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Section 1

INTROOUCTION

Technology for Energy Corporation (TEC) has contracted w'th Arkansas
Power and Light (APSL) Company to supply an inadequate ccre cooling
(1CC) system for Arkansas Nuclear One (ANO), Units 1 and 2. TEC and APSL
designed and conducted an extensive experimental test program on the
Radcal Inventory Meter (RIM) to verify ICC capability and compliance with
regulatory requirements, and to provide licensing suport and design data

for the system hardware.

A two-phase test program was conducted at the Qak Ridge Natfonal
Laboratory (ORNL). Phase | utilized the atmospheric AirMater Test
Facility. The overall objectives of Phase | were to:

o Provide basic design data on the performance of various
manometer/RIM assembly combinations,

o Select prototype manometer/RIM assembly configurations for addi-
tional testing,

o Demonstrata that the final prototype manometer/RIM assembly can
make level measurements in a variety of air/water mixtures and
flows, and

e Determine the domain of flow and void fraction boundary con-
ditions under which the manometer/RIM assembly can provide
unambiguous ICC determination,

Section 2 provides a detailed description of Phase | testing and a

summary of the Air/Mater Test Series results.,

Phase 11 utilized the pressurized-water Forced Convection Test Facil-
fty (FCTF) at Oak Ridge. The FCTF is a typical reactor simulation
facility and has been used for several Nuclear Regulatory Commission

1-1
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| 1-2
: (NRC) programs. [t has both blowdown and reflood capabilities with suf-
! ficient control and instrumentation to simulate a reactor under small
\ break, loss-of-coolant (LOCA) conditions. Phase [l testing was con-
ducted in two parts:

e Upper Head Test Series and

| e In-Core Test Series.

;" Two separate test series were required to simulate the different upper
head and in-core thermal-hydraulic boundary conditions in a nuclear

reactor during a LOCA,

The objectives for both the Upper Head and In-core Test Series were to:

e Demonstrate that the selected prototype manometer/RIM
assembly can supply accurate, reliable monitoring of liquid
o leve! in the upper head and upper plenum of a reactor;

e Demonstrate that the selected prototype manometar/RIM assembly
can supply accurate, reliable monitoring of the in-core liquid
level under low power conditions;

L9 e Provide data to determine the boundary conditions (i.e.
| depressurization rates, flow rates, repressurization rates,
| etc.) for accurate, reliable, above and in-core monitoring
l : performance;
|

e Confirm that the absolute temperature measurements provide a
'y relfable indication of above-core coolant temperature in an [CC
event;

| o Provide data on how accurately a RIM monitors fuel therma)
performance, and

(4] e Provide data to finalize the sensor geometry, sensor arrangement,
and manometer design for ANO, Units 1 and 2.

Scction'J provides a detailed description of the Upper Head Test Series;
v Section 4 describes the In-core Test Series. Each section also provides
a summary of the appropriate test results,

54,3,84011
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Section 5 discusses the tested RIM compliance to regulatory require-

ments.

Section 6 provides the results of the three-part RIM test

program. The overall conclusions are that all three types of tested RIM

sensors meet or exceed the regulatory requirements. Any cne sensor type

or a combination of two or all three sensor types in conjunction with

the tested manometer should:

Maintain their mechanical/electrical integrity, cperability, and
performance under small break, loss-of-coolant events;

Respond accurately and reliably to both blowdown and reflood tran-
sients and be usable as an ICC warning system when coupled to a

data processing system;

Indicate inventory loss or gain rates as well as inventory itself;

Produce a predictable response;

Trend fuel clad temperatures (via absolute thermocouples); and

Indicate fuel surface heat transfer conditions.

The test data confirms that a complete, RIM-basad ICC system in full

compliance with regulatory requirements can be provided for ANO, Units 1

and 2.

