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ABSTRACT

An uncertainty analysis of the Loss-of-Fluid Test process instruments which are
recor ded on the Data Acquisition and Visual Display System was performed to docu-
ment the accuracy of these channels under steady state operating conditions.

FIN No. 6043-—~LOFT Instrumentation
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LOFT EXPERIMENTAL MEASUREMENTS
UNCERTAINTY ANALYSIS
VOLUME XVII
PROCESS INSTRUMENTS RECORDED ON DAVDS

INTRODUCTION




INSTRUMENT CHANNEL DESCRIPTION
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Flow

Twenty-eight process flow measurements are
recorded on DAVDS. These flow measuring in-
struments include venturis and orifices with
differential pressure transmitters, vortex shedding-
type transducers, Pitot tubes wit» differential
pressure transmitters, and uitrasonic flow
transducers. The specific components for a specific
measurement channel, with their manufacturers and
uncertainties, are shown in Figures A-9 through
A-21. The response times of these transducers
depend upon the measurement principle and meas-
urement location. For those measurements using
differential pressure transmitters, the response time
is adversely affected by long tubing lengths and
snubbers,

The primary loop flow measurement has a
microprocessor-based instrument which takes in-
puts from temperature, pressure, and differential
pressure transmitters to produce a more accurate
flow measurement.? The response time of the
system, disregarding the pressure transmission lines,
is 1 s,

Temperature

The process temperature measurements recorded
on DAVDS use either type-J (iron v. copper-nickei)
thermocouples (TCs) or resistance temperature
detectors (RTDs). Forty process temperature
measurements are recorded on DAVDS.

The measurement channels are shown in
Figures A-22 through A-34. The response time of
the temperature measurement is limited by the
installation and mounting, and has been deter-
mined, by analysis of LOFT data, for each meas-
urement channel.

Liquid Level

The 21 process liquid level measurements record-
ed on DAVDS. with one exception, use differen-
tial pressure transmitters as level indicators. The one

exception uses a buoyancy transducer. Figures A-6
and A-35 through A-40 provide the channel layout,
with components and uncertainties, for the specific
liquid level measurement channels.

The response time for the differential pressure
transmitter-based measurements is dominated by
the effects on the differential pressure transmitter
discussed above. To increase the accuracy of the
pressurizer level system, a microprocessor-based
computer is used in the measurement channel. This
system accepts, in addition to the differential
pressure input, inputs from pressure and
temperature transmitters. These additional inputs
are used to compensate for the pressure and
temperature ¢ffects on the level measurement. The
time response for this channel is ~1 s.

Valve Position

Positions are recorded on DAVDS for 82 valves.
These consist of either open or closed indication (65
valves) or continuous position indication (17
valves). The open or closed indication is provided
by two limit switches, one at each end of the valve
travel. Continuous position indication is provided
through linear potentiometers or linear variable dif-
ferential transformers (LVDTs) which allow the
valve stem position to be monitored throughout the
valve stem travel. Figures A-41 and A-42 show
typical open or closed and continuous valve posi-
tion measurement channels. Figures A-43 and A-44
represent the only channels for which complete in-
formation is available.

Nuclear

The process nuclear instrumentation consists of
two source range, two intermediate, and three
power range detectors, plus one power range spare.
All of the nuclear detectors are thermal neutron
detectors. Figures A-45 through A-48 provide
component interconnection diagrams along with the
component manufacturers and uncertainties. The
response time of the measurement channel varies
from less than 10 ms for the power range channels
to 30 s for the source range channels.
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DISCUSSION OF UNCERTAINTIES

The uncertainties derived in this analysis are of
two types: those for which backup data (objective)
are available, and those which are based on
engineering judgment (subjective). The objective
uncertainties for each measurement channel are
shown in Figures A-1 through A-55, with backup
information in Appendix B. The subjective uncer-
tainties are shown below with some basis for the
estimates.

Pressure

The pressure transmitters are subjected to en-
vironmental and mounting effects which are not
addressed by the manufacturers’ specifications.
These include such effects as vibration and accel-
eration, aging (both radiation and cycling), line ef-
fects, and recalibration. The combined effects are
estimated at 0.5% of range.

Differential Pressure

Differential pressure transmitters are subjected
to many of the same effects as the pressure
measurements. Because the differential pressure
transmitters require two input sensing lines, the line
effects are much greater than for the pressure in-
struments. These transmitters are unidirectional and
are, therefore, reliable only for positive differen-
tial pressures. The estimated subjective uncertainty
for these measurements is 0.8% of range.

Flow

The outputs of five types of process flow
transducers are recorded on DAVDS. Although
each has its particular uncertainties, those utilizing
differential pressure transmitters are combined in
this section, since the differential pressure transmit-
ter provides the majori'y of the uncertainty.

Differential Pressure-Based Flow Transducers.
The uncertainties for these transducers include those
discussed in ““Flow"’ above, plus the effects caused
by the changing flow conditions of the fluid. The

combined effects on the measurement uncertainty
are estimated at 1.0% of range.

Vortex Shedding Flow Transducers. Fluid
viscosity changes, as well as aging effects, contribute
to the subjective uncertainty for this transducer.
This uncertainty is estimated at 0.5% of range.

Ultrasonic Flow Transducers. For maximum ac-
curacy, this transducer should be matched to the
specific location. Uncertainties in pipe wall
thickness, fluid properties, and flow regimes, as well
as calibration and aging, contribute to the meas-
urement uncertainty. The estimated effects contrib-
ute 0.5% of range to the measurement uncertainty.

Temperature

Two types of process temperature measurement
instruments are recorded on DAVDS, i.e., TCs and
RTDs. Uncertainties for these measurements are in
Kelvin; therefore, the range must be adjusted by
255 K, i.e., (RG - 255).

