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ABSTRACT

This report presents all the qualified data generated during the
performance of the Data Review Task as part of the TMI-2 Accident
Evaluation Program. Data are in graphic form accompanied by amplitude
and time base uncertainties. The main body of the report contains the
data plots, definition of terms, and a brief description of the data
review process. There is also a table summarizing the data
qualification categories and uncertainties. Appendices give details on
how the data review was performed, data sources, details of analysis

methodology, and letter reports generated during the task as reference

material.
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EXECUTIVE SUMMARY

The data presented in this report are the result of the Data Review
task which was part of the Three Mile Island Unit-2 (TMI-2) Accident

Evaluation Program. The primary goals of the Accident Evaluation Program

are to:

0 Understand the physical and chemical state of the TM]-2 core and
related structures and the external influences which affected the

accident,

o Understand what happened during the accident and to provide a
qualified data base and analysis exercise of the TMI-2 accident

to benchmark severe-accident analysis codes and methodologies,

0 Understand the relationship between the phenomena and processes
controlling the accident and the important severe accident/source

term technical issues, and

0 Assure that the results of the program are effectively

transferred to the nuclear community.

To support the above goals, the Accident Evaluation Program is
providing a qualified data base and an analysis exercise based on the
TMI-2 accident in order to benchmark severe accident analysis codes and
methodologies. In particular this Data Summary Report makes the data

available to the nuclear community.



The data review process started with collecting the TMI-2 measurement
data and support information, .establishing priorities and designing a
formal system for systematically performing the uncertainty analyses and
establishing the quality categories of the data. This system consisted of
analyzing the measurements, reviewing the results in committee, and
assigning qualification levels and statements to each measurement. In
analyzing the measurements, answers to the following questions were
sought: (1) are the data consistent with respect to single channel
analysis criteria (range, noise limits, time response, and correlation
with the significant plant events and prior history)?, (2) do the data
agree with other redundant information?, and (3) do the data agree with
thermal-hydraulic theory? A Data Integrity Review Committee (DIRC) then
reviewed all analyses, evaluations, and comparisons performed in response
to the above questions. (The DIRC was composed of a panel of experienced
persons, knowledgeable in TMI-2 data analysis.) Finally, the DIRC
approved qualification levels and uncertainty assigned to each set of
data. The data were then put into the TMI-2 Initial and Boundary

Conditions Data Base.

The primary purposes for reviewing and qualifying the data were (1) to
identify the uncertainties in operator actions, the sequence of events,
and the measured on-line data for defining the TMI-2 analysis exercise,
and (2) to provide information to improve our understanding of the
accident progression and the interactions between the degraded core,
reactor coolant System thermal-hydraulic response, and fission product

behavior.



The basic data required for the TMI-2 analysis exercise are:

0 RCS pressure and temperatures

o Reactor coolant flow rates

0 RCS makeup and letdown flow rates

0 Operation pertods of emergency core cooling injection

0 Operation periods of pilot operated relief value and block valve
0 Containment radiation levels |

o Source and intermediate-range detector data



INTRODUCTION

On March 28, 1979 the Unit 2 pressurized water reactor at Three Mile
Island (TMI-2) underwent an accident resulting in severe damage to the
reactor core. Although the accident had minimal effects on the health
and safety of the public, it did cause a reevaluation of severe
accidents, fission product source terms, and potential power reactor
risks. For the past several years the U.S. Nuclear Regulatory
Commission (NRC) and other independent research mr‘gam'zationsl’5 have
worked to develop new insights into degraded core accidents and source
terms important to nuclear safety and regulation. These research
efforts have provided new information and insight, but have yet to
conclusively define a methodology for determin{ng realistic source terms
for severe accidents. The specification of realistic source terms for
severe accidents is one of the major unresolved technical issues facing

the nuclear industry today.

The TMI-2 accident is the most severe accident that has occurred in
a commercial nuclear power plant in the United States and is providing a
wealth of knowledge about core damage and fission product behavior
during severe accidents. The TMI-2 accident provides a unique
opportunity to confirm the applicability to full scale reactors of
existing severe fuel damage and fission product data, obtained from
small-scale experiments; It also provides data for an analysis
exercise6 designed to benchmark current severe accident analysis codes
and methodologies based upon a real severe accident in a full-scale

operating power reactor.



The Department of Energy (DOE) is sponsoring the TMI-2 Accident
Evaluation Proqun7 to take full advantage of this unique research
opportunity. To achieve this goal, the program must first develop a
consistent and comprehensive physical understanding of the accident.
This understanding must then be applied toward resolution of severe
accident and source term issues to which the TMI-2 research {s
applicable. The resolution of these techical issues will contribute to
the restoration of public confidence in the nuclear industry and the
establishment of a sound technical basis for the desired regulatory
relief. The objectives of the Accident Evaluation Program to support

this overall goal are:

1. To understand the physical and chemical state of the TMI-2 core and
related structures as well as the external influences which effected

the accident.

2. To understand what happened during the accident and to provide a
qualified data base and standard problem of the TMI-2 accident to

benchmark severe-accident analysis codes and methodologies.

3. To understand the relationship between the phenomena and processes
controlling the accident and the important severe accident/source

term technical issues.



4. To assure that the results of the program are effectively

transferred to the nuclear cbmmunity.

This document is a summary of the results obtained from the Data Review
Task which was part of the Accident Evaluation Program and is in support

of Item 2 above and to comply with Item 4.

The purpose of the d;ta review task was to evaluate, qualify and
place in a dedicated data base the more important TMI-2 data. This Data
Summary Report presents all the qualified TMI-2 data in plots along with
the corresponding uncertainties. In addition, enough background
information is given to understand the qualification and uncertainty
analyses processes and how the information was presented in the data
base. Five appendices are attached to the document to provide details
for interested readers. Appendix E contains details of how the
uncertainty aﬁa]yses were made ¢ specific data. This appendix consists
of letter reportc generated during the program to document the work.
Documents generated during the data review task are referenced but are

not contained in Appendix E.



2. DEFINITIONS

The data plots in the main body of this report contain terms used to
describe the types of data, quality level, uncertainty, etc. This
section is designed to give a brief description of these terms so that
the reader can better utilize the data plots. Some data plots may

contain combinations of these terms.

1. Qualified Data

This term describes the quality category of the data. Qualified
data has defined uncertainties of a reasonablie magnitude and it
accurately represents the physical phenomena being measured or

calculated. (Qualified data are shown as solid lines on the data plots.

2. Trend Data

This term describes the quality category of the data. Trend data
has undefined or unacceptably large uncertainties and it only
approximately represents the physical phenomenon being measured or
calculated but it does contain useful information. Trend data are shown

as dashed lines on the data plots.



3. Composite Data

A composite data set is composed of data from two or more sources.
For example, data might be from a stripchart recorder for one time period
and from the reactimeter for another. A composite data set can be

Qualified, Trend or a combination of Qualified and Trend.

4. Failed Data

Failed data is data which contain no useful information. This is of
interest only because there may be regions within a Qualified or Trend
data set where the data is failed. These failed data regions will be left
blank, i.e., there will be gaps left in the data plot corresponding to the

time in which the data were failed.
5. Computed Data

Computed data is a parameter which is the result of a calculation

using measurement data. A computed parameter can be Qualified or Trend.
6. Estimated Data

Estimated data is a parameter which was calculated using assumptions

and 1ittle real data. Estimated data can only be Trend.



7. Uncertainty

Uncertainty is the term used to express the maximum probable arror in
the data. It is generally given as a symetrical value surrounding the
data at all times, f.e., the error value added to the data gives the upper
error boundary and the error value subtracted from the data gives the
minimum error boundary. In a few cases the uncertainty is itself a

function of time or amplitude of the data.

8. Data Qualification

A1l data have been assigned a category of either Qualified (Q) or
Trend (7). The purpose of these terms is to describe generically how good

the data are.



3. DATA REVIEW

The purpose of the TMI-2 Data Review task was to provide a single
source of data, which was of known quality, for use in understanding and
analyzing the TMI-2 accident. The most immediate use of this data is in
support of the TMI-2 Analysis Exercise and other ongoing analyses. Data
review consisted of collecting the raw data, determining the uncertainty
in and quality of the data, and storing it in a dedicated data base. The

Data Review Task is described in more detail in Appendix A.

Of the approximately 3000 measurements made at TMI-2, some 170 were
selected as being important to the understanding and analysis of the
accident. Data at TMI were recorded on computer print outs, magnetic
tapes and analog stripcharts. After the accident all such records were
impounded at the site and access was allowed only for copying or study.
The only source of data for this task, therefore, were microfilm,
photographs, and microfiche of the hard copy data and copies of the
magnetic tapes. Enlarged color photographs of some of the multipoint
recorder data and support documentation to be used in the uncertainty
analyses (instrument calibrations, circuit diagrams, operating manuals,

etc) were obtained.
Data qualified for the TMI-2 Analysis Exercise were:

0 RCS pressures and temperatures

0 Reactor coolant flow rates

10



0 RCS makeup and letdown flow rates

0 Operation periods of ECC injection

] Operation periods of PORV and block valve
o Containment radiation levels

) Source and intermediate-range detector data

Data were extracted and stored on a main frame computer. This process
was accurate for computer printouts and magnetic tapes. Stripchart data,
however, had to be digitized, which was generally done on an apparatus

which transferred the plot coordinates directly into the computer.

The next step was to perform an uncertainty analyses on the data.
Because some important support information was not available for use in
the analyses, major simplifications were made in the approach to
determining uncertainties. All errors were treated as bias errors as a
function of instrument range. This approach simplified both the
uncertainty analyses and the presentation of uncertainty in the data base
by eliminating the need for calculation and presentation of the
statistical part of the total error. Conservative substitutions were made
for the small number of errors which could not be treated as bias (i.e.,
statistical errors). Most of the error information was taken from
instrument calibration sheets which gave errors as a tolerance value which
fs a bias. Treating any errors as a function of range rather than reading

has the effect of making the results more conservative.

11



Each data set was studied to determine if an analysis could or should
be performed. If the preanalysis study revealed problems that precluded
calculating measurement uncertainties of a reasonable magnitude, an
uncertainty analysis was not performed. The uncertainty analyses provided
the error bounds for the data, i.e., the maximum and minimum probable
error with a 95% confidence. Because of the simplified approach taken,
uncertainties were generally expressed as a symetrical value which applies
to the data at all times. In only a few cases were uncertainties
calculated which had to be expressed as functions of time or data

ampiitude. Details of the uncertainty analyses are given in Appendix D.

After the uncertainty was established for the data it was possible to
determine the quality category of the data. AI] data were given a quality
category of either Qualifiad or Trend. The criterion for Qualified data
was that it have reasonably sized uncertainty and be well behaved. The
criterion for Trend data vas that the uncertainties were unreasonably
large or uncalculanle and that the data only approximate the phenomernon
being measurad. Data classified as Failed was not presented in this
report or in the data base but was retained in the main frame computer raw

data file.

12



After the data had been categoriezed, an internal review was made of
the data, the uncertainty analysis, and any underlying assumptions made.
A group called the Data Integrity Review Committee (DIRC) reviewed the
data put into the TMI-2 Data Base. The size and composition of the DIRC
vartied according to the type of data being reviewed, but generally
consisted of members of the TMI-2 Accident Evaluation Program. For some

specific measurements, outside experts participated in the DIRC.

Calculated and estimated parameter data were generated and stored on

the main frame computer. These data went through the DIRC process in the

same manner as did the measurement data.



4. SUMMARY OF DATA QUALIFICATION AND CERTAINTY

The purpose of this section of the report is summarize the TMI-2
data qualification categories, uncertainties values and plot page
numbers for the data plots contained in Section 5. The data summary is
contained in Table 1 where data is listed by type (i.e., flow,
temperature, pressure, etc.) and within type in alphabetical order.
Table 1 also Tists measurement data qualification and uncertainty for
the once through steam generator (0TSG) feedwater which is valid only
prior to turbine trip (time zero of the accident) and therefore are not
plotted. Table 2 contains the averaged value for these data immediately

prior to the accident.

14



TABLE 1

SUMMARY OF DATA QUALIFICATION AND UNCERTAINTY

Measurement Measurement Amp1itude Qualification* Time Qualification* Qualification Plot Page
Identifier Description Category & Uncertainty Category & Uncertainty Reference Number
FLOW RATE

AFN-SG-A Auxiliary Feedwater Secondary T Estimate T EGG-TMI 7481 26
Injection Rate, Based
upon Secondary Mass Inventory -
Steam Generator A

AFN-SG-B Auxiliary Feedwater Secondary T Estimate T EGG-TM]-7481 27
Injection Rate, Based
upon Secondary Mass Inventory -
Steam Generator B

S HP1-MUP] HPI/Makeup Estimate Based on T Estimate T EGG-TMI-7833 28

Expected Results (Multi-valued
Function), ICBC name is
HP1/MAKEUP FLOW 1

LETDOWN FLOW Letdown Cooler Volumetric Q ¢ 24.6% Reading Q + 2.5 min Letter YN-3-86 29
Flowrate & YN-4-87

PORV Flow Rate Calculated Mass Flow Rate Q t 20% Reading Q EGG-TMI-7825 30
Thru PORV

RC-14A-FT-CALC  Hot Leg Calculated Loop A Q Yots ) Q Note 1 EGG-TMI-7485 31
Mass Flow Rate

RC-14B-FT-CALC  Hot Leg Calculated Loop B Q Note 1 Q Note 1 EGG-TMI-7485 32
Mass Flow Rate

SP-8A-FT-R OTSG Feedwater flow Rate Q ¢ 0.106 Mph, Note 2 Q t 3 sec Letter RIMc-15-86 Mo plot

SP-8B-FT-R OTSG Feedwater Flow Rate Q + 0.106 Mph Note 2 Q t 3 sec Letter RDMc-15-86 No plot



Measurement Measurement Amplitude Qualification* Time Qualification* Qualification Plot Page
Identifier Description Category & Uncertainty Category & Uncertainty Reference Number
LEVELS MEASUREMENTS
RC-1-LT1-L-R Pressurizer Level Q + 24 in. Q t 3 sec EGG-TMI-7100 33
SG-A-LEVEL Steam Generator A - Composite Q t 9 cm Q £ 3 sec EGG-TMI-7359 34
Level
SG-B-LEVEL Steam Generator B - Composite Q t 9 cm Q t 3 sec EGG~-TMI-7359 35
Level
NUCLEAR RADIATION MEASUREMENTS
DC-R-3399-M Decay Heat Closed A Loop T Q t 5 min EGG-TMI-7376 36
= Radiation Monitor
DC-R-3400-M Decay Heat Closed B Loop T Q + 5 min EGG-TMI-7376 37
Radiation Monitor
HP-R-207-M Intermediate Cooling Pump Area T Q + 10 min EGG-TMI-7376 38
Radiation Monitor - in the
Auxiliary Building
HP-R-219-M Station Vent Rad Monitor - T Q + 2 min EGG-TMI-7376 39
Gas
HP-R-222-6-M Auxiliary Bldg Purge Air T Q £ 2 min EGG-TMI-7376 40
HP-R-222-1-M Exhaust Rad Monitor Upstream
HP-R~222-P-M of Filter - Gas - lodine -
Particulate
HP-R-225-G-M Reactor Building Purge Air T Q t 2 min EGG-TMI-7376 a1
HP-R-225-1-M Exhaust, Duct A, Rad Monitor A9
HP-R-225-P-M - Gas - Jodine - Particulate 43
HP-R-226-G-M Reactor Bldg Purge Air T Q t 2 min EGG-TMI-7376 44
HP-R-226-1-M Exhaust, Duct B, Rad Monitor 45
HP-R-226-P-M ~ Gas, - lodine, -Particulate 46




AP .

Measurement

O~

Measurement Amp)itude Qualification* Time Qualification® Qualification Plot Page
Identifier Description Category & Uncerta Category & Uncertainty Reference Number
HP-R-228-G-M  Auxiltary Bldg Purge Alr T Q#+ 2 min EGG-TMI-7376 ;3
HP-R-228-1-M Exhaust Rad Monitor 51
HP-R-228-P-M Downstream of Filter
- Gas, - lodine, - Particulate
HP-R-229-G-M Hydrogen Purge Rad Monitor T Qt 2 min EGG-TMI-7376 52
- Gas
HP-R-3236-M Reactor Building Purge Unit T Q + 15 min EGG-TMI-7376 53
Area Radiation Monitor
HP-R-3238-M Auxiliary Building Exhaust T Q ¢ 15 min EGG-TMI-7376 54
’ Unit Area Radiation Monitor
 HP-R-3240-M Fuel Handling Exhaust Unit T Q + 15 min EGG-TMI-7376 35
S Area Radiation Monitor
I1C-R~1091-M Intermediate Coolant Letdown, T Qt 5 min EGG-TMI-7376 56
Cooler B Radiation Monitor
IC-R-1092-M Intermediate Coolant Letdown, T Q + 5 min EGG-TMI-7376 57
Cooler A Radiation Monitor
. IC-R-1093-M Intermediate Coolant Letdown, T Q t 5 min EGG-TMI-7376 38
Inlet Radiation Monitor
MU-R-720H-M Primary Coolant Letdown H] T Q + 5 min EGG-TMI-7376 59
Radiation Montitor
MU-R-720L-M Primary Coolant Letdown LO T Q t 5 min EGG-TMI-7376 60
Radiation Monftor
NI-ND-1-p Source Range Power Level Q Note 3 Q -30/+0 sec EGG-TMI-7174 61
NI-ND-1-S Source Range Power Level Q Note 3 Q -45/+10 sec EGG-TMI-7174 62
NI-ND-2-P Source Range Power Leve) Q Note 3 Q -30/+0 sec EGG-TMI-7174 63 :
NI-ND-3-S Intermediate Range Power Level T Q - 45/+10 sec EGG-TMI-7174 64 :
NI-ND-4-S Intermediate Range Power Level T Q - 45/+10 sec EGG-TMI-7174 65 :




Measurement Measurement Amplitude Qualification* Time Qualification* Qualification Plot Page
Identifier Description Category & Uncertainty Category & Uncertainty Reference Number

SF-R-3402-M Spent Fuel Cooling Area T Q + 5 min EGG-TMI-7376 66
Radiation Monitor

WOL-R-1311-M Plant Effluent Radiation T Q £ 5 min EGG-TMI-7376 67
Monitor, Unit 2

WGD-R-1480-G-M  Waste Gas Discharge Duct T Q + 2 min EGG-TMI-7376 68
Radiation Monitor - Gas
PRESSURE
PRESS.-PRIMARY  Reactor Coolant Composite Q + 40 psi Q Letter JA-16-8p 69
Pressure
v BS-PT-4388-5 Contaihment Building Pressure Q + 0.32 psig Note 4 Q1.2 min Letter JA-4-87 70
SP-10A-PT1-R Turbine Header Pressure - Q t+ 8.2 psig Q + 3 sec Letter JA-2-87 71
Loop A
SP-6A-PT1-R Steam Generator A - Steam Q + 16.1 psi Q + 3 sec Letter JA-18-86 72
Pressure
SP-6B-PT1-R Steam Generator B - Steam Q + 16.1 psi Q + 3 sec Letter JA-18-86 73
Pressure
WDL-PT-1202-R Reactor Coolant Drain Tank Q + 3.9 psi Q + 3 sec Letter JA-1-87 74
(RCDT) Pressure
TEMPERATURE
AH-TE-5011-M Ambient Temperature, Letdown Q/T £+ 3.3F Q *# 90 sec Letter RDMc-5-87 75

Cooler Area



Measurement Measurement Amplitude Quality* Time Quality* Qualification Plot Page
Identifier Description Category & Uncertainty Category & Uncertainty Reference Number
| AH-TE-5012-M  Ambient Temperature, Drain /7T t3.3F Q + 90 sec Letter ROMc-5-87 76
g Tank Area
FN-TE-1131-P Feedwater Heater B Outlet Q+t 2.2 F Note 2 Q - 1.5/41 min Letter ROMc-1-87 No plot
Temperature
MU-TE-739-M Letdown Cooler 1A Outlet Q + 10% Reading Q + 2.5 min Letter RDMc-15-87 17
Temperature
MU-TE-740-M Letdown Cooler 1B Qutlet Q + 10% Reading Q + 2.5 min Letter RDMc-15-87 78
. Temperature
RC-2-TE1/2-P Pressurizer Temperature Q+25F Q+1min Letter RDMc-11-87 79
RC-9-TE-P Pressurizer Surge Line T Q+ 1 min Letter RDMc-11-87 80
— Temperature
L7 -2
RC~15A-TE1-M Hot Leg Temperature - Loop A: T Q+ 2.5 min Letter RDMc-12-87 81
Wide Range (Elev 355'2")
RC-15A-TE3-M Cold Leg Temperature - Pump 2A T Q # 2.5 min Letter RDMc-12-87 82
; Inlet: Wide Range (Elev 310'2")
" RC-15B-TE1-M Hot Leg Temperature - Loop B: T Q # 2.5 min Letter RDMc-12-87 83
Wide Range
RC-158-TE3-M Cold Leg Temperature - Pump 2B T Q ¢+ 2.5 min Letter RDMc-12-87 84
Inlet: Wide Range (Elev 310"2")
RC-5A-TE2-R Cold Leg Temperature - Pump 1A Q + 1.91 F Q + 3 sec Letter RDMc-17-86 85
Inlet: Wide Range
RC-58-TE2-R Cold Leg Temperature - Pump 18 Q + 1.91 F Q + 3 sec Letter RDMc-17-86 86




Measurement Measurement Amplitude Quality* Time Quality* Qualification Plot Page
Identifier Description Category & Uncertainty Category & Uncertainty Reference Number
SP'ZA"TEl'p 87
SP-2A-TE2-P 38
SP'ZA'TEB-p 89
SP-2A-TE4-P 90
SP-2A-TES-P 0TSG Shell Temperature Q+8.1F Q+ 1 min Letter RDMc-10-87 91
SP-2B-TE1-P 92
SP-2B-TE2-P 93
SP-2B-TE3-P 04
SP-2B-TE4-P 95
SP-2B-TES5-P 96
SP-3A-TE1/2-P 0TSG Downcomer Q+2.2F Q% 1 min Letter RDMc-11-87 97
SP-3B-TE1/2-P Temperature 98
SP-4A-TE-P Main Stream Q+2.72F Q1 min Letter RDMc-1-87 99
~NSP-4B-TE-P Temperature 100
SP-5A-TE1/2-R Feedwater Inlet Temperature Q +1.71 F Note 2 Q t+ 3 sec Letter RDMc-1-87 No plot
SP-12A-TE1-P 0TSG Upper Downcomer Qt22F Qt 1 min Letter RDMc-11-87 101
SP-12A-TE2-P Temperature 102
SP-128-TE1-P 103
SP-12B-TE2-P 104
TE-HL-A Reactor Coolant Composite Q/T +1.14 F Q1+ 3 sec & + 2 min Letter RDMc-9-87, 105
Temperature - Loop A Hot Leg RDMc-17-86, RDMC-7-87
TE-HL-B Reactor Coolant Composite Q/T+1.14F Q + 3 sec & + 2 min Letter RDMc-9-86, 106
Temperature - Loop B Hot Leg RDMc-17-86, RDMc-7-87
Reactor Coolant Saturation Q+4.8F Letter JA-16-86 107

8 TSAT-PRIMARY

Temperature



v A 4 A 4 4
Measurement Measurement Amplitude Quality* Time Quality* Qualification Plot Page
Identifier Description Category & Uncertainty Category & Uncertainty Reference Number
TSAT-SG-A Saturation Temperature from Qt55F Q ¢t 3 sec EGG-TM]-7482 108
Pressure, Steam Generator A

TSAT-SG-8 Saturation Temperature from Q+55F Q 4+ 3 sec EGG-TMI-7482 109
Pressure, Steam Generator B

WOL-TE-1200-P Reactor Coolant Drain Tank Qt1.7F Q - 30/+ 0 sec Letter JA-1-87 110
(RCOT) Temperature

BINARY MEASUREMENTS

PCP1A Primary Coolant Pump 1A T 111
(Start/Stop Times), Binary
Function

PCP1B Primary Coolant Pump 18 T 112

o~ (Start/Stop Times), Binary
Function

PCP2A Primary Coolant Pump 2A T 113 -
(Start/Stop Times), Binary
Function

pPCP28 Primary Coolant Pump 28 T 114

(Start/Stop Times), Binary
Function




Measurement Measurement Amplitude Quality* Time Quality* Qualification Plot Pag
Identifier Description Category & Uncertainty Category & Uncertainty Reference Number

RC-V1-R Pressurizer Spray Valve Q NA Q + 3 sec Letter DWG-5-86 115
Position, Binary Function,
ICBC name is Spray Valve

RC-v2 Pressurizer Block Valve Q NA Q + 0.5 min Letter DWG-7-86 116
Position (Open/Closed), Binary
Function, ICBC name is Block
Valve
*Definitions of these terms are found in Section 2 of this report.
Q = Qualified, T = Trend, NA = Not Applicable.
NOTES: .
1. The uncertainty in the RC-14 A&B-FT data is a function of time and is expressed by a curve on the data plot.
N
~2. These values are valid for initial conditions i.e., prior to accident time zero.
3. The uncertainty of the source range monitor is + 8x10'4x(Reading)2 + 106) ]/2.

4. The pressure spike has an uncertainty of + 2.2 psig.



Measurement

SP-8A-FT-R

SP-8B-FT-R

SP-SA-TE1l/2-R

F¥-TE-1131-P

TABLE 2

0TSG FEEDWATER INITIAL CONDITION

Pre-Turbine Trip

Yalue Comment
5.74 Mph Average of two minutes.
5.69 Mph Average of two minutes.
463.8°F 1.5 min average.
461°F Hourly log reading

Mph - Millions of pounds per hour.
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5. DATA PLOTS

This section of the report contains the plots of the data listed in
Table 1.
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APPENDIX A

DATA REVIEW TASK

The purpose of the data review task was to provide a single source of
TMI-2 measurement data which had been systematically analyzed and
corrected. These data were then put into a dedicated TMI-2 data base

along with the associated uncertainties.

The Data Review Task was a direct result of the Analysis Exercise
which required a common and sole source of measurement data for all
participants. The primary elements of the task can be seen on the flow
chart on Figure A-1. Because of the limited time available for performing
this task, the three items on the top of the chart were performed at
approximately the same time, i.e., develop procedures, collect data, and
establish priorities. An associated task done at this time was the
development of the Data Base. The TMI-2 Data Base is discussed briefly in
Appendix B.

1. Establishing Priorities and Procedures

There were some 3000 measurements being made at TMI-2, however, not
all of these were being recorded at the same time. The analysts who were
setting up the structure of the Analysis Exercise found about 300
measurements of interest and then selected and prioritized 170. This

extensive 1ist containing more information that was essential to the



Figure A-1

DATA REVIEW TASK FLOW CHART

Develop
Data Review Collect Data Establish Data
Procedures & Support Information Priorities

Perform Uncertainty
Analyses

Assign Quality
Categories

Internal Review

Storage in Data
Base
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Analysis Exercise. The 170 selected measurements were prioritized from ]
to 4 in order of importance. Measurements were added to and moved within
the priority structure as the task progressed and priorities changed.
Approximately half of these measurements had been analyzed and put into

the data base at the task completion.

It was necessary to prepare the methodology for performing the
uncertainty analyses on the data, the criteria for determining the data
quality categories, and the internal review process. These procedures
were prepared at the beginning of the program and were modified as the

realities of the task dictated.

2. Data Collection and Support Information

Measurements at TMI-2 were recorded from typical process instruments
on various media, i.e., computer printouts, magnetic tapes, analog
stripcharts (both multipoint and single line). Most of these instruments
continued to operate throughout the accident and actually very little
recorded data were lost. In several cases, stripchart recorders had paper
jams which were not corrected for several hours. In other instances. the
measurement systems were over ranged by abnormally large input signals

which caused the electrical systems to saturate.
After the accident all records were impounded at TMI and access was

allowed only for copying or study. By the time this task began (some six

years after the accident) a rather extensive library of microfiche and
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film of the recorded data was available. These were obtained for the data
review task along with copies of magnetic tapes. This was the extent of
the data sources for the task except for some color photographs of

multipoint stripcharts which were requested.

Most support documentation for the uncertainty analyses was obtained
by request. These were items such as instrument calibrations,
manufacturers specifications, operating manuals, etc. Unfortunately it
was not possible to obtain the quantity and types of information necessary
to do a classical uncertainty analyses and data qualification on most of
the data. The result was that the uncertainty methodology was modified to
accommodate the information available and the use of estimates and

engineering judgment was greatly increased.

Data were extracted and stored on a main frame computer. This process
was accurate for computer printouts and magnetic tapes. Stripchart data
had to be digitized which increased the uncertainty in that data. Major
problems were encountered in identifying printed numbers on the multipoint
recordings even when extensive use was made of enlarged color photographs

of the recordings.



3. Data Uncertainty Analysis

For this task we have defined data uncertainty as the maximum probable
amount of error in the data. Because of the unavailability of support
documentation, some major simplifications were necessary in our approach
to determine uncertainties. The method decided upon was derived from that
advocated by Abernathy[A'I]'. One major change was that we treated all
errors as being bias-range errors. In those cases where this was
obviously not true, conservative substitutions were made. The reason for
this was two-fold - we wanted to simplify the analyses and presentation of
the uncertainties and we found very little error information that was not
a function of bias. The use of an error as a function of range rather
than reading is a conservative approach. Much error information came fror
calibration sheets which gave only the error tolerance of the circuits

which are bias errors.

The following two equations, therefore, were the basis for our
analyses. The first is the basic equation for determining the uncertainty
in a measurement and the second is for a calculated parameter with three

independent variables.
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where w = f(z,y,z), a generic function of three independent variables
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measurement uncertainty or error bounds

o
L}

elemental measurement error.