54,5,84011



Section 2

AIR/WATER TEST SERIES

b
2.1 OVERALL OBJECTIVES OF THE AIR/WATER TEST SERIES
5 The overall objectives of the Air/Water Test Series were to:
e Provide basic design data on the mancmeter/RIM assembly
performance,
o Demonstrate that the final prototype manometer/RIM assamdly
can make level measurements in a variety of air/water mixtures
2 and fliows,.
e Obtain basic performance data, response time, and fill and
drain rates of the manometer/RIM assembly, and
. e Determine the domain of flow and void fraction boundary con-
8 ditions under which the manometer/RIM assembly can provide
unambiguous data.
2.2 AIR/WATER EXPERIMENTAL CONFIGURATION ANC TEST MATRIX FOR
3 MANOMETER EQUALIZING PORT TESTING
2
»
»

2-1
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2.3 AIR/WATER RESULTS AND CONCLUSIONS FOR MANOMETER EQUALIZING PORT
TESTING
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2.4 AIR/WATER EXPERIMENTAL CONFIGURATION AND TEST MATRIX FOR
MANOMETER/RIM ASSEMBLY TESTING

The air/water testing of.the manometer/RIM tube assembly was performed

in the experimental facility shown in Figure 2-2. Water and air weré

metersd irto a vertical test section that housed the RIM and its manom-

eter. The test section was transparent to allow vi%ua1 observations.

The external manometer (shown in Figure 2-2) was designed so that when

air was bubbled into the test section, no air was induced in the inter-

nal menometer.

54.3.34011



. Figure 2-7. Bottom Manometer Equalizing Port Design Chosen in the
Air/Water Test Series.
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Figqure 2-8, Air/Water Test Series Sensor
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2.5 AIR/WATER RESULTS AND CONCLUSIONS FOR MANOMETER/RIM ASSEMSLY TESTING

2.5.1 Results and Conclusions for AW2100
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Table 2-3
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Section 3

UPPER HEAD TEST SERIES
|
; 3.1 OVERALL OBJECTIVES OF THE UPPER HEAD TEST SERIES

R The overall Qbjectives of the Upper Head Test Sarias were to:
e Demonstrate that the prototype manometer/RIM assemely can
. supply measurements to provide effective [CC monitoring of the

upper head and upper plenum of the reactor,

> e Provide data to determine the domaian of the bdoundary ccn-
ditions (i.e., depressurization ratas (break size), initial flow
rate sensitivity, and refill repressurization ratas] of unam-
biguous manometer/RIM assembly ICC monitoring performance,

o Confirm that the manometer/RIM assembly absolute temperature
measurement provides a good indication of coolant temperature
above the core in an ICC event, and )

e Provide data to select the optimum sensor types and arrange-
ments in the manometer/RIM assembly for ANQ, Units 1 and 2.

3.2 UPPER HEAD EXPERIMENTAL CONFIGURATION AND TEST MATRIX

Depressurization tests of the RIM were conducted in the NRNL FCTF, which
& can simulate a large PWR curing a small break event. The test facility
is a high-pressure, high-temperature, forced-circulation water loop con-
figured as shown in Figure 3-1. The loop can be operatad at tem-
peratures and pressures up to 630°F and 2250 psig, with a water flow

through the test section of up to 50 gpm at variable test-section power

inputs of up to about 30 kW.

The FCTF is a typical blowdown test facility composed of a circulating
pump (with bypass for flow control), a test section, pressurizer, aeat

exchanger, and blowdown line connected to the test section. The test

3-1
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3-3
section was configured with the inlet piping connectad rear the bettom
of the test section (i.e., no internal downcomer was simulated). The
blowdown line was connected to the top of the tast saction to simylate
hot leg breaﬁf. Two rupture disks with a nitrogen buffer were used
to create primary system breaks. An orifice assemtly dewnstream of the

rupture disks determined the break size.

