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DUKE POWER Goxno.T
P.O. HOX 33180

CitAMt.OTTE. N.C. 28242

;", April 16, 1984 (' "

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

2

Attention: Ms. E. G. Adensam, Chief
Licensing Branch No. 4

Re: Catawba Nuclear Station
Docket Nos. 50-413 and 50-414

Dear Mr. Denton:

Ms. Elinor G. Adensam's letter of April 10, 1984 transmitted three questions
(as Enclosure 4) which were related to Open Item 5 in the Catawba SER,
Thermal Design Procedures and Flow Measurement Techniques. A response to
each of these questions is attached.

As the response to question 1 contains information proprietary to Westinghouse
Electric Corporation, it is supported by an affidavit signed by Westinghouse,
the owner of the information. The affidavit sets forth the basis on which
the information may be withheld from public disclosure by the Commission and
addresses with specificity the considerations listed in paragraph (b)(4) of
Section 2.790 of the Commission's regulations.

Accordingly, it is respectfully requested that the information which is
proprietary to Westinghouse be withheld from public disclosure in accordance
with 10 CFR Section 2.790 of the Commission's regulations. Correspondence
with respect to the proprietary aspects of the Application for Withholding
or the supporting Westinghouse affidavit should reference CAW-84-33 and
should be addressed to R. A. Wiesemann, Manager, Regulatory and Legislative
Affairs, Westinghouse Electric Corporation, P. O. Box 355, Pittsburgh,
Pennsylvania 15230.

Very truly yours,

f.b. ff
Hal B. Tucker
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Mr. Harold R. Denton, Director
April 16,1984
Page 2

cc: (w/o proprietary attachment)
Mr. James P. O'Reilly, Regional Administrator
U. S. Nuclear Regulatory Commission

'

Region II
101 Marietta Street, NW, Suite 2900

|
Atlanta, Georgia 30303

i
NRC Resident Inspector
Catawba Nuclear Station

Mr. Robert Guild, Esq.
| Attorney-at-Law
| P. O. Box 12097
| Charleston, South Carolina 29412

Palmetto Alliance
21351 Devine Street

| Columbia, South Carolina 29205
1

Mr. Jesse L. Riley
| Carolina Environmental Study Group
| 854 Henley Place

Charlotte, North Carolina 28207
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| Quaation

1 1. In raaponce to ataffquestion 102.2 reganling tlw Improved & mal Decign
Procedura (ITDP), your tatter of December 8,1982 providap a Weatinghouae
raaponce regarding the variancca and diatributiona of coma ITDP paramatara,
i.e., pracota'iact prcoatec, cora averaga temperature, reactor pcuer and

'

reactor coolant flou. Even though tiu Wcatinghouac reaponsa raftcota tlw
uco of EdF RTD trar:cmittora for Catauba, ottwr inntricnontation uncertaintica
cited ara the gancria bow: ling valuca for Weating1xuaa inatrinantation. Plant-
apecific instrinentation uncartaintica excacding tlw bote. ding valuco cited
in tha Wootinghouac rcoponoa should be idantified and twod for tlw plant-
apacific analycia. Pleaac identify any instrtrantation uhich daviatco from
the Wcatinghouac inotrtrantation and provida the wwcrtainty valua partincnt
to this inotrinentation and meactecment arrangement uith compartoon to the
Wacting1xuca gancric value. & banca or couraca for tlw uncertainty valua
should alco ha provided. & actwcca can be from purchaca opcatficationa,

| manufaattwing apecificationa, calibration data provided by inotrinantation
'

vendor or obtained on cita, publialwd indtatry atandard or otiar justifiable
bacca.

Fecnonso

A cumory of the Catawh1 plant specific instrunentation for the precision heat
balanco follows:

FIN LRCCRIAUtrY
l

| Westinghouco Catasba Specific Referencocomenent Inntrunent Error Inntrunent Error Noten
'

Fcedwnter Flow

| Venturi, K I* a,c 10.2% 1

~

AP and Road Out 10.08% of AP 2

Feedwater Densityi

I and Enthalpy
; a) Tarporaturo 10.63F 3

b) Proccuro 110 poi 4

Steam Enthalpy
'

.