4. Determining Data Quality Categories

It was found convenient in this program to assign a quality category
or label to each data set to generically describe its relative quality.
This makes it possible for a user of the data to gain some concept of the
data quality without referring to the uncertainty values in the data
base. The terms Qualified, Trend and Failed were used to describe the
data sets. Qualified data was defined as data which accurately
represented the physical phenomenon being measured and had reasonably
sized uncertainty. Trend data are defined as data which only
approximately represented the physical phenomena being measured and had
uncalculable or unreasonably large uncertainties (these data do contain
some useful information). Failed data contained no useful information and
was not retained in the data base. The quality category was assigned
after reviewing the data and associated uncertainty analysis. If it was
not possible to do an uncertainty analysis on the data, it was

automatically categorized as Trend.

An internal review was made of the uncertainty analysis and
categorization process by a Data Integrity Review Committee (DIRC). This
committee was made up mostly of individuals working on the TMI-2 data

review task but outside specialists were brought in as needed.

A-6



Generally, the individual who performed the analyses presented his work to
the DIRC and sought their approval. Very often it was necessary for the
analyst to try several times before getting DIRC approval of his analysis

and assigned quality category. After DIRC approval the data were put into
the dedicated TMI-2 Data Base. |
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APPENDIX B
DATA BASE SUMMARY

There are four TMI-2 data bases? which provide access to the
Accident Sequence of Events (SOE)3, the plant measurements during the
accident (ICBC)3, the core end state (CCB)*, and the results of sample
examinations (CSE)S. These data bases were developed to function on a
personal computer CIBM compatible and are described in detail in the

references.

The reviewed data described in this report has been placed in the
initial and boundary conditions (SCBC) data base. This data base presents
the data in either graphical or tabular formats at the user’s discretion.
This data base, also, provides the user with the compatibility to
manipulate the data. Possible manipulations include for example the
addition, subtraction, multiplication or division of two data channels,
addition, subtraction, multiplication or division by a constants

differentiation and integration.

A user can upload his own data or calculational results into the

data base for graphical comparison to the TMI-2 data.

Two additional data bases-are maintained on the INEL mainframe
computers. The first data base, TMIRAW, includes all the reactimeter data
and the strip and multipoint recorder charts which have been digitized.

No corrections or modifications have been made to the data in TMIRAW. The



second data base (TMIQUAL) contains the reviewed data. These data may
have had corrections applied or be composite data (e.g., composite of
strip chart and reactimeter data). The only difference between TMIQUAL
and ICBC is that data downloaded to the personal comptuer environment may
have been decimated. Decimation of the data was done to improve the

efficiency of the ICBC data base.
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APPENDIX C
SOURCES OF DATA AND SUPPORT INFORMATION

The Data Review Task required not only the instrument measurement data
recorded at TMI-2 but a great deal of supporting information on the
reactor system and facility physical configurations. The sources of data
and support information were documents ranging from formal reports to
microfische. A TMI-2 library was setup at INEL where reports, papers,
drawings, etc., were gathered. Included were over 100 microfiims and four
books of microfiche. The microfilm contained most of the stripchart data
used in this task as well as copies of computer printouts. The support
information consisted of items such as design specifications, instrument
calibration sheets, manufacturers equipment instruction sheets, drawings
and schematics. Often additional support information needed for an

analysis had to be requested from TMI-2 after an analysis was started.

Basic information on the instrument systems was generally available,
i.e., items such as system diagrams and manufacturers instruction sheets.
The result was that the analyst usually knew and understood how the
measurement systems worked. The major information lacking was calibration
information on the measurement systems and components, especially near the
accident date. It was often impossible to find detailed information on
items such as the exact location of a transducer or the functional details
of a particular circuit. The lack of support information was responsible
for the uncertainty analysis methodology choosen. The methodology
ultimately used was a simplified version which was somewhat less rigorous

than a classical approach.



The remainder of this appendix gives details on the sources of
measurement data which were contained in the documentation reviewed for

this task.

1. Reactimeter

The reactimeter was a high quality 24 channel data acquisition
system provided by Babcock & Wiicox. Its name was derived form its
capability to record reactor core reactivity, however, this function was
normally used only during reactor startup testing. The reactimeter also
recorded some of the key reactor parameters, and it was the availability
of these data that made the reactimeter recordings particularly valuable

to the Accident Evaluation Program.

The 24 channels of data were recorded on magnetic tape in the form
of voltage readings. These voltages were directly proportional to the
parameters being monitored, e.g., pressure, temperature and flow. The
parameters which were being monitored at the time of the accident are
Tisted in Table C-1. The data signals going to the reactimeter
originated from the same detectors which provided signals for normal

plant monitoring and safety systems actuation.
The reactimeter data obtained by INEL was in engineering unit form,

i.e., the conversions had already been made from the voltage recorded on

the originated tapes. We requested and obtained the list of conversion

c-2

o ‘A



TABLE C-1
REACTIMETER LOGGED PARAMETERS

Power range level--nuclear instrument-5 (0-125%)

Loop A hot leg temperature--narrow range (520-620°F)

Luop B hot leg temperature--narrow range (520-620°F)

Leop A cold leg temperature--wide range (50-650°F)

Loop B cold leg temperature--wide range {50-650°F)

Loop A reactor coolant flow--temperature compensated

(0-90 MPPH)*

Pressurizer level--temperature compensated (0-400 in.)

Makeup tank level (0-100 in.)

9 Pressurizer spray valve position (open-closed)

10 Drain tank pressure (0-250 psig)

11  Loop B reactor coolant pressure--narrow range (1700-2500 psig)

12 Reactor trip (run-trip)

13 Loop B reactor coolant flow--temperature compensated (0-90
MPPH)*

14 Feedwater temperature (0-500°F)

15  Turbine header pressure--Loop A {600-1200 psig)

16 Steam generator A operate level--temperature compensated
(G-100%)

17  Steam generator A start-up level (0-250 in.)

18 Feedwater flow--Loop A (0-6500 KPPH)+

19 Feedwater flow--Loop B (0-6500 KPPH)+

20 Turbine trip (run-trip)

21 Steam generator A steam pressure (0-1200 psig)

22 Steam generator B steam pressure (0-1200 psiqg)

23 Steam generator B operate level--temperature compensated
(0-100%)

24  Steam generator B startup level (0-250 in.)

O D B W N e

o ~

*MPPH:  Million pounds per hour.
+KPPH: Thousand pounds per hour.
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functions which had been used on those tapes. Data was received for 16

hours prior to the beginning of the accident to about 27 hours

afterwards. There was one time interval where about four minutes of

data were lost when the tape was being changed.

The reactimeter could sample each channel on any time interval from
0.2 second to 12.6 seconds. At the time of the accident it was set to
sample each channel on a 3 second interval, that is, it sampled all 24

channels in two 1.6 millisecond intervals once every three seconds.

The reactimeter was physically located in the Unit 2 Cable Spreading
Room. The only attention it normally required was changing the magnetic
tape about every 26 hours. The magnetic tapes that were produced by the
reactimeter can be directly read by a computer which displays the data
in the form of tables or graphs. Because of the accurate, continuous, ‘l
retrievable nature of the reactimeter data, it is considered to be the
most reliable data available on those parameters it was montoring. For
this reason, it is being used as a reference baseline against which to
measure the accuracy of other data sources pertaining to the TMI-2

accident.
2. Analog Strip Charts

Many of the primary and secondary plant parameters were continuously

recorded on strip chart recorders located in the control room. These
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recorders allowed the operators to observe trends in the monitored

parameters and they created a historical record of the trends.

There were basically two types of recorders used in the control room
-- pen recorders which employed an ink pen to produce a continuous line
plot of the parameter’s value, and the multipoint recorder which
monitored several parameters and printed a code number identifying each
parameter, as it was scanned. The code number was printed at a locatfon

on the strip chart representing the parameter’s value.

Legibility was normally the biggest problem encountered in trying to
extract information from strip charts. This was especially true of the
multipoint recorders, when several parameter traces were printed on top
of each other, and when the printed numbers were not readable. The
problem of legibility was compounded by the slow speed at which the
strip charts travelled (normally 1 inch/hour for the pen plotters). A
large amount of data was compressed into a small linear space. Also. if
the strip charts were not properly annotated when removed from the

recorder, problems occurred in recovering the time frame of the plots.

Differences between strip chart and reactimeter values for the same
parameters indicated that strip chart data was generally less accurate
than reactimeter data. However, the strip charts were calibrated
periodically and had acceptable -accuracy for most purposes -- especially

as a source of trend information.



A1l time series data put into the TMI-2 Data Base had to be in
digital form, therefore, all the analog stripchart data had to be
digitized. A special digitizing apparatus was used where the stripchart
was mounted on an accurate x-y axis board. The x and y coordinate
values were then fed directly intec the computer by following the curve
with a stylus which was periodically triggered. In order to reduce
errors due to optical distortion in the microfiche, the stripchart was

sometimes digitized in segments and then reassembled.

Enlarged color photographs were made of the multipoint recordings
which were to be digitized, primarily for the first few hours. This was
done to facilitate identification of the printed numbers. For long
times after the accident, black and white microfilm could often be used

once print identification had been made.

The first step in digitizing multipoint recorded data was to
identify the channel number on the recording corresponding to each
particular measurement channel. Using the color photographs it was
possible to identify many of the blurred and partially printed numbers.
In some cases the known color sequence of the numbers was used to aid in
identification, although the color renditions were poor. In other
instances it was necessary to search through the photographs to find one
identifiable number then to literally follow the color print back and
forth to identify its track. 1In still other cases the microfilm had to
be used to find a clearly printed number which was then carefully
followed and backward in time. Some channel numbers never were found

and some channels were found which were not shown on the measurement
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lists. There were cases where knowledge of the physical location of a
monitor was used to find a comparable identified channel known to
respond similarly. The most difficult part of digitizing the multipoint

recordings was identifying the channel numbers.

The time base of each data set was undefined until the print
frequency and paper speed were determined. Often the print frequencies
varied somewhat between recorders even when they were running at the
same speed. Generally it was necessary to establish speed and frequency
using time notations written on the stripcharts. Occasionally some
plant event could be used as a timing mark also but care had to be taken
that lag-time was not significant. Some multipoint data had gaps where
recorders had malfunction, paper had torn, etc. Many data sets
originating from the multipoint recorders had to be reconstructed from a

great deal of detective work both on the amplitude and time base.

3. Plant Computer

The plant computer system at TMI-2 utilized a Bailey 855 computer
linked with a smaller NOVA computer to form one integral system. The
NOVA computer was an addition made by Metropolitan Edison Company to
provide more capacity for balance-of-plant monitoring. The principal
function of the computer system was to monitor plant parameters
(approximately 3000) and to display them along with any related
calculations. The parameter input signals were either analog or

digital.



In performing its monitor function, the computer scanned 960 digital and
80 analog inputs every second. An analog parameter could be scanned on
1, 5, 15, 30, or 60 second intervals depending on its relative
importance. Each second the computer scanned all the 1 second scan

points, 1/5 of the 5 second scan points, 1/15 of the 15 scan points, and

SO on.

The computer had two output modes for the points it scanned -- an alarm
printer and a utility printer. These were both automatic typewriters,
and if either failed its output was automatically transferred to the
other. A small cathode ray tube display was also provided which

duplicated the output of the printers.

4. Alarm Printer

For all monitored parameters that had an alarm function, the alarm
printer automatically printed an alarm message when the parameter had
gone into an alarm condition, i.e., exceeded an alarm setpoint or

changed state.

The printed alarm time was the real clock time when the computer scanned
the parameter and found it in an alarm condition. Note, that a
parameter on a 60 second scan rate which exceeded its alarm setpoint
immediately after a scan would be in the alarm condition for 60 seconds
before the computer recorded the alarm. If a parameter were to exceed
jts alarm setpoint and then return within the setpoint between two

consecutive scans, the computer would not record the alarm condition.
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The alarm inputs were stored by the computer in an
alarm-backup-buffer until they were printed. This buffer could store up
to 1365 alarm inputs before it was filled. The alarm printer could only
print one alarm every 4.2 seconds. If alarms were occurring at a faster
rate, the printer got further and further behind, and the alarms would
be printed minutes after they were recorded. (At one point during the
THI-2 accident the alarm printer was at least 161 minutes behind.)

After the buffer was filled (i.e., 1365 alarms were waiting to be
printed) the computer program was designed to print the message "Alarm
Monitor Holdup" indicating that future alarms would not be stored until
some of the 1365 backlogged alarms were printed. These unstored alarm
wculd never be printed. The operator did have the option of suppressing
the alarm sequence. This erased all old alarms from the computer memory
and caused it to start printing new alarms which originated after the
suppression. At one point in the accident this is exactly what

happened.

5. Utility Printer

The utility printer provided output on request. The value or
condition of any monitored parameter could be requested. Special
subroutines allowed the operator to request output values in specific
preprogrammed groups called "Operator Special Summaries" or to trend

output values in preprogrammed groups called "Operator Group Trends".
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The computer was also programmed to record automatically all changes
in state of a predesignated group of parameters called "Sequence of
Events" inputs. These event i;puts were stored in the computer and
could be printed on request. This particular computer function did not
use the scan process described above, but used a continuous monitoring
process which enabled it to print the exact time that the "Sequence of
Events" inputs occurred. The sequence was started by any one of the
"Sequence of Events" inputs changing state and continued until printed

by the operator.

Another feature programmed into the computer was the "Memory Trip
Review". Triggered by a reactor or turbine trip, this routine recorded
a set of predesignated parameter inputs for 15 minutes before and 15
minutes after the trip. This information was stored until the operator

requested that it be printed.

The plant computer provided the operator with an efficient means of
keeping logs and showing trends on a large number of plant parameters
under normal operating conditions. The computer was not designed to
accommodate the data needs of the operator in an accident situation.
Using the computer in an accident situation required that the operator
to leave his control panels in order to request computer output; it took
the computer several seconds to supply the requested output; and the
automatic alarm printout was often several minutes behind real time.

A1l of these tended to limit the cémputer's usefulness in an accident

situation.
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6. Periodic Log

Data from the plant computer were also recorded on the periodic log
which was printed out once each hour. Some very useful data were
extracted from the periodic log although some of it was also printed out
elsewhere. The periodic log data were automatically printed out every

hour and annoted to the minute.
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APPENDIX D
METHODOLOGY FOR DATA QUALIFICATION
AND UNCERTAINTY

The determination of the data quality category and the uncertainty
analysis are the two basic steps necessary to fully describe any data
set. These two functions are interrelated in performance as well as in
presentation of the data. The quality category of the data cannot be
determined until the uncertainty has been determined or it has been
decided that uncertainty is uncalculable. This appendix is not intended
to explain the methodology. Reference D3 gives a very detailed
explanation of the methodology along with examples of how to use it.

The purpose of this section is to give a brief overview of the analysis
method for individuals who are familiar with uncertainty analyses

methods.

A first step in determining data quality and uncertainty is to
inspect the data of interest. Although this may seem obvious, it often
saves the detailed labor of doing an uncertainty analysis. Detailed
examination of the data can reveal such things as offsets, enigmas, and
gross inconsistencies. Before doing an uncertainty analysis one should
make a value judgment about the uncertainty in the components which make
up the measuurement circuit. For example, if there are no calibrations
available for a stripchart recorger and no redundant data for
comparison, it may be that the uncertainty in that data would be
extremely large or uncalculable. Another example might be that an

uncertainty analysis would be inappropriately expensive on a particular



measurement and an alternate measurement should be sought. In other
words, the determination of data quality and uncertainty is not a rote
process but is one where a preliminary review of the data should be made

before work begins.

If the preliminary investigations reveal that the data is of poor
quality but does contain some useful information, the quality category

will be Trend and no further effort need be expended.

The purpose of assigning quality categories to all the data sets was
to provide generic descriptors for the data user. These descriptors
tell the user about the quality of the data without his having to look
up the specific uncertainty values. These main data quality descriptor
terms are "Qualified" and "Trend". It is unfortunate that the word
"Qualified" was selected because there is sometime confusion between the
descriptor "Qualified", the adjective "quality" and the verbs

"qualified" and "qualifying".
1. Uncertainty Analyses

The usefulness of any data obtained by measurement of physical
phenomena depends upon a knowledge of the degree of uncertainty in the
data. There are a number of acceptable methods of determining and
presenting uncertainty and the method advocated by Dr. R. B.
Abernathy[D'l’D'z’D'3] for the basis of our work. In doing the
uncertainty analyses on TMI-2 data we found a serious shortage of

support information was encountered, e.g., circuit diagrams, calibration
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schedules, instrument manufacturer specifications, and block diagrams.
In addition, it was nearly impossible to obtain any statistical error
information. In most cases the individual circuit errors had to be
taken from TMI-2 Instrument Calibration Sheets which merely specified a
*tolerance" for the circuit, i.e., a bias error. As work progressed it
became obvious that nearly all the errors being found could be
interpreted as bias error. In addition, many errors had to be estimated
and these also fell into the bias error category. It was expedient,
therefore, to treat all errors as bias which were a function of range.
This greatly simplified the calculation of uncertainty and also

simplified the presentation of uncertainty in the data base.

There were several cases, such as the hot leg mass flowrate measurement,
where uncertainty had to be expressed as a function of time. This was a
result of the calculated nature of the data and uncertainties due to

other parameters (such as voiding in the hot leg).
2. Analysis Procedure

Separate uncertainty bounds have to be generated for measurement
data and for any parameters calculated using these data. A measurement
system generally consists of a transducer, a signal conditioning unit,
and a data acquisition and recording system (which are called elemental
components). The analysis for determining measurement uncertainties,
therefore, consists of determining the elemental component errors and
combining them properly. When uncertainty is determined for a

calculated parameter, the individual measurement data uncertainties



are combined to give the total uncertainty. The general procedure to

follow in performing measurement and parameter uncertainty analyses is as

follows:

1.

For each measurement, list every source of error, e.g., calibration

errors, data acqusition errors, data reduction errors.

The elemental error of a measurement should be converted to a bias
error and given as a function of instrument range. A conservative
substitution may have to be made to replace a statistical error with a
bias error. A bias error usually must be established by
nonstatistical methods.

Calculate the bias error (B) at the elemental level.

Calculate the elementary data uncertainty.

Analyze the equation by which the final answer will be obtained. It

is necessary to propagate the errors for a calculation parameter.

Propagate the bias Timit to the desired result using the Taylor series

expansion and root sum square (RSS) technique.

Calculate the uncertainty.
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3. Definttions

Measurement Error. A1l measurements contain errors which are defined
as the difference between the measured values and the true values. These
errors in measurements usually contain two separate components - a bias
(also called fixed or systematic) component (B) and a random or sample
standard deviation component (S). As mentioned previously, the

uncertainty ana1yses was done only with bias errors.

Bias Error. In practice most measurements will have many sources of
bias error; e.g., data acquisition, data reduction and calibration. A1l
bias errors which are known and can be economically removed are removed.
This leaves bias errors which are not well defined but must be accounted
for in the calculation of data uncertainty. In practice bias errors for
elemental sources are often estimated. As long as none of the biases are
extremely large relative to each other, the root-sum-square is a very good

approximation of the total bias error effect.
—‘J'
B = »Z 8,2

is]

In most cases the bias error is equally likely to be either pius or
minus from the measurement. Whether the bias error is positive or
negative is not known, and the estimate reflects this. The bias error is

estimated to be the extremes of the possible bias error range.



Determination of the exact bias value in a measurement requires a
comparison of the true value with the measured value. Because the true
value is never known, such a comparison is virtually impossible.
Therefore, the bias errors are estimated and are taken from nonstatistical

special tests and data where obtainable.

Deciding whether a particular error should be considered random or
bias is sometimes difficult. An acceptable criterion is: any error that
has to be estimated is bias and any error determined statistically is
random. This definition assumes that all known bias errors have been

removed if possible.

Uncertainty. Uncertainty is a description of the numerical bounds of
a measurement error. The true value of a measurement is predicted with
some confidence to lay within the bounds. Uncertainty is an aribtrary
substitute for a statistical confidence interval and can be interpreted as

the largest expected error.

A rigorous calculation of confidence level or the coverage of the true
value by the interval is not possible in this work because the
distribution of bias errors and limits, based on judgment, cannot be
rigorously defined. Monte Carlo simulation of the intervals can provide
approximate coverage based on assuming various bias error distributions
and bias limits. As actual bias error and bias limit distributions are
seldom known, simulation studies performed were based on a range of
assumptions[A'3]. The result of these studies indicated that the
methodology used in the TMI data analysis gives a reasonably accurate
confidence level of 95% that the true value of a measurement would fal)

within the uncertainty interval.
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Propagation of Uncertainty, The Taylor series and the RSS method are

used to propagate measurment errors when calculating a parameter from
measurement data; e.g., Z = f(x,y). The assumptions made when using the
equations derived from the Taylor series presented in this summary are:
1. T = f{x,y) and the functions to be considered are restricted to
smooth curves in-a neighborhood of the point with no

discontinuities.

2. The combined bias errors each have approximately a normal

distribution.

3. The variables x and y are independent.

See Reference 3 for details. The equations in Table D-1 can be used in

the uncertainty analyses provided all the assumptions are met.

TABLE 1
UNCERTAINTY ANALYSIS EQUATIONS

Elemental bias Judgment supported Estimated to a 95%
(b) by special test confidence limit for bias
data error
Measurement bias Elemental bias I
B ,
(B) B:\' Z biz
i=]
Parameter bias Measurement bias TR /(31 B )~ + (2f g )2
(B, from Taylor values and the N R TR 3y Oy
series) parametric
function 2 =
f(x,y)
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4. Data Categorization

Determining the data qualification category and uncertainty analysis
are tasks which in practice are often interwoven. An uncertainty
analysis generally must be made before the quaiification process can
proceed but sometimes the obvious quality of the data may preclude
having to perform an uncertainty analyses. Generally the same analyst
performed the uncertainty analysis and assigned the data quality
category. The Data Integrity Review Committee (DIRC) reviewed all work
by the individual analyst. The DIRC had the responsibility for allowing
only properly reviewed and approved data to be put into the TMI-2 data

base.

The process for determining the qualification levels of the
remaining data consisted of several functions which were not necessarily
performed in the order given here: (1) the uncertainty analyses results
were reviewed and in most cases the analysis itself supplied useful
information or insight on the measurement, (2) the single measurement
channel was reviewed to determine whether the measurement channel output
represented the expected, predicted or required response, (3) the data
were examined for consistency with single channel analysis criteria,
i.e., range and noise limits, time response and correlation with
significant plant events, consistent with preaccident data, etc., (4) a
comparison was made where possible between the measurement and
thermal-hydraulic theory, (5) the redundant data was compared. These

comparisons took the form of:

D-8



1. Direct redundancy--Comparisons of multiple measurment of the same
physical phenomena. Direct comparison is limited by factors such as
physical state, measurement environment, spatial proximity of

sensors, and transducer response characteristics.

2. Analytical redundancy--Dissimilar measurements can be compared when
data transformations into a common reference frame are possible. An
example is the comparison of differential pressure and fluid

velocity data after their conversion to mass flow rate.

3. Historical redundancy--Past performance of individual or groups of
measurements under given operating conditions is a powerfuel asset

in identifying anamalous measurement performance.

As a result of examination, one or more of the categories or
qualification levels defined below was assigned to each measurement, as
a function of time, by the DIRC with input from appropriate analysts and
data integrity specialists.

Qualified Data

Data that are qualified have met the following criteria:

1. A1l calibration corrections have been applied.

2. The data have been compared with independent redundant data and

found to agree within the specified uncertainty limits.



3. The data have been verified to represent the physical parameter

being measured.

4. Engineering unit conversions have been made.

5. Uncertainties have been established for the 95% confidence level

when possible.

Trend Data

Data have been verified to approximately represent the absolute level in

the phenomenon measured because of one or more of the following:

1. Instrument calibrations do not adequately represent the environment

which the transducer measures.

2. The calibration or performance of the measurement channel is suspect

but the data still contains some useful information.

3. Uncertainty limits cannot be adequately quantified.

4. The measurement channel performance is thought to be relatively

correct, but there are some anomalies in the data.

5. Environmental effects cannot be adequately compensated.

D-10



Eailed Data

The failed classification is applied to data from which useful
information i1s {rretrievable due to a failure in the measurement system
such as:

1. Transducer failure.

2. Stgnal conditioning failure.

3. Inadequate rejection of extraneous noise, transients, or

frequencies.

4. Loss of sync, data channel, continuity, etc.

5. Etnigmas in the data.

Failed data will never be presented.

t Review t

Data which were not reviewed received this notation. This

classification occurs when a measurement has no relevance to analyses

objectives. This category will be found only on the Measurement Data

List (MDL) contained in Appendix E.
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APPENDIX E

DATA UNCERTAINTY ANALYSES AND QUALITY CATEGORIES

This appendix contains letter and reports that give details of the
uncertainty analyses made of specific data sets. These documents are
all technically nonreferencable, i.e., they have not been published or
distributed. Regular TMI-2 referencable documents are not contained
herein because they are already available to users of this Data Summary
Report. The TMI-2 Data Base references material both in this appendix
and published documents. This appendix also includes an abbreviated
Measurements Data List (Table E-1) which shows which of the TM]-2

measurement data were reviewed and which were not.
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TMI—2 DATA —RDMC—15~87, that the uncertainty values of letdown
cooler outlet temperature, ML—TE—739—M and MU —TE—740—M, were
estivated to be 1 0% based on data from the strip chart
recorder MP-—010, I have reviewed throughly the previous report
on estimation of the letdown cooler flowrate, in which data
uncertainty was given 2% for the letdown cooler outlet
temperature., Subsequently, | performed uncertainty caleulations for
the letdown cooler flowrates at every wminute. The maxisue
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NEWLY EVALUATED UNCERTAINTY FOR
LETDOWN COOLER VOLUMETRIC FLOWRATE

Septesber 15, 1987

Y asushi Nosura
1. INTRODUCTION

Estisated results on the Letdown Cooler (LC) flowrates during
the TMI -2 aceident up to 300 win were reported in the
documenty, Y N—~4—86, issued on Decesber 10, 1986. In that
docusent, uncertainty analyses were perforsed with limited knowledge of
error sources, taking s few representative time—points to calculate
propsgation of errors to the letdown cooler flowrates, Recently, error
estisation for the |letdown cooler outlet temperature was wsade and the
results show that the error attributed to the outlet temperature
should be repiaced from 2% to 10%. Consequentiy, uncertainty
analyses for the ietdown cooier flowrastes were perforwed with the
newly evaiuvated input—dats errors. Results of tne wuncertainty analyses

for every 1 —wminute tise—point are shown in ti(his report.

2. UNCERTAINTY ANALYS!S

ot s assused Lda. lne :ea. rewovec In eac" coo.er IS caleu.ated

ot

‘e-s ‘he fotl:eing equaiion for a counter—{low heat—exchanger

1)

=UA i (Tti=Tso =t o= it/ _a (Tt =Tso'/ Tto—Tsi),

g= -\

wiere c =heat ‘:ransler 12 eazn cooier
LA =overal! concuctanie

T., = .etdown—co00.e- ‘..pe—SiJe) iniet—temperature

.

Tto=le:zoun—cooier iube=8ide; ouliet=teaperature

)

s =e00!ins —water 'snell=gis inlet=temperaiure

Tso=cooiins—water (sne. =size) outlet—temperature
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-

A heat balance on the tube side becomes as follows,
* (2)
q =WIid-Cpt-(Tti—=Tto)

where Wld=letdown wmass flowrate

Cpt=letdown (tube—side) water specific heat

Simiiarly, a heat balance equation on the shell side can be
derived as follows, - -

. \
(3)

g =We+Cps+{Tso—Tsi)

where We=cooiing=—water mass flowrate

Cps=cooiing (shell=sice}) water speciiic heat

Uncertainty of the estimation of the L C flowrate is related with
propagation of errors of weasured data and assuwed data given in the
equations (1) ~ (3). Possible error sources and their values are

evaluated as follows to give 95% confidence levels,

- Overall conductance UA {(0,8X10° Btu/hr" F) has an error of
10% from engineering judgement,

* Uncertainty of the Iletdown cooler iniet—‘tewperature Tti (supposed
to be the cold—leg 1A temperature RC—-5A~-TE2-R), is 2%.

e« The letdown cooler outlet—temperature were wmeasured on MU-TE-

739~-M ad MU-TE-740—-—M. These wneasurement data were from
the strip chart recorder MP—010 for which very little elaboration
information existed. As a result, It was estimated that uncertainty

values of the letdown cooler outlet—temperature were 1 Q0 %.

- The cooling water inlet —temperature Tsi was assumed to be 45° F
based on weasurement data of the intermediate cooling water

temperature (4 5.6° F) at 237 win into the accident. Uncertainty
value for the assumed cooling—water inlet—temperature is evaluated

to be 30% based on comparison between calculation and weasurement.
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* Uneertainty of the assumed letdown—water specific—hest Cpt (1.20
Bte/lba’ F) is 209% acecording to the ASME stean tables
referred wvith the temperature/pressure variation realized in the

letdown cooler (70° F ~ 600" F, 600 psig ~ 2300 opsig).
* The cooling—water sass filowrates were assused to be & constant
value 25 kg/s, which is a design level. Its uncertsinty is 10%
from engineering judgement,

» Uncertainty of the cooling water specific heat Cps (1,002 Btu
Z1be” F) is 19 based on the ASME steasm table referred with

the temperature/pressure variation realized in the cooling systes,

Io addition to the above error—sources and uncertainties,
uncertainty of the specific volume Sv (0.16 ft* /lbe) is 1%
based on he ASME steas table referred to the real variation of

tesperature. pressure of letdoen fluid,

Cosbining Egs. (! ),(2){(3), one can see that the Iletdown cooler
volusetriec fiowrate \ is basiely expressed to be an explicit
fumction of the above—wentioned variables as Tollows,

(4)
\'=f(Sv.Tli.Tto,Tsi'UAeWc'Cpths)

Then, uncertainty analyses for the letdown flowrate are to be done

by the f{oilowing equation,

(%)
gVi= [(ZV/2S.)-8SvlP + [(BV/2Tti)- 8Tt} «
({(Z2V/2Tte) - 8§ Tto]* + [(2V/2Tsi)s 8 Tsil® +
[((2V/20r) - 8UA) + [(2V/2We) - §We): +
((2V/2Cpt)- 8Copt]: + [(ZV/2Cops): &Cops]?