The FCTF has the necessary instrumentation to monitor a small brezk
LOCA, The major instruments monitoring the loop and test section are
shown in Figures 3-2 and 3-3. The following standard instrument
designations are used:

PE - Pressure

PDE - Differential Pressure

TE Temperature

FE Flow.

The FCTF data acquisition system records 135 instrumeat signals svery

0.025 seconds.

In the Upper Head Test Series, four mancmeter/RIM assemblies were tastad
in a bundle configuration as shown in Figure 3-4, This simultaneous
testing allowed direct comparison of sensor types and chamber variations

during the testing sequence and enabled a smaller number of tasts to

"determine the most effective manometer/RIM assembly design to be util-

ized in ANO, Units 1 and 2.
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Table >-1

SUMMARY OF UPPER MEAD TEST SERIES SENSOR ARRANGEMENT

(S - Stow, F - Fasr, SU - Signature of Uacovory)

Uppar

itend | Loavel

Rol 2 o Rad 3 _ v Rot 4
Approsimate Approximato Approximate Approxlmalto
Hot Junctian Cold Junction Gas Gap Cold Junction Cold Junctlon Cas Gap
Hoad Elovation® Sonsor Elovation® Longth Sonsor Elevarlon® Sensor Elevatlion® Length
(f1) Typo (1) i) _Typo_ (t1) Typo (tr) (1n)

.-

kay %

Sonsaor

ype

Approsimate
Cow
Llovalicn®

(tr)

Junct lan

.
lora |s

% 4
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3.3 UPPER HEAD RESULTS AND CONCLUSIONS

3.3.1 Basic Response Patterns During Blowdown

The fundarental phenomencn in the test section during blowdown is 2 loss
of inveatcry from a two-phase regime covered by single-phase sta2im. The
primary parametar is rate-of-loss of inventory. The RIMs arz separatad
from tha t2st saction mixture by the mancmeters which permit watar

to flow into the instrument region while inhibiting steam entrance.

This construction provides a better indication of water inveatory with
the mixturs quality inside the manometer during blowdown being primarily

a function of depressurization rate.

"
|

ns2 of each sensor type (slow, fast, and signature of uncovery)

2 ra
g e

)

o

b

d
to loss of inventory is indicated in Figures 3-7 through 3-9. (As with
all unfiltered experimental data, these figures have noise spikes that

should be disregarded.)

Figure 3-7 shows the response of a slow sensor to 2 medium rate,
loss-of-inveatory case. At this rate, the different time constants of

the differential thermocouple junctions and the decreasing absolute
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Taole 3-3
£5 Tl [MITIATY COVERY SIGNAL 20 TEST SERIES
€1 ¢ Tress nTiL [N TI0M OF UNCOYERY SIGNAL DURING JPPER h: 0 'TS,,SE
c-bf»x Lf: N3 FAST %éNS&QS USING DISFERENTIAL PRESSURE TRANSOUCERS AS THE
31505 702 COLLA?SZO LIQUID LEVEL SENSOR CROSSING TIMES

Slow Sensors

Fast Sensors

Averiga Leval

Maximum Minimum Maximum Minimum
Tast fall Raztas” Delay Time Delay Time Delay Time DOelay Time
Number ft/min) (s) (s) (s) (s)
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Basic Resoonse Patterns Ouri
















nsdu
Jycer
C
om
ne
d
r-i
1S
on
S
Dur
1A
g
-
ef
lo
pod




i

REIE R

i



“gl-g 24nb1 g




3-2%

Tasla 1.4
OELAY TIMIS UNTIL [NITIATION OF RECOVERY SIGMAL DURING OPER HEAD TIST SgRizs
FOR SLOW AND FAST SINSORS LSING DIFFERENTIAL PRESSURE TRANSJUCERS AS THE
BASLS FOR COLLAPSED LIQUID LEYEL SENSCR CROSSING TIMES

Slow Sansors Fast S21s3rs
Average Level Maximum Minimum Maximum Miaimum
Test Fall Rates” Oelay Time Delay Time Delay Time Oslay Time
Number (fe/min) (s) (s) (s) (s)

m’w

* Calculated from the pretest calibrated PDE-T7 differential pressure trans-
ducer output.