Steamlino Proccuro 23.3 psi 5
~Mointuro carrjover ~

"' '''
6

.
.

Prin1ry Sido Enthalpy
.

Tg (Electronica)
RTD Calibration ~AC~

8

0Scncor Drift
0DW " 10.13r 9

*
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FI m tR E RTAINTI

Westinghouco Catawba Specific EcforenceCamonent Inntnnent Error Instrunent Error Noten

TC (Electronico)
_

Rr0 Calibration a,c
_

Senior Drift a,c 8
8| DW1 Accuracy *

9. . . .

Iu2 U D G tores
i
; 1 Aldon Ecscarch Iaboratories statanent of accuracy - 10.25%
:

2. Instnment Error:
*

.

Calibration Standard Accuracy a 10.008% of Reading! 90-Day Stability (Drif t) = 10.004% Pull Scalo| DW1 Repeatability = 10.001% of Reading

For a full scalo rango of S0 paid and a differential proccuro of 8.9 paid at
'75% power lovel, tho differential pressuro uncertainty la 10.0311.

10.031% 90 day total accuracy of Ruska DDR-6000
10.8001 Uncertainty for Procosa Fluctuation
10.048% Uncertainty for Singlo Instnment Randcm Error,

I It0.88% of /.P
3.

nucuranonto will bo perfonned using a continuotm lead Typo-J thermoccuplo
with an icel.uth referenco junction and a Fluko 2190A .Thennocouplc Thonxrnator.

Duko twor Comany Standards Lab Calibraticn Accuracy = 10.25 F,

l

!
|

1-Year Det Accuracy (Rafor to Attac! ment 3) = 20.58F-

l>rocons Pluctuations = 10.014F
Total Feedwater Ta@craturo Error s ' /frdT' 20.63F

'

'
4 .y ,c;.

4. Toot proscuro gaugo accuracy of 10.25% of r, pan 0 2000 psi span
|

10.25% x 2000 pai = 15 psig

Additional concorvatita
i for Drift = f 5 miqL

E iTO psiig

5. Dead Wolght Giugo Accuracy: 0.10% x 1000 pai=21.0 pai
Proconn Fluctuation Errors i 1.3 pni
Additional Concorvat:1tm for Drifts i1

Z i 3 0 pai_. 3 pt.1

torts If a precinion digital prennuro gaugo in ucal to perfonn thin
moacurunent, its accuracy will in an goed or tottor than tho thC.

.

h

i



.= . .

1

.
-

.

-3-

6.
Same as the generic Westinghouse assuuption.

!7.
Pump power during the Calorimetric RCS Flow Test is measured by the plant
process emputer and included in the calculations of RCS flow. The
generic Westinghouse subnital assumes pump pcuer is an estimated valua.

8.
Same as the generic Westinghouse assumption. RrD's.are specified by
Westinghouse Design' Specification Number 955322. Attachnent 1.

9.
The DVM used to measure hot and cold leg erd's is a Fluke 8520A, referto Attachnent 2. The 90 day accuracy statement for this instrunent is:
[(0.007% (Input, .c) + 2 (digits)]

.

'

DW Accuracy = [0.00007)(4500)+ 2 (.010)] = 0.05150-
The ncminal output for the hot leg RrDs is 450 n.

The sensitivity of the Rr0 is the change in temperature with respectto a change in resistance or AT
Frcm the Westinghouse design ..

achms
specification (Attachment 1) at 525 F the ncminal resistance.is
4100; at 625 F resistance equals 450.420. Therefore:
AT Ti-T2 625 F - 525 F 100 F %. 5 n -n2 450.420 - 4100' * 40.420 = 2.5Wnr

.

