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Introduction and Summary

This first semi-annual report covers a period from November 1,

~;978,t° April 30, 1979. During this period Public‘Service‘hasA
,subcontracged the serv;ces of Systems Control, Inc., to provide
_hafdware and software, and Underground Systemé, Inc., an
.underground pipe cable consultant. . Public_sérvice, along. with
.our subcontractors have concentrated its efforts in the past six

-months in the following project task areas.

-Task 1 - Installation of Sensing Devices
'Task-z - Data Acquisition Sysﬁem Installation
Task 4 - Commuéicatign Circuit Provisions
‘Tagk 5 - Software Installation & Development:

1

- The following report will again describe the project goals and

lgys;em_description along with the progress to date within each

,taSk.




GOALS

The goal of this préject is to quanﬁitatively validate the

CMARS software and associated hardwére as applied to commercially
operating underground transmission systems which are representative
of the bulk of this type of syséem used in the USA. 1In the éourse
of the project, it is expected that imérovements~and refinememts
of the CMARS wiil occur'resmlting in improved accuracy, flexibiiity
and predictive capabilityifér CMARS. The cifcuits to be utilizéd
are equipped with extensive mohgforfmg facilities, which will
allow the determination of CMARS accu%acy. In addition,
recommendétions will be made fegarding acéuracy vs. cost trade-
offs as a function of the amount and complexity of data which
might be available on or retrofittéd to exiéting systems, or =~
considered for future systems. Information displays will be
.optimized by discussions with system operators, transmission
planners and underground transmission engineerimg groups, not

only within PSE&G but with other interested utilities as well.
Finally, hardware installation problems for sensor equipment

as well as data acquisition equipment wil; be readily identified.:
At the completion of the proposed work, specifications for

<CMARS software and hardware, and -all associated sensor, data
acquisition and communications equipment will be available to

the industry.




System Descfiption

Public Service will conduct the test program on the Hinchmans-
Hawthorne 230-kV, Waldwick - South Mahwah 345-kV and Waldwick -

Hawthorne  230~kV pipe type cable circuits.

The teet c1rcu1ts are located contlnheusly in the notthern
part of the state and are belng equlpped w1th remote terminal
unlts for transm1551on of the sensor data via telephone lines
to the data processxng and dlsplay equlpment. This equipment
w1ll be‘;nstal;ed in the Load Dispatch Center in Newark, o
providing a convenientLy aceessible iocation for conducting

the CMARS validation program.

Hinchmaris-Hawthorne 230-kV HPOF circuit, is being equipped withua
temperature monitoring system designed specifically for CMARS ‘ x~;4{
research.. This willAbe”the'primary'lihe-for the CMARS. evaluation
tests. dTwo-monitOring cross sections located 90 feet and 300

feet from Manhole 1 are equipped with conductor, shield, pipe and
earth temperature sensors. The monitoring cable section between
Manhole '1: and Manhole 2 has a sensor:wire for average conductor
temperature in each-phase.l Thermistor sensors are also .in the
conductor at 500 and 900 feet for axial spot conductor
temperatures, as well as sensors for:splice internal temperatures .
in Manhole 1, Manhole 2 and Manhole 3.. All of these sensor

facilities, in addition to oil temperature and splice shield

sensors in Manhole 1 will be instrumented for CMARS data

transmissiqn to the Newark Electric System Operation Center.




Addltlonal fac111t1es such as.‘earth m01sture and earth
re51st1v1ty are planned. The conductor average and spot
temperature data will be transmltted from pothead mounted
equipment to ground level receivers by laser beam and sent via
telephodne communications to Newark with the other sensor data,
including current readings for each phase and potential readings

| for the line. The transmitted data for CMARS will be supplemented
by temperature data that Wwill be read in the field. This

includes the splice shield and oil temperatures available in
Manhole 2 and Manhole 3. Pothead temperature information is also

available from pothead SensorSy

The secondary.test circuit is the Waldwick-South Mahwah 345-kv

HPOF cable placed in service 1n 1973. This line is extensively
equlppeo with thermocouples on the cable and splice shields,
potheads and}pipe, in the oil and at many locations in the earth.

A pilot wire for average conductor temperature monitoring was

also 1nstalled in the center 1nterst1ce of .the cable from the

_South Mahwah pothead to manhole 16. The monitored sections for this

line will be 100 ft. from manhole 1, 30 ft. from manhole 2 and

100 ft. from manhole 17.