Right—hand side of Eg. (5) econsists of several square terss of
product of partial derivative -and variation concerning a variable.
Actually this product is evaluated by obtaining the difference of
the letdown flowrate values from Eags., (1),(2),(3) with assusing the

nominal and nominal—plus—error to the particular variable,

The uncertainty thus obtained for the letdown cooler volumetric
flowrate is associated with 9 5% confidence level as a result of
the derivation wmethod described above,

Calculated results of the letdown cooler flowrates are shown in
Table 1 with errors accompanying with the flowrate values at every
1 wminute in the accident. Since the letdown cooling system is
comprised of two identical coolers with different outlet temperatures,
caleculations were wmade for each unit and then, sused to obtain

the total letdown cooler flowrate together with the accompanying error.
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Table 1 Total Letdosn Coecler Volumstric Flosrate versus Time (Tsi245°F)

Tieetain? IALDef. (gpa) 1BLDuf. (gpm? Total LDef. s~Error (gpm)
o © 86 0 66 16
I (13 0 65 16
2 1 0 65 16 e~ Mo,
3 0 0 0 0
4 0 0 0 0
S 0 0 0 0
6 0 0 0 0
7 $S S4 109 18
8 65 59 124 22
9 76 66 142 24
10 76 70 146 25
11 74 68 142 24
12 71 67 138 24
13 68 66 134 23
14 65 65 130 \ 22
1S 66 65 131 22
16 67 65 132 23
17 67 66 133 23
18 69 66 135 24
18 70 67 137 24
20 71 69 140 24
21 72 4 143 25
22 71 72 143 25
23 71 70 141 24
24 70 69 139 24
25 69 67 136 24
26 68 64 132 23
27 67 63 130 22
28 6S 62 127 22
29 65 6! 126 22
30 66 61 127 22
31 66 6! 127 22
32 67 61 128 23
3 68 62 130 23
34 69 63 132 23
35 69 63 132 23
36 69 64 133 23
37 70 64 134 23
38 70 64 134 23
3¢9 67 64 13! 23
40 64 62 126 22
41 82 6l 123 22
42 60 S8 18 2
43 58 57 119 20
'Y S8 S6 114 20
45 57 S5 112 20
46 58 S5 113 20
47 58 56 114 20
48 58 57 116 21
49 6!l S8 119 21
S0 63 58 122 21
51 64 60 124 21
S2 64 6l 129 22
53 64 61 , 125 22
5S¢ 64 62 126 22
SS 63 62 125 21
S6 64 62 126 22
57 64 6l 128 29
S8 64 Bl 125 22
1] 66 62 128 22
60 67 63 130 22



Table 1 {(continued’

Time{min) LALDaf. (gpm) 1BLDmf. (gpm) Total LDaf. +-Error (gpw)
61 87 63 130 22
62 68 64 132 23
63 68 64 132 23
64 68 65 133 23
65 68 65 133 23
66 63 65 134 23
67 69 65 134 23
68 69 65 134 23
69 69 65 134 23
70 69 65 134 23
71 70 65 135 24
72 70 66 136 23
73 72 67 139 24
74 73 67 140 24
75 73 68 141 24
76 72 68 140 24
77 70 68 138 24
78 66 65 131 23
79 62 62 124 22
80 60 60 120 21
81 59 59 118 21
82 59 58 117 21
83 60 58 118 21
84 61 58 118 21
85 63 58 122 22
86 64 61 125 22
87 64 62 126 22
88 64 62 126 22
89 63 62 125 22
90 6l 61 122 22
91 59 59 118 21
92 58 58 116 20
a3 57 57 114 20
94 59 56 115 20
g5 63 58 121 21
96 67 60 127 22
97 69 62 131 23
98 72 64 136 24
99 73 66 139 24
100 73 66 139 24
101 73 67 140 24
102 72 67 139 24
103 72 68 140 24
104 71 68 139 24
105 71 68 138 24
106 70 68 138 24
107 69 68 137 24
108 69 67 136 24
108 70 67 137 24
110 70 68 138 04
111 71 68 139 24
112 70 68 138 24
113 70 67 137 24
114 70 &8 138 24
115 70 68 138 24
116 70 68 . 138 24
117 68 68 137 04
118 69 68 137 04
119 69 67 136 24
120 69 67 136 24
121 698 67 136 24
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Table 1 (continued)

Time(min) 1ALDuf. (gpa’) 1BLDaf. (gpm) Total! LDaf. +<-Error (gpm’.
122 68 67 136 24
123 69 60 137 24
12¢ 89 67 136 24
125 69 67 136 24
126 67 66 133 24
127 65 65 130 23
129 63 64 127 23
129 60 61 121 21
130 S8 58 116 21
131 57 57 114 21
132 56 56 112 20
133 5% 55 110 20
134 55 59 110 20
135 55 59 110 . 20
136 sS 5§ 110 20
13? 5S 55 110 20
138 S5 £ 110 19
139 5§ 54 109 20
140 S4 54 108 20
141 53 53 106 20
142 S3 52 105 20
143 52 5! 103 19
144 51 51 102 19
145 46 50 96 18
146 39 50 89 18
147 37 50 87 19
148 42 48 80 18
148 45 45 90 18
150 47 4 93 18
151 49 47 86 18
152 50 48 99 18
153 51 50 10: 18
154 52 51 103 20
155 53 51 104 19
156 53 52 105 19
157 $3 52 10S 19
158 54 $3 107 19
159 54 53 107 20
160 54 54 108 20
161 S5 54 108 20
162 57 55 1.2 21
163 60 S7 117 21
164 63 59 122 22
165 86 62 128 23
166 70 65 135 24
167 72 68 140 25
168 74 70 144 26
169 75 72 147 26
170 75 72 147 26
171 75 73 148 26
172 76 74 150 26
173 77 T4 151 27
174 84 Bl 165 30
175 78 75 153 27
176 78 7% 153 27
177 78 76 155 27
178 80 76 156 28
178 8l 27 158 28
180 1 77 158 28
181 8! 78 159 28
182 80 77 187 28
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Table 1 {continued)

Tiwe(min) IALDuf. (gpm) 1BLDmf. (gpm) Total LDmf. +=Error (gom)
183 .79 76" 155 28
184 79 76 155 27
185 79 75 154 28
186 79 7% 154 27
187 77 74 151 27
188 76 73 149 26
189 75 72 147 26
190 79 71 146 26
181 74 71 145 25
192 74 70 144 25
193 74 71 145 2%
184 74 71 145 25
185 75 71 146 26
196 74 71 145 26
197 74 71 145 26
198 73 71 144 25
199 73 71 144 25
200 73 71 144 25
201 73 70 143 25
202 74 71 145 26
203 74 71 145 26
204 79 72 147 27
205 76 73 149 27
206 76 73 149 27
207 77 74 151 27
208 78 75 153 27
209 79 77 156 28
210 78 77 155 28
211 75 76 151 27
212 73 74 147 27
213 72 72 144 27
214 70 70 140 26
215 68 68 136 26
216 67 66 133 25
217 65 64 129 25
218 64 63 127 25
218 63 62 125 24
220 63 6l 124 24
221 62 60 122 24
222 60 58 118 24
223 57 56 113 23
224 56 54 110 23
225 50 48 98 20
226 51 50 101 20
227 53 51 104 20
228 54 52 i06 20
229 55 53 108 20
230 56 54 110 21
231 57 56 113 21
232 58 57 115 22
233 29 58 117 22
234 60 59 119 22
235 62 60 122 23
236 0 0 0 0
237 0 0 0 0
238 0 0 0 0
239 0 0 0 0
240 0 0 0 0
241 67 65 132 25
242 68 67 135 26
243 69 67 136 27
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Tadble |

Tisetnia)
r{y]
245
246
7
248
249
250

(contioved)

70 69
70 68
70 68
70 68
70 68
66 65
65 64
60 64
5S4 65
52 65
60 66
66 &S
68 66
70 67
71 68
71 70
72 72
76 76
81 80
86 88
90 100
98 112
117 121
138 129
146 140
147 140
151 143
154 147
157 152
149 158
140 165
136 1686
132 i4l
126 i21
118 109
i06 10!
103 9s
101 83
100 91
99 89
99 88
89 87
99 87
90 87
78 87
7 8s
78 83
87 81
87 78
86 77
8s 76
86 76
87 76
78 76
64 76
65 75
76 75

£-11
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198
194
191
188
187
186
186
177
165
156
161
168
165
163
161
162
163
151
140
140
151

';Error (gpm)
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19 the tesperature suitab.e f{or aesineralization., “eat in ‘'ne letdown
coolers is rejected to tne intersediate ciosed cooling water Systess,
The intersediste closed cooling water sysies is a closed .oop
system tha! provides cooiing water for various cosponents in ‘e
reactor ouilding. The components are 2 letdown coolers, 4 resctor
coolant pump cooling jickets and & cooiers, and 6 9 control rod
drive coolers, Heat is transfered in those components and rejected

to the river water cooiing systes in the interwediste coolers,

When two out of three pressure switches are t-.pped, signilying
hign reactor ouilding p-essure, the components included in the
sctustion :rains for reactor buiiding isolation and cooling willi
autosatically go o :tneir 2ngineered safety features (ESF) position,
When this oceursy, MU-V2A and MU=V 2B {ocated on the outlets
of the 1ietdown coolers together with MU -V 3 76 shown in {figure 1:
wil! be closed, thus -esulting ia {iuid stagnation in the letdown
iine, During the asccigent up to 3 0O0min, , the ESF actuation due
to high reactor pressure was initiated at 2 35, 6uin, for some five
win, aceording to the S OE table,

3 .S5TIMAT.0% PROCESI-URE

43

[: s assumed tha: the 1ea!: removed in each cooler is caiculaled
fros tare foliowing equa:ion for a counter—{ ow heat—evchanger{: ].
(1)

=LA « ((Tti=Tsod=(To=Tsi):/ (T =Ts0)/ V70— Tsi)]

where q =heat transfer a0 eschr cooier
UA =overal! concuctance
Tti=.etgdown—cooler i:ube—size) inle'—teaperature
Tto=lotdown—cooier :'tube—side; ou:le' —temwperature

-
4

st =cooling—water ‘sheil=—sidesr iniet—tesperature

-

Ts0=cooiing —water tshell=g ce) outlet—tempersture



A heat balance on the tube side becomes as follows.
(2)
a =Wid+Cpt+(Tti~Tto)

where Wld=letdown mass fiowrate

Cpt=letdown (tube—side) water specific heat

B
Similarly, a heat balance equation on the shell side can be

derived as follows,

(3)
qa =We+Cps+*(Tso=Tsi)
where We=cooling—water wmass f{lowrate
Cps=cooling (shell—side) water specific heat )

An iteration of Tso is performed with equations (1) and (2),
first assuming the design specification (1 T75° ) for Tso. In this
casey, Tt1 (supposed to be the cold—ieg 1 A temperature) and T to

-

are given by the measurement data, Measured Tto's are shown in Fig. 2.
Tsi 1s assumed to be +5° F “ased on the nmeasurement data of
‘he intermediate cooling water temperature (45, 6° F) at 2 3 Twin,

into the accident, This assumption might be reasonabie in consideration

of cold river—water at the accident time, i, e. ,Mareh,

The design value of the conductance UA is 1, 25K 10° Btu
Jart F, but due to the possibility of fouling, the actual value of
0, 3X105 Btu/hr® & [2] ovotained prior to the accident is used
in the calculation. Cooling—water mwass flowrate We is assumed to
be design levei of 25kg/s (1. 9834103 lba/hr) [2]. Cooiing
—water specific heat Cps is fixed at 1, 002 ZBtu/iba" T, taken

as a 45° F—200psisg value (design pressure value) from the

ASME steam tables[23]. .

Convergence of the iteration is rapid and gives a precise value
of Tso with convergence allowance of 1° F., Subsequently, the letdoun
nass flowrate Wld is obtained from equation (2) with the converged

E-16
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o value, In this equation, letdown water speciiic heat Cpt is [fixed
at 1, 20 Btu/lba" F, taken as an average value fros the ASME
steam tables in consideration of variation of tewperature and pressure
inside tubes of the letdown cooler.

Specific volume Sv for use in conversion from mass flowrate
to volume flowrate is fixed at O, 016 ft° /ibw, taken from ‘he
ASME steam tables, This is supposed to be an average value at
the outlet of letdown cooler, _\

A cowmputer oprogram using BASIC languaae" has been developed

to facilitate the calculational procedure deseribed above.

4, ESTIMATED RESULTS

Estimated results of the LC—=—1A flowrates together with the -
seasured L C inlet/ outlet temwperatures and the calculated CW outlet
tesperatures are Jlisted in Table 1 at every wminute after the
initieation of the accident. In the same way, estimated results of the
LC—-1B flowrates are listed in Table 2, Total letdown cooler

flowrates are obtained as the sus of the two _C flowrates to be

net fluid—flowrates through the letdown line, and listed with the

wixed—fluid tewperatures in Table 3

L

Cooparison of the total flowrates with those predicted 3y L eung

[2] using an assused CW inlet—temperature of 35° C (95" F) s

shown in Fig, 3. One can see that the present ealculation precicts
slightly greater flowrates than [ eung does. Major differences are as

follow, Leung’s letdown {lowrates take zero value during some periods

of time, when the L C outlet—temperatures becomwe lower than his

assumed CW inlet—temperature of 95° F. On the other hana, the

present calculation assumes 4 5° F for the CW inlet—temperature,

which is always lower than the measured L C outlet —temperature, T he
LC flowrates are assumed to be zero in the present ecaleculation when

the letdown flow—line isolation valves MU=V 2A, MU=V 23
MU—-=V376 are closed by the ESF actuation,

and

£-18



Sanle | _etdown Cooler 1A \o'umetric Fiosrate versus Time (Ts1°45 F»

Tiaetain) LCln.Temp. F) LCOu. Temp. 'F) CRQu. Temp. +F? Cvflom. (gpm?
0 $61 131 132 66

. S76 131 132 65

2 S79 130 132 85

3 S79 122 45 ¢ .
4 579 114 45 0 Note -
S S81 108 4S 0

) 584 104 45 0

7 589 .08 125 55

8 595 124 lgg gg

9 594 6l 1

10 589 160 143 76 Note 6
1i 587 .99 142 : 74

12 585 148 140 \ 71

13 582 139 137 68

id 576 131 133 65

15 569 132 133 66

) S6S 133 133 66

17 563 135 133 67

18 S60 137 133 69

19 557 140 133 70

20 554 142 133 71

21 §52 143 133 72

22 $S1 142 .33 71 Note 6
23 550 140 133 71 -
24 550 138 133 70

25 550 136 .32 69

26 548 .34 131 68

27 549 130 130 &6

28 S49 127 128 65

29 S48 126 128 B85S

30 547 127 128 65

31 S47 129 128 66

32 546 13: 128 67

33 545 133 129 68

34 S49 134 130 68

35 545 135 130 69

36 548 136 ;30 69

37 548 137 130 70

38 546 137 131 70 Note 6
K} 546 131 130 67

40 S46 124 Py 64

LM 546 ‘18 26 62

42 S4% 114 2 60

43 545 10 123 58

44 §49 109 122 58

45 S4S 107 toy 57

46 S45 108 2 58

¢? 544 110 121 S8

48 543 1o (02 59

4c 542 Y .23 6!

5. 542 20 124 63

5. 542 e, 125 64

52 543 12¢ 126 64

53 544 .24 .26 64

54 $4S RO .2 64

5% 546 120 .26 63

56 547 122 126 64

57 548 123 .28 64

58 548 125 12 64

59 548 .28 128 66

60 5489 .30 129 67

£-19
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Table 1

Time(min)
61
62
53
B4
65
66
67
68
69
70
71
72
73
74
75
786
77
78
79
80
81
B2
83
84
8S
86
87
88
89
90
g1
g2
93
94
a5
96
87
a8
99
100
101
102
103
o4
105
106
107
108

.
o

=t Pt s b—s b
-t b
- O NO N AW — O

— e p— -

e
BB r— = e e -

{continued)

LCln. Temp. (F) LCOu.Temp. ¢F: CKOu.Temp. (F ngfioﬁ-(zpl)

549 132 128
549 133 130
248 134 130
548 134 130
946 134 130
945 134 130
544 135 130
543 135 .30
943 135 130
543 135 130
543 137 130
o943 138 131
542 i4l 132
S41 145 132
542 144 132
543 142 132
545 137 132
547 128 128
549 118 126
SS1 115 125
549 112 123
547 111 123
945 114 123
545 117 124
547 121 125
549 125 127
551 125 127
552 124 127
554 121 127
SS5 116 126
556 112 124
556 110 123
558 108 123
560 112 123
956 122 .27
951 132 130
547 136 30
543 141 131
539 142 131
S35 142 131
533 142 131
530 140 i31
529 138 .30
028 137 .30
527 135 12

527 134 .28
926 132 128
525 131 .27
S24 133 127
523 134 127
S22 138 127
52! 134 127
520 .33 127
918 133 127
S17 132 127
al6 131 127
Sl4 131 126
S12 130 125
908 128 125
507 128 125
504 128 124

E-20

68
68
68
68
69
69
63
68
68
70
71
72
73
73
72
70
66
62
60
o8
58
60
61
63
64
64
64
62
60
o8
S8
57
S9
63
67
69
72
73
73
73
72
72
71
70
70
69
58
70
70
7!
70
70
70
70
70
69
68
68
69
69

Note

Note

Note

6

6

6

"



Taole 1

Tree'nin?

AN
. - -

V23
124
.25
128
127
128

R R
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s+ 0o

-
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[P ]

. tms
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tcontinued’

Cln.Teup. +F°
S0l
487
494
494
494
494
494
494

- 483
482
49!
480
489
488
488
488
488
488
488
488
488
488
488
488
488
488
488
488
488
488
488
488
496
485
185
483
483
28]
470
t74
476
473
470
468
468
486

457
462
464
455
451
400
450
455
452
452
451
450
448
4457

LCOu. Teap. (F» CROu. Temp. ) ‘C;flo- (gpm
128

127
126
125

E-21

o4

123 59
122 68
122 68
12, 67
120 65
1.8 63
16 60
1.4 58
| 57
12 bE)
11l S5
11! 55
I B 5%
11l 55
11t 55
i1l 55
11 55
10 5S4
109 53
109 52
108 S2
108 Sl
103 46
96 39
94 37
97 42
101 45
103 47
104 49
106 SC
106 51
107 52
107 53
108 53
.08 83
108 54
108 5¢
108 S4
108 85
.0 57
11 60
1.3 83
1.9 86
17 70
1.8 72
19 74
1.5 7S
1.9 g
.20 )
120 78
120 77
114 84
V19 "8
120 "9
120 "¢
121 80
V2! 81
121 81
121 81
121 BO

Note

No‘e

6



Table |

Timetmin)
183
184
185
186
187
188
189
190
191
182
193
194
195
196
197
188
199
200
201
202
203
204
2058
206
207
208

[P ]
-0
O

PIIDINIDI DI NN
Pt P b et bt o et P
a0~ M MWD —

s
o

(continued)

LCIn. Temp. (F) LCOu.Temp. (F} ChHOu. Temp. ¢F> L

446
446
446
447
455
463
470
476
480
483
478
475
473
472
473
474
473
474
474
467
458
448
438
429
419
407
398
39]
386
380
370
364
359
354
348
346
336
330
325
324
322
323
453
452
449
445
436
429
424
419
412
403
397
393
387
375
363
354
348
333
321

136
136
136
135
135
134
134
134
134
133
133
133
133
133
132
131
130
130
130
130

E-22

120
120
120
120
120
120
i21
122
122
122
122

CVflos. {gpm)

79
79
79
78
77
76
75
75
74
74
74
74
75
74
74
73
73
73
73
73
74
75
76
76
77

Note

Note

6

5



Tadble | t(conmtinued’
LCla. Temp. tF) LCOu. Temp. (F) CKQu. Temp. ¢F» LC\Vflow. (gpm?
308 70

Tiaslmin)
244
245
248
247
248
248
250
eS1
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
268
270
271
272
273
274
275
278
Ay v
278
278
280
28.
282
283
284
285
286
287
288
288
290
291
292
293
294
285
296
2¢€7
-x-

GG

-

300

308
307
J0S
303
329
333
328
326

w
-0
—

[AYATAFAYRYERY KRR NYN]
Qer=rsrr o= OO e -
O NN L NN D D

L XaKal
- he -

94 91

33 81 70
83 81 68
93 80 70
93 80 70
82 92 66
92 92 65
8% 80 60
7 87 54
73 85 S2
82 87 60
91 80 66
82 80 68
83 S0 70
94 80 71
95 91 71
97 91 72
103 94 76
108 96 8!
113 96 86
118 96 80
L2 86 98
139 100 11?7
185 104 138
156 104 146
157 104 147
187 104 150
157 103 154
157 102 187
192 01 148
146 .00 138
143 99 138
140 98 131
135 97 125
128 95 118
.20 83 106
117 82 103
114 81 .01
i.2 80 .00
1il 80 eg
.10 88 S8
.08 88 98
109 89 g8
101 86 90
€0 83 ’8
23 80 7
§< £l 78
35 87 87
36 8 87
54 82 85
93 82 8¢c
83 81 86
$3 81 88
£3 79 ?8
[ 75 83
"4 75 88
83 76 77

Note

6

L )



Table 2

Timetmin)

!
0
l
2
3
4
5
6
7
8
S
l
l
!
1
1
!
l
1
1
2

[\V)
HOWONMONALN—O

Letdown Cooler 18 Volumetric Flowrate versus Time (Tsi1=45"F)

LCIn. Temp. (F) LCOu. Temp. (F) C

961
576
579
978
978
oS8!
o84
589
295
594
288
S87
585
582
376
968
565
563
260
557
554
952
951
350
550
S50
549
548
949
548
S47
047
546
945
245
545
546
246
246
546
946
546
545
545
045
545
o945
S44
943
542
242
542
043
544
245
546
247
048
S48
048
549

104
104
104
104
104
104
104
104
118
136
.48
141
136
133
130
129
130
131
132
132
136
141
143
139

— e et et sk e e
[ V& N e N e e Sl )
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. - g o
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hOu. Temp. (F) L
45

45

45

45

45

45

45

124
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138
136
135
133
132
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132
132
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131
132
133
133
132
130
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121
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BN NIANIO N v -
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Note

Note

2

6

Wity

Aped



Tavie 2 tcoantinued!

Tieetain) LCla. Temp. ‘F? COu. Temp. (F) CAOu. Temp. ¢F? LCVflom. ' gpu)
61 549 122 126 63
82 S48 .o .26 64
53 548 124 127 64
654 548 109 127 65
T 5486 129 27 65
66 545 126 127 €35
87 544 126 1 27 65
68 543 125 127 65
68 543 125 127 65

- 70 543 D28 127 85
71 543 .28 27 65
72 543 127 127 . 66
73 542 129 .28 \ 67
74 541 131 128 87
75 542 V3% 129 68
78 543 132 129 68
77 S45 132 129 68 Note
78 547 .26 .29 65
79 S48 120 127 62
80 $S1 1S 129 60
8l 549 112 24 S8
82 547 109 ioc 58
83 545 108 122 S8
84 5495 109 122 58
85 S47 112 122 58
86 549 11E 124 6!
87 551 1.9 125 62
88 552 119 126 62
8s 854 \18 126 62
S0 555 .16 126 60
91 556 42 1298 S9
92 $56 108 124 58
93 558 108 123 S7
94 500 1 07 123 56
EL) 556 1 123 58
96 51 - .24 B0
97 547 120 .25 62
g8 S43 ic 1 26 o4
99 538 126 126 66
:00 538 27 .26 66
101 533 .28 128 67
102 530 .29 .26 67
103 529 128 128 68
.04 528 129 .26 68
109 S27 .28 126 (]
- 06 527 130 126 68
07 526 128 .26 68
108 529 27 126 87
109 524 127 .26 57
i.0 923 .28 1286 57
i s22 28 e 68
t.0 521 108 .26 56
a3 S2 i 126 37
L4 3.9 27 178 87
115 §:7 $2 128 58
16 5.6 27 125 58

D7 5.4 127 <5 68
1.8 5iC .26 id4 1]
‘18 538 12 124 67
120 507 124 123 67
12 504 124 23 67
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Table 2 (continued)

Time(min) LCIn. Temp. (F) LCOu. Temp. (F) CKOu. Temp. (F) LCVflowm. tgpm’
122 501 124 123 67
123 497 123 122 67
124 494 122 121 67
125 494 121 121 67 Note 6
126 494 119 120 66
127 494 117 120 65
128 494 115 119 64
128 494 109 117 bl
130 483 103 114 58
131 492 100 113 57
132 481 a8 112 56
133 480 96 112 ) 55
134 489 96 g 55
135 488 86 11t A S5
136 488 g5 11l 55
137 488 95 i1l 55
138 488 85 111 55
138 488 94 111 54
140 488 93 110 54
141 488 g1 109 53
142 4388 88 109 52
143 488 88 108 51
144 488 86 107 30
145 488 85 106 50
146 488 84 108 50
147 488 84 106 49
148 488 80 104 47
149 488 76 102 45 N
150 488 76 102 45 Note 4
151 488 80 103 47
152 488 83 105 48
153 488 85 108 50
154 486 87 106 o1
155 485 88 106 52
156 485 88 107 52
187 483 89 107 . 52
158 483 90 107 53
158 481 g1 107 53
160 476 g! 107 54
161 474 g1 07 54
162 476 23 108 55
163 473 98 109 o7
164 470 102 1 59
165 468 108 113 682
168 469 114 115 65
167 466 119 116 58
168 462 122 1.8 70
169 457 125 117 72
170 462 126 118 72
171 464 127 118 73
172 455 128 118 74
173 451 28 118 74
174 400 128 112 81
175 450 128 * 117 75
176 455 130 118 75
\77 452 131 118 78
178 452 132 118 78
179 451 133 118 77
180 450 134 118 77
181 448 134 118 78
182 447 132 118 77
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Table 2 tconzinued’

{iaetumia) LCla.Tenp. (F* LCOu.Temp. ) CAOu, Temp. tF1 LCVFlos. ‘gpm)
183 446 130 118 76
184 446 130 118 75
i8S 446 12 1.8 75
186 447 12 .8 75
187 455 128 1.8 74
.88 483 128 118 73
189 ¢70 128 019 72
180 476 127 120 71
9! 480 127 120 71!
.92 483 127 .2 70
193 478 127 .20 71
194 475 127 120 7i
195 473 127 .20 71
196 472 127 12 71
197 473 127 120 71
198 474 126 120 71
198 473 1286 120 7!
200 474 126 120 71
201 T4 125 120 70
202 467 174 119 71
203 458 124 1:8 71
204 448 123 116 72
208 438 el 118 72
206 429 22 114 73
7 419 121 112 T4
Te 407 2 i1l 75
208 398 i21 110 76
210 391 1 20 108 77
2l 386 117 107 75 Note 6
2.2 380 113 10S 74
2.3 370 108 103 72
214 364 104 100 70
215 3598 98 98 67
216 354 96 97 66
o7 J48 92 95 b4
218 348 90 94 53
2'9 336 88 92 62
229 330 86 9] 6l

2 325 83 8% 80
22 324 80 88 S8
223 322 78 8’ S6
224 323 78 86 54
228 453 "R 8s 48
226 452 81 .00 5¢C
227 449 83 101 5.
228 445 85 101 2
229 436 86 10! 53
230 429 88 0! 94
23! 424 89 10 55
232 4;9 90 101 56
233 412 81 0. 58
sae 403 €2 10 59
235 387 ey - 100 50
23 383 94 45 a
23° 387 94 s 0
238 375 34 45 ¢ _
239 363 94 45 [} ole
240 354 94 45 0
241 348 95 30 3.
249 333 94 94 6o
243 P a3 82 67

"\



Table 2 (continued)
" LCln.Temp. (F) LCOu.Temp. (F) CKQu.Temp. (F) LC

Time(min)
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
2959
260
261
262
263
264
265
266
267
268
268
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
28686
287
288
288
290
291
292
293
294
295
296
297
298
298
300

308
308
307
305
303
328
333
328
326
321
318
318
315
307
303
311
315
317
Jie
307
301
298
296
287
289
288
285
280
277
279
275
273
272
270
270
267
265
263
261
260
257
254
253
250
247
246
243
238
238
236
233
232
230
228
226
224
222

»

92
91

142
148
183
1583
153
183
154
157
160
160
1486
132
123
115
108
107
105
103
101
100
88
89
97
96
83
80
88
87
85
85
84
84
83
B2
82
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103
103
103
103
102
102
102
102
102

96
84
82
80
89
88
88
87
86
86
85

84
83
82
81
80
80

79
79
78

-

-

68
68

142
147

100

Vflow. (gpm)
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Tadle 3 Tota! Letdown Cooler Volumetric Fiowrate versus Time (Ts 1245 F)

iaetuin) IALDuf. tgpu® 'BLDaf. (gpa) Total LDsf. Vix, Temp. ( F)
0 66 0 66 ' 3.
. 65 0 65 131
2 89S 0 65 130
3 0 0 0 |
4 0 4] 0 108
S 0 0 0 196
a 0 0 0 104
? 5% S4 .08 106
8 65 59 124 126
5 78 % ¥ 153
10 14 1
1 74 68 142 148 Note 3
12 7 67 38 142
13 68 6S 33 136
4 65 64 129 130
S 66 eS 131 130
1) 66 85 133 131
H 67 66 33 133
i8 68 66 135 134
!9 70 87 .37 136
20 71 69 140 139
7 i 2 1
A i 1 14
>3 71 70 14] 139 Note 6
oy | 70 68 139 137
2 68 1) 135 133
26 68 64 132 129
i 66 63 129 126
28 65 62 127 123
29 65 Si 126 21
30 65 51 126 122
31 66 6. 127 123
32 67 61 128 124
33 o8 52 130 126
34 68 63 i 31 1 27
35 69 83 132 29
26 69 64 33 29
T 70 64 34 50
386 70 €4 L4 .30
39 67 64 131 127 Note 6
40 64 62 Y 22
4; 62 6t Vo3 .18
42 60 S9 '18 1.3
43 58 57 1.5 iC8
H S8 S6 114 i 05
&5 57 5% le .08
46 58 5% 103 195
e7 58 56 | 187
48 SS 57 ..b oE
49 61 S8 .9 1i2
50 83 58 122 13
5. o4 80 124 M
L od €. 125 .8
53 o4 € 2 o
S4 o4 52 22 2
sS 83 82 1S )
38 54 62 . 100
57 od 61 oS 12
S8 64 60 104 12
5§ &6 82 128 123
50 67 63 130 1286
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Tanle 3 (continued’

Timetmin)
581
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
B1
82
83
B4
85
86
87
a8
89
S0
g1
92
93
94
95
96
a7
a8
99
100
101
102

s bt e pea b oh g s Bh B Bocs ek B Bt Bt S
o rm e s 2 D OOQOOO
~I A W

I U BN — OO X

- — e

NIy —
— OO

IALDmf. (gpm?
67
68
68
68
68
69
69
68
69
69
70
71
72
73
73
72
70
66
62
60
59
59
60
61
63
64
64
64
62
60
58
98
57
59
63
67
69
72
73
73
73
72
72
71
70
70
68
69
70
70
71
70
70
70
70
70
89
69
69
69
69

1BLDmf. (gpm)

63
b4
64
65
65
65
69
65
69
65
65
66
67
67
68
68
58
65
62
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140
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140
139
138
138
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137
137
138
138
137
137
138
138
137
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136
136
136

Y¥ix.Temp. C'F)

127
128
128
128
130
130
130
130
130
130
131
133
135
138
138
137
134
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130
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13.
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131
130
130
130
128
129
128
127
127
126

Note

Note

Note

6

6
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“able 3 tcontinued)

Timetmian) IALDmf. tgpm) IBLOmf. cgpm) Total - Osnf. Yix, Temp. (')
V22 69 67 136 126
2 69 87 . 36 125
(04 &9 67 136 124
.29 68 67 135 123 Note 6
.28 67 66 K .20
127 £S5 65 143 118
.28 83 64 127 114
123 60 61 121 108
130 58 58 1.8 103
131 S7 57 N ) 100
132 5S 56 'l 97
133 55 55 i 0 96
134 55 595 10 96
135 55 5% 10 ) 85
136 85 SS .10 95
137 55 S5 110 95
.38 55 S5 1:0 85
139 S5 54 109 94
140 54 54 108 93
14, 53 53 106 91
142 52 52 104 S0
143 52 S! 103 88
144 S1 S0 101 87
i 45 46 50 86 8l
148 39 S0 88 76
.47 37 49 86 74
148 42 47 88 75 Note 4
49 45 A4S 90 76
150 47 4S 92 77
15. 49 47 1) 81
152 50 19 99 84
153 51 S0 101 86
154 52 5: 103 88
155 53 2 10S 8s
156 S3 52 i0S 90
57 53 52 0S S0
S8 S4 53 07 91
158 S4 S3 107 2
8¢ 54 54 108 82
8. 55 54 109 g2
Y S7 55 12 96
163 60 57 117 100
64 63 59 122 106
i85 68 62 128 112
166 0 85 .35 118
187 v 68 40 122
168 74 70 ;44 .28
168 75 70 137 18
170 7% 72 147 129
172 76 "4 150 .30
'73 77 74 S1 13
i 84 81 85 vl
178 78 75 153 132
178 78 7g .53 133
<77 g 78 .55 134
78 90 78 .96 .36
178 81 77 158 37
180 81 77 158 .37
181 i 78 .58 37
182 80 T 157 35
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Table 3 (continued)

Time(min)
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197

NI NINIDIDICI NI
P e et Pt e et Pt et e
O~ U S LIBD

220

MINIDIBNIND
NN NI NN
€AY b LD NI

226
227
228
228
230
231
232
234
234
235
236
237
238
238
240
2¢1
242
243

I?Lle.(gpu)

I1BLDmf. ( gpm)
76

79
7%
75
74
73

~ -
—— I

R e N N N R
D e = syt e bt e b = (D0
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Total LDmf.

