acceptability of the device.

Sandia has performed-testing of Barton-transmitters as
reported in NUREG/CR-3863. The salient points of the research
may be summarized as follows:

-
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--The Barton transmitter electronics are extremely
* radiation hard, surviving a 400 Mrad total dose exposure with

maximum errors around 5%.
--The major stress affecting transmitter operation is that

of thermally induced errors resulting from potentiometer
degradation. Barton has recommended installation of electrical
isolation washers between the potentiometer and housing, which
appears to reduce thermal effects by treating the symptons of-
the problem.

--A potentiometer failure (open circuit) was also observed
during testing. Analysis of the potentiometer indicated that
corrosion was apparently responsible for the failure with the
potentiomr~ lubricant a primary contributor to the corrosive
environne.

--Tina 4t temperature behavior indicated that thermal aging
exposure may actually improve the transmitter's-performance
when subjected to an accident environment.

An additional concern has been identified with the gland
seals used in the Barton transmitters, with several failures
noted during testing by Westinghouse. The failures are
manifested as moisture and corrosion products getting into the
gland seal and causing. corrosion and eventual opening-of the
lead wires. Barton has performed additional testing and
analysis to justify that the-anomalies were test artifacts, but
soma doubt- still remains that, the testing is conclusive for -,

lengths of cable typically installed in' plants. The analysis
,

has been considered. accepted unless additienal adverse
information is obtained.

One problem found for Rosemount transmitters is the failure
of utilities to install plugs in thu alternate cable entrance.
Two cables entrances may be provided at opposite ends of the
transmitter and only one is used.. The other_one usually has a
plastic cap installed from the factory. This plastic cap must
be rtmoved and replaced with an appropriate plug.
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Limit Switches

The only vondor currently known to produce-qualified limit-

switches for inside containment, harsh environment usage-is-
Namco. The problems with limit switD es have been primarily
the lack of4EITffed conduit seals installed on the devices.

oz limit swir.cnes no longer produced have had
Some Rd W' stances of other problems and different codels ofisolated in
limit switches have hr.3 some operational problems not related
to qualification.

The need for qualified conduit seals arises from the method
of testing the limit switches: the conduit entrance to the
limit switch had sealed conduit attached and the conduit
penetrated the test chamber such that the cable and switch
interior were not exposed to the steam environment.

The primary effect of potential leakage currants on the
operation of a limit switch would be related to false
indications. The-following is an analysis of the potential
-***-** of leakage currents on a solenoid valve circuit using

< - witches,
,

al blocks see-eemmonly installed in 120 Vac and 125 Vdc
.cuits for solenoid valves. Figure 8-12 is a simplified

" 1 howing one possible solenoid valve circuit. .Before addressing
vss of terminal blocks, it is important to understand the normal+

10 A

% 3

: C1
:: C2, ,

Z10:'

R etT
120 Vac * , ,, .a r - * - - - ,. , ,** *'-

1
.

0R / '. .* t*****'
~~Z3 .,2 4125 Vdc / g , , {,. C Z 2y

""~

' SOLENOID - *-- O O On.,'
'~k

r VALVE-

's S'TATUS " ' " "
,

', INDIC ATING S*

v LAMPS. ~

STATUS
PANEL
LIGHT-

Fleure s.12: sla.pitfled cleestt Scheestle for one Possible
Solenoid valve cirevlt
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operation of this circuit. To begin, assume that the valve is normally
open and that when energized, it closes. The desired position for,

operation is open.

The contacts C1 and C2 are control switches in the control room.
These switches can be any one of a number of types, but a common type
alght b4 three position momentary contact switches. That is, there is a
neutral position which is the rest position for the switch, and there are
9 en and close positions which must be held by an operator in order for
the switet to make contact in that position. Thus, when an operator
moves the lever to open and releases it, the switches return to the
neutral position. Assume that both C1 and C2 are operated by the same
lever. II, I2, Z3 and Z4 are two position limit switches located on the
valve itself. L1 ar.d L2 are indicator lamps in the control room tcd
indicate that the valve is not closed and not open, respectively.* S is a
status panel light t'hich lights when the valve is in the normally desired
position. Tables 8-2 and 8-3 are the contact development tables for this '

circuit. An "z" means that contact is made in that switch position.

_ _ -

Table 8-2 ',

Contact'ttrvr10pment Table For Control Gwitches C1 sad C2

---Switch and Valve position---
Open Neutral Close

C1-

x x-

C2 - - x

x = contact made
- = contact not made

.

-

* Thw terms "not open" and "not closed" are used rather than " closed" and
"open" because that is the true meaning of the lamp. The "not open"
lamp lights when the valve leaves the open position and is thus lit
both while the valve is closing and when it is closed. similarly the
"not closed" lamp lights when the valva leaves the closed position and
is thus lit both while the valve is opening and when it is open. If
both lamps are lit simultaneously, then "not open" and "not closed" are
both true which means that the valve is changing state. If only one
lamp is lit, then it means that the valve is either open ("not closed")
or closed ("not oPen").

45
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Table 8-3
21, 22, 23. and 24

Contact Development Table f or ' ' sit Switches

.-...--.. Valve Position--- -----
.

interoediate Elgte
gp_ang

i
I-

-

21 -
22

' 22 -
-

x'

l 23 K2-
24

x = contact made
- = contact not made

!
-

_

,

If the valve is open, we see from Tables 8-2 and 8-3 that C1, C2,i

Only Le and 23 are closed which means L1 and S are
lit and the indication is that the valve is open (see footnote on "not
21, and 24 are open.

open" and "not closed"). _1f_t_he operator now wants to close the valve,"close" position. Both C1 and C2
he moves the lever for C1 and C2 to ' '4aske contact and, because 21 is still open, power is applied to'the valve

The valve begins to close; 23 trips open extinguishing s and 24
Both L1 and L2 are now lit, and hence_we knowI via C2.

trips closed lighting L2. If the operater releases the leverthe valve is changing position.
before the valve is fully closed it w!11 return to the full openposition sin:e 21 is not yet closed and C2 is open when in

When the valve reaches the fully closed position,| (nonenergized)
the neutral position. 21 closes so that when the operator releases the
switch lever, power to the valve will be applied through C1 and 21; 22
21 and 22 change state.

The sequence happens in reverse when opening a
opens tur;ing L1 off.The operator moves the switch lever to open, thus openingclosed valve. Power to the valve is lost and it begins-to
C1;.C2 was already open._ 21 opens to ensure that power
op'e n . As it does, '.1' end 22 thange state. 22

w!11 not be reapplied when C1 is released to the neutral position..When the valve reaches-fully-open, 23 and 24 change
closes, lighting L1.23 closes, lightirs S, and 24 opens turning L2-off.
state.

The dots in Figure 8-12 indicate circuit nodes which are physicalThese may very likely be
junctions to field wiring near the valve.Three possible terminal block
adjacent tensinals on a terminal block.
leakage paths have been indicated _on Figure 8-12'by dotted resistors.
Each may have a dctrimental effect on the operation of the solenoid

First, consider Rygg, a leakage path between the alwaysand the solenoid valve. This leakagecircuit.
powered node of 22, 23, and 24, The effect of
path bypasses the valve control switches C1, C2, and _21.this leakage currer.t could be the. inadvertent energizing of the valve.; If Rygg
when a steam environment quickly envelopes the terminal block.

'

is small enough, t. leakage current sufficient to power the valve may<
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occur. If tho valvo in question is a 17.4 watt, de service valvo, than
the steady state resistance of ti.e valve is:

.

900 0R, = ar

,

In actuality, because of the finite value of RTB1, the entire
power supply potential will not be dropped across the solenoid valve.
The minimum voltage to actuate the valve is approximately 90 Vdc [49] and
hence the current necessary for this condition is:

'
" o*1 AI, = 900 Q i

If at least 90 volts must drop across the solenoid valve, th6n a
maximem of 35 volts can drop across RTB1 Using the 0.1 A current
requirement to operate the valve, we see that:

= 350 0~Rg=

Thus, a transient terminal block insulation resistance of 350 ohms
would cause the valve to close when it was intended to be open. Industry
qualification tests experience leakage currents suffielently large to
indicate that such low IR values are possible. Further, low values of IR
would be most likely to occur under transient conditions (see Figures 4-6
and 8-3). The question here is whether or not such low values of Ik
would prevail for a period sufficiently long to complete the closing of
the valve. Sandia test results indicate v. hat the answer is probably yes,
because solenoid actuation is fcitly rapid and the low values of terminal
block IR prevailed for seconds to minutes after their onset.

Next consider the leakage path designated by RTB2 This path is a
leakage path by limit switch 22 and the not re: ult could be a false
lighting of indicating lamp L1, Analogous paths, not shown in Figure
8-12, would erroneously light lamps L2 or S. The current and voltage
required to light L1 will undoubtedly vary from design to design, but two
cases might be considered as examples. In the first case, the lamp is in
a series connection as shown in Figure 8-12. A typical 125 Vdc lamp for-
such an application might require a minimum of 110 Vdc to operate.[50}
The lamp itself might typically have a res! stance of 2000 chas and hence
the current necessary would be:

1 ,,,. = ,vo . 0.05, it
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Thus, the terminal bicek insulatica resistence wsuld havo to b2:

3R *
TB2 * O 05 A

Again, this'value of IR is not unreasonable for transient co9ditions
though sustained values at this low level are unlikely.

The second lamp configuration would replace the actual lamps with a
relay which would turn separately powered lamps on or off. Thus L1, L2,
and S would be th.e pick-up cotts for these relays. Such relays night
typically have a pick-up voltage of 75 percent of the rated voltage and a
coil resistance of 13000 ohms. The required current therefore would be:

(0.75)(125 V)
7 ,, = 0.0072 A
relay 13000 O

The voltage drop across the terminal block could be at so.t 25% of
125 Vdc or 31 Vdc and hence:

-.

I *TB2 " 0 00 2 A

Thus, a much larger terminal block IR would permit f alse operation
of the indicating or status lamps if they were switched or and off by a

relay. Any value of RTB2 less than 4300 ohms would cause the lamps to
falsely illuminate for the assumed type of relay.

The final fault shown in Figure 8-12 is RTB3 This path leaks by
the valve itself anc would cause a problem only if the leakage current
became large enough to make the circuit fuse fail. For the worst case
with a 17.4 watt de valve energized and all three lamps 111uminated, the
current in the circuit would be:

''; ''';'" -a>>>>>-2 -
2maa

If-the circuit were fused at 10 A, then 9.673 A would have to leak
around the valve to cause the fuse to fail. With the valve remaining
energized at 125 V, fuse f ailure would occur at a terminal block IR of:-

I *TB3 " 9 67 A ,
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This value is osstntially a dead shcrt; however, if the circuit wero
fused et 1 A. fuse f ailure would occur at a terminst block IR of 186ohms. These low IR values are not impossible to achieve, but for anysustained period seen improbable. Momentary high leakage currents esycause the fuse to open. At these high leakage current levels. one must
also be concerned with the power being dissipated by the terminal block
and the effect such power dissipation may have oc permanently degradingthe block's surface.

In summary. the above discussion indicates that terminal blocks may
interfere with the proper operation of a solenoid valve circuit when the
terminal block's insulation resistance decreases to about the 4 kohmlevel. At this value of terminal block 1R. indicating lamps may falsely
light depending on how they are wired into the circuit. At a few hundred
ohms of insulation resistance, the valve may falsely energite and at a
few ohms of insulation resistence the leakage current may be large enoughto fail circuit fuses. Being slightly conservative, we may conclude thata Q R values above 5 koher. ***=8a?1 h ably do not affect theoperation of solenoid valve
,

.

etreults. ,

--

-.
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High Rance Radiation Monitors (HRRM)

The primary deficiency noted with radiation monitors has
been the failure to meet performance requirements set forth by
R G 1.97. The General Atomics (GA) HRRM has been tested and
analyzed at Sandia and the report (NURE G/ CR-4728) will be
issued shortly. The major conclusions of the report are as
follows:

--The HRRM accurately monitors high dose rates during
accident conditions.

--The URRM does not always accurately monitor low dose
rates in accident environments.

--one failure mechanism for the above is due to insulation
resistances of intergonnecting devices failing to meet the GAspecifications of 10 0 each for the electrical penetration
and the other interconnections considered together (for a net

8parallel IR of 5x10 0 minimum) . The industry had not
previously recognized this problem.

--A second failure mode at low dose rates involves an
unknown mechanism, postulated to possibly be galvanic action.

--The operate light on the GA monitor will likely go out
early during accident conditions, indicating a fault with the
monitor; resetting _Mtp Joonitor will allow it to operate
properly if the dose rate has increased sufficiently. However,
without knowing the detaiJs of the detector operation,
operators could potentially be misled by the failure
indication.

--The effects of interconnection IR can be modelled by a
fairly simple technique, but the other effect is still somewhat
unknown. The following gives an analysis of IR effects on the
GA HRRM:

We believe that knowledge of the offt # voltage-
characteristics of the readout module's input operational
amplifier is critical to assessing the loss of accuracy of the
readout module due to insulation resistance effects. To
illustrate the point, an operational amplifier circuit is shown
in Figure 13. In this circuit, under ideal conditions, all of
the input current is diverted around the input amplifier and
through select feedback elements. Under these conditions, the
negative terminal of the input amplifier acts as a " virtual"
ground, i.e. the voltage across the amplifier inputs, V , is1very nearly at ground potential. The output voltage of the
amplifier must be vout " ~A*V , where A is the open loop1amplifier gain. (The amplifier gain could vary gver a widerange, but a typical value might be around 2x10 .) The
actual voltage V1 is " adjusted" by the feedback elements such
that the desired closed loop properties of the output voltage
are achieved. As an example of the voltage at V , consider1the above open loop amplifier gain an0 an . output voltage of
5.0 V. The resulting voltage V3 is easily calculated as
0.025 mV (indeed a " virtual" ground). Any input offset voltage
is automatically compensated for by the feedback elements since
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With Iin " (Vi+Vos) / Ri Wh'Y' Yos_is theamplifier- input offset voltage,n'(2) becomes: . f.,

. ,u*

1+I det " '
R R (3)
ins in I

"

#,psolving (3) for V1 gives: dC' ~ g#',

Iy_ ,

iy?, , . ,R R
3= in ins YV om H) _ -

7 ,

Rin * Rins , in ,
det R

j,

Finally, using (4) in/(2) and rearranging givee:
*- /

Idet" Iin '"' " I~

--> Rin + Rins, Rin + R_ ins,

/

f' Equation' (5) gives an expression for the current actually[ meanured by the_ readout module for a given offset. voltage and_a-

given insulation resistance between-the center conductor and-
shield of the coaxial cable.i tp' p -.- - .

Equation (5) works-quite well for.IR effects as has been
verified over a range of values based on experimental Sandia'
data. It should be emphasized that'this assessment required'
the knowledge of the input of fset voltage of the readout, module
input operational. amplifier. The offset voltage is'a random
parameter and_might typically be within the range of -3.0 mV to
+3.0 mV. Consequently, without_ knowing the input offset-
voltage.for-a given-device, neither the magnitude nor:even the
direction of the error is predictable.- However; given the
manufacturer's specifications-for the input amplifier, bounds-
can be put on the IR-induced error as a function ~of the-
detector current and the interconnection insulation resistanceby using equation (5).

Equation (5) can- also be' used to give a - qualitative
assessment of the. readout Ladule's behavior by consideringithe
two terms of the equation separately.' TheLfirstxterm--

represents the loss of signal generated by leakage of. detector
current to ground;=the factor _in parenthesis is-always a
positive quantity less,than-l.0. The second: term represents
the contribution of the amplifier. input offset voltage-to the >

input current-and may be;either positive or negative.- If the-?input offset voltage is positive (as in!our case)*, tit causes-
additional current-to: flow into the readout input-because V
isapproximately.the-negativeoftheoffsetvoltageandisukhus
below ground _ potential,-causing cur rnt to be drawn.from-
ground. A' reverse argument holdsitor a-negative offset
voltage, butz the result is current drawn from.the readout-
module.- In this second case, at low; detector currents, the

< 4
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roodout nodulo will tGnd toward- going off-scale on the. low and
-(due to both terms)... At low detector currents,x the_second term
of equation _(5) tends to control readout behavior, while at
high detector currents, the-first tern tends to control the
behavior. For.any given interconnection insulation resistance,
the undesirable effects modelled by _ equation 1(5) are much more-
pronounced for the low detector currents (mainly the second
term of equation (5)) .

It should be emphasized that-the effects modelled by
equation (5) are only IR induced. Another effect, which was
not even positively identified, tended to dominate detector
behavior at low detector currents. Consequently, ane. lysis
using calculations such as equation (5) may be of somewhat
limited value.

The other_ major' detector used by the industry (Victoreen)-

-

has not been tested or evaluated:as the GA has, some of the )

above-concerns may also apply to the Victoreen. The VictoreenNRRM includes installation requirements that the cable used be
installed in sealed conduit. This requirement came about from
the numerous difficulties and anomalies that were encountered-
in testing of the detector. One piece of information1VictoreanqualificationindicatesthataloopIRof10{nthe0 is !sufficient for detector operation, but no' basis is given fer-
this value. (The GA requirement also gives no basis, but the-
equation developed above can be used to show that the GA
criteria is adequate if a reasonable worst-case amplifier
offset voltage is assumed.)

.

-

_

h
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Appendix B

Activation Energies._
.

B.1 TABULATION
Activation energies for a number of materials and components are tabulated in this
appendix. As in Appendix D, no effort was made to produce an exhaustive tabula.
tion; rather,it is a convenient recording of activation energy data obtained inciden.
tally to preparation of this report. It is essential that the cited data sources be con <
sulted to verify the relevance to the user's application.

B.2 HISTOGRAM
A graphical representation of the distribution of activation energies, for the
materials and components included in the tabulatior., is given by the histogram in
Figure B.l.

The values of activaEn'ergy range from 0.09 eV for titanium. titanium diox.
ide, thin. film capacitors to 3.29 eV for Kraft paper. This range was divided into
0.2.eV increments, and the number of materials and components that have an ac.
tivation energy within a given increment was counted (from the tabulation). These
numbers were then used to plot the histogram. The large number of entries for
magnet wire contributes substantially la the histogram over a broad range from 0.2
to 1.8 eV, except in the interval between 1.2 and 1.4 eV. Polymers and transistors
make a major contribution to the peak between 1.0 and 1.2 eV.
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ActsvCtson Energws

NOTES FOR TABULATED ACTIVATION ENERGIES
.

Notes:
1. Encapsulated with ahphatic amine cured bisphenol A<pichlorhydnn epoxide (epoxy cast) No

impregnate.
2. Encapsulated with ahphate amine cured bisphenol A.epehlorhydnn epoxide (epox) east). Im-

pregruted.
3. Encapsulated with B staged aromatic amme cured bisphenol A<pichlorhydnn epoxide (epox)

transfer moldedt No impregnate.
4. Encapsulated with B staged aromatic amine cured bisphenol A epichlorhydnn epoxide (epoxy

transfer molded) Impregnated.
5. Encapsulated with phthahe anhydnde cured bisphenol A epchlorhydnn epoxide (epoxy hot

melt). No impregnate.
6. Encapsulated with ph:habe anhydride cured bisphenol A epichlorhydnn epoxide (epox) hot melt

cast) Impregnated.
7. En:apsulated with modified anhydnde cured bisphenoi A epichlorhydrin epoxide. No im-

pregnate.
6. Enc.psulated with mixed anhydode cured epon) novotac. No impreg.ute.
9. Failure entena: erackmg of insulation to expose conductor, delectne breakdown leakage current

> 300 SA at 3000 V. All specimens tested to faGute.
10. Fadure entenon: voltage stress of 3000 volts held for 15 seconds at 100% R.H. All specimens

tested to faibre,
11. Based or. graph of log (mean time to failure) vs. I/T. j

12. Failure entenon: 3 A drawn at rated voltage. All samples tested to failure. '

13. Limed in e 125'C than powered dunna hfe testmg e 250*C, Main failure mode oas high
leakage currents.

14. Calculated from Arrhenius t>pe plots.

.

Material / Activation
Component / Device Energs (eV) Citation Remarks

Alk>d, Grade 1500 1.71 1026 50% retention of flexural
strength (Hooker Corp.). See
Note 14.

Alkyd, Grade 1500 1.14 1026 50% retention of dielectric
strength (Hooker Corp.). See
Note 14.

Alken. imide, irradiated. 0.88 461 MIL.W-81044/17A. hlean time
insulation,20 gauge wire to faBure. Notes 9 and 14.

lAromatic po yimide, 1.29 451 MIL W-813Bl/12. hlean time to
insulation,20 gauge wire fauure. Notes 9 and 14.,

Butyl 1.08 603 40% loss of elongation. See
Note 14.

Capacitors, chlorinated 1.17 566 DC life. Stressed at 1000 volts
diphenyl. No stabuizers. per mil. See Note 14.

'

Capacitors, chlorinated 1.53 566 PC life. Stressed at 1000 volts
diphenyl. 0.5 % per mB. See Note 14.
anthraquinone

B2
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Material / Activation
Component / Device Energ* (eV) Citation Remarks

Capacitors, chlorinated 2.00 566 DC hfe. Stressed at 1000 volts
diphenyl. 0.5% per mil. See Note 14.
azobenzene

Capacitors, chlorinated 0.66 180-- Dielectric stressed with de
diphenyl Kraft paper potential,106 V/in. See Note 14.

Capacitors, chlorinated 1.50 180 Didectrie stressed with de
diphenyl Kraft paper potential,106 V/in. See Note 14.
with 0.5% azobenzene

Capacitors, chlorinated 1.93 180 Dielectric stressed with de
dipheny! Kraft paper potential,106 V/in. See Note 14
with 5.0% azobenzene

Capacitor, dielectric, 2.42 717 10% capacitance increase. See
tubular paper Note 14.

Capacitors, metahzed 1,32 180 Life defined as time required to
paper regain original value of

capacitance after initial increase.__

See Note 14.

Capacitors, titanium- 0.09 466 Formed by anodization. Tests
titanium dioxide, thin. with rate of temperature rise ap,
film. c 25'C.100 C proximately 2%*C/ min.

Choseal (Chomerie Inc.) 1.04 765 Determined by thermogra-i.

(Silver filled conductive metric analysis. Heating rate of

silicone) 10'C per minute.

Connectors: Thin gold - D= D exp (w/kT), where D=
(25100g) electroplated chemical interdiffusion coef.
over copper base material ficient and D.e 1.5 x 10 5 cm2/s.

(250'C 750*C) 1.02 433 Predominant degradation

( 50 C 250 C) 0.50 433 mechanism is defect diffusion
along grain boundaries and
dislocation pipes-dependent
upon defect density,

Dacron, Parachute 1.15 765 Determined by thermogravi.
r~ terial (polyethylene metric analysis. Heating rate of -
glycol terephthalate, see 2*C per minute,

see Ref.124)
Diallyphthalate, glass 1.04 765 Determined by thermograsi.
filled metric analysis. Heating rate of

10 C per minute.

Diodes, Si -
-general 1.13 2.77 340

T
Diodes, Si (-1960) 1.14 340~

B.3
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Matenal/ Activation
Component /Desice Eneras (eV) Citation Rernarks

Diode, silicon, IN673 1.50 339 50% failure. See Note 14.
and IN6%
Diodes, siiicon, p n p-n 1.41 340

Diodes, silicon, varactors 2.31 2.38 340

Diodes, others 1.13 2.77 340

Diodes, varactors 2.31 2.38 340

Ethylene propylene, No. 0.71 374 See Note 14.
8 lead wire with paper
separator

Ethylene propylene 1.28 51 20% loss in elongation. See
Note 14.

Ethylene propylene base 1.05 603 40% loss of eloi gation. Sc
insulation Note 14.

Ethylene propylene, No. 0.90 374 Estimated average lite. See
18 lead wire Note 14.

Ethylene propylene, i5 tid ~ 0.70 374 10,000 h life @l12*C [
-with paper separator

'

.

'

Ethylene propylene, solid 0.95 374 10,000 h life @l32'C

Enamel, plain, insulation 0.35 610 See Notes 3,11 and 14.
on magnet wire

Enamel, plain, insulation 0.64 610 See Notes 2,11 and 14.
on magnet wire

Enamel, plain, insulation .l.61 610 See Notes 1,11 and 14.
on magnet wire

Enamel, plain, insulation 0.38 610 See Notes 4,11 and 14.
on magnet wire

Enamel, plain, insulation 0.45 610 See Notes 5,11 and 14.
on magnet wire

Enamel, plain, insulation 0.28 610 See Notes 6,11 and 14.
on magnet wire

Epon 828 (Shell 1.34 765 Determined by thermograsi.

Chemical) metric analysis. Heating rate of
10 C per minute.

Epoxy (epoxide film), 0.71 368 See Note 14.'

insulation, magnet wire

Epoxy, Crade 2000 0.98 1026 50% reterition of flexurai
strength (Hooker Corp.). See
Note 14.
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Material / Aetnation
Component /Desice Energs (eV) Citation Remarks

Epoxy, Grade 2000 1.24 1026 50% retention of dielectrie
strength (Hooker Corp.). See*

r
'

Note 14.

