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ABSTRACT

An uncertainty analysis was performed for the Loss-of-Fluid Test Fission Product
Instruments recorded on the Data Acquisition and Visual Display System in order
to document the accuracy of these channels under steady state operating conditions.
In addition, an uncertainty analysis was performed for certain temperature and
pressure measurement channels excluding their recording system.

FIN No. A6043—LOFT Instrumentation



SUMMARY

Uncertainty analyses are prescnted to quantify the
uncertainty bounds for the instraments of the Loss-
of-Fluid Test (LOFT) Fissior Product Measurement
System (FPMS) that are recorded on the Data Ac-
quisition and Visual Display System (DAVDS). The
FPMS instruments are specialized instruments for
measuring the gap release during fission product
release tests. The uncertainties presented are basi-
cally of two types: objective and subjective. Objec-
tive uncertainties (basically randem) are those for
which there are data and can be duplicated in the
laboratory. Subjective uncertainties (basically
systematic) are those for which there are no specific
data and must be based on engineering judgment.

Actual measurements are made in a high-
pressure, high-temperature steam environment, as
well as under moderate-to-high radiation levels. The
analysis is valid only during steady-state, normal
operating conditions.

The objective uncertainties are derived, in most
cases, for a measurement channel b'* the root-sum-
square total of all manufactures’ specifications.
These specifications are summarized in Appen-
dix A. It is assumed that the manufacturers’
specifications have been normalized to the meas-
urand “*percent of range’’ (RG) and are statistically

20 values. This is a conservative assumption, as
most suppliers quote a 3o value.

The subjective uncertainties, those derived from
engineering experience and judgement when there
are no objective data on which to base an uncer-
tainty in a specific area, could include such
parameters as radiation effects or vibration sen-
sitivity, No attempt will be made to break down
such an uncertainty into its parameters; rather, it
will merely be listed as a single number with the
types of uncertainties that went into the estimate.

The uncertainty listed is the uncertainty on what
is actually being measured, not necessarily on what
was intended to be measured.

The total uncertainty for a measurement chan-
nel is given as the RSS sum of the objective and sub-
jective uncertainties. These uncertainties, along with
a diagram of the measurement channel components,
are documented in Appendix A, Figures A-l
through A-3. The uncertainties quoted include a
DAVDS uncertainty of +0.13% of range'. where
applicable.

The uncertainties covered in this analysis are sum-
marized in the table below.

Table S.1. LOFT steam sample system measurements list

Measurement Measurement Measurement Location Schematic
Identificanon Description Range Mn-m::u Accuracy* . Figure __Fiun_
FT-P165-51-26 S1 Sample Flow 0-2bm + 5% RG 2 A-i
FT-P165-S2-26 S2 Sample Flow 0-12Vm + 5% RG 2 Al
FT-PIAS-S3-26 S3 Sampie Flow -1 1/m + "% RO b Al
FT Pi6s-S4.26 S4 Sample Flow 0-ilm + 9% RG 2 Al
TT-PI6SS1-22 S1 Lo Temperavure M- MK K & 0TRG5S, + D 9NRD-IY)) e A2
TT-Ples-S2-22 $2 Line Temperaure V.44 K £ 4K ~ 0.I%RG-255) + 09%(RD-255) 2 |
TT P1658S3-22 S3 Lme Temperature M -4 K SMIK + 0. %(RG-255) + 0.9%(RD-25%) 2 A2
TT-PI65S-S4.22 54 Line Tenperature m-4anxk 2 [IK + GINRG-295) » 0.9%RD-255)) 2 A2
PT Ples-Si- 14 S1 Sample Pressure 0 - 103 kPa +1.2% RG 2 A3
PT-F165-82-14 52 Sample Pressue. 0 - 103 kPa + 1.2% RG 2 Al
PT Pl165-53-14 S3 Sample Pressure 0. 103 kPa *1..% RG 2 A3
PT-P165.S4 14 S4 Sample Pressur 0 - 103 kPa +1.2% RG 2 A3
*Measurement accurscy is the KSS san of the obj and subjective utic

iii



FOREWORD

Analyses are performed to evaluate the anticipated performance uncertainty for
each experimental measurement in the LOFT system. Results of these analyses are
reported in a series of volumes designated NUREG/CR-0169, EGG-2037.2 Volume |
of this series describes the LOFT experimental measurement systems and the tech-
niques used for calculating the uncertainties. The remaining volumes in the series
present detailed results from the uncertainty analysis performed for each experimen-
tal measurement system. The following volumes were previously published.