155

154
154
153
1591

149
147
146
145
144
145
145
146
145
145
144

144

144

143
144
145
147
148 :
149 -
151 *

[ L e S e X o]
— D~ 00O oo

O CDCO O rm 4= rm o= o vt b b 8

— e
[ R]
P )

136

133
133
132
132
132
131
131
131
130
130
130
130
130
130
129
128
128
128
128
127
127
126
125
124
124
123
123
120
117
113
108
104
100
96
83
g1
83
87
84
82
79
77
78
82
85
86
88
89
80
g1
92
93
94
85
96
96
S6
86
36
85
94

Vix. Temp. ¢ F?

Note

Note

6

5
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Tabie 3 tcontinued’

Timetmin) 1ALDuf. (gpm’ IBLDaf.tgpms) Total LDef. ¥ix,. Teap. (" F)
244 70 68 138 83
245 70 68 138 92
246 68 68 137 82
247 70 68 {138 g2
248 70 68 .38 92
249 66 65 (31 9i
250 65 o4 108 8.
25 60 64 124 87
252 54 65 119 83
253 52 65 117 82
254 60 65 125 86
258 66 65 131 ' 90
256 68 65 133 91
257 70 67 1 37 b 91
258 71 68 139 92
258 1 70 141 95
260 72 72 144 97
261! 76 78 152 .03
262 33 8C 16. 109
263 86 a9 178 14
204 80 120 190 120
268 88 1.2 210 129
266 LT ral 238 140
267 138 129 267 152
268 146 140 286 154
269 147 140 287 155
270 .50 142 292 1595
271 154 147 30. 155
272 .57 .-} 308 158
273 148 .97 305 154 Note
274 .39 .64 303 . 54
278 139 :66 301 152
27 131 14, 272 .43
277 .25 ‘e 246 34
278 Y- 109 224 125
279 .06 .00 2086 17
280 .o g 187 K|
et .01 €35 194 vl
282 . <l 191 108
283 c8 89 188 107
284 c8 88 .86 106
28% 88 §7 . 8S €S
2856 98 87 . 8% .04
287 90 87 .77 .00
288 78 86 ‘o4 S4
288 70 85 1SS SC
290 78 83 161 <.
291 87 80 167 23
292 87 78 1895 92
263 8% 77 162 89
294 85 7% i6. BS
29% 8 76 162 8s
296 86 78 162 8¢
287 75 76 151 83
298 63 I 138 78
298 65 75 140 78
300 77 75 .52 82
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Note

Note

Note

Note

Note

Note

Notes for L C flowrates at Tabie 1, 2, 3

1. Judging from behaviour of LC 1 A outlet—temperature,
LC 1A isolation valve MU-=V 2 A had been closed during

time—period from 2min, to 6. 7wnin. into the aczident.

2, Judging from behaviour of LC 1B outlet—temperature
LC 1B flowline had been stopped by closure of line—
isolation valve MU=V 2B for the first 6. Tain. into the

accident.

3. According to the S OE tables, an operator initiated
letdown flowrate at a rate greater than 16 Ogpe in an
attempt to reduce pressurizer level at Soin, into the

accident, The estimated flowrates show there was some delay

LR N

in the process reaction,

4. Sharp decrease of L C outlet—temperature during tise—
period from ! 4 Omin, to 1 6 Owin., mish: indicate flow—1|ine
stagnation caused by isolation valve ciosure. But ‘there are

no such operational records as the valve closure.

5. ESF was actuated due to reactor building high pressure
at 235. Buoin. into the accident, and the operator defested
the ESF actuation at 240, 2win. During this time
period, the letdown flow was stagnated by the isola’ion valve

closure.

6. Sharp cecrease of L C outlet—temperature at this time

probably indicates & significant decrease ip the letdown {iow
—rate as aresult of operator action, However, there are no
operational records which would verify control wvalve closure

at this time,

E-34
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11g.3 Total letdown cooler volumetric flowrate versus Lime (Tsi=45% 1)



|
|
!
|
|
!
|
!
|
i
I
!
[
{
!
|
i
I
{
!
|
!
!
|
|
f
|
|
|
!
{
[
_
_
i
!
|
|
|
1
_
!
|
i
!
I
I
!
|
I
|
!
!
!
_

!
|
!
!
!

*

_omm ove 00¢ 091 0¢1 08 ot
L T Y e L e L LR T TR P LD Rt bttt sl
!
|
. !
|
|
|
[
!
I
b
I
— w
| .
1 \
H :
|
{
|
|
|
= _
3 _
~ |
{
/ |
l
|
I
|
_“
I _
| i
I
P
!
I
ﬁ,
i
p—
C
l ,
_ |
l m
I
!
I
i
]
1l
|
|
|
|
|
|
|
(IR A R R R R B R R R R e e el ot ol T Ry R S
08¢ ove 002 0g1 021 08 0

(wd®) ajelmo| 4 d1J33mn|0y J3|100) umopiaj

E-36

T A e = e e e = e e e e e e e o . )

DO -~ NI NWHOAOO—~NNMTUNNWD~ OO —

PDOODOOOOOOC v —t et ra et ettt O N
vt e e e et o=l ) s Pl e ol T el v vl - 4 — vt

- W~ @
BPRRAMD

NDO ~NM W N
[vole2RerRepRor Ne ] )]

|88
1.8
198
168
1¥8
1£8
iC8
'8
108
8L
1BL
A
iS¢
{GL
ivL
1€
1CL
Y
i0L
{69
18¢
1L9
19¢
169
1¥9
1€9
128
119
{

0

Time(min)

ontinued)

™
w




g

082 ore 602 091 ozt 08 of 0

—'0"---"--0ll--l.l-l.lll'-'-ll0lllll.lllOlﬂlﬁlllll0."!'!'--0-'l||||-l_

|

|
{
!
|
|

WEODO - NMTWNWE-DOMO —~N
DODWS NN Om
Ll e B B B R N I N e Y N ]

—
-
I

(1)
o
-—

! 1991
! €97
| 129!

| 1191

1 1091

(3]
("¢
—

[
™

L 1E1

e e T G e e WM S G MR e MR P SE SEA ML R M M NN I NP GER M SR S el e D S P e R QM M TR GV MEE e D MNP S e e amp Gmn M G O G —
— o o— -
—-—
Ll

-
é’ﬂwﬂtﬂh~¢"ﬂ<§
CICINCICICITIE™

1
4
P I I )

N
! ! b 8o
—l0"-'---'-0----"!!‘Olll.-!lll-OI-l'll-l brmosccres st s rc R s c st v e s eme -

08¢ ore 002 091 021 08 o ¢

(ud¥) ajeimo|4 diJiaEn|oy 481005 umsopie

£-37

Tiseisin)

fieg. 3

(cantinved)



08¢

(+] 14

00¢

091 0ct 08

_lfl"-"-"f--'--'l-'*l-'-‘-'-'#ll'-'--ll’-l'l-"'lﬁl

|
|
|
|
|
|
|
|
|
i
1
|
|
|
!
|
|
|
I
|
!
i
!
}
]
|
|
!
|
|
|
|
1
|
[
i
|
{
l
|
|
!
I
i
|
|
_
w
i
|
|
|
_
[
|
|
I
|
|
I
[

08¢

0ve

002

(ud2y

|
I
[

—— —— —

[

0¥ w
1£#8
4 24
114G
= Tio¥e
16E£2
18€C
1LEC
— —=[9€C
1144
19€£2
IEET
[FAA4
[REA4
10€3
1828
1822
1130
1928

1632
1y28
1£22

b
t
|
|

s

—— e -

|
!

i
[
!
08t 0c! 08

E-38

_l*hllllll-l’llllill'IQIIIIIIIDIGIIIIIHIIlGlllllllll0ll'-ll-llilllli!lll_

WA —NMETNWH-ORNO

OO vt vt ot 8 4 ot v s = )

CICICN QI N CITNTIN NN
L

o

o 0

3}eJ4m0 |4 J1J33WN[0) J3|00) UNOP3}I

Timel{min)

(continued)

~
v

.




‘ 0S¢ oot 0sc 00¢ 0S1 00! 0S 0

gy Treeyepngngegegaprararse S Y YY LI YT P L L L E R DA L L E LA L AL L K B L B 2 A ittt dhadidd o dddind ~
| 00t
! i 1862
| 862
| 1482
{ 196%
l 1562
{ 1962
| 1E63
1 1282
| 1162
i ' 1062
! 1882
| ' 1882
, 182
, 1982
1582
982
. 1£82
' 1282
! 1182
! 1082
1842
1842

»
{ Ml _ 1LLe
AN

! 1942
182

192

l . - 1ELE
! - 1228
_ 11T
1042

| m 1892

1892

l 1493
! 1992

| 1692

: 1982

! 1892

| :C9

| 'S

| 109¢

! 166C

! . 1882

! 1288

| ! 198%

! 16682

| _ 1962

b 1€8C

1 v

1SS
i 1082
1 B¥2
BF

NE

|
1
w —i Qe

1592
; irye

—'.l--'l--".--"-"l".‘-"'l'I'Oll"l--'-.‘lll-l-'-.ll'lll-'-”l-‘-"l'—

05¢ oot 0S¢Z 002 oSt oot 0s 0
(ud2?) ajeuso| . Jliiawnioy JI[(00) USOPINT

i, A e e v e am e W e emn i e s e e Wi G e e W Ee W e G SR Se AN A M MNE W W mER S G WEE W W G e MM S e R GEe G GG me AP e mae e TR AR W
—
-—

. £-39

Time{ain)

Fig.3

(continued)



5. UNCERTAINTY ESTIMATE

Uncertainty of the estimation of the L C flowrate is related
with propagation of errors of measured data and assumed data used in
the equations (1) ~ (3). Possible error—sources to be evaluated

inciude the following.

1) Uncertainty of the letdown—cooler outlet—temperature T to
could be some 2% judging from the \results of the primary
loop temperature data review[ 4].

2) Uncertainty of the letdown—cooler inlet—temperature Tti

could be also some 2% by the same reason as described above.

3) Uncertainty of the assumed cooling—water inlet—tewperature
Tsi is some 30 % based on comparison between calculated

results and measurement data,

i) Uncertainty of the conductance UA could be set as high
as 10% from engineérina judgement.

5) Uncertainty of cooling—water mass flowrate We could be
also set some 1 0% from engineering judgement.

6 ) Uncertainty of cooling—water specific heat Cps is as
high as 1% based on variation of the steam—table value
corresponding to the actual variation of temperature and

pressure of the cooling water.

~1
s

Uncertainty of letdowun water specific heat Cpt is sonme
2 0% aceording to the ASME steam tables in consideration
of rather wide range of actuai variation of temperature and
pressure (70" °~600" F, 600psig~2300psig) inside
tubes of the letdown cooler,
3) Uneertainty of spegific volume of letdown water is some
1% based on wvariation of the steam—table wvalue corresponding

[

to the actual variation ol temperature and pressure of letdoun

water downstream.
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After combining equations (1) =~ (3) and expressing the letdown
sass flowrate WId as an iwplicit function of (Tti,TtosTsi, UA yWes

Cot,Cops)s the basic calculation of volusetric letdown—water f[lowrate

VId is as folloss,
(4)
\V'id = Sv- F(Tti'TtOrTSiIUA v\\-C|Cpt'CPS)

Accordingly, uncertainty analysis equations are derived as follows,

i _( c\is . @ )+( O\Vid . ¢ :
. S,

Vg \ CSv cTti Tt
+ s‘:\'ld . :+ S":\'id R :+ g—‘:\'!d . @ :
c to Tto c Tsi Tsi clUA LA
+ c\id . o : + c\Vid .o =+ c\Vid . @ *(5)
cWe We < Cot Cat c Cops Cos

The coeflicients suer us,

c\V'd c\Vid c\V 4 < \Vid cVi: c\Vid c \V.id

(;Tlio aT:OI aTSio CL:'.\ ' C\\'Co CCP[v CCDS»

can be obtained by perforwming sensitiv:ty study of ‘he funetion V!d&,

- —
= sy T
-

These vaiuves are evaluated to be O, 07 5:0m. " 5, 0. 4350,
0. 393/ 5y 8. 6X107 " gpm-ir-" F/Btu, 3, 6X107% 5pu-
he/izey 6 Ggpm-lba-" F/7Btu, 9. Ogpe-lda-" F/Btu respectively,

P4

The coeificient &V Id."CSv _is simply obtained from ecuation (<) to

be a value of F, trnat 1s 03 00gpw: Iboe."ft? at the savisum,
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4

After giving uncertainty 0''s evaluated accoding to tle items
1) ~ 8) to the equation (5}, the total uncertainty ¢ concerning

the estimation of L C volumetric flowrate is obtained as follows:
6: = (3300X0. 0:6X0, 01) +.0, 075X600x0. 02
+{(0., 45X160X0, 027" +{0, 39%X45 X0, 30 )°

+(8. X107+ X0, 6X10° X0, 10Y°
+{4, BX:07F X!, 934X10% X0, 10;°

+(63X1., 20X0, 2)° +(9. 0X0. 999x0. 01)°

. =/(1. £038)° +{0, 9)° +(1., 44)° +(5, 27)¢

(6. 38 +0, 91) +{16, 31:" +(0, 09)°

Uneertainty is an arbitrary substitute for a statisticai confidence
interval and can be interpreted as the largest expected error, e
confidence level of the T M I —2 data uncertainty s approximate!ly
$ 5% as a resuit of ihe method used to calcuiate the totai

uncertainty.
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Aiter giving unceriainty o's eva'uate: accoding ‘'c the iteas
17 ~ 8) to the equation (5), the tota! uncertainly ¢ conce-n.ng

t1e estisation of L C volusetric ‘lowrate is obtained as follows:

¢ 15300X0. 0:6X0, 0!} =0, 0T5X500X0, 02

(0. 45X:50xX0. 02)° +10, 39%Xa5 X0, 30 )

+{8. 6X .0 - X0, uXi0* X0, 10%°

-{4. 6X107% X1, 9584xX10% X0, [0

~(63X.., 20X0, 23 +(9, 0X0, 999%x0. 01)°

Uneertainty is an arbitra-cy sudbstit.ce for 1 :tatistica, conifidence
nrerva. apd cam ne interpretel as the ‘arsest expecied ~e-ror. TLe
confidence ievel of the T N T =2 a:a uncertainty 1S approvimately
o 2 -

v 5 as a resu.t 07 the wmelns: usel 10 ca'tu.ite Lne 0.3,

Ghiertdinty,
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INTEROFFICE CORRESPONDENCE

Date: June 10, 1987
To: D. W. Golden
From: R. D. McCormick

Subject:  OTSG MASS FLOWRATE INITIAL CONDITION - RDMC-15-86 - Revision

The attachment to this letter contains an analysis of the main feedwater
mass flowrate measurements immediately prior to the accident. This
initial condition is presented along with the qualification and
uncertainty analysis.

Jim

Attachment:
As Stated

. Anderson

. Broughton

. Brower

. Knauts

Y. Nomura

R. D. McCormick File
Central File

cc:

IaIxxocao
mx= =Zr

“Providing research and development services to the government”
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STEAM GENERATOR
INITIAL CONDITION
MASS FLOWRATE DATA ANALYSIS

The steam generator main feedwater flows were disrupted at the beginning
of the accident sequence and remainded off beyond the time of interest for
initial conditions (174 minutes). Therefore, the flowrates which are
reported herein are the average measurements for two minutes prior to the
accident. Efach of the steam generators had a mass flow rate meter
(SP-BA-FT and SP-8B-FT) with corresponding temperature (SP-5A-TE and
SP-5B-TE) and pressure (FW-1135-PT and FW-1132-PT) measurements.

The flowmeter consists of a velocity head detector, a signal conditioning
and amplifying section, a coolant density computation section, and
recording on the reactimeter. The detector was basically a flow tube
connected to a differential pressure transducer. The electronics used
many of the same components as the RC mass flowmeter systems. The density
calculation circuitry information was unavailable, so it was assumed to be
identical to the RC system for this analysis.

The differential pressu~e signal was put through a square root extractor
and then multip ied by the square root of the coolant density (and an
acoropriate constant) to produce the mass fiowrate measurement.

The coolant temperature measured by the RTD was usec to determine the
fluid density from a curve wnhich represented the square root of steam
table values around :=ne normal operating point (1000 psi ard 460°F).

The ioop coolant _mass flowrate was continuaily computed according to the

equation m = k~ss.P. Figure 1 is a block ciagram of the mass flow
measurement circu‘t.

Table 1 lists tnhe measurement identifiers, the quality classification, and
the uncertainty of the mass flowrate data. The “"Qualified Data" is azata
whicr have established uncertainties, have been corrected for ail known
erro~s, and are considered a reasonably repeatable representation of the
physicai phenomenon being measured, i.e., the mass flowrate at the
detector iocation.

Uncertairty is a description ¢f the numerical -ounds of a measurement
error, and the true value of a measurement is predictec wit~ some
confidence to ‘ay within these bourcs. Uncertainty is an arbitrary
substitute for a statistical confidence interval and can be irterpreted as
tne largest expected error. Tne confidence level of the Ti-2 caza
uncertainty is near 95% as a result of the method used to calcualte <=ne
total uncertainty. The uncertainty anaiysis provided the numerizal err-o-
bounds of the data.
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A foEma; system exists for determining the uncertainty in the measurement
datall-3]. Basically, this system consists of {1) compiling the usefg]
data in a usable form, (2) gathering all available technical information
on transducers, signal conditioning, and recording instruments, (3).
gathering all available calibration data, (4) performing an uncertainty
analysis on each measurement channel.

Information used in the uncertainty analysis came from Bailey Meter

Company product instructions, TMI-2 calibration records, Rosemount
Engineering Company specifications, and engineering estimates.
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FIGURE 1
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"TABLE 1
FEEDWATER MASS FLOWRATES AT ZERO ACCIDENT TIME

Time Value Qualification
Measurement (min) (MPh)* Classjfication
0TSG-A 0 5.74 + .106 Qualified
(SP-BA-FT)
0TSG-B 0 5.69 + .106 Qualified
(SP-8B~FT)
Loop A + Loop B 0 A 11.45 = .15 Qualified

*Units are millions of pounds mass per hour.
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TABLE 2
UNCERTAINTY IN DIFFERENTIAL PRESSURE

itew Error Comment
Transmitter[2] .25% Range
Accurtgﬂ[bl .30% Range
Drift .25% Range
Calibration(b] .25% Range
Temp Sensitivity[b] .5% Range
Square Root Extractor(2] .5% Range
Multiplier .5% Range
Fixed Signa!lal .05% Range
Reactimeter 1% Range

B2 = (.25)2 + (.3)2 + (.25)2 + (.5)2 + (.5)2 + (.5)2 »
(.05)C + (+.1)2.

B = .9887% or .4198 psi.

a) Transmitter had maximum range of 42.46 psi or 1175.21 in. Hy0 found
in TMI-2 Instrument Calibration Data Sheets for SP-8A-DPT1 Type BMC
6241X-A. From the United Engineers Instrument Data Sheet was found the
flow tube, a Badger Style PM-F 20 in. 0 to 6.5x10° lbm/hr. Both these
sources are hard copy.

b) From microfiche of RC-14A- DPT1 which is assumed to be similar to
SP-8A-DPT1. Design and
performance specs and instrument calibration data sheets are sources. All
specs were at 759F. Reactor building was at 1299°F and unit had a
sensitivity of 0.01% range per °F,
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" TABLE 3
UNCERTAINTY OF DENSITY

Ltem Error Comment
Feedwater Templ@] 27% Reading
Temp Compensation[b] .25% Reading
Function Generatorlc] . 25% Rangele]
Mu]tip]ier[C] .5% Range[e]

B[d] = . 6693% or .342 1bm per ft3

a) This error is due to the fact that the temperature compensation is
made with a temp error in it. This is an estimate based on circuitry
found in the RC mass flow meter and an error of + 1.8 °F.

b) This is due to error in electronically fitting the steam table curve
for calculating density from temperature.

c) From TMI-2 Instrumentation Calibration Data Sheets the Multiplier was
included again because it is a dual input single output device.

d) The density was 51.1 1bm per cu ft.

e) Because the range of the density circuitry is unknown, it is
expendient to treat all as reading errors.
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TABLE 4
OTSG MASS FLOWRATE UNCERTAINTY

Equations
=% /Z30
W22 o 2
DT B e —_—
mo 3 Sa) * (3 >, )
ip
70 ZI: B 2D

Operating condition immediatel!y crior to accident

Loop A
m=5.74 x 105 15 per hr, iP = 37.495 psi, temp = 464OF
> = £1.046 1b per cu fs, - = 1047 psi

Loop B

e
&

5.693 x 105 1> per hr, 2° = 37.188 ps:, temp = 46.°°%

o = 51.18 1b per cu “t, p = 985 psi

(aa]
)

an

=



Uncertainty Calculation

The estimated bias error in "k" is 1.5% assuming that it was determined
theoretically.

1/2
B =6.5x 10! [(ﬁngézgoz + (7;3%%T)23

where 6.5 x 10% is the maximum flowmeter range, 42.46 is the maximum AP
and 51.1 is the nominal fluid.

B = .6%
Bk = 1.5%
Up = [(1.5)2 + (.6)2]1/2 = 1.62% of range

or

1.06 x 10° 1bm per hr

E-52



-

-
.

-9-

REFERENCES

R. B. Abernethy, R. P.Benedict, "Measurement Uncertainty: A Standard
Methodology ," ISA Transactions, Vol. 24, Number 1, 1985,

R. B. Abernethy, et. al., “Measurement Uncertainty Handbook," AEDC-TR-73-5,
Revised 1980.

Measurement Uncertainty for Fluid Flow in Closed Conduits, ANSI/ASME
MFC-2M-1983.

. £-53



ékEG&G idaho

.

INTEROFFICE CORRESPONDENCE

Date: August 26, 1986

To: D. W. Goldeng
From: J. L. Anderson jLA

Subject:  DATA QUALIFICATION - SYSTEM PRESSURE - JA-16-86

Attached is a final copy of the data qualification document for the primary
system pressure. This pressure is a composite created from several data
sources (reactimeter, printer, and strip chart) and is the best available
primary system pressure. The composite system pressure was assigned a
qualification classification of QUALIFIED with an uncertainty of + 40 psi by
the Data Integrity Review Committee (DIRC) during the July 14, 1986 meeting,
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PRIMARY SYSTEM PRESSURE
DATA QUALIFICATION DOCUMENT

1. INTRODUCTION

One of the primary parameters required for thermal-hydraulic analysis
of TMI-2 accident is the pressure of the primary system during the
accident. The pressure is required for comparison to the large computer
code predictions of the accident, in addition to the need for the pressure
in order to obtain the phase properties of the fluid in any analysis
effort. Unfortunately, no single data source is available which provides
the pressure during the entire accident sequence. As a result, a
composite of various data sources is required to obtain the primary system
pressure. The presented composite primary system pressure has been
reviewed by the Data Integrity Review Committee (DIRC) and assigned a
ualification category of QUALIFIED, with a stated uncertainty of + 40
psil. This document will describe the various available data sources
and how they were combined to obtain the composite pressure. The
composite pressure will be presented and comparisons to the various data
source will be made. 1In addition, an uncertainty analysis of the
composite pressure will also be presented.

2. MEASUREMENT DESCRIPTION AND DATA SOURCES

In each hot leg of the TMI reactor are two penetrations for measuring
the system pressure. These penetrations are at elevation of 354'9"
(separated by 90°) and the locations are shown in an isometric of the TMI

1The uncertainty record on the data base files has the following

footnote appended. '"The stated uncertainty is the maximum calculated

uncertainty for the composite pressure. Uncertainties for certain time

mweriods are less. Refer to the data gqualification document for further
nformation."
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system in Figure 1. Connected to each of these penetrations, through
{-inch sense lines, are two pressure transmitters mounted in the reactor
building basement at an elevation of 285'. One type of pressure
transmitter is a Rosemount model 1152GP variable capacitance pressure
transmitter (output 4-20 mADC) which was setup for a 1700-2500 psig
measurement range, and referred to as the narrow range mealutementz.

The two narrow range transmitters in each loop were identified as
RC-3B-PT1 & PT2 and RC-3A-PT1 & PT2. The other transmitter type connected
to each sense line was a Foxboro model E11GH bourdon tube/electronic force
balance pressure transmitter {output of 10-50 mADC) with a measurement
range of 0-2500 psig, and referred to as the wide range measurement. The
two wide range transmitters in each loop were identified as

RC-3A-PT3 & PT4 and RC-3B-PT3 & PT4.

Output from one of the narrow range pressure transmitters in the

3-loop (RC-BB-PTI-R)3 was recorded on the reactimeter at a sample rate

f one sample every 3 seconds. A block diagram for this measurement is
shown in Figure 2. This data is considered to be the best available
pressure data. However, following the reactor trip the primary system
pressure quickly dropped below the minimum range for this measurement (by
2.2 minutes). With the exception of certain periods in which the system
pressure increased to within the range of this transmitter, other data
sources are required for obtaining the primary system pressure.

2A1thouqh the narrow range measurement was set-up for a range of
1700-2500 psig, the measurement continued to produce readings slightly
below 1600 psig. Therefore, the reactimeter data down to 1600 psig was
Ssed in the composite pressure.