Thermocouples. TCs are sensitive to a wide range
of environmental conditions which affect their out-
put, as well as to hardware and calibration
uncertainties which include the extension cable,
calibration equation, cold work of the theimal
elements during installation, aging, radiation, and
the reference junction. The reference junction for
the thermocouples is contained in the temperature
transmitter. The thermocouples used are standard
grade. The estimated effect of these uncertainties
is 2.7 K + 0.7" of the reading, i.e., (RD - 255).

Resistance Temperature Detectors. RTDs have
a slower response time than TCs but are usuallv
more accurate. Some additional factors affecti
the uncertainty of the RTD measurements inclu
interchangeability between RTDs, linearity, selt-
heating, repeatability, long term stability, insula-
tion resistance, thermal e.m.f., and radiation. The
combined estimate of these uncertainties is 1.0%
(RG - 255). This term can become as great as 10%
if the transducer is left in operation for lony periods
of time, due to the radiation effect on the platinum
in the RTD.



Liquid Level

The majority of the liquid level measurements are
based on differential pressure measurements. One
measurement uses a float transducer.

Differential Pressure-Based Liquid Level
Transducers. The uncertainties for this meas-
vrement inclnde those covered in “‘Flow’ above,
plus the effects of calibration, volume, shape, and
temperature of the vessel. These will vary for each
application, but a general estimate for the subjec-
tive uncertainties for this type of measurement is
1.5% of range.

Float-Type Liquid Level Transducer. Changes in
fluid conditions, as well as transducer aging and
calibration changes, atfect the measurement uncer-
tainty. An estimate of these effects is 0.5% of range.

Valve Position

Valve position monitors are either the open or
closed type or the continuous position monitor.

Open or Closed Monitor. The only uncertainty of
this transducer is the uncertainty of total failure.
For this analysis, uncertainty is not applicable.

Continuous Position Transducer. The uncertainty
in this measurement is that of the transducer
monitoring the valve position. Some of the factors
whicli can afiect the uncertainty are stability,
temperature, calibration changes, and ripple. These
are estimated at 1.0% of range.

The primary factors affecting the subjective
uncertainty of the nuclear detectors are aging and
calibration. The power range output is standardized
to the secondary calorimetric, which is based on
temperature and pressure and has an uncertainty
of ~2% of range. The uncertainties on the interme-
diate and source range channels are slightly higher

(3% of range for the intermediate range and 3.6%
of range for the source range channels), according
to the manufacturer.

Hydrogen Concentration

Since no information has been found, the sub-
jective uncertainty on this measurement is con-
sidered to be large, i.e., on ithe rder of 10% of
range.

Pump Parameters

Four basic types of pump parameter
measurements are obtained: power, current,
voltage, and frequency. The current (I), voltage (V),
and trequency (F) are used to calculate the power,
using the equation:

Power =\6xlexF

where | and V are the RMS values of current and
voltage, respectively.

Power is also measured independently using a
wattmeter. Comparisons of the measured power
and calculated power from actual tests show inac-
curacies of 13-15%. It is believed that the majority
of this error is in the current measurement. This
determination was based on an observation of the
actual installation. The shunting resistor in the cur-
rent transducer was poorly installed, giving rise to
the uncertainty in the measurement.

The subjective uncertainties, based on engineer-
ing judgment of the inconsistencies observed in the
power measurement, for each type of measurement
are:

Current 12% of range
Voltage 3% of range
Frequency 1% of range
Power 1% of range.

Included in these uncertainties are the uncertainties
due to he secondary circuit burden (load).




SUMMARY OF UNCERTAINTIES

Table 1 summarizes the uncertainties for each measurement channel. The number given is the RSS sum
of the objective and subjective uncertainties.

CONCLUSIONS

The uncertainties derived in this analysis are estimates based on manufacturers’ specifications, LOFT
testing, and engineering judgment. The largest source of uncertainty, in all of the process measurements
recorded on DAVDS, is contributed by mounting and environmental factors. This is largely due to the
many unknowns in these areas.

The process measurements are intended only for steady state operation. Any data obtained during tran-
sient conditions must be carefully considered for response limitations.
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Table 1. LOFT process measurements uncertainty list
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Table 1. (continued)

'El;sl‘l!l‘ MEASUREMENT Ptlztlthkhl MEAS. %0&“[00 Hiti. SENCR-
IDENTIFICATICN FPEASUREMENT DESCRIPTICN RANGE RESPONSE ACCLKRACY FIGURE rlour