$4.1,84011







P —

Section 4

IN-CORE TEST SERIES

4,1 QUEAALL OBJUECTIVES OF THE [N-CORE TEST SERIES

The avara!) gpjectives of the In-core Test Series were to:
o Dermonstirata that the prototype RIM sensors can supply measure-
ments to provide effective [CC monitoring of the reactor core

under lcw-power conditions, .

e -

e Provids data to determine the boundary concitions on uramiiguous
RiM ICC monitoring performance - depressurization rates (orsak
size), initial flow rate sensitivity, and refill repressurization,

e Confirm that the absolute temperature measurement provides a
good indication of ccclant temparature above the core in an [CC
svent, and obtain dat2 on how closely the RIM reflects fuel
tnermal performance, and )

o Provida data to select the optimum sensor types and arrangements
in the 2[M probe for ANC, Units ! and 2.

4.2 [IN-CORE EXPSRIMENTAL CONFIGURATION AND TEST MATRIX

4-1
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4.3 [IN-CORE RESULTS AND CONCLUSIONS

4.3.1 FPS Sheath Thermocouple Comparisons During 8lowdown




*g-p 24nbLy









4.3.2 Differential Pressure Transducer Comparisons Ouring B1owdewn

$4.2.84011



*g-p 94nbL 4









SR
i

) -
s
g




4

'
§-
(WA

4.3.3 FPS Sheazn Thermocounle Comoarisons During Reflood

nscducer Comparisons During Reflood
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: Sestian 3
; REGULATORY REQUIRATMENTS CIMPLIANCE
! There 2rs two maisr documents wi%a wniz: the T30 (20 meniiiriag sysiem

must comply: (1) MURES-G737, “Ciassificatisn ¢f ML de=ian Plan
Requirementss® and (2) Ragulatsry Zusza L.37, "lnsirumentaiison far
| Light-wazar-Coolad Nuclear Powes Piancs o issass Piant asc Zavirons

g L @ 3 4 a2 0
Fallawing 39 Azgigan:.” Tne tast arogram

- Conditicns Quring and

described in this documen: does nc: 3cdrass 21l of a2 reguiraments in

these documents because some oF the raguirsments are ralatzd Lo itams

other than systam garformanca. The fallow’nag sactiians addrass directly

P —

' those requirements relased =g system 22-7armanc: wizh whicgs tais Las

I I I RN,

i
|
l
! - L f’
i The follawing classificazion of raguirscaats are from Saction LL.F.Z,
[ “Instrumentation for Detscticn of l[aadscuatzs Cer2 Cociiag,” of NUREG-Q737.
I
E
i 1. Requirement: "Dasign of naw ‘asirumantation should provide an
5 unambiguous indicatien of CC. Tnis may racuire few Teisyres
5 meats or a synthasis of 2«isting meisurzments wiicn maat
. design criteria (itam 7)."
Compliance:

l‘
]
]

2. Requirement: “The svaluatior i3 %o include r2actlor-water-

level indication.”

54.,3,84011
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Comeg!iancs:

3. Raquirsmes:z: “Licansass and applicants are raquirsd o pro-
“1c¢a tna necassarvy design anmalysis to support the preposad
final instrumentation system for inadequate2 core cooling and
to svalyata the merits of various instruments to monitcr water
leve! 2nd to menitor other parameters indicative of core-
cceling condizions.”

Comoliznca:

4. Rszcuirsment: The indication of [CC must te unambiguous in
Tha: iz snculd hava the following properties: (&) It must
indicazs thes sxistance of inadequatz cors cooling causad by
va~ious onhenemena [i.2., high-void fraction-pumped flow as

& illeg
at beil-off), and (b) It must not erranecusly
2 i

well 2s stagna
indicaza [CC pscause of the presance of an unrelated
aohencmengn.”