The DVM error is:

i0.05150 x 2.5F/n = iO.129F
I

,
1

The error of the DVM used to measure hot- (T ) 'and cold leg (Tc) tmperature
~

h
is the only plant specific cmponent that exceeds the bounding value of thegeneric Westinghouse subnittal. Its effectc" however, is insignificant in
the final detennination of primary side enthalpy. The plant specific errorin the determination of TH and Tc is: ;

W'. x |
T and T -(Electronics) ~H g. ~~

Calibration Accuracy a,c -

_.

~

Sensor Drift .

,~
.

"
DVM 10.131

.

~

, ,.
.

TH and Tc Total Error I(e) = il.20 2F"~ ~ '

This cmpares to a generic bounding valuelof
, . , .

a,c.
*, y i-2. Question , . .

'y - ~ .

|'p

For the RCS flou measurement @the Westinghouse gerisric response states:

within seven'daysif calibrating the measurement instrumentation therefore,"It is assic:ed for this error analysis, that this flou measurement is perfomed
>

drift effect& are'not included (except uhere necessary due to sinsor location)"
,

Does your plant operating procedure have provisions that require the RCS flou..
.

.

measurement inssr:anentation? If not, what ars the drift uncertainty values
associated with each component such as LP Cell, local meter, RTD, themocoupleprocess rack anksensors?
uncertainty? What is the effect on the overall flow measurement

,

x
~ -

4. . .
,

-Resconse s ,.q
--

.? - - 4:- M; -,-

The following instnnentation is not calibrated sithin?the specified seven (7)
u -,
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day period due to sensor location:

Pressurizer Pressure
Hot and Cold Leg RTD's

Sensor drift error is included in the Westinghouse analysis for these measured
parameters.

,

The other measured parameters that are required in the' Westinghouse analysis to
be calibrated within a specified (7) day period are:

Primary RTD Digital Voltmeter
Feedwater Temperature Process Components
AP Cell for Feedwater Flow

The Digital Voltmeter used to measure the primary RTDs will be calibrated within
seven (7) days prior to the perfomance of the precision heat balance.

The feedwater temperature is measured by precision test Type - J themocouples
which are of higher quality than the process temperature sensors referenced
in the generic submittal. These themocouples are regularly calibrated and
equipment histories indicate the 0.25F calibration accuracy, providing-the ther-
moccuple is not physically abused is Theaccuracy quoted for the Digital Themogood for the annual calibration cycle.couple Themometer includes an annual drift' alkwance.
The feedwater flow AP is read by the Ruska DDR-6000. The accuracy previously
quoted in question 1 was a 90-day specification that included an allowance for
instrument stability (drift). A calibration check on the Ruska DDR-6000 will
be perfomed within 90 days of perfoming the precision heat balance.

Provisions will be included in the procedure for insuring the calibration of.
these instruments within the specified period.

. 3. Question

i The Westinghouse report states: "It is also assuned that the calorimetric flou
i measurement is performed at the beginning of a cycle, so no allouance has.

been made for feeduater venturi crud buildup"[and "If venturi fouling is detected
; by the plant, the venturi should be cleanedi prior to perfomance of the measure-

ment. -If the venturi is not cleaned, the effect of the fouling on the feeducter'.
flou, should be measured and treated as a bias, i.e., the error due to venturi .
fouling should be added to the statistical sumnation of the rest of the measure-
ment errors".

a) ^ Hou do you assure that the venturi is clean at' the beginning of a cycle? ;

. Is the venturi cleaned at the beginning of every cycle? l,

b) Hou do you detect the venturi fouling and to what extent [of-uncertainty
can you detect fouling? -

_.

c) ~ Describe the design provisions 'and procedures to clean the venturi if _ -

:fouling is~ detected.
^

d) Hou do you determine the error on feeduater flou measurement due to the
. fouling effect if the_ ' venturi is not cleaned or if the venturi fouling is,

not detected?.
'

l
4 :

|,

i

:

!
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e) If the venturi is not cleaned prior to the calorimetric flou measurement

because no fouling is detected, an error component should be added. The
magnitude of the error component should depend on the minimi.m detectable
value of fouling.