The TMI-2 Accident Evaluation Program uses the basic measurement
identifications originally assigned by GPU. However, a suffix is
typically added which identifies the recording device. For example; -R is
added for measurements recorded on the Reactimeter; =-S is added for
measurements recorded on Strip charts; and -P is added for measurements
recorded on either the utility or alarm printers.

o
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Output from one of the wide range pressure transmitters installed in
the A-loop (RC-3A-PT3) was recorded on the utility printer for two
significant time periods. The first of these periods was from -15 min. to
+15 min. of the reactor trip, which was recorded on the utility printer as
the Memory Trip Review. The second time period started at 570 min. and
continued throughout the remainder of the first day of the accident. This
data was recorded on the utility printer as operator group trend C,
recorded once every 2 minutes. Output from RC-3A-PT3 was also recorded on
a strip chart mounted on one of the operators control panels (strip chart
# 59). This strip chart has been digitalized. However, the resulting
data is considered to be the least accurate data available, and was only
used when no other data was available. Adjustment of this data was
required to match the initial pressure and event timing in comparison to
the reactimeter data. A block diagram of this measurement system is
provided in Figure 3.

Knowledge of the thermal-hydraulic conditions in the reactor system, 1
during the first 100 min., alsc allows the possibility of obtaining the
system pressure from the measured hot leg temperature. By 6 min. into the
accident, the system had depressurized to the point where a two-phase
mixture was exiting the core and flowing through the entire primary system
(both steam generators had boiled dry by this time). This observation is
supported by the increasing output from the source range neutron
detectors. During the period in which a two-phase mixture was flowing
through the system, the system pressure had to have been at saturation
pressure. The saturation pressure can be obtained from the steam tables
using the measured hot leg temperature which was recorded on the
reactimeter (RC-4A-TEl-R).

The aforementioned data sources were used to create a best estimate
composite of the primary system pressure. The time segments over which
each data source were used are listed in Table 1. The composite pressure

is shown in Figure 4 for the first 300 min. of the accident. Comparisons
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p

of the various data sources are provided in Figures 5-14. The system
pressure prior to the accident initiation (initial condition) was 14.91
MPa (2148 psig). Data values and uncertainties for the initial times of
each phase of the standard problem (0, 100, 174, & 225 min.) are presented
in Table 2.

3. UNCERTAINTY ANALYSIS

Estimates of the uncertainties from each data source are summarized in
Table 3. Included are uncertainty estimates for each component of the
measurement systems. Footnotes are provided for Table 3 detailing the
sources of the component uncertainties and assumptions used. The methods
used for combining uncertainty components are outlined in
‘eferences 2 & 3.
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p
TABLE 1 DATA SOURCES AND TIME FRAMES FOR COMPOSITE PRESSURE
Time Frame Data Source
(minutes)d-
-10. - 2.15 RC-3B-PT1-R, recorded on the Reactimeter
2.4 - 5.65 RC-3A~PT3-P, recorded on the Utility Printer as
Memory Trip Review
6.0 - 100. Saturation Pressure from RC-4A-TE1l-R recorded on
the Reactimeter
100.6 - 172.5 RC-3A-PT3-S, recorded on the strip chart
'174.65 - 203.6 RC-3B-PT1-R, recorded on the Reactimeter
207. - 223.5 RC-3A-PT3-S, recorded on the strip chart
225.35 - 233.3 RC-3B-PT1-R, recorded on the Reactimeter
240.0 - 326.6 RC-3A-PT3-S, recorded on the strip chart
336.00 - 463.53 RC-3B-PT1-R, recorded on the Reactimeter
464. ~ 568. RC-3A-PT3-S, recorded on the strip chart
£70.3 - B869.6 RC-3A-PT3-P, recorded on the utility printer as
operator group trend C
870.85 - 932.75 RC-3B-PT1-R, recorded on the Reactimeter
933.55 RC-3A-PT3-P, recorded on the utility printer
934.75 - 950.2 RC-3B-PT1-R, recorded on the Reactimeter
950.75 - 1000. RC-3A-PT3-P, recorded on the utility printer

a. Timing uncertainties for the different data sources are as follows:
Reactimeter = $0.05 min.; Strip Chart = t 3 min.;
Utility Printer = +0, -0.5 min.

J
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TABLE 2

PRIMARY SYSTEM PRESSURE INITIAL CONDITIONS

TIME PRESSURE DATA SOURCE
{min.) (psig)
2148 + 114 RC-3B-PT1-R Reactimeter
0 2164 £ 29 RC-3A-PT3-P Utility Printer
RC-4A-TEl1-R Reactimeter
174 1235 + 40° RC-3A-PT3-5 Strip Chart
225 1468 + 406 RC-3A-PT3-S Strip Chart

PR N R

”%AThe standard deviation of the reactimeter pressure data from -10 to 0
E%@in. was 3.3 psi.
: “The 2B pump restart at 174 minutes resulted in a rapid

repressurization. The system was also repressurizing prior to 174 min.
The stated value is the strip chart value prior to the rapid
repressurization (at 171.8 min). An interpolated value at 174 min. is
1582 psig. Timing uncertainty for the strip chart is estimated to be * 3

in.
lg’.l‘he minimum pressure prior to the rapid repressurization at 223.4 min.
is stated. The pressure recorded on the strip chart at 225 +3 min. was
1572 psig.
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P

TABLE 3 PRIMARY SYSTEM PRESSURE -~ UNCERTAINTY ANALYSIS
DATA SOURCE?2- UNCERTAINTY COMPONENT UNCERTAINTY zs'rm'rzb-
% of Absolute
Range Span (psig)
REACTIMETERC - Transmitter (Rosemount)9-
RC-3B-PT1-R Accuracy + 0.50% + 4.0
(Range = Temperature Sensitivityd: t 1.08/100°F t 4.8
1700-2500) Stability + 0.25% FS t 6.3
Electronics (Tolerance)®:
[={(.25\3+.75%’)] t 0.79% + 6.3
Recorder*- t 0.11% ¢ 0.9
TOTAL UNCERTAINTYS- + 10.9
UTILITY PRINTERD-
i Transmitter (Foxboro)i-
.IIIRC-BA-PT3-P Accuracy t 0.50% + 12.5
¥ {Range = Temperature Sensitivity 1.0%/65°F t 23.1
0-2500 psig) Electronics (Tolera?ce)e' + 0.50% t 12.5
Recorder (Computer)/- : 0.11% t 2.5
TOTAL UNCERTAINTY t 29.2
REACTI -SATURATION
H HEIER
RC-4A-TE1-R Pgat due to RTD uncertainty t 16
STRIP CHART #591-
Transmitter (Foxboro)
RC-3A-PT3-S Accuracy t C.50% * 22.5
(Range = Temperature Sensitivity 1.0%/65°F + 23.1
0-2500 psig) Electronics (Tolerance) + 0.50% + 12.5
Strip Chart Recorder™-
Recorder Setup + 25,
Digitalization of Strip Chart t 10.
TOTAL UNCERTAINTY . 39.7
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TABLE 3. (continued)

a. Various data sources were used for creation of the composite p;imarY
pressure. The most accurate sources of data for each particular time
segment were used.

b. The uncertainty estimates given were obtained from various sources,

which are listed in the following footnotes. The uncertainty estimates

are given for the 95% confidence level, and are all considered to be Bias
¢ -estimates due to the lack of statistically significant data.

c. The narrow range pressure recorded on the Reacti@eter (RC-BB-PTl-g) is
considered to be the most accurate data source, and is used as the primary
data source while within range.

d. The source of uncertainty estimates for the narrow range pressure
transmitter is the Rosemount transmitter manual, Reference 1.

e. The acceptable tolerance limits stated in the instrumentation
calibration sheets and the surveillance procedure data sheets are used as
the uncertainty estimates for the signal conditioning electronics.

. The uncertainties associated with recording on the reactimeter are al
assumed to be the same as for recording on the plant computer. No
uncertainty informatiocn on the reactimeter is available. This includes
manuals, drawings, model number, and serial number of the unit installed
by B&W during the accident.

g. Individual uncertainty components are combined using the
Root-Sum~Square method outlined in References 2 & 3.

h. Wide range pressure (RC-3A-PT3-P) information recorded on the Utility
Printer is considered to be the most accurate available data source during
periods in which the narrow range pressure transmitter was below the lower
bound, and is used whenever available. Available utility printer wide
range pressure data is from the Memory Trip Review (* 15 minutes of
reactor trip) and the operator group trend C data (starting at 570
minutes).

i. ©Uncertainty estimates for the wide range transmitter are based on the
Foxboro transmitter manual, Reference 4.

j. The uncertainty estimate for the data recorded on the computer (via
the utility printer) is based on phe individual uncertainty components of
the analog-to-digital convertor given in the Bailey 855 Computer manual,
section 8.3.

a
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TABLE 3. (continued)

k. The saturation pressure, obtained using the hot leg RTD temperature
measurement recorded on the Reactimeter, is considered to be the most
accurate data source during the period of pumped two-phase flow in the
A-loop (6-100 minutes). Uncertainty in the RTD temperature measurement of
* 1.1°F (Reference ) was used in conjunction with the ASME steam tables
to obtain the stated uncertainty estimate.

l. Data obtained from the digitalization of the strip chart recorder is
considered to be the least reliable data available, and was the last
source of data used.

m. Uncertainty estimates for the strip chart recorder are based on
engineering judgement.

n. A 60°F temperature increase in the containment building, near the
location where the pressure transmitters were mounted, was used for
obtaining the uncertainty estimate due to temperature sensitivity of the
pressure transmitter during the first 300 minutes of the accident.
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Date: April 15, 1987

To: Distribution

From: J. L. Anderson FLA

Subject: DATA QUALIFICATION - REACTOR BUILDING PRESSQRE - Jﬁ;ﬁ-87

The reactor building (containment) pressure was recorded during the
accident on two different strip chart recorders. Each recorder was a
two-pen Taylior recorder, model 830J, with input from two different Foxboro
pressure transmitters. One transmitter on each recorder had a wide range
of 0-100 psig, and the other transmitter had a narrow range of -5 - 15
psig. The measurement to be qualified is BS-PT-4388-N-S, recorded on
recorder SC-056, from the -5 - 15 psig narrow range transmitter,

SN 3259652. This measurement was within its measurement range during the
accident, with the exception of the pressure spike during the hydrogen
burn. The only useful information from the wide range transmitter (0-100
psig) BS-PT-4388-W-S (SN 3259653) is the magnitude of the pressure spike.
Therefore this data will only be qualified at that single value. [Note
that the only records of instrument calibration and loop setup are from
March 1977.] The narrow range pressure measurement on the other strip
chart recorder (SC-055) BS~PR-1412-N-S was not recorded prior to the
pressure spike due to failure of the pen to properly ink. Comparison
between the two recorded narrow range measurements can to performed
following the pressure spike. This was done to help in obtaining an
estimate of the data uncertainty. The output from the wide range pressure
transmitter BS-PT-1412-W-S was also routed to the plant computer, channel
97. However, there is no indication that any data from this measurement
was recorded during the accident.

Data uncertainty estimates for the narrow and wide range measurements
recorded on SC-056 are provided in Tables 1 and 2. The total uncertainty
estimates are + 0.32 psig for the narrow range measurement, and + 2.15
psig for the wide range estimate. The magnitude of the pressure spike
which occurred at the hydrogen burn was 28.7 + 2.2 psig, from the wide
range pressure measurement, BS-PT-4388-W-S. This compares quite closely
to the other recorded wide range pressure, within the digitization
uncertainty.

“Providing research and development services to the government”
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9istribution
April 15, 1987
JA-04-87

Page 2

"1 recommend that a composite channel! be created from the narrow range data
and the single data point for the pressure spike from the wide range
channel, with a measurement identification of BS-PT-4388-S, and that this
data be entered into the data base as qualified data. The recommended
data is show in Figure 1 for the 0-300 min, time span, and in Figure 2 for
the 0-1000 min. time span.

Jla y

Attachment:
As Stated

Distribution:
R. W. Brower

D. W. Golden

R. D. McCormick
Y. Nomura

cc: J. M. Broughton
J. L. Anderson File

P,. Central File
' DIRC File
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TABLE 1

| REACTOR BUILDING NARROW RANGE PRESSURE
[BS-PR-4388-N-S]
UNCERTAINTY ANALYSIS

UNCERTAINTY COMPONENT UNCERTAINTY ESTIMATEL
$ of Absolute
Range Span (psig)

Transmitter (Foxboro)2

Accuracy + 0.50 % + 0.075
Electronics (Tolerance)4 + 2.0 % + 0.300
Recorder (gtrip Chart)

Set-up + 0.50 % + 0.075

Digitization 6 + 0.33 % + 0.050
TOTAL UNCERTAINTY’ + 2.15 % + 0.32 psig

1 ypncertainty estimates are based upon individual uncertainties
ootnoted below.

The transmitter range for this mesasurement is -5 - 15 psig, which is
used for the range span to obtain the absolute uncertainty estimates.

From the Foxboro transmitter manual.

From the instrument loop test calibration sheet for tolerance in the
getup of the electronics of the measurement.

Estimated from comparison of independent measurements recorded on the
two strip charts. .

Estimated from the recorder line width.

The total uncertainty estimate is obtained by combining the
individual uncertainty components using the Root-Sum-Square method.

E-82
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REACTOR BUILDING WIDE RANGE PRESSURE
[BS-PR-4388-W-S)
UNCERTAINTY ANALYSIS

UNCERTAINTY COMPONENT UNCERTAINTY ESTIHATEB
% of Absolute
Range Span (psig)
Transmitter &Foxboro)9
Accuracyl + 0.50 % t 0.50
Electronics (Tolerance)li + 2.0 % + 2.00
Recorder (i&rip Chart)
Sgt-up t 0.50 % t 0.50
Digitization 13 t 0.33 % + 0.33
TOTAL UNCERTAINTY14 + 2.15 % + 2.15 psig

8 Uncertainty estimates are based upon individual uncertainties
ootnoted below.

The transmitter range for this mesasurement is 0 - 100 psig, which is
;sed for the range span to obtain the absolute uncertainty estimates.
4 From the Foxboro transmitter manual.
11 From the instrument loop test calibration sheet for tolerance in the
getup of the electronics of the measurement.
+< PpEstimated from comparison of independent measurements recorded on
fge two strip charts.

Estimated from the recorder line width.

14 The total uncertainty estimate is obtained by combining the
individual uncertainty components using the Root-Sum-Square method.

I
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Date: March 2, 1987

To: Distribution

From: J. L. AndersonﬂA

Subject:  DATA QUALIFICATION - TURBINE HEADER PRESSURE - J%;Z-S?

Ref: J. L. Anderson 1tr to D. W. Golden, JA-18-86, Data Qualification -
Secondary Pressures, September 11, 1986

I have reviewed the turbine header pressure data recorded on the reactimeter
system [SP-10A-PT1-R]. This measurement was located in the 1A steam line
(A-lToop steam generator), downstream of the main steam isolation valve
[MS-V7A] and upstream of the A-loop steam chest (in whicth the turbine steam
stop valves were located). Since there is no indication that the main steam
isolation valves in the A-loop were closed during the first day of the
accident, there should be good comparison between the turbine header pressure
and the main steam pressure measured in the reactor building and recorded on
the reactimeter. These two measurements are compared in the attached Figure
1 for the first 300 minutes of the accident. With the exception of the

15-50 min. periocd there is very good comparison. By 150 min. the secondary
pressure had dropped below the lower range of the turbine header pressure,
where is remained for the remainder of the first day. Note that the turbine
header pressure dropped down to 500 psig, which is 100 psig below the stated
minimum range for the measurement. This behavior was also observed for the
narrow range primary pressure recorded on the reactimeter. In addition, this
measurement exhibited behavior of an abrupt drop in pressure when the 1A RCP
was bumped at 930 min., which was also similiar to the behavior of the main
steam pressure measurements [SP-6A&B-PT1-R]. No explanation is available for
this behavior.

The -10 to 90 min. time period is expanded in Figure 2, in which the turbine
header pressure is as much as 20 psi Tower than the main steam pressure, a
possible indication of steam flow through the steam line (note that the
turbine bypass line is upstream of the isolation valve). This is similiar to
the difference between these measurements prior to the turbine trip.

“Providing research and development services to the government’’
E-86



Distribution
March 2, 1987
JA-02-87
Page 2

My review of this data does not indicate any failure of the measurement
during the first 300 min. of the accident. [ therefore recommend that this
measurement be assigned a data qualification category of QUALIFIED for the
first 150 min. of the accident (within the valid measurement range), with an
amplitude uncertainty of + 8.2 psig and a timing uncertainy of + 3 seconds.
The amplitude uncertainty value is documented in the attached Table 1.
Estimates for uncertainties from the main steam pressure measurements are
used since we do not have detailed information on the turbine header pressure
measurement. This procedure should provide reasonable uncertainty estimates.

Ja
Attachment:
As Stated
Distribution
. W. Brower
D. W. Golden
R. D. McCormick
Y. Nomura

cc: J. M. Broughton
J. L. Anderson File
Central File
DIRC File
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TABLE 1
TURBINE HEADER PRESSURE [SP-10A-PT1-R] - UNCERTAINTY ANALYSIS

UNCERTAINTY COMPONENT UNCERTAINTY ESTIMATEL
$ of Absolute
Range Span (psig)

Transmitter (Foxboro)2

Accuracy t 0.50 % t 3.0
Temperature Sen51t1v1ty4 t 1% / 65°F + 6.0

3 Electronics (Tolerance)?> + 0.79 % t 4.7

ii Recorder (Reactimeter) + 0.11 % t 0.7

p TOTAL UNCERTAINTY® + 1.37 % + 8.2 psig

1 Uncertainty estimates are based upon the uncertainty analysis for the
3econdary pressures presented in the referenced letter.

The transmitter range for this mesasurement is 600-1200 psig, which
%s used for the range span to obtain the absolute uncertainty estimates.

From the Foxboro transmitter manual.

A maximum temperature increase at the transmitter of 65°F is assumed
gased upon the observed reactor building temperture increase.

From the referenced document for tolerance in the setup of the
Electronlcs of the SP-6A-PT1-R measurement.

The total uncertainty estimate is obtained by combining the
individual uncertainty components using the Root-Sum-Square method.
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P énQEG‘G Idaho

INTEROFFICE CORRESPONDENCE

Data Septemder 11. 1986
Te D. W. Golden

From: Jo .. Andcrsor‘:m-A

Subject DATA QUALIFICATION - SECONDARY PRESSURES - JA-19£86

Attachea is a finai copy of the data gqualification document for the secondary
system pressures. The secondary pressures were assigned a qualification
classification of QUAL!FIED with an uncertainty of + 16 psi by the Data
Integrity Review Committee (DIRC) auring the August 19, 1586 meeting.

jla

Attachment;
As Statea

cc: J. M. Broughton
. W. Brower

J. Grant

t. Knauts
Luwar

C. Mclormick
Nomura

. Takizawa

. .. Tolman

o. «. Anderson “ile
DIRC Fiie
Central File

.

ma2 <X Y9I O

“Providing resserch and development services to the government”
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STEAM GENERATOR SECONDARY PRESSURES

DATA QUALIFICATION DOCUMENT

J. L. Anderson
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STEAM GENERATOR SECONDARY PRESSURES
DATA QUALIFICATION DOCUMENT

1. INTRCDUCTION

One of the primary parameters needed for thermal-hydraulic analysis of
the TMI-2 accident is the secondary pressures in each of the two once
through steam generators (0TSG's). In addition, knowledge of the
secondary pressures is required as boundary conditions for the standard
problem package. Luckily these pressures were recorded during the
accident and are available for use in analysis and as boundary
conditions. This report documents the data qualifications and uncertainty

‘ulysis of these recorded seconcary pressures.

2. MEASUREMENT DESCRIPTION AND DATA SOURCES

Each of the two OTSG's had two steam lines connecting the secondary
sides to the turbines in the turbine building. Connected teo each of the
four steam lines (in the reactor building) was a Foxboroc model E11GM-SAF.
bourdon tube/electronic force balance gage pressure transmitter (output of
10-50 mADC) with a measurement range of 0-1200 psig. The sense lines
penetrated the steamr lines at an elevation of approximately 331 feet above
sea .evel, upstream of the main steam isola:zion valves and the turbine
bypass vaives. The other end of the sense lines were connected =c the
pressure transmitters, located irn the reactor building basement at an
elevazion of 287'8" (the transmitters were mounted in rack 426, location
JON~48W). The low pressure side of the gage pressure zransmitters were
open to the reaczor building atmosphere, and thus responded to changes in
the reactor building pressure. No adjustments were made to the recorded

p
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pressures due to the changing reactor building pressure since the maximum
reactor building pressure was less than 5 psi (except for the very brief
pressure spike due to the hydrogen burn).

There are three basic sources of reccrded secondary pressures. The
most complete data source is the data recorded on the reactimeter at a
sample every three seconds. The output from one of the pressure
transmitters in each steam generator was recorded on the reactimeter.

This is considered to be the best source of data for the secondary
pressures. The output from one of the pressure transmitters in each steam
generator (probably the second transmitter) was input to the plant
computer. At selected times the transmitter outputs was printed on the
utility printer. Data is available from -15 to +15 minutes of the reactor
trip (the Memory Trip Review) and once an hour on the hourly logs for both
steam generators. Data is alsc available for the A-lcop steam generator
on the operator group trend C from 570-1000 minutes at a output rate of
once every 2 minutes. Transmitter output from both steam generators was
also recorded on strip charts, however, this data is not considered to be
as reliable as the other data sources and has not been digitized.

A measurement block diagram for the secondary pressures is shown in
Figure 1. Output from each of the pressure transmitters in each steam
generator goes through a manual switch before going to the plant computer
or the reactimeter. The position of this switch was not recorded. As a
result it is unknown which of the two transmitters in each steam generator
was recorded.
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3. DATA PRESENTATION

The data recorded on the reactimeter is compared to the data recorded
on the utility printer for the A-loop secondary pressure (SP-6A-PT1/PT2)
in Figures 2-5. 1In Figure 2 the memory trip review data is compared to
the reactimeter data. The two measurements compare quite well. The data
from the two scurces is compared in Figure 3 for the first 1000 minutes,
with good comparison until the A-loop pump was restarted at 932 minutes.
This figure is expanded in Figure 4 for the first 500 minutes, and in
Figure 5 for the 500-1000 minute period. Until the A-loop pump (RC-P-1lA)
was restarted, the maximum difference between the two recordings was about
14.5 psi. Following the restart of RC-P-lA, the two measurements differed
by more than 100 psi (the measurement identified as SP-6A-PT1-R decreased
0 a -50 psi). This indicates that the two reccrdings were for the two

£Zferent pressure transmitters. In addition, is appears that the
pressure transmitter recorded on the reactimeter failed as a result of the
pressure spike in the secondary side, which resulted from the increased
heat transfer when the pump was restarted.

The B~loop secondary pressures recorded on the reactimeter and the
utility printer are compared in Figures 6 & 7. For the time period prior
to the reactor trip there was an approximate 14 psi difference between the
two recorded measurements. This could be an indication that two different
pressure transmitter outputs were being recorded, or that the front end
electronics for the reactimeter caused this difference.

The secondary pressures of the two steam generators at the times given
as initial conditions in the international standard problem are tabulated
in Table 2.

E- 95
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4. UNCERTAINTY ANALYSIS

The uncertainties associated with each component of the secondary
pressures are summarized in Table 1. Individual uncertainties are
combined using the root-sum-square method given in references 1 & 2. The
result is an uncertainty in the reactimeter recorded measurements of
approximately 16 psi.

5. DATA QUALIFICATION

The secondary pressure data recorded on the reactimeter system was
reviewed by the Data Integrity Review Committee (DIRC) during its
August 19, 1986 meeting and assigned a qualification classification of
- JUALIFIED with an uncertainty of #16 psi, and a FAILED classification
after 932 min.

€. REFERENCES

1. R. D. McCormick, Data Qualification and Uncertainty Analysis,
attachment to letter RDMc-4-86, "Final Data Analysis Plan", to J. M.

Broughton, dated June 2, 1986.

2. Measurement Uncertainty for Fluid Flow in Closed Conduits, ANSI/ASME,
MFC-2M~-1983.

3. Foxboro Company, Installation/Operation/Maintenance for Model E11GH

Pressure Transmitter, 20-220, Jan. 1569.
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TABLE 1 OTSG SECONDARY PRESSURES - UNCERTAINTY ANALYSIS
DATA SOURCEAR- UNCERTAINTY COMPONENT UNCERTAINTY ESTIMATED-
$ of Absolute
Range Span (psig)
REACTIMETERC - Transmitter (Foxboro)d:
SP-6A-PT1-R Accuracy t 0.50% t 6.0
(Range = Temperature Sensitivicy?: + 1.0%/65°F t 11.1
0-1200) Stability + 0.25% FS + 3.0
Electronics (Tolerance)®-
[=£(.25\3+.75\3)] ¢+ 0.79% + 9.3
Recorders*: = 0.11% = 1.3
TOTAL UNCERTAINTYY: + 16.1
UTILITY PRINTERDR-
Transmitter (Foxhoto)d'
P=6A-PTZ-P Accuracy + 0.50% = 6.0
(Range = Temperature Sensitivity 1.0%/65°F = 11.1
0-.200 psig) Electronics (Tolerance)®: + 0.50% = 6.C
Recorder (Computer)<- £ 0.11% + 1.3
TOTAL UNCERTAINTY = 14.0

a. Data sources used for comparison purposes are the reactimeter anc
plant computer data recorded on the utility printer.

b. The uncertainty estimates given were obtalned from various sources,
which are ._isted in the following footnotes. The uncertainty estimates

are given for the 95% confidence level, and are 2.’ considered tc De Bias
estimaces due to the total lack of any statistically significant data.

¢. The secondary pressure recorded on the React:meter (SP-3A-PTL-R) (s
considered o be the most accurate data source, and .s used as the primary
data source.

é. Te source of uncerzainty estimates for the pressure transm.iter is
-ne Foxbocro transmitter manual, Reference 3.
TABLE .. (continued)

S
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e. The acceptable tolerance limits stated in the instrumentation
calibration sheets and the surveillance procedure data sheets are used as
the uncertainty estimates for the signal conditioning electronics.

f. The uncertainties associated with recording on the reactimeter are
assumed to be the same as for recording on the plant computer. .No
uncertainty information on the reactimeter is available. This includes
manuals, drawings, model number, and serial number of the unit installed
by B&W during the accident.

g. Individual uncertainty components are combined using the
Root-Sum~-Square method outlined in References 1 & 2.

h. Available utility printer secondary pressure data is from the Memory

Trip Review (t 15 minutes of reactor trip) and the operator group trend C
data (starting at 570 minutes).

i. The uncertainty estimate for the data recorded on the computer (via
the utility printer) is based on the individual uncertainty components of

the analog-to-digital convertor given in the Bailey.855 Computer manual,
section 8.3.

E-98
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TABLE 2

OTSG SECONDARY INITIAL CONDITIONS FOR STANDARD PROBLEM

Parameter Time A-loop B-loop
(min.)
dressure (MPa) 0&. 6.38 $£0..1 (o=.L15) 6.24 20.11 (o=.011)
100 5.96 = 1.27 ¢
H 174 .58 ¢ 1.07 =
d 225 0.49 2 2.62 ¢

4. 00 is the standard deviation of the initia. condition data from -10 to
0.1 minutes.
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INTEROFFICE CORRESPONDENCE

Date: February 27, 1987

To: Distribution

From: J. L. Andel-son:ﬂ‘A

Subject DATA QUALIFICATION - RCDT TEMPERATURE AND PRESSURE - JA)#B?

I have reviewed the recorded data from the Reactor Coolant Drain Tank (RCDT)
temperature and pressure measurements. The pressure data was recorded on the
reactimeter system, and appears to be valid for the first 932 minutes of the
accident, at which time the measurement output goes negative (see attached
Figure 1). This response indicates failure of the measurement at this time
(the mechanism is unknown; however, this is simultaneous with the bumping of
the 1A reactor coolant pump prior to its restart). It should be noted that
the rupture disc on the RCOT failed just prior to 15 minutes into the
accident, severely limiting the usefulness of the pressure data. This
response is shown in Figure 2. Failure of the rupture disc should not have
effected the quality of the recorded pressure data. Therefore I recommend a
data classification of QUALIFIED for the measurement WOL-PT-1202-R, with an
uncertainty of + 3.9 psi in magnitude and a timing uncertainty of + 3
seconds. The uncertainty value is documented in the attached Table 1.

The RCOT temperature [WDL-TE-1200-P] was recorded on the utility printer once
every 2 minutes starting at 570 minutes (a computer scan rate of once every
30 seconds was used for this measurement). This data is shown in Figure 3,
and an uncertainty analysis is provided in Table 2. Documentation of the
exact location of the measurement in the RCDT has not been located. There is
no indications that tne measurement was performing improperly. Therefore 1
recommend that tris measurement be assigned a measurement classification of
QUALIFIED, with an amplitude uncertainty of + 1.79F, and a timing uncertainty
of +0/-30 seconds.

jia

Attachment:
As Stated

Distribution:

J. M. Broughton

R. W. Brower

D. W. Golden

R. D. McCormick

Y. Nomura

J. L. Anderson File
DIRC File

Central fFile

“Providing ressarch and development services to the government”
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Page 4

TABLE 1

REACTOR CONLANT DRA&IN TANK PRESSURE
[WOL-PT~1202-R)
UNCERTAINTY ANALYSIS

UNCERTAINTY COMPONENT UNCERTAINTY ESTIMATE?R:
% of Absolute
Range Span (psig)

Transmitter 0-

Accuracy + 0.50% + 1.3
Tenperature Sensitivity®- * 1.0%/65°F + 2.5
Drift 9. + 0.50% + 13
Observed Notse + 2.0
Electronics (Tolerance}e' + 0.50% + 1.3
Recorder (Reactimeter)’: + 0.11% + 0.3
TOTAL UNCERTAINTYS: +1.33% + 3.9 pst

a. The uncertainty estimates given were obtained from various sources, which
are listed in the following footnotes. The uncertainty estimates are given
for the 95% confidence level, and ar all considered to be Bias estimates
due to the lack of statistically sic-ificant data.

b. The RCDT pressure was measured us .ng a Foxboro pressure transmitter
(mode! E11GM-HSAD2, style E) with a measurement range of 0-250 psig. The
output from this transmitter was recorded on the Reactimeter once every 3
seconds with a measurement identification of WDL-PT-1202-R. The source of
uncertainty estimates for the pressure transmitter is the Foxboro
transmitter manua' (Installation/Operation/Maintenance for Model E11GH
Pressure Transmitter, Jan. 1969).

c¢. A maximum temperature increase of 65°F is assumed for the location where
the transmitter was mounted.

d. An uncertainty due to drift in the transmitter of 0.5% is assumed based
upon engineering judgement.

e. The acceptable tolerance limits stated ip the instrumentation calibration
sheets and the surveillance procedure data sheets are used as the
uncertainty estimates for the signal conditioning electronics.

f. The uncertainties associated with recording on the reactimeter are
assumed to be the same as for recording on the plant computer. No
uncertainty information on the reactimeter is available.

g. Individual uncertainty components are combined using the Root-Sum-Square
method.
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TABLE 2

RCDT TEMPERATURE - [WDL-TE-1200-P]
UNCERTAINTY ANALYSIS

ITEM ERROR COMMENT
RTD element!l .05% Of span (0-250°F)
Calibration? )
RTD and Bridge .15% Temperature conversion to
resistance and mV.
Signal Converter3 1% Resistance span to mV
Converterd
Accuracy .15%
Linearity .15%
RTD driftd .45% Per year
Electronic drift® 1.0°F
Recorder (Computer)7 1%
TOTAL UNCERTAINTYS 1.680F

1Taken from the Bailey Meter Company Specification sheet.