Comglianca:

(a)

54.3.8¢
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(o)

Reauirament: “The iadicatiscn muss give ag¢vancad waraiag of
the approacn of ICC."
Comoliance:

2
Requirement: "The indicaticn must cover tha full ranga from

normal operation to completa’cor2 uncovary. For acample,
watar-lavel instrumentation may ce chosan to provids advancad
warning of two-phase level dropo to the 700 of the cersz and
could be supplementad by othar indicators such 23S in-caors and
core-2xit thermocouples provided that the indicatad tam-
peratures can be correlated to porovide indication of the
existence of ICC and to infer the =xtenl of core uncavery.
Alternatively, full-range level ins=rumentation to the bottiom
of the core may be employed in conjunctisn with otner diverse
indicatars such as core-sxit tharmeocounias %0 srzclude misin-
terpratation due to any imherant daficiencies or inaccuracies
in the measurement systam salectad.”

54.2.84011
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Complianca:

7. Rsaytrsment: “All instrumentation in the final ICC systam
TUST S8 e2valuatad for confaormance to Appendix 3, Desizn and
q Instruzentaticn,

salification Critaria for Accidant Monitaring ins
35 clarified or moadiriad oy the provisions of itams & anc 9
shat follow. Thnis is a new requirement.”

Compliance:
AL RE M 4

o

Racuirsment: “If a computer is provided to precess ligquid-
Tevel signals for display, seismic qualification is not
required for the computer and associated hardwars deyend the
isolazor or input buffer at a location accessible fer main-
sanance follawing an accident. The single-failure ¢riteria of
item 2, Appendix 3, need not agaly to tha channei Beyond the
isolazion device if it is designed to provide 99% availabiligy
with respect to functional capability for liguid-level
displav. The display and associated hardwara beyond the iso-
tation device nead not be Class lE. but sheuld e enargizad

from 2 high-reliability pewer source which is battary backad.
The quality assurance provisions cited in Appendix 3, item 3,
need not apoly to this portion of the instrumentaticn systam.

This is a new requirement.”

Compliancge:

9. Qaquirament: “lncore thermocouples located at the core exit
or at discrete axial levels of the ICC monitoring system and
whicn are part of the monitoring system should be evaluated
for conformity with Attachment 1, Design and Qualification
Criteria for PWR [ncore Thermocouples, which is a new
requirament.”

Compliance:

$4,2.82011



Requirement: "“The types and locations of disalays 4

should e determined by performing 2 humanr=-*faczgors 2nalysi
taioPag into consideration: (2} the use of this informatis

an operator during both normal and abrnormal plast ceacitions,
(b) integration into emergency procadures, (¢c) intagriticn
into operator training, and (d) cther alarms during amargency
and nead for prioritization of alarms.”

Compliance:

§.2 COMPLIANCE WITH REGULATORY GUIDE 1.97

Although not aderessed directly in this tast program,
will meet the requirements of Regulatory Guide 1.97.

tion program reports are requirad to document compliiance.
3

is includad to give an overview of how th2 =L [CC monitering

will comply with the Design and Qualification Criteria for

Instrumentation given in Table 1 (Category 1) of Regulatory Guics

1.97,

Equipment Qualification

Requirement: "The instrumentation should be qualified in
3ccordance with Regulateory Guide 1.89, Qualification of Class
1€ Equipment for Nuclear Power Plants, and the metnocology
described in NUREG-U588, [nterim Staff Position an
Eavironmental Qualification of Saraty-Relatad clectrical

Equipment.

Instrumentation whose ranges are required to extand Bayend
those ranges calculatad in tha most severa design basis acci-
dent event for a given variable should be qualified using a2
guidance provided in Paragraph 6.3.6 of ANSI-4.5.