1. G. L. Biladcau, LOFT Experimental Measurements Uncertainty Analvses,
Volume VI, LOFT Linear Variable Differential.

2. G. D. Lassahn, LOFT Experimental Measurements Uncertainty Analyses,
Volume XVI, LOFT Three-Beam Gamma Densitometer System, TREE-
NUREG-1089, February, 1978.

3. L. D. Goodrich, LOFT Experimental Measurements Uncertainty Analyses,
Volume XV, LOFT Primary Coolant Pump Speed Measurement Uncertainty
Analysis, TREE-NUREG-1089, April 1978.

4. G. L. Biladeau, LOFT Experimental Measurement Uncertainty Analyses,
Volume IX, LOFT Strain Gage Uncertainty Analysis, TREE-NUREG-1089, June
1978.

5. G. D. Lassahn, LOFT Experimental Measurements Uncertainty Analyses,
Volume VII, LOFT Self-Powered Neutron Detector Uncertainty Analysis,
NUREG/CR-0169, TREE-1089, August 1978.

6. G. D. Lassahn and P. A. Quinn, LOFT Experimental Measurements Uncertainty
Analyses, Volume VIII, LOFT Traversing In-Core Probe Uncertainty Analysis,
NUREG/CR-0169, TREE-1089, August 1978.

7. P.A.Quinn, G. L. Biladeau, and R. Y. Maughan, LOFT Experimental
Measurements Uncertainty Analyses, Volume V, LOFT External Accelerometer
Uncertainty Analysis, NUREG/CR-0169, TREE-1089, October 1978.

8. S. Silverman, LOFT Experimental Measurements Uncertainty Analyses,
Volume X1V, LOFT Drag-Disc Turbine Transducer Uncertairty Analysis,
NUREG/CR-0169, TREE-1089, November 1978.

9. G. D. Lassahn, LOFT Experimental Measurements Uncertainty Analyses,
Volume XVII, Radiation-Hardened Gamma Densitometer System, TREE-
NUREG-1089, February 1978.

a. Volumes VI, IX, XV, and XVI were published prior to implementation of the NUREG/CR number-
ing system. Volumes V, VII, VIII, and XIV were published as NUREG/CR-0169, TREE-1089 (TREE
was the former designation for formal reports prepared by EG&G Idaho, Inc.). The remaining volumes
in this series will be published as NUREG/CR-0169, EGG-2037.



G. D. Lassahn, LOFT Experimental Measurements Uncertainty Analyses
Volume XII, Differential Pressure Me asurements, NUREG/CR-0169, EGG-0237
March 1982

G. D. Lassahn, LOFT Experimental Measurements Uncertainty Anaiyses
Volume XIX, Small-Pipe MCA Densitometer, NUREG/CR-0169, EGG-2037
August 1981

S i'l\"}.‘i'w‘. LOFTE xperimenta, Measurements ( ncertainty Analvses. Volume X
\bsolute Pressure Measurement Uncertainty Analysis, NUREG/CR-0169

EGG-2037, September 1981

G. D. Lassahn, LOFT Experimental Measurements Uncertainty Analyses
} oiume \l’l/. /r‘”s',"’t’.'u’.'.'l’(' ‘,(‘u'\.’d’('/"( nts, NI Rl L/ }\ 0169 l UG :‘):‘
March 1982

L. D. Goodrich and G. D. Lassahn, LOFT Experimental Measurements Uncer
tainty Analyses, Volume XI, Free-Field Pressure Transducer, NUREG/CR-0169
EGG-2037, June 1982

G. D. Lassahn, LOFT Experimental Measurements Uncertainty Analyses,
Volume Ill, Data ‘t(,n‘i.“w’fl'” and Recording System, NUREG/CR-1069
EGG-2037, August 1982