Epoxy insubtion on 0.99 610 See Notes 1 and 11. |

Imagnet wire

Epoxy insubtion.on 0.94 610 See Notes 2 and 11.
magnet wire

Epoxy insuhtion on 0.87 610 See Notes 3 and 11.
magnet wire

Epoxy insulation on 0.73 610 See Notes 4 and 11.
magnet wire

Epoxy insulation on 0.73 610 See Notes 5 and 11.
magnet wire

Epoxy insulation on 0.93 610 See Notes 6 and 11.
magnet wire -

Epoxy, unvamished, 37 832 See Note 14.
~

magnet wire

Epoxy, phenolic 0.66 632 See Note 14.
vamished, magnet wire

Formvar (Bondege), 1.09 320 See Note 14.
cementable insulation
and Andover Corp.
epoxy encapsuhnt

Formvar, cementable 0.70 320 See Note 14. !_-
insulation and epoxy

'
encapsulant-Solenoid
coil

Formvar insulation on 1.61 610 See Notes 1 and 11,

magnet wire

Formvar insuhtion on 0.23 610- See Notes 3 and 11.
--

magnet wire -
'

Class, high lead 0.37- 97

Isonel-175 insulation _ 0.68 320 Average cou life. See Notes 12
and Acme 2008 epoxy - and 14.
encapsulant on solenoid
coil.

Kraft paper in mineral 1.39 838 50% of tensue strength. See

oil. Note 14.

Kynar. MIL-specification 1.93 374 See Note 14.
wires - --

B3
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. - Attnation Enegies
.

Material / Actnation
Component / Device Enerp (eV) Citation Remarks

hiicrocircuits, CMOS 1.0 795 25h c 250'C = 50% fauure.
type CD 4024A See Note 13.

'

Microcircuits, CMOS 1.1 795 42h e 250'C = 50% fauure.
type CD 4013A See Note 13.

Micrvr.uits, CMOS, 1.4 795 90h @ 250'C = 50% fa0ure.
type CD 40ll A See Note 13.

Microcircuit, CMOS
4007 freak pop. 0.9 517
main pop. 1.3 517

ML #18 twist pairs 1,43 610 See Notes 7 and 11.

ML #33 cous 1.15 610 See Note B. Fauure criteria was
shorted tum, open circuit
and/or 2500 volt hipot fauure of
cou.

ML #18 twist pairs - -2.44 610 See Note S.

Mylar furn 1.18 589 Da'a based on 50% electric
strength fa0ure. See Note 14.

Neoprene 0.87 401 70*C 130*C.
Nitrue 0.86 401 70*C - 100*C.
Nyleze insulation on 0.57 610 See Notes 6 and 11.
rnagnet wire

Nyleze insulation on 0.99 610 See Notes 1,11 and 14.
magn:t wire

Nyleze insulation on 0.75 610 See Notes 2,11 and 14.
magnet wire

Nyleze insulation on 0.68 610 See Notes 3,11 and 14.
magnet wire

Nyleze ins;,lation on 0.59 610 See Notes 4,11 and 14.
magnet wire

Nyleze insulation on 1.04 610 See Notes 5,11 and 14.
magnet wire

Nylon 6/6, glass- 1.14 530 Tested at 205 and 255'C. 5C%
reinforced reduction in tensile strength.

See Note 14.
~

Nylon 6/6, glass- 1.29 530 Tested at 140 and 150*C 50%
reinforced reduction in tensue strength.

See Note 14.-

B6

1
' ~ ~ ' " " "-~ - '~ ~__2_J' T_f__ _ -: _



_ . ___- ___ _

O,

Actnation Enregnes

Matetaal/ Actisation*

Component /Desice Energs teV) Citation RemarLS

Operational Amplifier
741

-freak pop. ' O.7 517
-main pop. 1.6 517
-mixed pop. 0.6 517
-freak pop. 0.8 517
-main pop. (% voltage) 0.9 517

Paper, manila,'under 1.66 566 Reduction of tensile strength to
oil 20% of original strength. See

Note 14.

Paper, manila, under 1,56 566 Reduction of tensile strength to
oil 70% original strength. See

Note 14.

Penolic, general purpose, 1.36 1026 50% retention of impact
Durez 791 strength (Hooker Corp.). See

Note 14.
Phenolie, general ,_ _ J .Q5 1026 50% retention of flexural
purpose, Durez 791 strength (Hooker Corp.). See

Note 14.
Phenolic, Crade 666 0.96 1026 50% retention of flexural

strength (Hooker Corp.). See
Note 14.

Phenolic, Grade 666 1.11 1026 50% retention of flexural
strength (Hooker Corp.). See 3

Note 14.
Phenolic, Crade 649 1.16 1026 50% retention of flexural

strength (Hooker Corp.). See
Note 14.

Phenolic, Crade 649 1.43 1026 50% retention of flexural
strength (Hooker Corp.). See
Note 14,

( Phenolic, Grade 685 1.27 1026 50% retention of flexural
strength (Hooker Corp.). See
Note 14.

Phenolic Kraft laminate 1.47 573 75% retention of flexural
strength. See Note 14.

Phenolic-Kraft laminate 1.50 573 50% retention of flexural
strength. See Note 14.

Polyester, amide. imide 1.54 943 See Note 14.
overcoated, helical coil,

B7
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Acanetwn Enerpes

'

Msterial/ Activation
Component / Device Ener:31eV) Citation Remarks

Polyester, amide. imide 1.45 943 See Note 14.
*

overcoated, wire, twisted
pairs

Polyester.overcoated, 1.26 832 See Note 14.
magnet wire and class
155 imprep.ating vamish

Polyesterevercoated, 1.66 832 See Note 14.
magnet wire and class
155 impregn ting var.
nish,
in motorette systems

Polyester.overcoated, 1.44 832 See Note 14.
unvamished twists of
rnagnet wire.

Polyester.overcoated, 1.67 832 See Note 14.
,

magnet wire twists with
modified silicone vamie -
Polyesterovercoated, 1.86 832 See Note 14.
magnet wire twists with
modified silicone vamish.

Polyester, phenolic 1.04 832 See Note 14.
vamished, magnet wire.

Polyester resins (unielled) 0.87 356
Hetron 24505,853,354
and Maro 670. #

Polyesten unvamished, 1.00 832 See Note 14.
magnet wire.

Polyethylene, cross. 1.13 603 40% loss of elongation. See
-

linked Note 14.
Polyethelene, cross. 1.23 _ 51 20_% loss in elongation. See
linked Note 14.

-;

Polyethylene,0.92 - 1.15 - 973 't e induction periods. Seei
density Note 14.
Polyethylene, low density 1.51 973 Extrapolated induction periods. I
(below 97 C) _ See Note 14.
Polyethylene,0.% 'l.14 973 t o induction periods. Seei
density Note 14.-

Polyethylene, low density 1.35 973 - (Above 110*C) extrapo'ated
induction periods. See Note 14.

- Polyethylene, linear 3.10 537 10% weight loss in vacuum.
See Note 14.

B.8
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Acrashon Energies

'

Material / Actisation
Cocnponent / Device Energs (cV) Citation Remarks

'

Polypropylene,isotactic 1.13 973 t o induction periods. See Notei
14.

Polyalkene-polydnyli. 1.10 461 hill.W.81044/9. hiean time to
dene fluoride, irradiated, fauure. See Notes 9 and 14.
insulation,20 gauge wire.

Printed circuit board 1.05 717 50% retention of electrical

material (3/32 in.). . strength. See Note 14. >

NEhiA GIO and FR4
Printed circuit board 1.49 717 50% retention of flexural

material (8/i in.) strength. See Note 14.
NEh1A G10 and FR.4
Polyimide,' aromatic, 1.57 461 hicantime to fa0ure. See Notes
TFE. banded and coated 9 and 14.
insulation,20 gauge wire. ;

Polymethylmethacrylate 0.34 890

Polytetrafluoroethylene M3_ _ 890

Polytetrafluoroethylene 3.29 537 10% weight loss in vacuum.
See Note 14.

Polythermaleze, heavy, 0.95 320 Average cod life. See Notes 12
insulation and 3h1241 and 14.
epoxy encapsulant on
solenoid cou.

Polythermaleze insula. 0.92 320 Average cou life. See Notes 12
tion and Acme 4027.A and 14.
epoxy encapsulant on
solenoid cou.

Polythermaleze insula, 1.00 610 See Notes 1 and 11.
tion on magnet wire.

Polythermaleze insula. 0.% 610 See Notes 2 and 11.
tion on magnet wire.

Polythermaleze insula. 1.56 610 See Notes 3 and 11.
tion on inagnet wire.

Polythermalere insula. 1.00 610 - See Notes 4 and 11.
tion on magnet wire.

Polythermaleze insula. 0.98 610 See Notes 5 and 11.
tion on magnet wire.

Polythermaleze insula. 0.75 610 See Notes 6 and 11.
tion on magnet wire.

I

i
*

i
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Actnetton Ewves

Metenal/ Activation.

Component / Device Energy (eV) Citation Remarks

Polythermaleze #33 on 0.87 610 See Note 7. Fauure critena was
coils, shorted tum, open circuit and/

or 2500 volt hipot failure of coil.,

Polystyrene .0.26 890

Polyurethane insulation 0.49 610 See Notes 6 and 11.
on magnet wire.

Polyurethane insulation 0.29 610 See Notes 4 and 11.
on magnet wire.

!

Polyurethane hsulation 0.32 610 See Notes 5 and 11.
on magnet w

Polyurethane insulation 0.38 610 See Notes 2 and 11.
on magnet wire.

Polyurethane insulation 0.28 610 See Notes 3 and 11.
on magnet wire.

Polyurethane insulation 0.46 610 See Notes 1 and 11.
on magnet wire.

Polyvinylacetate ~ O'16 -890
Polyvinylchloride 0.26 890

Polyvinyl formal, magnet 0.80 832 See Note 14,
wire twists, with phenolic
alkyd vamish.

Polyvinyl formal, magnet 0.82 832 See Note 14.
wire, with phenolic type
vamish.

Polyvinyl formal, with 0.'93 832 See Note 14.
phenolic type vamish,
magnet wire.

Polyvinyl formal, with 1.04 832 See Note 14.
phenolic type impreg.
nating varnish, magnet
wire. '

Polyvinyl formal, un. 1.01 832 See Note 14.
vamished, magnet wire.

Polyvinyl formal enamel 0.98 368 See Note 14.
and oil modified
phenolic vamish, magnet
wire.

-

Polyvinyl formal, un. 0.84 832 See Note 14.
phenolic type vamish,
magnet wire.

B 10
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Actnotwn Enerves

Material / Actis ation
Component /Desice Energ3 (eV) Citauor- Remarks

Polyvinyl formal, im. 1.03 632 See Note 14.
pregnated with phenolic '
type vamish, magnet g

wire. I

I
PVC. nylon insulation, 1.40 461 MIL.W.5056/2. See Notes 9
20 gauge wire - and 14. !

PVC, irradiated, 0.99 461 See Notes 9 and 14. !
insulation,20 gauge |
wire. .

I
Resin mica insulation, 0.70 179 Loss factor in stator coils during

.

solventless 10. year field service increased in !

accordance with Arrhenius i

model to a peak. i

Semiconductor devices, 0.91.4 86 Predominant value-l.1 eV. |'

silicon. __,

Silicon 61104 (Dow 1.14 755 Determined by thermogravi.
Coming) metric analysis. Heating rate of .

'
10*C per minute.

'

Silicone, modified, wire 1.56 566 1000 volt failure between twisted
enamel on copper with, pairs. Average life. See Note 14. j
out vamish. ;

Silicone, modified, wire 1,61 566 1000 volt fa0ure betwe-n twisted i
'

enamel on copper with pairs. Average life. See Note 14.

Isilicone vamish. -

Silicone, modified, wire 1.46 566 1000 volt failure between twisted
F

.

enamel on aluminum pairs. Average life. See Note 14. !

without vamish. I

Silicon transistors and 1.1 184 Testing of transistors and !

integrated circuits integrated circuits based on ,

Arrhenius model. '

SML insulation and 0.72 320 See Note 14.
Jones.Dabney epoxy
encapsulant.

Termination, tinned 0.77 69 Present aging relation: 16 h a
.

round wire (Sn, Sn + 155 C = 5 yr c room temp.
;

SnPb, Au, Ag) Recommended relation: 4he i
155'C = 5 yr @ room temp.
Fauure caused by: high tempera.
ture, high humidity, sulfur. ,

dioxide. /
u
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Actrvation Energies I

'

Materul/ Activation
Componest/ Device Enettv (eV) Citation Remarks

Thermaleze "B"(epoxy 1.0 368 See Note 14.
polyester film). insulation
magnet wife.

Thermaleze F insulation 1.10 320 See Note 14.
and Joner Dabney epoxy
encapsulant.

Thermalon insulation 0.42 320 Average coil life. See Notes 12
and 3M 241 epoxy and 14.
encapsulate on solenoid
coil.

Transisto.3 0.66 123

Transistor, Ce alloyed,

OC 1972 (1964) 1.26 235
(1966) 1.08 235

Transistor, Ge alloy 1.25 670
LT123 (1958).
Transistor, bipolar, 1.65 340
p n p-n

Transistors, CMOS 1.18 334 Eyring model.
Transistor, diffused. 0.87 340 Step stress tests without
geronium

moisture setter. Median life.
See Note 14.

Transistor, diffused. 1.24 340 Constant stress tests with
germanium moisture getter. Median life.

See Note 14.
Transistor, Ce gettered 1.24 340
Transistor, Ce mesa, 1.00 235
AF106 (1%9)
Transistor, Ge mesa,

2N559 (195B) 1.17 671
(1959) 0.95 671
(1960) 1.14 671

Transistor, Ge MADT,

2N501 (1958) 1.07 673 MADT = Micro alloy diffused
Ge MADT,2N501 (1959) 1.07 674 transistor
Transistoc Ge MAT, 1.0 673 MAT = Micro alloy transister,

2N393 (1960)
Transistor, Ge MAT, 1.00 673 MAT = Micro alloy transistor .
2N393 (1959) '

Transistor, Ge ungettered 0.88 340

B 12
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' Actosteen Energics

Material / ActnationCornponent/Desice Energs (eV) Citstion Remarks
Transistors, germanium 0.991.26 136e 60*C,

(Appendix)
Transistors, termanium 0.17 236 Near and below room

temperature
Transistor, germanium, 0.8S 340
ungettered

.
-

Transistori, germanium, 1.24 340
settered with vycor or
molecular sieve

Transistor, Si mesa, 0.38 6 77 Conditions not specified.
2N269 (1%1) 0.58 677 Constant stress.
Transistor, Si mesa,

2N560 (1959) 1.12 672
(1960) 1.50 672
Transistor, Si mesa,

2N105) (1960) - -- - 1.12 671
Transistor, modem

1.4 129
submarine cable

Transistors, h10S 1.2 129
Transistors, h10S 1.10 157 hiedian life for failure criterion

of 1.0-V shift. See Note 14.Transistors, h10S 1.10 157 hiedian life for fauure criterion ;
of 0.5 V shift. See Note 14.-Transistor, power, htSC 0.81 125 hiedian time to failure. See1330
Note 14.

Transistors, Si main pop.
(1960) 1.02 340
Transistor, Si planar.

Bn* 33 (1%9) 1.12 235
Transistor, Si planar,

4A.2(1%7) 1.18. 675 Step stress.
(1%7)'- 1.50 675- Constant stress.
(1%3) 1.29 676 - Constant stress.

,

Transiston Si, p-n p-n 1.65 340
Transistors, silicon, (All)
-before wearout 1.12 235
-at wearout 1.46 235

' Transistor, suicon, bipolar 1.02
340 . With surface inversion failures.

Transistor, sDicon, bipolar 1.02 1.04 340 With Au Al bond failures.

B 13
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Actostion Eegm

Material / Actistiion-

Component / Device Energv (eV) Citation Rernarks

Transistor, suicon, bipolar 1,77 340 With metal penetration into Si. ,

Transistor, silicone mesa,
2N560 2.16 339 50% fauure. See Note 14.

'

Transistors, suicon,
typical 0.96 340 t o lifeline. See Note 14.i

Transistors, suicon,
typical

. 1.11 340 t o lifeline. See Note 14.i

Transistors, submarine.
cable 1.30 157 0.025% failure. See Note 14.
Transistors, submarine-
cable 1.24 129 50% fa0ure. See Note 14.
Transistors,2N559,
vacuum baked. 0.89 750 hiedian life based on fauure

criteria of collector breakdown
voltage and reverse current, and

,

emitter breakdown voltage. See
Note 14.--

Transistor, Vycor
gettered germanium, 1.02 339 50% failure. See Note 14.
2 S 559.

Viton A(DuPont) 1.11 765 Determined by thermogravi.
metric analysis. Heating rate of
10 C per minute.

Wire, aircraft. Type I,
Size 14 1.66 360 hill.W.50S6A. Average life. See

Notes 10 and 14.
Wire, aircraft Type 11, 1.77 368 hill.W.5086A. Average life. See
Size 8 Notes 10 and 14.
Wire, aircraft, Type 11, 1.56 368 hill.W-4086A. Average life. See
Size 14. Notes 10 and 1 i.
Wire, aircraft, Type 111, 1.57 36S hillW.5086A. Average life. See
Size 14. Notes 10 and 14.
Wire, aircraft Type !!!, 1.% 368 hill.W.50S6 A. Average life. See
Size 8. Notes 10 and 14.

.
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JUN 0 81999
-

MEMORANDUM FOR: Brian K. Grimes.; Acting Director
Division of Reactor Inspection and Safeguards
Office of Nuclear Reactor Regulation

FROM: E. William Brach, Chief
Vendor Inspection Branch
Division of. Reactor Inspection and Safeguards
Of..ce of Nuclear Reactor Regulation -

SUBJECT: _ ENVIRONMENTAL QUALIFICATION MEET;NG WITH REGIONAL-
COUNTERPARTS

On the morning of June 1,1988 a meeting was hald at White Flint with EQ technical
counterparts from all five regions. In the afternoon. the meeting continued at
Maryland National Bank Building with participants in the monthly enforcement -;
counterparts meeting.

Enclosed are notes and an attendance list for the morning technical session.

E. Will Brach, Chief.
Vendor Inspection Branch __

.

Division of Reactor Inspection and Safeguards ~
Office of Nuclear Reactor Regulation

.

Enclosure:
As stated

cc: M eberman
L. Shao

I
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EQ TECHNICAL COUNTERPART MEETING
,

WHITE FLINT - JUNE 1, 1988, 8:00-12:00 AM

Objective: Assure uniform classification-of findings resulting from first
round EQ inspections based on the enforcement policy of Generic
Letter 88-07.

Scope: The discussion concentrated on staff positions on specific
components and deficiencies.

Comitments: Vendor Inspection Branch, LPIS agreed to continue informal
review and concurrence for the following:

1. Draft enforcement classifications for first round inspections.

2. Closeout actions for first round follow-up inspections. '

;
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ATTENDANCE
1

Name Region

John Burdoin RV

Alan Herdt RII
Dick Wilson HQ
Steve Alexander HQ
Al Johnson RIV
Johns Jaudon RIV
Leonard Cheung RI
J. J. Harrison RIII
Daniel Holody RI
Howard Wong HQ
George Hubbard HQ
Anil S. Gautam RIII
Uldis Potapovs HQ
Bill Brach HQ
Cliff Anderson RI
Harold Walker HQ
Jack Kudrick HQ
Al Johnson RV

|

|

;
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AGENDA,

EQ TECHNICAL COUNTERPART MEETING d/?fi -

f,June 1, 1988

RoemmMett, White Flint North
j a o *;

.

Ai4 Session (8:00 - 12:00)
'

SIntroduction & Discussion of Agenda

EQ - Historical Overview / Key Documents

GL 88-07 - Definition of Terms / Classification of Findings fp; e'
7)/p,# k

he

Staff Positions on Significant Issues .

Lf~s e

f
SimilarityArguments(Cable) f g en; o
Moisture Intrusion / Entrance Scals

'..

( :>< * '' ' u l .j'r f )Instrument Accuracy- _

'

Us> of Commercial Grade Items (C of C's) pc,g ,,

(Staff Positions on Specific items

Valve Operators (T-drains. Wire Connectors, etc.)
Lubricants ,

Containment Penetrations
High Range Radiation Menitors
Terminal Blocks
Solenoid Valves

PM Session (1:30 - 4:30) - With Enforcement Staff / Coordinators _ _ _

Policy Overviat - 5?r u M <

,./.. -

Enforcement Guidance Memo 88-XX 6^'**~ j
f a DC/r (r,.-

,

').

"Shyld Have Known" Arguments r ,
.

y
,_

#*''- Y '~ ^ 'vDiscussion of Specific Cases -

.,
i.2 . ,.~

5; .. , , , . ,

Special Issues

Enforcement of " Post-First Round" Findings / Closing Open items
Plants inspected Before November-1985 Deadline.

-Different Enforcement Criteria for Two-Plants on Same Site

Plans for Future Meetings

7~
y; 3 3 ,, ,,, ;, 1~,-g, j

_. L)
c - - -.
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AGENDA

*
June 1, 1988

1:30 - 4:00 ENVIRONMENTAL QUALIFICATION Enforcement OGC,

(approximately) and Technical Staff
Discussions

June 2, 1988

7:45 - 8:00 INTRODUCTION AND DISCUSSION CF James Lieberman
DAY'S AGENDA

8:00 - 9:00 POTENTIAL REVISIONS TO NRC James Lieberman
ENFORCEMENT POLICY

9:00 - 9:30 UPDATE ON REVISED ENFORCEMENT Security - D. Rosano
SUPPLEMENTS Transportation - E. Fl'ack(

; Medical - J. Johansen
,

9:30 - 9:45 BREAK

9:45 - 10:30 OGC ENFORCEMENT ISSUES L. Chendler -

10:30 - 11:00 ENFORCEMENT ACTIONS INVOLVING Licensed - J. Luehman
INDIVIDUALS Others (Blacklisting)

J. Lieberman

11:00 - 11:30 3M UPDATE AND OTHER CURRENT ISSUES Fleck /NMSS

/ 11:30 - 12:00 T.S. 3.0.3 AND RELATrb H. Wong
SPECIFICATIONS

12:00 - 12:45 LUNCH

12:45 - 1:15 OPERABLE /0PERABILITY AND USE OF J. Luehman/H. Wong
MANUAL ACTIONS IN PLACE OF

'
-

S AUTOMATIC FUNCTIONS

1:15 - 2:00 STATUTE OF LIMITATIONS - USE OF H. Wong
50.59 AND 10 CFR 50 APPENDIX B

2:00 - 2:15 BREAK

2:15 - 3:30 DISCUSSION - OTHER TOPICS OF Enforcement Coordinators
CONCERN OR INTEREST

3:30 - 4:30 CLOSING REMARKS J. Lieberman

.
.

.
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Definition of Terms
,

Unqualified Equipment: Equipnent for which there is not adequate documentation

to establish that this equipment will perform its intended functions in the

relevant environment.

Significant Deficiency: Equipment determined to be unqualified and sufficient

information cannot be oeveloped during the inspection or shortly thereafter to

achieve qualification.and the inspector cannot make determination of qualifiability

based on any other information available to the inspector.

Qualifiable Ecuipment: Equipmerit is not qualified but the inspector has sufficient

. basis (knowledge of additional test data and/or analysis) to coaclude that the

equipment can be fully qualified for the environment in which it is required to
operate.

Operability: Reasonable assurance that the equipnent will perform its safety

function when called upon.

Note: Equipment does not have to be qualifiable to be considered operable. For

example, based on test (sta/ technical information it may be shown that equipment

will be functional for sufficient time to perform its safety function even

though it would be expected to fail later into the event.- In this case, FMEA

must be performed as a part of the operability argument.

-
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.#ga ng 'o UNITED STATES
l' # ,,n NUCLE AR REGULATORY COMMISSION
g wAssiuovow. o. c. rosss1

,,, . August 6, 1987

i:Ef 0RAfiDUti FOR: Those on Attached List

FROM: James G. Partlow Director
Division of Reactor Inspection and Safeguards
Office of Nuc1 car Reactor Regulation

SUBJECT: EQUIPMENT QUALIFICATION SEMIttAR
,

The Division of Reactor Inspection and Safeguards is sponsoring a three day EQ
training seminar at Sandia National Laboratories on August 26-28, 1987. This
seminar is intended to provide specialized training for regional inspectors and
headquarters staff who are involved in EQ activities. The topics covered will
include a review of applicable regulatory requirements, inspection programs /
procedures and a discussion of recently identified equipment-specific qualifica-
tion problems and staff positions on generic issues. Classification of EQ
deficiencie, 'd application of the EQ enforcement policy will also be addressed.
A preliminar - Based on previous discussions with theRegion manag;ers;enda is enclosed.involved, we exoect those inspectors and managers involved in
the conduct of the first round EQ inspections and subsequent follow-up actions
to attend. We regard this as an important forum for information exchange on
the results of recent EQ inspections.

The seminar will be held in the Eldorado room of the Coronado Club which is
located on Kirtland AFB grounds and will start at 8:30 am on Wednesday,
August 26, 1987. The seminar will conclude by noon Friday, August 28, 1987.

*

An optional tour of the Sandia EQ test facilities will be available Friday
afternoon.

'

Please provide the names of individuals who will be participating in this
training to U. Potapovs by no later than August 21, 1987 and indicate if they
will participate in the laboratory tour. Individuals interested in the
laboratory tour will need to provide their Social Security Numbers. For
additional information, please contact U. Potapovs (492-9623).

s
^

N
James G. Partlow, D rector

'

Division of Reactor Inspection and Safeguards'
Office of Nuclear Reactor Regulation

Enclosu-e: Agenda

e'

-
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EQUIPMENT QUALIFICATION SEMINAR
SANDIA NATIONAL LABORATORIES,

ALBUQUERQUE, HEW MEXICO
AUGUST 26-28, 1587

AGENDA

Wednesdey, August 26

1. Rtgulatory Rtquirements - overview

2. EQ Inspection Program

Program scope / current status'

Progrn.requiremer.ts

* Inspection litthodology
Pre-inspection Activities
Progrann.atic Artas

Equipment File reviews
Physical Inspection

,

Post-inspection activities

3. Technical Issues / Staff Positions

Environmental Considerations (LOCA, HELB, Submergence)
Qualification Methods
Equipment Similarity
Functional Ferformance Requirements
Aging considerations.