Cv=P120-0%4 VALVE PCSITION = UPPER PLENUM INJECYION OPEN OR CLCSED 1CHS N/A iz A4l
Cv=-P120-0¢3 COLD LEG ISCLATION VALVE OPEN OR CLOSED 10mS N/A Lisla LR
Cv=-Pl2C~-0¢e VALVE POSITION ~ LOWER PLENUNM ISCLATION CPEN OR CLOSED 10mS N/a 13 A4l
Cy=P120-0€7-1 ALCWOOWN RECIRCULATION LINE FOR SHUTDOWN COOLING OPEN CR CLOSED 10mS N/A i3 A4l
Cv=P120-0e7-2 BLOWOCWN RECIRCULATICN LINE FOR SHUTDOWN COOLING OPEN OR CLOSED 10mS MIA 13 A&l
Cy=P12¢=070-1 LPIS PUFP B ISOLATIOM AROUND LOCE ORIFICE UPEN OR CLCSED 10mS N/A 12 A&l
Cv=P120-071-1 LPIS PUMP A ISOLATION AROUND LOCE CRIFICE GPEN OR CLOSED 10MS N/A i3 asi
CVv=P120=-071~2 LPIS PUMFP A BYPASS ISOLATICN CPEN OR CLOSED 10m§ NZA i3 A4l
Cv=P12C-07¢ LPIS PUMP & INLET FRCM BWST OPEN 7" CLOSED 108 N/A L2 asl
Cv=P120-077 LPIS B INLEY FROM DECONTARINATION SuMe OPEN OUn CLCSED 10mS NIA 12 A4l
Cv=Pl2C~-078 LPIS A INLET FROM DECONTAMINATION Sump CPEN OR CLUSED 10MS N/ A 13 A4l
Cv=P1I0-078 BLCWOOWN LOOP RECIRCULATICN TO LPIS PUMP B OPEN OR CLOSED 10MS N/A 12 Asl
Cv-Pl2Cc~08C BLCWOOWN LOCP RECIRCULATICNM TO LPIS PUNP & OPEN OR CLCOSED 10MS N/A i3 AGl
Cv=-P120~CE1L EMST TO LPIS PUMP A OPEN OR CLOSED 10m§ N/A i3 a4l
Cv=-Pl20-CSC COLD LEG INJECTION ISOLATICN VAL VE OPEN OR CLOSED 10mS NiA i3 AG)
Cv=P120-0851 N2 TD PTA CONTROL VALVES OPEN OR CLCSED 10nS N/A Nia A4l
Cy=-Pl2C-062 N2 TO BASEMENT CONTROL VALVES OPEN OR CLOSED 10™S N/A N/A A4l
Cv=-P12C=-097 LPIS PUMP A DISCHARGE ISOLATION OPEN OR CLOSED 10MS NZA i3 A&l
Cv=-Pl2C-0S8 LPIS PUNP A TO BaST OPEN OR CLOSED 10mS N/ A i3 A4l
Cv-P120-059 LPIS PUMP B TC BeST OPEN OR CLOSED 10MS N/A 12 asl
Cv=P120~1C5 BLCWCOWN PECIRCULATICMN LINE YO LPIS PUMP INLET CPEN DR CLOSED 10mS NZB 13 A4l
Cv=Pl2C-1Ce BOST YO LPIS PUMP SUCTION OPEN OR CLOSED 10%5 N/ A 13 A&l
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Table 1. (continued)

I

FEASUREMENT MEASUREMENT MEASUREMENT  Mrade LUCATION MEAS. SCHLM,
DENTIEICATION | . WEASURERCNT OESCRISTION | ... . ... ...SWN6C_  teStONSE MCCEMCT. L. LEIELLLL ...
Cv=P138-0C1 QCAY IN COLD LEG (ZT-P138-109) 0 - loc% 10M5S 2. 34R0 i Abe
Cv=-P138-0C2 BLEWDOWN SYSTEM COLD LEG ISULATION vaLve UPEN OR CLOSED 10mS N/A 1 A4l
Cv=P138-015 QUEV IN HOT LEG (2T7-P138-108) 0 - 1002 10MS Ze34R0 i A4
Cy=P1138-0704 BLOCWDOWN SYSTEM BYPASS VALVE(A) 0 - 10¢% 10mS 1.808k6 i A4
Cv=P138-0718 BLEWDOWN SYSTEM BYPASS VALVE 0 - 1002 10MS 1.88RG i A4 3
cv=-Pl38-068 COCLD LEG DUMP VALVE OPEN OR CLOSED 10MS N7A N/A A&]
Cv=-P138-069 QCRV COMMON DUMP VALVE OPEN OR CLOSED 10MS N/A NIA AGL
cv=-pl3e-1cC HCT LEG DUMP VALVE OPEN OR CLLSED 10MS NZA N/A A4l
Cv=-P138-123 2C GPM SPRAY HEADER CONTROL VALVE 0 - 10C2 10mS 24 34KR6 9 AGh
Cv=P138-124 60 GPM SPRAY MEADER COUNTROL VALVE 0 - 1002 10™S 243486 v AG4
Cv=-9138-12% 22C GPM SPRAY HEADER CONTRCL VAL VE 0 - 100t 10mS 2. 34R6 9 A4k
Cv=P139-00%~4 PRESSURIZER POWER OPERATED RELEASE UPEN OR CLOSED 10m$ N/A NIA A4l
Cv=P136-02% PRIMARY WOY LEG DRAIN ISOLATVICN VALVE OPEN OR CLOSED 10m5S N/ A 1 Asl
Cv=-P139-02¢ PPS PRIMARY SYSTEM ORAIN (POSITION) c - 1002 10mS 243686 i Asd
Cv=P139~031-2 PPS PRIMARY SYSTER DRAIN (POSITIONM) 0 - looz 1OMS 2.34R0 i AG2
Cv=P1136~051 PRESSURE STANDARD VENT VALVE OPEN Ok CLOSED 10m8 N/A i A4l
CV=-P139-C87 TEST PORY UPEN OR CLOSED 1ONMS N/A 3 A&l
Cy=Pl40-0C2 PURIFICATION SYSTEM DRAIN VALVE 0 - 1002 10MS 243406 is Abg
Cv=Pl40-0CS PURTFICATICN SYSTEM FLOW CONTROL VALVE 0 - 1002 10™S 243486 14 A42
FE-P138-138 SUPPRESSTION TANK FLOW IN I INCH LINE ¢ - © LIS 50 NS 2.91 k6 1e9 AY
FE-P138-139 TOTAL SUPPRESSION TANK SPRAY FLOW 0 - 25 Lis 50 m§ 2.91 RG 19 AS
FE-PLl3E~140C SUPPRESSION TANK FLOwW IN 3 INCH LINE Qe <0 L45 50 mS 2.91 RO Loy AY
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Table 1. (continued)

L e L R L R L R L R R L L L R R Rl Ll .......l....”.......-.‘.‘.-......‘I.....-."...l...................l...'..l...‘...