Response '

(a and c) The feedwater venturis will be assured to be clean by benchmarking
trended parameters at the beginning of the first fuel. cycle. Presently, no
provisions exist for cleaning the feedwater venturi at the beginning of everycycle.

(b, d, and e) The Catawba Perfomance Monitoring Program includes a monthly
review of trended data conducted for the purpose of detecting potential venturi
fouling. The undetected development of venturi fouling during a power cycle would
introduce a non-conservative bias into any subsequent efforts to nomalize the
RCS elbow tap flow indications. The monthly review includes analyzing trended
data of electrical output, feedwater flow and 1st stage pressure.

The ratios of electrical output and 1st stage pressure to feedwater flow
would shift in the event of venturi fouling and are, therefore, monitored todetect fouling. Indicated reactor themal power is directly porportional to
indicated feedwater flow. Venturi fouling would result in an increase in indi-
cated feedwaer flow which would increase indicated reactor themal power. Since
the reactor themal power is limited to the 100% licensed value, indicated feed-
water flow is also limited and actual feedwater flow would be reduced. By
reducing actual feedwater flow, electrical output and 1st stage pressure are
reduced;by the same degree. Therefore, by trending electrical output and 1st
stage pressure with indicated feedwater flow, venturi fouling can be detected.

The nomal relationship between electrical output,1st stage pressure and
indicated feedwater flow will be established during the first fuel cycle whenthe venturi is presumed to be clean. To avoid any significant effect of measure-
ment uncertainties on the results, the monthly review will include analyzing data
that is trended on a daily basis. The mean electrical output and mean 1st stage
pressure will be compared to the mean feedwater flow. If the trend of the
monthly reviews indicate that this ratio has deviated by 0.1%, corrective action
will be taken before performing the next precision heat balance for RCS flow
measurement. Corrective action will involve either (1) inspecting and cleaning
the venturi or (2) quantifing the bias effect of the fouling and making an
allowance for it in the RCS flow measurement.

The 0.1% value serves as an " alarm level" at which corrective action must betaken. This value was chosen because it is believed to be high enough to avoid
spurious "alams" yet low enough to avoid an unnecessarily excessive penalty forfouling.

. . .

..

t
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! DIGITAL MULTIM TERS & VOLTMETERS '*.:.
I #
$ 8520A/8522A
j~ ,, /M ,. Ld =6 43 i

f

Blas Current: G50 pA Accuracy: i(Co of Inp t + Digits)
Maximum Reading Rate s0 Days 1 Year Plus Temp

Range 24 Hours . 18*C, 18'C Coefficient*
operation Line Rate Resolution 23*C i 1*C Y328'C 28'C per *C*

i 50 Hz 200 rags /sec*Local or 5% digits 100 0 0045 + 6 0 0080 + 7 0.0140 + 12 0 0007 + 2 0*

} Remote 1000 0.0035 + 2 0.0070 + 2 0.0125 + 3 0 0007 + 0 260 Hz 240 rdgs/sec*
10000 0 0035 + 2 0.0070 + 2 0.0125 + 3 0.0007 + 0 2

50 Hz > 500 rdgs/sec 10 kO 0 0035 + 2 0 0070 + 2 0 0125 + 3 0 0007 + 0 2- Remote 4% digits 100 k0 0 0040 + 2 0 0090 + 2 0 0140 + 3 0.0012 + 0.200 Hz > SM rdgs/sec
1MO O 0090 + 2 0.0160 + 2 0 0200 + 3 0.0020 + 0.2*For localoperation,8522A us tam red to % this rate.
30 ya O_0300 + 1 0 0440 + 1 0 0450 + 3 0.0030 + 0 2

AC Voltage (True RMS) *From r8*C to 0*C or 28*C to 50*C
Input Characteristics

Conductance .