Operating Tine / Margin

lhursday, August 27

4. Equinment - Specific Qualification Issues
Limitorque Operators
Splices / terminations
Cable
Electrical Penetration Assemblies
Terminal Blocks4

Solenoid Valves
! Transmitters

Limit switches-

Resistance Temp. Detectors
High Range Radiation Monitors
Motors

..
- _ - - - _ - _ _ _ - _ _ _ _ _ _ _ _ -
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*
.

1

5. Regional Perspective,

Team Leaders Role / Responsibilities
'Regional Interfaces

Friday, August 28

Dispositioning of EQ Findings
Classification of EQ deficiencies -

Operability Considerations
NRC Organizational Interfaces / responsibilities
EQ Enforcement Policy

The opening session of this seminar will be held at the Eldorado room of the
- Coronado Club *'ch is located in Kirtland AFB. Enter the Base through'

Wyoming gate and proceed approximately 1/4 mile on the main road. Coronado
Club will be on your right. You will need to get a vehicle pass at the
Wyoming gate.-

Recommended lodgings in the area are listed below:

Barcelona Court
'

500 Louisiana Blvd. NE
505-255-5560

Amberly Suite Hotel
7620 Pan American Frwy. NE
505-823-1000 r

Clarion Four Seasons Hotel
2LDO Carlisle, NE,

505-888-3311

.

- _ _ . _ _ - - - _ . - _ _ - _ . - _ - - - - . - - - - _ _ _ _ _
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August 6, 1987-

.

List of /ddressees
,

L. Shao, Director, Division of Engineering & Systems Technology
C. Rossi, Director, Division of Operational Events Assessment
W. Kane, Director, Division of Reactor Projects, RI
11. Johnston, Acting Director, Division of Reactor Safety RI
L. Reyes, Director, Division of Reactor Projects, RII
A. Gibson, Director, Division of Reactor Safety, RII
C. Norelius. Director, Division of Reactor Projects, Rl!I
H. Miller, Acting Director, Division of Peactor Safety, RIII
E. Johnson, Director, Division of Reactor S6fety and Projects, RIV
D. Kirsch, Director, Division of Reacter Safety and Projects RV

.

t

b
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E0 tilSPECT10ll PROGRAM

DESCRIBED lli SECY 85-220 (Jul4E 18, 1985)

START IST ROUhD INSPECTIONS OCTOBEn 1984, COMPLETE OCTOBER

1967.

OBJECTIVES:

REVIEW LICENSEES' IMPLEMENTATION OF PROGRAM FOR MEETING

10 CFR 50.49 REQUIREMENTS.

REVIEW LICENSEES' IMPLEMENTATION OF SER CORRECTIVE

ACTION COMMITMENTS.

REVIEW LICENSEES' IMPLEMENATION OF PROGRAM FOR MAINTAIN-
,

ING OVAllFIED STATUS OF EQUIPMENT DURING THE LIFE OF THE
PLANT.

PERFORM PHYSICAL INSPECTION OF EQUIPMENT TO DETERMINE

THAT THE INSTALLATIONS AGREE AITH SER COMMITMENTS /QUAll-
FICATION REQUIREMENTS.

PROGRAM TRANSFERRED TO REGIONS AFTER MODULE DEVELOPMENT AND

COMPLETION OF PILOT PHASE.

llRR TO PROVIDE TECHNICAL SUPPORT (STAFF AND CONSULTANT) AND

TO COORDINATE OVERALL SCHEDULING.

s

Sill-ilRC/E0/UP-1/10
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E0 if!SPECT10il PROGRAM

CURREllT STATUS OF FIRST ROUliD liiSPECT10flS

(AUGUST 1987)

El R1l' Bil_l RIV By TOTAL

.

SITES COMPLETED 15 8 10 5 S 49.

SITES REMAllllf!G 10 9 4 3 1 27

C

'DOES NOT lllCLUDE SPECI AL PROJECTS 'ITES.

.

.

S!!L-11RC/E0/UP-2/10

_ - _ _ _ _ _ _ _ _ - _ - _ .
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GEliERIC LETTER 85-15 (AUGUST 6, 1985)

PROVIDES FOR CIVIL PENALTIES OF $5000 PER ITEM PER DAY
WHICH MAY BC RETROACTIVELY ll1 POSED:

FOR 11014C0f1PLIANCE IDENTIFIED AFTER fl0VEMBER 30, 1985,

FOR EACri DAY A LICENSEE CLEARLY KNEW OR SHollLD HAVE

K!40WN THAT EQUIPMENT QUALIFICATION WAS liiCOMPLETE.

ESTABLISHED 3 MITIGATION FACTORS:,

1. PROMPT IDENTIFICATION AND REPORTING.
,

2. BEST EFFORTS TO COMPLETE ENVIR0!JMENTAL
,

QL)ALIFICATION BEFORE DEADLINE.

3. FULL COMPLI ANCE WITHill REASONABLE TIME.

Sill-llRC/E0/UP-3/10

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _
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GENERIC LETTER 85-15 (AUGUST 6, 1985)-

DEFillES "UNOUAllFIED EQUIPMENT:"

" EQUIPMENT FOR WHICH THERE IS fl0T ADEQUATE DOCUMEllTAT10fl

TO ESTABLISH THAT THE EQUIPMEllT WILL PERFORt1 ITS

Il4 TENDED FUllCTIONS IN THE RELEVAt4T Et1VIR0f4MEtiT."

DEFillES " ITEM:"

" SPECIFIC TYPE OF ELECTRICAL EQUIPMEl4T, DESIGNATED BY-

MANUFACTURER At1D MODEL WHICH IS REPRESENTATIVE OF ALL

IDEliTICAL EQUIPMEl4T Ill A PLA!4T AREA EXPOSED TO THE SAME

Et4VIR0tlMEllTAL SERVICE CONDIT10f4S."-

-
.

SNL-NRC/EQ/UP-4/'O
f

umium u uu
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GENERIC LETTER 86-15 (SEPTEMBER 22, 1986)
-

_

REQUIRES LICENSEES TO MAKE PROMPT DETERMillATION OF

OPERABILITY WHEll Uh0VAllFIED EQUIPMEflT IS IDENTIFIED....
,

:

AND...

TO TAKE IMMEDIATE STEPS TO ESTABLISH A PLAft WITH A
REASOflABLE SCHEDULE TO CORRECT THE DEFICIEllCY.

WRITTEN JUSTIFICAT10ll FOR CONTlfiUED OPERAT10ll (JCO)'

IS REQUIRED, DUT DOES NOT HAVE TO BE REVIEWED AllD

APPROVED BY NRC.
.

L
1

<

SNL-NRC/E0/UP-5/10

_ . _ _ _ _ _ _ . . . _ _ . . _ _ . . _ _ _ __ . . _ _ _ _
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GENERIC LETTER 86-15 (SEPTEMBER 22, 1986)

I,_.11RES LICEllSEES TO MAKE PROMPT DETERMINAT10fl 0F

OPERABILITY WHEN UNQUALIFIED EOU1PMEllT IS IDENTIFIED. . .

AHD...

TO TAKE IMMEDIATE STEPS TO ESTABLISH A PLAN WITH A
REASONABLE SCHEDULE TO CORRECT THE DEFICIENCY.

WRITTEN JUSTIFICAT10f1 FOR CollTINUED OPERATI0f1 (JCO)
IS REQUIRED, BUT DOES NOT HAVE TO BE P.EVIEWED AND

APPROVED BY NRC..

DEFIllES "0PERABLE:"

REASONABLE ASSURANCE THAT THE EQUIPMENT WILL.

PERFCRM SAFETY FUNCT10ll(S) PRIOR TO FAILURE...

Af1D...

SUBSEQUENT FAILURE WILL NEITHER DEGRADE AtlY.

OTHER SAFETY FUNCTION tl0R MISLEAD THE OPERATOR.

FOR EQUIPMENT DEEMED-INOPERABLE:

lilV0KES TECH SPECS FOR EQUIPMEtT COVERED BY THEM..

ALLOWS FOR OPERATION UNDER CERTAIN CONDITIONS.

IF Ill0PERABLE EQUIPMENT IS NOT UNDER TECH SPECS,

SNL-NRC/E0/UP-5.1/10

.

.- ,....%.-.- .,-. ...,y, .,--,,- .e,. , - , e --,, - - -w.. , ,,, ,,y-<.-,, .-v.o.. . . ,..,
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GENERIC LETTER 80-15 (SEPTEMDER 22, 1986)

TRAllSMITS Ef1FORCEMEliT GUIDAtlCE RELATED TO GL 85-15.

APPLICAT1011 0F " CLEARLY KNEW OR SHOULD HAVE Kt 0Hil" TEST..

TIME PERIOD FOR-CIVIL PEllALTY.

$500,000 PER ITEM CAP

APPLICAT10ft OF THE MITIGAT10fl FACTORS.

$50,000 PER ITEM MINIMUM.

DTHER El4FORCEMEliT REGARDil4G V10LAT10flS OF EQ P.EQUIREMEl4TS.

IDENTIFIED AFTER NOVEMBER 30, 1985.
.

IF V!OLATIOil EXISTED BEFORE DEADLillE, APPLY " CLEARLY.

KilEW OR SHOULD HAVE Kl10Hil" 1EST.

IF VIOLATION DOES |10T RELATE TO ACTION OR LACK OF.

ACT10ti BEFORE DEADLillE, USE NORMAL E!1FORCEMENT.

SNL-NRC/E0/UP-6/10

__.



.

.

SECY 87-32 (FEBRUARY 6, 1987)

PROPOSES THAT NO Et1FORCEMEf1T ACTIOil BE TAKEll FOR CERTAlli
V10LAT10!is 1.E. , Ull0VALIFIED VALVE MOTOR OPERATOR litTERl;AL

WIR!llG.

COMMITS STAFF TO REVIEW LICEliSEE SELF-IDEllTIFIED EQ
VIOLATIONS It1 ACCORDAf4CE WITH El1FORCEMEllT CRITERIA FOR EQ

VIOLATIONS AND TAKE El4FORCEMEt4T ACTION AS APPROPRIATE.

.

.

SNL-llRC/EQ/UP-7/10 |

.
.. . . .

. . ..
. ..
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EGM 87-02 (april 10, 1987)

PROVIDES FURTHER GUIDANCE IN THE APPLICATION OF EQ
ENFORCEMENT POLICY.

ESTABLISHES THRESHOLD FOR ESCALATED ENFORCEMENT:

THE DUALIFICATIOi! DEFICIENCY IS NOT CO!!SIDERED
SUFFICIENTLY SIGNIFICANT FOR ASSESSMENT OF CIVIL-
PENALTIES IF...

*

SUFFICIENT DATA EXISTS OR IS DEVELOPED DURlilG THE*

INSPECTION TO DEMONSTRATE QUALIFICATION OF THE

EQUIPMENT...

OR...

BASED ON OTHER INFORMATION AVAILABLE TO.THE- .

INSPECTOR, THE SPECIFIC EQUIPMENT IS QUALIFIABLE

FOR TH'd APPLICAT10h IN QUESTION.,

S!1L-IIRC/EQ/UP-8/10

-. .

-
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E0 DEFICIENCIES

.EVERITY CLASSIFICATIONS

POTENTIALLY ESCALATED

A. SIGlilFICANT AUDITABILITY/ PROGRAMMATIC PROBLEMS (gel 4ERIC)

B. SIGl11FICAtlT OUAllFICAT1014 DEFICIEl4CIES NOT RESOLVED

DURll1G lilSPECT10fl - EQUIPMEl4T QUALIFICATION STATUS

lilDETERMlf4 ATE .

SEVERITY LEVEL IV/V
.

C. SIGtJ1FICAt4T 00AllFICAT1011 DEFICIENCIES 140T RESOLVED
DURING lt4SPECT!Oli, BUT EQUIPMENT C0f4SIDERED QUALIFIABLE.

D. SIGrilFICANT QUALIFICATION DEFICIEllCIES CORRECTED DURit;G

- liiSPECTI0li.

E. ISOLATED AUDITABILITY/ PROGRAMMATIC PROBLEMS.

OPEf4 ITEMS

F. MINOR FILE DEFICIENCICS, WALKDOWri OBSERVAT10lls.

SNL-11RC/E0/UP-9/10

i

. .

.
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.
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E0 DEFICIENCIES

. SEVERITY CLASSIFICATIONS

.

POTENTIAL El4FORCEMEiT/Uf1?ESOLVED ITEMS

POTENTIALLY ESCALATED

A. SIGNIFICAf!T AUDITABILITY! PROGRAMMATIC PROBLEMS (GE!1ERIC)

B. SIGillFICAf4T QUALIFICAT10l4 DEFICIEllCIES f40T RESOLVED
DURl!4G lilSPECT10ll - EQUIPMEl4T GUAllFICATION STATUS
lt|DETERMlf4 ATE.

SEVERITY LEVEL _lV/V.

C. SIGNIFICAf4T GUALIFICATION DEFICIE!JCIES I40T RESOLVED
DURING !!4SPECT10!J, BUT EQUIPMEllT CollSIDERED QUALIFI ABLE.

D. SIGlilFICAllT QUAllFICATION DEFICIENCIES CORRECTED DURiflG
lilSPECTlori.

E. ISOLATED AUDITABILITY/PP0GRAMMATIC PROBLEMS.

OPEN ITEMS

F. MINOR FILE DEFICIENCIES, WALRDOWii OBSERVAT10llS.

SNL-NRC/E0/UP-9.1/10
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Ek DEFICIENCIES
.

TYPE CLASSIFICAT10ll

A. EQUIPMEf1T 110T CUALIFIED/fl0T ON EQ LIST

D. SIMILARITY OF lilSTALLED EQUIPMENT TO TEST SAMPLE NOT
ESTABLISHED lli QUAllFICAT10N FILE.

C. SIMILARITY OF INSTALLED EQUIPMEllT TO TEST SAMPLE

INVALIDATED BY IMPROPER lilSTALLAT10ll/MAltlTENAliCE.
>

D. QUALIFICATION TEST PARAMETERS DID NOT ENVELOPE PLANT
EI1VI RONMEllT .

E. PLAflT SPECIFIC PERFORMANCE REQUIREMENTS FOR EQUIPMENT
110T ESTABLISHED /EculPMENT PERFORMANCE NOT DEMONSTRATED,

F. REPLACEMENT EQUIPMENT NOT UPGRADED TO CURREf4T REQUIREMENTS.-

(WITH NO "Sout4D REASONS TO THE CONTRARY")

C. SIGNIFICAtlT ERRORS Ill QUAllFICATION ANALYSIS (QUALIFIED
LIFE CALCULATIONS IMPROPERLY PERFORMED, TEST ANOMALIES
NOT RESOLVED, ETC.).

Sill-NRC/E0/UP-10/10
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EQ DEFICIEllCIES

TYPE CLASSIFICAT10fl

A. EQUIPMEf4T liOT QUALIFIED /fl0T ON EQ LIST

B. SIMILARITY OF IIJSTALLED EQUIPMENT TO TEST SAMPLE NOT

ESTABLISHED IN QUAllFICATION FILE.
I

C. SIMILARITY OF ll1 STALLED EQUIPMENT TO TEST SAMPLE

li4VAllDATED BY IMPROPER lilSTALLAT10ll/MAINTEf1AllCE.

D. QUAllFICATION TEST PARAMETERS DID NOT ENVELOPE PLANT

El4VIRONMEf4T.

E. PLANT SPECIFIC PERFORMANCE REQUIREMENTS FOR EQUIPMENT

110T ESTABLISHED /EQUIPitEl4T PERFORMAt1CE NOT DEMollSTRATED.

F. REPLACEMENT EQUIPMEllT NOT UPGRADED TO CURRE!!T REQUIREMENTS..

G. SIGNIFICAliT ERRORS lil QUALIFICATION t.NALYSIS (0VALIFIED
LIFE CALCULATIONS IMPROPERLY PERFORMED, TEST At10MAllES

140T RESOLVED, ETC.).

'

.

Sl4L-flRC/E0/UP-10/10

_ _ _ _ _ _ _ .
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EQ DEFICIENCIES

TYPE CLASSlFICATICH

A. EQUIPME"T 110T GUALIFIED/l10T ON EO LIST (S50.49(F),(D),(J))

B. SIMILARll. F INSTALLED EQUIPMENT TO TEST SAMPLE NOT
ESTABLISHED IN QUALIFICAT10fl FILE. (S50.49(F)(2),(3)),
(D0R-5.2.2), (0588 I 8 11 - 5(2))

C. SihlLARITY OF If1 STALLED EQUIPMEllT TO TEST SAMPLE
If4VAllDATED BY ll1 PROPER lilSTALLAT10ll/MAINTENAI4CE.(SAME)

D. QUAllFICATION TEST PARAMETERS DID NOT EllVELOPE PLAf1T
ENVlh0f4 MENT. (S50.49(E)), (DOR-5.2.1),-(0588 I a 11 - 2.2(4))

E. PLAf4T SPECIFIC PERFORMANCE REQUIREMENTS FOR EQUIPMENT

110T ESTABLISHED / EQUIPMENT PERFORMANCE f40T DEMollSTRATED.
(S50.49(J)(2)),(DOR-5.2.5),(0558/1811-2.1(3),2.2(7),(9),5(1))

F. REPLACEMENT EQUIPMENT * NOT UPGRADED TO CURRENT REQUIREMENTS
,

(WITH I40 " SOUND REASOf1S TO THE CONTRARY") (S50.49(L)/RG 1.89,

REV 1).
G. SIGNIFICANT ERRORS IN QUALIFICATION AtlALYSIS (OUAllFIED

LIFE CALCULAT10llS IMPROPERLY PERFORMED, TEST AN0MAllES

110T RESOLVED, ETC.). (S50.49(F),(J)), (DOR-5.1/5 3/ VAR 10US),
(0588 I 8 11 - 2.1(4),2.4,5(1))

*HOTE: EQUIPMENT PURCHASED AFTER 2/22/83 (10CFR50.49 EFF.
DATE), 10CFR50.49. S50.49(K) ALLOWS FOR NOT REQUAllFYli,'G

EQUIPMENT OVAllFIED UNDER DDR GUIDELillES (0.L.$$ 5/23/80) OR
HUREG-0588 (0.L. 0> 5/23/80) - CAT I (C.P. :> 7/1/74) OR CAT 11
(C.P.<< 7/1/74). SOME D0R 8 CAT 11 PLANTS COMMITTED TO

NUREG-0588(1) FOR NUREG-0737 AtlD/OR RG 1.97 EQUIPMENT.

SNL-NRC/E0/UP-10.1/10

!
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(S50,49(F),(D),(J))-

(S50,49(F)(2),(3)),

DOR-5.2.2), (0588 I a II - 5(2))

(SAME)

.

(S50,49(E)), (DOR-5.2.1), (0568 I a 11 - 2.2(4))

(650.49(J)(2)),(DOR-5.2.5),(0588/1811-2,1(3),2,2(7),(9),5(1))
~

(S50,49(L)/RG 1,89,
REV 1),

(S50.49(F),(J)), (DOR-5,1/5,3/ VAR 10US),
(0588 I & 11 - 2.1(4),2,4,5(1))

* NOTE: EQUIPMENT PURCHASED AFTER 2/22/83 (10CFR50,49 EFF,
DATE), 10CFR50,49, S50.49(K) ALLOWS FOR NOT REQUALIFYING

EQUIPMENT QUAllFIED UNDEh D0R GUIDELINES (0 L. 55 5/23/80) OR
NUREG-0588 (0.L,3 5/23/80) - CAT I (C.P, 0> 7/1/74) 0R CAT 11
(C.P.<C 7/1/74). SOME DDR 8 CAT 11 PLANTS COMMITTED TO
NUREG-0588(I) FOR NUREG-0737 AtiD/0R RG 1.97 EQUIPMENT,

SNL-NRC/EQ/UP-10(0VERLAY)/10
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EQUIPMENT QUALIFICATION SEMINAR
SANDIA NAT10!iAL LABORATORIES

ALBUQUERQUE, NEW MEXICO
AUGUST 26-20, 1987

AGENDA

Wednesday, August 26

0 O f C n i A QTE c M c< r V S
,

" 1. Regulatory Requirements - overview'

i
,-, Q 2. EQ Inspection Program |

/
g Progrr tec;;e/currer.t :::t=

* '

Program requirements*

TI 2515/76

Related Activities

Inspection Methodology*

Pre-inspection Activities

Prcgramatic Areas

Licensee Program / procedure

Maintenance / surveillance

Procurement / Replacement of' equipant

EQML/ Design char.ge control

Training /QA/ Audits

4

-r t..-
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Equipment File reviews
,

File Selection / Depth of review

File Auditability

Physical Inspection

Equipment selection / scope

Inspection Technique

Equipment Traceability (cable)

{ Post-inspection activities
'

Luut s

y T. 3. Technical Issues / Staff Positions

Qualification Methods

Testing vs. Analysis

Equipment Similarity

Identical vs. Similar Equipment
.

Functional Perforiaance Requirements

Aging considerations
S e s v Gernic C,
OperatingTime/Hargin

o

Thursday, August 27

4. Equipment - Specific Qualification Issue

7, 3 , limitorque Operators

s,A. Splices /terrainations

met Cable

RtA) Electrical Penetration Assemblies

H,7,[S.A. Terminal Blocks

S.A. Solenoid Valves

,
_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _
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E.b . Transmitters
3

' . /' Linit switches--

-

t/,7 Resistance Temp. Detectors

1 ' .' high P.ange Radiation Monitors

' ' Motors

5. Regional Perspective

A Cs, . Team Leaders Role /Resnonsibilities

. C, Regional Interfaces
.

Friday, August 28

Dispositioning of EQ Findings

uf' Classification of EQ deficiencies

4t2 Operability Considerations

V,P HRC Organizational Interfaces / responsibilities

pW EQ Enforcement Policy

.

k

Y
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FRANKLIN RESEARCH CENTER
DIVISION OF ARVIN/CAISPAN

t
REFERENCE INFORFATION

FOR E!NIRONM4NTAL QUALIFICATION INSPECTIONS ,

FRC REPORT No. 5896-005-2 j

TECHNICAL REPORT

.

s

.

20TH & RACE STREETS PHILADELPHIA. PA 19103 TWX 710w670-1889 TEL (215) 448-II0

e

9
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NRC Contract 05-83-215 FRC Project 5896-005'

NRC Task No. TA-EL-205

REFERENCE INFORMATION
i

FOR DNIRONMENTAL QUAI L IR' ION INSPECTIONS

FM M PORT NO. 5896-005-2
,

'

l

Prepared for

( Vendor Program Branch
Office of Inspection and Enforcement
U.S. Noclear Regulatory Comission
Washington. DC 205'i5

NRC Task Leader: G. Hubbard FRC Tash Leader: G. J. Toman

I July 3, 1985

Prepared by: Reviewed by: Approved by:

1 A l - ga/ svaL~
Date:_9" j~ 6 Departmenpire

.

$''Principkl uthor or
,

7*3'5I 3 Date: 7" 3 'fDate: ,

i FRANKLIN RESEARCH CENTER
| DIVISIGN OF ARVIN/CALSPAN

20th & RACE STREETS, PHILADELPHIA,PA 19103

_ _ - _ . ... _ . . _ . . _ . _ _ . , - . . - . _ . . , . . . . _ . . ___
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RFFERENCE INFORMATION FOR ENVIRONMENTAL QUALIFICATION INSPECTIONS

1.0 INTRODUCTION

This document provides background information and reference
material for use in the performance of environmental
qualification inspections of licensees. The topics described
herein relate to the major concepts of environmental

*

qua.ification inspection.

2.0 BACKGROUND

On May 23, 1980, the NRC issued Memorandum and Otder
CLI-80-21, specifying that licensees and applicants must meet
the requirements set forth in the DOR Guidelines [1] and
NUREG-0588 [2).

In mid-7 981, the NRC issued Safety Evaluation Reports (SERs)
on environmental qualification of safety-related electrical
equipment to licensees of all operating plants. Where
additional qualification information was required, the
licensees were directed to respond to the NRC within 90 days
of receipt of the SER.

In October 1981, the NRC authorized Franklin Research Center

( FRC ) to evaluate the licensees' resolutions of outstanding
issues on equipment environmental qualification (EEQ) as
discussed in the NRC SERs. The assignment was to review the
qu ;11fication documne.tation in accordance with NRC criteria
and to present the results in the form of a Technical Evalua-
tion Report (TER) (3) for each of the 71 operating plants.
The title for each TER was " Review of Licensees' Resolution of'
Outstanding Issues f rom NRC Equipment Environmental Quali-

I fication Safety Evaluation Reports" followed by the station
name and unit number. Using the TERs, the NRC staff prepared
Safety Evaluation Reports. Subsequently, the licensees
responded with corrective action commitments and schedules.
The environmental qualification inspection of the licensee

; determines that the corrective action connitments are being
properly implemented. In addition, the inspection determines
that each licensee has implemented a program that fulfills the
requirements of 10CFR5J.49 [4] for control of the
qualification process. Included in the inspection process is

I the physical inspection of the installed equipment.
s

|

I

I
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3.0 DESCRIPTION OF THE INSPECTION
,

There are four main areas of concern in the inspection
compliance of the licensee's program with 10CFR50.49,
implementation of corrective actions regarding equipment
requiring qualification, preservation of the qualification of 'd

equipment, and physical inspection of qualified equipment.