I. R. Meachum, LOFT Experimental Measurements Uncertainty Analyses,
Volume I}V Liquid Level Transducer, NUREG/CR-1069, EGG-2037,
August 1982

s 1 r Lt . o 1
D. J. N. Tavlor, LOFT | xperimental Measurements Uncer

G. D. Lassahn and
tainty Analyses, Volume XX, Fluid Velocity Measurement Using Puised Neutron

ictivation, NUREG/CR-1069, EGG-2037, August 1982

G. C. Cheever, LOFT Experimental Measurements Uncertainty Analyses
Volume XXI, Modular Drag-Disc Turbine Transducer, NUREG,/ CR-1069,
EGG :“1-. I,'."Y.ld'\- 1983

R. P. Evans and K. D. McKnight, LOFT Experimental Measurements Uncer
tainty Analysis, Volume XVII, Process Instruments Recorded on DAVIDS
NUREG/CR-1069, EGG-2037, September 1984




ACKNOWLEDGMENTS

The author wishes to thank the personnel of the Fission Product Detection Organiza-
tion for their assistance in providing information for this document.

vi



CONTENTS

ABSTRACT
SUMMARY
FOREWORD
ACKNOWLEDGMENTS
INTRODUCTION
INSTRUMENT CHANNEL DESCRIPTION
Turbine Flowmeters
lemperature
Pressure
DISCUSSION OF UNCERTAINTIES
Flow
Theory of Operation
Hardware

Measurement Channel Testing

Variable fecting Measurement Channel Uncertainty

lTemperature

Theory of Operation
Hardware

Measurement Channel Testing
General Uncertainties

Pressure

Theory of Operation
Hardware

Meusurement Channel Testing

i
Variables Affecting Measuremen

Channel Uncertainty

CONCLUSIONS

REFERENCES

APPENDIX A—MEASUREMENT CHANNEL INTERCONNECTIONS

APPENDIX B—MANUFAT{URERS’ SPECIFICATION SUMMARY




LOFT EXPERIMENTAL MEASUREMENTS
UNCERTAINTY ANALYSIS
VOLUME XXII
FISSION PRODUCT DETECTION SYSTEM
INSTRUMENTS RECORDED ON THE DAVDS

INTRODUCTION

Some of the flow measurements for the Fission
Product Measurement System (FPMS) in the Loss-
of-Fluid Test (LOFT) system are recorded on the
Data Acquisition and Visual Display System
(DAVDS) to measure steam flow in the FPMS.
These flow measurements and certain of the
temperature and pressure measurements on the
Steam Sample System (SSS) of the FPMS are
analyzed excluding their recording systems. The
measurements are intended to supply information
about the temperature, pressure, and flow ot the
steam through the sampling system.

INSTRUMENT CHANNEL
DESCRIPTION

The FPMS consists of several different systems.
The only one considered in this document is the
steam sampling system. This system is designed to
sample the steam that carries the fission products
from the fuel rcd gap release. The following in-
struments are considered in this analysis:

®  Turbine flowmeters
*  Pressure transmitters
*  Thormocouples.

Of tnese measurements, only flowmeters are re-
corded on DAVDS The other two are presented
in this documenrt for information and completeness.
The uncertainty reported is the root-sum-square
total of the objective uncertainty (that derived from
the manufacturers’ specifications) and the subjec-
tive uncertainty (that derived through engineering
experience and judgement). In many cases the sub-
jective portion is much larger than the objective por-
tion of the uncertainty, since the unknowns of the
measurement installation and environment are very
large. Such factors as the effect of ambient pressure,

temperature, radiation, vibration, etc., are virtually
unknown for most of the channels. Figures | and 2
indicate the approximate location of each measure-
ment and Figures A-1 through A-3 show the con-
nection of the various components and specific
component uncertainties.