Instrumentation will be installed for data acquisition from these
three cross sections including the average conductor temperature
from~the,SouthAMahWahepothead:transmitter/receiver equipment,

splice shield, o0il and ambient air sensors. Temperature

o~




information is also available for the pothead cable, stress cone
and oil at the Waldwick pothead. Current for éaéh phase and the

‘circuit potential will be included in the transmitted data.

The Waidwick-Hawthorne 230-kV HPOF cable is equipped with

~pilot wireg for average conductor temperature to Manhole 2 at

the Waldwick end. Thé'Waldwick potheads will be equipped Qith
transmiﬁter/feceiyer equipment‘for the conductor températures.

Pipe and earth ambient sensors will be installed 100 feet , X
from Manhole 1. This will be an additional cross section for
monitoring with.average~conducto: temperature. All of this ,
sensor data together with the current from each phase and

fhe circuit potential will be.tfansmitted to Newark. The
VWaldwick‘potheads are also'équipped with'oil, stress cone, and

shield thermocouples. Earth ambiént and pipe surface sensors

‘are also availabie along this line fof 1ongitudinal temperature

profile surveys.




Installation of Sensing Devices

CONDUCTOR SENSORS HINCHMANS-~HAWTHORNE 230-~-KV PIPE CABLE

Each phase of the section between Manhole- 1 and Manhole 2 is
‘equipped with a specially made Temperature Monitoring Senéor

(TMS) cable which was pléced_iq:;hé'center of the segmental

" conductor during the manufacture of the pipeAcable, as shown

in photo #l1. The TMS cable cohgaigﬁ up to fivg_tWisted pairs,
therﬁistérs and paper fillers, as shown on U.S.I. Dwg. HVA-771221,

Rev. A.

.Each phase of the riser section contains a five-pair sensor
lead, also in the center of the segmental conductor. This:
lead provides access to the TMS cable from the top of the

pothead via connections within the splice in Manhole 1.

Each phase of the section from Manhole 2 to Manhole' 3 con-
tains a conventional single conductor pilot wire which is’
utilized as a lead to a thermistor placed on the connectots
of the spliée in Manhole 3. This pilot wire is spliced to. -
one leg of a pair within the splice at Manholé 2, while the
other leg of that pairlis connected ﬁo a thermistor placed

‘on the connectors of the splice in Manhole 2.



Eighteen pieces of data are available from three phases.
These are summarized as follows: .

1) The average conductor temperature of each phase between
Manhole 1 and Manhole 2. :

2) The spot condhctor temperature.of each phase at‘pointa
90 ft. and 300 ft. from the Manhole 1 wall.

3) The connector temperature of each phase in the splices
at Manhole 3 (a creped paper spllce) and Manhole 2 (a Voltallt
splice). _ Do
."4}mehemspot_temperature,at-Sooﬁftw-inmphase~3,"and~900~ftfg,“
in phase 1. .

5) The connector temperature in phase 2 in the voltalit -
reducinglsplice in Manhole 1.

The TMS cable construction had~te pelcarefully coordinated with.

Okonite, the'pipe cable manufacturer, to achieve the'desired

location of sensors at the 90 ft...and 300 ft. points, .

espeeia;ly since the three phases: were to be manufactured in

one length. The TMS cable manufacturlng schedule shown on

U.S.I. . Dwg. HVA-780901A was generated, w1th four marks that had |

to be'carr;ed through all operatlogs to p051t1Qn the proper

cutting points after the skid wire,operation. .A>marked o

cdttingupoint is shown in photo.#2.




The TMS cable was then cdnstfuéted, using a two-pad taping head
with parallel bunching of the twisted pairs. One 3/4" x .001"
‘mylar tape was applied half-lapped to hold the construction
together. A mylar -marker tape was included and periodically’
checked by direct measurement of 100' sections. The

thermistors uéed were Yellow Springs No. 44011 (lOO-K'ohm ét'25 c
with NTC), which are .90" in diameter. After termination of

a pair with a thermistor, a .040" x.070" paper filler was used

in place of the pair until.the next leg began.

The mylar marker tape was found to be in error by about
1.5% due to a slight wrinkling of the marker tape during the
cover tape operation. Thus, the length indicated by marker ‘¥

tape was greater than the actual length by 1.5%.

