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PREFACE

This report is one of a series documenting the results of the Swedish-
American cooperative research program in which the cooperating scientists
explore the geological, geophysical, hydrological, geochemical, and struc-
tural effects anticipated from the use of a large crystalline rock mass as a
geologic repository for nuclear waste. This program has been sponsored by
the Swedish Nuclear Power Utilities through the Swedish Nuclear Fuel Supply
Company (SKBF), and the U.S. Department of Energy (DOE) through the Lawrence
Berkeley Laboratory.

The principal investigators are L.B. Nilsson and 0. Degerman for
SKBF, and N.G.W. Cook, P.A. Witherspoon, and J.E. Gale for LBL. Other
participants will appear as authors of the individual reports.

Previous technical reports in this series are Tisted below.

1. Swedish-American Cooperative Program on Radioactive Waste Storage in
Mined Caverns by P.A. Witherspoon and 0. Degerman. (LBL-7049, SAC-01).

2. Large Scale Permeability Test of the Granite in the Stripa Mine and
Thermal Conductivity Test by Lars Lundstrom and Haken Stille.
(LBL-7052, SAC-02).

3. The Mechanical Properties of the Stripa Granite by Graham Swan
(LBL-7074, SAC-03).

4. Stress Measurements in the Stripa Granite by Hans Carlsson (LBL-7078,
SAC-04).

5. Borehole Drilling and Related Activities at the Stripa Mine by P.d.
Kurfurst, T. Hugo-Persson, and G. RudoTph (LBL-7080, SAC-05).

6. A Pilot Heater Test in the Stripa Granite by Hans Carlsson (LBL-7086,
SAC-06) .

7. An Analysis of Measured Values for the State of Stress in the Earth's
Crust by Dennis B. Jamison and Nevilile G.W. Cook (LBL-7071, SAC-07).

8. Mining Methods Used in the Underground Tunnels and Test Rooms at Stripa
by B. Andersson and P.A. Halen (LBL-7081, SAC-08).

9. Theoretical Temperature Fields for the Stripa Heater Project by T. Chan,
Neville G.W. Cook, and C.F. Tsang (LBL-7082, SAC-09).

10. Mechanical and Thermal Design Considerations for Radioactive Waste
Repositories in Hard Rock. Part I: An Appraisal of Hard Rock for
Potential Underground Repositories of Radioactive Waste by N.G.W. Cook;
Part 11: 1In Situ Heating Experiments in Hard Rock: Their Objectives
and Design by N.G.W. Cook and P.A. Witherspoon (LBL-7073, SAC-10).

11. Full-Scale and Time-Scale Heating Experiments at Stripa: Preliminary
Results by N.G.W. Cook and M. Hood (LBL-7072; SAC-11).
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Geochemistry and Isotope Hydrology of Groundwaters in the Stripa
Granite: Results and Preliminary Interpretation by P. Fritz,
Barker, and J.E. Gale (LBL-8285, SAC-12).

Electrical Heaters for Thermo-Mechanical Tests at the Stripa Mine by
R.H. Burleigh, E.P. Binnall, A.0. DuBois, D.0. Norgren, and
A.R. Ortiz (LBL-7063, SAC-13).

Data Acquisition, Handling, and Display for the Heater Experiments
at Stripa by Maurice B. McEvoy (LBL-7062, SAC-14).

An Approach to the Fracture Hydrology at Stripa: Preliminary Results
by J.E. Gale and P.A. Witherspoon (LBL-7079, SAC-15).

Preliminary Report on Geophysical and Mechanical Borehole Measurements
at Stripa by P. Nelson, B. Paulsson, R. Rachiele, L. Andersson,

T. Schrauf, W. Hustrulid, 0. Duran, and K.A. Magnussen (LBL-8280,
SAC-16).

Observations of a Potential Size-Effect in Experimental Determination
of the Hydraulic Properties of Fractures by P.A. Witherspoon, C.H.
Amick, J.E. Gale, and K. Iwai (LBL-8571, SAC-17).

Rock Mass Characterization for Storage in Nuclear Waste in Granite
by P.A. Witherspoon, P. Nelson, T. Doe, R. Thorpe, B. Paulsson,
J.E. Gale, and C. Forster (LBL-8570, SAC-18).

Fracture Detection in Crystalline Rock Using Ultrasonic Shear Waves

by K.H. Waters, S.P. Palmer, and W.F. Farrell (LBL-7051, SAC-19).

Characterization of Discontinuities in the Stripa Granite--Time Scale

Heater Experiment by R. Thorpe (LBL-7083, SAC-20).

Geology and Fracture System at Stripa by A. Olkiewicz, J.E. Gale,

R. Thorpe, and B. Paulsson (LBL-8907, SAC-21).

Calculated Thermally Induced Displacements and Stresses for Heater

Experiments at Stripa by T. Chan and N.G.W. Cook (LBL-7061, SAC-22).

Validity of Cubic Law for Fluid Flow in a Deformable Rock Fracture

by P.A. Witherspoon, J. Wang, K. Iwai and J.E. Gale (LBL-9557, SAC-23).

Determination of In-Situ Thermal Properties of Stripa Granite from

Temperature Measurements in the Full-Scale Heater Experiments: Methods

and Primary Results by J. Jeffry, T. Chan, N.G.W. Cook and P.A.

Witherspoon (LBL-8424, SAC-24).

Instrumentation Evaluation, Calibration, and Installation for Heater
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Ang Public-domain tapes (Section 8) and Appendix D.

Braley Coding of programs for verification of data conversion for
thermocouples and USBM gauges.

McEvoy Writing of Sections 2 and 3 and Appendix B.

DuBois Extensometer calibration coefficients and sensor locations.

Lingle USBM gauge calibration coefficients.

Littlestone Coding of program for verification of data conversion for
extensometer and computer graphics.



GLOSSARY

This glossary is included to provide the reader with a quick reference

to uncommon terms, or terms which normally have wider meanings but are used

in a restrictive sense in this report.

It is by no means exhaustive.

Appendix B contains a further 1ist of abbreviations.

AD-9
ARPA
ASCII
B&F
BCD

bpi
Cl

CDC
DCDT

Engineering data

Experiment 1
Experiment 2
Experiment 3

Extensometer

GSS

Acurex Autodata-Nine data logger

Advanced Research Project Agency (Department of Defense)
American Standard Code for Information Interchange

Data logger used for USBM gauges

Binary Coded Decimal

Bits per inch, the unit for density of information
recorded on magnetic tape

A function that is continuous and has continuous first
derivative

Control Data Corporation

A special Linear Variable Differential Transformer

(LVDT) transducer containing hybrid circuits that provide
signal conditioning for direct current input and output.
A DC-LVDT, hence, DCDT

Experimental data that were converted to engineering
units using computer programs written at LBL. Data on
the PDT are time-averaged engineering data

Full-scale experiment with 3.6 kW heater

Full-scale experiment with 5 kW heater and eight addi-
tional peripheral heaters

Time-scaled experiment

Rod-type extensometer type 4 CSLT(R) with four superinvar
rods, manufactured by Terrametrics, Inc. of Golden,
Colorado

Gettape Stotape System, a system for information storage
and retrieval designed by LBL's computer center staff.
Refer to GSS writeup by LBL's computer center for detailed

description and usage



Hand-shake
circuitry

IRAD gauge

I0IS
LBL

Logger data

Long-term data

MODCOMP
NBS
PDT

PSS

PWR

Raw data

REMAC
SAC

SPF

Superinvar

Thermocouple
USBM gauge
WRRAIS

X1

Electronics used to coordinate the asynchronous timing,
control, and data flows between the IRAD data logger
and the digital IOIS interface with the MODCOMP computer

Vibrating wire stressmeter, manufactured by IRAD Gage,
Inc., Lebanon, New Hampshire

MODCOMP's Input/Output Interface Subsystem

Lawrence Berkeley Laboratory, University of California,
Berkeley, California

Data printed on paper tapes by data loggers; also
referred to as "data logger data"

Experimental data that were time-averaged and converted
to engineering units using the computer programs imple-
mented on the MODCOMP computer "on-site"

Modular Computer Systems, Inc.

National Bureau of Standards, U.S.A.

Public-domain tapes - two 800 bpi, 2400 ft. magnetic
tapes (for computer use) containing digital data from the
Stripa heater experiments; available to the public

Program Storage System. Refer to PSS writeup by LBL's
computer center for detailed description and usage

Pressurized Water Reactor

Unprocessed experimental data recorded by the computer-
based data acquisition system

MODCOMP's Remote Data Acquisition Unit

Swedish-American Cooperative Program on Radioactive
Waste Storage in Mined Caverns in Crystalline Rock

Sensor Parameter File

An alloy (64% Fe, 31% Ni, and 5% Co) with Tow thermal
expansion coefficient

Chromel-Alumel type K thermocouple
U.S. Bureau of Mines borehole deformation gauge

Wide Range-Relay Analog-Input Subsystem, manufactured
by MODCOMP



10.
11.
12.
13;

14.

15.

16.

X1

LIST OF FIGURES

Location of experimental rooms .« o « ¢ ¢« ¢ ¢ o o o o o o o o o «

3-D view of Experiments 1 and 2 (full-scale experiments)

showing heater Tlayout and some instrument holes . « « ¢ & o o &

3-D view of Experiment 3 (time-scaled experiment) showing

heater Tayout .« & & & ¢ ¢t o v 4 o o o o o o o o o o o o o o

Plan (a) and elevation (b) views of Experiments 1 and 2

illustrating heater and extensometer Tocations . . . v « o & .« .

Nominal power histories of the full-scale heater experiments:

(a) Experiment 1, (b) Experiment 2 . v ¢ v v v v v o ¢ o o o o &

Plan view of heater Tayout in Experiment 3 (time-scaled

experiment) . . . o . . s e e s s e e s s s e e e e e e e

Typical power history of one of the heaters (H1) in

Experiment 3 . . . . . . . s e s s s s s e s s s e e e s e e s

Important milestones for the Stripa heater experiments .

Block diagram of the Stripa data acquisition system . . . . . .

Scatter plot of raw data versus AD-9 logger data for a

thermocouple « v ¢ o o v 6 0 6 bt e e e e e e e e e e e e e e

Scatter plot of raw data versus AD-9 logger data for an

extensometer anchor point . . & & ¢ ¢ ¢ ¢« 4 e 4 b e b 6w o e e .

Scatter plot of raw data versus IRAD Tlogger data for an

IRAD stressmeter & ¢ & ¢ « ¢ ¢ c o o o o o o o s o o o 5 « o s

Scatter plot of raw data versus B&F logger data for

USBM QAUQGE « ¢ & o o o o o o o o o s o o s s o o s s o o s o o o

Scatter plot of raw data versus logger data at two values of
time for all sensors: (a) AD-9 logger data for Experiments
1 and 2 (full-scale experiments), (b) AD-9 Togger data for
Experiment 3 (time-scaled experiment), (c) B&F Tlogger data,

and (d) IRAD Togger data « o« « « o o « o o o o « o o o o o o o &

Scatter plot of raw data versus AD-9 Tlogger data for a

thermocouple, showing poor correlation . « « « ¢ o« & o « & . . e

Time history for voltage data for the thermocouple in Fig. 15:
(a) raw data, (b) AD-9 1ogger data@ « « « « « « o o« o « o « o « &

13

15

16
18
21

34

35

36

37

41

43

44



17.

18.

19.

20.

21.

22.
23.
24.

25.

A-1.
A-2.
A-3.
A-4.

A-5.

A-6.

A-7.

A-8.

xiii

Page
Scatter plot of raw data versus AD-9 logger data for the
thermocouple in Fig. 15, showing improved correlation after bad
data points were removed . o o o o ¢ ¢ s e o s e 6 s e 4 4 e e e 46
Scatter plot of the deviation (raw WRRAIS voltage minus AD-9
logger voltage) versus AD-9 Togger voltage . . « . ¢« « & o &« & & 48
Schematic illustration of the relationship between voltage (V),
diametral displacement (U), and temperature (T) for a USBM
gauge. See text for detailed information . « « « « « & o« o s e 64
Scatter plot of converted temperatures (engineering data)
versus long-term temperatures for all thermocouples installed
in USBM holeS v ¢ o o o o o o o s o s o o o s o s o o o s o o o 71
Scatter plot of converted temperatures (engineering data)
versus AD-9 logger temperatures for sampled thermocouples from
(a) Experiment 1, (b) Experiment 2, (c) Experiment 3, and
(d) all three experiments « ¢ ¢ ¢ ¢ o o ¢ ¢ o o ¢ o o o o o o & 72
Overall data structure on public-domain tapes . . « « « o = o & 80
Sample sensor parameter record . « « o « ¢« o s « o o & s o o o o 85
Detailed file arrangement for public-domain tape; (a) tape 1 of
2, (b) tape 2 0T 2 ¢« v v v v ¢ e e e s e 0 s e e s s e s e e e s 86
Detailed structure and format of sensor data within a borehole . 91
Power history for Experiment 1 (H9) .« ¢ & ¢« v ¢ o ¢ ¢ o o« o o o A-29
Power history for Experiment 2 (HI0 - HI8) . « « « ¢ o o o o « . A-30
Power history for Experiment 3 (H1 - H8) . . . . « ¢« « o ¢« « . . A-34
Plan view of full-scale heater drift showing locations of
heater and instrument boreholes . « « ¢« ¢« ¢ ¢ ¢« ¢ ¢ o o o o o & A-36
Vertical sections of full-scale heater drift and extensometer
Arift @ o v o o o o o o o o o s & o s o o o 6 o o o o 4 o s 4 s A-37
Plan view of time-scaled drift showing locations of heater and
instrument boreholes « « ¢ ¢« ¢ o o o o o o a o« o s o o o o o o o A-39
Vertical section along axis of time-scaled drift . . « .« « « o« & A-40

Extensometer anchor point designation . . ¢ ¢ & ¢ o &« ¢« o o & & A-41



B-1
B-2

B-3

B-4

B-5

B~6

B-7

B-8

B-9

B-10

B-11

B-12

B-13

B-14

B-15
B-16

B-17

Xiv

Block diagram of the Stripa data acquisition system . . . . . .

Block diagram of the analog input portion of the computer-
controlled data acquisition system . + « ¢ ¢« ¢ ¢ ¢ ¢ ¢« & &« o o &

History of circuit board changes between the full-scale and
t‘ime"'sca]e WRRAISS ° ° L] e © @ 8 6 o © © @ @ o 9 e e ©® © © e © o

Differences between WRRAIS and AD-9 voltages for: (A) Full-
scale thermocouple 478 and (B) Time-scale thermocouple 910 . . .

Diagrams of the calibration setup: (A) General setup and
(B) Detailed cabTing « « v ¢ ¢ v ¢« v 4 v o o o o o o o o o o o

Reference voltage and shorted input for: (A) Time-scale AD-9
and (B) Full-scale AD=9 . & & & v & v v v v o v o o v e e e

Difference between WRRAIS and AD-9 voltages from full-scale
thermocouples on July 7, 1979 & & v v ¢ 4 v v o o o o o« o o o »

Calibrations of: (A) Full-scale and (B) Time-scale AD-9's in
Aug. 79 and Apr. 80 & ¢ ¢ 4 v e e e e e e e e e e e e e e e .

Expanded scale for calibration of: (A) Time-scale and (B) Full-
scale AD-9's in Aug. 79 and Apr. 80 v « v ¢ v ¢ 4 4 e e 0 . . .

Error counts vs: (A) Negative input voltages and (B) Postive
input voltages for the full-scale WRRAIS with zero-offset
board removed . ¢ ¢ i 4 b i 6 b e bt e e e e e e e e e e e

Extensometer displacement error due to full-scale WRRAIS error,
Febe 80 & v v v o i i e e e e e e e s e e e e e e e e e e e

USBM borehole deformation error due to the full-scale WRRAIS,
for a typical (64 um/mV) USBM gauge .« « « o« o o « o o « o o o &

Temperature measurement errors due to: (A) Full-scale and
(B) Time-scale WRRAIS errors, for a typical (25°C/mV)
thermocoupTe v & ¢ ¢ & 6 v 6 6 o o o o o b o o 8 6 6 o o o o o @

Difference history between full-scale WRRAIS and AD-9 readings .
Difference history between time-scale WRRAIS and AD-9 readings .

Observed: (A) Probability of failure and (B) Probability of
repair vs. time for the MODCOMP computer system .« « « « « » o

Data collection periods (shaded regions) for H10: (A) USBM
gauges, (B) IRAD gauges, (C) Thermocouples, and
(D) EXtensometers .« v o o o o o o o o o o o o o o o o o o o o

Page

B-7

B-11

B-17

B-20

B-22

B~-32

B-34

B-37

B-39

B-41

B-43

B-44

B-45

B-49
B-52



10.
11.
12.

13.
14.
15.

A-2
A-3
B-1

B-2

XV

LIST OF TABLES

Page
Dimensions of the heaters and heater layout . . . . .. e e e 12
Number of heater and instrument holes in each experiment . . . . 19
Units used in engineering data « « « ¢ ¢« ¢ o o & o o o o o o & . 32
Cross-correlation coefficients (r) between raw data and data
logger data for some sensors in the Stripa heater experiments . 38
Free thermal strain of superinvar rod at various temperatures
ADOVE 20°%C v v &« & o o o o o o o s s o s e 8 o 8 s 4 v s e o = s 57
Deviation of raw voltage from AD-9 data Togger voltage for
thermocouple TE7D (sensor no. 160) before and after voltage
COrrECtiON & o « « o o o o o s s o = s o o o o o s s s o s o o o 68
Root-mean-square (rms) deviation between raw voltage and AD-9
logger voltage for a number of thermocouples before and after
voltage COrrection « o o o o o o o o o o o o o o s o o o o o o o 69
Comparison of engineering data obtained for some extensometers
using two different conversion programs . . « « o o o o ¢ o & & 75
Comparison of engineering data obtained for two USBM gauges
using two different conversion programs . . . . v e s e e e e 78
Master sensor parameter file record structure . . « « « « ¢ o & 82
Master sensor parameter file description . . « « « ¢ « & o o o 83
Location of raw data and engineering data before averaging on
Magnetic TapesS o« + v o o o o o o o o s o o 4 o o e e e e o = = o 93
Time period and access ID for raw data files . . . . . . « a6 e 95
Format for a raw-data file « o« ¢ ¢ ¢ ¢ o ¢ ¢ ¢ o o o s o o o o 97
Format for a logger data file .« ¢« « ¢« ¢ o ¢ ¢ o ¢ v ¢ o ¢ o o 98
Correspondence between calendar dates and experiment days for
the Stripa heater experiments .« « ¢ o ¢« ¢ ¢ o ¢ ¢ o o o & o o o A-3
Power histories for the Stripa heater experiments . . . . . . . A-10
Sensor locations in the Stripa heater experiments . . . . . . . A-13
Chronology of important events . « « o« o ¢ o ¢ ¢ o ¢ o o o o o & B-9

WRRAIS's analog input voltage ranges « « « « ¢ ¢ ¢ o o o« o o o = B-12



Xvi

Page

B-3 Gain ranges and operating bands for the WRRAISs . . . « . o . . B-14
B-4 Measurement resolution of thermocouples, extensometers, and

USBM gauges imposed by the WRRAIS's 11-bit ADC . . « « ¢ « & « . B-15

B~5 Significant voltage offsets for full scale thermocouple 478 . . B-19
B-6 Significant voltage offsets for time scale thermocouple 910 . . B-19
B-7 Specifications for the Fluke 343A DC voltage calibrator . . . . B-25

B-8 Input characteristic specifications for the Fluke 8500A DVM . . B-26

B~9 Accuracy specifications for the Fluke 8500A DVM . . . . . « . . B-26
B-10 Specifications for the AD-9 data logger . . . « ¢ o ¢ ¢ o « « & B-27
B-11 General input specifications for the WRRAIS . . . . . . . . .. B-27
B-12 Specifications for the WRRAIS's zero-offset feature . . . . . . B-28
B~13 General output specifications for the WRRAIS . . « . . « « « « & B-30
B-14 Peak 3-sigma output noise specification for the WRRAIS . . . . . B-31

B-15 Common mode rejection (CMR), from DC to 60 Hz, for the WRRAIS . B-31

B-16 Reference output voltages, measured with the same
Fluke 8500A DUM ¢« & & ¢ o o & o s s o s o o o o o o s o o o o B-31

B-17 B&F data logger and WRRAIS voltage readings « « « ¢ o o o o « & B-36

B-18 Selected voltage offsets and gain factors used to correct the
full scale WRRAIS's raw voltage data « « v o o « o o o o o o o B-55

B-19 Selected voltage offsets and gain factors used to correct the
time scale WRRAIS's raw voltage data . « « « o o o ¢ o o o o o B-56

B-20 Gaps in the "raw" data collected by the MODCOMP computer . . . . B-61
C-1 Grouping of thermocouples by peak temperature . . « « « « « & & C-2
C-2 Thermocouple polynomial coefficients from NBS calibration . . . C-2
C-3 Sensor parameters for extensometers . « ¢« o« o« ¢ ¢« ¢« o« o o o o o . C-3
C-4 Sensor parameters for USBM gauges .« « « « o « « o o o o o o o o C-5

C-5 Time table for bad data for USBM gauges .« o « ¢ « « o o « o o C-8



ABSTRACT

Heater experiments were conducted in a granite body adjacen£ to a
recently abandoned iron ore mine at Stripa, Sweden, to investigate the
response of a hard rock mass to thermal loading. Heating commenced in June,
1978 and lasted for approximately one year. The rock was heavily instru-
mented to measure the temperature, displacement, and stress fields. Monitor-
ing of the rock response continued for half a year after the heaters were
deactivated. In-situ post-experiment calibrations of instrumentation were
completed by June, 1980. The enormous data base (approximately 50 million
measurements), recorded by a computer-based data acquisition system, has now

been structured, verified, and converted to engineering units.