Turbine Flowmeters

There are four gas-flow turbine flowmeters on
the SSS that are recorded on DAVDS. The four
flowmeters, one on each line, are located just
upstream of the condenser. The turbine flowmeter
measurement channel consists of a turbine flow-
meter, a pulse rate converter, an isolation amplifier,
and DAVDS. The turbine is designed for gas flow
measurements anc' is mounted so as to turn parallel
to the flow. The pulse rate converter accepts the
low-level input freguency signals from the
flowmeter and provides analog output signals that
are proportional to the flow rate. Both the turbine
fiowmeter and the pulse rate converter are manufac-
tured by Flow Technology, Inc. The isolation
amplifier, manufactured by ACROMAG, provides
electrical isolation between input and output signals.
The signals are recorded on DAVDS. The measure-
ment channel interconnections, along with the
manufacturers’ uncertainties for each component,
are shown in Figure A-1,

Temperature

The temperature measurements considered for
this analysis arc located on the SSS. Four Type K
thermocouplcs, one on each line, are on th2 outer
wall of the species sampler. The measurement chan-
nel cousists of (a) the thermocouple, manufactured
by Omega Engineering, Inc., (b) a temperature
transmitter, which gives a 4- to 20-mA dc output
for a thermocouple input, manufactured by
Rosemount, Inc., and (¢) a data recording system,
not covered by this analysis. Figure A-2 shows the
measurement channel interconnections and the
manufacturers’ uncertainties tor each component.
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Pressure

The four absolute pressure measurements con-
sidered in this analysis are located between the
temperature and flow measurements, considered
previously, on each of the SSS lines. Each measure-
ment channel consists of (a) a pressure transmitter,
manutactured by Rosemount, Inc., and (b)a
recording system, which is not covered in this
analysis. Figure A-3 shows the measurement chan-
nel interconnections, and the manufacturer’s uncer-
tainties for each component.

DISCUSSION OF
UNCERTAINTIES

The uncertainties doc imented in this section are
those specific to the meast rement channel for which
infor:ation is available. The reported objective
(random) errors are based on manufacturers’
specifications, cahibrarions, or testing. Subjective
(bias) unces. 1y estimates ure also presented, with
some basis f . e estimates.

.

Flow

In addition to the manufacturer’s stated uncer-
tainties, shown in Appendix B, several other
variables affect the output of the turbine during
calibrations and LOFT fission product testing.
Although some of these variables may have been
considered by the manufacturer, they have been in-
cluded here for completeness. These variables in-
clude the following.

¢ State of knowledge of the measurement
principles

* Temperature

* Pressure

¢ [rradiation

¢ Mounting misalignment
e Hysteresis

* Pipe dynamics

¢ Fluid transients

*  Electronics

*  Fluid kinematic viscosity

* Flow pattern within the meter
¢ Entrance flow pattern

*  Orientation of the meter

* Position of the pickup

® Retarding forces

* Dynamic resonse and vibration of the
turbine blades.

All of these variables can affect the transducer's
output, and though in most cases the effect is small
or negligible, all variables should be considered.

Theory of Dperation. The validity of the flow
measuremen’ depends largely on flow conditions.
With homogeneous, single-phase flow, the flow-
meter measures flow with minimal uncertainty. In
the steam sampling system, the flow should be ho-
mogeneous, single-phase steam.

In single-phase flow, the flowmeter measures
volumrerric flow.3:4:5.6 The output of the turbine
pickot1 is a series of pulses with a frequency (w)
that is six times the rotational rate of the rotor (six
blades are on the rotor). The pulse rate converter
then converts the frequency into a voltage propor-
tional to the rotation rate of the rotor and thus the
volumetric flow rate.

Calibration data for the turbines and pulse rate
converters are fit to the following equations:

3

QT (m/s) = C. + Cl w (Hz) Turbine

0

w(Hz) = C,, + CI ET (V) Pulse Rate Converter

0

where

CO and Cl = volumetric flow rate

i

w

turbine blade frequency




Combining the preceding equations produces t

volumetric flow i ns of the voltage outp

pulse rate convert Dividing the volur

flow rate by the cross-sectional area of the

\ the .
gives the velocity

I'he hardware for the fl
i

wdas d

Hardware

channel

OWw

measur

iscussed und

Channel Description’ on page 1. The uncer
on manutactu

A and B

based ' specifications, are gi

Appendixes

Measurement Channel Testing. Testing of the
measurement channel components was conducted
bv th

oy

¢ manufacturer to determine calibration con
stants, but no in-place testing | ¢n performed

on the measurement channel. Hence, the effect of

the other system components on measurement chan
nel uncertainty, specifically the heaters, 1s unknown
and must be assumed to be large. For this analysis,