The final location of cutting“points was corrected for thi§
observation, but the true théfﬁistor locatiohs were slightly

off the mark, as éeen in the following chart of actual diﬁtance
to the pulling bolt mark. The design called for the pulling bolt

to end 16 ft. from the outside manhole wall. "

Phase ™ 1 ™ 2 . TM 3

1 104'-7" 318'-6" 948"’
2 104'-9" 318'-2" N.A.
3

104'-10-1/2" 318'-8-1/2" 520



The normal segmental conductor for pipe cable has a central
| interstice.éf approximately 120 mils. The TMS cable and 5-
pair lead have aﬁ 6.0. of.approximé;ely 170 mils. It was
therefore necessary to redesign the 2000 kcﬁil and 2500 kcmil
conductors :for a central opening of roughly 160 mils, which
required minor retooling by Okonite. The resulting increase in
conductor diameter was'less than 10 mils, which is generally
within the expected range of variation in normal production.
.“Q?iiwﬁié?émééiéys were experienced ‘during the cabling opération.‘
Carrying the four marks on the TMS cable through the Gablifg,
taping and skid,wire operations was no problem. No precaqtions
were -necessary during the impregnation cycie. .The suéceéé of
aligning the TMS cable pulling bolt marks with the actual pulling

bolt is summarized below:

Marker Tape No.

Phase at Pulling Bolt Intended Difference
1 5707 5707 0
L2 4386 4385 1

3

. 3064 3063 1.

The overall accuracy of locating the sensors at specific points is

shown on the following table:

Actual Distance from Manhole Wall

Phase ™ 1 (90') T™ 2 (300') ™ 3
1 g7'-7" . 301'-6" : 931
2 86'-9" 300'-2" N.A.
3 86-10-1/2" 300'-8-1/2" 502"




The cables were about 1 ft. furthéf into the manhole than

anticipated, accounting for the unequal offset.

One of the nine thermistors (the 700-ft. location) was found to
be open upon final test at the Okdnite>factory; This point was
reassigned to a thermistor located on the connector in Manhole 1

splice for phase 2.

Because of the tendency for seghental conductors to extend from

.1 to .2% before transmitting a tensile load, precautions were
taken to avoid "sprlng-back"\of ‘the TMS cable after cutting of the
conductor. At the pulling end of each sectlon between Manholes

1, 2 & 3, the conductor was opened for 1 ft. before cutting, by
stripping the insulation and binder. The TMS cable end was then
pulléd from between the segmenés. The conductor was then cut,

and the excess TMS cable coiled and taped to the cable end,
leaving a slack loop to allow for shrink-back. Similar
precautions were taken at the trailing ends and at the Hinéhmans

potheads.

The broéedures used fér locating connector thermistors and
splicing the pilot wire, TMS cable and 5-pair lead are shown in
U.S.I. Dwgs. HVA-781107 (Manhole 1), HVA-781108 (Manhole 2) and
HVB-790319 (Manhole 3). The technique for bringing the 5-pair |
lead out of the pothead via a Conax fitting in the stem is

illustrated in U.S.I. Dwg. HVA-781115A.

10



SHIELD SENSORS - HINCHMANS—HAH?HQRNE 230-KV PIPE CABLE

Type T (copper-constantan) thermocouples were installed’dn the
céble and‘splice~shield$ and in the oil vblumés of the splices
in Manholes 1, Z'andl3._ Twenﬁy thermocouples wére brought-out
of the splice in a ghgrmocpuéle access port at Manhole 1 and

ten each from Manholes 2 and 3.

Threé'TFE—insulated and jacketegjthree-pair twisted #16 Awg
extension grade thermocoup%gﬂgaﬁles we;e‘pulled inﬁo the pipe
"With“the“cable~on-the“Manhole“2:toiManho;e ;_pg;},’illuqtré;ed
in photo #3. Six préfgb:icateq thermbcouples were at;aqhed to
che cable shiglds 106 ft. and»the remaining three were'a;tached
. 316 ft. from the pulling bolt,_‘Tﬁe pulling setﬁp ié depicted in
photo #4. The thermocouple attachment resembles that shown on
U.S.I. Dwg. HVA-781106. The thermocouple placement on the cable

'shield at the 106 ft. point is shown in photo #5.

‘The final position of thése thermocouples is one foot short of
their intended location, i.e., at 89 ft. and 299 ft. from the
manhole wall, due to a one—ﬁt. overpu;l,into.manhoie‘l. As a
.result, the shield thermocouples "miss" the conductor thermistor

sensors by 1'-2" to 2'-6".

Nihe4thermoc6uples werefpiacedidn the shields of the splices, as
shown on U.S.I. Dwgs. HVC-781008, HVC-781111 and HVC-781112 for

Manholes 1, 2 and 3 réspectively. Also shown are the oil probe"

o




locations and terminal strips used to simplify the connections to

the prewired thermocouple access poftg. U.S.I. Dwg. HVB-781018A
shows the terminal strip connections at Manhole 1 and HVA-781019
shows'thgse connections in Manholes'z and 3. The thermocouple

terminal assembly of the Votlalit’splice of manhole 2 is shown in

photo #6.