This report describes the types of data available and the procedures
used for data acquisition, transfer, encoding-decoding, reorganization, stor-
age, processing, and verification. Information is given on data structure

and format and how potential users can access the computer-readable data.

The work presented in this report can be summarized as follows:

(i) To ensure that no gross error, such as misidentification of sensor
or time, has been inadvertently introduced during data manipulation, the raw
data (recorded by the computer on magnetic tapes) were verified by comparison
with sampled back-up data recorded by data loggers. The comparison was made
using scatter plots and cross-correlation coefficients.

(ii) A computer program has been written for reprocessing "raw voltage
data" tapes to obtain heater power, currents, voltages, temperatures,
displacements, borehole deformations. Important differences between this
program and the original program implemented on the MODCOMP computer at

Stripa to perform initial "on site" data conversion include:
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(a) correction for voltage errors caused by malfunctions in the MODCOMP
computer's "Wide-Range Relay Analog-Input Subsystem,"

(b) use of NBS calibration coefficients for thermocouple data to
circumvent the self-heating problem in the standard employed for
field calibration of thermocouples,

(c) consistent adherence to rock mechanics sign convention for all
thermal strains and displacements to avoid possible sign error in
accounting for the thermal expansion of the extensometer rods or
the body of the USBM gauge,

(d) improved numerical methods in correcting for’the thermal expansion
of the extensometer rods,

(e) more accurate computation of the temperature dependence of various
calibration parameters for the USBM borehole deformation gauges,

(f) use of new calibration parameters which represent the results of
the pre- and post-test instrument calibrations, with due account
taken of the fact that some sensors had been removed and re-
installed during the heater tests.

(i11) The data processing procedures were verified by showing that:

(a) the root-mean-square deviation between the raw voltages and data
logger voltages were reduced by the voltage correction procedure;

(b) good correlation existed between temperatures recorded by the data
Toggers and those obtained by reprocessing the raw data with the
computer program mentioned above;

(c) two different computer programs for converting raw vo]iage data to
engineering units using either different numerical techniques (as

for extensometer disp1acemehts) or the same algorithm but with
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coding done by two different individuals (as for USBM borehole
diametral displacements) produced practically identical results.
(iv) A1l the raw data were reprocessed and written on two standard

magnetic tapes. The data on these tapes are logically ordered.



1.  INTRODUCTION

Several concepts have been proposed for isolating radioactive wastes
from the biosphere (U.S. Department of Energy, 1979). Among these, conven-
tional geological disposal--burial in deep underground caverns in a geologi-
cally stable formation--appears to be the most practicable. One of the host

rock types being considered is granite.

The heat generated by radioactive decay must be accounted for when
assessing the structural integrity of a waste repository and when estimating
the likelihood of any of the waste returning to the biosphere while still
significantly radioactive. To study the thermal effects, heater experiments
were conducted in a granite body at a depth of approximately 340 m in the
Stripa mine in Sweden. These experiments were part of a Swedish - United
States cooperative program to study radioactive waste storage (Witherspoon

and Degerman, 1978; Witherspoon et al., 1980).

The Stripa heater experiments were conducted from June 1978 to June
1980 and yielded an enormous amount of data. This report describes these
data as they appear on public-domain magnetic tapes to be released to the
nuclear waste isolation research community. This is the first time that a
comprehensive set of field data on the thermal and thermomechanical responses
of a hard rock mass has been made available in digital form in the open

Titerature.

Descriptions of the experiment configuration, heater power histories,
and the procedures for data acquisition, handling, verification, and process-
ing are included to ensure that the report is self-contained. Finally, the
structure and format of the data on the public-domain tapes are described,

along with information on acquiring the public-domain tapes and accessing



other available data.

Assessment of measurement errors resulting from uncertainties in cali-
bration coefficients and other instrumentation limitations will be addressed
in two future SAC reports. Errors introduced by hardware problems in the
computer-based data acquisition system are discussed in one of the appen-
dices. Statistical estimate of random errors is not possible because there
is only one single data point of a particular type at each point in space and

time.

1.1 General Description of Heaters and Heater Layout

Two full-scale experiments and one time-scaled experiment were conduc-
ted. The primary objective of the full-scale experiments was to assess the
short-term thermal and thermomechanical responses of the granite rock mass in
the immediate vicinity of simulated nuclear waste canisters. The time-
scaled experiment provided field data for the interaction between adjacent
waste canisters for two different spacings over a period of time equivalent
to about a decade. Figures 1-3 (taken from Witherspoon et al., 1980) illus-
trate, respectively, the locations of the experimental drifts and the

general configurations of the full-scale and time-scaled experiments.

1.1.1 Experiments 1 and 2

Full-scale electrical heater canisters, 0.32 m in diameter and 2.59 m
long, were placed in vertical 0.406 m diameter boreholes as shown in Fig. 4,

with their midplane approximately 4.25 m below the floor of the drift.

Experiment 1 consisted of a single heater canister operated at a
constant electrical power of 3.6 kW which was supplied by four heating

elements (see Burleigh et al., 1979 for details).
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Experiment 2 comprised a 5 kW main heater ringed by eight peripheral
heaters that were operated at a nominal power of 1 kW each during their first
40 days of operation, then reduced to 0.85 kW each. These peripheral heaters
were energized 204 days later than the 5 kW heater to further raise the
ambient rock temperature by approximately 100°C. Dimensions of the heaters
and heater layout are summarized in Table 1. Nominal power histories
for Experiments 1 and 2 are shown in Fig. 5. Detailed plots and tables of
the measured heater powers, which were all within 1% of the planned values,

are given in Appendix A.

1.1.2 Experiment 3

Experiment 3, the time-scaled experiment, reduced all linear dimensions
of the experiment by a factor of 3.2. This compressed time by a factor of
10.2 due to the quadratic relationship between time and distance in Tinear
heat conduction. Eight canisters, with two heater elements each, were
emplaced in an array 10 m below the floor of a drift. Spacing between
canisters in this array (see Fig. 6) was 3 m by 7 m, representing an equiva-
Tent 10 m by 22 m full-scale array spacing. The power to these heaters was
scaled linearly with canister size. At the start of the experiment, the
power output of each of these time-scaled heaters was 1.125 kW, which repre-
sented 3.6 kW in the full-scale. This power was reduced during the experi-
ment to represent the decay of reprocessed PWR (pressurized water reactor)
high-level waste (Kisner et al., 1977) over this time period. The power
history of such high-level waste was scaled to obtain the power history of
one time-scaled heater (Fig. 7). During the experiment, actual reduction of

heater power was delayed for two weeks because of some operational problems.

Detailed plots and tables are given in Appendix A.
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Table 1. Dimensions of the heaters and heater Tlayout

a. Experiments 1 and 2 (full-scale experiments)

Length of hot section of heater element 2.44 m ( 8.00 ft)
Approximate heated length* of heater canister 2.61 m ( 8.55 ft)
Diameter of central heater canister 0.324 m (12.75 in)
Diameter of central heater hole 0.406 m (16.0 1in)
Length of peripheral heater 4,27 m (14,0 ft)
Diameter of peripheral heater 0.027 m ( 1.05 in)
Diameter of peripheral heater hole 0.038 m ( 1.50 in)
Radius of the ring of peripheral heaters 0.9 m (35.4 1in)
Nominal depth of the midplane of the heater

array below the floor of the drift 4.25 m (13.9 ft)
Center-to-center separation between the two

experiments ' 22 m (72.2 ft)
b. Experimént 3 (time-scaled experiment)
Length of hot section of heater element 0.762 m ( 2.05 ft)
Approximate heated length of heater canister 0.787 m ( 2.58 ft)
Diameter of heater hole 0.127 m ( 5.00 in)
Center-to-center spacing of heaters along heater

drift axis 7 m (23.0 ft)
Center-to-center spacing of heaters perpendicular

to heater drift axis 3 m ( 9.84 ft)
Nominal depth of the midplane of the heater array

below the floor of the drift 10 m (32.8 ft)

*The effective heated Tength of a heater is a matter of interpretation and
the reader should refer to Burleigh et al. (1979) for detailed construction
of the heaters.
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The initial power in this experiment represents an equivalent areal

power density of

3600 M __ - 16.36 W/n® = 66.21 ki/acre.
10 x 22 m

Important milestones for the three experiments are summarized in Fig. 8.

1.2 General Description of Instrumentation and Quantities Measured

For easy reference a brief description is given below of the instrumen-
tation and the quantities measured in each experiment. Table 2 lists the
number of heater and instrument boreholes. Details of instrument evaluation,
calibration, and installation have been documented in a previous SAC report

by Schrauf et al. (1979).

1.2.1 Instruments for Experiments 1 and 2

In full-scale experiments 1 and 2, five different types of thermal and
thermomechanical data were collected using:

a. heater monitors (voltage, current and power of each heater element);

b. thermocouples (temperatures);

c. multiple~anchor rod extensometers (vertical and horizontal displace-
ments);

d. IRAD (CREARE) vibrating-wire gauges (fundamental vibrational periods
of gauge wires, from which stress changes were derivedl); and

e. USBM borehole deformation gauges (diametral displacements of bore-

holes, from which stress changes were derivedl).

1 Although data from IRAD and USBM gauges were initially converted to

stress changes using the programs implemented on the computer at Stripa,
subsequent work has indicated that the calibration parameters, rock proper-
ties, and mathematical equations assumed in the original conversion are all
questionable. See Sections 4 and 6.
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Table 2. Number of heater and instrument holes in each experiment

Heater Thermo~ Exten- IRAD USBM
couple someter
V¥ H V H vV H
Experiment 1 1 6 6 9 2 b5 10 5
Experiment 2 9 6 6 9 3 3 10 5
Experiment 3 8 12 5 0 0 0 g0 O

*\y = vertical hole; H = horizontal hole

Temperatures were measured on the heater canisters, in the rock, and on
other instruments. Only the thermocouple boreholes were designed to measure

rock temperatures.

1.2.2 Instruments for Experiment 3

Experiment 3, the time-scaled experiment, was instrumented to measure:
a. heater powers, voltages, and currents;
b. temperatures; and

c. vertical displacements.

Selected location figures and a complete table of sensor coordinates are
provided in Appendix A. Most figures are essentially the same as those given
in Kurfurst et al. (1978) or Schrauf et al. (1979), except that in this
report instrument boreholes are labeled in the figures according to the
gauges actually installed, rather than the original borehole names. This
affects only three USBM gauges and three pairs of IRAD gauges. The primary
purpose for providing a complete table of sensor coordinatéglis to show the

exact order in which the data appear in the public-domain tapes.
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2.  DATA ACQUISITION AND TRANSFER PROCEDURES

2.1 Acquisition System

Instrumentation at Stripa included 271 thermocouples, 120 extensometer
channels, 90 USBM channels, 26 IRAD channels, and 53 heater monitor channels
for the full-scale experiments; and 113 thermocouples, 20 extensometer
channels, and 56 heater monitor channels for the time-scaled experiment.
Most instruments were individually calibrated using a computer. Resulting
calibration constants and other parameters such as sensor type, sensor
number, associated experiment, sensor location, data channel numbers, time of
last change, and time of Tast access were maintained on the computer's disc
for each signal source. A computer-based data acquisition system was neces-
sary to manage the vast amount of data. However, hardware problems in this
system introduced errors into the data (see Appendix B). Instrumentation

parameters are listed in Appendix C.

Once the heaters were turned on, data was acquired from the instruments
using a computer-based data acquisition system. An independent system
consisting of three data loggers provided back-up data as shown in Fig. 9.
Precision voltage-source inputs to the data loggers provided a reference that
facilitated detection and isolation of changes in the computer's scaling of
its analog measurements. A MODCOMP-IV computer provided the basis of the

computer system.

Analog data from thermocouples, USBM gauges, extensometers, and heater
monitors were digitized using MODCOMP's Wide-Range Relay Analog-Input Sub-
systems (WRRAISs), which were located in sheds adjacent to the instruments.

Each WRRAIS encoded its digitized output as a sign bit, four gain-code bits,
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and an 11-bit magnitude or mantissa.

The IRAD data logger used an interval counter to measure the period of
oscillation of each IRAD gauge's vibrating wire in units of 10~/ seconds.
These measurements were encoded as four binary-coded-decimal (BCD) digits of
four bits each. The highest-order four bits represented the thousand's
place, the next four bits the hundred's place, the next four bits the ten's
place, and the least significant four bits the unit's place of the measured
period. A MODCOMP-supplied digital Input/Output Interface Subsystem (IOIS)
along with some special "hand-shake" circuitry was used to read the IRAD data

lTogger's BCD digits into the computer.

A1l of these 16-bit measurements were time-division-multiplexed over
coaxial cables from remote acquisition subsystems (REMACs) located in both
the full-scale and the time-scaled instrument sheds into the MODCOMP central

processor, which was Tocated in the computer room. .

Data from active sensors were sampled, under software control, at
15-minute intervals for the duration of the experiment. Acquired data were
time-tagged from a system clock and converted to engineering units such as
temperature, displacement, and stress using previously obtained calibration
data and associated curve fits. ASCII-encoded? raw data were recorded on
magnetic tape, and data for the previous 24-hours were buffered on disc to
prevent data loss whenever the tape unit was off-line. The 16-bit measure-
ments were interpreted as if they were two's-complement decimal integers and
were recorded in formatted ASEII-coded blocks of 1200 words (one per allocated

channel). Each block was subdivided into two sub-blocks, each consisting of

ZASCII = American Standard Code for Information Interchange
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a header line specifying the time and date that the data were acquired,
followed by 600 sensor measurements in 50 lines of 12 values each. A value

of minus one was recorded for those channels where no data were acquired.

The arithmetic means of data, in engineering units, were computed over
specified time intervals. These less frequent "Tong-term" data were used
for LBL's preliminary data analysis, and recomputed time-averaged "engineer-
ing data" are now available on the "public domain" data tape. The averaging
intervals were chosen to compress the Targe amount of data while retaining
sufficient data whenever interesting changes were expected. Exceptional
conditions were monitored and software alarm flags were set or reset for zero
data, maximum value (all binary ones) data, and data that were outside alarm
ranges that exceed specified maximum rates of change. "Data missing" flags
were provided for data missed during system outages. In a previous SAC
report McEvoy (1979) describes the Stripa data acquisition, handling, and

display in more detail.

2.2 Transfer Procedures

Stripa "raw data" tapes were stored in an on-site tape library, and
copies of the tapes were airmailed to LBL every fortnight. These tapes
contain unprocessed experimental data and associated calibration parameters
which pérmitted later reprocessing with changed calibration data and en-

gineering conversion algorithms.

"Long-term" data, in engineering units, reduced the quantity of data
stored for on-line display and analysis. These data were also ASCII-encoded,

recorded on magnetic tapes, and the tapes airmailed to LBL every fortnight.



24

Once magnetic data tapes were received at LBL, they were translated
from ASCII to the CDC display code character set using LBL's CODE9 utility
program. These data were divided into sets containing about one month of
data each. These data sets were recorded on 6250 bpi (bits per inch) mag-
netic tapes using LBL's GSS storage and retrieval system. The tapes can be
automatically retrieved and mounted in LBL's Automatic Tape Library. Data on
these tapes can be accessed interactively via LBL's CDC-6400 and 6600 com-
puters, staged to disc, and accessed by LBL's CDC-7600 in batch mode, or

accessed remotely via the Defense Department's ARPA computer network.

Another MODCOMP-IV computer in Berkeley also permits users to access and
display data interactively at LBL, using the same capabilities that were

available in the mine in Sweden.

Paper tapes from data loggers were shipped to LBL upon request and after

the conclusion of the experiments.
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3. DATA STORAGE AND REORGANIZATION AT LBL

During the Stripa heater experiments, long-term data that were converted
to engineering units and time-averaged in real time provided the basis for
preliminary experiment analysis both in Stripa and at LBL. However, malfunc-
tions in the computef portion of the data acquisition system introduced
unacceptable biases into the computer-acquired data. A detailed description
and analysis of these problems is presented in Appendix B. Removal of these
data biases, as well as other uncertainties in the data processing at Stripa,
required that the "raw" data be reprocessed. This section describes the
associated data handling and reorganization, and Section 6 describes the

associated voltage correction and engineering unit conversion algorithms.

3.1 Decoding the Data

The 1200-word integer-coded data records were read from the unprocessed
"raw" data tapes. Data not in time order or with non-matching sub-block
headers were not processed. Duplicate data blocks were discarded and missing
data blocks were ignored. Sensor-off "minus one" flags were replaced by the
value -12345. A bad data flag, "-99999," replaced values that had invalid
gain codes or IRAD data that had BCD digits other than 0-9. Legal values for
analog data were converted to their original voltage by:

VY = sign Oéggg X ZG x mantissa (volts)

where: G = gain code (0-11),
mantissa = data magnitude (0-2047), and
sign = "=" if the sign bit is a one.
Values for IRAD "period" data were assembled from their four BCD digits.

ATl data were represented as floating point values which were recorded in

1200-word unformatted binary records on an intermediate magnetic tape.
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These stage-one data files consist of 1200 data values for each of 96 time
intervals per day (i.e. one per 15 minutes) for approximately one-month

periods.

3.2 Reorganization

The data tapes discussed so far had the data values for all three
experiments lumped together for each acquisition time. This avoided duplica-
tion of time values but proved cumbersome since data history was usually
accessed either by individual sensor or by borehole. As a result, records
were read from the intermediate tape described above and the data were
separated by gauge and hole into separate files. Each file has a one-line
header that contains the hole/gauge name and the sensor number for that
borehole. The output files contain records that include the integer time,
the alphanumeric time and date, and the data value. These separated data

files are also stored on 6250 bpi GSS tapes.

Biases in the computer-acquired raw voltages on these separated data
files were then removed using the algorithms described in Section 6.1.
Appendix B provides additional justification for these adjustments. These
corrected voltages were converted to engineering units using the algorithms
described in Section 6.2. To fit these data onto 800 bpi public domain
tapes, they were recompacted by time-averaging and by re-aggregating data for

each time to eliminate redundant times.

3.3 Storage

The structure and format of the public-domain tapes are provided in
Section 8. Procedures for acquiring and accessing both the public-domain

tapes and other available data are described in Section 9.
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4. TYPES OF DATA AVAILABLE

Data are available as 1) raw data, 2) data-logger data, 3) long-term
data, and 4) engineering data. This section briefly describes each type of
data, the physical media on which they have been recorded, and the quantities
available. Section 8 describes the detailed data structures and formats.