FEASUREMENT MEASUREMENT MEASUREMENT  MEAS. LUCATICN MEAS, HER.
ICENTIFICATION MEASUREMENT DESCRIPTION IANGE RESPONSE ACzUCACV rlgu&z 516022

i R R R L L L L L L Ll ...I..........'............'..‘.-'..-.......“.....‘.‘......‘......ll'.‘.'.ll......

FT1=P130-027-3 9PRIMARY CCOLANT FLOW CHANNEL C 0 - &30 KG/S 70 ™S «25RD + 3.44R0 12 ALY
FT-P139-08¢ PORY VALVE FLCW PONITOR UNKNCWN SR N/A
FI-P140-01Ca CLELFICA.ION FLOW, HIGH RANGE 0 - 4.7 Lss 1 SEC «9520 ¢ 2.05RG 14 AL
FI-P141-022 TCYAL ?PT92R¢ (_MPONENT COOLANT FLOW RATE o~ a2 L/s 70 S «ORD ¢ 2.0U5RG 14 A2l
LO=-P129-0C¢ PRESSURIZER LEVEL COMPUTER CHANNEL A 0= 1.0 0 1 SEC «02M ¢+ 3.80R6 Leslsd A3S
LP=P139-0C7 PRESSURIZER LEVEL CCMPUTER CHANMEL 8 0= le8 M 1 SEC «02M ¢ 3.86RG 12295 AsS
LE=-P135~0C8 PPESSURIZER LEVEL CCMPUTER CHANNEL C C~- 1.8 N 1 SEC +02M + 3.80RG 12245 a35
LIT-P12C-C13 BWST LEVEL & = Z¢d N 70 ™S 2.%56R06 i At
LIT-PR2C~C1s BwST LEVEL @ 0= 2.5 N 70 nS 2.56KG 12 At
LI7-P120-C30 ACCUMULATOR B, LEVEL & - 3 L] 70 % 2.5¢600 (3 AL
LIT=-P12C-Cas ACCUMULATOR Ay LEVEL 2 8= 3 L] 7O =S 2.956KG irao At
LIT-pl20-CO7 ACCUPMULATOR As LEVEL @ =3 L] 70 %5 2.56R0 ° At
e LIT=-Fl20~089 ACCUMULATOR B» LEVEL B8 8= 3 L] 70 “35 2+45%0K0 6 Al
LIT-P128-C28 BORIC 2CTID Mix TANK LEVEL A C~- 2.5 n 70 »S 2. 38k6 is At
LIT=-Pl28~C30C BORIC ACID MIX TANK LEVEL B 0~ 2.5 M 70 NS 2. 38R0 is Al
L1Y=-Pl2E~C45 PRIMARY COOLANY BATCH TANK LEVEL A 0~ 1,3 * 70 ~S 2.38K6 s At
LIT=-P128~-Cet PRIMARY COCLANT BATCH TANK LEVEL B = 13 B 70 M5 2. 3806 i4 L
LY-PO04~-0CAAA STEAM GENERATOR NARRCW RANGE LEVEL o = 1e% N 70 »S 2el6KG 4 Adb
LT-P004~-0CHA STEAM GENERATOR FEEDWATER LEVEL ol = 1.5 N T0 NS 2el0R6 4 LEY
LT-POC4~CCARB STEAN GENERATOR WIDE RANGE LEVEL 2.2 = 1.5 N 70 M5 2. 16K6 . Adt
LT-"004~CCBE STEAY GENERATOR FEEDWATER LEVEL =3.7 = 1le5 M 70 ™S 2e10R6 4 LENS
LT-PC04~042 CCNDENSATE RECEIVER LEVEL 0~ 1.2 N 100 mS 1.59K6 1l £36
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Table 1. (continued)

Ea MENT MEASURERENT REASUREMENT  PMEAS, ATICN MER SCrem.
xou“ﬂu?lm MEASUREMENT DESCRIPTION OANG! RESPONSE ACtbﬁlCV F&gaic tiault .

R R i b R N Y L s I ™™ R R L AR R R R L L L R R L R R

LT=-P122-032¢ PRESSURE REDUCTION AMD DECONTAMINATION SUMP LEVEL C -~ 3.8 70 wS 2.%2ke 14 L
LY-P138-0133 SUPPRESSTION VESSEL LEVEL & 0= 3.5 & 70 nS 2+30R6 v A40
LT=-Pl38-0%8 SUPPRESSION VESSEL LEVEL 8 0= 3,6 n 70 mS§ 2.30R6 v asC
PLP=1=F PRINMARY COOLANT PUMP FREQUENCY - PUNP N0 ,1 NONE ASC
PCP=1~1-AC PRIMAEY COOLANT PUMP CURRENT = PUMP MO .1 N/A NONE AL
PCP=1=1-RPS PRINARY COCLANT PUMP KMS CLRRENT - PUMP M2, 1 NONe A2
PCP=1=P=ViR REACTIVE POwER A53
PCP=1-P PUPP POWER ~ PCP NO. 1 NONe A5
PCP=1l=v=AL PRIMARY CCOLANT PUMP VOLTAGE - PUMP NJ.1 N/A NONE Avs
PLP-l=y=RNS PRINARY COOLANT PUMP RAS VOLTAGE ~ PUMP NO. 1 NONE ASS
PLP=2=F PRIMARY COCLANTY PUMP FREQUENCY - PURP ND,.2 NONE AS0
PLP=2=1=AL PRIMARPY CODLANT PUMP CURRENT = PumMP N .2 N/A NONE ASL
P(P-2-1-2rS PRIMARPY COCLANT PUNP RMS CLRRENT = PUMP NO. 2 NONE AS2
PCP=2-P=VaR REACTIVE POWER AS3
PCP-2-P PUFP PCWER - PCP ND. 2 NONE as3
PLP=2-y~AL PRINAPY COCLANT PUMP VOLTAGE - PUMP ND .2 NI NONE A4
PCP=2-y=RN™S PRINARY CCOLANT PUMP RMS VCLTAGE - PUNP NO. 2 NONE ASS
PLY-P136~Co DIFF PRESS FOR LEVEL ACROSS PRESSURIZE RpCHAN A 0 = 17.5 kPa 70 w§ J.18R6 2¢5 At
PLY-PLI-C? DIFF PRFSS FCR LEVFL ACROSS PRESSURIZER,CHAN 8 0 - 7.9 kP T0 »S 3.18R% 229 At
PRT-P136-T8 DIFF PRESS FOR LEVEL ACROSS PRESSURIZER,CHAN C 0 = 17.5 KPa 70 NS 3.10RG <9 At
PIT~P138~27-1 DIFF PRESS FUx PRIMARY COOLANY FLOW CHAN A 0 - 200 «Pa 70 NS J.26%0 2 A7
POY-PL39-27-2 DIFF PRFSS FOR PRIMARY COPLANT SL0N CHAN 8 e = 200 kPa 70 m§ 3.10K6 e AT
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Table 1. (continued)