These four areas of concern have been incorporated into three
inspection segments: procedural eind programmatic inspection, '

dxumentation file inspection, and physiwal inspection.
14ethodology that may be used during the inspection to perform
the various subtasks is given in this document.

(
4.0 DESCRIPTION AND USE OF EQ TER - REVIEW OF LICENSEES' /

RESOLUTION OF O(TISTANDING ISSUES FROM NRC EQUIPMENT
ENVIRONMENTAL QUALIFICATION SAFETY EVALUATION REPORT

The TER (3) is useful both for datermining the nature of the
licensee's past problems with environmental qualification of
equipment and for developing the list of devices to include in
the inspection.

These TERs contain the results of the review of the licensee's
harsh environment equipment qualification documentation with
espect to the plant design environmental conditions.

Section 1 of the TER provides an introduction and defines the
scope of the effort. Section 2 defines the review criteria.
Section 3 describes the methodolegy used in the review.
Section 4 of the TER contains the most useful information for
the' inspection and includeo reviews of each piece of equipment
as well as summaries of the overall plant review. Section 5
provides conclusions and specific overall concerns relating to
the review. Section 6 contains the references upon which the
review was based.

In Section 4.4 of the TER, the " Equipment Entaironmental
Qualification Equipment Item Checksheet Index" provides ai

listing of the equipment evaluated along with the item numbers
assigned to the equipment in the report (a similar listing
with more detail concerning each cevice is given in Appendix B

| of the report). Table 4-1 provides a listing of equipment
item numbers by TER evaluation result categories. These
Categories aret

i

I

j -2-
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s

I.A Equipment Qualified
I.B Equipment Qualification Pending Modification
II.A Equipment Qualification Not Established
II.B Equipment Not Qualified
II.C Equipment Satisfies All Requirements Except Qualified

Lif e or Replacement Schedule Justified
III.A Equipment Exempt from Qualification
III.B Equipment Not in the Scope of the Review
IV Documentation Not Made Available.

The criteria for the use of these categories is contained in
Section 3.3 of the TER. Equipment listed under Categories
I.B, II.A, II.B, II.C, and IV should be considered for
inclusion in the inspection sample list. Itams in Category

I.B can be inspected to see if the equipment has been modified
or replaced as the licensee has indicated and that documenta-
tion has been provided to establish qualification of the
currently installed equipment. Items in Categories II . A,

|k II.C, and IV can be insoected to determine if new qualifi-
cation, analysis, or documentation has been incorporated into
the licensee's files. Items in Category II.B can be inspected
to see if the devices have been modified and requalified or
have been replaced with qualified devices.

Table 4-2 provides a further breakdown of the types of
deficiencies noted. Table 4-3 provides a tabulation of
deficiencies, the qualification category, and the corrective
action that the licensee proposed at the time of submittal of
the documentation for review.

j Section 4., also contains the individual reviews of each
equipment item. The indi'tidual reviews describe the
deficiencies noted in qualification methodclogy, and
inadequacies of the qualification results with respect to
plant requirements. These reviews provide the specific
details that were used as the basis for the more general

categories of deficiencies listed in the summary tables.

"

5.0 FAMILIARIZATION WITH REFERENCE DOCUMENTS
9

In addition to being familial with the Techndcal Evaluation'

Report, the inspector should be f amiliar with the staf f Safety
Evaluation Report (which forwarded the TER and pinpointed

| specific staff concerns) and with the licensee's response 'to
the SER. To allow review of the licensee's 10CFR50.49
program, the inspector should also be familiar with
1DCFR50.49. The copy of 10CFR50.49 printed in Volume 48, No.
15 of the Federal Register may be particularly useful since
much supplementary informstion concerning the scope of the

I rule is given. Sections b and c of 10CFR50.49 define the
scope of the ee;uipment covered and the types of design basis
events to be considered. Sections d and j define the

I
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I documentation that must be generated and maintained. Section
e defines the environmental conditions to be evaluated, and'

Section f defines the allowable qualification methods.
Section k states that the equipment already qualified to the

DOR Guidelines [1] and NUREG-0588 [2] does not have to bee

requalified. Section 1 covers qualification of replacement
equipment. Section g gives the time limit for completion of
qualification efforts for operating plants.

If an evaluation of documentation is to be performed, thr
inspector should be familiar with the DOR Guidelines and IEEE
Std 323-1971 [5). A knowledge of Regulatory Guide 1.89, Rev.1
[6] and IEEE Std 323-1974 [7] is necessary for the evaluation
of newer qualification results, as explained in the following
note,

a

Note: The May 27, 1980 Commission Memorandum and Order,
CLI-80-21, required replacement equipment to be
qualified in accordance with NUREG-0589, category 2
(IEEE Std 323-1974). Equipment replaced af tcr
February 22, 1983 must be qualified in accordance
with 10c7T50.49 anless there are sound reasons to the
contrary. Regulatory Guide 1.89, Rev.1, June 1984
provides guidance for exceptions that may be taken
for replacement equipment.

| 6.0 DETERMINATION OF COMPLETENESS OF EQUIPMENT LIST

This section is provided for use when an in-depth audit of the
licensee's equipment list is to be performed.

6.1 GENERAL EVALUATICN OF EQUIPMENT LIST

Table 1 contains lists of typical safety systems for BWR and
PWR plants. Each of these systems contains some harsh
environment equipment.

For the power plant under review, determine the titles in use,

for the systems. Then verify that the licensee's list of
'

equipment requiring qualification contains at 1. east one et.try

for each system. If no entry exists for any equipment in a
system, verify that one of the following is true,

o all system equipment is in a mild environment

o all system equipment located in harsh environments is
non-electrical in nature

o all system equipment located in harsh environments is not
required to be qualified by 10CFR50.49(b) .

' -4-
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TABLE 1. TYPICAL SAFETY SYSTEMS FOR NUCLEAR POWER PLA!rtS*
.

1. BWR - Boiling Water Reactors

RPS Reactor Protection System
PCIS Primary Containment Isolation System
ECCS Emergency Core Cooling System
HPCI High Pressure Coolant Injection
ADS Automatic Depressurization System
CS Core Spray
LPCI Low Pressure Coolant Injection
CGCS Combustible Gas Control System
SGTS Standby Gas Treatment System
MSIV Main Steam Isolation Valves
RCIC Reactor Core Isolation Cooling
SICS Stenby Liquid Control System
EP S Emergency Power System
PAMS Post-Accident Monitoring Systcm
HVAC Emergency Heating, Ventilation, and 7.ir Condl .oning

Systems
RMS Radiation Monitoring System

,

i 2. PWR - Pressurized Water Reactors

P RS Reactor Protection System
-

PC2 3 Primary Containment Isolation System
FL'S Feedwater System
AFWS Auxiliary Feedwater System
CVCS Chemical and Volume Control System>

ESFAS Engineered Sarety Features Actuation System
CGCS Combustible Gas Control System

| SIS Safety Injection System
l CSS Containment Spray System<

SWS Service Water Syatem
CCW Component Cooling Water

'

RMS Radiation Monitoring System
EPS Emergency Power System
HVAC

'
Emergency Heating, Ventilation, and Air Conditioningi
System

SDCS Shutdown Cooling System
PAMS Post-Accident Monitoring System

i
*This listing is generic in nature. Not all systems listed will be

found at each plant, and system names may differ from plant to plant.

I

I
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If no system equipment is found on the list and the system's
equipment does not meet the above criteria, then a detailed,

review of the system should be performed as described in
Section 6.3. Successful completion of the above effort
indicates that equipment from each of the required systems has
been included in the list of equipment requiring qualit'ication.

6.2 EVALUATION OF THE CONTROL OF THE EQUIPMINT LIST

During the inspection, attention should be given to items that
have been deleted from and added to the list of equipment
requiring qualification. Items that have changed from one
qualification status (e.g., from qualification not established
to qualified) should also be reviewed. The first list of
equipment that may be used is that contained in the TER, the
second is the equipment list (Master List) submitted by the

'

licensee to the NRC in May 1983, and the third is the
licensee's present Master List. Comparison of entries on
these lists will indicate those items that have been deleted
and added. Special interest should be given to the items that
have been deleted. The licensee's means of documenting the
acceptability of deletion of an itam from the list should be
reviewed. The licensee's means of determining that the list
is adequate and complete should also be reviewed.

{ 6.3 DETAILED EVALUATION OF AN EQUIPMENT LIST
,

If it is deemed desirable, the list of equipment requiring
qualification may be determined darough the following steps.
Since detailed evaluation of the equipment list is a large
cumbersome task, it is recommended that the review be limited
to one system or even a portion of a system.

a. From the piping and instrumentation diagram (P&IC),
determine the major equipment that may require
qualification, such as motors, motor operators for'

valves, and instrumentation. Since P& ids will generally

not contain details of harsh versus cild environment
conditions, judgment should be used to limit the !
determination to harsh environment equipment.

b. For equipment found in item a above, review schematic and
I control diagrams (S&Cs) to determine additional

interconnected devices, such as control and limit
switches, terminal strips, and cable.

I

I

I
-6-
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During the review of P& ids and.S&Cs, devices that supportc.

safety functions,,
.

such as providing cooling and
non-sarety-related devices whose failure could affect
safety-related equipment, should be identified. Examples
of non-safety-related devices 'i concern are associated,

circuits (non-safety circuits connected to Class IE power
or which are in close proximity to safety-related
circuits) and equipment protective devices, such as mot'or
overload or over-temperature systems whose failure could-
prevent equipment from performing its safety function.

The list of equipment (dentified in the review of the P& ids
and S&Cs should then be compared to the licensee's Master
List. A valid reason for the exclusion must be provided by
the licensee for any component not on the Master List. Valid

reasons include (1) the device is located in a mild environ-
ment, (2) the device is not required to be qualified by
10CFR50.# 9 ( b) , (3) the device is non-electrical in nature, or
(4) the device is non-safety related and its failure vill not
affect the safety function of-the safety-related equipment (if
such a device is electrically connected to a system whose
components require qualification, a_qualitied electrical
isolating device must be connected between the equipment
requiring qualification and that which does not (see
Regulatory Guide 1. 75] ) .

'
7.0 SPECIFICATION OF PLANT CONDITIONS

a. To be in compliance with 10CFR50.49(d), the licensee must4
establish and maintain a file of plant conditionsi

containing:

|
j 1. Equipment performance specifications under the

conditions expected te exist during and following,

design basis accidents.
,

2. The valtage, frequency, load, and other electrical

characteristics to which equipment will be subjected'
during and following design basis accidents.

3. The environmental conditions at the-location of the
equipment including temperature, pressure, humidity.
radiation, chemicals, and submergence during and;

following design basis accidents,

b
b. Plant-speci*ic harsh environment conditions at the

location of the equipment tLust be contained in the file.
The applicable design basis events that could result in a

I harsh environment, including flooding outside of
containment, must have been considered in establishing
these anvironments. The FSAR chapter containing the

; -7-
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analysis of anticipated occurrences and postulated j

accidents may be used as a source of conditions to be.

considered la defining harsh environments. Flooding
outside of containment may also occur from events other
than high energy lire breaks such as flooding of the

,

plant site due to natural phenomena, inadvertent release ,

of stored liquids, or fire protection system operation.
These sources of flooding should have been considered in
preparation of the specification of harsh environment
conditions.

.

8.0 GUIDELINES FOR REVIEW OF ENVIRONMENTAL QUALIFICATION PROGRAM
DOCUMEFIS

8.1 Introducticn

The following subsections provide an overview of the review
process for evaluating the acceptability of a qualification
program. This review model is moet applicable to qualifi-
cation programs performed to the requirements of IEEE Std
323-1974. The DOR Guidelines should be used as review
guidance for those plants that were not committed to IEEE Std
323-71 or -74. Because environmental qualification is a
detailed process and each Iualification program tends to be
unique, a detailed review methodology with specific criteria
cannot be provided. The intent of this section is to provideg

an overview of the total revinw process. The evaluation of a
qualification program includes review of the qualification
specifications, the qualification plan and procedures, and the
qualification report. Many qualification programs have been
performed in which separate documents for the qualification
plan and procedures do not exist. In reviewing such programs,
the reviewer must determine that sufficient documentau2on
exists to allow approval of the adequacy of methodology and of
the results for the plant-specific application. Generally, a
very detailed test report is necessary when no plan has been
generated. As presented, the review appears as a stepwise

I operations however, the overall effect of the multiple steps
in the qualificatirn process must be evaluated during the
review to verify that the program is representative of the
plant conditions and that the device is qualified for its
application.

i

8.2 Licensee Review of Qualification Documentation

The licensee's qualification program mast include provisions
for the review and approval of qualification test and analysis
documentation for plant-specific application and for
determining that the qualification methodology is correct.

I

-8-
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The licensee's procedural controls for review ofi

qualification documentation must verify the following:
a.

.

and associated auxiliaryThe installed equipment
devices are identical to or adequately similar (see1.

Section 8.4.2.1.b for a discussion of similarity) to
,

that described in the qualification documentation.

The qualified mounting orientations and methods are
2.

} applicable to the plant application.
'

The qualified connection and interface configura-
tions are representative of the configurations used3.

in the plant application.

Aging analyses and preconditioning mathodology are
adequate, and the established qualified lif e is4.

] valid for predicted normal and abnormal conditions.
This entails verification that aging stresses such
as thermal, radiation, and operational cycling have
been adequately considered. 1

Acceptance criteria for performance of safety5.

] f unction used in the qualification program are
adequate for the plant application.

The sequence of testing is conservative for the6.
; equipment and its application.

The qualified radiation dose encompasses both normal7.
and accident radiation conditions and the dose types
and dose rates have been considered to the extent
practicable.

(

The adequacy of accident simulation methodology#

8.
including:

adequacy of test setups,

o
monitoring of test conditionso
monitoring of specimen performanceo
calibration of test and performance monitoringo

' equipment.

The adequacy of the accident simulation temperature,9.
pressure, and humidity conditions for the predictedt

plant conditions.

- d spray rate, cherica1 composition, concen-As-te.10. tration, and duration adequately represent the
predicted plant conditions.

1
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i

4

| 11. The duration of the accident and post-accident
conditions envelop plant application requirements.-

12. Adequate margins exist between the as-qualified
condition and the predicted accident conditions, for
temperature, pressure, radiation, duration of condi-
tions, and power source conditions.

13. Submergence testing, if required, has been accept-
ably performed.

i

14. Known significant synergistic effects have been
accounted for in aging.

15. Any enomalies or deficiencies in the qualification
program with regard to methodology or requirements
of the plant-specific application are evaluated and
analyzed for acceptability prior to approval of tue
qualification results.

16. Any analyses performed in lieu, or in aupport, of
tests are adequate.

b. The personnel performing the licensee's reviews of the
environmental qualification documentation should have
training or experience in environmental qualification of
equipment commensurate with the tasks performed.

I
8.3 Specification of Qualification Requirements

5

The lico7see's qualification file must contain a qualification
specification for each piece of equipment which sets forth the
requirements for qual.'fication. The qualification specifica-

tion may be contained within a section of the purchase
specification or may exist as a separate document. Verify

that the following attributes have been specified for each
type of equipment

Safety Function - That function which the equipment isa.
required to perform to ensure the safety of the plant.

] Note: The safety function during normal service may be
1 i diff erent from the safety function during accident

service.

b. Environmental and Service conditions - The conditions
j

aper:ified must incir.*3 normal and abnormal temperature,
pressure, radiation, humidity, voltage, f r2quency,
vibration, operating cycles, and process conditions.

I

~10-
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I d c. Accident Environment - The environmental conditions
listed in b above must be defined for the equipment'for-

design basis accident conditions.
I

d. Operability Requirements - The functional performance

} requirements for the device under normal, abnormal, and
design basis accident conditions must be clearly defined
(e.g., accuracy for a transmitter, stroketime for a valve
actuator). The operability requirements may vary for
normal, abnormal, and accident conditions. The period of
time that the device must operate during accident
conditions must also be specified.

8.4 Qualification Documentation
i

The following subsections concern the documentation that
should be contained in the licensee's file for each type of
installed equipment that requires qualification.

8.4.1 Qualification Plan
' ~

Note: For many older qualification programs, a separate
i qualification plan may not be available. If the

plan is not available, a description of the quali-
: fication program sufficient to allow complete
{ understanding of the tests and their bases must be

contained in the qualification report. In cases
where a qualification plan is not available, the
plan attributes must be verified in the qualifi-

,

cation report or other qualificetion documentation.

The qualification plan should contain the following
informations

a. Equipment Identification - A detailed description of the
device being qualified must: be provided including-
mas.ufacturer, model' number, function, and ope tional

y capabilities.

A
b. Qualification Methodology - The plan must identify the.

method of qualification type-test, analysis, operating
experience, or any combination of the three..

c. Aging Analysis - The plan must identify and analyze the

I
expected effects of aging of the equipment during its
installed life. Aging may be 6efined as the change with
the passage of time of physical, chemical, or electrical

g properties of a- device under design' range operating
) conditions which may result in degradation of significant

performance characteristics.

I

1 -11-
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The various stresses which may resu)* in degradation of
equipment perf ormance characterist should be evaluated'*

for their effect on the equipment. The analysis should
identify and evaluate the materials of construction fe;
the equipment. Aging stresses that should be accounted
for include thermal degradation, humidity, pressure,
radiation, and operational stresses. Guidance on therma'
aging aralyses may be found in EPRI-NP 1558 (8], chapter
4. For radiation aging, the effects of diff erent types
of radiation (i.e., beta and gamma) should be addressed.

d. Synergistic Effects - Known synergistic effects must be
addressed in the analysis of aging and accident condi-
tions.. Synergistic effects exist when the effect of
combined stresses differs from the summation of the
effects of separately applied stresses. Synergistic

effects also result when the order of the application of
stresses changes the resulting amount of degradation
(e.g., for some materials, application of radiation aging
before thermal aging produces more- severe degradation
than performing thermal aging first).

Section C.5 of Regulatory Guide 1.89, Rev.1, states that
" synergistic effects known at this time are dose rate
effects and effects resulting from the different sequence

of applying radiation and (elevated) temperature."

Test Plan - Type testing is the method preferred by thee.
| ,

NRC for qualifying equipment for harsh environm6Mt
;

! service. Type testing should be controlled through the
use of a test procedure containing sufficient detail to
allow test personnel to perform the tests properly. The
test plan should contain the following:

1. A descriptP~n of the equipment to be tested
including manufacturer, model number, connections,
interfaces, and mounting.

i

2. Description of test facilities including monitorint ,

instrumentation and requiren accuracies.
.

3. The service conditions to be simulated.-*

4. Test procedures. (Note . The test procedures may be
l i prepared as a_ separate-doeurent.)

5. Test Sequence - The test sequence must follow the
guidelines provided in IEEE Std -323-1974, _ Section
6.3.2.

, .

.

I
-12-
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6. Acceptance criteria - The acceptance criteria should
~

.

state the minimum functional capability of the equipment,

that is acceptable during normal, abnor- mal, and design
basis accident testing.

7. Monitoring Requirements - The test plan must le tify the
equipment parameters to be monitored during testing. For
devices susceptible to radiation or dose rate effects
(e.g., electronics) monitoring during irradiation must be
required for accident simulation.

8. Documentation Requirements - The requirements for
documentation of the test results should be specified in
the test plan.

8.4.2 Qualification Report

The qualification report documents the implementation of the
qualification plan. The equipment specification and qualifi-
cation plan are required for evaluation of the qualification

{report. The attributes for the qualification reports that are
3to be evaluated are divided into criteria for type testing-

analysis, and operating expe&ience.

8.4.2.1 Type Testing |

The qualification documentation should contain the followinv
information:

{ a. The description of the equipment tested (manufacturer,
model number, function, and operational capabilities) .

,1 b. Similarity - When the description of the tested equipment
i does not completely agree with that of the installed

equipment, an adequate similarity antlysis must be
included. The similarity analysis must address
differences in materials, components, function, ratings,
size and weight, and construction. The equipment must be
manufactured by the same manufacturer under similar

methods and processes. Note: The similarity analysis' may be a separate document frcm the qualification report,
but must be contained in the qualification documentation
file,

c. Functional Testing - The results of the functional

I
testing performed before, during, and after the
qualification testing that show that performance requiru-
ments essential to the equipment's safety function have
been met.

I
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d. Aging Simulation - The aging simulation must adequately

acdress the environmental ano service conditions for the
application of the device. Note: The aging evaluation
may be contained in the qualification plan.

.

1. Thermal Aging - The time-related thermal degradation
of non-metallic matesials should be analyzed or
simulated by accelerated mear.s in the test program.
The most common method of accelerating thermal agis.g -

degradation is exposure to an elevated temperature j
for a relatively short period. The relationship [
of the test temperature and duration to the life at L

normal temperatures is determined through use of the
Arrhenius model.

The Arrhenius model can be represented by the . g
iallowing equation - +:

J
!d

ta = ts exp -

- a s- .m

ywhere ;

T = normal operating service temperature in
,

s
degrees Kelvin _.

'

Ta = accelerated thermal aging temperature in
degrees Kelvin-

ts = the age in days to be simulated for operation
* at the service temperature Ts

ta = accelerated thermal aging duration in days at
the test temperature Ta

$ = activation energy in eV

' k = Boltzmann's constant, 0.8617x10~4 eV/K

The Arrhenius model assumes that, within a limited,

temperature range, the rate of thermal aging of each,
material is governed by a single degradation mecha-

,

nism (related to the material's activation energy)

|
and'the absolute temperature. The rate of thermal
aging increases exp nentially as the activation,

energy is decreased and the absolute temperature- -

increased. In applying the Arrhenius model, care
must be taken to ensure that the activation energy
used applies to both the specific material and to,

g the degradation of the physical property of interest

] for that material (e.g., loss of tensile strength or
-

loss of dielectric strength) . -

_--

I
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When evaluating the thermal aging program for
normally energized equipment, it is important to.

identify any temperature rise from internal self-
heating ef fects. For such devices, the internal

} temperature rise must be accounted for when
performing aging calculations.

When a device is exposed to a temperature rise due
to conduction or convection from a process line
(e.g., RTD in a PWR hot leg line), the temperature
rise due to the process conditions must also be
accounted for in the aging analysis calculations.

2. Susceptibility to vibration - If the qualification
specification identifies non-seismic vioration as an
environmental condition, this vibration must be

addressed durirT qualification testing. Although no
t generally accepced model presently existe for

accelerating the effects of vibration, testing for
. susceptibility to vibration should be performed when
/ a vibration environmer.t is specified.

3. Operational Aging - Operational aging is normally
addressed by cycling a device to simulate the number
of operations anticipated for the device over its #

installed life. The operations performed during*

qualification must represent the number of cycles
and service conditions defined in the qualification.

specification. For continuous duty devices,
operational aging may be addressed through thermal
analysis and tests, and such analyses as bearing
life evaluations.

4. Humidity - Practical models do not exist for quanti-
tative acceleration of the effects of humidity on a
devicer however, an analysis or testing should have
been performed to prove that the device is not
susceptible to the effects of humidity. Note LOCA

i

withstand capability may be used as a means of
g indicating imperviousness to humidity.
I

5. Radiation - The device must have been exposed to the
integrated dose anticipated over its installed
life. Note: The radiation accident dose may be
combined with the aging dose in a single irradiation
applied prior to seismic testing.

e. Seismic vibration - Although the review of seismic
testing is outside the scope of the inspection, it should

I
be verified that seismic testing or analysis was per-
formed in the sequence of the environmental qualification
of the equipment.

I

I - 1 5-
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f. Design Basis Accident Simulation - The design basis.

accident conditions simulated in the test program ~ust*

envelop the accident condition requirements of the
qualification specification with adequate margins.

l. Accident Radiation - The equipment must have been'

exposed to the total integrated radiation dose
defined in the qualification specification. For

devices susceptible to malfunction during irracia-
tion (e.g. , electronics), the equipment must be
operable and monitored during the simulation. Both
gamma and beta radiation to which the equipment may
be exposed must ce addressed. Beta radiation may be

addressed by shielding analysis, replacing it with
an equal dose of gamma radiation, or by determining
that it is small by comparison with the gamma dose
(less than 10%, see Section 4.1 of the DOR
Guidelines). The radiation dose applied should

equal at least the specified dose plus a 10 percent
margin. The margin need not be added if the
specified dose contains a quantified margin of 10%.

2. Temperature Profile - The temperature profile must
envelope the profile provided in the qualification
specification and include adequate margin. Margin
may be applied in various ways, including two
applications of the initial transient and dwell at
peak temperature, extension of the time at the peak
temperature, and increase in the peak temperature
(see IEEE Std 323-1974, Sectior 6.3.15). The time
to reach the peak temperature for the initial
transient (s) should not exceed the time specified in

the equipment specification (i.e. , the rate of
temperature rise of the test reasonably represents
the expected rate of rise of the postulated accident
condition) unless justification has been provided,

j 3. Pressure Profile - The pressure profile attained
during the type test must envelope the profile in
the qualification specifi:ation and include margin

,
(see IEEE Std 323-1974, Section 6.3.15).

4

4. Sprays - Chemical or demineralized sprays identified
in the qualification specification must have been
simulated during the type test and the duration and
timing of application must be appropriate.

5. Humidity and Steam - The specified humidity and
steam requirements must have been met during the
accident simulation. Note: Application of high
temperature without steam and humidity conditions is
not acceptable.

!
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{ 6. Duration - The duration of the accident simulation
should envelop the period required by the
qualification specification. Acceleration (if any)
of the long-term post-accident periods, at near
normal environmental conditions, should be supported,

by analysis. Acceleration of accident conditions
at high temperature and pressure is not represented
by the Arrhenius model, unless activation energies
were determined under conditions equivalent to those
of the accident environment. It is important that
the test chamber environment contains air unless
oxidation effects are shown to be insignificant.