Section 9 describes how potential users can acquire and access the data.

4.1 Raw Data

Unprocessed "raw" data were recorded on magnetic tapes on-site before
conversion to engineering units. The formats of the 16-bit raw data words
are as determined by the acquisition hardware described in Section 2. Raw
data decoding and reorganization were described in the preceding section
and the data are available on fourteen 6250 bpi magnetic tapes accessible via

the GSS system on LBL's CDC computers.

Raw data from thermocouples, extensometers, and USBM gauges consist of
measured voltages (in volts). Raw heater monitor data were recorded as
normalized 0- to 10-volt DC analog representations of power, current, and
voltage, as provided by signal conditioners (Burleigh et al., 1979). Raw
data for the IRAD vibrating-wire stressmeters, provided by the IRAD MA-2 data
Togger, are the fundamental vibrational periods (in units of 10-7 seconds)
of the gauge's stressed steel wires. These periods were measured by electro-

magnetic resonance (Hawkes and Bailey, 1973; IRAD Gage, Inc., 1977).

There was one 16-bit measurement per sensor every 15 minutes, resulting
in a total of approximately 108 bytes of raw data. Microfiches containing
all the raw data have been cataloged and are available for viewing at LBL's

Earth Sciences Division.
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4.2 Logger Data
Acurex Autodata-Nine (AD-9), B&F, and IRAD data loggers printed their

results on paper tapes (see Section 2 above). Variable sampling ratées were
set by operators on-site, in accordance with expected rates of change in the
measured quantitites as the experiments progressed. There were approxi-
mately 2 x 104 measurements per sensor, giving a total of 1.5 x 107 data

logger measurements.

AD-9 data loggers monitored the heaters and printed their power,

current, and voltage.

AD-9 data loggers also printed temperatures in degrees Celsius.
A microprocessor, built into the AD-9 data Togger, converted measured thermo-
couple voltages into temperatures, using piecewise linear interpolation based

on the NBS calibration table.

The full-scale AD-9 data logger measured extensometer voltages, conver-
ted voltage to displacement in millimeters, and printed the results on paper
tape, except for a few data points'at the beginning of the experiments when
measured extensometer voltages were recorded directly in millivolts. The

built-in microprocessor converted volts to millimeters according to the

equation:
u=2,15254 v + 12.7
where u = displacement in mm, and
V = extensometer (DCDT) voltages in volts.

Potential users of the extensometer data recorded on the data loggers should
beware that (1) the extensometers were set to initial voltage readings cor-

responding to about 10 mm and (2) unlike the computer data, no compensatioh
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was made for the thermal expansion of the (superinvar) extensometer rods or

variations in calibration coefficients among extensometers.

The B&F data logger, for USBM gauges, and the IRAD data logger printed
raw voltages and vibrational periods, respectively. Note that the reli-
ability of the B&F data logger's voltage data from the USBM gauges is ques-

tionable, as discussed in Appendix B.

Selected logger data were transcribed into computer files, and sub-

section 9.2.2 describes how the data can be accessed.

4.3 Long-Term Data

"Long-term" data were obtained by converting "raw" data into engineering
units and time-averaging them, using conversion programs implemented in the
MODCOMP computer at the experimental site. These programs were documented by
Teknekron, Inc. (1978). The conversion algorithms were also given in Schrauf
et al. (1979). Long-term data tapes are available on GSS tapes on LBL's CDC
computer system (see subsection 9.2.3 below). Certain editing has been done
to remove data discontinuities introduced by malfunctions and circuit board
interchanges in the Wide-Range Relay Analog-Input Subsystem, as explained in

Appendix B.

A set of computer-generated plots of long-term data are available in
LBL's Earth Sciences Division for the heating period of the experiments.
These plots aided in the initial interpretation of the response of the rock
to heating and in identification of problems in the data acquisition system

and the original data conversion programs.



30

The long-term data are of limited use at present because of imperfec-
tions in the original data conversion programs and the use of now out-dated
sensor parameters. They have now been supplanted by the engineering data

described in the next subsection.

Heater power, current, voltage, and temperature data are the most
useful "long-term" data. The long-term heater monitor data are practically
the same as those in the engineering data, but the temperatures differ
somewhat since slightly different thermocouple calibration parameters were
used in the conversion and errors in the raw voltages were corrected. The
long-term temperature data do provide a reasonably accurate basis for verifi-
cation of the engineering data conversion for the thermocouples (see sub-

section 7.2.2 below).

4.4 Engineering Data

"Engineering data" refers to data that have been converted at LBL to
engineering units, according to the algorithms presented in Section 6.
Engineering data are available both in before time-averaging and in after
time-averaging forms. Time-averaging was done selectively to compress the
108 bytes of slowly changing data to make them more manageable. The
amount of data before averaging is enormous; it would take 100 sizable
volumes of 1000 pages each to print them and twenty-five 800-bpi magnetic

tapes to store them, even if all information on measurement time was omitted.

Engineering data recorded on the public-domain tapes are the averaged
data. The complete set of engineering data before averaging is available on

14 GSS tapes which may be accessed as described in subsection 9.2.4.
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Table 3 Tists the quantity and unit given in the engineering data
for each type of sensor. Note that raw data are given for the IRAD gauges
because post-experiment calibration (R. Lingle, Terratek, Inc, personal
communication) has indicated that the calibration parameters vary with time,
calibration configuration, and the preset stress of the gauge's vibrating

wire.

Appendix D--available by request--consists of microfiches containing

plots and listings of the engineering data.

4,5 Sign Convention

Sign convention is of concern only for displacement and stress data.
The engineering data employs the rock mechanics convention, where contraction
is positive, for both the displacement measured by extensometers and borehole
diametral displacements measured by USBM gauges. Data logger and Tong-
term data also employ the rock mechanics sign convention for USBM data;
however, the opposite convention, i.e., that expansion is positive, has been

inadvertently used for extensometer data.
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Table 3. Units used in the engineering data

Sensor type Quantity Measured Unit
heater power power watt
monitor

heater current current amp
monitor

heater voltage voltage volt
monitor

thermocouple temperature °C
extensometer displacement mm
IRAD vibrational period 10-7

of wire second

USBM diametral displacement of mm

38 mm borehole
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5.  DATA VERIFICATION

The raw data3 have gone through some encoding-decoding, copying, and
reorganization processes, as explained in Sections 2 and 3 above. To ensure
that no gross error, such as misidentification of sensor or time, has been
inadvertently introduced, the raw data were verified by comparison with
logger data4, using the procedure described below. Minor differences between

these two types of data are treated in Section 6.

A number of sensors were selected to cover the different types of
instrumentation and the three different experiments. Data recorded on paper
tapes by the data loggers were transcribed into computerized files for
approximately 60 randomly selected values of time. In addition, logger data
for all the sensors were transcribed for two or three selected times. These
sampled logger data were converted back to voltages and compared with the raw
data by means of scatter plots. A few examples of these scatter plots are
pre;ented in Figs. 10-13. Linear least-squares regression lines are also
shown on the same figures. It is evident that, for these four cases, the two
types of data are almost perfectly correlated so that the Tinear regression
line for each case illustrated has a slope nearly equal to 1 and a very small
intercept. This good correlation is typical of the majority of sensors
examined, as indicated by the values of the cross-correlation coefficients

lTisted in Table 4.

Good correlation was also obtained when raw data for all sensors at two

values of time were compared to the corresponding logger data. This is

3see Glossary and Subsection 4.1 for definition and description of raw data.

4see Glossary and Subsection 4.2 for definition and description of Togger
data.
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Table 4. Cross correlation coefficient (r) between raw data and data logger
data for some sensors in the Stripa heater experiments

Experiment 1 Experiment 2 Experiment 3
(Full scale, H9) (Full scale, H10) (Time Scaled)
Label Sensor r Label Sensor r Label Sensor r
Number Number Number
E9A 303 0 990 E16A 817 1.000 E2A 1085 0.985
E9B 304 0.999 E16B 818 1.000 E2B 1086 0.999
E9C 305 1.000 E16C 819 1.000 E2C 1087 1.000
E9D 306 1.000 E16D 820 1.000 E2D 1088 1.000
TE9A 29 0.993 TEI2E 140 0.969 TE2E 989 0.882
TE9B 30 0.998 TE16A 458 1.000 TE2A 906 0.990
TE9C 31 0.997 TE16B 459 1.000 TEZB 907 0.996
TE9D 32 0.996 TE16C 460 1.000 TE2C 908 0.996
TE7E 133 0.802 TEI6D 461 0.999 TE2D 909 0.997
TE7D 160 0.975 TE1SD 162 0.981 E3A 1089 0.995
T13C 86 1.000 E29D 833 0.999 E3B 1090 0.999
E29C 834 1.000 E3C 1091 1.000
E298B 835 1.000 E3D 1092 1.000
E29A 836 1.000 TE3E 993 0.858
TE31E 153 0.675 TE3F 1016 -0.232
TE29D 474 0.994 TE3G 1017 -0.170
TE29C 475 0.999 TE3A 910 0.996
TE29B 476 0.998 TE3B 911 0.988
TE29A 477 0.998 TE3C 912 0.988
U24A 744 0.955 TE3D 913 0.994
U248 745 0.957 T4C 939 0.996
uz24C 746 0.969
TU24 438 0.997
C5A 865 0.288
C5B 866 0.359
T19C 512 1.000
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illustrated in Fig. 14, which shows scatter plots for the four data loggers:
(a) AD-9 logger for full-scale experiments (Experiments 1 and 2), (b) AD-9
logger for time-scaled experiment (Experiment 3), (c) B&F logger for USBM
gauges, and (d) IRAD logger for IRAD gauges. Each point on any of these
figures represents the raw data and logger data for a certain sensor at one
of the two time values. Different points correspond to either different
sensors or different times. The number of points plotted in each frame
appears to be far fewer than the number of sensors because many of the data
values are indistinguishable on this scale. The regression lines, however

were computed from all the data points.

There are a few cases where the cross-correlation coefficient is signi-
ficantly less than 1. An example is given in Fig. 15 for sensor TE3F (sensor
number 1016), a thermocouple in hole E3 in Experiment 3 (the time-scaled
experiment). To identify the cause for poor correlation between raw data and
logger data for sensors such as TE3F--whose cross-correlation coefficient,

r, has a value of -0.232--the time histories for both types of data were
plotted. Figures 16 (a) and (b) respectively illustrate the time histories
of the raw and logger data for this thermocouple. These figures reveal that
noisy signals are responsible for the poor correlation. The noises in the
two types of data are not correlated because the data loggers exhibited
better common-mode noise rejection, and sampling times were not synchronized
with the computer-based data acquisition system. The analog-to-digital
converters in both the computer and the data lToggers integrated over an
integral number of cycles of their power line frequencies; however, the
computer used 60 Hz power and the data loggers used 50 Hz power. Thus, 50

Hz common-mode noise would degrade the computer's data much more than the
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data logger's. Raw data were collected at 15-minute intervals; this period
yields a maximum discrepancy of 7.5 minutes between the time of the logger
data and raw data paired for the scatter plot and cross-correlation coeffi-
cient. The change in the measured quantity in 7.5 minutes is negligible for
a well-behaved sensor providing smooth data but not for rapidly fluctuating
noise. When the noisy portions of the data are removed from the comparison,
the correlation is substantially improved, as evidenced by the scatter plot

shown in Fig. 17 and a cross-correlation coefficient, r, of 0.942.%

5Since r2 = 0.8869, r = 0.9418.
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Fig. 17. Scatter plot of raw data versus AD-9 logger data for the
thermocouple in Fig. 15, showing improved correlation after
bad data points were removed.
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6.  DATA PROCESSING PROCEDURES

6.1 Correction for Voltage Errors

As detailed in Appendix B, errors were introduced into the computer-
acquired raw voltage data due to malfunctions in the computer's "Wide-Range
Relay Analog-Input Subsystem." These error sources affected measurements
from all instrumentation except the IRAD gauges but were negligible for
extensometer and heater data. Fortunately, the back-up AD-9 data loggers
performed superbly throughout the heater experiments, as‘demonstrated by
calibration with known reference voltages (see Appendix B). Consequently,
the AD-9 Togger data were utilized as a standard to identify and correct the

voltage errors in the computer's raw data.

The following method was used to correct the voltage errors:

Step 1 One sensor from a full-scale experiment and another from the time-
scaled experiment were chosen. Plots of raw voltages for these
sensors against time were examined to locate the time at which
discontinuities occurred.

Step 2 A number of sensors were chosen that spanned the range of voltages
experienced by sensors during the experiments. A linear relation-
ship between the computer's raw data and the AD-9 logger data was
assumed to exist for time intervals between any two consecutive
discontinuities. Least-squares regression was then used to establish
the slope and intercept of this relationship. A sample scatter plot
of raw (WRRAIS) voltage minus (-) AD9 data logger voltage plotted
versus AD-9 Togger voltage, along with the least-squares fitted
straight line, is given in Fig. 18. Note that although the least

squares fit was not carried out directly between the two voltages, it
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Fig. 18. Scatter plot of the deviation (raw WRRAIS voltage minus AD-9
Togger voltage) versus AD-9 logger voltage.
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was equivalent to a direct fit because of the linear assumption.
Step 3 Linear regression plots were generated for times before and after the
times that voltage discontinuities occurred. The best-fit slopes and
intercepts were used in a piecewise 1inear algorithm to correct for
voltage errors. Most slopes and intercepts were treated as constants
throughout their respective time slots. When the slope and intercept
changed significantly between the beginning and end of a particular
time slot, the correction algorithm linearly interpolated between the

end-point values.

Steps 1 and 2 above are discussed in detail in Appendix B. Step 3
will be restated below in the form of equations actually coded into the
computer program that corrected the errors. The algorithm in Appendix B had
to be modified to take account of two conditions, namely (1) NBS calibration
coefficients were used for conversion of all thermocouple data and (2) some

USBM gauges were removed, reworked, and recalibrated just before reinstal-

Tation.

Although all raw voltage data, except IRAD data, were affected by the
hardware problem, only thermocouples and USBM gauges operated in voltage
ranges such that the discontinuities were significant. All voltage correc-
tion slopes and intercepts are listed in Tables B-18 and B-19 (Appendix B).
They were all derived from thermocouple data because the reliability of the

USBM gauge data recorded by the B&F data logger was questionable.

It must be noted that this method for voltage correction is valid, in a

statistical sense, only if the linear relationship is a good assumption.
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Even then its correctness still depends on the goodness of fit of the linear
regression, which is sometimes oh]y marginal (see Appendix B). Section 7.1

shows that the procedure does lead to reasonable improvement in most cases.

6.1.1 Thermocouples

NBS calibration parameters, rather than the calibration coefficients
obtained on-line for each thermocouple, were used to convert thermocouple
voltages to temperatures (see subsection 6.2.2 below) because the NBS para-
meters are independent of the computer's data acquisition system. The
unbiased Acurex AD-9 data logger raw voltages could have been used, but they
are not computer-compatible. Therefore, the correct voltages had to be

recovered from the computer's raw voltages.

Two possible cases exist.
Case (a) If the correction slopes and intercepts were identical at the

beginning and end of the ith time slot, then the equation isb

V= (V. - V,)/6., (1)
where V, = raw voltage,
V5 = raw voltage reading recorded by an AD-9 data logger

and Gi, Vi = slope and intercept, respectively, of the linear
regression line between V5 and V,. for the ith time slot.
Case (b) If the correction slopes and intercepts were different at the

beginning and end of the ith time slot, then the equation is

V= -0, - vhretl e, - vied (2)

r

6From Fig. 18, Vp - V5 = Vi + (Gj-1)Vg. Transposition gives Eq. (1).
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where G1, V} = slope and intercept of the Tinear regression line between
V53 and Vi at the beginning of the ith time slot,
G1, V% = slope and intercept of the linear regression line between
V5 and V. at the end of the ith time slot, and
t - t%
a=t2_t1 . (3)
i i
In Eq. (3), t = the time at which V, was taken, and
t t? = beginning and end of the ith time slot.

6.1.2 USBM Gauges

For USBM gauges the voltage correction algorithm has to account for
two additional factors: (i) calibration parameters were obtained using
the computer-based data acquisition system and, therefore, have incorporated
voltage errors caused by hardware problems; (ii) some of the gauges were
removed, reworked, and reinstalled during the experiments. The corrected
voltages should be identical to what the computer-based data acquisition
system would have recorded if the system had remained unchanged since the

time of the latest gauge calibration or recalibration.

Consider a raw voltage reading V taken at time t from the ith time
slot. Assume that the most recent calibration (or recalibration) prior to
time t occurred at time t' which is in the jth time slot. Four distinct
cases can arise depending on whether the correction parameters (Gj, Vi)
and (Gj, Vj) have changed between the beginning and end of the respective

time slots.
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Case (a) Parameters (Gj, Vi) and (Gj, V5) remained unchanged between the

beginning and end of their corresponding time slots.

The correct voltage, V., is given by

v

c Vj + Gj Va

V. + Gj (Vr - Vi)/G

J i

where the symbols have the same meaning as given previously.

Case (b) Parameters Gi and Vi remained unchanged between the beginning

Case (c

and end of the ith time slot while parameters Gj and Vj changed
within the jth time slot.

The correct voltage is given by

VC = Vj + ija
1 2 1 2
= (1-E")V. + &E'W5 + ~ENYGI + &' GSQV
(1-E1)V; + E'VS + [(1-8)6; 1,
= (1= )i+ ev? e p(1-enyet + e 623y v, )6, (5)
J J J J rol 1
£ - t§
where &' = 71 (6)
J J
1,1 .2 2 _ .
GJ, Vj5 Gj’ VJ = values of the parameters at the beginning and

end of the jth time slot.
Parameters Gj and V5 varied between the beginning and end of the
ith time slot while the parameters Gj and Vj remained unchanged
during the jth time slot.
The correct voltage is given by

Ve

.+ G,
VJ GJ Va

]

1y .1 2\ 02
V5 + 65(1E)(V-V1)/6 + 65 E(v,-v5)/6E (7)
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where all the symbols have been previously defined.
Case (d) Both sets of parameters changed within the corresponding time slot.
The correct voltage is given by

Ve

.+ GLY
VJ GJ a

1 1 2
+ + .+ X
(1-g" V5 + ¢! vJ [(1-g")G; + £ 651V,

= (g Wh+ et VR [(1g')6] + £'6I0(1-E) (V,V])/B] + (Y, -V{)/6]]

(8)

6.2 Conversion to Engineering Units

This section describes how the computer's data was converted to engi-

neering units once the raw voltage biases were removed.

6.2.1 Heater Monitors

The measured quantities, in correct engineering units, were obtained

by multiplying the raw data by powers of 10. Thus

heater current = raw data x 10 (amp)

raw data x 100 (volt)

heater voltage

heater power raw data x 1000 (W)

6.2.2 Thermocouples

A1l thermocouples were calibrated individually at the test site.
However, it was recently discovered that errors occurred due to a self-
heating problem (Binnall and Du Bois, to be published) within the RTD (resis-
tance temperature device) used as a calibration standard. It was, therefore,
decided that the NBS (National Bureau of Standard) thermocouple calibration

data would be utilized to convert thermocouple voltages to temperature.
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Thermocouples were divided into groups: (a) those with peak tempera-
tures over 300°C during the experiment, (b) those with peak temperatures
between 200°C and 300°C and (c) those with peak temperatures below 200°C.
Least squares fits of those segments of the NBS calibration tables yielded
the coefficients A, B, C, D, and E of the 4th order polynomial;

T=na+8v+cv?+ovd eyt (9)

where the voltage V is in mV, and the temperature T is in °C. Equation

(9) was used to convert the corrected raw voltage to temperature.

This grouping of thermocouples and their polynomial coefficients

for each group are tabulated in Tables C~1 and C-2 in Appendix C.

These three separate polynomials fit the NBS table data within 0.3°C for
almost all temperatures and to within 0.05°C for thermocouples that did not
exceed 200°C. Binnall and DuBois (to be published) verified this by evalua-
ting Eq. (9) for the voltages in the NBS table, and comparing the results

with the corresponding NBS calibration temperatures.