Three Type T (cbpper;constantan) thermocbupies were installed in
each pothead spool piece at Hinchman's sﬁbétation. These
thermocouples are located on the stress cone shield about midway
up the slope on the cable shield, just above the semi-stop
gland and in the oil volume as shown on U.S.I. Dwg. HVA-790320.
These are brought out of theHSYStem in a thermoqouple aécess

port mounted on the spool pieéé of each pothead.

12
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DATA ACQUISITION SYSTEM INSTALLATION
AND COMMUNICATION CIRCULT PROVISIONS

Description

The following section is a technical description and the construction
status of the data acquisition system. This system provides up-to-
date cable cross section temperatures, cable loading and weather
data to the CMARS system. The various elements of the data acqui-

sition system, shown on Figure A, are described as follows:

Surge Arresters

Surge arresters are required because of the possibility of inducing
a high voltage surge in some of the thermocouple circuits, during
system fault éonditions, due to their close proximity of these
circuits to high voltage cables. These surges are capable of
damaging thermocouple transmitters which are directly connected

to the thermocouple circuits. The arresters selected to prevent
such damage are Model TII 317, 3 electrode, gas tube type, manu-
factured by TII Industries. Fast ionizing gas provides a conducting
path to ground for any incoming surges. The breakdown voltage is

150-300 volts DC.

Thermocouple Transmitters

Thermocouple transmitters serve to condition incoming signals and
provide cold junction compensation, burnout protection and input/

output isolation (600 volts). The thermocouple transmitters selected
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for CMARS were manufactured by Action Instruments and are Type
TP621. Their temperature span is 0-200° F with an accuracy of
-1 percent and their output is 4-20MA. A total of 100 thermocouple

transmitters and surge arresters are being installed for CMARS.

Remote Terminal Unit

Remote terminal units (R%U's) collect all conditioned signals and
transmit to Newark on command of a host computer. The RTU's are
Type 1801, manufactured by Systems Control, Incorporated. Each
unit utilizes a motorola microcomputer and can accommodate up to
30 ahalog signals. Under control the microcomputer, the analog
signals are transformed to a parallel digital format by an A/D
converter. A U/ART (universal asynchronous receiver transmitter)
performs a parallel serial cqnversion and the meésages are then
transﬁitted asynchronously at a rate of 1200 bits per second. A
nine bit format is used consisting of 1 start bit, 6 data bits,

1l parity bit and 1 stop bit. Tﬁe RTU contains an integrai FSK
modem for data communication. Security for transhitted data is

assured by word and longitudinal parity checks.

Telephone Circuit

Arrangements have been made with New Jersey Bell to lease a dedicated

full duplex channel. ~
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Status

Most of the equipment for the data acquisition system is on site

and construction is progressing as follows:

Hinchmans Avenue

Two thermocouple transmitter cabinets and two RTU cabinets have

been installed near the cable pothead and wiring is in progress.

All yard trenching and cabling is complete with the exéeption of
the AC power supply cable. This cable is available and will be
installed shortly.

The control house equipment (RTU, thermocouple transmitters and
current and potential transducers) has been installed and wiring

is in progress. Special weather sensors have been installed on

the roof and their wiring is also in progress.
Wiring of the thermocouple circuits in Manhole No. 1 is complete.
Waldwick

All material with the exception of the internals of the RTU's, is

on site. Trenching is in progress.
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South Mahwah

All materials, with the exception of the internals of the RTU's

[

is.on site. ‘Construction will start in the near future.

Computer Graphic System

The wiring diagrams'used for the instaliation of the data acquisition
Sysﬁem were created on PSE&G's computer graphic system. Use of

this system lowered the drafting labor requirements from 240 mandays
to 86 mandays. Enclosed arevréduced copies of the Hinchmans Avthe
Substation layout and wiring diagramé, Public Sefvice drawings

247475, 76, 77, 78, 79 and 80.
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ASOFTWARE INSTALLATION AND DEVELOPMENT

g;systeﬁs:Control, Inc. was charged with the task of providing soft—
"ware;iwhich operates on a PDP 11/34 mini-computer in a real-time
‘ienvironment. The package incorporates three basic CMARS functions --
.. monitoring, rating and prediction =- plus a set of comprehensite
'éraphic, color CRT‘disolays.f in addition, the software incluoes
complete data acqulsltlon, data conver51on and data storage capability.
The superv1sory software system -- the SCI Process Control System
(SC1/PCS) ~=- performs these tasks and in addition incorporates the

CMARS application software.