+ S0, R('

the uncertainty 1s assumed to be
Variables Affecting Measurement Channel
Uncertainty

State of Knowledge of the Measurement
Since

Princi

ples he measuremnent is made in single

ph measurement

The

than Q.1¢

steam tne

K10own uncertain

Temperature

casurement sh

: " :
transducer and electronics will remain ¢

during th

I
be within the m

NO i

his component

temperature range
h

¢ dSsSigned

similar flowmeters

Pressure

yf 0.05% of

cated a pressure sensitivity «

MPa ! 2 the time the

The

cOnsiIsts of

Irradiation radiation

FPMS

levels, charged particles, intense

neutrons ol widely

iry

gammartr

mpossible; hence,

ugh ti

Althe

" . f 1l
1€ actuai « ) il

s unknown, it shoulu t

the short duration

of operatic

ronment

Mounting Misalignment

'

able » ellects ol

s th
on ine

f1

mounting m

a turbine ywmeter, but allowing

misalignments that ht be found

lation, the uncertainty 1s considere

Hysteresis. The effect

minimal and within mz:

tainty. It will not be

Pipe Dynamics. There are

s ™ i 3
of pipe dyn

turbine output. The forces that the tur
off will experience are unknown but
tentially large and may have a

the flowmeter output

The turbi

e-phase steam;

Fluid Transients

singl

measuring

<hi

.

The

s while operating within

Eiectronics uncertainty cau

‘.‘(\

requirements should be within st

Remaining Variables. |1

the remaining variables on unce

y be small, but since none

cannot

vidualty

n
i

Oof

|
J

b

sed t

T
i

> smaill

e radiation

"W

on the

mng

} liat )
i€ radiation €1

il

1

data avail

isalignment

y

only small

no data on tl

he

amics (vibration and acceleration) on t
rbi

n actual instal

\‘L

e and pick

ould be po

ne shoui

Jencee,

o)

i

Y

)
(

(tran

the

1

significant eftect

f them has been

¢

C

tated specificat

on

t

1

D¢

nts

C

inve

n

L

the manufacturer s

ns

S




Table 1.

Uncertainty factors for the flow measurement

Uncertainty Objective Subjective
Factors Uncertuinty Uncertainty
Mounting - +0.5% RG
Measurement principles - +0.1% RG
Flowmeter +(0.2% RD + 0.3% RG) —
Pulse rate converter +0.2% RG —
Isolation amplifier +0.08% RG -
Data acquisition system +0.13% R -
Other factors — +0.5% RG
Total +(0.2% RD + 0.4% RG) +5% RG
Temperature X = distance along the wire
L = length of the wires.

Although temperature measurements are general-
ly considered one of the easiest to make, they are
in fact one of the most difficult because of the
number of small effects on the measurement that
can 30 undetected.

Theory of Operation. A thermocouple is formed
by joining both ends of any pair of different
material wires, of different matenals, to form a
thermoelement and then irserting an appropriate
voltage measuring device in the measurement loop.
When the two junctions are at different tempera-
tures, a net electromotive force (emf), Epq, is
generated proportional to the temperature dif-
ference between the two junctions and related to
physical (thermoelectric) properties of the materials
along the thermoelement.

L
dt dt
Emgfeladx+f52dxdx
0 L

where

8. .62 = total thermoelectric power of the
materials
T = temperature

When the wires ar» homogeneous (that is, when
thermoelectric coefficients are not a function of
position along the wire) and each wire begins at
temperature T, and ends at temperature Ty , the
expression for Ejq can be simplified.

T

L
E et =f (el '52, -

T
0

Thermal energy is converted to electrical energy
when a thermocouple circuit is placed in a temper-
ature gradient field wherein the junction contacts
are not at the same temperature. This relationship
between the potential developed in such a circuit
and the temperature difference between the circuit
junctions is a proportionality defined by the
Seebeck coefficient, a o g, according to the equation

_ dE
AB © dT

where
dE = potential developed in the circuit

dT = temperature difference between the
junctions.