7. T. 't Setup - The apparatus used in performing the
te.t must be described in the qualification report.

8. Monitoring Equipment - The equipment used in
monitoring the environment of the chamber and the
equipment under test must provide an adequate
representation of test conditions (o.g., the
temperature sensor is reasonably close to the test
item to show the actual temperature experienced
rather than the steam inlet temperature), must be
calibrated, and must have the accuracy necessary to
support the reported results. An adequate number of
temperature sensors must have been used to obtain7

-

.e representation of the temperature environment.

9. Connections /Interf aces - The mounting configuration,
electrical and process connections, and interfaces

{ must be adequately described so that the methods
used can be duplicated in the plant application.

10. Deviations and Nonconformances - All deviations and
nonconformances identified in the qualification test
report or determinined during the application
specific review must have been analyzed for their
effect on the qualification of the equipment and the
analysis made part of the qualification
documentaulon file.

' 11. Periodic Maintenance and Refurbishment - The
qualification documentation must specifically
address any maintenance required to maintain the
equipment in its qualified state. This may include
replacement of components, lubrication requirements,

I
periodic inspections of seals and gaskets, or
complete equipment replacement.

8.4.2.2 Qualification by Operating Experience

i
The qualification report for qualification by operatir g
experience must contain the following attributes:

h

! -17-

.. .. . . . .

.
.. . . .

.. .

. . - - - - - - - - - - - - -- -



|

!
.'

The qualification specificationI a.
.

b. Comparison of required versus experienced operating
environments and conditions and a comparison of equipment

i descriptions and functions. If the historical conditions
s

do not completely envelop the required conditior.s,
analysis and justification mest be provided. Since no

plants have experienced a LOCA/HELB af ter a significant
period of operation, qualification for a LOCA/HELB
environment cannot be based solely on operating
experience.

Similarity Analysis - When the description of the testedc.
equipment does not completely agree with that of the
installed equipment, an adequate similarity analysis must
be included. The similarity analysis must address
differences in materials, components, function, ratings,
size and weight, and construction. The equipment must be
manufactured by the same manufacturer under similar
methods and processes. Note: The similarity analysis

may be a separate document f rom the qualification report,
but must be contained in the qualification documentation
file.

8.4.2.3 pualification by Analysis

The qualification report for equipment qualification by
analysis should contain the qualification specification and
plan. The report must contain all analytical assumptions,
mathematical models, and descriptions of computer programs

f used, along with the appropriatin justification for their use.
Qualification by analysis must be supported by partial type
testing that validates the assumptions and models used. The
type testing should be verified to be supportive of the
analysis and pertinent to the equipment and operating
conditions for which it is being applied.

6

9.0 PRESERVATION OF QUALIFICATION

f For the environmental qualification to remain valid throughout
4 the installed life of the equipment, the periodic maintenance,

testing, and component replacement assumed as a basis for
qualification testing or required by the manufacturer to
maintain qualification must be performed on the device. In

addition, the device must be replaced or refurbished at the
end of its qualified life to assure proper operation under

I accident conditions as required by 10CFRSO.49(e)(5).

The licensee must establish a program to determine the|
{ maintenance, testing, and component replacement requirements

from qualification documentation. The program must include

!

I -le-
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j incorporation of these requirements into the periodic mainte-
nance and test prograr. The program must identify and control
replacement of the entire device at the end of its qualified
life, replacement of subcomponents such as seals, 0-rings, and
diaphragms that may age more rapidly than the overall device,
and lubrication and testing specified as the basis of the
qualification or required by the manufacturer to maintain

I qualification.

Maintenance and testing requirements for preservation of
' qualification must be incorporated into periodic maintenance

and testing procedures for the devices. These periodic
maintenance and test procedures must be performed as scheduled.

$
The licensee must establish procedural controls that assure

i restoration of qualified equipment to the as-qualified
condition following scheduled and non-routine maintenance or
testing. The licensee's procedural controls must require

'

replacement materials and components to be in-kind
replacements or that their adequacy for use in qualified
equipment be established through approp11 ate evaluation or

I testing.

Modifications to qualified devices and systems containingi

qualified devices must be evaluated and controlled such that

the modified devices and systems retain their qualified
status. The licensee's program must require changes of

s j materials, and interfaces to be evaluated with regard to the
qualification of the devices. New electrical equipment
important to safety used in modifications must be added to the

list of equipment requiring qualification and the equipment
must be qualified in accordance with the licensee's estab-
lished procedures. The procedures for control of plant
modifications must evaluate all modifications for their effect
up'n qualified equipment. For example, eddition of fire
barriers must be evtluated for their change to local.

' environments such that a significant temperature change does
| not occur in the vicinity of qualified equipment.

The licensee's procedural controls must require the evaluation
9

and appropriate incorporation into maintenance testing program
4 of informction, such as IE Information Notices concerning

equipment failures and notifications by vendors of modifica-
tions to maintenance requirements or of recognized equipment
deficiencies or problems, affecting the preservation ofi

qualification of equipment.

The licensee's program for evaluating failures and significant
out-o -calibration conditions should require evaluation of the
deficiency with regard to the qualified life of the equip-
ment. Failure of qualified equipment in service prior to the
end of its qualified life may indicate that environmental or
service conditions beyond those simulated in the qualification

i

I
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program are affecting the equipment or that the aging
Ifsimulation during qualification testing was inadequate.

the failure mode could affect multiple applications of a
device, the qualification of the device should be reevaluated.

The licensee's program must require procurement documents for4

new and replacement equipment to specify the qualification
requirementn of 10CFR50.49 f or equipment requiring qualifi-*

Section C.6 of Regulatory Guide 1.89, Revision 1,cation.
provides guidance for specifying qualification of replacementThe licensee'sparts to requirements other than 10CFR50.49.
procurement program may allow procurement documents to have
different levels of detail for dif ferent types of replacement

For in-kind replacement of materials and parts,components.
the specification of normal and accident environ- ments need
not be given and individual qualification testing of the
materials and parts need not be required. However, the

procurement documents for in-kind replacement must require
materials and parts to be identical to those of the qua''fied
equipment in which they will be used. Procurement documents
for other than in-kind replacement materials, parts, and
equipment must provide sufficient information to the vendor to
allow qualification to be performed. (An alternative to this
is licensee performance of qualification testing or analysis
of compenents that are not in-kind replacements.)

10.0 PHYSICAL INSPECTION
i

The physical inspection of equipment requiring qualification
will allow verification that qualification documentation is
applicable to the installed equipment, that replacement and
modification commitments have been implemanted, and that the
actual normal environments sre in agreement with the specified
normal environments. The physical inspection will also
provide a general indication that the qualified status of
equipment is being maintained and that all equipment requiring

|
qualification has been included in the qualification program.

It is recognized that physical inspection will be limited by
access conditions for the location of the equipment. When'
possible, the physical inspection should be scheduled during a
major outage to allow access to harsh environment areas for
which access is restricted during operation.

Prior to performance of the inspection, determine the
following information for each of the selected devices:

the device description, manufacturer, and model number as' c
documented

l o the safety function

o location of equipment
the expected normal environmento

-20-
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shielding or environment modification requirementso
mounting and orientation requirementso
qualified interfaces.o

This information may be obtained from the licensee's systent

component evaluation work sheets ( ScrW sheets), the environ-
the corrective action commitments listment specification,,

and
(for shielding and environmental modification),
qualification documentation for the equipment.

During the physical inspection, the following tasks should be
,

performed

Determine that the description, manufacturer, and model
number match those of the documentation.

a.

Determine that the location agrees with the documented
Particular care should br takin with respectb.

location.
to compartment level for areas-subject to submergence,

Note environments and check for indications of tempera-
ture and moisture in excess of the expected environment.c.

For areas with recorded temperatures (such as the
the recorded temperature may be checked.

drywell),

The method of mounting and orientation of the device
should be compared with that described in thed.

4 documentation,

List any auxiliary devices mounted on or attached to the
f equipment that could affect operation.

e.

Determine that the interf aces for the equipment are the
same as those qualified (i.e., procese connectien,I f.

electrical connections, and housing seals are the same as'

those qualified).

Determine that all external compartment covers, gaskets,.

and seals are in place and that they appear to be in goodg.

Record the general external condition of, condition.
equipment.

Determine that any required shielding or additional EVACIn the case ofh.

equipment is in place and f unctional.it is adequately supported and
shielding, determine that8

does not have a.potentially adverse effect on the
such as limiting cooling.equipment,

;

Note whether equipment may be affected by conductive heat
1.

transfer from the process connection.
I

-21-

.



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

. .. .. .. .. . . ..

1
'

.

,

j. Determine if non-safety-related equipment is in close

proximity to the qualified device such that its failure
could compromise the safety function of the qualified
device. Record its existence for further verification. *

Following the physical inspection, differences between the as-
installed condition and the as-documented conditions should be
addressed by the licensee. Such conditions as unexpected
elevated temperatures and humidity conditions, loose covers,
and improper mounting must be corrected. The licensee should,

be requested to review all other similar equipment .

11.0 QUALIFICATION ATTRIBt7tES OF TYPICAL ELECTRICAL EQUIPMENT IN
SAFETY-RELATED APPLICATIONS IN HARSH ENVIRONMENTS

This section lists environmental qualification concerns4

relating to specific types of equipment located in harsh
environments. These concerns are based on knowledge of the
equipment and reviews of existin; qualification documenta-
tion. The concerns have been divided into three categories:
documentation, physical inspection, and preservation of
qualification.a

11.1 Electronic Transmitters (Pressure, Flow, Temperature)

11.1.1 Documentation
8

a. Seals for electronics housings are generally critical for

correct operation under accident conditions to prevent
steam and contaminants from affecting electronic

circuitry. A review of documentation should indicate'

whether these seals must be replaced each time the
housing is opened for calibration or maintenance and

f whether periodic replacement of the seal is required to
maintain transmitter integrity.

i
b. Transmitters with similar -model numbers may have large

variations in ranges and applications. Care must be'

taken in determining the ranges and applications for
which the transmitters are qualified. Manufacturers

A provide charts for interpretation of model numbers. The
qualification documentation should explicitly indicate
the models that are qualified.

i

c. Transmitter electronics may be susceptible to radiation

dose and dose rate effects. Tranumitters must have beeng

] shown to be operational during accident radiation
simulation. Variations in accuracy during irradiation
must be addressed by the qualification documentation.

-22-
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i Acceptability of such variations must be addressed for
the application of the device.,

.

,

d. The application of the transmitter may be limited by the
[ process temperature. Qualification documentation or

product literature should address these limits.

e. Mounting orientat'on may be limited to that of the
qualification ter. or may require compensation of
settings to account for variations in mounting unless the

'
documentation justifies the applicability of the test

[ mounting to o' her mounting methods,

11.1.2 physical Inspection

a. The model number and range of the installed transmitter
must be covered by the qualification documentation.

b. The process connection method used on the installed

device should be the same as that described in the
documen*stion file. Certain qualification tests
indicated that particular types of process connections
allowed leakage,

c. If non-seismic, non-hydrodynamic vibration f rom the
process line or proximity to other equipment is identified
on inspection, the qualification documentation should be

reviewed to determine if such vibration was addressed.

d. Sealing of the transmitter housing is critical therefore,
j all covers should be securely in place. All exposed seal

edges should be in good condition and not be cracked or
otherwise appear deteriorated,

i
I e. If local indicators or other auxiliary devices are found

to be connected to the transmitter, their qualification
must be addressed in the documentation. Failure of such

i devices will generally prevent the transmitter from
f unctionir.g.

t
f. The electrical connections and housing penetrations must

be the same as those des,cribed in the documentation
file. (Sealing of transmitter is generally critical to
tne function during accidents.)

g. If the transmitter is found to bo below submergence
; level, the transmitter qualification must address
^

g submergence.

h. The mounting orientation and method must agree with the
methods allowed by the qualification documentation.

i
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1. The process temperature at tht device must be within thei

limits prescribed by the manufacturer or the qualifi-
cation of the device,

11.1.3 Pr eservation of Qualificationi

,

a. The maintenance and calibration intervais must agree with

or be more conservative than those assumed in the
qualification program.

'

b. If required, le maintenance and calibration procedures

must address replacement o' seals and gaskets upon
removal of housing covers.

e

The calibration program should address evaluation ofc.
calibration drifts and zero shifts that are beyond the

qualified limits. Such calibration drif ts and zero
shif ts are, in reality, f ailures of the transmittere and
should be evaluated to determine that the qualification

program was adequate for the instrument or that condi-
tions not considered during qualification have occurred

during service,

11.2 Trip Switches

11.2.1 Documentation

a. During qualification, trip switch functional tests were
sometimes performed by applying proce=s test values
equivalent to the setpoint, which does not demonstrate-

whether the switch would actuate at lower or higher
pressures due to a setpoint or zero drift. Verify that
during functional tests of the device, the actuation
point was determined by gradually approaching the set-
point from a lower or higher simulated process condition
as appropriate for the application (e.g., actuate on

' increasing pressure - test the device by approaching the
setpoint froc , lower pressure; actuate on decreasing

i pressure - test with process pressure approaching the
setpoint from a higher pressure),

,

b. Trip switches, like transmitters, are subject to drift in
their setpoints. Verify that the setpoint drift during

;
qualification testing did not exceed the allowable'

tolerance defined in the acceptance criteria or that the
setpoint drif t recognized during qualification testing
was evaluated for the plant-specific application.

g c. Switches located below flood levels may be subject to

] electrical shorting as a result of in-leakage. For
,

device locations susceptible to submergence, verify that j

testing was perf ormed on the trip switch to verify its 4

proper operation under submergence conditions.

I
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11.2.2 Physical Inspection

a. During qualification testing, specific process and
elec*.rical connectiona are used. Verify that the
connections used in the application are the same as those
which were qualified or that justification for alternate
connectica systems have been provided,

11.2.3 ? reservation of Qualification ;

a. Many gaskets sed seals have limited qualified lifetimes.
j identiff any seals or gaskets with limited lifetimes in -b

the qualification documentation, and verify that their
periodic inspection / replacement is addressed in the
maintenanco program.

b. Most trip switches can maintain their setpoint accuracy
for limited periods in use. Determine if the qualifi-
cation documentation requires periodic adjustment or
calibration of setpoints, and verify that these
requirements are addressed in the maintenance program.

11.3 Radiation Monitors / Detectors i

11.3.1 Documentation
J

Radiation monitors are normally qualified as a system 'a.
which includes detectors, cables, electronics packages, h
and other accessories. Because the detectors provide

"

J very low-level signals, the gunlification of the cable
and connector system is critical to assure that the
signal will be transmitted.

b. The electronics packages for the radiation monitors
normally will not withstand a harsh environment (i.e.,
high temperature radiation or steam). Determine if the
electronics must be located in a mild or relatively mild.

envirorsment suitable for its qualification.

!

c. In qualifying radiation monitors, agiag was sometimer
considered for the entire device without addressing the
materials of construction. Determine that the aging
analysee identify the materials contained within the '

device and that the aging analysis- is based on the most
sensitive material.

, d. Modifications were made to some radiation monitors during
the testing to improve their performance without repeat-
lag steps of the testing already completed. Determine
that evaluations of the effects of the modifications on
the completed portions of the test program were perf ormed,

f -25-
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e. Interconnecting cables used between detec';or assemblies
and electronics packages should have been included in the'

qualification testing. Experience has shown that some of
these cables require specific mesna of connection to
ensure their integrity. Determine that the cable used,

during the testing in 7 4-qualified cable or that its
qualification is completely covered by the test program -
and that any special connection methods are described in
sufficient detail that they may be reproduced in the

plant.

f. Kadiation testing was nos perf ormed on some monitor
Jystems. Determine that the effects of radiation were
ada.resced for the equipment.

(
) 9 Determine that operation of the monitoring system was
1 simulated during irradiation tests and that the system

responded properly.

11.3.2 Physical inspection

a. Manufacturers may have many different models under a
generic equipment family. Determine that the devices
installed in the plant are the qualified models.*

I

b. As disevased in the documentetion section, determine that
the installed cable is qualified and that any special
connections or saals used to qualify the equipment ares ,

used in the installation.

11.3.3 Preservation of Qualitication

a. Many seals, gaskets, and electronic components have
limited lifetimes in nuclear service. On the basis of
the maintenance requirements in the qualification docu-
mentation, determine that the maintenance program
addresses the periodic replacement / refurbishment of these

'

components.

b. Since the qualification of the equipment may be dependenti

upon the cable and cable connection methods described in
'

the qualification documentation, determine that the main-
tenance program establishes control over replacement /
removal of interconnecting cabling.

1

11.4 Hydrogen Analyzers.

i
11.4.1 Documentation

| a. Qualification programs for some hydrogen analyzers did
not include an analysis of material's used in the device.
Determine that degradation as a result of aging was

addressed for the material used in the device.
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b. Some anclyzers were tested for limited accidents, and'

qualification to higher temperature and pressure profiles
was not demonstrated. Determine that the accident
profiles to which the device wac qualified envelop the
design conditions for the location of the equipment.

.

11.4.2 Physical Inspection

(No specLfic concerns)

11.4.3 Preservation of Qualification

Many of the components in the hydrogen analyzers havea.
different qualtfied lifetimes and require replacement or
refoxtishment at different intervals. The maintenance

|program should be reviewed to determine that these
|

inte vals are addressed.

b. Some hydrogen analyzers require that the probes be i v;ted
for proper operation. Determine that periodic maim _e-
nance or inspection programs address this requirement.

11.5 Accelerometers / Acoustic Monitors

Accelerometers and acoustic monitors are normally made up ofNote: sensor, interconnecting cable, andthree primary devices: a

an electronics package.

11.5.1 Documentation

Many different models exist for sensors and electronicsa.
It should be established that the models usedpackeges.

in the plant are identical to the qualified model or that'

a similarity analysis was provided to establish qualifi-'

cation of the installed devices.

b. Electronics pac): ages for some devices are not suitable'

for ose in a harsh environment. It should be determined
that the environmental parameters for the location of the

-

equipment are enveloped by the qualification documen-
tation.

Accelerometers and acoustic monitor sensors may requirec.
unique installations. The installation reqairements

i

identified in the qualification documentation should be
reviewed for verification during the physical inspection.

I

11.5.2 Physical Inspection

I The qualification documentation may require sealing ofa.
cable connections to prevent electrical shorting due to
in-leakage during accident conditions. The connections

*

I l
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should be inspected to determine that required sealingi 5
, has been implemented.

4

Determa te that the mounting method agrees with theb. ,

qualified methad.> >
,

j

11.5.3 Preserva'. ion of Qualification
l

Where special sealing or mounting requirements are
|a.

spect.fies in *hs qualification documentation, determina
, that sta metniconnce program controls removal and'

replacement of connections and mounting to ensure that
the methcds required by the qualification program are ,

preserved.
.

11.6 Motorized valve Actuators
i

11.6.1 Documentation

Due to the time period over which many motorized valvea.
actuators were manufactured, shipped, and installed, the
materials used in the construction of the actuators have'

Verifica-changed, most notably the organic components.
tion of the similarity of the installed device to the
qualified device is necessary.

The aging analyses for many of the actuators may not haveb.
addressed all orgsnic materials. The aging analysis
should address the motor winding insulation, motor lead
wire insulation, lubricants, and the organic materials in*

switches and seals,

Failures have occurred during qualification testing ofc. motorized valve actuatot1, most notably due to chemical
-

attack on some motor insalations and. radiatior.-induced
. failures of motor brake assemblies. Most qualification

atte mpts for motor brake assemblies resulted in failure.
If a brake is used in the plant, determino thati

acceptable qualification results are available.i

s
11.6.2 Physical Inspection

,

Determine if the moturised valve actuator contains aa.
motor brake assembly. If it does, verify that-the

Mostqualification documentation' includes the brake.
motor brakes have not been successfully qualified.

>

During qualification. testing, water. leakage into powerb.
and control terminal areas caused some valve actuator,

g|~ Determine that the conduit connection 6 forfailuren.-
power to the motor and for control signals are sealed in-
accordance with the qualification documentation.
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11.6.3 Preservation of Qualification

Although many motorized valve actuators have a qualifieda.
life claim of 40 years, the lubricants, seals, and
gaskets require periodic replacement. Determine that the
maintenance program makes provisions f or addressing these,

items,

11.7 Solenuid Valves

11.7.1 Documentation

Continuous energization of a solenoid valve in servicea.
contributes significantly to the age-related degradation
of elastomeric components as a result of temperature
rises due to internal self-heating effects. Simply
energizing the solenoid valve during a thermal aging
simulation does not account for the increased degrada-
tion. Determine that the continuously energized solenoid
valves have been identified and that the internal
temperature rise due to self-heating effects has been
included in Arrhenius calculations. For valves that were
subjected to thermal aging while continuously energized,
the internal temperature rises should be included in the
calculation of the thermal aging temperature,

~

e

b. The materiala used for seats and seals should be
evaluated for their specific application. Viton has

>been shown to be susceptible to radiation damage when
subjected to radiation doses exceeding approximately 20

.

Mrd and ethylene propylene terpolymer (EPDM) has been
found to degrade as a result of air systems not being
reasonably oil-free. Polyurethane has been chown to
sof ten and adhere to other materials in the presence of
water or oil at 140'F.

c. If the solenoid valve is required to perform a post-LOCA
function, specified acceptance criteria for allowable
seat leakage should be established. The seat leakage

, measured during qualification testing should be cot: pared
to these acceptance criterie to verify that the valves*

are adequately qualified for this service.

4 11.7.2 Physical Inspection

Solenoid valves contain many elastomeric components whicha.
are subject to thermal degrrdation. During the physical

, inspection, identify any solenoid valves mounted on or in
close proximity to high-temporature process lines. For
solenoid valves on or near high temperature process
lines, determine that the licensee has established the

I
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e

effect of the temperature rises (caused by condection of
heat frcn the process) on the qualifie6 life of the
components.

11.7.3 Preservation of Qualificatior.e

Most solenoid valves have limited qualified lifetimes ar}d I' a.
require periodic replacement of seats and seals or
complete replacement of the device. Determine that the
maintenance program requires periodic replacement of the

,

seats and seals or of the entire valve, as required by
the qualification progrc.m.

11.8 Limit switches

11.8.1 Qualification Documentation

Some limit switches contain organic materials, such asa.
nylon, which are susceptible to swelling when exposed to
radiation. This swelling may af fect contact pesition
during irradiation, but may disappear within a f ew days
of completion of inadiation. Verify that the limit
switc; was monitored and operated properly during the
radiation simulation if materials that may swell have
been used.

|
11.8.2 Physical Inspection

Most limit switches were tested with some type of conduita.
seal to prevent the entrance of moisture inte the device.+

Determine that a qualified seal is used in the device
installation.

b. Some manufacturers have qualified similar limit switches
for different environments (i.e., inside containment or

outside containment). During physical inspection, care
9 must be taken to datermine that the installed model is

|

I
the model that is qualified for the environment
associated with the location.

f 9

'
! 11.8.3 Preservation of Qualification

The seals and gaskets of most limit switches hr.ve beena.

k qualified for a limited lifetime. Determine that the
maintenance program addresses their periodic replacement.

|
^

b, sene limit switches are qualified for only a-4- to 5-year-

period. Determine that replacement of such switches is
included in the plant maintenance program.

Some limit switch manufacturers require periodic cali-c.
bration of the device travel. Determine that the

-30-
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periodic calibration is addressed if required by che
qualification documentation.

11.9 Elvetric Motors (Large, Continuous Duty)

11.9.1 Documentation

Bearing Lubrication - Lubrication of motor bearings isa.
essential to continued motor operation. The qualifica-

tion documentation should be reviewed to determine that
the effects of radiation, aging, and contamination from
accider.t environments and high temperature are addressed
for lubricants. In additior recommended maintenance
intervals for testing or replacement of the lubricant
should be identified.

b. The motor winding-to-lead wire splice and lead * wire
should be addressed in the qualification documentation
and should be qualified with the motor, or separate,

qualification documentation should be available.

Larger motors may be equipped with accessory equipmentc.
such as motor or bearing cooling systems er heaters.
These accessories must be evaluated to determine if
accessories are required for motor operation or if their
failure could inhibit proper motor operation. If the

accessories are required for operation, they should be
environmentally qualified; if they are not required, an
analysis should be provided showing that failure of the

I accessory will not cause motor failure.

d. Protective devices required to prevent motor damage

|
should be qualified for their application and proven not
to remove the motor from service inappropriately.'

The junction boxes and method of termination of externale.

feed cables for the motors should be identified for,

comparison with the installed device.
t

f. The orientation of the motor reported in the qualifica-
tion documentation should be identified. (Large motors,

are generally designed for one orientation only, and the
qualification documentation should be specifically for .

' that orientatior.. )

'The lead wire connects the winding to the motor terminals and is not
4 *

to be conbised with the external power feed cable for the motor.

I 31
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! j
'

The motor enclosure type used in qualification should be
,' g.

identified (e.g., sealed, open).

11.9.2 Physical Inspection
I

The motor naneplate data should be compared with thea.
description in the qualification documentation. ;

Pertinent information includes ratings, frame size,
insulation class, operating voltage and current, and
enclosure type.

,

b. The motor should be physically inspected for accessories
such as cooling jackets, heaters, or lubrication systems
(e.g., pumps, valves). (Note: Disassembly of the motor
to determine the presence of accessories is not
recommended.)- If these accessories are installed, it
should be established that the support equipment is
qualified or analyzed for the effect of its failure.

The rotor housing should be inspected for loose orc.
missing covst plates and for housing sealing methods ;

other than those described in the qualification
documentation.