:?h@s,seotion describes the considerations involved in the software
development and reports on the progress to date in implementing the
various -software components within the integrated 11/34 data

acquisition system.

OVERALL SOFTWARE SYSTEM DESIGN

Figure 1 is a flowchaft which describes the software configuration
for this projeotf Centralvto the software system. is the SCI
Process.Controller System (SCI/PCS). This softwate acts as a
controlle; for:inpgt/output data logging ‘and conversion, taskj>

scheduling, priofitization, etc. The flowchart describes the .

relationships between the SCI/PCS and the various software tasks.

SCI/PCS is a real time Process Control System, blending the
?}{requ1rements of the cable englneer, the computer systems englneer,
and the operator ‘into a flexible and capable package for process

5 *data acqulsltlon, direct digital and supervisory control. SCI/PCS
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is the result of the experience of Systems Control, Inc., in dealing
with the problems of system identification, installation, short -
and long—term'fine4£uning, operéﬁbr transactions, maintenance, and
reliability. The man/machine interface is'oriented toward high~
level transactions, with the associated egsejoffuse and quick
leafning curve. The software design is h;ghly modular and open;
ended, to allow the most efficiept ptilization of ;he process-

control hardware resources.

SCI/PCS uses a table-driven software technique to allow the cable
Aengineer full freedom -in defining‘écan rate, validity and "alarm
limits, type, and number of points for both analog and digital
inpuﬁ—output. Variables are kept in tlie system in engineering "~
.units in the tablevreferred to in Figure 1 as fhe Enginééfing
~Unit Table (E;U.T.). All points in the system are referrgdyto'by

mneomonic names.

SCI/PCS includes a specialized process control languagé to define
and implement the control loops, calculations, and tasks described
in Figure 1. Each task is uniquély identified by name, and is

— —executed-as—a specified rate*approﬁriéfé"fﬁf_EHE.lébp.

Alarm limits and actions, as well as ihstrument'validity checks,
are accessible to the cable engineer.  In édditicn? a standard
facility exists t0'qall and execute .special action programs for
any point going to alarm or limit cdnditionsL)’Thése pEOgrams may .

be added or deleted at any time.
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Man/machine interactions occur via CRT data entry terminals.

Tasks can. be activated by the computer operator by light pen

selection or in the same mnemonics used by the cable engineer.

SCI/PCS is a muitiétasking sYstem,'providing rapid response,

due to thée a synchronous nature of the software. The operating
sysféh'used is a multinrogfamming,"multi-tasking, priority-
oriented bése, allowing full timé and event scheduling of system
elements. Certain crucial data-base elements are core-resident,
while the bulk reside on Fortran IV random—-access files. Only the
highest priority-taékéuére core-resident, iegving a large free
core pqolﬂin.which‘to execute the disk resident programs and the

CMARS application software.

‘SCI/PCS consists of several sub-systems, each operating at a
priority level appropriate for the job performed. The following

is a cbndensed outline of these levels, from highest to lowest:

1. Process Input-Output. This includes analog and- digital
. scan control, all conversions to and from engineering
units, scaling, instrument failure detection, and zero-
reference automatic calibration of the analog input
hardware.’ ' :

. .2. Alarm Limits Checking, Logging and Appropriate Automatic
‘ " Corrective Actions. Included in this category are such
. things as sequencing algorithms and power failure/restart
" cycles. - o o : -

3. - Historic data storage on disk and tape for' subsequent -
, gff—line processing or system re-start.
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4. Calculations, Switching Algorithms, and Control Loop
Algorithms. All elements of the high-level SCI/PCS
are processed at. this level. All standard control
mode algorithms are pre-programmed as part of the
standard calculation.package. 4 -

5. Operator Transaction Processing and Man/Machine . -
Interface. This level has been chosen for these
functions to allow the higher levels to achieve a
more consistent and exact time-base. It should be
noted that the operator has the ability to control
the actions of all of the hlgher levels, as well as
the lower ones. ‘ : .

6. System Logging Functions. Periodic logs, CRT system
status refresh, and data-base output functions are
executed in this class.

Each of the tasks shown in Figure 1 is under the direct control
of SCI/PCS. Certain tasks such as the minute and hour tasks are
automatically executed by the system. Others such as the.cable"

cross sectional set up tasks are executed at the discretion of the

operator. The SCI/PCS defines the 1nterface between the operator

and the discretionary tasks and controls thelr executlon.