The magnitude of these potentials for most metal
pairs is in the range of 10 to 100 mV for tempera-
ture differences of up to several hundred kelvin.

A reversible heating or cooling effect occurs when
an electric current passes through a junction formed
by different metals. The Peltier coefficient, nao g,
is relative to the absorbed or lost heat, Q, and the
transmitted charge, g, by the following equation:

_Q
"AB= T

A third thermoelectric effect is evidenced by ti:c
reversible heat absorbed that occurs wher. a current
flows in a homogeneous conductor in which a
temperature gradient exists. This effect, character-
ized by the Thompson coefficient, o o, depends
on the material and absolute temperature. The
Thompson coefficient relates the heat absorbed to
the product of the charge and thermal gradient, as
follows:

_ - 9Q
A T qgdT/d0

where
dT/dx = temperature gradient.

The effects defined by the above equations are
related by the laws of thermodynamics, and know-
ing one enables derivation of the remaining two.

The thermoelectric properties of materials are
nonlinear with respect to temperature. Such prop-
erties can be neither calculated nor measured ex-
cept with reference to a selected standard. When
accurate determination is made of the voltage pro-
duced at known temperatures with respect to a se-
lected standard. a wire of a certain material may
be related to one of another material in an absolute
sense.

Measuremenis of unknown temperatures are
made by maintaining one junction of a thermocou-
ple transducer at a known, constant temperature
and placing the other junction in the measurement
location. The emf of the circuit represents the dif-
ference between the known reference temperature
and the temperature at the measurement location.
The circuit emf can be equated to a temperature,
when the reference temperature is known, through
reference to tabulated thermoelement outputs (or
by application of a polynomial rep-esenting such
a tabulation) for the specific wire pair.8

Hardware. The thermocouple measurement chan-
nels used on the SSS of the LOFT FPMS consist
of a standard grade thermocouple element, a tem-
perature transmitter, and a recording system (not
covered in this analysis). The thermocouple is at-
tached to the outside of the pipe wall under insula-
tion and near the heat tape that heats the pipe. The
thermocouple is therefore measuring the tempera-
ture of the heated outer pipe wall. Detailed descrip-
tions of the hardware and the interconnections are
given in Appendixes A and B.

Measurement Channel Testing. No testing has
been performed on this measurement channei to
determine the effects of the other system com-
ponents; hence, their effects are unknown.

General Uncertainties. Thermocouples are sen-
sitive to a wide range of environmental conditions,
and their output is affected thereby. The effects are
discussed in detail in this section. Testing activities,
current literature, and manufacturers’ specifications
are used to evolve the uncertainty bounds.

Inhemogeneity. In actual practice, no such thing
as a homogeneous thermocouple exists. Since ther-
mocoupie response depends on thermal gradients,
an ideal calibration sequence would be to first ascer-
tain the exact operating temperature profile along
the length of the wire and then calibrate the meas-
urement channei on the basis of that known pro-
file. Such an ideal approach is not possible for most
experimental applications; therefore, the assump-
tion must be made that the thermocouple wires are
homogeneous, and an uncertainty to account for
the error of this assumption assigned. This uncer-
tainty is included in the thermocouple uncertainty.

Thermocouple Wire Uncertainty. The limits of
error? for thermocouples are generally, in current
literature, published in English units and based on
a temperature scale related to the ice point in °F.
The SI temperature units (kelvin) used in this docu-
ment are based on absolute zero. Care must be
taken, therefore, in computing temperature and
thermocouple uncertainties for readings and ranges
in kelvin units.

The thermocouple wire error limits for apolicable
temperature ranges are given in the manufacturer’s
literature? as a percent of th: thermocouple reading
in °F (these limits include the inhomogeneity errors
mentioned in the preceeding subsection). The fol-
lowing conversion equation is derived to enable the
use of any percentage error value based on °F,
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Table 2. Uncertainty factors for the temperature measurement

Uncertainty Objective Subjective

_Lct_gs___ Uncertainty Uncertainty
Thermocouple +2.2K —
Extension wire - +2.2K

Equation — + 1.6K
Cold work — +0.5%(RD-255)
Transmitter +0.2%(RG-255) —

Aging — +0.5%(RD-255)
Radiation - +[2K + 0.5%(RL -255)]
DAS +0.5%(RG-255) —
Total +[2.2K + 0.5%(RG-259))

+[3.4K + 0.9%(RD-255)]

Measuremen Channel Testing. No measure-
ment channel testing has been performed on the
pressure measurements to determine the effects of
other system components. The uncertainties caus-
ed by the other components are unknown.