54.2.84011
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Qua'ificasion asplias %0 the complete instrumentation channel
‘rom sansor t0 cdisplay where tne display is a direct-
in¢icasing metar or recording device. [f the instrumentation
chanea! signal is to Se us2d in 3 comouter-basas display,
recarding, or diagnestic program, qualification applies from
tha s21s3r up 0 and including the channel isolation cevic2.

Tad saismic portion of qualification should be in accordence
wita Raguiatory Guide 1.100, Seismic Cualification of
Siaczric Eouipment for Nuglear Powar Plants. [nstrumentation
snoulsd centinue to r2ad witnin tne required accuracy
follgwing, but not necessarily during a safa2 shutdown

= t “"
237250033,

Comoliancga:

Redundangy

- i i
—_——

A

Razuiramens: “MNo single failure within either the accident-
mcnizoring instrumentaticn, fts auxiliary supporting features,
or its powar sources concurrant with the failures tnat are 2
congition or result of a specific accident should pravent the
go2ritars ‘rom being presented the information necessary for
them to detarmine the safaty status of the plant and to bring
thz glant to and maintain it in a safe conditien following
taas accicdent, Where failure of one accident-monitoring chan-
ng! rezsults in information ampiguity (that is, the radundant
disalays disagres) that could lead operators to defeat or fail
to accomplisn a required safety function, additional infor-
ma-ion should be provided tc allow the operators to deduce the
actual conditions in the plant. This may be accomplished by
providing additional independent channels of information of
the same variable (addition of an identical channel) or by
providing an independent channel to monitor a different
variabie that bears a known relationship to the multiple chan-
nels (addition of a diverss channel). Redundant or diverse
channels should be electrically independent and physically
separated from each other and from equipment not classified
important to safety in accordance with Regulatory Guide 1.75,
Physical Independence of Electric Systems, up to and




wh
4
-~

incluging any isclation device. Within each reduncant divi-
sion of a safety system, redundant menitoring charnals ire not
neesed except for staam generator level instrumentation in
two-12¢0 plants.”

Comolianca:

A

Power Sugoly

;irsment:  “"The iastrumentaticn shouid De energizad

&
2 Z2¢ Trom
Ton standby power sources as provided in Reguiatory G
& -
- S<

uida
. Critaria for Safetv-Related Electric Power Systsms for
237 Power Dlants, and snould be backed up Jvy Zatiaries
wheraz tomeatary interruption is not toleradie.”

=
=
=
2

Compliance:

Chanral Availadility

Raquirsment: “The instrumentation channel should be available
prior to an accident except as provided in Paragraph ¢.11,

Excegtion, as defined in lEEE Std 279-1971, Criteria for
rotaction Systems for Nuclear Power Generating Statigns, or

as specified in the technical specifications.”

Comoliancs:

54,1.84011
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e Regulatary Guide 1.20
(Safazy Guice IC)

e Recylatary Guids 1.78

o Ragulazory Guige 1.33

e Ragulatary Guide L.8¢

e Reagzuiatary Guide 1.32

o Rasylatary Guide 1.123

o Regulatery Guic

~

e Regulatory Gui

Refarznca %o tne above rz

Guidas 1.30 and L
revisiagn to Regqu!
(Task S 002-%) a
Quality Assurancs

de 1.1¢8

: Sat) .
ne recsrmendatians of tha foilowing rajulatory
- - - . - . - 4 B | . -
€3 quaiity 3s3urInce sPdulil Ze fgilcwed
3 Tl |
de 1.29 - Qua2 v Assuyrinca drnzranm
: ey —
agu-ramancs (Design and
ConsSruction)

irameazs for
acz10a, ancd
tien and

ey

Qualiss Agsuranca Raquiraments for
Facc25ias, Saisatag, Racaiviag,
Ssaraza, anc¢ manciing aof itams for
Watzr-.00.22 Nuclaar Pgwar Plant

Jud’ casion of Nuclair Pcwar
PTant insceccicn, cxaminaticn, and
tagting Farsgansg;