CMARS/PCS INTEGRATION AND DATA BASE DESIGN

The primary part of the data base is the “Engineering Units Table"
(EUT) of the SCI/PCS software package. The EUT contains inforf
mation. for four kinds of points -- analog, virtual, statistical
and cable cross section points. This information consists of

the value of the point itself, an eight-character identifier

name, a 24-character description, plus a list of attributes

such as'alarm limits associated with each point.
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AAnalog'points are engineering uni€=values of measurements upon
the caole system; These include'temperatures,‘VOltages(-currents,
etc. Associated with each analoqﬁooint is:a unique‘name‘and a
list of ‘16 attrlbutes. These attrlbutes lnclude alarm flags,
error flags, out- of -service flags, alarm llmlts,'deadbands,

etc. The value of any analog p01nt can be determlned by any

task in the CMARS/PCS system by means of a'p01nt name Cross

‘reference table.

Virtual points are idefitic¢al to analog points except that they

are calc¢culated by system software rather than measured.

Statlstlcal p01nts are a spec1al class'of v1rtual p01nts whose
attrlbutes dlffer from ‘the standard analog and v1rtual p01nt
attrlbutes and take on spec1al meanlngs. These p01nts represent
results of recursive calculatlons that produce a mean and variance
of some user defined value over a 24-hour perlod Attrlbutes for.

this point include:

-« 'Mean value
*, *Variance
", fTime the last increment to the statistic was calculated’

. Alarm limits on the variance
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Cable cross section points are special points required by CMARS -
softwafef One such point exists-for each cable cross section
being monitored by the CMARS. Each such point consists of a
pointer which directs the CMARS tasks to an area of disk memory
where the large amount of auxiliary cable data is stored. The
listing of information contained in this auxiliary file is
Acontaineé in the "Data Base Organization" design document which
is included in Appendix I. The purpose of the apxiliéry table
is to store parametefs specific to one cable cross section. All
the cable-spécific parameters required by the CMARS tasks reside
at this location. Since there are large amounts of data for
each crosé section and up to thirty cross sections, the only‘
practical séorage medium is the disk. Core resident stéragé

is impractical due to large CMARS/PCS storage requirements.

DESIGN OF SYSTEM SCAN AND ENGINEERING UNIT STORAGE PROCEDURES

Input data from the RTU's to the main coméuter‘ié scanned :and
cbnvérted in a more—or—less,céntinuous ménner. Depending on-
their priorities, automatic CMARS tasks are executed at pre-
selected, less-frequent intervals. . Consequently, the frequently'h
sampied.and converted analog aata resident within the EUT appears

to be'a continuous measurement.
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Analog‘pbint attributes include information required for converting
the incoming RTU signai to engineering ‘units. .Whenever a new . - - .
measurement is added to the data base, this information is required
as input. Appenaix7I contains a dataesheet whose completion is

required in order to input the analog point attributes.

Appendix I also contains a data sheetlwhose completion is requlred
prior to the input of the cable cross section points. The values
specified by the data sheet are required to set up the cable-

specific data which is stored on disk.

MAN/MACHINE INTERFACE DESIGN

This task is represeuted in Figure 1 by the two blocks labelled
"CMARS Tabular and Plot Dlsplays" and "User-Built Graphic Dlsplays
The man/machine interface is the software which prov1des communi-
cation-betweeh the user and the various software tasks. These
tasks -- such as the minutes and hour tasks ;-fgenerate information

which is displayed in a graphical or tabular form to the operator.

Figure 2 provides a summary of the cable cross sections being
monitored. Although only one cross section is displayed, groups
of cross sections arranged at the user's discretion, will be

sdisplayed in the operational display.
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The main display from the CMARS minute task is shown in Figqure 3.
This display shows all calculated and measured temperatures,
thermal parameters and ratings associated with one cable Cross

section. A separate display will exist for each cross section.

éigure 4 is a graphical display of the calculated ratings for‘e
given cross section. This dlsplay is actually a graphlcal

representatlon of the ratings glven in Figure 3.

A time history display of temperatures and loads are shown in
Figures 5 and 6. These displays are written to the CRT at the
discretion of the user. Both use historic data which is stored

on disk and is generated by the minute task.

Figure 11 is an example of a tabﬁlaf aisplay which will be
automatically printed every twelve hours. This'display shows
the value and status of EUT points and is useful in documenting

changes or additions to the EUT point list.