Taken from the Bailey Meter Company Specification sheet.

3From TMI instrument calibration sheet. This is a percent of span
olerance. Resistance is input to bridge and mV is output.

Bailey Meter Company product instruction sheet E92-1906 for signal
onverter.

From Rosemount Engineering Company product data sheets. Specification
gf < .25+C drift per year for a platinum RTD element.

Estimate is based upon engineering judgement to account for drift in
§1ectronic system.

Based upon uncertainty components of the analog-to-digital convertor
given in the Bailey 855 Computer manual, section 8.3.

Total uncertainty is obtained using the Root-Sum=-Square method for
combining the individual uncertainty components.
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INTEROFFICE CORRESPONDENCE

Oate: March 5, 1987

To 0. W. Golden

From R. D. McCormick €2}

Subrect. QUALIFICATION OF CONTAINMENT AIR TEMPERATURE DATA - RDMc-5

The air temperature measurement data for the drain tank region
(AH-TE-5011-M) and the letdown cooler region (AH-TE-5012-M) were
reviewed. The information base for the review was the Reference 1 and 2

documents. The data were recorded on multipoint recorder AH-Y-MTR-5017
also referred to as Recorder No. 1. The recorder was calibrated in

November 1977 and again in March 1982. At this later time a maximum error ]

of 1°F was measured in the recorder. According to the specifications on
the RTD, there was a possible error of approximately 1°F in the accuracy
of the RTD. The stability of the RTD was 0.2% of maximum temperature or
0.959F. It was estimated that the maximum temperature in the

containment exceeded 1000°F (according to references). The time
uncertainty of data was ¢+ 90 seconds and data were printed every 6
minutes. The time constant was estimated to be 41 - 24 seconds in air.
In 1982 there was a resistance reading error equivaient to 109F in

RTDs. This was believed to be due to corrosion ang surface contamination
after the accident.

It is estimated that the RTDs were working okay during the accident but
they could not measure temperatures of the hydrogen burn because of the
slow samp'e rate. [ think the data should be qualified for all time
except at temperature peaks. After the hydrogen burn | increased the
error because of the high exposure temperatures. Tab'e I and :l give
details of the data qualification and uncertainty analysis.

—

“Providing resesroh snd development services to the government”



D. W. Golden
March 5, 1987

RDMc-5-87
Page 2
TABLE I
SUMMARY OF DATA QUALIFICATION
Item Time Category Uncertainty
(Hours) (£ F)
Letdown cooler Up to Qualified B 2.7
AH-TE~-5011-M 13:46
13:52 Trend --
13:58 and after Qualified 3.3
RC drain tank Up to Qualified 2.7
AH-TE-5012-M 04:41
04:47 and Trend --
04:53
04:59 to Qualified 2.7
13:47
13:53 and Trend --
13:59
14:05 and Qualified 3.3
on
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p* 0. W. Golden

March 5, 1987
RDMc-5-87
Page 3 TABLE 11
UNCERTAINTY ANALYSIS
RTD Air Temperatures
AH-TE-5011-M - Letdown Cooler Temperature
AH-TE-5012-M - RC Drain Tank Temperature
Item (#) Error Comment
rTola] .959F At 1009C deviation from
Accuracy nominal R vs T cruve
Stabi11ty[b] .46°F Before Hp burn
29F After Hy burn
Recorder(c] 1°F In 1981
Tonpcrature[d] 19F
Digitizing errorle] 2°F

Before hyrogen burn t 2.79F.
After hydrogen burn t 3.3°F.

Time uncertainty # 1.5 minutes.
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D. W. Golden
March 5, 1987
RDMc-5-87
Page &

NOTE: (a) Taken from Rosemount Inc. Product Data Sheet 2178 on the
series 78 platinum RTD.

(b) Stability listed as 0.2% of exposed temperature hydrogen
burn resulted in temperature greater than 1000%F from
GEND-INF-030.

(c) Recorder error was measured in 1982 (EG&G Report
ED-E3-82-017) and previously in 1977.

(d) The RTD's used a three wire system which would allow some
error due to temperature changes in the facility affecting
the resistance of the lead wires. A 140°F change in
temperature would yield approximately .1% of span change
output.

(e) Estimated error of 1% for interpretation and reading. Ul
students projected the 16 mm image onto some kind of
digitizing table.

References

(1) ED-E3-82-017, June 1982
"Current Status and Accident Data Presentation of Containment Air
Temperature Resistant Temperature Sensors," James W. Mock.

(2) GEND-INF-030, April 1983
"Analysis of Air Temperature Measurements from the Three Mile
Island Unit 2 Reactor Building," Michael 0. Fryer.

J. L. Anderson
J. M. Broughton
R. W. Brower
Y. Nomura

R. D. McCormick File
Central File

DIRC File
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INTEROFFICE CORRESPONDENCE

Date. June 10, 1957

Te Distribution

From. R. D. McCormick aPI)m

Subject  DIRC RESULTS ON TEMPERATURE MEASUREMENTS - RDMc-1-87

A Data Integrity Review Committee (DIRC) meeting was helid on January 27,
1987, to review the subject temperature measurement uncertainty analysis
and verify their qual:ty categories. The details of the uncertainty
analyses are contained 'n the attached Tables 2 to 6. Table 1 below
summarizes the results ¢ the DIRC meeting. The data were ail considered
QUALFIED for the times shown and NOT REVIEWED for all other times.

The pressu~iZer surge line temperature was estimated to be trend data
primarily because it came from a strap-on thermocouple.

Measurement & Uncertainty Time Qualified
» RC-4A-TEl-R 1.14°F A1) time
RC-4B-TE.-R 1.14°9F All time
SP-4A-TE 2.1°F Prior to 0 time
SP-4p-72 2.19F Prior to 0 time
SP=8A-TT . 1.719F Prior to 0 time
FW-7E-1.21-P 1.78°9F Prior to 0 time
RC-5A-TE2-R 1.919F 17 time
RC-58-TE2-K 3.73%F A1l time
RC-9-TE-P None Trend for al’ time
Jim
Attachments:
As Stated
Distribution
J. L. Anderson
J. M. Broughton
K. W. Brower
D. W. Golden
H. E. Knauts
R. D. McCormick File
' Central File
‘1~uv*ﬂnpfvuonn#bauu'dbvnkqunonta.nﬂouslnlvuvpovanunuuf”
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v STREEES o .

Item
RTD element(a]

Ca1ibration[b]
(RTD and Bridge)

calibrationfc]

Converter[d]

RTD driftlel
Electronic chr'aft[f:l

Reactimeter[9]

TABLE 2

RC HOT LEG TEMPERATURES

Uncertainty Analysis
RTD Range 520 to 620°F
RC4A-TE-1-R and RC-4B-TE1l-R

Error

.05%
.15%

1%

.15%
.15%

.45%
1.09F
1%

Up = [BZ + §2]1/2 = + 1.1379F

a&b

microfische.

(o]
]

span tolerance.

Comment
Span

Temp to resistance and mv

Res span to mv

Accuracy span
Linearity span

Per year

Span

These were taken from the Bailey Meter Company Spec found on

From Instrument Calibration Sheet at TMI. This is a percent of
Resistance is input to bridge and mv is readout.

d - Bailey Meter Company Product Instruction E92-1906 for signal

converter

e - From Rosemount Engineering Company product data sheets. Says
<.259C drift per year in platinum RTD element.

f - Estimate based on engineering judgment to account for drift in

electronic system.

g - Based on calculation using TMI data on computer system.
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TABLE 3
STEAM TEMPERATURE
Uncertainty Analysis

for RTD Range 100 to 650°F
SP-4A-TE-P and SP-4B-TE-P

Hourly Log

Item (2)Error Comment
ROT element(2] .05% Span of 550°F
Calibration[b] .15%
(RTD and Bridge)
Calibration(c] 1% Span
(Bridge)
ConverteriCl .15% Span

.15% Span
RTD arifele] .459F
Electronic driftlf] 1.09F
Computeri9] 1% Span
Read out[h] .59F
Radiation loss('] 1.09F

Un = 2.22%F - .5%F = 2.72°
a-g - Same as Table 2.
r -~ Read out of hourly 10? is rcunded off to 1°F. Tris error is added to

uncer*zinty direct v (no RSS).
i - Estimated radiation loss based or engineering judgment.
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Item
RTD element

Calibration
(RTD and Bridge)

Calibration
(Bridge)

Converter

RTD drift
Electronic drift
Reactimeter/computer

Hourly log readout

SP-5A-TE1-R on react

-FW-TE-1131-P (on hou

TABLE &
FEEDWATER TEMPERATURE

Uncertainty in RDT Range O to S500°F
SP-5A-TE1-R and FW-TE-1131-P

(t)Error Comment
.250F

.15°F

.59F

.759F

. 75F

.450F

19F

50F
. 59F Do not RSS this error.

imeter
Uy = + 1.71°F

r1y log)
U =171+ .5 = 2.21%

NOTE: The 0.5°F is added directly to the uncertainty not RSS.
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Unce

[tem
RTD element

Calibration
(RTD and Bridge)

Calibration
(Bridge)

Converter
RTD drift
Electronic drift

Reactimeter

Uncertainty = = 1.91°F

TABLE 5

rtainty in RC Cold Leg Temperature
RC-5A-TE2-R  Range 50 to 650°F

(2) Error Comment
0.3°F Span 600°F
0.159F

0.6°F

1.273°F
0.45°F
1.09F
0.69F
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Unce

Item
RTD element

Calibration
(RTD and Bridge)

Calibration
(Bridge)

Converter

RTD drift
Electronic drift
Reactimeter

offset[2]
Uncertainty = £ 3.73°F

a) The offset was
and the hot leg and sa
75 minutes of the acci
explained.

TABLE 6

rtainty in RC Cold Leg Temperatures
RC-5B-TE2-R  Range 50 to 650°F

(£) Error Comment
0.3°F Span 600°F
0.159F

0.6°F

1.2739F
0.459F
1.09F
0.6°F
3.29F

due to the mismatch between RC-5A-TE2-R temperature
turation temperatures during the first approximate
dent. This is an anomaly which has not been
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INTEROFFICE CORRESPONDENCE

Date: June 10, 1987
To DIRC File
Fm R. D. MCCOM‘]CI(

Subject. PRESSURIZER TEMPERATURE AND OTSG TEMPERATURE UNCERTAINTIES -
RDMc-11-87 - Revision

This letter gives the uncertainty analyses for the 0TSG downcomer and
upper downccmer (SP-12A(B)-TE and SP-3A(B)-TE), the pressurizer
(RC-2-TE1-P) and the pressurizer surge line (RC-9-TE) temperature
measurements. The surge line temperature is measured by a
Chromel-Constantan thermocouple while the other three are measured by RTDs
in thermal wells. The surge line thermocouple is of the strap-on type and
is believed to go directly to the plant computer, not going through a
reference junction c- signal conditioning.

Analysis of the RC-9-TE measurement indicated that it should have had an
uncertainty of less than 109F if the device were operating properiy. It

N concluded from comparing the analysis with observed measurement errors
that the odevice was rot operating properly.

Jim

Attachments:
As Staec

cc: J. L. Anderson
R. W. Brower
D. W. Golden
R. D. McCormick File
Central File

“FNnMthtinuqnﬂiandabv.kunnanra-ndoulu:dhvoov.nwnonr‘
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ATTACHMENT
June 10, 1987

RDMc-11-87
Page 1
TABLE 1
UNCERTAINTY ANALYSIS
SP-3A-TE1l/2-P
DOWNCOMER TEMPERATURE ON PLANT COMPUTER

RANGE 0 TO 600°
Item () Error Comment
RDT Elementlal 0.3°F Span
CalibrationlP] 1.00F OF to ohms
RTD and Bridge
Calibrationlc] 0.6°F Ohms to mv
Converterld] 0.9°F Accuracy

0.99F Linearity
RTD Driftlel 0.459F Per year
Electronic Driftlf] 1.0°F
Readout andl9] 0.859F Span
Computer

Uncertainty = + 2.2OF
alb - These were taken from the Bailey Meter Company Spec found on
microfische.

c - From Instrument Calibration Sheet at TMI. This a percent of
span tolerance. Resistance is input to bridge and mv is readout.

d - Bailey Meter Company Product Instruction E92-1906 for signal
converter.

e - From Rosemount Engineering Company product data sheets. Says
<.259C drift per year in platinum RTD element.

f - Estimate based on engineering judgment to account for drift in
electronic system.

g - Based on calculation using TMI data on computer system and a
+ 0.19F resolution in print out.
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TABLE 2
UNCERTAINTY ANALYSIS
SP-12A(B)-TE-1-P AND SP-12A(B)-TE-2-P

0TSG UPPER DOWNCOMER TEMPERATURE
RANGE 70 TO 5700F

ltem {¢) Error  Comment

There is no information on this element. It is assumed, therefore, that
it is identical to SP-3 (upper downcomer) system.

uncertainty = $2,20F
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TABLE 3

UNCERTAINTY ANALYSIS
PRESSURIZER SURGE LINE TEMPERATURE
RC-9 - TE-P
RANGE 0 TO 700°F
CHROMEL CONSTANTAN TC

Item (£) Error Comment
TC wirel2al 30F

Extension Wirelal 30F

Plant Computerlb] 0.69F

Signal Conditioningl€] 5.00F Estimate
Calibration[d] 1.00F

Installationle] 6°F

Wire Cold Work[f] 30F Estimate

Uncertainty = + 9.5°F

a - Omega Engineering, Inc. Handbook 1985 edition specifications on wire.

b - This is the accepted value for the plant computer system.

¢ - This is an estimate based on the fact that no reference junctions are
used and signal is sent directly to the computer. There is also error
in computer simulation of the mv versus temperature curve.

d - Taken from TMI-2 instrument calibration sheets.

e - This is an estimate based on engineering judgment.

f - Estimated effect of cold working wire during installation.
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TABLE 4

UNCERTAINTY ANALYSIS
PRESSURIZER TEMPERATURE

RC-2-TE1/2-P RANGE O TO 700°F
ltem % (Error) Comment
RDT element(a] 1.00F
Calibrationl(®] 1.0°F
RTD and Bridge
Calibrationlc] 0.79F
Converter{d] 1.80F
RTD Driftle] 0.450F
Electronic Driftlf] 10F
Computer 9. 0.7°F

Uncertainty = + 2.59F

alb - These were taken from the Bailey Meter Company Spec found on
microfische.

¢ - From Instrument Calibration Sheet at TMI. This is a percent of
span toierance. Resistance is input to bridge and mv is readout.

d - Bailey Meter Company Product Instructions E92-1906 for signal
converter.

e - From Rosemount Engineering Company product data sheets. Says
<.259C drift per year in platinum RTD element.

¢ - Estimate basec on engineering judgment to account for drift in
electronic system.

g - Based on calculation using TMI data on.computer system and a
+ 0.19F resolution in print out.
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INTEROFFICE CORRESPONDENCE

Date: June 10, 1987

To: DIRC File

From: R. D. McCormick®¥ wy

Subject: DIRC MEETING APRIL 22, 1987 - RDMc~12-87 - Revision

A DIRC meeting was convened with R. D. McCormick, J. L. Anderson in
attendance. D. W. Golden reviewed the DIRC recommendations. Items
discussed were:

a. TE-HL-A and TE-HL~B. These data sets had been previously
categorized. Letter RDMc-9-87 was submitted as documentation of
previous decisions.

b. SP-2A-TE-(1 to 5)-P and SP-2B-TE-(1 to 5)-P. These 0TSG shell
temperatures had been reviewed in the last DIRC meeting but further
investigation of the method of thermocouple attachment had been
requested. Letter RDMc-10-87 reports on this investigation. These
measurements are considered qualified with uncertainty of + 8.1°F
and -30 to 0 seconds.

c. SP-12A(B)-TE, SP-3A(B)-TE, and RC-2-TE1-P. These measurements have
been declared qualified with accordance of letter RDMc-11-87.
SP-3A-TE1/2-P and SP-3B-TE1/2-P have uncertainties of + 2.29F and
=30 to 0 seconds. SP-12A-TE1-P, SP-12B-TE1-P, SP-12A-TE2-P, and
SP-12B-TE2-P have uncertainties of + 2.29F and -30 to 0 seconds.
RC-2-TE1/2-P has an uncertainty of + 2.59F and -30 to 0 seconds.
RC-9-TE~P is declared Trend data with a qualified time of -30 to O
sec.

d. BS-PT-4388-S. This is a composite data set. This data set was
declared gqualified according to information in letter JA-4-87. The
uncertainty of all the data except the pressure spike is + 0.32 psig
and + 2.2 psig at the pressure spike. The time base uncertainty is
+ 1.2 minutes.

s,
-

e
TR
s
E}.

e. All reactimeter data has a time uncertainty of - 3 to +3 seconds.

f. A1l hourly log data has an uncertaint} of + 1.0 minutes.

“Providing research and development services to the government”*
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DIRC File
June 10, (9Q°
ROMc-._-87
Page 2

g. RC-15A-TE1-M. These data are in error and the new digitized data set
snould be ~ubstituted. RC-15B-TE2-M should be put onto the system.
These are tuth Trend data.

cc: . Anderson

. Brower

. Golden

. McCormick

. Olaveson
McCormick File

ént;al File

oOroxxr
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INTEROFFICE CORRESPONDENCE

Date: June 11, 1987
To: D. W. Golden
From: R. D. McCormick

Subject: TMI-2 CORE THERMAL POWER INITIAL CONDITION - RDMc-17-86 -
Revision

The core thermal power of TMI-2 immediately prior to the accident was 2696
* 39 MW. The value was obtained from a calculation using the 0TSG
parameters, estimated system heat losses, and the RCP contribution. The
attachment to this letter contains the details of the power calculation
and uncertainty analysis.

Jlm

Attachment:
As Stated

cc: J. L. Anderson

R. W. Brower

H. E. Knauts

P. Kuan

E. L. Toiman

Y. Nomura

R. D. McCormick File
C

entral File

“Providing research and development services to the government”’
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ROMc-17-86
Page 1 of &

CORE POWER CALCULATION

The calculation of reactor core thermal power is traditionally done
using the secondary s1ft parameters rather than the primary. TMI-2 used
an operating procedure J for calculating core thermal power which
contained some-contribution from the primary side power. At or near 100%
reactor power, however, values calculated using this procedure were
virtually identical to those using only the secondary side parameters
(within 0.05% in our case). Therefore, only the secondary side
calculation will be shown here for simplicity. En’rgy losses and RCP pump
contributions from the TMI-2 operating procedure 1] were used for these
calculations.

The equation used to calculate core power was:

P = [Wap(Hpas = Hag) + Wgp(Hgs - Hgp) + Wi plHge -
Hay) + €] x 2.93 x 1077 - PE (1)

where

P = thermal core power (MW)

Wap & Wgrp = feedwater flowrate (1b/hr)
Hag & Hgs = steam enthalpy (Btu/1b)
Hag & Hgr = feedwater enthalpy (Btu/1b)

W p = letdown flowrate (1bd/hr)
Hgc = loop B cold leg enthalpy (Btu/1b)

makeup enthalpy (Btu/1b)

£

C = miscellaneous losses and credits

PE = RC pump power input.
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CORE POWER UNCERTAINTY

The basic calculation of core thermal power after combining the two
loop parameters is p =m Ah + ¢ where ¢ combines the system ]osses and
gains. Since the two main feedwater loops are nearly equal in power
extracted from the system, virtually no error is introduced by.ca1cu1at1n9
uncertainty using this abbreviated equation. The uncertainty in percent
is calculated by the root-sum-squared technique.

Parameter Error (%) Comment

Total feedwater 1.31 From OTSG analysis
mass flowrate

Feedwater enthalpy 0.48

Steam enthalpy 0.2

Energy gain or loss 0.38 Estimate based on a 50%

uncertainty in "“C" value
Uncertainty = 1.46%

Detajls of the calculation are shown in the appendix. The uncertainty in
the 0TSG feedwater mass flowrate was taken from the OTSG uncertainty
analysis. The uncertainty in enthalpies were calculated from the steam
table values taken at the initial operating conditions and using the
uncertainties established for the temperatures and pressures. The
uncertainty in the “"C" was estimated by assuming there was a 50%
uncertainty. The "C" value contained all the gains and losses for the
system including the letdown flow loss and the gain from the RC pumps.
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APPENDIX

This appendix gives initial condition parameters used to calculate the
core thermal power. ’

Table 1 lists the initial condition values used in the core power
calculation. It also indicates through notes where the data or
assumptions came from.

TABLE 1

Parameter Symbol Value Origin
Feedwater, Flowrate 6

Loop A WaF 5.74 x 100 1b/hr 1

Loop B War 5.68 x 100 1b/hr 1
Enthalpy Steam

Loop A Has 1253.6 Btu/1b 2

Loop B Hgs 1255.6 Btu/l1b 2
Enthalpy Feedwater

Loop A HaF 446 Btu/1b 3

Loop B HgF 442 .87 Btu/1b 4
Letdown Flowrate W p 3.25 x 10% 1b/hr 5
Enthalpy, Cold Leg Hge £56.19 Btu/1b 6
Enthalpy, Makeup Hmy 93.58 Btu/1b 7
Misc Credit & Losses c 1.14 x 108 Btu/nr 7
RC Pump Power PE 16 MW 7

NOTE:
1. Flowmeter SP-8A-FT and SP-8B-FT recorded on the reactimeter.

2. Steam tables using pressure SP-6A-PT and SP-6B-PT from the reactimeter
and temperature from computer hourly log.

3. Steam tables using pressure from hourly log and temperature from
SP-5A-TE1l recorded on the reactimeter.

4. Steam tables using pressure from computer hourly log and Loop B

temperature (§F75§55E2 frgm the hourly log.
P/ =T - .

5. Calculated by subtracting leakage from the makeup flowrate. Makeup
flowrate was 70 gpm and leakage was estimated at 5 gpm. A multiplier
of 500 was used to convert gpm to 1b/hr taken from the reference one
operating procedure. :

6. Steam table using cold leg B temperatures (RC-5B-TE2) and pressure
(RC-3B-PT) both from reactimeter.

7. Values taken from operating procedure of Reference 1.
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INTEROFFICE CORRESPONDENCE

Date: June 10, 1987
To: DIRC File

From: R. D. McCormick

Subjectt QUALIFICATION OF PRIMARY COOLANT TEMPERATURES ON THE HOURLY LOG -
RDMc-7-87 - Revision

The hourly log contains four cold leg temperatures and two hot leg
temperatures all of which are narrow band data. 1 have checked these six
temperatures against the reactimeter and found good agreement. An
uncertainty analysis was then performed using the previous analysis for
reactimeter data as a basis. The anaiyses are generic in that all the
cold lTeg temperatures on the hourly log have the same uncertainty, and the
two hot leg temperatures have the same uncertainties. The analyses are
contained on the following two tables.

Jim

Attachment:
- As Stated

¢cc: J. L. Anderson
R. W. Brower
D. W. Golden
R. D. McCormick File
Central File

“Providing resesrch and developrment services to the government”
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ATTACHMENT
June 10, 1987

RDMc-7-87
TABLE 1
RC HOT LEG TEMPERATURES
Uncertainty Analysis
RTD Range 520 to 620°F
RC4A-TE-1-P and RC-4B-TE1-P
Item (+)Error Comment
RTD elementlal] .05% Span
Calibration[b] .15% Temp to resistance and mv
(RTD and Bridge)
Calibrationl¢] .1% Res span to mv
Converter[dJ .15% Accuracy span
.15% lLinearity span
RTD driftlel .45% Per year
Electronic draftlf] 1.09F
Print outl9] .50F

Up = 1.13 + .5 = ¢ 1.63°F
adb - These were taken from the Bailey Meter Company Svec found on
microfische.

c - From Instrument Calibration Sheet at TMI. This is a percent of span
tolerance. Resistance is input to bridge and mv is readout.

d - Bailey Meter Company Product Instruction E92-1906 for signal
converter.

e - From Rosemount Engineering Company product data sheets. Says
<.259C drift per year in platinum RTD element.

f - Estimate based on engineering Judgment to account for drift in
electronic system.

g - Hourly log print out contains only integer numbers.
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ATTACHMENT
June 10, 1987
RDMc-7-87
Page

TABLE 11

Uncertainty in RC Cold Leg Temperature

[tem
RTD element

Calibration
(RTD and Bridge)

Calibration
(Bridge)

Converter
RTD drift
Electronic drift

Print out

Uncertainty = 1.82 +

RC-58-TE1-P

RC-5A-TE1-P Range 50 to 650°F

.5

() Error Comment
0.39F

0.159F
0.69F

1.273%
0.45°F
1.09F

0.59 Hourly log

+ 2.329
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INTEROFFICE CORRESPONDENCE

Date: April 7, 1987

To: DIRC File

From: R. D. McCormick @ D1m

Subject: OTSG SHELL TEMPERATURE UNCERTAINTY - RDMc-;9‘87

The OTSG shell temperature measurement has been analyzed to determine its
uncertainty. The transducers were Chromel-Constantan sheathed
thermocuoples which were welded to metal tabs which were in turn welded to
the O0TSG shell outer surface. Since the OTSG is insulated there should be
only a small measurment error due to radiation and conduction losses. The
electrical signal went directly to the plant computer, not going to a
reference junction or to a signal conditioner.

Jim

Attachment:
Table on Uncertainty Analysis

cc: J. L. Anderson
R. W. Brower
D. W. Golden
R. D. McCormick File
Central File

“?»ovkﬂbpt'u.nndrnnu!d-vnkuunonta-nﬂb-s!u»dnrgovqnun.nr”
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ATTACHMENT
RDMc-10-87
April 3, 1987

UNCERTAINTY ANALYSIS

SP-2A-TE1l TO TES
SP-2B-TE1 TO TES
Range 70 TO 600°F
OTSG Shell Temperature
Chromel-Constantan Thermocoupie

Item (£) Error Comment
TC wirela) 30F
Extension Wireld] 3%
Plant Computer 0.69F Accepted value
Signal Conditioninglb] 50F Estimate
Calibrationlc] 30F
Installation 29F Estimate
Wire Cold Work[d] 39F
Uy = = 8.19F

[a] Omega Engineering, Inc. Handbook, 1985 Edition and TM]-2 instrument
calibration sheets.

[b] This is an estimate. The extension wire goes to the computer where
all signal conditoning is done. Errors could be due to lack of a
reference junction and to simulation of mv versus temperature curve.

[c] From TMI-2 Instrument Calibration Sheets tolerance of error.

fd] This is an engineering estimate of errors possibie due to cold working
of the TC and extension wire during installation.
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INTEROFFICE CORRESPONDENCE

Date: June 10, 1987

To: DIRC File

From: R. D. McCormick

Subject: HOT LEG TEMPERATURES TO 1000 MINUTES - RDMc-9-87 - Revision

The hot leg temperature data files TE-HL-A and TE-HL-B are composites
which are made up from reactimeter and stripchart data. The reactimeter
channels had a temperature range from 520°F to 620°F. During the time
that the hot leg temperatures exceeded these 1imits, temperature data were
taken from stripchart MP-010 (YM-TR-1922). The stripchart data files are
RC-15A-TE1-M (pin 6) and RC-15B-TE1-M (pin 5). The attached Tables 1 and
2 list the times and corresponding data sources for the two composite data
files. The quality categories of the hot leg reactimeter and stripchart
data have been determined and reported in letter RDMc-7-86; i.e., the
reactimeter data are "qualified" and the stripchart data "trend". The
stripchart data as recorded was adjusted for errors found in amplitude and
time. Table 3 gives details of the adjustments made to the stripchart
data. The composite data on the TMI-2 data base was truncated at 300
minutes.

A new file has been made up of MP-010 pin 8 data. All data from MP-010 is
“"trend".