I r e L R L L L L R L L L L L L L R il R L L L L LR

MEASUREMENT MEASUREMENT MEASUREMENT  MEAS. LUCATIUN MEAS. SCrck.
IDENTIFICATION MEASUREMENT DESCRIPTION RANGE RESPONSE ACCURACY FloURt FloUKE

RN I A AR E A AR R SRR TR A SRR F AN A SRR SRR RS AR R AR R R e R R R R R L R R A A L R A Rl

POT=P136=-27-3 DIFF PRESS FOR PRIMARY COOLANT FLOW CHAN C 0 - 200 xPa 70 WS 3.16K0 2 A7
PLT=-P139-20 REACTOR VESSEL DIFFERENTIAL PRESSURE 0 - 35 kPa 70 MS l.60RG Lo Ab
PT-PL04~-010a ARS PRESS,10 INCH LINE FROM STEAM GENERATCR 0~ 8 NPa TO NS 1.10R0 i Al
PY-PCO&-022 CONDENSATE RECEIVER PRESSURE C~- 3 nPa 70 W5 1. 1986 il al
PT-PQ04-034 ABS PRESSURE, SECONDARY CUCL.SYSTEF FEEDWATER 0= 10 mPa 70 NS 1.16RG i Al
P1-POQ4~-08% ABS PRESSURE, 12 INCH CONDENSOR 0~ 3 MNP 70 w5 L.l16RG i AL
P1-P120~028 ABS PRESSURE ECCS ACCUMULATOR 8 0= T nPa 70 NS 1.34k6 ] a2
PT-P120-C43 ABS PRESSURE ECCS ACCUMULATOR a 0= T NPa 70 NS 1e34R6 ire Ao
PT1-P120-055 ARS PRESSURE MOT LEG INJECTICN 0 = 21 WPa 70 NS 1.36RG NIA A3
PT-P120~0%¢ ARS PRESSURE UPPER PLENUM INJECTION Q- 21 MPA 70 mS 1« 36k6 ie A2
PT-P120-0%9 ABS PRESSURE ACCUMULATOR B TU DOWNCOMER INJECTION © - 21 MPA 70 NS 1.36R6 Az Al
PI1-P120-0¢1 A8S PRESSURE COLD LEG INJECTION “ = 21 WPa 70 WS 1.36R6 é»i3 A3
PT-P120~0084 ABS PRESSURE ACCUMULATOR A TC DOWNCOME R INJECTION © - 21 MPaA T0 ™S 1.24R6 i3 a2
PI=PL20-CT4 ABS PRESSURE LPIS INJECTION PUW B DISCHARGE C~- 7 nePa 70 WS 1.36R6 12 A3
PY-P120~C8) ABS PRESSURE LPIS INJECTION PUMP A DISCHARGE 0= T WP 70 #S 1.36R6 13 a3
PI-PL28-102 ABS PRESSURE CHARGING PUNP B DISCHARGE 0~ 21 WNPa 70 WS 1+3ERG is A3
P1-P128~-1C3 ARS PRESSURE CHARGING PUMP A DISCHARGE C - 21 MPa 70 S 1.3¢6R6 s LE
PT-P135-023 BLCWDOWN HEADER PRESSURE 0 = l«& MPA 70 =S 1.36KG 9 Al
PT-P138-055 ABS PRESSURE SUPPRESSION VESSEL CHANNEL A 0 - T00 KPa 70 S 1.36KG 9 A3
PT-P138-0%¢ ASS PRESSURE SUPPRESSION VESSEL CHANNEL B8 C -~ 700 xpa 70 »S§ 1o 3686 9 a3
PT-P138-0%7 ASS PRESSURE SUPPRESSION VESSEL rHANNEL C 0~ 700 kPa 70 mS 1.3686 v Al
21-P139-002 PRIMARY COCLANT HOT LEG PRESSURE CHAMNEL A 0 - 21 mPA 70 NS 1.36F0 L9l A3



Table 1. (contin.ied)

Rl N T I T LI A A R R R L L

xStﬁ??’f?ﬁ?;e- REASUREMENT DESCRIPTION ~i:2==gn£.' RESPONSE "53 t:z:sh' 't‘s.ikaﬁsz‘u“ "fiioif"t"

PTI-P139-0C3  PRIMARY COOLANT HOT LEG PRESSURE CHAMNEL 8 0 - 21 mPa 70 WS 1.3686 1s2 a3

PI-P139-0C4  PRIMARY COCLANT MOT LEG PRESSURE CHAMNEL C 0~ 21 WPa 10 WS 1.36R6 1.2 a3

‘ PT-$139-0C%-1 ABS PRESSURE,PRESSURIZER CHANNEL A - 21 mea 10 =§ 1.23K6 15 A4
PY-P139-041 ARS PRESSURE,CONTAINMENT PRESSURE CHANNEL A 08481 - 200 KPAa 70 WS 1. 6486 NiA as