Figure 7 is an example of a possible pictorial display which can
be called on demand. This figure is easily input to the CMARS/
PCS system by means of graphical input upon the screen of the CRT..,
Under PCS, the user can generate any desired picture, name it,
display any point value within the EUT, and recall the picture
at eny time to observe changing poine'values. It is envisiened
that the user will define many such pictures over the life of éhé‘J
demonstratlon project because they prov1de a’ convenlent graphlcal

means to observe the state of the cable system.
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INTERACTIVE DATA CONVERSION SOFTWARE DEVELOPMENT

This task is a'user-initiated'taskiwhose purpose is to input

cable ‘physical parameters and data and convert this data into

a form requlred by the CMARS. ThlS data is provided by the utlllty
on the cable cross section data from (Appendix I) A Also included
in Appendlx I is a task deSLgn document which provides details of

'1ts operation.

CMARS SOFTWARE REVISION

Previously existing CMARS FORTRAN programs have been adapted and
incofporated within the CMARS/PCS system. There are three main’
tasks shown_ in Flgure 1 which are the prlmary routlnes of the

CMARS._ These 1nclude.

.. 'The minute task -
. The hour task

."TheAppedietioh task

The CMARS minute task is so named because it is primarily concerned
,With‘mOnitoring'parameter‘identificatidn and calculating ratings,
each of which is performed automatically every few minutes by PCS.
The function of the monitor is to estimate cross-sectional cable
temperatures in.realftime. The only inputs required by the monitor

B

are eonductor‘current and earth ambient temperature. If readily




(

accessible temperature measurements, such as oil or pipe temperatures,
can be incorporated, the monitor provides more accurate’temperature
estimates that reflect the true dynamic state of the cable. - More-
over,'additional‘temperature measurements are required for parameter

identification.

Parameter identification continuously updates cable parameters; such
as earth resistance, which may change over time. These updated
parameters are made available to the monitor, which provides more .

accurate temperature estimates, and to the rating and prediction

tasks.

The rating functlon calculates max1mum cable loadlhg levels whlch
can exist for varlous time periods w1thout exceeding spec1f1ed |
temperature limits. The calculations are performed contlnuously-
in real-time based on the changing cable state as calculated by:'

the monitor. The ratings therefore reflect actual dynamic cable

conditions.

Details of the algorithms which perform monitoring, rating and
parameter identification can be found in'the final report of the

pProject which was the forerunner to this demonstration reference [1].

fhe hour task is concerned w1th the calculatlon of ratlng factors.
used in the rating programs. These factors change very slowly

and are automatically recalculated every few hours-by PCS.

Appendlx I includes task des1gn descrlptlons of both the mlnutety”v

and hour tasks.
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The prediction task is executed at the user's discretion and

is intended to predict future cable temperatures, given an
.expected user-=input loading. :Displays: of the user's fnput‘and.'
the resulting predicted conductor temperature are processed through
the PCS man/machine interface. Examples of these displays are

found in Figures é, 9 and 10.

Each of these CMARS tasks. relies upon cable cross-sectional data
stores upon disk. For those tasks .which are automatically
executed, the PCS examines each cable Cross section sequentially
and 1ndlcates the scheduled tasks. Data transfer and storage is
Aautomatlcally accompllshed through the PCS controller.~-Tasks which -
are user-lnltlated, such as the predlctor, use the PCS 1nteract1ve
capablllty to determine which cross sectlon should be examined.
Once the correct name is given, the PCS searches the p01nt name

' table to flnd the disk address vector for that ‘cable cross section

and transfers data from the correct cable cross section dlsk location.

STATISTICAL ANALYSIS PACKAGE

‘Since the prime goal of the demonstration is to assess the performance
of CMARS, quantltatlve measure of performance must be plcked to evaluate
those statlstlcs.‘ The framework of the PCS data base has been modified
as explalned prev1ously to accommodate the calculatlon, display and

logging of these measures.




The statistical analysis tésk consists of two rdutines. The first, .
called automatically along'with the monitoring task, compares .
measured and calculated temperatures for one cross sectionf and
calculates axial variance (several cross sections) of the temperature

estimates over time.

The second routine is included with the prediction task and is
performed on demand. This task calculates the forecast error co-

variance, a measure of the accuracy of the predictor.
Both statistical routines are described in Appendix I.

HISTORICAL STORAGE

The purpose of the historical storage task is to store test data
on a permanent medium such as a magnetic tape for subsequent
retrieval and off-line processing. Two storage schemes are presently

being evaluated.