6.2.3 Extensometers

Each extensometer borehole had four anchor points. Rock movement at
each anchor point was transmitted by a superinvar rod to a DCDT transducer
mounted to the collar of the borehole. A detailed description of these
extensometers is given in Schrauf et al. (1979). Thus, if the Tength of the
extensometer rod is constant, the displacement detected by the DCDT repre-
sents the relative axial displacement between the anchor point and the
borehoTe collar. During the heater experiments, however, the temperature

distribution, and therefore the length, of the rod varied with time.



55

Consequently, the effect of the thermal expansion (or contraction) of the rod

must be removed from the displacement detected by the DCDT in order to

obtain the true relative displacement in the rock.

The algorithm for converting the raw voltage output by the DCDT to

relative rock displacement consists of two separate steps.

Step 1

Step 2

The apparent relative displacement between the anchor point and the

borehole collar in the rock is given by

uy = -cl(vr-vs) (10)
where u, = apparent relative displacement (mm) using rock mechanics
sign convention,
Vr = raw extensometer DCDT voltage (mV),
VS = initial (starting) DCDT voltage before the heaters were
turned on (mV),
C; = absolute value of calibration slope (mm/mV).

The two parameters, C1, and Vg, were determined by in-situ calibra-
tion for each anchor-rod-DCDT unit in each extensometer. Calibration
was performed before'(Schrauf et al., 1979) and after (Binnall and
DuBois, to be published) the heating experiménts. These two sets of
calibration parameters were found to agree within about 1%. Hence,
the mean values, listed in Table C-3 (courtesy of DuBois), were used
for the conversion. |
The thermally induced change in the length of the superinvar exten-
someter rod, which causes a DCDT voltage reading 6pposite in direc-
tion to that caused by relative rock displacement, is added to

the observed apparent relative displacement. Thus the true relative
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(11)

where AL = change in length (mm) of extensometer rod due to thermal
expansion of superinvar, with contraction taken as positive.

ATT terms in Eq.(11) are regarded as algebraic quantities, i.e.,

they are signed numbers.

The change in rod length is calculated by integrating the thermal

strains along the entire Tength of the extensometer rod; thus

AL =JLf {Eth [T(z)] - eip [Ts(z)]}dz (12)

0
where L = length of extensometer rod

= free thermal strain in extensometer rod (mm/mm) with reference

€
th o 20°C
¢;,, =
==y a (T) dT, where o = coefficient of Tinear expansion of super=
20 _ invar

T(g) = temperature distribution along the length of the extensometer
rod at the time of measurement (°C)

Ts(g) = initial temperature distribution along the length of the exten-
someter rod.

Temperature, T, was measured only at several discrete points along the
extensometer rod and the free thermal strain, et,, was measured for super-
invar at a discrete number of temperatures (Table 5). Therefore, it was
necessary to interpolate for both T and et in order to numerically evaluate
the integral in Eq. (12). Thus the numerical procedure for calculating the
change in length of the extensometer rods comprises the following steps:

(i) 1interpolate the measured discrete temperatures to obtain the
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Table 5. Free thermal strain data for superinvar rod. e€gn = Integrated
thermal expansion per unit length as measured from a base value

at 20°C

T (°C) ety (mm/mm) x 1076
20 0
30 2
40 5
50 12
60 18
70 26
80 35
90 48

100 Y

110 79

120 97

130 118

140 141

150 167

160 197

170 233

180 276

190 329

200 380
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temperature distribution, T(g), as a function of the length vari-
able, g

(ii) knowing the temperature, T, at a point, g, interpolate Table 5 to
obtain the free thermal strain at the corresponding temperature;

(1i1) numerically integrate the right-hand side of Eq. (12).

Interpolation for temperature profile

For the Stripa experiments, from 4 to 7 thermocouples were attached
to the longest extensometer rod, usually near an anchor point, in each
extensometer borehole. This sparse distribution of temperature measurements

presented some difficulty in interpolation.

The interpolation method adopted here is similar to that implemented on
the MODCOMP computer at the Stripa test site (Teknekron, 1978; Schrauf et
al., 1979), with a few improvements. A cubic spline was fitted through the
measured temperatures and the fitted coefficients were subsequently used to
generate the temperature profile. The spline function is a Cl-function;
that is, it is continuous and has continuous derivafives. The values of the
first derivative were specified at the end points for the particular spline
function used in the conversion algorithm. At the top (i.e. collar), the
slope was obtained by fitting an exponential function, Pexp(Qg), through the
closest three thermocouple temperatures. Slope at a depth of 30 m in the
rock was set equal to zero. For the Stripa experiments, very few extenso-
meters had a thermocouple close to the collar of the hole. It was, there-
fore, necessary to assume that the temperatures in the drifts were uniform
such that measurments at the collar of one extensometer hole could be

used for other holes. Furthermore, to avoid oscillation in the fitted curve,
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the temperature in the rock at a point 20 m deeper than the deepest thermo-
couple was assumed to be 9°C, based on ambient rock temperature information
prior to heating. Some extensometer rods extended across the heater center-
Tine (see Fig. A-8, Appendix A). In some of these cases no valid temperature
measurement existed on one side of the centerline, due to either the absence
of thermocouples or a failure of installed thermocouples. A temperature
profile symmetric about the centerline was assumed for such cases. Tempera-
tures of real thermocouples were reflected across the centerline to create

virtual thermocouple readings for the purpose of interpolation.

Interpolation for free thermal strain

Thermal expansion of a superinvar rod was determined in laboratory
tests at a sufficient number of temperatures (see Table 5) that piecewise

linear interpolation was considered sufficiently accurate.

Numerical evaluation of the integral in Eq. (12)

A crude method of numerical integration was used since the tempera-
ture profile along an extensometer rod was a simple smooth curve with
no sharp peaks. The distance between any pair of adjacent thermocouples
(real or virtual) was divided into 20 equal segments. The integration in Eq.
(12) was approximated by direct summation of the thermal expansion of all
segments comprising the extensometer rod. The validity of this approximation
will be verified in Section 7.2.3. In practice, the second term in the
integral in Eq. (12), was omitted in the calculation since the initial rock
temperature was less than 20°C anywhere in the experiments and the thermal

expansion of superinvar from 0 - 20°C is negligible (Smithells, 1976).
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Thermal corrections were not applied whenever all the thermocouple

temperatures in an extensometer hole were less than 20°C.

6.2.4 USBM Gauges

The USBM (United States Bureau of Mines) borehole deformation gauges
(Hooker et al., 1974) measures the change in diameter of a borehole at three
orientations 60° apart. The (two-dimensional) stress tensor can be deduced
from these three diametral displacements, provided that either plane-stress
or plane-strain condition prevails and the rock mass is isotropic and linear-
1y elastic with known uniform elastic constants over a distance of several

borehole diameters.

The diametral displacements of the borehole were detected by three pairs
of buttons; each button is attached to a cantilever. Strain gauges mounted
on diametrically opposing cantilevers form a bridge circuit, the output
voltage of which constitutes the raw gauge readings. Thus, each USBM gauge
must be calibrated so that these raw voltages can be converted back to

diametral displacements.

In the Stripa heating experiments the USBM gauges were installed to
measure the diametral displacements (and hence stress) induced by heating of
the rock. Conversion of raw voltages to diametral displacements was compli-
cated by elevated temperatures which varied with time. An extensive program
was undertaken to evaluate and calibrate these gauges (Schrauf et al,

1979). Results that influence the conversion algorithm are summarized as
follows:

(a) the diametral displacement of each component of a gauge, at con-

stant temperature, is directly proportional to the raw voltage;
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(b) the constant of proportionality, hereafter referred to as the
calibration slope, varies approximately lTinearly with temperature
and varies from gauge to gauge;

(c) even with no displacement, i.e. with the gauge's buttons removed,
the strain-gauge bridge still outputs a non-zero voltage that
varies approximately linearly with gauge temperature;

(d) when the gauge is heated with gauge buttons held at fixed displace-
ment, the uncompensated voltage of the strain-gauge bridge varies

approximately linearly with temperature.

In addition to taking into account the factors (a) - (d) above, the
conversion algorithm should also correct for (e) the free thermal expansion
of the gauge's body with the gauge's buttons held at fixed displacements, and
(f) the increase in borehole diameter due to the free thermal expansion of
the rock. Considering the rather limited and, therefore, statistically
uncertain amount of thermal expansion coefficient data currently available
for Stripa granite, the correction factor (f) has been temporarily omitted
from the conversion algorithm utilized to generate the present release

(Release 1) of the engineering data.

In previous reports (Teknekron, Inc. 1978 and Schrauf et al. 1979)
certain simplifying assumptions were made in the conversion algorithm. The
validity of these assumptions are questionable, especially after a USBM gauge
has been removed from a borehole, reworked, and reinstalled during the
heating experiments. The present algorithm, given below, has included the
correction factors (a) - (e) above without any further approximation. This

algorithm has been derived using both algebraic and geometrical methods that
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produce identical results. The geometrical derivation, which is easier to
visualize, is illustrated schematically in Fig. 19. The meanings of the
symbols in that figure are:

TO = lower reference temperature for zero-displacement voltage = 11°C
for the Stripa experiments,

T1 = upper reference temperature for zero-displacement voltage = 200°C

for the Stripa experiments,
T_ = temperature at which on-site calibration was performed to obtain
the calibration slope
= 14°C for the Stripa experiments,

T. = temperature at which raw voltage was recorded, °C

T. = starting temperature, i.e. temperature of gauge after installation
(just before heating) or reinstallation, °C (word 6 of sensor
parameter record),

C. = slope of gauge calibration curve at temperature TC, mm/mV (word 18
of sensor parameter record),

C_ = slope of gauge calibration curve at temperature TO, mm/mV,

C, = slope of gauge calibration curve at temperature Tl’ mm/mV

1
Ci = slope of gauge calibration curve at temperature Ti’ mm/mV ,
CS = slope of gauge calibration curve at temperature TS, mm/mV,
VSS = starting voltage at time of gauge installation or reinstallation,
mV (word 16 of sensor parameter record),
VOO = zero-displacement voltage (with gauge's buttons removed) at tempera-
ture T , mV,
0
VOl = zero-displacement voltage (with gauge's buttons removed) at tempera-

ture Tl’ mV,

= zero-displacement voltage (with gauge's buttons removed) at tempera-

v .
o1 ture Ti’ mV,
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VOC = zero-displacement voltage (with gauge's buttons removed) at tempera-
ture TC, mvV,

V__ = zero-displacement voltage (with gauge's buttons removed) at tempera-
0s
ture TS, mv,
V1 = raw voltage (at temperature Ti)’ mv,
Ui = borehole diametral displacement corresponding to Vi’ mm,
US = starting borehole diametral displacement corresponding to Vs’ mm.

The difference Vgi-Vog is given as USBM temperature constant in word 24

of the sensor parameter file record.

The calibration results (b) - (d) summarized above can be expressed in

“the following equations:

C1 - Co Tc - To
0 Cc 1+ C - T
0 1 0
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[ Ti-To ]
Voi Voo |1* Vor = Voo) T, | (16)
r T =T, ]
Vos = Voo |1 Mor - Voo T, (17)

Calibration results indicate that

C, -C

1 0 .
— 0.06 ,
0

so the terms on the right-hand-sides of equations (13) to (17) are known.

From Fig. 19, the change in borehole diametral displacement since

installation or reinstallation of the USBM gauge is given by



64

diametral displacement

P S V = voltage
oi T = temperature

U-V - T RELATIONSHIP FOR USBM

XBL 8010-12338

Fig. 19. Schematic illustration of the relationship between voltage
(V), diametral displacement (U), and temperature (T) for a
USBM gauge. See text for detailed information.
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AUi = Ui - Us
= AD
= AB - DB
= AB - HE .

Now, from triangle ABC

_ AB
AB = B¢ X BC

Similarly, from triangle HEF

HE = ¢ x EF
= CS x EF
= Cg (Vsg = Vos) -
Therefore,
AUi = C_i (Vi - VOT) - CS (VSs - Vds) . : (18)

This AU; is the apparent change in diametral displacement, without
correcting for the free thermal expansion of the gauge's body or the thermal
expansion of the rock. When the gauge's body is heated, its free thermal
expansion will produce a spurious displacement equivalent to pushing in the
gauge's buttons. This spurious displacement must be removed so that the
corrected change in diametral displacement is

Al = - -
U=0u; - d (T - T)

i

C. (V.

i VT Voi) - Cs (Veg =V

6 - Vos) = % d (T3 = Tg), (19)

1 S

where
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coefficient of Tinear thermal expansion of the gauge's body
g (word 19 of sensor parameter record)

Q
il

13.75 x 10-6/°C from calibration results;

Q.
fl

borehole diameter (word 7 of sensor parameter record)

38 mm.

Equations (13) to (19) were coded into a computer program that converts raw
voltage data from the USBM gauges to changes of borehole diameters. These
changes of borehole diameters will be further corrected for the free thermal
expansion of the boreholes when more comprehensive data become available on
the thermal expansion coefficient of Stripa granite. Another point to note
is that in interpreting the diametral displacements in terms of thermal
stresses, the usual plane-strain or plane-stress approximations may not be
adequate due to the three-dimensional nature of thermal stress. Chan and
Cook (1979) have presented an analysis of this problem, with an illustrative

example.

The mathematics involved in the algebraic derivation, omitted here for
brevity, parallels that encountered in thermodynamics, the triplet (U,V,T)
being the mathematical analog of the state variables specifying a thermo-

dynamic state.
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7. VERIFICATION OF DATA PROCESSING PROCEDURES

7.1 Verification of Voltage Corrections

7.1.1 Thermocouples

Thermocouple voltages recorded on raw data (magnetic) tapes were
compared to those recorded by the AD-9 data loggers before and after the
correction described in subsection 6.1.1 were applied. It was observed that
the "voltage correction" procedure generally reduced the difference between
the computer's raw voltages and the corresponding voltages recorded by the
AD-9 data loggers. This is demonstrated in Table 6, which Tists deviations
between the computer's raw voltage and the AD-9 data logger's voltage for
thermocouple TE7D (sensor number 160) in Experiment 1 before and after

correction for voltage errors.

The root-mean-square (rms) deviation between raw voltages and data
‘logger voltages before and after correction were calculated from tables
similar to Table 6 for several sensors. Table 7 summarizes this informa-
tion. Evidently, there was significant improvement for thermocouple data in
the full-scale experiments (Experiments 1 and 2). For Experiment 3 (time-
scaled experiment), the rms deviation was reduced for some thermocouples but
not for others. When raw voltages for the latter group were plotted against
time, it was found that these thermocouples were all characterized by noisy

signals similar to that depicted in Fig. 16(a).

The corrected raw thermocouple voltages differ from those recorded by
the AD-9 data logger by less than 204V, which corresponds to approximately

0.5°C. This 1is considered satisfactory.
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Table 6. Deviation of raw voltage from AD-9 data logger voltage for themmo-
couple TE7D (sensor no. 160) before and after voltage correction.
Deviation (uV)
Time Date AD-9 Logger Raw Voltage Corrected Raw Before After
Voltage (V) (V) Voltage (uV) Correction Correction

11.30 08/23/1978 382.000 390.625 374.368 8.625 -7.632
01.15 08/24/1978 379.000 397.949 381.768 10.949 2.768
07.00 08/25/1978 382.000 402.832 386.770 20.832 4,770
02.45 08/26/1978 382.000 400.391 384.384 18.391 2.384
00.45 08/28/1978 382.999 395.508 379.633 13.508 -2.367
11.15 08/30/1978 382.000 395.508 379.827 13.508 -2.173
13.15 09/06/1978 382.000 397.949 382.842 15.949 .842
21.45 09/13/1978 382.000 400.391 385.881 18.391 3.881
13.30 09/20/1978 386.000 405.273 391.317 19.273 5.317
18.00 09/27/1978 394,000 439.453 397.286 45.453 3.286
08.00 10/04/1978 398.000 446.777 404.513 48.777 6.513
17.30 10/18/1978 411.000 458.984 416.471 47.984 5.471
07.30 10/01/1978 427.000 473.633 430.878 46.633 3.878
22.15 11/15/1978 444,000 437.012 444,016 -6.988 016
01.30 11/29/1978 456.000 456,543 463.737 .543 7.737
10.15 12/13/1978 464.000 554,199 477.734 90.199 13.734
22.15 12/27/1978 477.000 563.965 487.573 86.965 10.573
17.45 01/10/1979 489.000 573.730 497.411 84.730 8.411
22.15 01/22/1979 497.000 593.262 503.317 96.262 6.317
22.15 01/23/1979 497.000 595,703 505.830 98.703 8.830
22.15 01/24/1979 501.000 593.262 503.431 92.262 2.431
04.15 01/25/1979 501.000 595.703 505.901 94.703 4.901
13.30 01/26/1979 501.000 588.379 498.611 87.379 -2.389
08.15 01/28/1979 501.000 595.703 506.081 94.703 5.081
08.15 01/30/1979 501.000 593.262 503.739 92.262 2.739
12.15 02/01/1979 505.000 598.145 508.775 93.145 3.775
21.45 02/03/1979 505.000 600.586 511.366 95.586 6.366
11.00 02/07/1979 509.000 600.586 511.568 91.586 2.568
01.30 02/14/1979 513.000 607.910 519.310 94,910 6.310
22.30 02/21/1979 513.000 612.793 524.667 99.793 11.667
03.00 02/28/1979 517.000 615.234 527.472 98.234 10.472
21.00 03/07/1979 521.000 617.676 330.366 96.676 9.366
01.00 03/14/1979 525.000 622.559 535.625 97.559 10.625
15.15 03/27/1979 525.000 612.793 526.576 97.793 1.576
14.15 03/28/1979 529.000 625.000 538.901 96.000 9.901
18.30 04/04/1979 533.000 632.324 546.667 99.324 13.667
02.30 04/18/1979 537.000 632.324 547.419 95.324 10.419
15.30 05/02/1979 541.000 632.324 548.239 91.324 7.239
04.45 05/16/1979 546.000 639.648 556.360 93.648 10.360
04.45 05/30/1979 550.000 644 .531 562.052 94.531 12.052
08.45 06/13/1979 554.000 651.855 570.203 97.855 16.203
08.45 06/27/1979 558.000 651.855 570.989 93.855 12.989
15.15 07/11/1979 562 .000 649.414 570.083 87.414 8.083
10.30 07/25/1979 566.000 649.414 573.136 83.414 7.156
08.30 08/10/1979 570.000 649.414 576.700 79.414 6.700
10.30 08/11/1979 570.000 651.855 579.392 81.855 9.392
04.30 08/12/1979 570.000 654,297 582.010 84.297 12.010
16.30 08/13/1979 570.000 656.738 584.794 86.738 14.794
04.30 08/14/1979 570.000 651.855 580.004 81.855 10.004
20.45 08/16/1979 570.000 646.973 575.699 76.973 5.699
11.45 08/18/1979 574,000 649.414 578.511 75.414 4,511
02.45 08/20/1979 574.000 649.414 578.873 75.414 4,873
23.15 08/22/1979 574.000 654.297 584.410 80.297 10.410
19.30 08/29/1979 578.000 654.297 585.934 76.297 7.934
04.15 09/05/1979 578.000 654.297 587.351 76.297 9.351
15.45 09/12/1979 582.000 654.297 589.017 72.297 7.017
17.30 09/26/1979 582.000 661.621 599,502 79.621 17.502
05.30 09/27/1979 586.000 666 .504 604.515 80.504 18.515
00.15 10/10/1979 586.000 683.594 605.927 97.594 19.927
08.45 11/07/1979 582.000 678.711 601.017 9.711 19.017
14.30 11/21/1979 574.000 666.504 588.742 92.504 14.742
08.30 12/05/1979 566.000 359,180 581.378 93.180 15.378
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Table 7. Root-mean-square (rms) deviation between raw voltage and AD-9
logger voltage for a number of thermocouples before and after

voltage correction

Experiment Sensor Sensor rms Deviation (uV)
Label Number Before After

TE9A 29 77.727 12,015

TE9B 30 73.868 14.705

TE9C 31 129.957 11.656

TE9D 32 82.968 19.315

1 TE7E 133 68.769 11.323

(H9) TE7D 160 78.914 13.649
T13C 86 50.569 15.042

TE29D 474 62.971 9.759

TE29C 475 57.307 10.307

2 TE29B 476 68.004 18.355

(H10) TE29A 477 65.293 20.166
TE31E 153 60.092 10.625

T19C 512 37.966 16.333

TE2A 906 13.249 10.782

TE2B 907 14.246 8.534

TE2C 908 14.875 6.210

3 TE2D 909 13.645 8.080

(T.S.) TE2E 989 15.278 7.484
TE3A 910 13.598 10.062

TE3B 911 35.677 34.627

TE3C 912 101.456 105.177

TE3D 913 82.172 86.886

TE3E 993 14.777 7.683

TE3F 1016 34.320 35.225

TE3G 1017 39.804 45.059

T4C 939 14.866 5.014
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7.1.2 USBM Gauges
It was not possible to verify the procedure for correcting the USBM raw
voltages since the B&F data logger, which recorded the back-up voltage data

from USBM gauges, was not very stable during the experiments.