Range Full Scale R esolution input impedance Range: 100 nS (10 MO) ' '

'

tv i.99999 30 yv Full Scale: 199.99 -

10V 16.0100 100 SV 1 MO. s; 100 pF Resolution: 0.01 nS (100,000 MO) i
[y 1,30 kv Accuracy: (To of input + Digits)

30 00 v
90 oays 1 Year *Plus Temp

Accuracy: i(Fo input + Fo of Full Scale) ac or ac+dce 24 H
,C *C 2 28 C pe

90 oays 1 Year 0 04 + 5 0 05 + 5 0 06 + 5 0 004 + 1
18'C to 28*C 18*C to 28'C

.From 18*C to 0*C or 28 C to 50*CFrequency % of +% FS +% FS % of + % FS +% FS
anput AC AC+oC input AC AC+0C Maximum input: 400V peak

10 Hz to 20 Hz" 3.0 0.6 0.7 3.5 0.6 0.7 Maximum Reading Rate: 10 readings per second
20 Hz to 40 Hz** 0.5 0.5 0.6 0.6 06 0.7
40 Hz to 20 kHz 0.1 0.03 0.08 0.15 0.05 0.16 External Reference
20 kHz to 100 kHz 1.0 0.3 0.4 2.0 06 0.8 Operating Range: 0.5V de to i33V de as long as external
100 kHz to 300 kHz 2.4 0.6 06 40 0.1 0.1 reference Low terminal is within il6.5V ofinput Low terminal300 kHz to 1 MHz 8.0 2.5 2.5 15.0 5.0 50

input Impedance: 10.000 M n between external reference liigh*From 0.1% of range to fuit scale
or Low terminals and input Low terminal

**Wath statistics program for smoothing Accuracy
Temp. Coefficient: 18 C to 0 C or 28'C to 50'C, to 20 kitz x. Ret voitage AccuracyAC Mode: (0.007Po ofinput + 0.0077c FS)/ C

16 Sv to 33v 2( A + B + 20 ppm >AC+DC Mode: (0.007Fe of input + 0.0149' FS)/'C 0 SV to 16 5V (A + B + (400 ppm + IVrefI)]o
Maximum Input: 1000V peak liigh to Low or Guard to

Note. A = oC 10 voit tange accuracyChassic terminals, and 200 V peak Guard to Low terminals s - input voltage or resistance range accuracy
Crest Factor: ;>4:1 at full scale, increasing down scale
Maximum Reading Rate: 10 readings per second Maximum input: 180V peak between external reference liigh
Maximum Stew Rate: 177V per us or L w and input Low; 360V peak between externa reference
Maximum Volt-Hertz Product: 2 x 107 liigh and Low

Resistance Transfer Accuracy-

Input Characteristics The following accuracy specifications apply when:
,

. Reading rate is 2 readings per second
Current open Circuit . Filter settling time is $00 ms

Range Full Scafe Resolution Thrt, ugh Unknown Voltage . Warm-up is at least 2 hours
100 19 9999 100pO 10 mA

. Quantity measured has same nominal value and frequency asIMO 199 999 1m0 10 mA
transfer standardIriOO 1999 99 10 m0 1.0 mA

10 kQ 19 9999 100 mO 0.1 mA 7V . Measurements are made in one range
. ~ kQ 199 999 10 14 5 pA (max) . Standard is checked at least every hour
1MO 1 99999 10 0 1.5 uA (man) . Ambient temperature remains within il*C10 MO 19 999 1kO 1.5 uA (man)

, DC Voltage AC Voltage (all ranges)
Maximum Input: 400V peak for any range

f gg ,, ,,,,, , 1 gg ,, ,,,,, .Maximum Reading Rate: 100 kn range and higher, reading Range digits) Frequency % of Futt scale)rate is 10 rdgs/second
100 mv 0 0020 + 4 10 Hz to 20 Hz 10 + 0 2"

10 kn Range and Lower IV 0 0020 + 1 20 Hz to 40 Hz 0.1 + 0.1
10v 0 0010 + 1 40 Hz to 20 kHz 0 005 + 0 009

Operaten Resolution Line Reading Rate 0 M 20 + 1 20 mz to W mz OM + 0 030
1000V O 0020 + 1 100 kHz to 1 MHz 0 500 + 0 60Local or 5 %-digits 50 Hz 2M rdgs/sec*