Quai‘sy Assurance Jecuiraments for
! ¥ Pre = 7 -

Usstan or Wuci23r 7gwe- P7lants
~ . . -~ - . -
Callzse=ion, Sigrans, and Maintenance

¥ H - '. 'u .
Of Muc:aar sows?” Piant Cuality

- - | |
Assursncs Racorcs
# b4 - A - - - : - .
Qualisy Agsurancs Reguiramantis for
Cont -7 Af Fracursment oF itams and
Serv: 238 for huclsar Powar Zlants

Audicing of Quality Assurance
Procrams rar .ucl2ar Powar Plants

ty Assurance
for Muclear

Qualification of Quali
Procram Aucdic Personnel
Powar 2lants

sulatery cuidas (axcaaf Ragulatory
.38) is being made pending issuance of a
atory Guide 1.29 that is under development
nd that will 2ndorsa ANSI/ASMZ NQA-1-1979,
O~gqram Requiraments for Nuclear Power

Plant.
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Como!lianca:

At

Oisalay and Racerding

Recuirsment: “Continucus rezl-time display shoulc Te ora-
e —————— - g - % 2 ‘. 2 B -
wigec. 1ne indication may be on a dial, 2igital cisalay, CR7,
or stripehart recarger,

Recorcing of instrumentation readout informatica should De
provided for at least cne redundant channel.

[f tha dirscs and immediate trand or transiaat information is
essential for coerator information or action, th2 racording
should Se continucusly available on redundant c2lic2iag racor-
ders. Otherwisa, it mav be continucusly updated, sterad in
computar memery, and disglayed on demand. [nizrmitient

displays such as data leggars and sc2nning recorcars may te
uses if no significant transizat respons2 informaticn 13
lizely to de lost oy such devices.”
Compiiancs:

7. Range
—— ——
Requirament: "If two or more instruments are naadad Lo cover
2 particular range, overlapping of instrument saan should be
provided. [f the required rangs of monitoring instrumentation
results in a loss of instrumentation sensitivity ia tne normal
operating range, separate instruments should be us2d.”

54.2.84011
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5-10
Comgiianca
a8
€quigmant ldentification
Requirsment: "Types A, 8, and C instruments dasignac 25
acacories L and 2 should be specifically idantifiad with a

common designation on the control panels so that the ogarator
can easily discern that they ara intended for use under acci-
dent conditions."

[nterfacss

Requiramenz: “The transmission of signals for otasr u
shoulc ce cthrough isolation devices that are dasignatad as
part of the monitoring instrumentation and that mest the pro-

visions of this document.”

fap AcAap 33
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ing, Testing, and Calibrations

0y

=
n O
“

w

ment: “"Serwvicing, testiang, and calibration programs
Se specified to maintain the capadility of the meni-
instrumentation. If the required intarval betwaen
1g is less than the normal time interval betwaen plant
wns, a capability for testing during pcwar oparation
be provided. o

3 G

¥y 2 v
» Cow
P P e I e

d % e T} el b

G O

W cr e
«

Whenavar means for removing channels from sarvice are included
in tha design, the design should facilitate edministrative
control of the access to such removal means.

The design should facilitate administrative control of the
accass to all setpoint adjustments, mocdule calibration adjust-
ments, and test points.

dsriadic checking, testing, calibration, and calibraticn veri-
fication should be in accordance with the applicable portions
of Regulatory Guide 1.118, Periodic Testing of Electric Powar
and Protaction Systems, pertaining to testing of instrument
channels. (Note: Response time testing not usually nesded.)

Thz isalaticn of the isolation device should te such that it
would be accessible for maintenance during accident
conditions."