7.2 Verification of Conversion to Engineering Units

7.2.1 Heater Monitors

Raw data for the heater monitors were converted to heater current,
voltage or power simply by multiplying them by powers of 10. Thus, visual
inspection of power history plots and comparison of numerical values of
converted power data at a few time values to those recorded by the AD-9 data

logger were considered sufficient.

7.2.2 Thermocouples

Converted temperature data were compared with temperature data on
"long-term" tapes and on the AD-9 Togger tapes in scatter plots shown in
Figs. 20-21 for sampled thermocouples in the three heater experiments.
Excellent correlation was obtained in all cases. The minor differences
between temperatures in the engineering data and the long-term data resulted
from the different methods for removing errors caused by hardware problems
and from the different values of calibration parameters used in the con-

version.

7.2.3 Extensometers

A separate computer program, Program 2, was written to verify the
procedure for converting the raw extensometer voltage data to displacements.
The basic algorithm was the same as that presented in subsection 6.2.3.

There were, however, several minor differences between Program 2 and Program 1
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Fig. 20. Scatter plot of converted temperatures (engineering data)
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in USBM holes.
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which actually converted all the raw voltage data for the extensometers to

displacements. These differences were:

(a)

in Program 2, Lagrange interpolation (Carnahan et al., 1969) was
used to obtain a continuous temperature profile along an extenso-
meter rod from temperatures measured by thermocouples attached to
the rod;

in Program 2, the integral in Eq. (12), section 6.2.3, was evalua-
ted using the Romberg quadrature (Carnahan et al., 1969) routine,
which included automatic convergence criteria;

in using Program 2, both the raw voltage data and the calibration
parameters for extensometers were manually read from microfiches,
checked against data recorded by the AD-9 data loggers, and manual-
1y input into the program, whereas in Program 1, these quantities

were all input by computer file manipulations.

The relative displacements calculated by the two different programs are

compared in Table 8 for sampled extensometer data from all three experiments.

The two programs are in excellent agreement, considering the very modest

number of thermocouples on any extensometer.

7.2.4 USBM Gauges

Again a second computer program, Program 2, was written to confirm the

conversion of the raw voltage data for USBM gauges into diametral displace-

ments of boreholes. This time, however, Program 2 employed exactly the same

algorithm as Program 1, which was actually used to convert all the raw data

to engineering units. The only differences were that (a) raw data and

calibration parameters were manually input into Program 2 and (b) Program 2

was executed on an HP-9845B computer.
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Table 9 illustrates the excellent agreement between values calculated
by these two programs. The discrepancies in the diametral displacements
given by these programs were far less than the probable measurement errors
estimated by Schrauf et al. (1979). The programs did not produce identical

numerical values because the two different computers retain different numbers

of significant figures.
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Table 9. Comparison of engineering data obtained for two USBM gauges using
two different conversion programs
Sensor Sensor Expt. Diametral Displacement (mm) Difference
Label No. Time Program 1 Program 2 (1 -2)
(Days) (mm)
56.43 -.316787E-02  -.313130E-02 -3.657x10-°
244,79 -.108102E-01 -.108103E-01 -1.0x10-7
U2A 204 372.02  -.118564E-01 -.118564E-01 0
453.43 «332944E-02 «332944E-02 0
544,85 .260374E-02 .260374E-02 0
56.43 .380719E-02 .384421E-02 3.7x10-5
244.79 .134930E-01 .134928E-01 2.0x10~7
uzB 205 372.02 .153576E-01 .153576E-01 0
453.43  ~.253053E-02 -.253053E-02 0
544.85  -.420620E-02  -.420620E-02 0
56.43 .520767E-02 .523935E-02 -3.2x10-5
244.79  -.143476E-01 -.143478E-01 +2.0x10-7
u2c 206 372.02 BAD DATA
453.43  -.377763E-02 -.377763E-02 0
544.85  -.372248E-02  -.372248E-02 0
Ul4A 720 65.61 .120053E-02 .119993E-02 6.0x10-7
109.64  -.316598E-03  -.284490E-03 -2.0x10-3
213.74  -.735532E-02  -.735535E-02 +3.0x10-9
330.36 .210590E-03 .210590E-03 0
371.64 .822434E-02 .822434E-02 0
U14B 721 65.61 .193524E-02 .193422E-02 1.02x10-6
109.64 .123906E-02 .126705E-02 -2.8x10-2
213.74 .746824E-02 .746814E-02 1.0x10=7
330.36  -.463410E-03  -.463410E-03 0
371.64  -.144091E-01 -.144091E-01 0
Ul4cC 722 65.61 .895333E-03 .894710E-03 6.23x10~/
109.64 -.668303E-02 =-.665100E-02 +3.2x10"2
213.74 .676451E-02 .676448E-02 -3.0x10-8
330.36  -.114331E-02 -.114331E-02 0
371.64 -.163030E-01 ~-.163030E-01 0
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8.  STRUCTURE AND FORMAT OF THE ENGINEERING DATA ON THE PUBLIC DOMAIN TAPES

8.1 Overall Structure

The public-domain tapes (PDT) consist of two 9-track, 800 bits per inch
(bpi), 2400 ft. magnetic tapes written using the NRZI (IBM's own version of
non-return on zero) method. The tapes contain character data written in
ASCII in 8 bit-fields with the higher order bit equal to zero. Each logical
record (or card image) is written in fixed field length with 80 characters
per record. Physical records are blocked in groups of 24 (i.e. a blocking
factor of 24 logical records per block), giving 1920 characters per block.
The last physicai record of each file may have fewer than 24 logical records.
Both tapes are terminated with a blank file (viz. 2 end-of-file (eof) marks)
followed by an end-of-information (eoi) mark. The tapes contain a total of
129 non-blank files; 49 on the first tape (Tape 1) and 80 non-blank files on

the second (Tape 2). Figure 22 depicts the overall structure of the PDT.

General Stripa experimental information are stored on files 1 through 3
of Tape 1. The remaining files on Tape 1 contain full-scale (H9, Experiment
1) experimental data. Tape 2 contains both full-scale (H10, Experiment 2)
and time-scaled (T.S., Experiment 3) experimental data stored in a format

similar to that for Experiment 1.

The master header of the PDT, stored in file 1 of Tape 1, contains the
description: "These two tapes contain the time averaged engineering data
(Release 1)7 for the Stripa heater experiments for the period from June 1978

to June 1980."

/A second release of the data is envisaged when sufficient information
on rock properties and instrument calibration becomes available to warrant
an update of USBM and IRAD data.
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OVERVIEW OF PUBLIC DOMAIN TAPE
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Fig. 22. Overall data structure on public-domain tapes.
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The PDT's file structure and tape creation methods are stored on file 2
of Tape 1. Content of this file is similar to that described in the first

paragraph of Section 8.1 above.

The master sensor-parameter-file (SPF) occupies file 3 of Tape 1. The
SPF contains all of the calibration parameters that were used to convert the
Stripa raw data to engineering units. Tables 10 and 11 provide detailed
field descriptions for the SPF. Parameters for a sample sensor are shown
in Fig. 23.

8.2 Structure and Format of Data for Experiments 1 and 2 (Full-Scale
Experiments)

Data for both full-scale experiments (header, time series, and engi-
neering data) are stored under identical formats, except that Experiment 1
(H9) data are stored in Tape 1 from file 4 through 49 while Experiment 2

(H10) data are stored in Tape 2 from file 1 through 53 (see Fig. 24).

Header

The full scale Experiment 1 (H9) 3.6 kW header information resides in
file 4 on tape 1. The first logical record (or card image) contains the
total number of time points (ITOTPT) and experiment number (IEXPT). The
format used is:

READ(1,9000)ITOTPT,IEXPT

9000 FORMAT(22X,I15,5X,I1)

The next record up to the end of file (eof) contains the total number of
holes (NHOLES) and its individual names (IHID) using the format:
READ(1,9001)NHOLES, (IHID(I),I=1,NHOLES)
9001 FORMAT(I13,/,(10(1X,A3)))
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Table 10. Master sensor parameter file record structure

Total Tength = 191 words

Word #
1
2-31
32
33

35+m
36+m
37+m
38+m

39+m+21

40+4m+21

Contents

Record/Sensor # (1-1200)

Initial values for parameters 1-30

Record Version # (increment by 1 with each update)
Date of last update

Change-records: (m =10, 1, . . .)

The number of parameters being changed (N)
Integer Time that the changes go into effect
Date that these changes were entered (alpha numeric)

Name/initials of person entering changes

]

Parameter-changes: i =0 . . . (N-1)

ID of parameter to be changed

New value for changed parameter

191

Zero-filled after last change-record

Last word in file
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Table 11. Master Parameter file description
=
v < =
— =
Q0 42 oW
S ] jeiaN]
o £ o |
Q o o
Q w | wn <
= o [} awm
[} j v 0O = “
S 2 X3 & 55  Description
 — bl o= DT O Y4
1 AX X X X X 3 10 character sensor type -- one of "THERMCOUP,"
"USBM," EXTENSOMET," "IRAD," "HEATER POW,"
"HEATER VOL," "HEATER CUR" or “NULL"
2 R X X 14 Gauge's Rho coordinate (m)
3 R 15 Gauge's Theta coordinate (degrees)
4 R X 16 Gauge's Z coordinate (m)
5 R X X 17 Gauge's depth in hole (m)
6 R X X X 22 Temperature at time zero (°C)
7 R X 24 Hole diameter (mm)
8 I X X X 28 Sensor number of gauge's associated thermocouple #1
9-13 I X 29- Sensor numbers for associated thermocouples #2-16
33
14 I X 44 Extensometer flag; vertical (0) or horizontal (1)
15 I X 53 Units flag; Amps (1), Volts (2), or Watts (3)
16 R X X X 54 Zero-offset. Indicates starting voltage for USBM
and Extensometer. Indicates zero reading for
IRAD gages.
17 R X X 55 Re-zero offset. USBM gauge voltage with buttons
removed. Extensometer re-zero voltage
18 R X X 57 Slope of gauge's calibration curve
19 R X X X 58 The constant A coefficient for thermocouples,
C1(23) for IRAD, and agauge for USBMs.
20 R X X X 59 The linear B coefficient thermocouples,

Co(23) for IRADs, and o pock for USBM gauges.



Table 11. (continued)
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W T ThEx I U H C# Description

21 R X C Coefficient of V2

22 R X D Coefficient of V3

23 R X E Coefficient of v4

24 R X 86 Voltage offset between ambient and 200°C

25 I X X X X X none Bad data flag. If non-zero, all data for this
gauge are replaced by -99999.

26 R X none  Substitute thermocouple
temperature for calculating thermal corrections
for extensometer, USBM and IRAD gauges. When
the thermocouple reading is bad (-99999) or
missing (~12345)

27 Sensor Tlabel

28-30 none  spare

R = real number

I = interger

C1(23) = calibration coefficient C; at 23°C. See Schrauf et al. (1979)

for details.
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LE 2

#nkk SENSOR NUMBER 755 sks%sks

— VERSICN NUMBER 1

LAST HODIFIED ON 08/22/80 BY

BT TS EEES FEESTIISRTRIRXEE

==z TR E SR AL rAREERECSEETXIREET

PARAM . DESCRIPTICA INITIAL
NUMBER VALUES o
BESTEXTETETI =X EXTEFEXZETT TEELT BEET UETE s— ECEE
T 1) SENSOR TYPE US8P
{21 GAGE RHO CODRDINATE 2.260C0
{ 3) GAGE THETA COCRD. 112.400 -
€ 41 GAGE I COORDINATE -.830000
- i 5) GAGE CEPTH IN RCLE 8.18000 -
- T 67 TEMP. AT TIPE ZERC 10.6360 - R
{ 71 AOLE CIAMETER 38.0000
T { 81 ASSCC THERMGCOUPLE 1 641 o
T U 99 ASSOC THERMOCOUPLE 2 0 T T T e T
T10) ASSOC YHERMCCOUPLE 3 (i
T {IIY T ASSOC THERWOCOUPLE 4 0 - -
112Y ASSTC THERMOCOUPLE ¢ [4] -
{137 ASSOC THERWMOCCUPLE € 0
‘T T i14) HORIZ ./ VERT. FLAG 0 T
TTTTTIS) "HEATER DATA TVPE 0 - - -
T (16) LERG OFFSET B.91600

T YTy RESZEWO OFFSET <.3&T000
T TTT{i8Y CALIB . CURVE SLTOPE . 8B7000FE-01

{19) COTFFICTENY A

«137500k~04

T TT {201 COIFFICIENT 8 -11Y000E-04%

— 2D COIFFTCTENT T o, - e s
{227 COTEFICTENT D o-

— =23V COTRFICTENT E vs -
(24) USBM TEMP. CONST.. 219000 -
{25) BAD DATA FLAG 0.
{261 SUBSTITUTE TEHP. c.

4271 SENSOR LABEL _u30C -
1281 SPARE 0
{29} SPARE 0
{301 SPARE 0

-

Fig. 23. Sample sensor parameter record.
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Tape
1 of 2

1 | (a)

[ MasTER HEADER

STRUCTURE & FILE DESCP. 1

[ MasTerR SPF j

BN =1
Expt. 1
HEADER
A
Expt. 1
Time Series A’ o
FN =13 = 20 FN = 28 N = 35 FN = 43
Data
H 9 E6 E 19 c1 Ui U9
| Y [ i | /
T13 £E7 E 20 c2(us) U2 U0
, ! , ! ,
T4 £E8 E2] c6 U3 v 21
‘ . | !
¥ ¥ i
T15 E9 E 22 c7 us U 22
716 £ 10 £ 23 cs us v 2
! ' ! !
¥
T EN E24 cn U (c2) U 27
l l l
- ! = FN = 49
=2y fN =19y ¥ =34 g v N
T18 E 18 E25 c12 v7 U 28
FN = 27 FN-42' ¥
a E 2 us EOF
‘ !
¥
EOF

FN = File number

XBL 8010-12330

Fig. 24. Detailed file arrangement for public-domain tape; (a) tape 1
of 2, (b) tape 2 of 2.
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A
Expt. 2
Time Series o @
l FN =12 FN =18 FN = 25 # FN = 33 FN = 39 FN = 47
Data
H 10 T3 £ 12 E 28 ¢ 3 (u1s) TR} U9
\ \ / / \ y \i
H 11 T 20 E 13 E 29 €4 (u17) U2 U 20
y l \ Y i i
H 12 T2 E 14 E 30 cs TRE] U 23
, ! ! ‘ ! , y
H13 T 22 E15 E 31 €10 U4 U 24
] ! ! ' ! | !
H 14 T 23 E16 £ 32 C 4 TRER ()] u2s
$ N =17y ¢ i FN =38 y $ t
H 15 T 24 E17 E 33 c15 U6 u 29
[ ¢ .
¥ FN = 24 § i A =53
H 16 e E 27 E 34 U117 (C 4) U 30
| - 3 | |
7 FN = 46 § Y
H 17 E 35 R EOF
= |
i
H 18 EOF

Fig. 24 (continued).

FN = File number

XBL 8010-12331



PN = 1

Expt. 3
HEADER
Expt. 3
Time Series A ° @
. FN = 11 FN = 17 FN = 23 %
Data
H 1 T 1 T 7 E
i \ /
H 2 T2 T8 E
|
| ¥
H 3 T3 T 9 E
M \
H 4 T 4 T 10 E
y w =2
H 5 T 5 T N £
|
FN =16y FN = 24§
H 6 T 6 T 12 EOF
! |
Y
H 7 {'l:l') EOQF
!
FN = 10, y
Y

FN = File number

XBL 8010-12332

Fig. 24 (continued).

(b) continued
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Table A-3 specifies the sensors that correspond to each borehole.

Time Series

As indicated in the header, File 5 contains the 1386 values of time

points (TIME) in days from Experiment 1 turn-on. The format used is:

READ(1,9002)(TIME(I),I=1,ITOTPT)

9002 FORMAT(6F12.3)

Engineering Data

Data are stored in order of causality, viz. H-holes, T-holes, E-holes,

C-holes and U-~holes.

Each hole's data occupies a separate file. Sensors

within each hole are arranged in the order shown in Table A-3. Each sensor's

engineering data set was preceded by a sensor header taking up an 80 charac-

ter logical record (card image). The format used is:

READ(1,9003)ISENUM,LABEL,C1,C2,C3,IUNIT,IOR

9003 FORMAT(5X,I5,5X,A5,3F10.3,5X,A10,2X,A1)

where ISENUM is sensor number;

LABEL is sensor label or name;

€1,C2,C3 are the sensor's Tocal cylindrical coordinates (r,0,Z)
full-scale experiments and local rectangular coordinates (X,Y,Z) for

0,7) for

the time-scaled experiment;

IUNIT is the quantity and engineering units, viz:

Contents Meaning

CURR ,AMP heater current in amperes

VLTGE,VOLT heater voltage in volts

POWER ,WATT heater power in watts

TEMP,DEG.C thermocouple temperature in degrees Celsius
DISPLAC,MM extensometer displacement in millimeters
PRD,X10-7S IRAD gauge period in 10~/ seconds

DIA.DSP ,MM USBM gauge diametric displacement in millimeters

IOR is orientation of the hole; V for vertical or H for horizontal.
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A total of 1386 values of engineering data immediately follow the sensor
header for Experiment 1 with six values per record (card image) using the
format:

READ(1,9004) (AVGDAT(I),I=1,ITOTPT)

9004 FORMAT(6(1PE12.4))

where AVGDAT is the time-averaged engineering data for the sensor;

ITOTPT is the total number of data points recorded for that sensor.
After all the sensor headers and their engineering data were written for
a hole, an eof is written to mark the termination of data for that hole. The
next hole's data are stored in a similar fashion. Figure 25 illustrates

the data structure and format within a hole.