Remote 60 Hz 240 rogs/sec*

**"Remote 4 %-digits
60 Hz >500 rdos/sec

*For local operation. 8522A ns Ismoted to 'o this rate
-

IS

-
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DIGITAL THERMOMETEPiS
2180/2190 Series

Thermometer Specifications
Lead Resistance: 4-wire: 2000 max per lead for both 1000

2190A Thermocouple Thermometer Specifications and 100 RTD's; 3-wire: 20 max per lead for 1000 RTD's,
Thermocouple Types: Five, switch selectable. Which thermo- 0.180 max per lead for 100 RTD's; 2-wire: 0.90 max perIcad
couple types depends on your choice of microcomputer type. for 1000 RTD's,0.090 max per lead for 100 RTD's
See Accuracy chart below Lead Resistance Error:4-wire: no error:3-wire 1000 RTD's:
Resolution: 0.l*C or *F 0.012' per degree per ohm: 3-wire 100 RTD's: 0.12* per degree
input Connection: 2 wires on screw terminal isothermal block per ohm: 2-wire 1000 RTD's: 0.025' per degree per ohm: 2-wire
Max Source Impedance: 2 kn 100 RTD's: 0.25* per degree per ohm
Overrange Detection: Flashing display
Open Circuit Detection: Source impedance of 3 kn or more

2180A Linearizations (Microcomputer Type 2).
causes a flashing "OC" RTD Type

Linearization Coetriciente
100 0

DIN" 43760 Taoie385 Pt2190A Accuracy *
ALPHA * =

1000 0 0038994
Maximum Error * DELTA * = 1.494390 Pt A4' =Thermocouples 2 Degrees C IDegrees F -0 265668 x 10 *

'Applicabfe 90 1 90 1Portion of Days Year Days Yost 100 0 DELTA *
*

Type Temperature 20*C 15*C 68*F 59'F 3916 Pt A4'
= 1.505

-0 099668 a 10 5Range At to to At to to C4*
=

-0 271142 x 10M'C Cal 30*C 35*C Cal 86*F 95'F
=

Microcomputer Type 1 ALPHA * = 0 003392211000 DELTA * = 1 493J -128 to 0 0.18 0.19 0 21 0.20 0 23 0 26 -0 38668 x 10 5
392 Pt A4' =

0 to 900 0 18 0 31 0 36 0 20 0 47 0 58 C4' = +0192912 x 10MK 132 to 0 0 18 0.19 0 21 0 30 0.33 0 37 DIN" 43760 Table
100 0

0 to 1350 0.18 0 39 0 47 0 30 0 72 087 617 Na
T -243 to 0 0.18 0 20 0 22 0 30 0 35 0.39 Cu R25

100 RO ' 9 042 OhmsO to 400 0.18 0 22 0 25 0 30 0 41 0.46 = 10 005 OhmsR 0 to 1708 0 31 059 0 70 0 47 1 01 1 20 0 004260
AL.pHA =

D
*See IPTS 68 ens.atoons on NBS Monograph 126. Microcomputer Type 1 noC" O to 2471 0 18 060 1 0.75 0 30 1.11 1.37 fonger avadaele.