11.9.3 Kaintenance Documentation
.

Determine that maintentace procedures eddress periodica.
testing or replacement of lubricants as specified in the
qualification documentation or supplemental vendor

.imaintenance requit ementc.

h Determine that maintenance procedures address replacement
'

b.
of bearings when required.

1 For sealed motors, determine that periodic inspection orI c.
replacement of any organic seals is performed as required
by the qualification documentation.

I
d. For motors with opsn housings, determine that periodic

cleaning of motor internals is performed.
,

a

i 11.10 Electrical Cable

|

i 11.10.1 Documentation
I-

The most significant problem in-establishing qualifica-a.| tion of installed cable has been establishing similarity
| | to the cable that was tested. To demonstrate similarity
|. in accordance with IEEE Std 383-1974 [9), the followingl

attributes should be compared:

I

-32-
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1.

1. Conductor - material identification, size,

stranding, coa''.ng

2. Insulation - material identification, thickness,
method of application (should include curing method) .

3. Assembly tmulticonductor cable only) - n2mber and )arrangement of conductors, fillers, binders

4. Shielding - tapes, extrusions, braids or others )
1

5. Covering - jacket or metallic armor (or both),
material identification, thickness, method of
application (should include curing method)

6. Characteristics - voltage and temperature rating
(instrumentation cable - capacitance, attenuation,
characterististic impedence, microphonics,
insulation resistance)

7. Identification - manufacturer's trade name or
catalogue number

Note: As a minimum, a manufacturer's statement or
certification that the qualification documentation
applies to the installed cabic should be available (e.g.,
a statement that the material used and construction.

| methods are the came as those of the qualification
specimens).'

b. In cable qualification tests, functional capability was
monitored during accident simulation. Verify that the
monitored parameter was of interest for the cable
application (e.g., impedence for shielded instrument

| cable),

The qualified life evaluation of power cable shouldc.

!
include consideration of temperature rise from the
currents passing through the cable.

11.10.2 Physical Inspection
e

Determine, on the basis of the attributes listed ina.
dection B.10.1.a, that the installed cable is similar to
the cable gaalified. (Verification of manufacturing

i

codes and numbers may be all that is possible.) Cable
marking numbers should agree with qualification data.
obvious signs of mishand13ng or deterioration should be

,
noted.

h
i

-33-
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* 11.10.3 Preservation of Qualification

(No specific attributes)

| 11.11 Electrical Penetration Assemblies

11.11.1 Documentation

a. During qualification testing of electrical penetration
assemblies, separate test specimer.s were used in many of
the programs for different steps of the test sequence.
Since this procedure is unacceptable, determine that a
single specimen was exposed to all environmental
influences required to demonstrate qualification,

b. Aging analyses for penetrations addressed only a limited
'

number of materials. Determine that all non-metallic
materials used in construction of_the penetration were
evaluated for the effects of age-related degradation.

c. Test documentation for penetrations has shown substantial
reductions in insulation resistance during exposure to

steam. For documentation where this is noted, determine

that the licensee has evalusted the effects of the
insulation resistance losses on instrumentation signals

passing through the peretration.

11.11.2 Physical Inspection

a. Because of the many dif f erent types of modular and*

cellular penetrations in use, it should be verified that
the qualified specimens are representative of the
installed penetrations.

11.'11.3 Preservation of Qualification

a. Because of the tendency of some epoxy and other organic
materials to shrink with age, verify that the maintenance
program addresses inspection and testing of- penetrations-

to verify the adequacy of seal matarials.-
,

i

.

11.12 Splices, Terminations, and Connections

11.12.1 Documentation

- l a. During qualification testing,-many terminations and
connections were qualified while encased in externta
enclosures (e.g., junction boxes) . Determine if the

j g

\ 1
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qualification documentation requires such enclosures to
be installed.-

11.12.2 Physical Inspection

a. Many different types and materials are in use for
terminations, splices, and connections. Determine that
the installed materials are those which were qualified,

b. Some manufacturers have placed limitations on the use of
terminations, splices, and connections (e.g., two lug
limit on a single terminal screw). Determine that any
limitations established by the manufacturer are not
exceeded in the installation.

c. Where qualification is predicated upon enclosure of the
device, determine that the proper enclosure is provided,

11.12.3 Preservation of Qualification

a. Many manuf acturers have provided explicit installation
procedures for splices, terminations, and connectors.
Jetermine that the maintenance program addresses use of
these procedures for rainstallation after naintenance.

.

Y

I

e

4

[ $

!

|

1
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Appendix As Remedial Actions for TER Findings.

section A.1 of this appendix provides a list of eight generic corrective
actions which may be taken by the licensee to resolve deficiencies in the

J

Although the eight corrective actions are not the only possibleTER. ;resolutions cf tne deficiencies noted during the review, they are the
Any proposed corrective action must be evaluated for its !

most common.
applicability in demonstrating qualificatior of the installed equipment.

Section A.2 includes a brief description of the generic deficiency
categories noted during the review of enviroamental qualification ,

Idonumentation submitted for 71 operating plants in response to IE
B 11etin 79-01B. The reasons for citing a specific deficiency t.re
included with each deficiency.

I
,

|

1

A.1 GENERIC CORRECTIVE ACTIONS

The corrective actions listed below can be applied almost
universally te the deficiencieb noted during the review,

Replacement of an unqualified device with a qualifieda.
device

b. Perform r.ew qualification testing for existing equipment
or acttire existing documentation

,

Perform similarity analysis to show that existing docu-c.
mentation applies to the installed device

A
,

I d. Qualify by analysis (also extend qualification by
analysis). In general, analysis should be used only for

i
effects of one environmental parameter, since models for

l multiple effects generally do not exist

Modify service environment or provide shielding to allow' e. '

use of existing documentation

f. Relocate equipment to mild environmentf

6

Exclude from scope of equipment requiring qualification9 (determination that equipment does- not perform a safety
| function and its f ailure will not affect the performance

of a safety function by another device)

h .' Relocate equipment above flood level.-
;

I
A-1
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A.2 GENERIC DEFICIENCIES FROM TECHNICAL EVALUATION P2 PORT *'
.

A.2.1 Documented Evidence of Qualification Inadequate
;

a. Basis for Issuance of Deficiency
,

1. Comp.ete absence of documentation

2. Documentation did not address environmental I

qualification
.

3. Documentation consisted of a test summary only, or

4. Documentation consisted of a certificate of
compliance (no other documentation p2ovided). ;

i

b. Possible Corrective Actions (from A.1)
.

ao be fo 4

A.2.2 Adequate Similarity 3etween Equipment and Test Specimen
Nc,t Established

a. Basis for Issuance of Deficiency _

l. System Cunponent Evaluation Work Sheet (SCEW sheet)
did not contain aufficient-information ia describe
installed equipment adequately

*

2. SC"W sheet identified a model number different from
the model identified in the qualification documen-

.

tation

3. Test report contained only device tag numbers-and no-
equipment model-numbers, or

4. Equipment subjected to qualification testing had
4 special modifications for testing.

b. Possir.le Corrective Actions (from A.1)-
,

* a, ko ce f, g

A.2.3 Aging Degradation Not Evaluated Adequately and-Qualified Life
or Replacement Schedule Not Established

,

'

I

t a. Basis for Issuance of Deficiency

I 'The TER deficiency descriptions were positive statements (e.g., "Docu-
| ment Evidence of Qualification Adequate"):'here they are given in nega-;

.

i

tive form for ease of interpretation of tne defic.::.ency.

A-2
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1. Improper use of activation energies in aging
. calculations

\

2. Elimination of components subject _to aging
|
i

degradation from the aging evaluation without
;

adequate justification
I

Extrapolation of manufacturer's recommended replace- .

3. !ment intervals to forecast a longer qualified 1.4te
without verifying the extrapolation with the

,

manufacturer
!

4. '?tansposition and extrapolation of LOCA test
environmental exposure to predict qualified life I

.

without adequate justification and analysis.

b. Possible Corrective Actions (from %.1)
s

a,b,c,d,e,f,g

Criteria Rq prding Aging Simulation Not satisfiedA.2.4

Basis for Issuance of Deficiencya.

1. Agir.g simniation not performed prior to accident
simulation (applies only to NUREG-0588, Category I

-

qualification programs).
.

b. Possible Corrective Actions (from A.1)

a,b,d,f,g+

Criteria Regarding Temperature / Pressure Exposure Not SatisfiedA.2.5

Basis for Issuance of Deficiencya.
|

| 1. Peak Temperature Inadequate

f
'

) (a) Peak temperature during qualification testing
did not envelop plant-specific conditions.

i

' 2. Peak Pressure Inadequate

(a) Peak pressure during qualification testing did- t

'

not envelop plant-specific conditionsi

(b) Accident testing was performed at ambient
; pressure.
g .

3. Duration inadequate

!

!
|

A-3
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(a) Testing was performed for 1 or 2 hours at
' elevated presJure and temperature and used as

evidence of qualification for longer periods

(b) Accident testing was performed for 30 days wjth
a specified plant accident duration of up to
one year.

4. Required Profilc Enveloped Inadequately

(a) Failure of qualification results to envelop the
specified accident conditions.

5. Steam Exposure Inadequate ,

)
(a) Accident testing was performed in an air oven ;

at elevated temperature with no steam exposine. |

b. possible Corrective Actions (from A.1)
,

a, b, f, g

A.2.6 Cri+.eria Regarding Spray Not Satisfied i

a. Basis for Issuance of Deficiency
,

1. Chemical / demineralized water spray was not used
during accident simulation

2. Paterial analyses were performed to qualify
equipment for chemical spray without considering the.

increase in reactivity of the spray solution with
increases in temperature or the effects of chemical
plateout.

b. Possible Corrective Actions (from A.1)
,

a,b,d,e,f,g

A.2.7 Criteria Regarding Submergence Not Satisfied
,

a. Basis for lisuance of Deficiency*

1. Equipment was identified as subject to submergence,
i but no testing was performed, cr

2. Equipment was identified as completing protective
actions prior to submergence, but no failurej

| analysis was provided to demonstrate that the

_

equipment's failure when submerged would not af fect
- other class IE equipment.

I A-4
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b. Pocsible Corrective Actions (from A.1)
,

a, b, h or performance of a failure effects analysis (for
case 2 above only)

A.2.8 Criteria Regarding Radiation Not Satisfied

Basis for Issuance of Deficiencya.

1. No test or analysis for radiation withstand
capability was provided,

2. Squipment f ailed or exhibited aberrant behavior when
exposed to radiation, or

3. Material analysis did not-adtress the critical
properties of the material fer its application in
the equipment.

b. Possible Corrective Actions (from A.1)

a,b,e,f,g
!

A.2.9 Criteria Regarding Test Sequence Not Satisfied

a. Basis for Issuance of Deficiency

1. Equipment containing materials subject to
age-related degradation was not aged, ,

4 2. Equipment containing materials subject to radiation
damage was not irradiated, or

3. Testing was performed-on different test specimens
with no one specimen subjected to' entire test'

sequence.
.

' b. Possible Corrective Actions (from A.1)

a, b, f, g
,

A.2.10 Inadequate Resolution of Test Specimen Failures or severe*

Anomalies

6 a. Basis for Issuance of Deficiency

1. Equipment f ailed during inittal phases of accident-
;

testing,
g

A-5
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'

O. Equipment failed at longer term point of accident
testing (e.g., failure at 15 days) with inadequate'

evaluation of the failure and accident simulation
stresses

| 3. Significant instrument accuracy or setpoint changes
were noted, or

i

4. Test equipment anomalies caused exposure transients
with equipment failures resulting without adequate
evaluation or analysic of event.

b. Possible Corrective Actions (from A.1)

a, b, f, g

Note: In cases where equipment failure occurred that
was not attributable to inappropriate testing;

replacement, relocation, or exclusion from
scope should be used rather than retesting.

A.2.ll Crit':ria Reg &m fing Instrument Accuracy Not Satisfied

a. Basis for Issuance of Deficiency

l. Instrumentation was testad, but no data on accuracy'
,

,

or setpoint and zero drift were provided, orl

i

2. Data on accuracy and drift were provided with no
j evaluation of adequacy for the specific applicat'.ons.

b. possible Corrective nations (from A.1)

1 a, be f, 9

i

| <

s
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REFERENCE INFORMATION FOR ENVIRONMENTAL QUALIFICATION INSPECTIONS,

.

1. 0 INTRODUCTION

This document provides backg round information and reference
material for use in performance of er.vironmental qualification
inspections. The information is contained in this document !
rather than in the Temporary Inspection because of its j
l e ng th. The topics described herein relate to the major '

concepts of equipment qualification inspection.

|

2.0 BACKGROUND

On May 23, 1980, the NRC issued Memorandum and Order.

CLI-80-21, specifying that licensees and applicants must meet
the requirements set forth in the DOR Guidelines [1] and
NUREG-0588 [2].

In mid-1981, the NRC issued Safety Evaluation Reports (SERs)
on environmental qualification of safety-related electrical
equipment to licensees of all operating plants. Where
additional qualification information was required, the
licensees were directed to respond to the NRC within 90 days
of receipt of the SER.

In October 1981, the NRC authorized Franklin Research Center

(FRC) to evaluate the licensees' resolutions of outstanding
issues on equipment environmental qualification (EEQ) as
discussed in the NRC SERs. The assignment was to review the
qualification documentation in accordance with NRC criteria
and to present the results in the form of a Technical Evalua-
tion Report (TER) [3] for each of the 71 operating plants.
The title for each TER was " Review of Licensees' Reso)ntion of
Outstanding Issues f rom NRC Equipment Environmental Quali-
fication Safety Evaluation Reports" followec by the station
name and unit number. Using the TERs, the NRC staff prepared
Safety Evaluation Reporto. Subsequently, the licensees
responded with corrective action commitments and schedules.

j This inspection effort determines that the corrective action
commitments are being properly implemented. In addition, tne
inspection determines that each licensee has implemented a

l
program that fulfills the requirements of 10CFR50.49 [4] for

; control of the qualification process. Included in the
y inspection process is the physical inspection of the installed
'

equ,ipment.
|

.
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3.0 DESCRIPTION Of THE INSPECTION
.

There are four main areas of concern in the inspection: |
compliance of the licensee's program with 10CFR50.4 9, |

implementation of corrective actions regarding equipment |
requiring qualification, preservation of the qualification of |
equipment, and physical inspection of qualified equipment. '

These four areas of concern have been incorporated into three i

inspection segments: procedural and programmatic inspection,
documentation file inspection, and physical inspection.
Methodology that may be used during the inspection to perform
the various subtasks is given in this document.

.

4.0 DESCRIPTION AND USF. OF EQ TER - REVIEW OF LICENSEES' '

RESOLUTION OF OITISTANDING ISSUES FROM NRC EQUIPMENT
ENVIRONMENTAL QUALIFICATION SAFETY EVALUATION REPORT

The TER (3) is useful both for determining the nature of the
licensee's past problems with environmental qualification of
equipment and for developing the list of devices to include in
the inspection.

These TERs contain the results of the review of the licensee's
harsh environment equipment qualification documentation with
respect to the plant design environmental conditions.

Section 1 of the TER provides an introduction and defines the
scop 9 of the effort. Section 2 defines the review criteria.
Section 3 describes the methodology used in the review.

Section 4 of the TER contains the most useful.information for
the inspection and includes reviews of each piece of equipment
as well as summarica of the overall plant review. Section 5
provides conclusions and specific overall concerns relating to
the review. Section 6 contains the references upon which the
review was based.

In Section 4.4 of the Ttd, the "Lquipment Environmental
Qualification Equipment Item Checksheet Index" provides a
listing of the equipment evaluated along with the item numbers
assigned tu tb equipment in the report (a similar listing
with more detail concerning each cevice is given in Appendix B
of the report). Table 4-1 provides a listing of equipment
item numbers dy TER evaluation result categories. These
cat,egories are:

.

-2-
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.

I.A Equipment Qualified
-

I.B Equipment Qualif1 cation Pending Modification
II.A Equipment Qualification Not Established
II.B Equipment Not Qualified
II.C Equipment Satisfies All Requirements Except Qualified

Life or Replacement Schedule Justified
III.A Equipment Exempt from Qualification
III.B Equipment Not in the Scope of the Review
IV Documentation Not Made Available.

The criteria for the use of these categt es is contained in
Section 3.3 of the TER. Equipment lists. under Categories
I.B, II .A , II .B, II.C, and IV should be considered for
inclusion in the inspection sample list. Items in Category
I.B can be inspected to see if the equipment has been modified
or replaced as the licensee has indicated. Items in
Categories II.A and IV can be inspected to determine if new
qualification, analysis, or documentation has been incor-
potated into the licensee's files. Items in Category II.B can
be inspected to see if the devices have been modified and
requalified or have been replaced with qualified devices.

Table 4-2 provides a further breakdown of the types of
deficiencies noted. Table 4-3 provides a tabulation of
deficiencies, the qualification category, and the corrective
action that the licensee proposed at the time of submittal of
the documentation for review.

Section 4.4 also contains the individual reviews of each
equipment item. The individual reviews describe the

i deficiencies noted in qualification methodology, and
inadequacies of the qualification results with respect to
plant requicements. These reviews provide the specific
details that were used as the basis for the more general
categories of deficiencies listed in the summary tables.

5.0 FAMILIARIZATION WITH REFERENCE DOCUMENTS

In addition to being familiar with the Technical Evaluation

Report, the inspector should be familiar with the staff Safety
| Evaluation Report (which forwarded the TER and pinpointed

specific staff concerns) and with the licensee's response to
' the SER. To allow review of the licensee's 10CFR50.4 9

program, the inspecter should also be familiar with
10CFR50. 4 9. The copy of 10CFR50.49 printed in Volume 48, No.

| 15 'of the Federal Register may be ts-ticularly useful since
i much supplementary information c.hteysing the. scope of the

rule is given. Sections b and c of 10CFR50.49 define the
scope of the equipment covered and the types of design basis
events to be considered. Sections d and j detine the

.
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documentation that must be generated and maintained. Section
e defines the environmental conditions to be evaluated, and*

Section f defines the allowable qualification methods.
Section k states that the equipment already qualified to the

DOR Guidelines [1] and NUREG-0588 [2] does not have to be
requalified. Section 1 covers qualification of replacement
equipment. Section g states the time limit for completion of
qualification efforts for operating plants.

If an evaluation of documentation is to be performed, the
inspector should be f r * * with the DOR Guidelines and IEEE'r

Std 323-1971 (5). .Ai ge of Regulatory Guide 1.89, Rev.1
[6] and IEEE Std J23-1 f) is necessary for the evaluation
of newer qualification results.

Note: The May 27, 1980 Co,nmission Memorandum and Order,
CLI-80-21, required replacement equipment to be
qualified in accordance with NUREG-0588, Category 1
(IEEE Std 323-1974). Equipment replaced after
February 12, 1983 must be qualified in accordance
with 10CFR50.49 unless there are sound reasons to the
contrary , Regulatory Guide 1. 89, Rev. 1, June 1984
provide; guidance for exceptions that may be taken
for replacement equipment.

6. 0 DETERMINATION OF COMPLETENESS OF EQUIPhENT LIST
,

This section is provided for use when an in-depth audit of the
licensee's equipment list is to be performed.

6.1 GENERAL EVALUATION OF EQUIPMENT LIST

Table 1 contains lists of typical safety systems for 54R and
PWR plants. Each of these systems contains some harsh
environment equipment.

For the power plant under review, determine the titles in use
for the systems. Then verify that the licensee's list of
equipment requiring qualification contains at least one entry
for each system. If no entry exists for any equipment in a
system, verify that one of the following is true.

o all system equipment is in a mild environment

o all system equipment located in harsh environments is,

non-electrical in nature

o all system equipment located in harsh environments is not
required to be qualified by 10CFR50.49(b) .

.
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If no systtm equipment is found on the list and the system's
equipment does not meet the above criteria, then a detailed*

review of the system should be performed as described in
Section E.2. Successful completion of the above effort
indicates that equipment f rom each of the required systems has
been included in the list of equipment requiring qualification.

6.2 EVALUATION OF THE CONTROL OF THE EQUIPMENT LIST

During the inspection, attention should be given to items that
have been deleted from and added to the list of equipment
requiring qualification. Items that have changed f rom one
qualification status (e.g., from qualification not established
to q'talified) should also be reviewed. The first list of
equipment that may be used is that contained in the TER, the
second is the equipment list (Master List) supported by the-
licensee to the NRC in May 1983, and the third is the
licensee's present Master List. Comparison of entries on
these lists will indicate those items that have been deleted
and added. Special interest should be given to the items that
have been deleted. The licansee's means of documenting the
acceptability of deletion of an item from the list should be
reviewed. The licensee's means of determining that ttJ list
is adequate and complete should also be reviewed.

4
1 6.3 DETAILED EVALUATION OF AN EQUIPMENT LIST

If it is deemed desirable, the list of equipment requiring
qualification may be determined through thu following steps.
Since detailed evaluation of the equipment list is a large
cumbersome task, it is recommended that the review be limited
to one system or even a portion of a system.

a. From the piping and instrumentation diagram (P&ID),
determine the major equipment that may require
qualification, such as motors, motor operators for
valves, and instrumentation. Since P& ids will generally
not contain details of harsh versus mild environment
conditions, judgment should be used to limit the
determination to harsh environment equipment.

b. For equipment found in item a above, review schematic and
control diagrams (S&Cs) to determine additional
interconnected devices, such as control and limit
switches, terminal strips, and cable.

.
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TABLE 1. TYPICAL SAFETY SYSTEMS FOR NUCLEAR POWER PLANTS *
.

1. B4R - Boiling Water Reactors |

I
RPS Reactor Protection System

'

PCIS Primary Containment Isolation System
ECCS Energency Core Cooling System
HPCI High Pressure Coolant Injection
ADS Automatic Depressurization System
CS Core Spryy
LPCI Lou Pressure Coolant Injection
CGCS Combustible Gas Control System
SGTS Standby Gas Treatment System
MSIV Main Stean Isolation Valves
RCIC Reactor Core Isolation Cooling |

'

SLCS Stanby L'iquid Control System
EP S Energency Fower System |

PAMS Post Ace',ident Monitot ing System |
HVAC Energency Heati 9, Ventilation, and Air Conditioning |

Systems
RMS Radiatipn Monitoring System ,

2. PdR , Pressurized Water Reactors

PRS Reactor Protection System
PCIS Primary Containusnt Isolation Systemj
FWS Feedwater System
AFW S Auxiliary Feedwater System
CVCS Chemical and Volume Control System
ESFAS Engineered Safety Features Actuation System
CGCS Combustible Gas Control ' system
(I S Safety Injection System

CSS Containment Spray System
. SWS Service Water System

'"W Component Cooling Water
4 Radiation Monitoring Systema

EP S Energency Power System
HVAC Emergenc,y Heatin?, Ventilation, and Air Conditioning

System
SDCS Shutdown Cooling System
PAMS Post-Accident Monitoring System

.

*This listing As-generic in nature Not all systems listed will be.

found at'each plant, and system names may differ f rom plant to plant.
.

4

&
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c. During the review of PGIDs and S&C8, devices that support
,

safety functions, such as providing cooling and
non-safety-related devices whose failure could affect
safety-related equipment, should be identified. Examples ,

of non-safety-related devicer of concern are associated
circuits (non-sofety circuite connected to Class IE power
or which are in close proximity to safety-related
circuits) and equipment protective devices, such as motor

yg e overload or over-temperature systems whose failure could c

prevent equipment f rom perf orming its safety f unction. ;
f

,

The list of equipment identified in the review of the PSIDsy,
< |[ and G&Cs should then be compared to the lic'nsee's Master

' List. A valid reason fur the exclusion muse be provioed by
- ' the licensee for any component not on the Mcster List. Valid*

fjf reasons include (1) the device is located in a mild environ- <

,, l s4 ment, (2) tbv device is not required to be qualified by
*,

Z. --
,

- 3 10CFR50. 49 ( b) , (3) the device is non-electrical .4 ore, or

(4) the ocvice is non-safety related and its fait, ;11 not

affect the safety function of the safcty-related eqt.gment (if
such a device is electrically connected to a system whose
components requit e qualification, a qualified electrical

R
.

isolating device must be connected between the equipment
_

7,

requiring qualification end that which does not (see
Regule "acy Guide 1. 75]) .

,
,

7. 0 SPECIFICATION OF PLANT COND'T ONS
s

a. To be in compliance with 10CFR50.4 9 (d) , the licensee must
establish and maincain a file of plant conditions
cas.aining:

\

1. Equipment per;ormance specifications under the
conditions expected to exist during anc following

,

design basic accidents.

2. The voltage, frequency, load, and other electrical
characteristics to which equipment will be subjected
during and following design basis accidenta.