PI=P139-042  ABS PRESSURE,CONTAINMENT PRESSURE CHANNEL B L0831 - 200 WKPA 70 WS 1.44RG NIA ")

PT-P135-043 APS PRESSURE,CONTAINMENT PRESSURE CHANNEL C L0B481 ~ 200 &PA 70 WS 1.44R6G N/A A5

RE=T=77-1A1 POWER RANGE CHANNEL A - PEAK 0~ 125% PuR J.4 K6 10 A45

RE=T=77-142 POWER RANGE CHANNEL A - LEWEL 0 -  82.5 mu 3.2 Mw 10 A%t

RE~T=77-241 POWER RANGE CHANNEL B - PEAK ¢ - 1252 Pur 3.4 RG 10 a4

RE=T=77=282 POMER RANGE CHANNEL 8 - LEVEL e - 52+5 W 3.2 me 10 ase

RE=T-77-3a1 POMER RANGE CHANNEL C - PEAK e - 1252 PuR 2.6 86 o Fos

RE-T-77-342 POWER RANGE CHANNEL € - LEVEL e~  82.5 W 3.2 ru 10 ase

ES RE-T-a5-1 SOURCE RANGE CHANNEL 1 30 s 0 - 500 Kni As7
RE=T=85=2 SOURCE RANGE CHANNEL 2 30§ 0 - S0C KM A47

WE=T=R%-3 SCURCE RANGE CHANNEL 3 30 § 0 -~ 5%0C xnZ AT

RE~T=86-3 INVERWECTATE RANGE CHANNEL 3 02 = 1.0 VOLT 7.7 #6 10 a4s

RE-T-Be-4 INTERMEDIATE RANGE CHANNEL & €.2 = 1.0 VOLT 7.7 RG 10 248

RE-T-8e-3 INTERMEDIATE RANGE CHANNEL 5 0 - 1 voLTt 7.7 %6 10 )

RE-T-88-6 INTERMEDTATE RANGE CHANNEL & ~e20 = #.20 DOLLARS Te7 K6 10 A4s

| RE~T-87-441 POMER BANGE CHANNEL C = PEAK ¢ - 1252 PuR 3.4 RG 10 Ass
| RE=T-87-442 POMER RANGE CHMANNEL 0 - LEVEL 0 - 1252 PuR 3.4 06 10 A4t
TON-PCO4=C77  CONDENSATE SUBCOOLER DELTA TENPE RATURE €~ 28 DEG K SSAKS LR 2, 1RG 11 NiA




Table 1. (continued)

T I R R R R R L L L Ll EEBERE AREEAS .......l-.....'..I........-l.-.‘......--..-l..............-..........I...-...

Ll

mEa MEN MEASUMEMENT MEASUREMENT  MEAS. Al MEAS . HLM.
R msssvenew sescuienion _ ERETS eeranse | MRS TUTOME T THGECT
TE=-POQ&-014 CONDENSATE RECENVER TEMPERATURE 250 500 Ot6 x 50 mS§ G IK*L LB IRG-252) il azz
Te-P120-0C1 EWST TEMPERATURE & 25¢ 370 DEG K 50 m§ 4.9%K*]l 50(RG~239) 12 AZ3
TE-Pl20-0C2 BUST TEMPERATURE 250 370 0k6 x 50 nS 4. 9Ke L. 26 (RG-25%) a2 ALl
TE-P120-027 LICUID TEMP ACCUMULATOR B 250 370 CEG x 50 WS 4. IeLO6IRG=293) L] A24
TE-P120-04) LICUID TEMP ACCUMULATCR A 250 370 VEG x 50 WS GeIROL L 56IRE~25D) is0 A2&
Te-Pl20-1CC LICUID TEMP LPIS MEAT EXCHANGER A OUTLET 250 480 DEG ¥ 0.2% § 1.7T4(RG-255%) i3 Az
TE-P120~1C1 LICUID TEMP LPIS HEAT EXCHANGER A INLET 250 480 Ok6 K 0.2% § le74(NG~255) 13 als
TE-P120-102 LIGUID TEMP LPIS HEAT EXCHMANGER B OUTLET 250 480 D&G x 0.25 § 1e76(RE=255) 12 a2s
TE-PL20-1C3 LIGUID TEMP LPIS WEAT EXCHANGER B INLETY 250 450 DEG x 0.25 S 1. 74(RE=255) 1z als
Te-P122-0C3 PRESSURE REDUCTION SPRAY PLNP TEMP. 280 450 DEG K 15 S 9KeL2LRG=259) s Ace
TE=-P138-034 TEMP .2 YOP OF SUPPRESSION VESSEL 280 430 DE6 15 LKL SIRG~299) v a4
TE=-Pl38-0%e TEPPERATURE AT OUTLET OF wCY QOB V 28¢C 480 DEG 200 mS QoKL OIRG-2535) 7 NEA
TE-Pl38-0%8 TEFPERATURE AT DUTLET OF COLD LeG QOBY 280 480 DEG K 200 n§ 4.9+ 1.51RG~235) 7 N/a
TE-P138-063 TEMPERATURE AT INLET TO COLD LEG ISCLATION vaALVE 28C 620 DEG X LI 1«54 (RG~235) 7 a2
TE-P138-0eS TEPPERATURE AT INLET TO HOT LEG ISOLATION vaLvE 280 620 DEG x 6 S 1e561RG-255) 7 a7
TE-P138-137 TEMPERATURE AT HEAT EXCHANGER B85~ H=32 250 480 DEG x LI 4.+l 8(RG-255) v AZn
TE-Pl3e-141 TEMP .2 SUPPRESSION VESSEL SPRAY HEADER,&0 6PN 250 480 0EG x 6 S G IK*LBIRG-290) 9 Ao
TE-Pli8-142 TEMPERATURE CF SUPPRESSION VESSEL SPRAY FLOw 250 480 DEG K 50 mS Qe INe] BIRG=253) v AZo
TE~-Pl38-143 TEPP.2 SUPPRESSION VESSEL SPRAY HEADER ,220 GPM 250 460 CEG X 6 S G MM B(RG=29%) 9 L
TE-P138~170 TEMP OF wAR® UP LINE BROKEN LOOUP HOT LEG 132 662 DG K NONE QeI TIRG=255) i azy
TE-P138-171 TEMP OF WARN UP LINE BROXEN LOOP COLD LEG 134 672 DEG K NONE G IReL.TIRG=232) 1 az2s
TE=-P139-019 PRESSURIZER VAPOR TEMPERATURE 280 640 DEG K S0 m§ Aol 5(FG=253) Lrieb A3l
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PDT-P139-27-1,2.3
PT-P138-23,4