Experiment 2 (H10) engineering data are coded on Tape 2. The header
begins in file 1 of Tape 2. The time series (total of 2652 time points)
in days is written in file 2. Engineering data is stored in files 3 through
53. The detailed structure and format is described in paragraphs 1 to 4 in

Section 8.2,

8.3 Structure and Format of Data for Time-Scaled Experiment

Data for the time-scaled experiment (Experiment 3) were formatted as
were the full-scale experiments except that there were fewer files since
there were no IRAD or USBM gauges (see Fig. 24(b)). The experiment's header
information begins in file 54 on Tape 2 of the PDT, followed by a time series
(total of 2196 entries) in days from Experiment 3 turn-on time. Engineering
data for all Experiment 3 holes and related sensors are stored in files 56
~through 80. Sensor headers provide rectangular coordinates (X,Y,Z) for
sensor locations where cylindrical coordinates (p,9,Z) were used in the
full-scale experiments. Formats were unchanged. Refer to paragraphs 1 to 4

in Section 8.2 for further details.
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[::::l K - Holes EXAMPLE: EXPT. 2 Hole T 19
T - Holes
. Sensor 510 & Data
l—::\ - tores oo 5118 ata
. Sensor 512 & Data
€ - Holes
. Sensor 513 & Data
‘ U - Holes Sensor 514 & Data
EXAMPLE : Sensors 510 and 511
card 1 -~ 8§10 Ti34 se00 e 3.000 YEHPLDEG.C V
card 2 - 3.2943E463 1.2955E¢01 1.3055£¢01 1.32158431 3.3303EeLd 1.3573E¢04
card 3 - 1. 342€E¢08 1.34B1E¢01 2.35«3IeD5 1.358aEe01 1.37132e01 1.3638E¢01
card 4 - 1. 3366Ee01 3.373Ee03 $.3762E¢01 2.37A92+01 1,3657E401 1.386LE4OL
card 5 - $.3G07E+01 1.6065E¢01 1.0137E401 1.41712001 1.626EEe0t 1.4335E¢01
T kaGkESDS 1.6490E01 1,45L0I401 1.46153808 1.4E83F¢D1  1.4TLAE4DL
368120401 1.,49BJEeG1 3.49358401 1.50170¢01 1a5.78E¢G1 1.5187E¢DL
1.5258E 001 1.52962¢01 1.53621¢01 1.5672:¢01 4.55356¢01 1.8657Ee01
1.5960E001 1.5753E¢01 1.016BE¢01 1.5984F¢01 3,6220f¢01 1.6215E¢01
1.6331E008 1.6365E¢03 1465018403 2465755401 1.6eL3E¢D1 1,6752E001
$.6027E401 3.6G0GE¢DL 3.700-E¢03 1.7099E¢01 1.74TOEeDL 1.7241Ee0s
2.73e3L 001 1.7L13E¢0L S.TABEZ¢01 1.75955¢01 3.TE5SEeL1 1.776uEeDl
1.7832E001 1.T914EeG1 3.36028¢01 3,0083E¢01 1.8251E¢01 1.6240E¢01
$.B296E+03 1.0602EeD1 1.,0638E¢C1 108T63Z+31 1.8451E¢01  1.8586E¢01
$.866TE401 1.87152¢02 1.B7ESTe01 3.9Bubbe0l  1,B573Fe01 1.9000E¢DL
1.9527E4D3 1.926oEe0i 2,9278I¢01 1.94877¢01 1.9502E¢01 1.964L3E+0L
1432056001 2.2771E001 1.25892¢01 1.2531E¢01 1.2483E¢01
1.206CE001 1.256EEe0: 1.2598Z¢02 1.26172¢01 1.2650E¢01
1,2667c¢D01  1.2027E¢01 1.28638¢08 1.278CE¢01  2.2750E401
1.2733E¢01 1,2753E¢01 1,.3015:¢01 3.28&0ced1 1,3120£¢01 1.2992£+01
. 2.7181E001 5.056BE¢03 €,CIIDE¢01 2.2730E¢CE  1.9084E4D2 S,0279E¢ 0L
card 841 - T 68uBEH01 JobB2TE01 3.4B2SEed1 3.eB5ITed:  Je5160£401 B,865B8E¢01
card 442 - 1.1057E902 1e261GE00Z 1.239E¢01 3429335¢01 1.25115¢01 1,2903E¢01
Eord 443 - 1.3220E001 1.3608E¢d1 ~1.23450 000 «2.25052006 =1, 2308540k =1, 23456004
card 1 - w1o230BEN00 ©1,Z305E¢04 =1, 230EE 00k ~Lo2345E4 04 ~1,2305E004 =1,2365E0 04
ard2 - 811 1198 aedd 0. 1.590 TEWP,DEG.C V¥
card 3 - 1.1987: 401 1.2792E¢03 1.371BTe01 3.6803Ie0% £.6591E+01 2.0389E+01
card 4 - 2.1900E001 2.366BE401 2.4BGEEDI  2,6362E401 2.7850E401 2,0533E+01
2.95L90 051 S.0538£ 01 3.1433Te0t J.23135001 3. 3173801 3.3392E¢+01
3,6806E001 3.5513Ee01 3.72962403 3.7251Ee01 3.7E15E¢D1  3,8356E¢08
we GOSCECDI 3.9918E061 bsDaiBZe01 6,59782001 &e21E14EP0L  4.2037E¢03
o 25LTESLL 6.4BBZES01 4,3071E¢01 GLunZAW0I#01 4 LEB3E01  4.5126E001
0o5SBBE00] 4e5US1E01 LuBLD7Ie0l 8.68628¢01 & 7ZSSE¢01 & BSTOECDL
b BETBEIDL .9203E003 E.2E335ed1 .9330E001 5.0L1EEeD1 S.037iEe01
e1.2300: ¢4 =1,2345E008 =3.2345200u =1,23452004 w3o23455¢04 ~1.2305E0 04
a3a234Bi40~ ~1.2365E¢0n =3, 2345E 005 ~1023455 004 -1.2345E¢04 =1.2345E¢ 00
1 B3BES0L =3.2345E¢04 =1,2345E Gk =2,2345240h =1.23455004 ~1,2345E 004
@1 2348E406 =1,2348E¢00 ~1e2345240a 1423052004 1,2345E¢0% =1.23405E¢ 06
1uP366E ¢ dn m1.2365E¢0e =1,2345640L ~3.2345E¢ 04 1, 2305400 ~1.2365E406
1o 2368E e0k ~1,2365E40n =1,2345 ¢0k ~1,23u55¢04 ~1,2345E¢04 =1,2345E0 00
card 842 - 1. 2I4SE¢BL ~1,236CE00L =1,23u5E 404 =1.2345E 004 =1.2345F 404 ~1.2365E ¢ 30
card 443 - e1.2D4BE 08 ~S.2INEEDe «1,23452¢00 =142365E004 ~1o2345E004 =1, 2345E¢04
card 1 - 612 r1ec «600 0. -0 TEM?,DEG.C V
cord 1 : Format (5%,15,5X,A5,3F10.3,5X,A10,2X,A1)
cards 2 - 483 : Formt (6(1PE12.4))

Fig. 25. Detailed structure and format of sensor data within a
borehole.
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9.  PROCEDURES FOR ACQUIRING AND ACCESSING DATA

9.1 Acquiring Public-Domain Tapes

The public-domain tapes, two 800 bpi, 2400 ft., 9-track magnetic
tapes containing the time-averaged engineering data, can be acquired by
writing:

Stripa Data

c/o Dr. Tin Chan

Earth Sciences Division

Building B90A

Lawrence Berkeley Laboratory

University of California

Berkeley, CA 94720

U.S.A.
Note that the words "Stripa Data" must appear in any correspondence concern-
ing these data to ensure prompt response. Users of computers with 36-bit
word length must so specify. Also, no telephone orders or inquiries can be
accepted. There will be a nominal charge (yet to be determined) to cover
the cost of duplicating the tapes.

9.2 Accessing other Available Data

9.2.1 Raw Data

The raw data are stored in various GSS tapes. (For explanation of GSS,
refer to GSS writeups by the LBL computer center.) The data are grouped
by experiment and all raw data associated with the same borehole are stored
together. Also, within a particular experiment, data for the same type
of measurements reside in the same tape. There are five GSS tapes for
Experiment 1, six tapes for Experiment 2, and three tapes for Experiment 3.

Table 12 gives the location of all the available raw data.

There are 24 files for each borehole, and each file contains approxi-

mately one month's data. The time period and the access ID (part of the GSS
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Table 12. Location of raw data and engineering data before averaging on
magnetic tapes
TAPE NUMBER DATA FILES BOREHOLE LABELS*
Raw Engi-
Data neering
Data
EXP 1 20625 13282 Files for sensors in H9, T13, T14, T15, T16
H and T holes T17, T18
20622 13259 Files for sensors in E6, E7, E8, E9, E10,
vertical E holes E11
20623 13263 Files for sensors in E18, E19, E20, EZ21,
horizontal E holes E22, E23, E24, E25, EZ26
20621 13250 Files for sensors in c1, ue(cz), €6, C7, C8,
C holes C11, C12
20628 13310 Files for sensors in U1, U2, U3, u4, U5,

U holes ce(us), U7, U8, U9,
u1o, U21, U22, Uz26,
uz27, U28

EXP 2 20996 15462 Files for sensors in H10, H11, H12, H13,
H holes H14, H15, H17, H17, H18
20997 15829 Files for sensors in T19, 120, T21, T22,
; T holes T23, T24
20921 15347 Files for sensors in E12, E13, E14, E15,
vertical E holes E16, E17
21215 15392 Files for sensors in E27, E28, E29, E30,
horizontal E holes E31, E32, E33, E34,
E35
20893 15101 Files for sensors in u1s5(c3), uUl7(c4), Cs,
C holes C10, C14, C15
20999 15832 Files for sensors in u11l, ulz, U13, Ul4,

U holes €3(U15), Ul6, C4(U17),
u1lg, U19, U20, U23,
uz24, U25, U29, U30

EXP 3 21068 15975 Files for sensors in H1, H2, H3, H4, H5, H6,

H holes H7, H8

21187 15983 Files for sensors in T1, T2, T3, T4, T5, T6,

T holes

T7, T8, T9, T10, T11,
T12

*Instrument labels appear in parenthesis following borehole labels where they

differ.
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pathname) for each file are given in Table 13.

The control command -
GETTAPE,local file=STRIPA/exp/RAWDATA/hole/start/end ,tapeno.

can be used to access raw data from LBL's CDC computer where:

exp = EXP1H9,EXP2H10, or EXP3TSCL for Experiment 1, 2, or3
respectively;
hole = HOLE+(hole Tlabel) for 2-character hole labels or HOL+(hole

label) for 3-character hole labels. Hole labels are given

in Table 12; and

start/end = an access ID from Table 13.

The following examples illustrate the control commands for accessing
specific subsets of data for the three experiments:
Raw data for the Full Scale Experiment 1 hole T14 from 2 June 78
to 4 July 78 can be accessed using:

GETTAPE,local file=STRIPA/EXP1H9/RAWDATA/HOLT14/5780602/F780704,20625.

Raw data for the Full Scale Experiment 2 hole Ul7 from 17 Sep 79 to 18 Oct 79
can be accessed using:

GETTAPE,local file=STRIPA/EXP2H10/RAWDATA/HOLUL7/$790917/F791018,20893.

Raw data for Experiment 3 (the time scale experiment) hole E1 from 16 May 80

to 13 June 80 can be accessed using:

GETTAPE,]ocalfi1e=STRIPA/EXPBTSCL/RAWDATA/HOLEE1/5800516/F800613,21007.
Raw data for the Full Scale Experiment 1 hole T14 from 2 Jun 78 to 4 Jul 78
can be accessed using:

GETTAPE,Tocal file=STRIPA/EXP1H9/RAWDATA/HOLT14/S780602/F780704 ,20625.
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Table 13. Time period and access ID for raw data files
TIME PERIOD ACCESS ID
1 2 Jun 78 to 4 Jul 78 S780602/F780704
2 4 Jul 78 to 6 Aug 78 S780704/F780806
3 6 Aug 78 to 5 Sep 78 $780806/F780905
4 5 Sep 78 to 6 Oct 78 S780905/F781006
5 6 Oct 78 to 5 Nov 78 $781006/F781105
6 5 Nov 78 to 5 Dec 78 §781105/F781205
7 5 Dec 78 to 10 Jan 79 §781205/F790110
8 10Jan 79 to 9 Feb 79 S$790110/F790209
9 9 Feb 79 to 11 Mar 79 §790209/F790311
10 11 Mar 79 to 19 Apr 79 S790311/F790419
11 19 Apr 79 to 19 May 79 §$790419/F790519
12 19 May 79 to 18 Jun 79 §790519/F790618
13 18 Jun 79 to 19 Jul 79 S$790618/F790719
14 19 Jul 79 to 18 Aug 79 S§790719/F790818
15 18 Aug 79 to 17 Sep 79 S$790818/F790917
16 17 Sep 79 to 18 Oct 79 S§790917/F791018
17 18 Oct 79 to 18 Nov 79 S$791018/F791118
18 18 Nov 79 to 17 Dec 79 S791118/F791217
19 17 Dec 79 to 17 Jan 80 S$791217/F800117
20 17 Jan 80 to 17 Feb 80 S800117/F800217
21 17 Feb 80 to 20 Mar 80 S800217/F800320
22 20 Mar 80 to 17 Apr 80 S$800320/F800417
23 17 Apr 80 to 16 May 80 S$800417/F800516
24 16 May 80 to 13 Jun 80 S800516/F800613
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Other raw data can be accessed in a similar way.

A1l raw data for any experiment and any hole can be accessed using:

GETTAPE,Tocal file=STRIPA/exp/RAWDATA/hole/* ,0R=A,tapeno.

The data format for each raw data file is shown in Table 14.

9.2.2 Logger Data

A1l Tlogger data were printed on paper tape and cannot in general be
accessed in computer readable form. However, a small subset was entered into
the CDC computer system at LBL. They were converted to the same units as the
raw data, and are stored in subsets in PSS library WSTRIP. (For explana-
tion of PSS, one can refer to the PSS writeups from LBL's computer center).
Available subsets are:

a) TSDATA: Time-scaled data Togger values in mV for 21 channels and

60 time points.

b)  ADDATA: Full scale AD-9 data logger values in mV for 31 channels

and 73 time points.

c) BFDATA: B&F data logger values in mV for 5 channels and 65 time

points.

d)  IRDATA: Vibrational periods, in units of 10-7 sec, from the

IRAD data logger for 12 channels and 60 time points.

The format of the above files is given in Table 15.

The time-scaled logger data can be accessed from LBL's CDC computer
system using:
FETCHPS ,WSTRIP,Tocal file,TSDATA.

Other logger data can be accessed similarly.
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Format for a raw data file

Table 14.
Variables

1) HOLE
NSENSOR

2) SENSOR

3) TIME,
(VALUE(I)

I=1,NSENSOR)

Definitions

HOLE = hole Tabel
NSENSOR = total number
of sensors in file

The sensor numbers
of all sensors in the
file

TIME = system time in
minutes starting from

1 Jdan 77.

VALUE = Raw data values
for the sensors listed
in 2 above at the time
specified here. The
sequential order of the

data corresponds to that

in the sensor list in 2

Format Comments

(A20, I5)

(1X,

10112)

(120) If there is any mis-

sing datum, the value
field is set to

(1X, -12345. If the value

E12.5) is out of range, the
value field is set to
-99999. The unit of
all the values are in
volts, except the
values in the C holes
and the H holes. In
the C holes, data for
the sensors are vibra-
tional _period in units
of 10-7 sec. In the
H holes, the unit of
the values depends on
the type of sensor.
It is in 10 amps, if
the sensor is used to
measure current. It
is in 100 volts, if
the sensor is used to
measure voltage. It
is in kilowatt, if the
sensor 1s used to
measure power.

Format 3 repeats until terminated by an end-of-file
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Table 15, Format for data logger files

Variables Definitions Format Comments
NTIME total number of time (15)

points in the file
NCHANNEL total number of (15)

channels in the file
YEAR, DAY, time when the (12, 1X, The fields for both
HOUR, MIN, value was taken 13, 1X, the channel number and
SEC 3I2) the value are set to

zero whenever data was

(CHANNEL(I), channel number, missed. An "*"
ERROR(I), -error code, following the channel
VALUE(I), and value for number implies that
I=1, the channel channel's data 1is bad.
NCHANNEL)

Format "3" above is repeated "NTIME" times.
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9.2.3 Long-Term Data

The Tong-term data is stored on GSS tape 22257 at LBL. (See the LBL

computer center's GSS writeups for instructions on using these tapes.)

A writeup describing the format of the data is stored on this same

tape under pathname
STRIPA/LONGTERM/DATA/FORMAT.

This writeup also gives the pathnames necessary to retrieve the data.

9.2.4 Engineering Data

Engineering data, prior to averaging, are organized as described for the
raw data. Table 12 gives the Tocation of all available engineering data.
The accessing methods are as described for the raw data, except that CONDATA

should be substituted for RAWDATA in the pathname.

For example, the engineering data for Full Scale Experiment 2 hole Ul7

from 17 Sep 79 to 18 Oct 79 can be accessed using:
GETTAPE,Tocalfile=STRIPA/EXP2H10/CONDATA/HOLU17/S790917/F791018,15101.

The engineering data, after averaging, are stored in GSS tape 26318 on
LBL's CDC computer system. The file organization and data structure of

this tape are as described for the public domain tapes.

To access the above data for Experiment 1, use:
GETTAPE ,,Tocalfile=STRIPA/EXP1H9/ALL/AVGDATA/26318.

Time-averaged engineering data for the other experiments can be accessed

similarly.
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APPENDIX A: USEFUL INFORMATION ON THE STRIPA HEATER EXPERIMENTS (Figures
and Tables)
This appendix contains a number of figures and tables providing informa-
tion on the power histories of the heaters and the configurations of the
heater arrays and instrumentation. Most of these figures and tables are

self-explanatory.

Table A-1 gives the correspondence between calendar dates and experiment
days for the Stripa heater experiments. Heater power data presented in Fig.
A-1 - A-3 and Table A-2 are those recorded by the AD-9 data loggers. These
are considered more reliable than the computer acquired data that was record-
ed on magnetic tapes. The differences, however, are very small, less than
1%. For any heater with more than one heating element, the Tast sensor

listed in Table A-3 measured total heater power.

Note that the Tocal cylindrical coordinates in Table A-3 constitute a
left-hand coordinate system. The Z axis is vertical with Z = 0 corresponding
to the midplane of the heaters and positive Z is above the midplane.

See Schrauf et al. (1979) for the relationships between the different

coordinate systems.

The hole labels given in Table A-3 are the original borehole names used
by the designer for instrumentation layout. During installation the posi-
tions of the following 3 USBM gauges and 3 pairs of IRAD stressmeters were

interchanged:

C2 ue
C3 uls
c4 ul7

In Table A-3 every active sensor is uniquely identified by a label

(column 4), which has three fields representing (1) instrument type, (2) the
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borehole identifier, and (3) the component identifier for instruments that
have more than one component. If the instrument type is the same as that

used to identify the borehole, Field (1) is omitted.

For USBM gauges, component A corresponds to component 1, the 6 com-
ponent, while B and C correspond to components 2 and 3 at angles of 60° and
120°, respectively. For IRAD gauges, A again corresponds to component 1, in
the 6 direction, and B corresponds to component 2, which is at right angles
to component 1. Selected plan and (vertical) section views of the full-scale
drifts are given in Figs. A-4 - A-7. Designation of extensometer anchor
points is illustrated in Fig. A-8. Designation of thermocouples in the E
(extensometer) holes corresponds to that for the extensometer anchor points.
Some extensometer holes have seven thermocouples. These extra thermocouples

are labeled E (for the collar), F, and G.
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Table A-1. Correspondence between calendar dates and experiment
days for the Stripa experiments.