3. The environmental conditions at the location of the
equipment including temperature, pr+3sure, humidity,
radiation, chemicals, and submere .nce during and
following design basis acciden* .

b. Plant opecific harsh environment conditions at the
,

location of the equipment must be contained in the file.
The applicable cesign basis events that could result in a
harsh environment, including C10cding cutsida of (
containment, must have been considered in establishing- -

these environments. The FSAR chapter containing the-

-7-
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analysis of anticipated occurrences and postulated
accioents may be used as a source of conditions to be-

considered in defining. harsh envi.ronments. Flooding
outside of containment may also occur from events otner
than high energy line breaks such as flooding of the
plant site due to natural phenomena, inadvertent release
of stored liqux or fire protection system operation.
These sources ot looding should have been considered in
preparation of the specification of harsh environment
conditions.

e

8. O GUIDELINES FOR REVIEW OF ENVIRONMENTAL QUALIFICATION PROGRAM
DOCUMENTS

8.1 Introduction

The following subsections provide an overview of the review
process for evaluating the acceptability of a qualification
p rog ram. This review model is most applicable to qualifi-
cation programs performed to the requirements of IEEE Std
323-1974. The DOR Guidelines should be used as review
guidance for t'aose plants that were not committed to IEEE Std
323-71 or -74. Because environmental qualification is a
detailed process and each qualification program tends to be
unique, a detailed review methodology with specific criteria
cannot be provided. The intent of this section is to provide
an overview of the-total review process. The evaluation of a
qualification program includes review of tr.e qualification
specifications, the qualification plan aad procedures, 9nd the *

qualification report. Many qualification programs have been
performed in which separate documents for the qualification
plan and procedures do not exist. In reviewing such programs,
the reviewer must determine that suf ficient documentation
exists to allow approval of the adequacy of methodology and of
the results for the plant-specific application. -Generally, a
very detailed test report is necessary when no plan has been
generated. As presented, the review appears as a stepwise
operation; however, the overall effect of the multiple steps
in the qualification process must be evaluated during the
review to verify that the program is representative ot the
plant conditions and that the device is qualified fo- its,

application.

8.2 Licensee Review of Qualification Documentation
,

The licensee's qualification program must include provisions
for the review and approval of qualification test and analysis
document. tion for plant-specific application and for
determining that tne qualification methodology is correct.

.
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a. The licensee's procedural ~ controls for review of

qualification documentation _must verify the following:'

1. The installed equipment and associated auxiliary
devicer are identical to or adequately similar (sts
Section 8.4.2.1.b for a discussion of similarity) to
that described in the qualification (~~umentation.

2. The qc.11ried mounting orientations and methods are
appliceale to the plav 3pplication.

3. The qualified connection and interface configura-
tions are representative of the configurations used
in the plant application.

4. Aging analyses and precondition 1 methodology-are
adequste, and the established qu ified life is
valid for predicted normal and abnormal conditions.
This entails verification that aging stresses such
as thermal, radiation, and operational cycling have
been adequately considered.

5. Acceptance criteria for performance of safety
function used in the qualification program are
adequate for the plant application.

6. The sequence of' testing is conservative for the
equipment and its application.

7. The q t iified radiation dose encompasses both normal
and accident radiation conditions and the dose types,

j and dose rates have been considered to the extent
j practicable.

8. The adequacy of accident-simulation methodology
including :

L adequacy of test setups
o monitoring of test conditions

I o monitoring of specimen performance
o calibration of test and-performance monitoring

i equipment.

t

| 9. The adequacy.of the accident simulation temperature,
; pressure, and humidity condit'm. * .or the predicted.
| plant conditions.

|-

10. As-tested spray rate, chemical composition, concen-
tration, and duration adequately represent she
predicted plant conditions.

,

|

| .

|

| -9 -

|
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,

11. The duration of the accident and post-accident
- conditions envelop plant application requirements.

12. Adequate margins exist between the as-qualified
condition and the predicted accident conditions, for
temperature, pressure, radiation, duration of condi-
tions, and power source conditions. |

13. Submergence testing, if required, has been accept-
ably performed.

14. Known significant synergistic effects have been
accounted for in aging.

15. Any anomalies or ieficiencies in the qualification
program with regard to methodology or requirements
of the plant-specific application are evaluated and
analyzed for acceptability prior to approval of the
qualification results..

16. Any analyses performed la lieu, or in support, of
tests are adequate.

b. The personnel perf orming the licensee's reviews of the
environmental qualification documentation should have
training or experience in environmental qualification of
equipment commensurate with the tasks performed.

8.3 Specification of Qualification Requirements

The licensee's qualification file must contain a qualification
specification for each piece of equipment which sets forth the
requirements for qualification. The qualification specifica-
tion may be contained within a section of the purchase
specification or may exist as a separate-document. Verify
that the following attributes have been specified for each
type of equipment:

a. Safety 'am. tion - That function which the equipment is
requitec to perform to ensure the safety of the plant.

Note: The safety function during normal service may be-
dif fer'ent f rom the safety function during accident
service.

b. Environmental and Service Conditions - The conditions
specified must include normal and abnormal temperature,
pressure, radiation, humidity, voltage, frequency,
vibration, operating cycles, and process conditionis.

.

-10-
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'
Accident Environment - The environmental conditionsc.

listed in b above must be defined for the equipment for-
design basis accident conditions,

d. Operability Requirements - The functional performance
requirements for the device under normal, ab.ormal, and
design basis accident conditions must be clearly defined
(e.g., accuracy for a' transmitter, stroketime for a valve
actuator) . The operability requirements may vary for
normal, abnormal, and accident conditions. The period of
tirae that the device must operate during accident ,

conditions must also 60 specified.

8.4 Qualification Documentation

The following subsections corcern the documentation that
should be contained in the licensee's file for each type of
installed equipment that requires qualification.

8.4.1 Qualification Plan

Note For many older qualificatio . programs, a separate
qualification plan may 'ck be available. J f the

plan is not available, a-description of the quali-
fication program sufficient to allow complete
anderstanding of the tests and their bases must be
contained in the qualification report. In cases
where a qualification plan is-not available, the
plan attributes must be verified in the qualifi '
cation report or other qualification documentation.'

The qualification plan should contain the following
information:

.

a. Equipment Identification - A detailed description of the
device being qualified must-be provided including
manufacturer, model number, function, and oparational
capabilities.

b. Qualification Methodology - The plan must identify the
method of qualifications type test, analysis, operating
experience, or any combination of the three.-

, ,
-

c. ' Aging Analysis - The plan must identify and analyze the
expected ef fects of aging of the equipr_ ant during its
installed life. Aging may be defined as the change with
the passage of time of physical, chemis;A, or electrical
properties of a device under design rani,e operating
conditions which may result in degradation of significant
performanct characteristics.

-11-
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The virlous stresses which may result in degradation of
equipment performance characteristics should be evaluated
for their effect on the equipment. The analysis should
identify and evaluate the. materials of construction for
the equipment. Aging stresses that should be accounted

i- for include thermal degradation, humidity, pressure,
radiation, and operational stresses. Guicance on thermal-
aging analyses may be found in EPRI-Np 1558 [8], Chapter
4. For radiation aging, the effects of different types
of radiation (i.e., beta and gamma) should be addressed.

d. Synergistic Effecta - Known synergistic effects must be i

addressed in the analysis of aging and accident condi-
trons. Synergistic effects exist when the effect of

combined stresses differs from the summation of the
effects of separately applied stresses. Synergistic
effects also result when the order of tha application of
stresses changes the resulting amount of degradation
(e.g., for some materials, application of radiation aging
before thermal aging produces more severe degradation
than perf orming tnermal aging first) .

Section C. 5 of Regulatory Guide 1. 89, Rev.1, ctates that
" synergistic ef tects known at this time are dose rate

effects and effects resulting from the different sequence
of applying radiation and (elevated) temperature."

Test Plan - Type testing is the methoc preferred by thee.

NRC for qualifying equipment for harsh environment

service. Type testing should be controlled through the
use of a test procedure containing sufficient detail to
allow test personnel to perform the tests properly. The
test plan should contain the following:

1. A description of the equipment to be tested
including manufacturer, model number, connections,
interfaces, and mounting.

2. Description of test facilities including monitor',ng
instrumentation and required accuracies.

3. The service' conditions to be simulated.

4. Test procedures. (Note: The test procedures may be
prepared as a separate document.)

5. Test Sequence - Tne test sequence must follow the
guidelines provided in IEEE Std 323-1974, Section
6.3.2.

1
'

.

-12-
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6. Acceptance Criteria - The acceptance criteria should
state the minimum functional capability of the equipment
that is acceptable during normal, abnor- mal, and design
basis accident testing.

7. Monitoring Requirements - The test plan must identify the
equipment parameters to be monitored during testing. For
devices susceptible to radiation or dose rate effectt
(e.g. , electronics) monitoring during irradiation must be
required for accident simulation.

8. Documentation Requirements - The requirements for
documentation of the test results should be specified in
the test plan.

8.4.2 Qualification Report

The qualification report documents the implementation of the
qualification plan. The equipment specification and qualifi-

,,, cation plan are required for evaluation of the qualification
repsrt. The attributes for the qualification reports that are
to be evaluated are divided into criteria for type testing,
analysis, and operating experience.

8.4.2.1 _r,e Testing

The test report should cor.tain the following irformation:

a. The dr-aription of the equipment tested (manufacturer,
mocel number, function, and operationti capabilities) .

b. Similarity - When the description of the tested equipment
does not completely agree with that of the installed
equipment, an adequate similarity analysis must be
included. The similarity analysis must address

[ differences in materials, components, function, rating s,
'

size and we19nt, and construction. The equipment mus' be
manufactured by the same manufacturer under similar
methods and processes. Note: The similarity analysis
may be a separate d :ument from the qualification report,

#but must be contained in the qualification dccumentation
file.

c. Functional Testing - The results of the functional
testing cerformed before, during, and after the
qualification testing that show tha perf ormance require-
ments essential to the equipment's safety function have
been met.

.

-13-
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d. Aging Simulation - The aging simulation must adequately
'

aadress the environmental arc service conditions for the
application of the device. Note: The aging evaluation
may oe contained in the qualification plan.

1. Thermal Aging - The time-related thermal degradatica
of r.on-metallic materials should be analyzed or
simulated by accelerated means in the test program.
The most common method of accelerating thermal aging
degradation is exposure to an elevated temperature
for.a relatively short period. The relationship
of the test temperature and duration to the life at
normal temperatures is determined th;ough use of the
Arrhenius model.

The Arrhenius model can be represented by the
following equation:

(l- - -ta=ts eXP
a 's -

where

T = normal operating service temperature ins
degrees Kelvin *

Ta = accelerated thermal aging temperature in
degrees Kelvin

ts = the age in days to be simulated for operation
at the service temperature Ts

ta = accelerated thermal aging duration in days at
the test temperature Ta

$ = activation energy in eV

k = Boltzman's constant, 0. 8 61*/x10~ 4 eV/K

The Arrhenius model assumes that, within a limited
temperasure range, the rate of thermal aging of each
material is governed by a single degradation mecha-
nism (related to the material's activation energy)

iand the absolute temperature. The rate of thermal
aging increases exponentially as the activation
energy is decreaaed and the absolute temperature
increased. In applying the Arrhenius model, care
must be taken to ensure that the activation -anergy
used applies to both the specific material and to
the degradation of the physical property of interest
for that material (e.g., loss of tensile strength or

'
loss of dielectric strength) .

-14-
|

. . . . - . . - -- .. - -- - - - - . . . . . - . - - , - . - --



- .-. ._- . . .-

|
.

,

When evaluating the thermal aging program for
,

normally energized equipmente it is important to
,

|_ identify any temperature rise from internal self-

| heating effects. Fe* such devices, the internal

temperature rise must be accounted for when
performing aging calculations.

When a device is exposed to a temperature rise due
to conduction or convection from a process line

(e.g. , RTD in a PAR hot leg line) , the temperature
rise due to the process conditions must also be
accounted for in the aging analysis calculations.

t

2. Susceptibility to Vibration - If the qualification
specification identifies non-seismic vibration as an
environmental condition, this vibration must be
addressed during qualification testing. Although no
generally accepted model presently exists for
accelerating the effects of vibration, testing for
susceptibility to vibration should be performed when
a vibracion environment is specified.

3. Operational Aging - Operational aging is normally
addressed by cycling a device to simulate the number
of operations anticipated for the device over its
installed life. The operations performed during
qualification must represent the number and service

: ccnditions defined in the qualification specifica-

( tion.

|
4. Humidity - Practical models do not exist f or quanti-

tative acceleration of the effects of humidity on a
device; however, an analysis or testing should-have
been performed to pcove that the device is not
susceptible to the effects o' humidity. Note: LOCA

withstand capability may be used as a means of
indicating linpreviousness to humidity.

5. Radiation - The device must have been exposed to the
integrated dose anticipated over its installed

| life. Note : The radiation accident dose may.be
combined with the aging dose in a single irradiation
applied prior to seismic testing.

! e. Seismic Vibration - Although the review of seismic
l testing is outside the scope of the inspection,- it should

be verified thac seismic testing or analysis was per-
formed in the sequence of the environmental qualification.

!
| f. Design Basis Accident Simulation - The design basis

accident conditions simulated in the test program must,
envelop the acc! dent condition requirements of the
qualification specification with adequate margins.

-11-
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| 1. Accident Radiation - The equipment must have been
exposed to the total integrated radiation dose
defined in the qualification specification. For
devices susceptible to malfunction during irradia-
tion (e.g. , electronics) , the equipment must be4

operable and monitored during the simulation. Bcth
; gamma and beta radiation to which the equiptaent may -

be exposed must be addressed. Beta radiation may be
'

addressed by , shielding analysis, replacing it withr

an equal dose of gamma radiation, or by determining
that it is small by comparison with the g&mma dose

,

* (less than 10%, see Section 4.1 of the DOR

Guidelines) . The radiation dose ap,, lied thould,

j equal at least the specified dose plus a 10 percent
margin. The margin need not be added if'shea

{ specified dose contains a quantified margin of 10%.
,

2. Temperature Profile - The temperature profile must
j envelope the profile provided in the qualification
j specification and include adequate margin. Margin
'

may be applied in various ways, including two
i applications of the initial transient and dwell at

peak temperature, extension of the time at the peak
temperature, and increase in the peak tempetsture<

j (see IEEE Std 323-1974, Section 6. 3.15) . The time
to reach the peak temperature for the initial'
transient (s)- should r.ot exceed the time specified in

j the equipment specification (i.e., the rate of

temperature rise of the test reasonably represents
the expected rate of rise of the postul -ted accident
condition) unless ]ustification has been provideo.

i
3. Pressure Profile - The pressure profile attained

, during the type test must envelspe the profile in
| the qualification specification and include margin

(see IEEE Std 323-1974, Section 6.3.15;.,

4. Sprays - Chamical or demineralized sprays identified
in the qualification specification must have been,

| simulated during the type test and the duration and
; timing of application must be appropriate.

5. Humidity and Steam - The specified humidity ar.d,

j steam requirements must have been met during the
acci' dent simulatiot. Note: Application of high
temperature without steam and humidity conditions ia
not acceptable.

; 6. Duration - The duration of the accident simulation
: should envelop the period required by the
'

.

; -16-
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qualification specification. Acceleration (if any)
of the long-term, near normal environment,
post-accident periods should be supported by
-asiysis. Acceleration of accident conditions
at high temperature and pressure is not reprasented
by the Ar rhenius model, unless activation energies
were derermined under conditions equivalent to those
of the :cident environment. It is important that

the tess chamber environment contains air unless
oxidation effects are shown to be insignificant.

7. Test Setup - The apparatus used in performing the
test must be described in the qualification report.

.

8. MonLcoring Equipment - The equipment used in
monitoring the environment of the chamber and the

equipment under test must provide an adequate
representation of test conditions.(e.g., the
temperature sensorLis reasonably close to the test
item to show the actual temperature experienced
rather than the steam inlet temperature) , must be

calibrated, and must have the accuracy necessary to
suppott the reported results. An adequate number of
temperature sensors must have been used to cbtain
the representation of the temperature environment.

9. Connections / Interfaces - The r.ounting configuration,
electrical and process connections, and interfaces
must be adequately described so that the methods
used can be duplicated in the plant application.

10. Deviations and Nonconformances - All deviations and
nonconformances identified in the qualification

, report must have been analyzed for'their effect on
! the qualification of the equipment.

11. Periodic Maintenance and Refurbishment - The.
| qualification documentation must specifically

address any mairitenance required to maintain the
equipment in its qualified state. This may include
replacement of components, lubrication requirements,
periodic inspeccions of seals and gaskets, or
complete equ Geent replacement.

8.4.2.2 Qualification by Operatino Experience

The qualification report for qualification by operating
experience must conta?.n the following attributes:

a. The qualification specification

.

-17-
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b. Comparison of required versus experienced operating '-

environments and conditions and a comparison of equipment
descriptions and functions. If the historical conditions
do not completely envelop the required conditions,
analysis and justification must be provided. Since no
plants have experienced a LOCA/HEL3 after a signifi:anc
period of operation, qualification for a LOCA/HELB
environment cannot be based solely cn operating
experience.

8.4.2.3 Qualification by Analysis

The qualification report for equipment qualification by
analysis should contain the qualification specification and
plan. The report must contain all analytical assumptions,

-

mathematical models, and descriptions of computer programs
used, along with the appropriate justification for their use.

x

Qualificction by analysis must be supported by partial type
testing that validates the assumptions and models used. The
type testing should be vm ified to be supportive of the
analysis and pertinent to the equipment and operatinge

conditions for which it is being applied.

9. 0 PRESERVATION OF QUALIFICATION
c

For the environmental qualification to remain valid throughout .
che installed life of the equipment, the periodic maintenance,
testing, and component replacement assumed as e basis for
qualification testing must be performed on the device. In

addition, the device must be replaced at the end of its quali-
fied life to assuie proper operation under accident condi-
tions. 10CFR50. 49 ( e) (5) requires equipment to be replaced or
refurbished at the end of its qualified life.

The licensee must es ablish e program to determine the
maintenance, testing, and component replacement requirements
f rom qualificatior, documentation. The program must incluce
incorporation of these requirements into the periodic mainte-
nance and test program. The prea 37 must identify and control
replacement of the entire device at the end of its qualified
life, replacement of subcomponents such as seals, 0-rings, and*

diaphragms that may age more rapidly than the rietall device,
and lubrication and testing specified as the basis of the
qualification 'or required by the manuf acturer. to maintainp

qua.lificatien.

Maintenance and testing requirements for preservation of
qualification must be incorporated into periodic maintenance
and testing proceduras for the devices. These periodic

maintenance and test procedures must be performed as schedu, led.

a

h

-18-.
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l ine licensec most establish procedural controls that assure

restoration of qualified equipment to the.as qualifiec-

condition following scheduled ari son-routine maintenance or
testing. The licensee's procedural controls must require

! replacement materials and components to be in-kind

| replacements or that their. adequacy for use in qualified
' equipment be established through appropriate evaluation or
| testing.

Modifications to qualified devices anc systems containing
qualified devices must be evaluated and controlled such that

| the mooified devices and systems retain their qualified
status. The licensee's program .aust require changes of
materials, and interfaces to be evaluated with regard to the
qualification of the devices. New electrical equipment
important to safety used in modifications must be added to the
list of equipment requiring qualification and the equipment
must be qualified in accordance with the licensee's estab-
lished procedures. The procedures for-control of plant
modifications e a evaluate all modifications for their effect
upon qualified equipment. For example, addition of fire
barriers must be evaluated for their change to local

*

enviconments such that a significant temperature change does
not occur in the vicinity of qualified equipment.

The licensee's procedural controls must require the evaluation
and appropriate incorporation into maintenance testing program
of information, such as IE Information Notices concerr.ing
equipment failures and notifications by vendora of modifica-
tions to maintenance requirements or of recognized equipment
deficiencies or problems, affecting the preservation of
qualification of equipment.

i

The licensee's program for esaluating failures and significanto

| out-of-calibration conditions should require evaluation of the
deficiency with regard to the qualified life of the egeip-
ment. Failure of qualified equipment in service prior to the
end of its qualified life may indicate that environmental or
service conditions beyond those simulated in the qualification
program are affecting the equipment or that the aging

| simulation during qualification testing was inadequate. If
; the failure mcde could affect multiple applications of a

device, the qualification of the device should be reevaluated.

The licensee's program must require procurement docur.ents for
new.and replacement equipment to specify the qualification
reghirements of 10CFRSO.49 for equipment requiring qualifi-
cation. Section C. 6 of Regulatory Guide '1.89, Revision 1,
provides guidance for specifying qualification of replacement
parts to requirements other than 10CFRSO.49. The licensee's
procurement program may allow procurement documents

'

|

|
|
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to have different levels of detail for different types of
,

replacement components. For in-kind replacement of materials
and parts, the specification of normal and accident environ-
ments need not be given and incividual qualification testing
of the materials and parts need not be required. However, the
procurement accuments for_in-kind replacement must require
materials and parts to be identical to those of the qualified
equipment in which they vill be used. Procurement documents
for non-in-kind replacement materials, parts, and equipment
must provide sufficir.nt information to the vendor to allow<

j qualification to be performed. (An alternative to this is
licensee performance of qualification testing or analysis of
the non-in-kind replacement components.)

10.0 PHYSICAL INSPECTION
,.

The physical inspection of equipment requiring qualification
will allow verification that qualification documentation is
applicable to the installed equipment, that replacement and
modification commitments have been implemented, and that the
actual normal environments are in agreement with the specified,.

normal environments. The physical inspection will also
provide a g=neral indication that the qualified status of

, equipment is being maintained and that all equipment requiring
qualification has been included in the qualification program.

It is recognized that physical inspection will be limited by
access conditions for the location of the equipment. When
possi: ale, the physical inspection should be scheduled during a
major outage to allow access to harsh environment areas for

,

which access is restricted during operation.

Prior to performance of the insp;ction, determine the
following information for each of the selected devices:

,

o the device description, ma afacturer, and model number as
documented

o the safety function
o location of equipment,

o the expected normal environment

shielding or environment modification requirementso
o mounting and orientation requirements
o qualified interfaces.

,

This information .aay be obtained f rom the licent e's system
component evaluation work sheets (SCEW sheets) , the environ-

- ment specification, the corrective action commitments list
(for shielding ind environmental modification) , and
qualification documentation for the equipment.

.
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During the physical inspection, the following tasks should be
performec:

a. Determine that the description, manufacturer,'and mooel
number match those of the documentation.

b. Determine that the location agrees with the documented
location. Particular care should be taken with reapect
to compartment level for areas subject to submergence.

a

c. Note environments and check for indications of tempera-
ture and moisture in excess of the' expected environment.
For areas with recorded temperatures (such as the
d rywell) , the recorded temperature may be checked.

d. The method of mounting and orientation of the device
should be compared with that described in the
documentation.

e. List any auxiliary cevices mounted on or attached to the
equipment that could affect operation,

f. Determine thac the interfaces for the equipment are the
same as those qualified (i.e., process connection,

electrical connections, and housing seals are the same as
; those qualified).

g. Determine that all external compartment covers, gaskets,
and seals are in place and that they appe to be in good
condition. Record the general external cvndition of
equipment.

h. Determine that any required shielding or additional HVAC
equipment is in place and functional. In tne case of
shielding, determine that it is adequately supported and
does not have a potential:y adverse effect on the
equipment, such as limiting cooling.

| i. Note whether equipment may be affected by conductive heat
transfer trom the process connection.

j. Determine if ron-safety-related equipment is in close
| proximity to the qualified device such that its failure

| coule compromise the safety function of the qualified
i device. Record its existence for further verification,

s

Following the physical inspection, differences between the as-

installed condition and the as-documented conditions should be
addressed by the licensee. Such conditions as unexpected

9

%
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elevateo temperatures and humidity conditions, loose covers,,

and improper mounting must be corrected. The licensee should
be requested to review all other similar equipment '

~. .

11.0 QUALIFICATION ATTRIBUTES OF TYPICAL ELECTRICAL EQUIPMENT IN
t

SAFETY nELATED APPLICATIONS IN HARSH ENVIRONMEh*rS

t

This section lists environmental qualification concerns
r(lating to specific types of equipment located in hersh
environments. These concerns are based on knowledge of the
equipment and reviews af existing qualification documenta-
tion. The concerns have been d1'cided into three categories:
Gocumentation, physi al inspection, and preservation of
qualification.

11.1 Electronic Transmitters (Pressure, Flow, Temperature)

11.1.1 Documentation

Seals for electronics housings are generally critical fora.

correct operation under accident conditions to prevent
steam and contaminants from affecting electronic
circuitry. A review of documentation should indicate
wh0ther these sealu must be replaced each time the
housing is opened for calibration or maintenance and
whether periodic replacement of the seal'is required to '
maintain transmitter integrity.

b. Transmitters with similar model numbers may have large
variations in ranges and applications. Care must be
taken in determining the ranges and applications fot
which the transmitters are qualified. Manufacturers
provide charts for interpretation of model numbers. The
qualification documentation should explici'tly indicate
the models that are qualified.

Transmitter electronics nay be succeptible to radiationc.
'

dose and dose rate effects. Transmitters must have been
shown to be operational during accident radiation
simulation. Variations in accuracy curing irradiation
must ha a,ddressed by the qualification, documentation.
Acceptability of auch variations must be addressed for
the application of the device.

d. The application of the transmitter may be limited by the
process temperature. Qualification documentrtien or
product literature steuld address these limits.

.
|
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e. Mounting orientition may be-limited to that of the
*

qualification test-or may require compensation of
settings to account for variations'in mounting unless the
documentation Justifies the applicability of the test
mounting to other mounting methods.

11.1.2 Physical Inspection

a. The mode? number and range of the inatclied transmitter
must be covered by the qualification documentation,

b. The process connection method used on the installed

device should be the same as that described in the
documentation file. Certain qualification tests
indicated thac particular types of process connections
allowed leakage.

c. If non-taismic non-hydrod: ..131c vibration f rom the
process line or proximity to other equipment is identified
on inspection, the qualification documentation enould be

reviewed to determine if such vibration was addresseo.
1

d. Sealing of the transmitter housing is critical; therefore,
all covers should be securely in place. All exposed seal
edges should be in good condition and not be cracked or
otherwise appeac deteriorated,

If local indicators or other auxiliary devices are founde.

to be connected to the transmitter, their qualification
; must be addressed in the documentation. Failure of such

devices will generally prevent the transmitter from
functioning.

i

f. The electrical connections and housing penetrations must
| be the same as those describec in tne documentation
! file. (Sealing of transmitter is generally critical to

the function during accidents.)

|
g. If the transmitter is found to be below submergence

level, the transmitte: qualification must address
submergence.

h. The mounting orientation and method must agree with the
methods allowed by the qualification documentation.