Variables Affecting Measurement Channel
Uncertainty Transmitters using capacitance sens-
ing elements are quite stable for long-term process
measurements. Some of the variables that affect the
transmitter output are listed below. No additional
uncertainty estimate is assigned for variables
considered by the manufacturer. Note that the
transducer range, the range used in computing the
measurement uncertainty, is 0 to 3000 psig. The
measurement range is 0 to 15 psig. Therefore, even
a 1% of range error in the transducer translates into
a 200% error in the measurement.

Repeatability, Linearity, and Hysteresis. |he manu-
facturer quotes an uncertainty of +0.25% of
calibrated range for the combined effects of
nonlinearity, nonrepeatability, and hysteresis.

Temperature Effects. Capacitance 'ype pressure
transmiticrs are very sensitive to temperature
changes. 13 The manufacturer quotes an uncertainty
of +3.5% of range per 55 K at minimum span,
which will be the range in which the transmitter is
used. Assuming a temperature change of about

10 K, the resulting uncertainty is about +0.6% of
range. This includes both span and zero errors.

Shock, Vibration and Acceleration. (apacitance type
pressure transmitte s are fairly insensitive to this
type of an environment. The manufacturer quotes
an uncertainty of +0.05% of range perg to
200 Hz. This translates to about +0.1% of range
for the transducer location.

Radiation and Aging. No data are available on the
effects of radiation and aging on this transducer.
The uncertainty is considered minimal owing to the
short time the transmitter has been installed.

Stray Pickup in the Leads. The capacitance type
pressure transmitter is susceptible to pickup of aoise
in the leads between the capacitor and the elec-
tronics. No inforination is available on the
magnitude of thi. effect in the LOFT environment,
but it is estimated as +0.05% of range.

Mounting Etfects. The transmitter is connected to
the pressure source using gas-filled tubing. The
length of the tubing, the presence of valves, and the
possibility of the steam condensing in the transmis-
sion line all contribute to the uncertainty of the
measurement. Based on engineering judgement, the
uncertainty caused by mounting effects is estimatad
at +1.0% of range.

The uncertainty factors for the pressure measure-
ments are presented in Table 3.




Table 3. Uncertainty factors for the pressure measuremenis

Uncertainty Objective Subjective
Factors _Uncertainty Uncertainty

Linearity, hysteresis, +0.25% RG
repeatability

Temperature effects +0.6% RG

Shock, vibration, +0.1% RG
acceleration

Stray electrical +0.05% RG
pickup

Mounting effects +1.0% RG

Total +0.7% RG +1.0% RG

CONCLUSIONS

The uncertainties derived in this amlysxs are esti- The sieam sample system measurements record-
mates based on manufacturers’ specifications, LOFT ed on the DAVDS are intended only for steady state

:)f mmwmmysin al.l= ouf :he ‘Wll'%m “0‘:(: operation. Data obtained during transient condi-
attr buted to the mounting and environmental factors, tions must be carefully considered for response

largely owing to the many unknowns in these areas limitations.
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APPENDIX A
MEASUREMENT CHANNEL INTERCONNECTIONS




APPENDIX A
MEASUREMENT CHANNEL INTERCONNECTIONS

T'his appendix presents Figures A-1

A-2, and A-3 O the summary in Appendix B where back
which list the measurement channel interconnections up mformation can be found. In cases where no man
along with the components, their manufacturers. and ifacturer's uncertainty is given, an “E" is placed next
uncertamties. Where in € uncer o the uncertainty
tainty is given by the manufacturer, the number to the

side refers t

the specification th indicating that S an engineering
esumate based on the best available information