1978 CALENDAR FOR STRIPA EXPERIMENT

1978 JUNE JULIAN HO H1O0 TS 1978 AUGUST JULIAN H9 H10 TS
TH 6/ 1/78 152 0 0 0 TU 8/ 1/78 213 0 29 el
FR 6/ 2/78 153 0 0 1 WE 8/ 2/78 214 0 30 62
SA 6/ 3/78 154 0 0 2 TH 8/ 3/78 215 0 31 63
SsuU 6/ 4/78 155 o o 3 FR 8/ 4/78 216 0 32 64
MO 6/ 5/78 156 0 0 4 SA 8/ 5/78 217 0 33 65
T 6/ 6/78 157 o o 5 SU 8/ 6/78 218 0 34 66
WE 6/ 7/78 158 0 0 6 MO 8/ 7/78 219 0 35 67
TH 6/ 8/78 159 0 0 7 TU 8/ 8/78 220 0 36 68
FR 6/ 9/78 160 0 0 8 WE 8/ 9/78 221 0 37 69
SA 6/10/78 1lel 0 0 g TH 8/10/78 222 0 38 70
SU 6/11/78 162 0 0 10 FR 8/11/78 223 0 39 71
MO 6/12/78 163 0 0 11 SA 8/12/78 224 0 40 72
TU 6/13/78 164 0 0 12 su 8/13/78 225 0 41 73
WE 6/14/78 165 0 0 13 MO 8/14/78 226 0 42 74
TH 6/15/78 166 0 0o 14 TU 8/15/78 227 0 43 75
FR 6/16/78 167 0 0 15 WE 8/16/78 228 0 44 76
SA 6/17/78 168 0 o 16 TH 8/17/78 229 0 45 77
sU 6/18/78 169 0 0 17 FR 8/18/78 230 0 46 78
MO 6/19/78 170 0 0 18 SA 8/19/78 231 0 47 79
TU 6/20/78 171 0 0 19 SU 8/20/78 232 0 48 80
WE 6/21/78 172 0 0 20 MO 8/21/78 233 0 49 81
TH 6/22/78 173 0 0o 21 TU 8/22/78 234 0 50 82
FR 6/23/78 174 0 0o 22 WE 8/23/78 235 0 51 83
SA 6/24/78 175 0 o 23 TH 8/24/78 236 0 52 B84
sU 6/25/78 176 ) 0 24 FR 8/25/78 237 1 53 85
MO 6/26/78 177 0 0 25 SA 8/26/78 238 2 54 86
Ty 6/27/78 178 0 o 26 5U 8/27/78 239 3 55 87
WE 6/28/78 179 0 0 27 MO 8/28/78 240 4 56 88
TH 6/29/78 180 0 0 28 ag g;gg;;g gzé 2 57 89
58 90
FR 6/30/78 181 ) 0o 29 TH 8731778 243 S o
1978 JULY JULIAN H9 HI1O0 TS 1978 SEPTEMBE JULIAN H9 HI10 TS
sa 7/ 1/78 182 0 0 30 FR 9/ 1/78 244 8 60 92
su 7/ 2/78 183 0 0 31 sA 9/ 2/78 245 9 61 93
Mo 7/ 3/78 184 o o} 32 su 9/ 3/78 246 10 62 94
U 7/ 4/78 185 0 1 33 MO 9/ 4/78 247 11 63 95
WE 7/ 5/78 186 0 2 34 TU 9/ 5/78 248 12 64 96
TH 7/ 6/78 187 0 3 35 WE 9/ 6/78 249 13 65 97
FR 7/ 7/78 188 0 4 36 TH 9/ 7/78 250 14 66 98
sAn 7/ 8/78 189 0 5 37 FR 9/ 8/78 251 15 67 99
su 7/ 9/78 190 ) 6 38 SA 9/ 9/78 252 16 68 100
MO 7/10/78 191 0 7 39 SuU 9/10/78 253 17 69 101
TU 7/11/78 192 0 8 40 MO 9/11/78 254 18 70 102
WE 7/12/78 193 0 9 41 TU 9/12/78 255 19 71 103
TH 7/13/78 194 0 10 42 WE 9/13/78 256 20 72 104
FR 7/14/78 195 0 11 43 TH 9/14/78 257 21 73 105
sA 7/15/78 196 0 12 44 FR 9/15/78 258 22 74 106
su 7/16/78 197 0 13 45 SA 9/16/78 259 23 75 107
MO 7/17/78 198 0 14 46 su 9/17/78 260 24 76 108
TU 7/18/78 199 0 15 47 MO 9/18/78 261 25 77 109
WE 7/19/78 200 0 16 48 TU 9/19/78 262 26 78 110
TH 7/20/78 201 0o 17 49 WE 9/20/78 263 27 79 111
FR 7/21/78 202 0 18 50 TH 9/21/78 264 28 80 112
SA 7/22/78 203 0 i9 51 FR 9/22/78 265 29 81 113
su 7/23/78 204 0 20 52 SA 9/23/78 266 30 82 114
MO 7/24/78 205 0 21 53 sSU 9/24/78 267 31 83 115
TU 7/25/78 206 0 22 54 MO 9/25/78 268 32 84 116
WE 7/26/78 207 0 23 55 TU 9/26/78 269 33 85 117
TH 7/27/78 208 0 24 56 WE 9/27/78 270 34 86 118
FR 7/28/78 209 o] 25 57 TH 9/28/78 271 35 87 119
SA 7/29/78 210 0 26 58 FR 9/29/78 272 36 88 120
su 7/30/78 211 0 27 59 SA 9/30/78 273 37 89 121
Mo 7/31/78 212 0 28 60
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Table A-1 (continued)

1978 OCTOBER JULIAN H9 HLO TS 1978 DECEMBER JULIAN H9 H10 TS
sU 10/ 1/78 274 38 90 122 FR 12/ 1/78 335 99 151 183
MO 10/ 2/78 275 39 91 123 . SA 12/ 2/78 336 100 152 184
TU 10/ 3/78 276 40 92 124 suU 12/ 3/78 337 101 153 185
WE 10/ 4/78 277 41 93 125 MO 12/ 4/78 338 102 154 186
TH 10/ 5/78 278 42 94 126 TU 12; Z;;g 329 102 ig: igg
FR 10/ 6/78 279 43 95 127 WE 12 340 10

SA 10; 7578 280 44 96 128 TH 12/ 7/78 341 105 157 189
SU 10/ 8/78 281 45 97 129 FR 12/ 8/78 342 106 158 190
MO 10/ 9/78 282 46 98 130 SA 12/ 9/78 343 107 159 191
TU 10/10/78 283 47 99 131 SU 12/10/78 344 108 160 192
WE 10/11/78 284 48 100 132 MO 12/11/78 345 109 161 193
TH 10/12/78 285 49 101 133 TU 12/12/78 346 110 162 194
FR 10/13/78 286 50 102 134 WE 12/13/78 347 111 163 195
SA 10/14/78 287 51 103 135 TH 12;1;532 gig 112 igg igg
SU 10/15/78 88 FR 12

MO 10416478 %89 g§ igg }g? SA 12/16/78 350 114 166 198
TU 10/17/78 290 54 106 138 SU ig?igé;g gg; iig ig; ;gg
WE 10/18 MO

TH 18519533 §§§ 22 ig; iig TU 12/19/78 353 117 169 201
FR 10/20/78 293 57 109 141 WE i;f%gf;g ggg iig i;g ggg
SA 10/21/78 94 110 TH

su 10;22;78 395 gg 111 ijg FR 12/22/78 356 120 172 204
MO 10/23/78 296 60 112 144 SA 12/23/78 357 121 173 205
TU 10/24/78 297 61 113 145 SU 12/24/78 358 122 174 206
WE 10/25/78 298 62 114 146 MO 12/25/78 359 123 175 207
TH 10/26/78 299 63 115 147 TU 13433532 322 i;g i;? ggg
FR 10/27/78 300 64 116 148 WE

SA 10?28;78 301 65 117 149 TH 12/28/78 362 126 178 210
SU 10/29/78 302 66 118 150 FR 12/29/78 363 127 179 211
MO 10/30/78 303 67 119 151 SA 12/30/78 364 128 180 212
TU 10/31/78 304 68 120 152 SU 12/31/78 365 129 181 213

1978 NOVEMBER JULIAN H9 HI1O0 TS

WE 11/ 1/78 305 69 121 153
TH 11/ 2/78 306 70 122 154
FR 11/ 3/78 307 71 123 155
sSA 11/ 4/78 308 72 124 156
sU 11/ 5/78 309 73 125 157
MO 11/ 6/78 310 74 126 158
TU 11/ 7/78 311 75 127 159
WE 11/ 8/78 312 76 128 160
TH 11/ 9/78 313 77 129 161
FR 11/10/78 314 78 130 162
SA 11/11/78 315 79 131 163
SU 11/12/78 316 80 132 164
MO 11/13/78 317 81 133 165
TU 11/14/78 318 82 134 166
WE 11/15/78 319 83 135 167
TH 11/16/78 320 84 136 168
FR 11/17/78 321 85 137 169
SA 11/18/78 322 86 138 170
SU 11/19/78 = 323 87 139 171
MO 11/20/78 324 88 140 172
TU 11/21/78 325 89 141 173
WE 11/22/78 326 90 142 174
TH 11/23/78 327 91 143 175
FR 11/24/78 328 92 144 176
SA 11/25/78 329 93 145 177
SU 11/26/78 330 94 146 178
MO 11/27/78 331 95 147 179
TU 11/28/78 332 96 148 180
WE 11/29/78 333 97 149 181

TH 11/30/78 334 98 150 182



Table A-1 (continued)

1979 CALENDAR FOR STRIPA EXPERIMENT

1979 JANUARY JULIAN H9

MO
TU
WE
TH
FR
SA
su
MO

1979 FEBRUARY JULIAN

TH
FR
SA
SU
MO
TU
WE
TH
FR
SA
519)
MO
TU
WE
TH
FR
SA
SU
MO
TU
WE
TH
FR
SA
SuU
MO
TU
WE

1/ 1/79

1/20/79
1/21/79
1/22/79
1/23/79
1/24/79
1/25/79
1/26/79
1/27/79
1/28/79
1/29/79
1/30/79
1/31/79

2/ 1/79
2/ 2/79
2/ 3/79
2/ 4/79
2/ 5/79
2/ 6/79
2/ 7/79
2/ 8/79
2/ 9/79
2/10/79
2/11/79
2/12/79
2/13/79
2/14/79
2/15/79
2/16/79
2/17/79
2/18/79
2/19/79
2/20/79
2/21/79
2/22/79
2/23/79
2/24/79
2/25/79
2/26/79
2727579
2/28/79

VOOV B WN -

WWNNNNNONNDONNNME SR
HO WU WNFOWONOUMIAWNOHO

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

130
131

132

133

134
135

136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160

H9

16l
162
163
164
165
166
167
le8
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188

H10

182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198

H10

213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240

TS

214

215

216

217

218

219

220

221

222
223

224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244

TS

245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272

A-5

1979 MARCH

3/ 1/79
3/ 2/79
3/ 3/79
3/ 4/79
3/ 5/79
3/ 6/79
3/ 7/79
3/ 8/79
3/ 9/79
3/10/79
3/11/79
3/12/79
3/13/79
3/14/79
3/15/79
3/16/79
3/17/79
3/18/79
3/19/79
3/20/79
3/21/79
3/22/79
3/23579
3/24/79
3/25/79
3/26/79
3/27/79
3/28/79
3/29/79
3/30/79
3/31/79

1979 APRIL

suU
MO
TU
WE
TH
FR
SA
SU
MO
TU
WE
TH
FR
SA
SU
MO
TU
WE
TH
FR
SA
sSuU
MO
TU
WE
TH
FR
SA
5U
MO

4/ 1/79
4/ 2/79
4/ 3/79
4/ 4/79
4/ 5/79
4/ 6/79
4/ 7779
4/ 8/79
4/ 9/79
4/10/79
4/11/79
4/12/79
4/13/79
4/14/79
4/15/79
4/16/79
4/17/79
4/18/79
4/19/79
4/20/79
4/21/79
4/22/79
4/23/79
4/24/79
4/25/79
4/26/79
4/27/79
4/28/79
4/29/79
4/30/79

JULIAN H9
60 189
6l 190
62 191
63 192
64 193
65 194
66 195
67 196
68 197
69 198
70 199
71 200
72 201
73 202
74 203
75 204
76 205
77 206
78 207
79 208
80 209
81 210
82 211
83 212
84 213
85 214
86 215
87 216
88 217
89 218
20 219
JULIAN H9
91 220
92 221
93 222
94 223
95 224
96 225
97 226
98 227
99 228
100 229
101 230
102 231
103 232
104 233
105 234
106 235
107 236
108 237
109 238
110 239
111 240
112 241
113 242
114 243
115 244
116 245
117 246
118 247
119 248
120 249

H10

241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271

H10

272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301

TS

273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291

292

293
294
295
296
297
298
299
300
301

302

303

TS

304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
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1979 MAY

TU
WE
TH
FR
SA
su
MO
TU
WE
TH
FR
SA
SU
MO
TU

TH

5/ 1/79
5/ 2/79
5/ 3/79
5/ 4/79
5/ 5/79
5/ 6/79
5/ 7/79
5/ 8/79
5/ 9/79
5/10/79
5/11/79
5/12/79
5/13/79
5/14/79
5/15/79
5/16/79
5/17/79
5/18/79
5/19/79
5/20/79
5/21/79
5/22/79
5/23/79
5/24/79
5/25/79
5/26/79
5/27/79
5/28/79
5/29/79
5/30/79
5/31/79

1979 JUNE

FR
SA
518
MO
TU
WE
TH
FR
SA
sU
MO
TU
WE
TH
FR
SA
SU
MO
TU
WE
TH
FR
SA
5U
MO
TU
WE
TH
FR
SA

6/ 1/79
6/ 2/79
64 3479
6/ 4/79
6/ 5/79
6/ 6/79
6/ 7/79
6/ 8/79
6/ 9/79
6/10/79
6/11/79
6/12/79
6/13/79
6/14/79
6/15/79
6/16/79
6/17/79
6/18/79
6/19/79
6/20/79
6/21/79
6/22/19
6/23/79
6/24/79
6/25/79
6/26/79

©/27/79

6/28/79
6/29/79
6/30/79

JULIAN

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146

148
149
150
151

JULIAN

152
153
154
155
156
157
158
159
160
le6l
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181

(continued)

H9

250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280

H9

281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310

H10

302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332

H10

333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362

TS

334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
36l
362
363
364

TS

365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394

1979 JULY

1979 AUGUST

WE
TH
FR
SA
suU
MO
TU
WE
TH
FR
SA
sU
MO
TU
WE
TH
FR
SA
SU
MO
TU
WE
TH
FR
SA
sU
MO
TU
WE
TH
FR

7/ 1/7¢9
7/ 2/79
7; 3;79
7/ 4/79
7/ 5/79
7/ 6/79
7/ 1/79
7/ 8/79
7/ 9/79
7/10/79
7/11/79
7/12/79
7/13/79
7/14/79
7/15/79
7/16/79
7/17/79
7/18/79
7/19/79
7/20/79
7/21/79
7/22/79
7/23/79
7/24/79
7/25/79
7/26/79
7/27/19
7/28/79
7/29/79
7/30/7¢9
7/31/79

8/ 1/79
8/ 2/79
8; 3;79
8/ 4/79
8/ 5/79
8/ 6/79
8/ 7/79
8/ 8/79
8/ 9/79
8/10/79
8/11/79
8/12/79
8/13/79
8/14/79
8/15/79
8/16/79
8;17;79
8/18/79
8/19/79
8/20/79
8/21/79
8/22/79
8;23;79
8/24/79
8/25/79
8/26/79
8/27/79
8/28/79
8/29/79
8/30/79
8/31/79

JULIAN HS
182 311
183 312
184 313
185 314
186 315
187 316
188 317
189 318
190 319
191 320
192 321
193 322
194 323
195 324
196 325
197 326
198 327
199 328
200 329
201 330
202 331
203 332
204 333
205 334
206 335
207 336
208 337
209 338
210 339
211 340
212 341
JULIAN H9
213 342
214 343
215 344
216 345
217 346
218 347
219 348
220 349
221 350
222 351
223 352
224 353
225 354
226 355
227 356
228 357
229 358
230 359
231 360
232 361
233 362
234 363
235 364
236 365
237 366
238 367
239 368
240 369
241 370
242 371
243 372

H10

363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393

H10

394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424

TS

395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425

TS

426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
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Table A-1 (continued)

1979 SEPTEMBE JULIAN H9 H1O TS 1979 NOVEMBER JULIAN H9 H10 TS
SA 9/ 1/79 244 373 425 457 TH 11/ 1/79 305 434 486 518
SU 9/ 2/79 245 374 426 458 FR 11/ 2/79 306 435 487 519
MO 9/ 3/79 246 375 427 459 sA 11/ 3/79 307 436 488 520/
TU 9/ 4/79 247 376 428 460 sU 11/ 4/79 308 437 489 521
WE 9/ 5/79 248 377 429 461 MO 11/ 5/79 309 438 490 522
TH 9/ 6/79 249 378 430 462 T 11/ 6/79 310 439 491 523
FR 9/ 7/79 250 379 431 463 wE 11/ 7/79 311 440 492 524
SA 9/ 8/79 251 380 432 464 TH 11/ 8/79 312 441 493 525
sU 9/ 9/79 252 381 433 465 FR 11/ 9/79 313 442 494 526
MO 9/10/79 253 382 434 466 sa 11/10/79 314 443 495 527
TU 9/11/79 254 383 435 467 sU 11/11/79 315 444 496 528
WE 9/12/79 255 384 436 468 MO 11/12/79 316 445 497 529
TH 9/13/79 256 385 437 469 TU 11/13/79 317 446 498 530
FR 9/14/79 257 386 438 470 WE 11/14/79 318 447 499 531
SA 9/15/79 258 387 439 471 TH 11/15/79 319 448 500 532
sSuU 9/16/79 259 388 440 472 FR 11/16/79 320 449 501 533
MO 9/17/79 260 389 441 473 SA 11/17/79 321 450 502 534
TU 9/18/79 261 390 442 474 SU 11/18/79 322 451 503 535
WE 9/19/79 262 391 443 475 MO 11/19/79 323 452 504 536
TH 9/20/79 263 392 444 476 TU 11/20/79 324 453 505 537
FR 9/21/79 264 393 445 477 WE 11/21/79 325 454 506 538
SA 9/22/79 265 394 446 478 TH 11/22/79 326 455 507 539
SU 9/23/79 266 395 447 479 FR 11/23/79 327 456 508 540
MO 9/24/79 267 396 448 480 sSA 11/24/79 328 457 509 541
TU 9/25/79 268 397 449 481 SU 11/25/79 329 458 510 542
WE 9/26/79 269 398 450 482 MO 11/26/79 330 459 511 543
TH 9/27/79 270 399 451 483 TJ 11/27/79 331 460 512 544
FR 9/28/79 271 400 452 484 WE 11/28/79 332 461 513 545
SA 9/29/79 272 401 453 485 TH 11/29/79 333 462 514 546
su 9/30/79 273 402 454 486 _FR 11/30/79 334 463 515 547
1979 OCTOBER JULIAN H9 H1O TS 1979 DECEMBER JULIAN H9 H10 TS
MO 10/ 1/79 274 403 455 487 SA 12/ 1/79 335 464 516 548
TU 10/ 2/79 275 404 456 488 SU 12/ 2/79 336 465 517 549
WE 10/ 3/79 276 405 457 489 MO 12/ 3/79 337 466 518 550
TH 10/ 4/79 277 406 458 490 TU 12/ 4/79 338 467 519 551
FR 10/ 5/79 278 407 459 491 WE 12/ 5/79 339 468 520 552
SA 10/ 6/79 279 408 460 492 TH 12/ 6/79 340 469 521 553
su 10/ 7/79 280 409 461 493 FR 12/ 7/79 341 470 522 554
MO 10/ 8/79 281 410 462 494 SA 12/ 8/79 342 471 523 555
TU 10/ 9/79 282 411 463 495 sU 12/ 9/79 343 472 524 556
WE 10/10/79 283 412 464 496 MO 12/10/79 344 473 525 557
TH 10/11/79 284 413 465 497 TU 12/11/79 345 474 526 558
FR 10/12/79 285 414 466 498 WE 12/12/79 346 475 527 559
SA 10/13/79 286 415 467 499 TH 12/13/79 347 476 528 560
SU 10/14/79 287 416 468 500 FR 12/14/79 348 477 529 561
MO 10/15/79 288 417 469 501 SA 12/15/79 349 478 530 562
TU 10/16/79 289 418 470 502 SU 12/16/79 350 479 531 563
WE 10/17/79 290 419 471 503 MO 12/17/79 351 480 532 564
TH 10/18/79 291 420 472 504 TU 12/18/79 352 481 533 565
FR 10/19/79 292 421 473 505 WE 12/19/79 353 482 534 566
SA 10/20/79 293 422 474 506 TH 12/20/79 354 483 535 567
SU 10/21/79 294 423 475 507 FR 12/21/79 355 484 536 568
MO 10/22/79 295 424 476 508 SA 12/22/79 356 485 537 569
TU 10/23/79 296 425 477 509 SU 12/23/79 357 486 538 570
WE 10/24/79 297 426 478 510 MO 12/24/79 358 487 539 571
TH 10/25/79 298 427 479 511 TU 12/25/79 359 488 540 572
FR 10/26/79 299 428 480 512 WE 12/26/79 360 489 541 573
SA 10/27/79 300 429 481 513 TH 12/27/79 361 490 542 574
sU 10/28/79 301 430 482 514 FR 12/28/79 362 491 543 575
MO 10/29/79 302 431 483 515 SA 12/29/79 363 492 544 576
TU 10/30/79 303 432 484 516 SU 12/30/79 364 493 545 577