FT-P139-27-1,23

PDT-P139-6,7,8

LD-P139-6,7,8
LT-P139:6,7.8
TE-P139-19,20
TE-P139-20-1

TT-P139-32,33,34

PCP-1.VRMS PCP-1-|
PCP-1IRMS  PCP-1-V
PCP-2VRMS PCP-2.F
PCP-24RMS  PCP-2.

PCP-1.VAR  PCP-2.V
PCP-2VAR  PCP-1.P
PCP-1.F PCP-2.P

Steam
generator

P

Process instrumentation for the
containment vessel (not shown) includes
containment pressure (PT-P139-41, 42 and
43), containment temperature (TE-T55-2);
and hydrogen concentration
(AH2E-T55-1,2,3). Specific instrumentation
for the pressurizer and steam generator is
found on their respective drawings in this
set.

—
- PdT-P139-30
]%

ECC cold leg
injection unit
PT-P120-061

e
o
| TE-P139.28-2

TE-P139-29
| Reactor
| vessel
N §
et INEL-MCL-1303

Figure 2. LOFT intact loop pro.ess instrumentation locations







Feedwater

/

Difterential pressure

inlet E )

- Steam outlet

trerrrreTs

WP

\

\ Difterential pressure
transducer for feedwater
liquid level LT-P004-8A,

| & BAA

transducer for teedwater
liquid levei LT-WG.—\
& 8BB \

FRC-202

Primary
coolant inlet

_.-Primary coolant outlet

INEL-MCL- 1805

Figure 4. Steam generator process instrumentation locations
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Pressure relief line

Vapor temperature
thermocouple
TE-P139-19 —

Liquid temperature
thermocouples
TE-P139-20
TE-P139-20-1

12 electrical
heaters (4 kW each)

4
seed

£

¢
I

¢

— Spray inlet line

Surge nozzle

3

Ar

—

Pressurizer pressure
measurement
PT-P139.5

AP

Measurement for liquid
level (3 places) (typical)
LD-P139-6, PDT-P139-6

LD-P139.7. PDT-P139.7

LD-P139-8, PDT-P139-8

INEL-MCL-2103







. Fluid T/C (typical 2 places)

TE-P138-59
k opening valve (2
Quick opening vaive (2) | TE-P138.56

CV-P138-1(LVDT) A~ \
CV-P138-15(LVDT) | // A

Steam generator
simulator -

suppression \ /

vessel — ! o
—n

Fluid (RTD) (Typical 2 places)
TE-P138-63
TE-P138.65
Isolation valve (2)
CV-P138-2 (potentiometer)
| Reactor
vessel

,’/’ - -

Figure 7. LOFT broken loop process instrumentation locations.

Blowdown system bypass valves
(limit switches)

CV-P138-70A.
CV-P138-71A,

Blowdown
hot leg

Blowdown
cold leg
INEL-MCL-3702

Figure 8. Process instrument location on reflood assist bypass system.
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e

RE-T-77-1A1

RE-T-77-1A2
Intact loop
hot leg

Drag disk
turbine flowmeter

ECC inlet
RE-TRM
RE-T-86-6

RE-RC-86-6

Reactor vessel
Reactor vessel

support bracket

Thermocouple
RE-T-77-2A1

RE-T-77-2A2
ECC inlet —

Intact loop

RE-T-85-1

RE-T-86-4

ECC inlet

Figure 10. Reactor vessel process instrum: atation locations.

- -

Shield tank

ECC inlet

V-2167
RE-TRM-86-5
RE-T-86-5

RE-RC-86-5

roken loop

cold leg
RE-T-87-4A1

RE-T-87-4A2

V-2166
Reactor head
ECC inlet

RE-T-85-2
RE-T-86-3

Broken loop
hot leg

RE-T-77-3A1
RE-T-77-3A2

Manway

INEL-MCL-3900



Pressure i (30 cm) line 2 ™ ™
FE-P4-12 outlet g o
PT-P4-85 .

SCS steam flow B Air cooled condenser
control valve (limit switch) \{/
CV-P4-10 = o
Main steam bypass 2 : i i e
vaive CV-P4-90 .. . 0y
st top val ] A P measurement Shao
. for liquid level T
(limit switch) Cv-P4-11 LT-P4-42 k. Mo
PT-P4-22 ey .