Comoliance:
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N
Ayman “agciors
Requirsmenz. "The instrumentation should e designec to facil-
1n3%2 %1e recagnition, location, replacement, rapair, OF
s 1 e

=
adiustmen: of malfuncticning components. ({t is designed to be
3

highiy ralisdble with minimal repair or adjustment. Faulls are
readily icantified through the sensor functional checks and
=n2%023 seli-diagrostic saftware. The DAS medules anc equin-
nen: cisinat ars gesignad for easy replacament or repair.”

ghe sxtent practicable, moniiars instru-

should be from sensors that dirscliy measure
123
s

n
4

]
. An indirect measursment should be made
ngen by analysis to provide unamdiguous







=2

Tracking Collapsed Liquid Level: - Tne c2pabdility of the sensor %o

respond dramatically and quickly to the passage of a liquid/vapor

intarface.

Solashing Sansitivity: - The capabtility of the sensor to maintain a

stable uncovered alarm state under surface splashing phenomena.

Signal Daubling Time: - The time it takas for the signal %2 double

in magnitude aftar uncovery. This is the alarm genaration time

delay (fast and slow sensors) after liquid level passage.

Uncovery (8lowdown) Signal/Initial Signal: The ratio of the dry

output signal to the initial wet signal. The greater the ratio,
the more obvious the uncoverad state and the easier it is %o

interpret.

Recovery (Raflood) Signal/Initial Signal: The ratio of the wetl

output signal after the sensar has Ceen dry tO the initial wet
signal. After having gone through a blowdown and reflood tran-
sient, the temperaturs of the sensor will be decresased and this
ratio is an indicaticn of how clesely the final wet state

approaches the pre-transient wet state.

Magnitude of Initial Signal: The larger the initial signal, the

easier it is to process and the less the uncertainty (%) in its

magnitude.

54.1.84011
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Accuracy as a Rate Monitor: The capadbility of & sensor to te used

as a rata of level fall or rate of level rise meter. This capabi-

lity would allow an oparator to calculate the amount of time ne had

to take actian before ICC occurraed or to calculats the amount of
1 '

time it would take to reflocd a gortion of the vessal.

Absolute Temperaturs Sensizivity: The change in the output signal

due to changes i~ absolute temparaturs. An instrument which was
very sensitive could give unreliable information in temperature
transients. The worst effact on any RIM sensor type is about 27%

of signal.

Flow Sensitivity: The change in the output signal due to changes

in flow. An instrument which was very flow sensitive could give
unreliasle information in flow transieats. The flow sensitivity of
the RIM sensors is that which is related to flow-induced changes 1in
heat transfer cosfficiant. These changes are orders of magnituce

smaller than those related to uncovary from a wet state.

Sinca all the sensor variations tested meet the regulatory requirements,
only a relative scale is needed for optimization. Best in a performance
parameter category is indicated by 2 1 and worst by a 3. Utilizing all
the data from the tests and this relative scale, the comparison of the
performance of the sensor types is presented in Table 6-1. The compari-
son of the performance of the chamber lengths is presented in Table 6-2.
The categories are ordered in importance from the most important at

the top to the least important at the bottom of the tables. Based on

54.3.84011
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PERAFIRMANCT OF SENSOR TYPES

(I = Best, 2 = Middle, 3 = Werst)

Signature
Catzgory Slew Fast of Uncovery

Tracking Collapsed Liguid Level

Splashing Sensitivity

Signa]l Doubling Time

Uncovery (Blowdown) Signal/Inizial Signal
Recovery (Raflood) Signal/lnitial Signal
Magnitude of lanitial Signal

Accuracy as a Rate Monitor

Absolute Temperature Sensit

Flow Sensitivity

54.1.84911




PERAEQRMANCE OF CHAMBER LENGTHS

(1L = 825z, 2 = Middle, 3 = Worst)

l
n
|

gth (inches)
Catacory 0.75 L. Q 1.25

Tracking Collepse& Liquid Level

Splashing Sensitivity

Signal Dcubliné Time

Uncovery (8icwdown) Signal/lnitial Signal

Recovary (Reflood) Signal/lnitial Signal