Microcomputer Type 2 ##
J -128 to 0 0.18 0.19 0 21 0 20 0 23 j 0 26O to s00 0 18 O st 0 36 ruo 047 1 058 2180A Accuracy (Microcomputer Type 2)*K -132 t0 0 0 18 0 19 0 21 0 30 0.33 0 37O to 1350 0 18 0 39 0 47 C 30 0 72 0 87 Manimum Error *E -252 to 0 0.18 0 20 0.22 0.30 0 35 0 40 " ' ' ' ' " * "''O to 1000 0.18 0 33 0 39 0 30 0 61 0.72 Applicable 90 1 90 1
R 0 to 1708 0 31 059 0.70 0 47 1.01 1 20 Portion ot Days Year Days YearType Temperature 20*C 15'C 68'F 59'F
S O to 1685 0.22 050 1 0 60 0.38 , 0 92 1.10
Microcomputer Type 3 Range At to to At to to*C Cat 30*C 35'C Cal 86*F 95*FJ -100 to 0 0.18 0 19 0 20 0.30 0 32 0.36 -190 to 0 0 043 0 089 0 112 0.076 0.161 0 203
DIN"* O to 760 0 18 0 28 0 33 0 30 0 52 0 61 1000 0 to 204 0 043 0.132 0.173 0 076 0 239 0.314K -50 to 0 0 18 0.18 0 20 0 20 0 22 0 25 385 190 to 0 0.11 0 12 0.14 0.18 0 21 0 240 to 1372 0 18 0 39 0 48 0 20 0 63 0 78 Pt 0 to 750 0 11 0 26 0 37 0 18 0 46 0 62T -200 to 0 0.18 0.20 0 21 0 33 0 34 0 38 -200 to 0 0 009 0 055 0 078 0.015 0 100 0.142
DIN" O to 400 0 t8 0 22 0 25 0 30 0 41 0 46 100 0 0 to 204 0 009 0 098 0.139 0 015 0.177 0 252B 420 to 1815 0 21 0 52 0 62 0.37 0 95 1.15 390 -200 to 0 0 08 0.10 0 11 0.13 0.16 0.19A 140 to 1700 0.18 0 46 0 46 0 20 0 74 0 93 0 to 750 0 08 0 23 0 32 0 13 0.41 0 57

Pt

-200 to 0 0 040 0.086 0.109 0 071 0 156 0.198*TotalInstrument accuracy. Does notinclude Thermocouple errors such * O '* 20" 0^0#0 M3 U' O CI' O 234 0 309
as non-conformity to standard curve.
"C cesignates Tungsten-5% Rhenium vs. Tungsten-26%e Rhenrum. 3916 -200 to 0 0 11 0 12 0.14 0.17 0 21 0 24'" DIN is a European Standard. P1 0 to 150 0 10 0 26 0 34 0 17 0 46 0 62

-200 to 0 0 008 0 055 0 078 0 014 0 099 0 1412180A RTD Thermometer Specifications 1000 0 to 204 0 009 0 098 0.139 0 014 0.177 0252RTD Types: 1000 Pt 385 (DIN),390,3916, or 392; 1000 Nt. 392 -200 to o 0 08 0.10 0 11 0 12 0.16 0 19(DIN); 100 Cu; O to 9990 resistance - s3 itch-selectable Pt 0 to 750 0 08 0 23 0 32 0 12 0 41 0 57
Resolution: 1000 Pt RTD's: 0.0l*, autoranging to o.l* above -60 to 0 0 129 0.157 0.172 0 230 0 282 0 308
204* C; 100n Ni RTD's: 0.0l*, autcranging to o. l* above 93* C;

1000 010 93 0 129 0.176 0 199 0 231 0 317 0 359100 Cu RTD's: 0.l* egy 60to0 0 19 0 20 0 2t 0 33 0.35 0 35Ne Oto 177 0 19 0 22 0 25 0 33 0 39 0 44
Input Connection:

4-wire screw terminals. Terminals accept
3-wire and 2-wire RTD's at reduced accuracy 100 -75 to 0 0 16 0.18 0 19 0 27 0 31 1034Cu 01o 150 0 16 0 20 0 23 0 27 0 35 | 04 tRTD Matching: User-performed potentiometer adjustment Ohms O to 196 99 0 005 0 042 0 059 Alt unitsmatches the 2180A to user's RTD to compensate for variations

O to 999 99 0 05 0 22 0 31 en Ohmsin lead length and resistance at 0*C

NOTE: Shaded area is 0.01* resolution; unshades area as 0. t * resolution
* Total unstrument sceuracy. Does not include R TD probe errors. Valed for
4-wore RTO's only. Mocrocomputer Type 1 no longer avadable.
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