& omponent

i In > 1imt
uncertainty

— -

Turbine

Sonverter

i

DAVDS




Component Manufacturer/Model Uncertainty Basis

Type K
Thermocouple Omega Engineering TJ72-CASS +22K 5
Temperature
Transmitter Rosemount Inc. 444-TKI-UIA2 +0.2% (RG-255) 4

Data Acquisition
System +0.5% (RG-255) E

Objective Uncertainty 2[2.2K + 0.5% (RG-255))

Subjective Uncertainty *[34K + 0.9% (RD-255)]

Total Measurement Uncertainty 2[4.1K + 05% (RG-255) + 0.9% (RD-255)]

40161
Figure A-2 Temperature measurement channel.
Component Manufacturer/Model Uncertainty Basis
Pressure
Transmitter Rosemount 1151GP +0.48% RG 2
Data Acquisition
System +05% RG E

Objective Jncertainty +0.7% RG
Subjective Uncertainty 2 1.0% RG
+1.2% RG

Total Measurement Uncertainty

Note: The transducer range is 3000 psia, the measurement range is 15 psia. The 1.2% of
range uncertainty is therefore equivalent to 36 psi or 240% of the measurement range.

40162

Figure A-3. Pressure measurement channel.

A4




APPENDIX B
MANUFACTURERS’ SPECIFICATION SUMMARY




APPENDIX B
MANUFACTURERS’ SPECIFICATION SUMMARY

This appendix contains a summary of tie specifica-
tions for the components used in the Steam Sample
System of the LOFT FPMS measurements that are re-
corded on DAVDS. The uncertainties for each compo-

The manufacturers’ estimates of uncertainty are
assumed to be 20 values. Although no justification

is published for the manufacturers’ uncertainty
estimates, they are the only estimates available in
many cases. An estimate may be biased, but the
manufacturer, as manufacturer, is still the best
source for the estimate. Where no uncertainty
estimate is available from the manufacturer or any
other source, an estimate is assigned based on
similar types of instruments.

Summary of Manufacturers’ Specifications

Isolation Amplifier

Manufacturer Acromag
Model 816-20

Input range = Output range 4-20 mA
Accuracy +0.05% RG
Line change +0.05% RG
Temperature +0.03% RG
Uncertainty +0.08% RG

Pressure Transmitter

Manufacturer Rosemount, Inc.

Model Model 1151 GP Alphaline

Description Model 1151 gage type pressure transmitter converts pressure
(transmitted through an isolation diaphragm and silicone oil to a
sensing diaphragm) to a 4 to 20 mA d. <ignal. The position of the
sensing diaphragm is detected by capaciior plates on both sides of
the sensing diaphragm.

Range 0 - 3000 psig

Temperature limits -20 to 200°F

Overpressure limits 4500 psi

Accuracy (linearity, +0.25% RG

hysteresis, repeatability)

Stability +0.25% RG for 6 months

+0.08% RG for 2 months

B-3




Temperature sensitivity

Uncertainty

Pulse Rate Converter

Manufacturer
Model

Description

Linearity
Temperature effect

Uncertainty

Temperature Transmitter

Manufacturer

Model

Description
femperature limits
Accuracy (linearity,
repeatability, hysteresis)

Stability

Temperature sensitivity

Zero

Span

Uncertainty

Thermocouple

Manufacturer

Model

+1.0 % RG per 100°F
+0.4 % RG per 40°F

+0.5% RG

Flow Technology, Inc.

PRC-408 Pulse Converter

Model PRC-408 pulse converter interfaces the turbine flowmeter with
readout equipment. It provides an analog output signal proportional
to the fluid flow rate.

+0.2% RG

+0.03% RG

+0.2% RG

Rosemount, Inc.
Model 444-TK1-UI1A2 Alphaline

Model 444 temperature transmitter gives a 4 to 20 mA dc output for
a thermocouple input.

-25 to 85°C
+0.2% RG

+0.2% RG for 6 months
+0.07% RG for 2 months

+2.5°C per 50°C
+ 1.0°C per 20°C

+0.5% RG per 56°C
+0.2% RC per 20°C

+(0.3% RG + 1°0C)

Omega Engineering, Inc.

TJ72-CASS-18U-12BX-LUG



Turbine Flowmeter

Manufacturer

Model

Descriptior
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