Jim

Attachments:
As Stated

cc: J. L. Anderson
R. W. Brower
D. W. Golden
Y. Nomura
R. D. McCormick File
Central File

“Providing research and development services to the government”’
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ATTACHMEN

T

June 10, 1987

RDMc-9-87

TABLE 1

COMPOSITE A-LOOP HOT LEG TEMPERATURE

Time

{min)
-15.0 to 130.50
132.6 to 135.1
135.75 to 141.85
182.3 to 624.5
626.20 to 635.55
639.40 to 806.30
807.6
807.05 to 932.60
935.3 to 950

TE-HL-A

E-141

Data Source

RC-4A-TE1-R
RC-15A-TE1-M
RC-4A-TE1-R
RC-15A-TE1-M
RC-4A-TE1-R
RC-4A-TE1-R
RC-15A-TE1-M
RC-4A-TE1-R
RC-15A-TE1-M



-2,

TABLE 2

COMPOSITE B-LOOP HOT LEG TEMPERATURE

Time

{min)
-15.0 to 121.4
123.15 to 149.2
149.5 to 949.9
950.25

952 to 1000

TE-HL-B

E-142

Data Source

RC-4B-TE1-R
RC-4B-TE1-R
RC-15B-TE1-M
RC-4B-TE1-R
RC-15B-TE1-M




Data Source
RC-15A-TE1-M
RC-158-TE1-M

RC-15B-TEZ-M

-3-
TABLE 3
CORRECTIONS MADE TO STRIPCHART DATA

Amplitude

Adjustment
-11.0°F

E-143

Time Base
Adjustment

x 0.9642
x 0.9642

x 0.9642
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INTEROFFICE CORRESPONDENCE

Date: July 18, 1986

To: Distribution

From: R. D. McCormick fﬂ'}fﬂfﬁ/

Subject:  REVIEW OF DATA FOR STANDARD PROBLEM - RDMc-9-86

A Data Integrity Review Committee meeting is being held at 8:00 a.m. on
Thursday, July 24 in Room 122, TSA. This meeting is a continuation of the
one on July 16 where the agenda was not completed.

jim

Distribution

J. L. Anderson

R. W. Brower

L. D. Goodrich

H. E. Knauts

R. D. McCormick

Y. Nomura

R. D. McCormick File
Central File

‘

’7»ovkmmgnnuunuhAunldbvakuunnntsonﬂbasaothagbvnnnnonr'
E-144



‘,HQEG&G Idaho

— INTEROFFICE CORRESPONDENCE

Date: August 28, 1986
To: Distribution

From D, W, Golden§BE~

Subject  PRESSURIZER SPRAY VALVE OPERATION - DWG-5-86

The reactimeter and other data for the pressurizer spray valve operation
times has been reviewed. Prior to the turbine trip the spray valve was in
manual control as part of the effort to control boron concentration.
After the turbine trip the spray valve was placed in automatic control
(approximately .13 minutes). At 0.2 minutes *+ 0.05 minutes the
reactimeter data indicates that the spray valve was ordered to close.
Figure 1 shows the reactimeter actuation indication for the spray valve
and primary system pressure calibrated 0.05 minutes). At 0.2 minutes
primary pressure has decreased to the spray valve close set point of 2155
psig. Therefore, it is concluded that at 0.2 minutes the reactimeter
correctly indicated the actuation signal sent to the spray valve.

Il Between 0.6 and 11 minutes the reactimeter indicates cycling of the spray
valve actuation signal, Figure 2. The primary system pressure, Figure 3,
does not suggest that the spray valve would actuate during this time
period. Review of the Sequence of Events (SOE) data base does not
indicate the operators placed the spray valve in manual control and cycied
it. A comparison of the turbine trip, reactor trip and spray valve
actuation signals as recorded by the reactimeter are shown in Figure 4.
This figure shows a coincidence of the use to 10 volts at 0.6 minutes and
the drop at 0.8 minutes. This trend continues throughout the first 11
minutes and this behavior disappears after 11 minutes. It is likely that
another contact closer signal which was indeed cycling during the first 11
minutes was crosstalking with these channels. The most likely candidates
for this are MS-25A and MS-25B, air operated control valves. However, the
data to verify this is not in hand. The reactimeter patch panel log does
not provide any information on/off signals and the only data we have for
on/off signals during the accident are for the above three measurements.

Although there is uncertainty, it is within engineering judgment to

conclude that there were no actuation signals sent to the spray valve from
0.6 to 11 minutes.

“Providing resesrch and development services to the govermment”
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Distribution
August 28, 1986
DWG-5-86

Page 2

At 174 minutes the SOE indicates that the operators took manual control of
the spray valve and opened it to stem the rapid primary system_pres§ure
rise. The reactimeter data at 175 minutes verifies the actuation signal.
The review of the SOE and reactimeter data (Figure 5) indicates the ‘
operators did attempt to operate the spray in the manual mode at various
time to 1000 minutes.

A summary of the actuation signal times is provided in Table 1. The basic
uncertainty in these data is the sampling rate of 0.05 minutes. After 0.2
minutes there is an additional uncertainty associated with decimating the
file to an effective sample rate of 0.4 minutes to read the file.
Therefore, between 0 and 0.2 minutes the total uncertaiq}x_ii_é_ﬂhg__
minutes. After 0.2 minutes the total uncertainty is * 7/.05¢ + 44¢ ~

+ 0.4 minutes.

Jim

Attachments:
As Stated

Distribution
J. L. Anderson
R. W. Brower
L. D. Goodrich
H. E. Knauts
R. D. McCormick
Y. Nomura

A. Takizawa

cc: J. M. Broughton

D. W. Golden
Central File
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TABLE 1

SPRAY VALVE OPERATION TIMES

Time (min) Position
0.0 OPEN
0.20 CLOSED
175.0 OPENED
193.4 CLOSED
225.2 OPENED
261.4 CLOSED
478.2 OPENED
547.0 CLOSED
604.6 OPENED
725.4 CLOSED
1110.2 OPENED
1111.0 CLOSED
1131.0 OPENED
1132.6 CLOSED
1152.6 OPENED
1153.4 CLOSED
1195.8 OPENED
1196.6 CLOSED
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__INTEROFFICE CORRESPONDENCE

Date: September 5, 1986
To: Distribution
From D, w. Golden@x

Subject  pORV/PROV BLOCK VALVE OPERATION TIMES FINAL QUALIFICATION
DOCUMENT - owc-7/€8

Attached is the final qualification document for the operation times of
the PORV/PORV block valve. Based on the DIRC meeting of August 20, 1986,
these data are considered qualified to the level of uncertainty indicated.
Jim

Attachment:
As Stated

Distribution
J. L. Anderson
R. W. Brower

2 L. D. Goodrich
H. E. Knauts
R. D. McCormick
Y. Nomura
A. Takizawa

¢c: J. M. Broughton
D. W. Golden
Central File

‘1»uvklngnin-nn#vandwd'u-kuun.ntaunﬂu-llnrdhrgov.nun.nr”
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ATTACHMENT
September 5, 1986
DWG-7-86
Page 1 of 4
OPERATION OF THE PORV AND PORV BLOCK VALVE

1 PORV OPENING TIME

The time at which the PORV first opened is indicated by the
primary pressure. between the time cf turbine trip and scram there
are are only two data samples on the reactim-ter (0.05 and 0.10
minutes). at 0.05 minutes the slope of the increasing primary
pressure decreases, Figure 1. This can be taken as the point at
which the PORV opened. At this time the primary pressure 1s measured
to be 37.5 psi above the PORV nominal set point (2255 p51g)- Thus 1t
is quite possible that the PORV opened earlier than .05 minutes.
However, from the data one cannot infer an opening time to a scale
finer than the reactimeter sampling rate (0.05 minutes). Thus the
uncertainty in the opening time is +0.05 minutes.

2 Block valve operating times

The first closure of the PORV block valve is generally taken to
have occurred at 129 minutes. Evidence of closure is not indicated
by either the primary or secondary systems thermal hydraulic data.
The indications of block valve closure is the reactor building
pressure. Figure 2 shows the reactor coolant drain tank pressure
(WDL-PT-1202-R) from the reactimeter and the digitized reactor
building pressure (BS-PR-4388-N-~S). Reactcr building pressure has ﬁ
been pinned to the to the drain tank rupture disk failure. The
stated block valve closure time ¢f 13% miniites is supported by the
sharp drop in reactor building pressure beiween 138.2 and 139.7
minutes. The sample rate for digitizing the reactor building
pressure was 1.5 minutes. therefore the uncertainty in timing is
taken to be +1.5 minutes.

Operation of the PORV block valve for the remainder of the transient
can be taken from EGG-TMI-7100. These times, through 318 minutes are
given in Table 1. Although these times are based on reactimeter data
there is an additional uncertainty associated with round off in the
table. The round off uncertainty is +0.5 minutes for those cases
cases reported to the nearest minute. the total uncertainty for these
cases based on rss is +0.5 minutes.
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Page 2

Table 1. PORV block valve operation

time (min)
139 +0.5
191.6 +0.05
194.8 +0.05
197.9 +0.05
198.4 +0.05
220 +0.5
260 +0.5
276 +0.5
318 +0.5
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MEASUREMENT

IDENTIFICATION

AFW-5G-A

AFW-SG-B

AH-TE-S5011-M
AH-TE-5012-M

BS-PR-4388-N-S Reactor
BS-PR-4388-W-S Reactor

BS-PT-4388-S
DC-R-3399-M
DC-R-3400-M
FW-TE-1131-P
FW-TE-1134-P
HP-R-207-M

HP-R-219-G-M
HP-R-222-G-M

HP-R-222~1-M

HP-R-222-P-M

HP-R-225-G-M

HP-R-225-1-M

HP -R-225-P-M

HP-R-226-G-M

HP-R-226-1-M

HP-R-226-P-M

HP-R-228-G-M

HP-R-228-1-M

HP-R-228-P-M

HP-R-229-6-M
HP-R-3236-M

HP-R-3238-M

HP-R-3248-M

£ vk

TABLE E-1

¢ 52

TMI-2 MEASUREMENTS DESCRIPTION LIST

R

EETC s rCESSS=CTCoSECSSSEESSSsSSEIE==SE

MEASUREMENT DESCRIPTION

Auxiliarv Feedwater Secondary Injection Rate.
Based upon secondary mass inventory -Steam
Generator A

Auxiliary Feedwater Secondary Injection Rate.
Based upon secondary mass inventory ~Steam
Generator B

Ambient Temperature, Letdown Cooler Area
Ambient Temperature, Drain Tank Area
Building Pressure - Narrow Range
Building Pressure Wide Range
Reactor Building Composite Air Pressure
Decay Heat Closed A Loop Radiation Monitor
Decay Heat Closed B Loop Radiation Monitor
Feedwater Heater B Outlet Temperature
Feedwater Heater A Dutlet Temperature

Intermediate Cooling Pump Area Radiation Monitor -

in the Auxiliary Building

Station Vent Radiation Monitor - Gas
Auxiliary Building Purge Air Exhaust
Monitor, Upstream of Filter - Gas
Auxiliary Building Purge Air Exhaust
Monitor, Upstream of Filter - lodine
Auniliary Building Purge Air Exhaust Radiation
Monitor, Upstream of Filter -~ Particulate
Reactor Building Purge Air Exhaust, Duct A,
Radiation Monitor - Gas

Reactor Building Purge Air Exhaust,
Radiation Monitor - Iodine

Reactor Building Purge Air Exhaust,
Radiation Monitor - Particulate
Reactor Building Purge Air Exhaust,
Radiation Monitor - BGas

Reactor Building Purge Air Exbaust,
Radiation Monitor - lodine

Reactor Building Purge Air Exhaust,
Radiation Monitor - Particulate
Auxiliary Building Purge Air Exhaust Radiation
Moni tor, Downstream of Filter - Gas

Auxiliary Building Purge Air Exhaust Radiation
Monitor, Downstream of Filter - lodine
Auxiliary Building Purge Air Exhaust Radiation
Monitor, Downstream of Filter — Particulate
Hydrogen Purge Radiation Monitor - Gas

Radiation

Radiation

Duct
Duct A,
Duct B,
Duct B,

Duct B,

Reactor Building Purge Unit Area Radiation Monitor

Auxiliary Building Exhaust Unit Area Radiation
Moni tor

Fuel Handling Exhaust Unit Area Radiation Monitor

REACTOR
SUB~-SYSTEM

Steam Generator A

Steam Generator B

Building
Bui lding
Building
Reactor Building
Reactor Building
Decay Heat

Decay Heat
Feedwater B
Feedwater A

Aux Building

Reactor
Reactor
Reactor

Building
Building

Aux
Aux
Aux Building
Aux Building
Reactor Building
Reactor Building
Reactor Building
Reactor Building
Reactor Buildaing
Reactor Building
Aux Building

Aux Building

Aux Building

Reactor Building
Reactor Building

Aux Building

Fuel Handling
Building

QUAL IF ICATION MEASUREMENT

CATEGDRY

EST TREND

EST TREND

QUAL / TREND
QUAL / TREND
QUAL IF1ED
QUALIFIED
QUALIFIED
TREND
TREND

QUAL IFIED
QUAL IFIED
TREND

TREND
TREND

TREND
TREND
TREND
THREND
TREND
TREND
TREND
TREND
TREND
TREND
TREND

TREND
TREND

TREND

TREND

RANGE

® - 135 lbm/s
B - 135 lbm/s
® - 200 F

0 - 200 F

-5 ~ 10 psigq

@ - 104 psig
-5 - 100 psig
1@ - 10E+6 CPM
1@ - 10E+6 CPM
@ - BO0O F

@ - 800 F

0.1 - 10E+4
mR/Hr

19 - 10E+6 CPM
10 -~ 10DE+& CPM
10 - 1BE+& CPM
10 - 10E+6 CPM
10 - 18E+& CPM
10 - 10E+6 CPM
10 - 10E+& CPM
18 - 10E+& CPM
10 - 1BE+6 CPM
16 - 10E+6 CPM
10 - 18e+6 CPM
10 - 18E+6 CPM
10 - 18E+6 CPM
12 - 10E+6& CPM
0.1 - 12E+4
mR/Hr

0.1 - 10E+4
mR/Hr

@.1 —~ 10E+4
mR/Hr

MEASUREMENT
UNCERTAINTY

2.7 or 3.3 F
2.7 or 3.3 F
©.32 psig
2.15 psig
.32&2.15psig

2.2 deg F
2.2 deg F



€£61-3

Mk ASURE Me N1
TOENT 15 10A HON

-

HP M)

1IC-R- 1091 -n
IC-R-109. ™
1IC-R-1893-N

LETOOMN FLOM
nS-IE-183 N
nS-TE-LO9-M
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NI ND 1P
Ni1-ND-1-S
Nl-ND 2-P
Nl ND-3-S§

Ni-ND-4-8
PCP1A

PCP1IB

PLF2A

PCP28

PORYV FLOMW RATE

PRESS. -PRIMARY
PRESSURE UNC

RC-1-LT)-L-R
RC-14A-FT1-CALC
RC-14A -FY-UNC-
L

RC- 1 4A-F T -UNC -
u
RC-148-FT-CALC
RC-148-FT-UNC-
L

RC-14B-F 7-UNC -

v
RC-13A-TEL-M

RC-13A-TE3-M

tanin ke & 1
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MEASLINEMENT DESCRIPTIUN HE i L UM
SUH LYsieM

" TS WP W S We W e U GR W A WY W W R Gy R TR W AR R A e e Rr e W W e A AT

HP| - Matoup Eetieate Besed On btapected Hewulle,
trom & mens Lslance enalywie 0f the Primery Bystem

Hokwup 7l @t dusen

Interavdiate Conlant Letdown, Cooler B Radiation 2T
Monitor
Intermpdiate Coolant Letdown, Couler A Haditatiun 2]}
Mol tor
Intermediate (colaent Letdown, Iniet Hadiation Hi.
Moni tor

Habwup /|l et down
Stean Generaetor B
Gteem Generator A
HMahwup /t oLdosen

Letdown Cooler Volumetric Flowrate

Stess Generator BZ? Dutliet Tempereture

Steen Generaetor A2 Outlel Temperature
Primary Conlent Letdown HI Radiation Mun tor

Primary Coolant Letdown L) Radiation Monitur Makeoup /L et down
tLetdown Cooler 1A Outlet Temperature Mekoup /L st down
Letdown Cooler 1B Outliet Tempereture Makoup/Let down
Source Range Power Level Rv

Source Renge Power Level Rv

Source HRange Power Level RV
Intermediste Hange Power lLevel Rv
Intersedi oto Range Power Level RV

Primery Coalant Pump 1A (Stert/Stup Times), Binary RC-A

Function

Primary Coolant Pump 1B (Start /Stop Times), Binary RC-B

Function

Primary (oulant Pump 2A (Start/Stop Times), Binaery RC-A

Function

Primary Cooclent Puap 2B (Start/Stop limes), Binary RC-8

Function

Discharge Flow Rate Through the Fressurizer PORV - Pressurizer

Calcul ated Paraseter

Reactor Coolant Composite Pressure
Primsary System Pressurs Uncer tainty,
Function

Pressurizer Level

RC

Discontinuous RC

Pressurizer

Calculeted Loop A Mass flow Rate RC-A
Lower Uncertainty of Function RC-18A-FT-LaLC

Upper Uncerteinty of Function RC-14A FT -CALL

Calculated Loop B Mass Flow Rate RC-8B
Lower Uncertaianty of Function RC-148-F1-CALC

Upper Uncertainty of Function RC-14B-F T -CALC

Hot Leg Temperature ~ Loop A 3 Wide Range (Elev. RC-A
359°2%)

Cold Leg Tempersture ~ Pump 24 Inlet 1 Wide Range REC-A

(Elev. 310°'2™)

WUAL TR 0ol TN PE A PR

it BODRY

- . o o - o

Lt 51 TREND
T HE ND
1RE ND
ThEND
QUAL IFILD
1R MD
I REND
TREND
TREND
QUAL IF JED
QUAL I+ LD
QualL 1+ 1ED
QUAL IF 1ED
OUAL 1+ 1D
T HE ND
TREND
TREND
TREND
THEND
TREND
QUAL IF 1ED
QUAL IFIED

QUAL IF IED
QuaL 1+ IED

QUAL It IED

TREND

THEND

AL

B L T

] 198 lLars

180 18 o6 (PH

10 -~ 1Bt ¢ CPM

18 - 18e+d LFN
® ~ 43 lbm/s

¢ - 400 +

® - 400

19 - 6t +e. LM
10 - 1PE*b6 LPN
? - A0 +

@ - 1288 ¢

2.1 10t e CPS
8.1 - 1Dk ¢b CHS
V.1 -~ 1Dtes (Ps
18E-11 ~ jue -3
Amps

10t ety -
Amp e

OFF /0N

10E+3

OFF /7 UN
U 7ON
UFF 70N
@ - 239 lbese
8 - 2388 psig

- 408 1n/H20
- 99 MFPH

VO MPPY

808 F

808 ¢

[ TOFY 1T, RXT
Nt HIAINTY

Z29.8% Reaso.

102 Reading
192 Heeding

TR Resding

48 [eR %) (MAX)

24 n

s Unc. chn

sew Unc. cho



TABLE E-1|

MEASUREMENT MEASUREMENT DESCRIPTION REACTOR QUALIF ICATION MEASUREMENT MEASUREMENT
IDENTIFICATIDN SUB-SYSTEM CATEGORY RANGE UNCERTAINTY
RC~-15B-TE1-M Hot Leg Temperature - Loop B : Wide Range RC-B TREND 0 - BOD F

RC-15B-TE2-M Cold Leg Temperature — Pump 1B Inlet : Wide Range RC-B TREND ® - 608 F

RC-135B-TE3-M Cold Leq Temperature — Pump 2B Inlet : Wide Range RC-B TREND @ - 800 F

(Elev. 310'2")

RC-2-TE1/2-P Pressurizer Temperature Pressurizer GUAL IFIED 2 - 700 F 2.5 deg F

RC-3A-PT3-P Reactor Coolant Pressure - Loop A : Wide Range RC-A QUAL IF 1ED B - 2580 psig 29 psi

RC-3A-PT3-S Reactor Coolant Pressure ~ Loop A : Wide Range RC-A QUAL IFIED @ - 250@ psig 392.7 psi

RC-3B-PT1-R Reactor Coalant Pressure - Loop B Narrow Range RC-B QUAL IFIED 1700 - 2500 18.9 psi

psig

RC-4A-TE1-R Hot Leg Temperature - Loop A : Narrow Range RC-A QUALIFIED 528 - 620 F 1.14 deg F

(Elev. 352°8")
RC-4A-TE1/4-P Hot Leg Temperature — Loop A : Narrow Range RC-A QUAL IFIED 520 - 620 F 1.63 deg F
RC-48-TE1-R Hot Leg Temperature - Loop B : Narrow Range RC-B QUAL IFIED 920 - 620 F 1.14 deg F
(Elev. 352°8")
RC-4B-TE1/4~P Hot Leg Temperature - Loop B Narrow Range RC-B QUAL IFIED 528 - 620 F 1.63 deg F
RC-5A-TE1-P Cold Leg Temperature - Pump lA Inlet : Narrow RC-A QUAL IFIED 520 — A20 F 2.32 deg F
Range (Elev. 310’2™)
RC-5A-TE2-R Cold Leg Temperature — Pump 1A Inlet : Wide Range RC-A aualL IFIED S@ - 46950 F 1.91 deg F
RC-5B-TE1-P Cold Leg Temperature - Pump 1B Inlet : Narrow RC-B QAUALIF IED 520 - L2088 F 2.32 deg F
Range (Elev. 310’ 2")

RC-5B-TE2-R Cold Leg Temperature - Pump 1B Inlet : Wide Range RC-B QUAL IFIED S - 4650 F 1.?21 deg F
1 RC-9-TE-P Pressurizer Surge Line Temperature Pressurizer TREND @ - 700 F .
— RC-V1-R Pressurizer Spray Valve Position, Binary Function, Pressurizer QUAL IFIED Open - Closed N. A.

8 ICBC name is Spray Valve
RC-v2 Pressurizer Block Valve Position (Open/Closed), RC QUAL IF IED Open - Closed N. A.
Binary Function, ICBC name is Block Valve

SF-R-3402-M Spent Fuel Cooling Area Radiation Monitor Spent Fuel TREND 10 - 10E+6 CPM

SG-A-LEVEL Steam Generator A - Composite Level Steam Generator A QUALIFIED 3.9 - 3949 in ?in

SG6-B-LEVEL Steam Generator B - Composite Level Steam Generator B QUALIFIED 5.9 - 394 in ?in

SP-10A-PT1-R Turbine Header Pressure - Loop A Steam Generator A QUALIFIED ¢00 ~ 1208 psig 8.2 psi

SP-12A-TEL1-P Steam Generator A - Upper Downcomer Temperature Steam Generator A QUALIFIED 70 - 570 F 2.2 deq F

SP-12A-TE2-P Steam Generator A - Upper Downcomer Temperature Steam Generator A GQUALIFIED 7@ - 570 F 2.2 deg F

SP-12B-TE1-P Steam Generator B - Upper Downcomer Temperature Steam Generator B QUALIFIED 70 - 570 F 2.2 deg F

SP-12B--TE2-P Steam Generator B - Upper Downcomer Temperature Steam Generator B QUALIFIED 70 - 570 F 2.2 deg F

SP-2A-TE1-P Steam Generator A - Shell Temperature Steam Generator A GQUALIFIED 70 - 600 F 8.1 deg F

SP-2A-TE2-P Steam Generator A - Shell Temperature Steam Benerator A QUALIFIED 70 - &0Q F 8.1 deg F

SP-2A-TE3-P Steam Generator A - Shell Temperature Steam Generator A QUALIFIED 70 - &00 F 8.1 deq F

SP~-2A-TE4-P Steam Generator A - Shell Temperature Steam Generator A QUALIFIED 70 - 600 F 8.1 deg F

SP-2A-TES-P Steam Generator A - Shell Temperature Steam Benerator A QUALIFIED 70 - 60O F 8.1 deq F

SP-2B-TEL-P Steam Generator B - Shell Temperature Steam Generator B QUALIFIED 70 - &BO F 8.1 deg F

SP-2B-TE2-P Steam Generator B - Shell Temperature Steam Generator B QUALIFIED 70 - 600 F 8.1 deq F

SP-2B-TE3-P Steam Generator B - Shell Temperature Steam Generator B QUALIFIED 70 - 4L0B F 8.1 deg F

SP-2B-TE4-P Steam Generator B - Shell Temperature Steam Generator B QUALIFIED 78 - 400 F 8.1 deg F

SP-2B-TES-P Steam Generator B - Shell Temperature Steam Generator B QUALIFJIED 70 - 400 F B.1 deg F

SP-3A-TE1/2-P Steam Generator A - Downcomer Temperature Steam Generator A QUALIFIED 2 - 600 F 2.2 deg F

SP-38-TE1/2-P Steam Generator B - Downcomer Temperature Steam Generator B QUALIFIED @ - 4680 F 2.2 deg F

SP-4A-TE-P Steam Generator A - Main Steam Temperature Steam Generator A QUALIFIED 100 - 650 F 2.1 deq F

SP~-4p-TE-P Steam Generator B - Main Steam Temperature Steam Generator B QUALIFIED 100 - &58 F 2.1 deg F
SP-5A-TE1/2-R Feedwater Temperature Feedwater GQUALIF IED o - 500 F 1.78 deg F
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SP-oA-PT) - P Steas Generator A - Steem Prussure in “deem | ine Glwam Uenwrator A DBUALIHIED B - 12008 peigy 18.0 pmy
A} or A2
SFP GA-PT) ® Stesm Gener ator A - Eteae Fressure Stoam Henerator A WAL I LD @ - 1200 pely 1L. 1 we
SP-6B-PI1l K Stesm Generatur B =~ Stesam Viewsure Ltwam Ueneretur b (i JH1ED B -~ 1200 pei1g L. 1 pw
SP-8A F1 R Main tewdwater tlow Rate ~ LoDp A Steam Urierelor Feedwaler A Wisa 1F TED ¥ - 6.5 MPMH 186 MIL /1
oP-8-F1 w Main Feeuwater Fliuw Hate = Loup B HStesm Gener etur  Feuwdwater U AL 1t ILD B - 6.5 MWK . 106 Mib /b
TE-ML -A Reesctor Cuolent Composite Hul Leg Temper ot v @ R -A Wind / THE NU 0 - Dol ¢ 1.8 deg ¢
Loop A
TE-» -8 Reactor (Lolent Lumposite tiut Leg lempereture - RU B WUAL 7 THREND ] 6ve 1.14 ueg §
Loop B
1SAT PHIMARY Reactor Loolant Seturstiyuvn lempersature - Hi (st I+ JED 12 ~ &7@ # 4.8 gey F
Calculeted trum (OmpOBiIte primary prossure,
PRESS. ~-PRIMARY
TSAT-S6-A Saturation Teapwrature Calculated irum Secoundar y Stwsm Generaetor A QUALIHILD 212 -~ 367 3.9 dey ¢
Prossure (SP 6A-FPT1 H), Stwam Lewnwr ator A
TSAT-S6-b Saturation Temperature CaliLulated rom Secondery LUlvam Lenewrator B QUAL IFIED 212 - &7 4 5.9 deg f
Pressure (SP-4B PT] H), Steam ULwuwr ator B
Wl -PI=1202 R HKReattor Coolent Drain Tank (RUDT) Pressure Prussurizer QUAL IH LED @ - 250 psig 3.9 pss
DL -R-1311-Mm Plant E¢f)uewt Radiation Monbtor, it 2 Lischaer ge TREND 10 - 10k +6 CHN
WOL-TE-1200-P Reactor Lovlent Drain Taenk (RCDT) Tempereture Pr wssur i zer QGUAL IFIED 0~ 250 + 1.7 oweqg ¢
MEBD-R-1400 G- M Waste Gas Dischorge Duct Radiation Monitor = Uae Warte Goe TRt ND 18 - 18L+6 LHAH
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MEASUREMENT
IDENTIFICATION

MEASUREM

ENT DESCRIPTION

REACTOR
SUB-SYSTEM

o e s e e T T T T L s A e 8 S e i o o

AH-1923-TE-M
AH-TE-S5210-M
AH-TE-SB13-M
AH-TE-S014-M
AH-TE-5B15-M

AH-TE-5020-M
AH-TE-SB21-M
AH-TE-S5022-M
AH-TE-S@23-M
AH-TE-5027-M

AH-TE-SB88-M

Outside
Ambient
Ambient
Ambient

Air Elevation Delta Temperature

Temperature,
Temper atue,
Temperature,

Sump Area
Impingement Room
Column R4

Temperature of Supply Air, Column R19, Dutlet

Pl enum,
Ambient

East

Temperature, East,

Shield Wall at column R15

Ambient

Temperature, West,

Shield Wall at column R7

Ambient
Ambient
Temperat
Plenum,
Ambient

BS-PR-1412-W~-S Reactor
CRDM-339B-TE-M Control

DC-R-3401-M
EF-PT-1147-P
EF-PT-115@-F
EF-PT-826-P
FC-WTP-XXX-S
FW-P-1A-S

FW-P-1B-S
FW-P1A-VE-S

FW-P1B-VE-S
FW-TE-1131-M
FW-TE-1133-P
FW-TE-1134-M
FW-TE-1136-P
FX-ABE—-XX-S
FX-ABS-XX-S
FX-CBE-XX-S
FX-CBS-XX-S
FX-FHBE-XX-S

FX-FHBS-XX-S

FX-RBE-XX-S
HP-R-201-M

HP-R-202-M
HP-R-204-M

HP-R—-205-M

Nuclear

Emergenc
Emer genc
Emer genc
Waste Tr
Main Fee
Position
Main Fee
Position
Main Fee

Main Fee
Steam Ge

Temperature, Column R1i&6A
Temperature, Column RS
ure of the Supply Air,
West

Temperature,

Column R1,

Building Pressure - Wide Range

Rod Drive Motor Temperature

Service Closed Cooling Radiation Monitor
Pump 2A Discharge Pressure
Pump 2B Discharge Pressure
Pump 1 Discharge Pressure

y Feedwater
v Feedwater
y Feedwater
ansfer Pump
dwater Pump

Discharge Flow
Speed & Governor
dwater

Pump Speed & Governor

dwater Pump

dwater Pump
nerator B -

Val ve

Val ve

Feedwater Pump 1B Discharge Temperature
Steam Generator A - Feedwater Temperature
Feedwater Pump 1A Discharge Temperature