1. The process temperature at the device munt be within the
limits prescribed by the manufacturer or the qualifi-
cation of the device.

.
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11.1.3 Preservation of Qualification,

The maintenance and calibration intervals must agree witha.

or be more conservative than those assumed in the
qualification program.

b. If required, the maintenance and calibration procedures
must address replacement of seals and gaskets upon
removal of housing covers,

c. The calibration program should address evaluation of
calibration drifts and zero shifts that are beyond the
qualified limits. Such calibration drifts and zero
shifts are, in reality, failures of the transmitters and
should be evaluated to determine that the qualification
program was adequate for the instrument or that condi-
tions not considered curing qualification have' occurred
during service,

11.2 Trip switches

11.2.1 Documentation

a. During qualification, trip sw' itch functional tests were
sometimes performed by applying process test values
equivalent to the setpoint, which does not demonstrate
whether the switch would actuate at lower or higher
presrures due to a setpoint or zero drift. Verify that
during "unctional tests of the device, the actuation
point was determined by gradually approaching the set-
point f rom a lower or higher simulated process condition
as appropriate for r.he application (e.g., actuate on
increasing pressu.* - test the device by approaching the
setpoint from a lower pressure, actuate on decreasing {

fprescure - test with-process pressure approaching the j
setpoint f rom a higher pressure) .

i
b. Trip switches, like transmitters, are subject to drift in

their setpoints. Verify that the secpoint drift during
qualification testing did not exceed the allowable
tolerance defined in the acceptance criteria or that the
setpoint drift recognized during qualification testing
was evalu,ated for the plant-specific application.

.

%Switches located celow flood levels may be subject toc.

electrical shorting as a result of in-leakage. For
device locations susceptible to submergence, verify that
testing was performed on the trip switch to verify its
proper operation under submergence conditions.

.
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11.2.2 Physical Inspection,

a. During qualification testing, specific process and
electrical connections are used. Verify that the
connections used in the application are the same as those
which were qualified or that justification for alternate
connection systems have been provided,

11.2.3 Preservation of Qualification

a. Many gaskets and seals have limited qualified lifetimes.
Identify any seals or gaskets with limited lifetimes in
the qualification documentation, and verify that their
periodic inspection / replacement is addressed in the
maintenance program.

b. Mosc_ trip switches can maintain their setpoint accuracy
for limited periods in use. Determine if the qualifi-
cation documentation requires perledic adjustment or
calibration of setpoints, and verify that these
requirements are addressed in the maintenance program,

11.3 Radiation Monitors / Detectors

11.3.1 Documentation
:

a. Radiation monitors are normally qualifiec as a systemj
which includes detectors, cables, electronics packages,
and other accessories. Because the detectors provide

j very low-level signals, the qualification of the cable
'

and coitector system is critical to ascure that the
signal will be transmitted,

b. The electronics packages for the radiation monitors
normally will not withstand a harsh environment (i.e.,
high temperature radiation or steam) . Determine if t'a
electronics must be located in a mild or relatively milJ
environment suitable for its qualification,

c. In qualifying radiation monitors, aging was sometimes

| considereo for the entire device without addressing the
,

materials of construction. Determine that the aging
analyses-icentify the materials contained within the
device an'd that the aging analysis is based on the most
sensitive material,

d. Modifications were made to some radiation monitors durir.g
the testing to improve their performance without repeat-
ing steps of the testing already completed. Determine
that evaluations of the effects of the modifications on
the completed portions of the test program were p.arformed.

-25-
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e. Interconnecting cables used between detector essemblies
*

and electronics packages should have been included in the
qualification testing. Experience has shown that some of
tnese cables require specific means of connection to
ensare their integrity. Determine that the cable used
during the testing is pre-qualified cable or that its
qualification is completely covered by the test program
and that any special connection methods are described in
sufficient detail that they may be reproduced in the
plant.

f. Rediation testing was not performed on some monitor
systems. Determine that the effects of radie. tion were
addressed for the equipment.

9 Determine that operation of the monitoring system was
simulated during irradiation tests and that the c' stem

responded properly.

11.3.2 Physical Inspection

a. Manufacturere may have many.different models under a
generic equipment family. Determine thar. the devices
installed in the plant are the qualified models.

b. As discussed in the documentation section, determine that

the installed cable is qualified ano that any special
sonnections or seals used to qualify the equipment are
used in the installation.

11.3.3 Preservation of Qualification

a. Mar.y seals, gaskats, and electronic components have
limited lifecimes in nuclear service. On the basis of
t he .a.aintenance requirements in the qualification .docu-

'
mentation, determine that the maintenance program
addresses the periodic replacement / refurbishment of these
components,

b. Since the qualification of the equipment may be dependent
upon the cable and cable connection methods described in
the qualificatior, documentation, determine that the main-

tenance program establishes control over replacement /
removal of interconnecting cabling.

.

.
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11.4 Hydrogen Analyzers
,

11.4.1 Documentation

Qualifi.ation programs for some hydrogen analyzers aida.
not include an analysis of materials used in the device .

Determine that degradation 7.s a result of aging was
adcressed for the materials used in the device.

b. Some analyzers were tested for limited accidents, and
oualification to higher tenperature and pressurs profiles

-was not demonstrated. Determine that the accident
profiles to which the device was qualirled envelop the
design conditicns for the locition of the equipment.

11.4.2 Physical Inspection

(No specific concerns)
.

11.4.3 Preservation of Qualification

a. Many of the components in the hydrogen analyzers have
different qualified lifetimes and require replacement or
refurbishment at dif ferent intervals. The maintenance
program should be reviewed to determine that these
intervals are addressed.

b. Some hydrogen analyzers require that tne probes be wetted
for proper operation. Determine that periodic mainte-
nance or inspection programs address this requirement.

11.5 Accelerometers / Acoustic Monitors
I

Note: Accelerometers and acoustic monitors are normally made up of
three primary devices: a sensor, interconnecting cable, and
an electronics package.

11.5.1 Documentation

a. Many different models exist for sensors ard electronics
packages. It should be established tha't the models usea

~

in the plant are identical to the qualified model cr that
a similarity analysis was provided to establish qualifi-
. cation of' the installed devices,

b. Electronics packages for some devices are not suitable *

for use in a harsh environment. It should be determined
that the environmental parameters for the location of the
equipment are enveloped by the qualification documen-
tation.

.
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Accelerometers and acoustic monitor _ sensors may requitec.
'

unique installations. The installation requirements
identified in the qualification documentation should be

| reviewed for verification ducing the physical inspection.
!

11.5.2 Physical Inspection

The qualification documentation may require sealing ofa.,

I cable connections to prevent electrical shorting due to
in-leakage during accident conditions. The connections
should be inspected to determine that required sealing
has been implemented,

b. Determine that the mounting method agrees with the
qualified method.

11.5.3 Preservation of Qualificat!.on

a. Where special sealing or mounting requirements are
specified in the qualification documentation, determine
that the maintenance program controls removal and
replacement of connections and mounting to ensure that
the methods required by the qualification program are
preservec.

11.6 Motorized Valve Actuators

11.6.1 Documentation

a. Due to the time period over which many motorized valve
actuators were manufactured, shipped, and installed, the
materials used in the construction of the actuators have
changed, most notably the organic components. Verifica-
tion of the similarity of the installed device to the
qualified device is necessary.

b. The aging analyses for many of the actuators may not have
addressed all organic materials. The aging analysis
snould address the motor winding insulation, motor lead
wire insulation, lubricants, and the organic materials in
switches and seals.

Failures have occurred during qualification testing ofc.

motorized' valve actuators, most notably due to chemical
attack on some motor insulations and radiation-induced
failures of motor brake assemblies. Most qualification
attempts for motor brake assemblies resulted in failure.
If a brake is used in the plant, determine that
acceptable qualification results are available.

.

|
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11.6.2 Physical Inspection,
,

a. Determine if the motorized valve actuator contains a
motor brake assemoly. If it does, verify that the
quciification documentstion includes the brake. Most
mc . brakes have not been successfully qualified.

b. During qualification testing, water leakage into power
and control terninal areas caused some valve actuator
failures. Determine that the conduit connections for
power to the motor and for control signals are sealed in
accordance with the qualification documentation,

11.6.3 Preservation of Qualification

Although many motorized valve actuators have a qualifieda.
life claim of 40 years, the lubricants, seals, and
gaskets require periodic replacement. Determine that the
maintenance program makes provisions for addressing these
items,

11.7 Solenoid Valves

11.7.1 Documentation *

a. Continuous energization of a solenoid valve in service
contributes significantly to the age-related degradation
of elastomeric components as a result of temperature
rises dae to internal self-heating effects. Simply
energizing the solenoid valve during a thermal aging
simulation does not accou:.t for the increased degrada-
tion. Determine that the continuously energized solenoid
valves have been identified and ' hat the internal
temperatur e rise due to self-heating ef fects has been
included in Arrhenius calculations. For valves that were
subjected to thermal aging while continuously energized,
the internal temperature rises should be included in the
calculation of the thermal aging temperature.

b. The materials used for seats and seals should be
evaluated for their specific application. Viton has
been shown to be susceptible to radiation damage when
subjected to radiation doses exceeding approximately 20
Mrd and ethylene propylene terpolymer (EPDM) has been
found to degrade as a result of air systems not being -
reasonably oil-free. Polyurethane has been shown to
soften and adhere to other materials in the presence of
water or oil at 140*F.

.
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If tha solenoid valve is required to perform a post-LOCA -c.
'

function, specified acceptance criteria for allowable
seat leakt3e should be established. The seat leakage
measured during qualification testing-should be compared
to these acceptance criteria to verify that'the valves
are adequately qualified for this service.

11.7.2 Physical Inspection

a. Solenoid valves contain many elastomeric components which
are subject to thermal degradation. During the physical
inspection, identify any solonoid valves mounted on or in
close proximity to high-temperature process lines. For
solenoid valves on or near high-temperature process
lines, determine that the licensee has established the
effect of the temperature rises (caused by conduction of
heat f rom the process) on the qualified life of the
components.

11.7.3 Preservation of Qualification

Most solenoid valves have ',imited qualified lifetimes anda.

require periodic reclacement of seats and seals or
omplete replacement of the device. Determine that the

j 7tenance program requires periodic replacement of thei

seats and seals or of the entire valve, as required by
the qualification program.

11.8 Limit Switches

11.8.1 Qualification Documentation

Some limit switches contain organic materials, such asa.
nylon, which are susceptible to swelling when exposed toI radiation. This swelling may af fect. contact ;3sition
during irradiation, but may d.sappear within a few days
of completion of irradiation. Verify that the limity

switch was monitored and operated properly during the
radiation simulation if materials tnat may swell have>

been-used,

11.8.2 Physical Inspection

a. Most limi't switches were tested with some type of conduit
seal to prevent the entrance of moisture into the device.
Determine that a qualified seal is used in the device
installation,

j

.
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.

b. Some manufacturers have qualified similar limit switches*

for different environments (i.e., insice containment or
outside con *ainment) . During physical inspection, care
must be taken to determine that the installed model is
the model that is qualifted for the environment
associated with the location.

I

11.8.3 Preservation of Qualification

a. The seals and gaskets of most limit switches have been
qualified for a limited lifetime. Determine that the
maintenance program addresses their periodic replacement.

b. Some limit switches t ' e qualified for only a 4- to 5-year
period. Determine that replacement of such switches is
included in the plant maintenance program.

i c. Some limit switch manufacturers require periodic cali-'

bration of the device travel. Determine that the
periodic calibration is addressed if r, quired by the
qualification documentation,

11.9 Electric Motors (Large, Continuous Duty)

11.9.1 Documentation

Bearing Lubrication - Lubrication of motor bearings isa.
essential to continued motor operation. The qualifica-
tion documentation should be reviewed to determine that
the effects of radiation, aging, and contamination from
accident environments and high temperature are addressed
for lubricants. In addition, recommended maintenance
intervals for testing or replacement of the lubricant
should be identified.

b. The motor winding-to-lead wire splice and lead * wire
should be addressed in the qualification documentation
and should be qcalified with the motor, or sepsrate
qualification documentation should be available.

Larger motors may be equipped with accessory equipner;c.

such as motor or bearing cooling systems or heaters.
These accessories must be evaluated to determine if
accessors.~ are required for motor ope ation or if their
failure ao aid inhibit proper motor operation. If the
accesso;.es are required for operation, they should be

*The lead wire connects the winding to the motor terminals and is not
to be confused with the external power feed cable for the motor.

,
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environmentally qualified; if they are not required, ar.
*

analysis should be provided showing that failure of the
accessory will not cause motor failure,

d. Protective devices required to prevent motor damage
should be qualified for their application and proven not
to remove the motor from service inappropriately.

e. The junction boxes and method of termination of external

fetd cables for the motors should be identified for
comparison with the installed device,

f. The orientation of the motor reported in the qualifica-
tion documentation should be identified. (Large motors
are generally designed for one orientation only, and the
qualification documentation should be specifically for
that orientation.)

9 TLe motor enclosure type used in qualification should be
identified (e.g., cealed, open).

11.9.2 physical Inspection

a. The motor nameplate data should be compared with the
description in the qualification documentation.
Pertinent information includes ratinos- frame size,
insulation class, operating voltage ar.d current, and
enclosure type.

b. The motor should be physically inspected for accessories
such as cooling jackets, heaters, or lubrication systems
(e.g. , pumps, valves) . (Note: Disassembly of the motor
to determine the presence of accessories is not

recommended.) If these accessories.are installed, it
should be established that the support equipment is
qualified or analyzed for the effect of its failure.

.

c. The motor housing should be inspected for loose or
missing cover plates and for housing sealing methods
other than those described in the qualification
documentation.

11.9.3 Maintentace Documentation

a.- Determine-that maintenance procedures address periodic
testing or replacement of lubricants as specified in the
qualification documentation or supplemental vendor
maintenance requirements.

;

b. Determine that maintenance procedures address replacement
of bearings when required.

.
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For sealed motors, determine _that periodic inspection or-c.
replacement of any organic seals is performed as requitec.

by the qualification documentation.

d. For motors with open housings, determine that periodic -
cleaning of motor internals is performed,

11.10 Electrical Cable

11.10.1 Documentation

The most significant problem in establishing qualifica-a.

tion of installed cable has been establishing similarity
to the cable that was tested. To demonstrate similarity
in accordance with IEEE Std 383-1974 (9), the following
attributes should be compared:

1. Conductor - material identification, size,
stranding, coating

'

2. Insulation - material identification, thickness,
method of application (should include curing method)

3. Assembly (multiconductor cable only) - number and
arrangement of conductors, fillers, binders

!4 Shielding - tapes, extrusions, braids or others
!
:

5. Covering - jacket or metallic _ armor (or both),
material identification, thickness, method of
application (should include curing method)

6. Characteristics - voltage and temperature rating
(instrumentation cao.e - capacitance, attenuation,
characterististic impedence, microphonics,
insulation resistance)

7. Identification - manuf acturer's trade name or
catalogue number

Note: As a minimum, a manufacturer's stat'ement or
certification that the qualification documentation
applies to the installed cable should be available-(e.g.,
a stateme,nt that the material used and construction
methods are the same as those of the qualification
specimens) .'

b. In cable qualification tests, functisaal capability was
monitored during accident simulation. Verify that the

.
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monitored parameter was of interest for the cable
*

application (e.g., impedence for shielded instrument

cable).

c. The qualified life evaluation of power cable snonic
include consideration of temperature rise from the
currents passing through the cable,

11.10.2 Physical Inspection

a. Determine, on the basis of the attributes listed in
Section B.10.1.a, that the instal.ted cable is similar to
the cable qualified. (Verification of manufacturing
codes and numbers may be all that is possible.) Cable
marking numbers should agree with qualification data.
Obvious signs of mishandling or deterioration should be
noted,

11.10.3 Preservation of Qualification

(No specific attributes)

11.11 Electrical Penetration Assemblies
.

11.11.1 Documentation

a. During qualification testing of electrical penetration
assemblies, separate test specimens were used in many of
the programs for dif ferent steps of the test sequence.
Since this procedure is unacceptable, determine that a
single specimen was exposed to all environmental
influences required to demonstrate qualification.

b. Aging analyses for penetrations addressed only a limited
| number of materials. Determine that all non-metallic
! materials used in construction of the penetration were
'

evaluated for the effects;of age-related degradation.

| c. Test documentation for penetrations _has shown substantial.

reductions in insulation resistance during exposure to
steam. For documentation-where this is noted, determine

i that the licensee has evaluated the effects of-the
insulation resistance *dsses on-instrumentation signals
passing through the penetration.

|
|

,

I

-34-

- -, - . . - . -



_ . -
_ - ._ . _ _ _ . _ . _ . . - _ ._ _. _ _~_

, .

|
.

11.11.2 Physical Inspection i'

,

,

| a. Because of the many different types of modular and
L cellular penetrations in use, it should be verified that
'

the qualified apecimens are representative of the
'

installed penetrations.
|

11.11.3 Preservation of Qualification.

Because of the tendency of some epoxy and other organica.
materials to shrink with age, verify that the maintenance
program addresses inspection and testing of penetrations
to verify the adequacy of seal materials,

11.12 Splices, Terminations, and Connections
a

11.12.1 Documentation
.

a. During qualification testing, many terminations and
connections were qualified while encased in external
enclosures (e.g. , junction boxes) . Determine if the
qualification documentation requires such enclosures to
be installed,

11.12.2 Physical Inspection

Many different types and materials are in use fora.
terminations, splices, and connections. Determine that
the installed materials are those which were qualified.

| b. Some manufacturers have placed limitations on the use of
) terminations, splices, and connections (e.g. , two lug

limit on a single terminal screw) . Determine that any
limitations established by the manufacturer are not
exceeded in the installation,

Where qualification is predicated upon enclosure of thec.

device, determine that the proper enclosure is provided,
i

11.12.3 Preservation of Qualification
!

i Many manufacturers have provided explicit installationa.
; procedures for splices, terminations, and connectors.

Determine that the maintenance program addresses use of
these procedures for reinstallation after maintenance.

.

.
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This appendix first provides a list of eight generic corrective actions
which may be taken by the licensee as corrective actions to resolve'

deficiencies in the TER. Although the eight corrective actions are not -

the only possible resolutions of the deficiencies noteo during the
review, they are the most common. Any proposed -corrective _ action must; oe
evaluated for its applicability in demonstrating qualification of the
installed equipment.

Following the corrective actions is a-brief description of the generic
deficiency categories noted during the review of environmental qualifica-,

tion documentation submitteo for 71 operating plants in response'to IE
Bulletin 79-01B. The reasons for citing a specific deficiency are
included with each deficiency.

A.l.0 GENERIC CORRECTIVE ACTIONS

The corrective actions listed below can be applied almost
universally to the deficiencies noted during the review,

a. Replacement of an unqualified device with a qualified
device

b. Perform new qualification testing for existing equipment4

or acquire existing documentation

c. Perform similarity analysis to show that existing docu-
mentation applies to the installed device

d. Qualify by analysis (also extend qualification by--
analysis). In general, analysis should be used only for
effects of one environmental parameter, since mocels for
multiple ef fects generally co not exist

e. Modify service environment or provice shielding- to allow
use of existing documentation

f. Relocate equipment to mild environment

g. Exclude from scope of equipment requiring qualification
(determination that equipment ooes not perform a safety
function and its ; failure will not affect the performar.ce -
of a safety function by another device)

h. Relocate equipment above flood-level.

.
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A.2.0 GENERIC DEFICIENCIES FROM TER
.

A.2.1 Documented Evidence of Qual |,fication Inadequate *

a. Basis for Issuance of Deficiency:

1. Complete absence of documentation

2. Documentation did not address environmental
qualification

3. Documentation consisted of a test summary only, or

4. Documentation consisted of a certificate of
compliance (no other documentation provided).

b. Possible Corrective Actions (f rom D. l.0) :

a , b, f, 9

A.2.2 Adequate Similarity Between Equipment and Test Specimen
Not Established

a. Basis for Issuance of Deficiency:

1. System Component Evaluation Work Sheet (SCEW sheet)
did not contain sufficient it. formation to describe
installed equipment adequately

2. SCEW sheet identified a mocel number different from
the model identified in the qualification documen-
tation

3. Test report contained only cevice tag numbers ano no
equipment model numbers, or

! 4. Equipment subjected to qualification testing had
! special modifications for testing.

b. Possible Corrective i.ctions (from D.l.0)

a,b,c,f,9

A.2.2 Aging Degradation Not Evaluated Adequately and Qualified Lif e
or Replacement Schedule Not Established

a. Basis for Issuance of Deficiency:

|
*The TER deficiency descriptions were positive statements (e.g., "Docu-

! ment Evidence of Qualification Adequate"); here they are given in nega-
'

tive form for ease of interpretation of the deficiency.

| A-2
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1. Improper use of _ activation energies in aging-
'

calculations

2. Flimination of components subject to aging
degradation f rom the aging evaluation without
adequate justification

i

3. Extrapolation of manuf acturer's recommenced replace-
ment intervals to forecast a longer qualified life
without verifying the extrapolation with the
manufacturer

4. Transposition and extrapolation of LOCA test

|
environmental exposure to predict qualified. life

I without adequate justification and analysis,

b. Possible Corrective Actions (from D.l.0)

a,b,c,d,e, f, 9

A.2.4 Criteria Regarding Aging Simulation Not Satisfied

a. Basis for Issuance of Deficiency:

1. Aging simulation not performed prior to accident
[
l simulation (applies only to NUREG-0588, Category I

qualification prog rams) .

b. Possible Corrective Actions (f rom D.l.0)
'

a, b, d,'f, g

A.2.5 Criteria Regarding Temperature / Pressure Exposure Not Satisfied

a. Basis for Issuance of Deficiency:

1. Peak Temperature Inadequate

| ( a) Peak temperature during qualification testing
did not envelop plant-specific conditions.

2. Peak Pressure Inadequate

( a) Peak pressure during qualification testing did--

not envelop plant-specific conditions -

( b) Accident testing was performed at ambient
pressure.

3. Duration Inadequate

l
.
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( a) Testing was performed for 1 or 2 hours at
,

elevated pressure and temperature and useo as
evidence of qualification for longer periods

( b) Accicent testing was performed for 30 days with
a specified plant accident duration of up to
one year.

4. Required Profile Enveloped Inadequately

( a) Failure of qualification results to envelop the
specified accident conditions.

5. Steam Exposure Inadequate

( a) Accident testing was performed in an air oven
at elevated temperature with no steam exposure.

b. Possible Corrective Actions (from D.1.0)

a, b, f, 9

A.2.6 Criteria Regarding Spray Not Satisfied

a. Basis for Issuance of Deficiency:

1. Chemical / demineralized water spray was not used
during accident simulation

2. Material analyses were performed to qualify
equipment for chemical- spray without considering the
increase in reactivity of the spray solution with
increases in temperature or the ef fects of ' chemical
plateout,

b. Possible Corrective Actions (f rom D.l.0) |

a,b,d,e, f, 9

A.2.7 Criteria Regarding Submergence Not- Satisfied

a. Basis for Issuance of Deficiency:

1. Equipment was identified as subject. to submergence,
but no testing was performed, or

2. Equipment was identified as. completing protective
actions prior to submergence, but no failure
analysis was provided to demonstrate that the

equipment's f ailure when submerged would not af fect
other class IE equipment..

.
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b. Possible Corrective Actions (trom D.l.0)
,

a , b, h or performance of a failure effects analysis (for
case 2 above only)

A.2.8 Criteria Regarding Radiatien Not Satisfied

[

| a. Basis for Issuance of Deficiency:

1. No test or analysis for radiation withstand
capability was provided,

2. Equipment failed or exhibited aberrant behavior when
exposed to radiation, or

3. Material analysis did not address the critical
properties of the material for its application in
the equipment.

b. Possible Corrective Actions ( f rora D.1,0)

a,b,e f, gr

A.2.9 Criteria Regarding Test Sequence Not Satisfied

a. Basis for Issuance of Deficiency:

1. Equipment containing materials subject to
age-related degradation was not aged,

2. Equipment containing materials subject to radiation
damage was not irradiated, or

3. Testing was performed on different test specimens
, with no one specimen subjected to entire test
i sequence.

I b. Possible Corrective Actions (from D.1.0)
4

a,b,f,9

A.2.10 Inadequate Resolution of Test Specimen Failures or Severe f
Anomalies 1

a. Basis for Issuance of Deficiency:

1. Equipment failed during initial phases of accident
testing,

i

e
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k 2. Equipment : ailed at longer term point of accident.

testing (e.g., f ailure at 15 days) with inadequate
evaluation of the failure and accident simulation
stresses

3. Significant instrument accuracy or setpoint changes
were noted, or

4. Test equipment anomalies caused exposure transients
with equipment failures resulting without adequate!

'

evaluatioti or analysis of event.

| b. Possible Corrective Actions (from D.l.0)

a , b, f, g

Note: In cases where equipment f ailure occurred that
was not attributable to inappropriate testing;
replacement, relocation, or exclusion from
scope should be used rather an retesting.

A.2.11 Criteria Regarding Instrument Accuracy Not Satisfied

Basis for Issuance of Deficiency:a.

1. Instrumentation was tested, but no data on accuracy
or setpoint and zero drift were provided, or

2. Data on accuracy and drift were provided with no
evaluation of adequacy for the specific applications,

b. Possible Corrective Actions (from D.l.0)
a, b, f, g

|

|

9
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