WE 10/31/79 304 433 485 517 MO 12/31/79 365 494 546 578



Table A-1 (continued)

1980 CALENDAR FOR STRIPA EXPERIMENT

1980 JANUARY JULIAN H9

TU
WE
TH
FR
SA
SU
MO
TU
WE
TH
FR
SA
SU
MO
TU

1980 FEBRUARY JULIAN

FR
SA
Su
MO
TU
WE
TH
FR
SA
sU
MO
TU
WE
TH
FR
SA
sU
MO
TU
WE
TH
FR
SA
5U
MO
TU
WE
TH
FR

1/ 1/80
1/ 2/80
1/ 3/80
1/ 4/80
1/ 5/80
1/ /80
1/ 7/80
1/ 8/80
1/ 9/80
1/10/80
1/11/80
1/12/80
1/13/80
1/14/80
1/15/80
1/16/80
1/17/80
1/18/80
1/19/80
1/20/80
1/21/80
1/22/80
1/23/80
1/24/80
1/25/80
1/26/80
1;27;80
1/28/80
1/29/80
1/30/80
1/31/80

2/ 1/80
2/ 3780
2/ 3/80
2/ 4/80
2/ 5/80
2/ 6/80
2/ 7/80
2/ 8/80
2/ 9/80
2/10/80
2/11/80
2/12/80
2/13/80
2/14/80
2/15/80
2/16/80
2/17/80
2/18/80
2/19/80
2/20/80
2/21/80
2/22/80
2/23/80
2/24/80
2/25/80
2/26/80
2/27/80
2/28/80
2/29/80

WO NoOU W

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525

H9

526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554

H10

547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577

H10

578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606

TS

579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609

s

610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638

1980 MARCH

SA
suU
MO
TU
WE
TH
FR
SA

sU

MO
TU
WE
TH
FR
SA
SU
MO
TU
WE
TH
FR
SA
SU
MO
TU
WE
TH
FR
SA
sU
MO

3/ 1/80
3/ 2/80
3/ 3/80
3/ 4/80
3/ 5/80
3/ 6/80
3/ 7/80
3/ 8/80
3/ 9/80
3/10/80
3/11/80
3/12/80
3/13/80
3/14/80
3/15/80
3/16/80
3/17/80
3/18/80
3/19/80
3/20/80
3;21780
3/22/80
3/23/80
3/24/80
3/25/80
3/26/80
3/27/80
3/28/80
3/29/80
3/30/80
3/31/80

1980 APRIL

4/ 1/80
4/ 2/80
4/ 3/80
4/ 4/80
4/ 5/80
4/ 6/80
4/ 7/80
4/ 8/80
4/ 9/80
4/10/80
4/11/80
4/12/80
4/13/80
4/14/80
4/15/80
4/16/80
4/17/80
4/18/80
4/19/80
4/20/80
4/21/80
4/22/80
4/23/80
4/24/80
4/25/80
4/26/80
4/27/80
4/28/80
4/29/80
4/30/80

JULIAN H9
61 555
62 556
63 557
64 558
65 559
66 560
67 561
68 562
69 563
70 564
71 565
72 566
73 567
74 568
75 569
76 570
77 571
78 572
7° 573
80 574
81 575
82 576
83 577
84 578
85 579
86 580
87 581
88 582
89 583
90 584
91 585
JULIAN H9

92 586

93 587

94 588

95 589

96 590

97 591

98 592

99 593
100 594
101 595
102 596
103 597
104 598
105 599
106 600
107 601
108 602
109 603
110 604
111 605
112 606
113 607
114 608
115 609
116 610
117 611
118 612
119 613
120 614
121 615

H10

607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637

H10

638
639
640
641
642
643
644
645
646
647
648
649
650
651

652
653
654
655
656
657
658
659
660

661
662

663

664

665

666

667

TS

639
64b
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669

T8

670
671
672
673
674
675
676
677
678
679
680
681
682
683

684
685
686
687
688
689
690

691

692

693

694

695

696

697

698
699



A-9

Table A-1 (continued)

1980 MAY JULIAN H9 HI1O0 TS

TH 5/ 1/80 122 616 668 700
FR 5/ 2/80 123 617 669 701
SA 5/ 3/80 124 618 670 702
Su 5/ 4/80 125 619 671 703
MO 5/ 5/80 126 620 672 704
TU 5/ 6/80 127 621 673 705
WE 5/ 7/80 128 622 674 706
TH 5/ 8/80 129 623 675 707
FR 5/ 9/80 130 624 676 708

sa 5/10/80 131 625 677 709
SU 5/11/80 132 626 678 710
MO 5/12/80 133 627 679 711

TU 5/13/80 134 628 680 712
WE 5/14/80 135 629 681 713

TH 5/15/80 136 630 682 714
FR 5/16/80 137 631 683 715
SA 5/17/80 138 632 684 716

SU 5/18/80 139 633 685 717
MO 5/19/80 140 634 686 718
TU 5/20/80 141 635 687 719
WE 5/21/80 142 636 688 720

TH 5/22/80 143 637 689 721
FR 5/23/80 144 638 690 722
SA 5/24/80 145 639 691 723
SU 5/25/80 146 640 692 724
MO 5/26/80 147 641 693 725
TU 5/27/80 148 642 694 726
WE 5/28/80 149 643 695 727
TH 5/29/80 150 644 696 728
FR 5/30/80 151 645 697 729
sA 5/31/80 152 646 698 730
1980 JUNE JULIAN H9 H1O0 TS
SU 6/ 1/80 153 647 699 731

MO 6/ 2/80 154 648 700 732
TU 6/ 3/80 155 649 701 733
WE 6/ 4/80 156 650 702 734
TH 6/ 5/80 157 651 703 735
FR 6/ 6/80 158 652 704 736
SA 6/ 7/80 159 653 705 737
SU 6/ 8/80 160 654 706 738
MO 6/ 9/80 161 655 707 739
TU 6/10/80 162 656 708 740
WE 6/11/80 163 657 709 741
TH 6/12/80 164 658 710 742
FR 6/13/80 165 659 711 743
SA 6/14/80 166 660 712 744
SU 6/15/80 167 661 713 745
MO 6/16/80 168 662 714 746
TU 6/17/80 169 663 715 747
WE 6/18/80 170 664 716 748
TH 6/19/80 171 665 717 749
FR 6/20/80 172 666 718 750
SA 6/21/80 173 667 719 751
SU 6/22/80 174 668 720 752
MO 6/23/80 175 669 721 753
TU 6/24/80 176 670 722 754
WE 6/25/80 177 671 723 755
TH 6/26/80 178 672 724 756
FR 6/27/80 179 673 725 157
SA 6/28/80 180 674 726 1758
SU 6/29/80 181 675 727 759
MO 6/30/80 182 676 728 760



A-10

Table A-2. Power histories for the Stripa heater experiments.

FULL SCALE EXPERIMENT 1

Heater H9
Time Power Time Power Time Power
(Exp. Days) (kW) (Exp. Days) (kW) (Exp. Days) (ki)

8 3.5896 138 3.6039 258 3.5917
18 3.6218 152 3.6146 268 3.5961
28 3.6182 158 3.5765 278 3.6053
38 3.6071 168 3.5945 288 3.6074
48 3.6083 178 3.6032 298 3.5862
68 3.6026 192 3.5962 308 3.6019
78 3.5993 198 3.5965 318 3.6092
88 3.5993 208 3.6024 328 3.6046
98 3.6159 218 3.5981 338 3.6044

108 3.5902 228 3.6116 348 3.6030
118 3.5969 238 3.5977 358 3.6096
128 3.5968 248 3.5977 379 3.6075
FULL SCALE EXPERIMENT 2
Heater H10
Time Power Time Power Time Power
(Exp. Days) (kW) (Exp. Days) (kW) (Exp. Days) (ki)
10 4.9954 150 5.0239 270 5.0079
20 5.0071 160 4.9924 280 5.0034
30 5.0016 170 5.0095 290 5.0051
50 4.9993 180 5.0098 300 4.9995
60 5.0510 190 5.0088 310 5.0018
70 5.1501 204 5.0090 320 5.0255
80 5.0317 210 5.0135 330 5.0009
90 5.0253 220 5.0012 340 5.0015
100 5.0145 230 5.0111 350 4,9992
120 5.0183 244 5.0178 360 5.0038
130 5.0093 250 5.0009
140 5.0082 260 4.9966

FULL SCALE EXPERIMENT 2

Peripheral Heaters

Time
(Exp. Days) Power (kW)
H11 H12 H13 H14 H15 H16 H17 H18
10 0 0 0 0 0 0 0 0
243y 03 0 0 0 0 0 G 0 0

204 1.0062 L9936 1.0024 .9956 .9962 L9957 1.0123 .9972
210 .9936 .9984 .9993 L9785 1.0032 .9839 1.0031 1.0110
220 .9918 1.0014 1.0028 .9984 1.0045 L9994 1.0046 1.0153
230 .9868 1.0046 1.0007 .9974 1.0038 .9967 L9927 1.0156
244 *.9982 .9992 1.0022 .9982 1.0053 L9995 1.0099 1.0135
2441 .8499 L8471 .8530 .8547 .8519 .8498 .8643 .8662
250 .8511 .8449 .8506 .8506 .8533 .8485 .8578 .8617
260 .8482 .8450 .8485 .8471 .8496 .8453 .8552 .8595
270 .8479 .8436 .8506 L8470 .8483 .8487 .8593 .8594
280 .8507 .8456 .8495 L8472 .8490 .8486 .8590 .8582
290 .8531 .8461 .8500 .8444 .8517 L8477 .8597 .8533
300 .8500 .8442 .8484 L8470 .8494 .8439 .8573 .8583
310 .8549 .8458 .8483 .8455 .8485 .8456 .8569 .8551
320 .8452 .8458 .8478 .8434 L8470 .8463 .8505 .8586
330 .8463 .8441 .8479 .8422 .8483 .8483 .8536 .8559
340 .8446 .8430 .8450 .8433 .8499 .3427 .8530 .8553
350 L8431 .8448 .8463 .8437 .8471 .8446 .8567 .8559

360 .8462 .8456  ,8455  .8435 .8495  ,B431  .8528  .8561



Table A-2 (continued)

TI¥
HEA
TIME
EXP. DAYS
1.1
8.0
14.€3
21.58
21409
28.46
28.50
35.42
35.50
42.42
42.50
42.¢€3
49.50
50.25
56.58
56.67
6€3.50
€63.€7
71.25
T1.54
17.42
17.50
84.46
84.54
91.33
Sl.t2
S8.33
$8.50
105.38
105.54
112.38
113.00
119.42
116.63
126.33
126.65
133.40
133.56
140.50
140.67
147.4¢€
147.63
154.44
1£4.58
161.46
161.63
168.42
168.54
175.38
175.54
182.44
182.6C
189.33
189.50
196.38
196.54
203.42

E SCALE EXPE
TER POWER VS

R

HL
1.1234
l.1247
1.1218
1.1359
1.0781
l.0861
1.0503
1.0454
1.0138
1.0137
. 9793
« 3787
. 9792
. 9472
«9503
«9258
«39311
«9031
9059
.8885
. 8836
.86806
« 8645
.8508
8520
» 4322
8332
«8205
<8199
8031
«3030
<7908
« 7910
« 1786
STTLT
. 7681
« 7625
« 7499
- 7492
- 7409
7423
. 7280
e 7285
« 7104
«7157
.7071
<1073
«6950
« 6959
.6847
6842
«6T46
<6731
« 6663
« 6656
6579
« 6595

NT 3

H2
la1248
1.1248
1.1255
1.1454
1.0792
L.0904
L.0465
1.0494
1.0104
1.0139
.9808
<9784
.593818
«94606
«9511
9259
29304
9027
+9044
«885%
.8872
+8604%
.8703
.8556
«8494
«8345
<8343
8161
<8150
«8047
8035
7937
«7933
« 7773
«7773
«7700
<1632
7522
7481
.7389
« 7425
7253
« 7254
«TL14T
7168
«7055
« 7060
<6938
<6976
«6855
.6884
<6760
$6757
26658
<6655
«6607
«6599

POWER

H3
1.1254
1.1238
1.1220
1.1304
1.0821
1.0859
1.03438
1.0464
1.0106
1.0153
.9793
.9783
.9814
«9473
«9509
«9242
.9291
3046
«9053
.3875
.8G01
8697
87224
8574
<3514
3354
«8360
.B1l79
«BLT7
« 8040
8070
. 7907
. 7892
1770
7765
- 7662
« 7639
.7513
. 7529
«7338
7393
. 7269
.7288
«T149
. 7168
« 7069
« 7066
«6933
«6954%
« 6859
6885
<6749
6724
« 6642
6656
<6585
«65T17

(KILOWATTS)

H4
1.1188
1.1245
1.1231
1.1328
1.0830
1.0830
1. 0492
1. 0456
1.0142
1.0133
« 9797
.9782
9816
« 3465
.9516
«9253
«9261
«9060
.9038
.8816
8779
.871L7
.8681
8535
«8545
+3343
«8345
.8150
-8180
«8057
.8038
.7919
« 7909
«TTT2
« 7790
7614
»7619
«7528
. 7515
. 7392
7400
.7178
«7285
.7153
. 7166
+ 7063
.7082
»69%44
£6967
«6879
.6885
«6T41
6783
«6649
26662
«6590
-6568

H5
1.1226
1.1263
1.1244
1.1323
1.0845
1.0855
1.0512
1.0474
«10070
1.0142
<9945
.9778
.98l6
<9477
«9511
«9267
«9271
«9061
«G031
.8888
.8899
8662
8699
8540
«8467
.8358
8369
.8189
.8167
8052
.B058
. 7914
.7896
«7795
7775
- 7622
<1634
. 7516
«7511
1374
w7412
.7261
. 1276
.7136
.7187
7050
<7077
«6958
6935
<6831
« 6849
«6730
6732
6626
<6640
<6580
<6565

Hé
1.1236
1.1250
1.1250
l.1318
1.0805
1.0833
1.0493
1.0478
1.0108
lo0141
1.0206
9785
9790
9480
«9487
«9263
«9237
9042
<9066
.8859
.8893
«B674
+8637
8457
8512
8373
.8390
.8185
.5188
«8053
8047
.7868
. 7894
«7768
.7780
7663
7602
.7518
7505
. 7389
« 7400
«7266
.7261
.7138
7166
«7037
.T064
«6945
«6950
+6855
6865
6727
6744
6642
6674
«6590
<6577

HY
1.1239
1.1270
1.1215
1.1346
1.0818
1.0836
1.0500
1.0485
1.0122
1.0127
1.0122
=97935
.9783
«9473
. 9509
9262
.9281
9023
«3061
.8835
.8825
.8690
+8680
8565
«3556
.8376
.8383
.8192
.8186
«8071
.8064
« 71914
« 7930
« 7793
1778
<7636
7641
. 7488
<7517
2 7406
7395
. 7282
. 7276
. 7164
7151
« 7039
- 7050
« 6954
. 6947
-6345
6867
6737
6767
«6659
<6675
«6598
<6561

HB8
L.1227
1. 1244
l.1226
1.1318
1.0811
1.0860
1.0499
1.0508
1.0124
1.0135
1.0133
.9782
.9801
«9469
9516
«9261
9276
.9050
«9045
.8831
.8792
.8695
.8668
8450
.8516
.8368
«8340
.8187
«BL76
8056
.8049
.7938
<7904
7775
«T742
.7630
«7636
.7520
7502
«7385
«7376
7283
.7288
7151
1144
+7033
7036
«6951
«6960
26867
<6867
.6729
«6758
«6648
«6651
«6590
6574



Table A-2 (continued)

TINE SCALE EXPL
HEATER POWER VS
TINE

EXP. DAYS HL
203,58 .0483
210.42 £6512
21C.58 $6440
217.38 .6443
217.50 L6384
224,46 +6389
224.58 «6359
231.42 .6322
231.58 26276
238.42 .6288
23€.58 <6243
246,25 6237
246.42 L6142
252.38 L6156
252.54 «6110
259,46 L6105
259.63 L6070
26€.46 . 60175
266.63 L6010
273.46 6002
273.€3 .3971
28C.50 L5984
280.67 .5930
281.63 £5905
287.79 «5899
294.17 .5901
294.50 .5842
301.38 .5844%
301.71 «5796
308.50 .5795
308.67 .5756
315.4¢ $5743
315.63 .5713
322.33 577y
322.50 .5673
329.33 <5669
329.50 5634
336,46 .5627
336.79 .5572
343.33 $5617
343.50 .5558
350.33 .5540
350.50 .5517
357.46 .5521
357.¢3 .5487
364,46 5486
364.79 5445

R

NT 3

H2

46519
«6554
+0453
«6553
0423
<0401
6350
6315
<0269
6284
«6229
6220
6134
<6138
«6122
6129
6083
-6108
<6010
+0005
«5954
.5966
5934
.5888
«5876
«58938
.5868
5828
«5756
«5803
«5751
«5747
«5709
<5713
5674
5668
5635
«5631
«5572
«5591
«5561
«5539
+5485
«5497
«5467
«5465
<5439

PDWER

3

L6514
L6503
L6452
$6441
.6388
.6389
L6339
.6351
L6291
L6300
L6232
.6229
L6154
L6141
L6126
L6ll4
.5085
.6069
.6024
L6027
.5976
.5970
.5931
L5844
5874
.5884
.5833
.5822
L5770
L5791
.5733
.5736
L5719
.5707
L5666
L5648
.5612
L5605
.5591
.5597
.5558
.5573
.5521
+5504
LS54T4
.5494
L5432

(KILOWATTS)

Ha

6511
6527
«6426
06442
«6385
«6390
«6335
6320
6269
6296
6241
«6238
6168
+6158
6115
6100
6074
«6071
<6026
26031
«5975
5970
«5924
+9916
5887
«5912
«5835
.5824
5781
«5767
«5745
«5739
5719
5712
«5682
«5668
5611
5629
«5590
.5589
5563
«5562
«3510
5510
«5492
«5492
-5433

H5

6514
.6528
L6440
L6446
L6367
.6394
.6329
.6302
.6283
«6260
L6245
.6249
L6165
L6156
L6113
L6126
26077
.6018
.6032
.6030
.5962
.5976
.5919
L5886
.5881
.5905
.5824
.5847
L5778
L5793
.5738
.5742
25716
.5707
L5664
L5645
+5609
.5611
.5592
.5600
.5541
.5560
.5517
.5509
L5475
$5477
L5452

H6

«6511
6532
6406
« 6429
«6403
.6385
«6337
6324
.6289
«6269
«6220
6227
Hlab
6140
«6132
6114
6081
«6092
6030
.6018
5955
«5962
«5924
5917
5892
«5884
.5857
.5860
.5801
5793
5749
«5732
«5715
5711
5702
<5677
«5628
+5621
5590
5579
»5533
«5534
5508
5499
5468
5472
5427

HY

«0537
- 6540
6437
« 6456
. 6379
+6399
.6329
<6315
6291
«6305
«6246
« 6262
6171
6176
.6135
L6127
<6078
«6064
.6016
-6041
.5978
.5981
5922
«5904
.5877
.5886
.5835
«58650
.5786
.5802
<5749
.5760
5716
.5723
.5684
5675
.5622
«5635
«5586
.5587
«5502
«5544
.5523
. 5505
. 5473
«5499
«5452

H8

.6504
.6525
L6434
6457
L6401
L6401
L6317
.6315
.6291
L6277
L6226
.6230
L6160
L6126
L6116
S6111
L6086
26060
L6017
L5989
.5965
L5947
.5915
.5883
.5879
.5893
.5833
.5807
.5784
.5781
5759
5742
L5728
L5710
5663
.5651
.5607
.5603
L5587
.5580
.5560
5544
.5528
.5495
.5472
5489
.5436
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