8T

From steam
generator

To steam
generator

‘\
‘ ,"
0\
5
A
/i
.
AN
‘\
LY
“\
\

TR i e e . e o i e S

!
]
:
Pressure in (25 cm) ’ e i
line from steam CV- P4.91 . ‘ TEP454 |
PT- m‘ﬁ%& 1' 4‘ g < P Ny
Cv-P4-73 4 » Ve TFROR g
'_ % 'y Subcooler . Electric heater §
|‘ ¥ ~<_ control unit ' S
\(SC-H-16) K : "
[ ) Feedwater pump ' ‘\‘ TOM-P4-77 S : "
Feedwater f'Hw discharge flow e i’.‘ Feed water temperature ~~__ ' - -
control valve ’DTN?“; (RTD) ‘\\ - ‘,,—’
(limit switch) FT-P&-72- ~, TT-P4-4. PT-P4-34 e
Cv-P4-8 FT-P4-72A

:
§
g

\' —- Secondary coolant

’ circulating pump

Figure 11. Secondary coolant system instrument locations.
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imulator vent
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Accumulator discharge
ine valve CV-P120.47
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ta
umulator

vesse! wa
Jischarge bypass < p
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APPENDIX B

MANUFACTURERS’ SPECIFICATION SUMMARY

lhis appendix co
specifications for th
€ss measurement
The uncertaintie
using an RSS tec

I'he manufacture
% 3
dassumecda 1o
‘)“If\j‘ shed
uncert

avanabpie

Adder-Subtracter

Manufacturer
\“"L‘L':

Accuracy
Repeatability
Dead band

Uncertainty

Amplitude Manufacturer J and W
Discriminator Model CD-800W

Manufacturer Moore dustrie Range 0-100%
Model N/A imit

None stated
Accurac
lemperature effect

Uncertainty
Buffer Amplifier Manufacturer EG&G ldaho,

Manufacturer Action Instruments Uncertainty 1.0% RG
Model AP4300
I rapsducer
The buffer amplifier conditions a dc
signal and provides a proportional &
that is fully 1solated from the input

er, and ground

Input range
QOutput range




Manufact

Models

erential pressure

or
transmitted

ISDPE22B1A2
agm and silicone oil t I J
diaphragm, t«

f1on ot '?‘;x_

ad4-20 mA d

ac i

sensing diaphragm
capacitor

plates on b
diaphragm. The

uclear application




I'he flowmeter is the
ding type. Standard
proportional to flow rate. The electr

1 \ 1 3 4
mntegrail (o Lt liowmeier dbody

Uncertainty
Flow Nozzle Vent

Manufacturer
Model

Input range
Output range 0-200 kPa

Uncertainty 0.25% RD

Flow Nozzle Venturi

Logari

Rate (

thm

Manufacturer
Model

Input range
Output range

Uncertainty

Flow Nozzle Venturi Multiplier

Manufacturer ickery Simr Manu‘acturer Fischer and Po

Model Company
Model SOEX 3000

Input range

Output range Input range

Uncertainty Output range

Fiow Nozzle Venturi ACCuracy

Iemperature effect

Manufacturer Vickery Simms l

Model V6-400

ncerramty

MV/I Transmitter
Input range
Outout range )- kP: Manufacturer Honeywell

Uncertainty ) Model 19511

Intermediate Range lhermocouple input ¢ rted current

Detector output

Manufacturer ute.-! Uncertainty
Model

Position Transmitter
Unrcertainty

Manufacturer

Level Transmitter Model

Manufacturer Masoneilan Input range 0-100%
International Output range 0-2000Q

Model 12523 vncertainty 0.5% RG




Model

Ihe SC-300R 1s a si:

transducer that provides a dire

11 | y trviit
ren W v B ouipu

i Atomi
A294-02228

boild

R AL
Qutputl range 10 ! SOEP 1000

Uncertainty

\,“rII\A?\‘\A I';..
Model

Input range

Output range
Uncertainty

Power Range
Neutron Detector

Manufacturer Reuter-Stoke
RSN-304
Manu
Mod

Output range

Uncertainty

r Ty " | ’
Power lransduc

Manufact
Model




“"e0

nonths
25% R(
43% R(

Manufacturer
Model

SRS &8
99 §50
_‘ \(.)k

R(l _‘\'\I

Outpui range
Accuracy
lemperature eff
Uncertainty
Rosemount
R/i Converter Engineering
8.99.42
Manufacturer g i
Model utronik 3952] nput r 283617 K
Dependent

ncertainty

Position Transmitter

Manufacturer Rochester anufact ’ Roser

Instrument System I

nourit

ngineering

104MA

Model SC-300R

The SC-300R is a standard shd

Input
1 3 : " “r
transducer that provides a direct linear dc cur

Output
rent or voltage

Linearity
Repeatability
Stability and drift
n

Calibration accuracy ¢ 3 1ule Honeywell

L 19¢41
Vutronik 38543

RC'-P"F\‘& time
$060-0110-000
Femperature range 4060-01 10-00¢

Uncertainty
R/1 Converter

Manufacturer Rosemount
Engineering

Model 4401 3

Input range 92 92 - 149.4Q
Output range 4-20 mA dc

Uncertainty 2.0 RG




emperature effect

ncertainty
Signai Isolator
Manufacturer
Model

I'he isolation signa

instrument designed for making

Accuracy
Repeatability
Femperature
Uncertainty
Signal Transmitt

Manufacturer

Mode!

I'he signal transmitter 1

process signal interface

O accept voltage

provide a curre

Linearity
Repeatability
Stability

Power supply
Uncertainty

Source Range

Detecton

Manufacturer
Model

SQuarc

Extractor

Manufactur
\h\d;

standard

RG

RG

y RG per 14 K

RG per 20%
power variation

0.4% RG

rmperature et

i

ncertainty

lachometer

No information

I'hermocouple

Manufacturer
Mode

Uncertainty

Fi

available

Honeywel

Type J, Megopak

2 2K or
(RG-255)

whichever




I'hermocouple
Manufacturer Omega

Model

1".;'\“ range
Outpul range

Uncertainty

[hermocouple

Manufacturer Ve

Model epeatabilit




&
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. *

EG&G Idaho, Inc
" P.O. Box 1625
3 Idaho Falls, Idaho 83415