Auxiliary Building Ventilation Exhaust Flow Rate

Outside Secondary

Dutside Secondary

Dutlet

Between Columns R17A and R1B8A

1A Vibration/Eccentricity

1B Vibration/Eccentricity
Feedwater Temperature

Auxiliary Building Ventilation Supply Flow Rate

Control Building Ventilation Exhaust Air Flow Rate
Control Building Ventilation Supply Air Flow Rate
Fuel Handling Building Ventilation Exhaust Air
Flow Rate
Fuel Handling Building Ventilation Supply Air Flow
Rate
Reactor Building Ventilation Exhaust Air Flow Rate Reactor Building
Control Room Area Radiation Monitor

Cable Room Area Radiation Monitor

Reactor Building Area Radiation Monitor

Reactor Coolant Evap Control Panel Area Radiation
Moni tor

Plant

Reactor
Reactor
Reactor
Reactor

Building
Building
Building
Building

Reactor Building

Reactor Building
Reactor
Reactor
Reactor

Building
Building
Building

Reactor
Reactor
RV
Decay Heat
Feedwater
Feedwater
Feedwater
Waste
Feedwater A

Bui lding
Building

Feedwater B
Feedwater A

Feedwater B
Steam Generator B
Feedwater B
Steam Generator A
Feedwater A

Aux Building

Aux Building
Control Room
Contraol Room

Fuel Handling
Building

Fuel Handling

Bui lding

Caontrol Room
Cable Room
Reactor Building

Reactor Building

QUAL IFICATION
CATEGORY

NOT
NOT
NOT
NOT
NOT

NOT

NOT

NOT
NOT
NOT

NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT

NOT

NOT

NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT

NOT

NOT
NOT

NOT

NOT

NOT

REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED

REVI1EWED
REVIEWED

REVIEWED
REVIEWED
REVIEWED

REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED

REVIEWED

REVIEWED

REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED

REVIEWED

REVIEWED
REVIEWED

REVIEWED

REVIEWED

REVIEWED

MEASUREMENT MEASUREMENT
RANGE UNCERTAINTY
-7 - 192 F

@ - 200 F

0 - 200 F

@ - 200 F

0 - 200 F

@ - 200 F

2 - 200 F

o - 200 F

D - 200 F

0 - 200 F

@ - 200 F

@ - 100 psig

8 - 200 F

10 - 1BE+6 CPM
8 - 100 GPHM

@ - 1B0%Z RPM .
@ - 1007 RPM
15 - @ - 15
MILS

15 - @ 15 MILS
@ - BOQ F

@ - 80O F

© - 0000 CFM
@ - 90000 CFM
? - S5000 CFM
@ - 5800 CFM
3BK - 60K CFM
30K - 60K CFM
@ - 30800 CFM
0.1 - 10E+4
mR/Hr

2.1 - 10E+4
mR/Hr

B.1 - 10E+4
mR/Hr

B.1 - 10E+43

mR/Hr
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WP R 230 M
HP-R- 289-N1
HP-R-218-n
HP-R-211-M
HP-R-212-M
HP-R-213-n1
HP-R-214-1
HP-R-213-M
HWP-R-2i6-M
HP-R-219-1 n
R Z2I9-P M
WP R-220 06N
HP-R 29 1IN
HP-R-220 P N
HP-R 221A-G-M
HP-R-221A-1-N
HE R-221/A-P
HP-R-22180-L "
HP-R -221B-1-M
o A 2T18 P A
8 R-227-6-M
HP-R-227 1M
HP-R-227-P-1
WP-R-229-1- M
HP-R-229-P N1
W R-231-1
HP-R- 232N

HP-R-213-n

1ABLE k=1

1ME-2 MEASUREMENIS (4 HIHIPTION | IS

AESSCSAN S SO ERN 2RSSR ENARNBCSLE b FE>

MEALIBEMENT I SURIFTION

ER L S e R L R o e et Il L T T

Maho=iip lank fvrea Monitor

Fuel Hendling Bridqe, North - Arwve Haitietion
Moo Lo

tuel Handling Bridge, South - Ares Hadliation
Mons toe

Reac tor Building Personnel Hatihh Arwe Hadiation
Mon tor

Resctlor Builiding Equipment Hatch Area Hadiation
Mon tor

lncure Inutrument Panel Area Hedietion Munitor
Reactor Buiilding Dome Area Hediaetion Monitor
tuel Handling Ur 1dge Ares Radiation Monitor

Waste Disponal Storage Aree Radiation

Htetton Vent Hediation Monitor lodine
Station Vent Radiatron Monitor - Particuiele
Control Roos Air Intake Radietion Monitor -~ Ges

Control Ruoe Air Intave Radiation Munitor =
Luntrul Ruom Alr lnteke Hadieation Monitor -~
Particul ate

Fuel Hamdling Building trxhaust Air Radiation
Monitor, Upstresas of Filter ~ Ges

Fuel Handling Building Exhaust Air Raedietion
Monitor, Unstreas of Fillter - jodine

tuel Mandling Bullding Extiaust Air Hadiation
Monitor, Unstreas of Filter - FParticulate
Fuel Handling Buillding Exhaust Air Radiatiun
Monitur, Downstream of Filltur ~ Gew

fFuel Handling Building Exheust Alr Radiation
Monitor, Downstreas of Filter - ludine

Fuel 1tandlang bBuilding Ext.aust Alr Hed.ation
Monst ¢, Downstream of Filter - FPerti: ulate
Foactor Burlding Alr Sample Hedietion Monst » -~
Lesw
React or
lodine
Reactor Butlding Air Sample Radiation Monitor -
Par Licul ste

Hyurogen Purge Radiation Monitor - lodine
Hydrogen Purge Radiation Munitor = Particulate
Ausiliery Buslding Sump Tank Hilter Kous Aree
Radi et 10n Moni tor

Aun)ltary Building Access Corridor Radistion
Moni tor

Auniliary Builiding Access Corrinor Radiation
Moni tor

Building Alr Sample Rediastion Monitor -

flodine

HEF oa Tiue
Skl LYybiln

- N -

Mabwup /7 14']

Hwad tor

Bui lding

Reactor Buriding

Heartor B lding

Reactor bBuiluoing

Heactor Butlaing

Heactur Butlding

Heat tor Butiding

Aux Buliding
Aun Bultlding
Control Rooa
Countrol Room
Lontrol Roos

Fuel Handl)ing
Buitding
Fuwl Handling
Buirlding
fuel Handling
Butlding
Fuel Haendling
Building
Fuel Handling
Building
fuel Handling
Huilding
P, » Cuilding

Reactor Building
Reactor Juildlng
feact » Bualding
Reauctur Building
Aun Building
Aur But lding

Aux Bullding

Guu JF AT ION

CATEGIMY

- e -

[V}

NOT

NOT

NO Y

REVIL WED
REVIEWt D
NtVICW
REVIE Wt D
REVILW D
REVIEWED
HEVIEWED
REVIEWED
REVIEWED
REVIEWLD
REVIEWLD
HEVILWED
REVIEWEL D
REVIENED
REVIEWED
REVIEWED
REVIEWED
REVIEWE D
REVIEWED
HEVIEWED
REVIENED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED

REVIEWED

REVIEWED

Me e AMRE RN
Hisbél ok

- BB M S ™

0.1 10t « o
wll/ W

B.1 - 1668
@t - bie

8.1 10t ¢+ 4
mit/ e

B.1 = 104
i/

3.1 10t ¢ 4
i/

9.1 - 18€+4

add /e

19¢3 ~ Oty
i/ Hr

@.1 - 10E+4
ik £ Hr

8.1 - 18E4
mid/ Hr

180 - 19€+6 PN
10 - 10E+H (MM
10 -~ 19E+6 LPM
10 - 18t +46 LN
10 - 18k+s L
10 - 18E+b6 CPN
1@ - 16t ¢ CPM
19 - 18k+s CPM
10 - 18L& CPNM
10 -~ 18E«4 CPR
190 - 1Dt +s CPH
18 - 1BE«& (PN
190 - 18E+~46 CPN
18 - JBLes M
10 - 18t +&6 CPNY
10 - 1@t +s CPNM
B.1 - 19E8
al/Hr

0.1 - 18k
ol / Hr

S.1 - 18EQ

aR/Hr

MLASIUMEMEN]
Rt HIAINMIY

- ———
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TMI-2 MEASUREMENTS DESCRIPTION LIST

MEASUREMENT MEASUREMENT DESCRIPTION
IDENTIFICATION
HP-R—-234-M Auxiliary Building Access Corridor Radiation

Mani tor

HP Turbine | Steam Generator Side B Pressure
HP Turbine 1 Steam BGenerator Side A Pressure
Condensor C Cold Pressure

Condensor H Hot Pressure

Steam Generator Bl Outlet Temperature

Steam Generator Al Outlet Temperature
Make-Up Tank Level

Make-Up Tank Level

Make-up Tank Temperature (RC Pump ?)

Letdown Cooler Inlet Temperature

Power Range Level

Power Range Level

Condensor Vacuum

MS-PT-1099-P
MS-PT-1100-P
MS-PT-3898-P
MS-PT-3899-P
MS-TE-104-M
MS-TE-110-M
MU-14-LT-R
MU-14-LT-S
MU-TE-1581-M
MU-TE-741-M
NI-ND-5-R
NI-ND-5-S
PC-COND-VC1-S

RC-1-LT1-DP-P Pressurizer Level - Differential Pressure
RC-1-LT1~-L-S Pressurizer Level

RC-1-LT2-DP-P Pressurizer Level - Differential Pressure
RC-1-LT3-DP-P Pressurizer Level - Differential Pressure

RC-10-TEi1-P Temperature Downstream of PORV (RC-RV2)

RC-10-TE2-P Temper ature Downstream of Pressure Relief Valve
RV1A

RC-10-TE3-P Temperature Downstream of Pressure Relief Valve
RV1B

RC-11-TE-P .
RC-14A-FT-R
RC-14B-FT-R
RC-15A-TE2-M
RC-22-PT-M

Pressurizer Spray Line Temperature
Reactor Coolant Flow Rate - Loop A
Reactor Coolant Flow Rate - Loop B
Cold Leg Temperature - Pump 1A Inlet :
Reactor Coolant

Wi1de Range
Pump Seal Cavity Pressure

RC~-3A-PT1-P Reacter Coolant Pressure - Loop A : Narrow Range

RC-3A-PT1~S Reactor Coolant Pressure — Loop A : Narrow Range

RC-3B-PT1-P Reactor Coolant Pressure - Loop B: Narrow Range

RC-3B-PT1-S Reactor Cooclant Pressure - Loop B : Narrow Range

RC-3B-PT3-P Reactor Cooclant Pressure — Loop B : Wide Range

RC-4A-TE1-S Hot Leg Temperature - Loop A : Narrow Range

RC-S5A-TE2/4-P Cuould Leg Temperature - Pump 1A/2A Inlet : Wide
Range

REAC-TRIP-R Reactor Trip

SP-10A-PT1-P Turbine Header Pressure - Loop A

SP-1A-LT1-P Steam Generator A - Full Range Level

SP-1A-LT2-R
SP-1A-LT2-S
SP-1A-LT2-S
SP-1A-LT4-R
SP-1B-LT1-P

Steam Generator
Steam Generator
Steam Generator
Steam BGenerator
Steam Generator

- Operating Level
- Operating Level
- DOperating Level
~ Start-up Level

- Full Range Level

WPDDD

TABLE E~1

REACTOR
SUB-SYSTEM

Aux Building

Steam Generator
Steam Generator
Condensors
Condensor

Steam Generator
Steam Benerator
Makeup/Letdown
Makeup/Letdown
Makeup/Letdown
Makeup/Letdown
RV

RV

Steam Generators
Pressurizer
Pressurizer
Pressurizer
Pressurizer
Pressurizer
Pressurizer

Pressurizer

Pressurizer
RC-A

RC-B

RC-A

RC

RC-A

RC-A

" RC-B

RC-B

RC-B
REC-A
RC-A

Rv

Steam
Steam
Steam
Steam
Steam
Steam
Steam

Generator
Generator
Generator
Gener ator
Generator
Gener ator
Generator

o2>2>2D>2D

QUAL IFICATION

CATEGORY

NOT

NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT

NUT

NODT
NOT
NOT
NOT
NOT
NOT

NOT

NOT

NOT

NOT
NOT
NOT

NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT

REVIEWED

REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
RECORDED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED
REVIEWED

REVIEWED

REVIEWED
QUAL .
QuUAL .
RECORDED
REVIEWED
REVIEWED

REVIEWED
REVIEWED
REVIEWED

REVIEWED
REVIEWED
REVIEWLED

REVIEWED
REVIEWED
REVIEWED
QUAL .

REVIEWED
REVIEWED
QUAL .

REVIEWED

MEASUREMENT MEASUREMENT
RANGE UNCERTAINTY

0.1 -
mR/ Hr
@ - 1580 psag

- 19500 psig

- 30 in. Hy

- 3@ in. Hg

- 400 F

- 8@ F

- 100 1n/H20
- 188 in/H20
- 480 F

- 400 F

125 %

- 125 %

- 38 1n. HG

- 400 1nches
- 400 i1n/H20
- 400 1nches
- 400 i1nches
- 700 F

- /700 F

10E+4

8080680868066
!

[
]

700 F

- 700 ¥

~ 9@ MPPH

90 MPPH

- BB F

- 23500 psig
17086 - 2500

pPs1g

1700 - 2500

psiy

1700 - 2500

psig

1700 - 2500

psig

B_

520
S0

5666
1

23580 psaig
- 620 F
- &58 F

Run - Trap

600 - 1200 psig
- &8 1nches

- 180 %

- 180 “%

100 %

- 200 inches

- 6@0 inches

8666606
[
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TMI-2 MLALINEMENTS DESCHIFTION | B4

BoAtan «ca-uw»lBB0000S  cauusnuSadshosald

MEASUREMENT MEASUREMENT UL SCRIPTION HEAL TOR Wil 1F ILATIUN MEALINNEMENT P ABUREMENT
1DENTIF ICATION L~ BYSTEN CATLLURY Hiddst R EHIAINTY
C A A e - - S e T e A W A W AN SR RN S e AN NG e A P M O W o L R S - - . e S - - - on. - -
SP-18-LT2-R Stwaa Generator B - Opereting Level Sleem Lenwrator U NUT WKW, 8~ 1808 %
SP-18-LT2-8 Stwam Geonwrator B = Ouer ating (evel fitwen Genuretor B NUI HEVIEWD @B - 1800 %
SP-18-LT2-8 Stean Generetor B - Operating | wvel Steas Leneratlor B NOT KeVITWEL @ ~ 100 7
SP 18-LTa R Steae Generetor B - Start-up | evel Steas Gunerator B NUOT WUAL . ] 258
SP-6A-+T1-8 Steee Genwrator A - Stesm Pressure Gtwam Leneretur » NUT REVIEWLD ¢V - 108 pury
SP-48-F11-P Steen Guneretor B - Htieas Prussurw Gtwem Guneretor 8 NOI REVIE WL . 1200 peig
GP-68-PT) S Stean Generator B Steam Pressure Steen Genwratr B NIV HEVIEW L LB 1200 pwiy
SP-8A-DPT P A loop 68 Fewvdwatwr Flow LP fvwdwater A NUT HevVitwel @ - 1158 5.
MU
SP-8A-FT-P Main Fesdweter Flow Rete = Luup A Slewes Gener st boewvdwater A NI ReViItWtUD @ 6.5 revH
SP-BA-FT1-$ Main tewdwatwr Flow Hale - Loop A Stear Guneralur  Bleesm DGenvrator A NUT REVIEWED 8 - 4.9 MePr
SP -8B -FT-P Main Fuwdweter Flow Retw - Loop D Steam Lenwr atur  Feedwaler B NOI HEVIEWED @ = 6.5 M PH
SP-88 F15 Marn Fesdwater Flow Rate ~ loop B Steam bLeneretor bHleas Benerator B NOT HEVIEWED © = 6.5 rirn
SPND L 10-2-8% Selt puwer @0 Neutron Detector, lo cure hev NOJ KeVIEWED -28 - 1.00
Nanvamps
SPND-C-6-2-1 Sl -puwer ed Neutrun UDwtwctor, |+ core HY HOT REVIEWLD -280 - 19590
Naiioamps
SPNO-E~-7~6-M Swl f -powered Neutron Letector, lon-ioure (1Y) NUT REVIEWED -20 - 1500
Nancamp s
SHND-E-Y-6- N Self -powered Neutron Delwctur, lo-cure Rv NUJ HEVIEWwLD 20 - 1508
Hunoampe
SPND-F-13-2-M Selt puwer wd Nwutron Detwctor, In-coure Rv NUT KREVIEW L 8 - 1508
Neafi0asps
SHND-#-13-4-M Selt power wd Neutron Letector, In-core HY NUT HEVItWED -8 - 1584
NanOeasps
SHFND-F-13-6 M BSelt-powered Neutron Detectlor, In-cure 4% NUT HEVIEWL D - 28 - )1.08
Natiamps
SPHD-F-3-2-1 Sel t -powered Neutron Detectur, In-core 21% NUI HEVIEWLD 20 1 S
Nenocasps
oMb -F - 3-4- 0 Sel { “powered Neutron Detector, In-cLure RV NUT HEVILWLD 28 -~ 158
Hatramg, s
SPND-F ~-3-6-M Sel ¢ punered Neutron Detectur, loi-cure HV NUT REVIEWED -2V 15,00
Nanoamp e
SHEFND G 11-2-M Selt puwered Neulron Detectur, 1l (ure Rv NOT HREVIEWED 8 - 1508
Nanvaspe
SPND-G-11-4 M Self-powsred Neutron Detectur, In Lore Rv NOT REVILWLED = .8 =~ 19598
Natuamps
SHEND-G-11-86-M Selt-powered Neutron Detector, lo core HY NUT HEVIEWLD =08 - 1589
Nanlvanp
SPND-G6-3-2 N Selt puwer @ed Neutlron Detector, in cure 3% NOE revitWed -0 - 15080
MNainvdn, @
SPND-G-3-4-M Selt puwerwd Neutron Detector, In cure HV NOT HEVIEW D N ] 19509
NanGasgs
SPND-G-93-6-M1 Selé power @d Neutron Detectour, In (ore RV NUT HLVIEwWe D L9~ 1508
Nencaspw
SPND-H-8-2-M Self power od Neutrun Detector, In-core Rv NOT HEVIEWEDL 2@ -~ 1988
Nanoanps
SPND-H-B-4-M Self-powered Neutron Detectur, In-cure Rv NUOT HEVIEW DL -20 - 19500

Nanvaaps
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MEASUREMENT MEASUREMENT DESCRIPTION REACTOR QUALLIFICATION MEASUREMENI MEASUREMENT
IDENTIFICATION SUB-SYSTEM CATEGDRY RANGE UNCERTAINTY
SPND-H-8-6-M Sel f-powered Neutron Detector, In-core RV NOT REVIEWED -20 - 1500
Nanoamps
SPND-H-9-2-M Sel {-powered Neutron Detector, In-core RV NOT REVIEWED -20 - 1500
Nanoamps
SPND-H-9-4-M Sel f -powered Neutron Detector, In-core RV NOT REVIEWED -20 - 1500
Nanoamps
SPND-H-9-&-M Sel f-powered Neutron Detector, In-core (23 NOT REVIEWED -20 - 1500
Nanoamps
SPND-K-11-2-M Sel f-powered Neutron Detector, In-core RV NOT REVIEWED -20 - 1300
Nanoamps
SPND-K-11-4-M Sel f-powered Neutron Detectaor, In-core RV NOT REVIEWED -20 - 1548
Nanoamps
SPND-K-11-4-M Sel f-powered Neutron Detector, In-core RV NOT REVIEWED -20 - 1506@
Nanoamps
SPND-K-5~2-M Sel f-powered Neutron Detector, In-core RV NO1 REVIEWED -20 - 1500
Nanoamps
SPND-K-5-6-M Sel f-pawered Neutron Detector, In-core RV NOT REVIEWED -20 - 1L0¥
Nanogamps
SPND-L-13-2-M Self-powered Neutron Detector, ln-care RV NOT REVIEWED -28 - 1500
Nanpamps
SPND-L-13-4-M Sel f-powered Neutron Detector, In-core RV NUl REVIEWED -20 - 1500
: Nanoamps
SPND-L-3-2-M Sel f -powered Neutron Detector, In-core RV NOT REVIEWED -20 -~ 1500
. Nanoamps
SPND-L-3-4-M Sel f -powered Neutron Detector, ln-core RV NOT REVIEWED -2@ - 1500
Nanocamps
SPND-L-3-6—M Sel f -powered Neutron Detector, In-core RV NOT REVIEWED -20 - 1500
Nanoamps
SPND-M-7-6-M Sel t -powered Neutron Detector, In-core RV NOT REVIEWED -~208 - 1500
Nanoamps
SPND-M-9-6-M Sel f -powered Neutron Detector, In-core RV NOT REVIEWED -20 - 150Q@
. Nanoamps
SPND-0-10-2-M Sel f-powered Neutron Detector, In-core RV NOT REVIEWED -20 - 1500
Nanvamps
SPND-D-6-2—-M Sel f -powered Neutron Detector, In-core HY NOT REVIEWED -2@ - 1500
Nanoamps
SR-FR-1638-S Cooling Tawer Make-Up Water Flow Rate Cooling Tower NOT REVIEWED @ - 168 GPM
TC-RWWD-TX1-S River Water Normal /Waste Discharge Differentaial Cischarge NOT REVIEWED Unknown
Temperature
TT-@1H-TC-P In-Core Thermocouple RV NOT REVIEWED 9 - 700 F
TT-026-TC-P In-Core Thermocouple Rv NOT REVIEWED a - 7808 F
TT-821 -TC-P In-Core Thermocouple RV NOT REVIEWED 0 - 700 F
TT-83F-TC-P In-Core Thermocouple RV NOT REVIEWED a - Jea F
TT-83L-TC-P In-Core Thermocouple RvV NOT REVIEWED @ - 700 F
TT-B3M-TC-P In-Core Thermacouple RV NOT REVIEWED 0 - 700 ¢
TT1-D4E-TC-P In-Core Thermocouple RV NOT REVIEWED 2 - 700 F
TT-B4N-TC-P In—-Core Thermocouple RV NOT REVIEWED B - 700 F
TT-85D-TC-P In-Core Thermocouple RY NUT REVIEWED ® - /00 F
IT-856-T7C-P In-Core Thermocouple RV NOT REVIEWED B - 700 F
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MR ASURE ML N MEABUREMENT DLSUHIPITON Wk Al TUR QUAL 1 TLisT LI 1 datst it M1 PE ASLHLMENT
IDENTIFICAT ION bl Sryhien LAILLLRY Hed o3k iRl LHTAINIY
TT-@54 - 1C -P In-Lore Thermocouple RV NUI eviewtld 8 708 Dwy
It @5 -1C P In-Core Theraocouple NV NUI HEVIEWED @ - 7808 Deg
11-850-TC-P InCore Theraocouple WY NOT Heviewi b B - /8@ Uwy
TY @6C-1C P In-Cure Theraucouple Rv HO!T REVIEWED @ = /0 Luy ¢
17-806-1C-P In Core Thermocouple Rv LT HEVIEWD 8 - /00 Deg
Tl @o 1L-P In-Core lhersocoun!le Hv NUI REVIEWID @ - 788 Deg
11 @0 - 1C-P In-Core Thersocouple RV NDT REVIEWLL @ -~ /88 [y ¢
11 -doi-10-P In-Core Thermocouple (T NOT ReEVIEWED @ - 708 Deg F
17-878-7C-P In-Core Theraocouple Rv NOT KtVitw D 8 -~ 700 Lwy +
IT-@7-1C-P In-Core Therau ouple RV NOT REVILWED © ~ 708 Dag F
171 @7F-1C-P In-Cure lhetaOuple HY NO! REVIEWEL B - /80 Dug t
1T &’n-7C-P In~-Core 'hermocouple Rv NUI HEVILWELD @ - 708 Deg ¢
IT-8’R-1C-P In-Core Thersocouple (2] NOT HLVIEWED @ - /&0 Deg F
11-@68-1C-+ In-Corw Ther escuuple Rv NOY HeVIEWED © - 780 Dwg ¥
17-88F -1C-P In-Core Ther aocuupie Hv NOT HEVIEWEL @B ~ /08 Duy F
T7-881-1C-P In-Cure Thersotouple Rv NOT e VitwtD @ ~ 7080 buey ¢
11-@8N-1C-P In-Core Ther mod ouple Rv HOI REVILWED © - 768 Dey |
17T-89C-1C-¥ In-Core Thereocouple HV NUT HEVILWED @ - 780 Dwg
11-@9€-1€-P In-Cure Thermocouple Rv NOT HEVIEWLD © - 708 Deg
17T dvL-1C-P In-Core Thermocouple RV NOT REVILWED @ - 708 Dwy F
VTI1-@9H-1C-P In Core Thersocouple RV NUT REVIEWED @ - 7@ Deg ¥
17-@94-1C~-P ln-Core Theraucouple Rv NUT REVIEWID @ - 708 Dwg F
IT-@9N-TC-P In-Lore lhersocouple RV NOT REVIEWED @ - 780 Doy ¢
T7T-18C~1C-P 1n-Cure Theraocouple Rv NOT REVIEWED B - /O Dug F
I7-1@D-1C-P In-Core Thersocouple Rv NOi REVIEWLD @ - 708 Deg F
TT-18M-TC-P In-Core Theraocouple RV NUT HEVILWID @ -~ /88 Dug +
171-180-T1C-P In-Core 'her mucouple RV NOI HEvIEWwtD @ ~ 708 Dwg
T71~-1OR-TC-P In-Core Therasocouple RV NOT REVIEWLD @ - 70@ Doy F
T7-1it-1C-P in-Core Thermocouple RV NOT REVIEWLD © - 708 Deg F
17-13G-1C-P InCwe Tharsocouple Rv NOT REVIEWED © - V3 Deg
rT-31n-1C-P In Cure Theravcouple Rv NOT REVIEWED @ - 708 Dwg
T71-11L-7C-P In-Cure Thermocouple RV NOT REVIEWED @ ~ /88 Dug ¢
11-12F-1C-P In-Core Thermocouple RV NDT REVIEWLD @ - 708 Deg ¢
Ti=-120-TC-P In-Core Thersocouple RV NOT REVIEWED @ - 708 Dug F
11-120-7C-P In-Core Thersocoupl!a® Rv NUT REVIEWED @ - /00 Dug F
Ir-13C~1C-P In-Core Thermocouple Rv NOT REVIEWLD @& - 70D Dwg +
TT-13F-T1C-P In-Core Theraocouple Ry NDT REVIEWED @ - 7808 Dwqg +
T1-136-1C-F In-Cuore Thersocouple RV NOT REVIEWD @ - 780 Deg F
TT-13+-TC-P In-Core Thermocouple Av NUT REVIEWED @ - 708 Deg F
TI-33L-7C ¥ in-Core Thermocouple Hv NOT REVIEWLD @ - 788 Luy F
T1-14D-TCP In-Core Thermocouple Rv NUT REVILWRD @ - 788 Dwg +
17T-14M-TC-P In-Core Theraocouple ARv NUT HEVILWED @ - 780 Dug ¢
TIT-CONDC -1X13-S Cundensor C Inlet Temperature Steen Generaturs NOT REVIEWLD ® - 188 F
TT-CONDM-TX]-§ Condensor H Inlet Tesperature Stwaa Generators NOT REVIEWELD © - 1L +
TT-DMCA-TEI-M Decey Heat Cooler A ODutlet Temperature Ducay Haat NOT HEVIEWED @ - 400
¥T-0HCB-TE1 M Decay MHeat Cooler B Outliet Tempereturwe Decay Heat NOT REVIEWED @ ~ 49 +
IT-DHPA- TE1-M Decey teuat Pump A Outlet Temperature Dwcay Heat NOT REVIEWED @ - 498
IT-DMHPB-TE! M Dwcay tiwat Pump B Outlet Tempereture Decay lHuwat NOT REVIEWED 2 -~ 402 ¢+
TT-NDCT-1E1-M Natural Draféit Cooling Tower Tempereture Cooliny Tower NDT REVIEWED 9 - 4@ ¥
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MEASUREMENT
IDENTIFICATION
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TT-RCAT-TXX-S
TT-RWRS-TXX~M
TT-TURB-TX1-M
TT-TURB~TX2-M
TURB-TRIP-R
VA-R-748-G-M

VT-TURB-SW1-§
WD-1A-S
WGD-R-1485-6-M
WGD-R-1486-6-M

WS-1A-S

TMI-2 MEASUREMENITS DESCRIPTION LIST

s sNEEST S S=sS= oo

MEASUREMENT DESCRIPTION

Reactor Coolant Average Temperature

Rad Waste Leakage Recovery System Temperatures
Turbine Generator Temperature

Turbine Generator Temperature

Turbine Trip

Condenser Vacuum Pump Discharge Radiation Monitor
- Bas

Main Turbine Bovernor Valve Position

Wind Direction

Waste Gas Decay Tank Discharge 1A Radiation
Monitor - Gas

Waste Gas Decay Tank Discharge 1B Radiation
Monitor - Gas

Wind Speed

TABLE E-1

REACTOR
SUB-SYSTEM

RC

Waste
Turtine
Turbine
Turbine
Feedwater

Turbine
Plant
Waste Gas

Waste Gas

Plant

QUAL IFICATION
CATEGORY

MEASUREMENT
RANGE

MEASUREMENT
UNCERTAINTY

NOT REVIEWED
NOT REVIEWED
NOT REVIEWED
NOT REVIEWED
NOT REVIEWED
NOT REVIEWED

NOT REVIEWED
NOT REVIEWED
NOT REVIEWED
NOT REVIEWED

NOT REVIEWED

520 - 620 F

0 - 700 F

B - 200 F

70 - 25@ F
Run-Traip
18 -~ 10E+6 CPM

0 - 100 %
@ - 540 F
18 - 1BE+4& CPM
18 - 10E+& CPM

B - 100 MPH
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