The first would étore ¢omplete measurement records bn'disk for every
scan. In addition, once a day . a complete record of cable parameters
and global cémmon would also be storéd. When the disk isvfull, a

message would inform theAbperator to dump the file to tape. ‘Conse-
guently, complete measurement filés‘would bé-rédorded on . tape which»

would greatly facilitate.data :etrieval. :

48




The ‘second ‘scheme would store a complete record of cable parameters:
and global common once-a day on=disk; but would only store measure-
ment changes. ' When full, the disks would be copied. to tape as above.

This scheme minimizes- tape handling, but complicates.data retrieval.

A decision regarding the choice between these schemes will soon be

made.
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Figure 2
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Figure 4
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Figure 6
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Figure 8
INTERACTIVE PREDICTOR INPUT

H.Y. AVE ChBLES

P65 L0AD = 1,2600
PRES TEMP 52,2207

ENTER [NPUT DATA: LOAD (KA), OURATION (HQURS) - F6.3,F3.0
Toads

LOAD = 1.0000 CURATICH = 2. (Y GR H)
{

INTER [NPUT DATA: LOAD (¥A), QURATION (MOURS) - F5.4,73.0
2025

LOAD = 2.0CCQ OURATION = 2. (Y OR X)
1

CHTER [NPUT DATA: LOAO (KA), DURATIGHN (HOURS) - F6.4,73.0
3.2, ' ]

LCAD = 3.C0C0 DURATION = 2. (Y OR M)
Y

%NTEQ [HPUT DATA: LOAD (KA), OURATION (HOURS) - F5.4,F3.0
4

LCAD = 1.0000 OURATION = 4. (Y QR N)
¥ .

ENTER [NPUT DATA: LOAD (KA), OURATION (HOURS) - F5.4,F3.0
2.9h2¢

LOAD = 2.5000 OURATION = 2. (Y OR N)
i

 ENTER [NPUT OATA: LOAD (KA), OURATION (HCURS) - F6.4,F3.0
HAVE YOU CCMPLETED ENTERING 0ATA? (Y CR N)

58




Figure 9
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Figure 10
DISPLAY OF PREDICTOR OQUTPUT
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APPENDIZX I

Software Design Descriptions
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DATA BASE ORGANIZATION
MINUTE TASK DESCRIPTION
HOUR TASK DESCRIPTION
INTERACTIVE DATA ENTRY AND CONVERSION TASK’ DESCRIPTIO\

DATA SHEET FOR ANALOG MEASUREMENTS
DATA SHEETS FOR CABLE CROSS SECTION
STATISTICAL ANALYSIS TASK DESCRIPTION
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Version 2.0
6/1/79

DATA BASE ORGANIZATION

The pfimary.part of the data base is the engineeriﬁg units
table (EUT) of the SCI/PCS software package. The EUT contains-ali the
information for analog points, virtual points, and statistical points.
For cable cross section points, the EUT's main purpose is to hold a
calculéted conductor temperature for the cross section which can be

displayed by SCI/PCS output tasks.

EUT STRUCTURE

The basic EUT structure within the old version of SCI/PCS
contained two types of points, analog and digital. These points are
'primarily repositories for inéoming data from the RTUs. In.addition,
"virtual" points may be set up which are identical to the "real" aﬁalog
and digital points except that virtual points do not represent measured

data from the RTUs.

For CMARS, two new types of points have been created’-— cable
cross section and statistical. These two types are special versions of
analog virtual points in which some of the point attributes take on differ-
ent meanings than the regular analog attributes. This change required
changes in the SCI/PCS tasks, Change Point Attributes (CPA) and Display

Point Attributes (DPA), to allow proper presentation of the new point types.

Thefe are two kinds of cable cross section points -- a monitored
cable cross section pdint and a predicted cable cross section point --
each with identicai structure.. The former will be used for minute task
monitoring. The latter is used for gauging the performance of the predictor.

See the descriptibn of the minute task for details regarding their usage.
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In essence, the new points have the fbllowing use.

Monitored Cable Cross Section Point -- The prinéiple purpbse~is to

‘hold a calculated conductor temperature for the monitored cross

section on disk to permii display by SCI/PCS output tasks.

Attributes for this point will include;

° Six character identifier

'] 24 character description

° Monitored cable cross section tembetature

o Conductor temperature limit

Predicted Cable Cross Section Point -- The principle purpose of

this point is to hold a value for ‘the predicted conductor tempera-
ture for a cable cross section data file on disk. This value is

then displayed by SCI/PCS output tasks. Attributes for this point

include:

) Eight character identifier

. 24 character description

® Predicted cable cross section temperature

] Conductor temperature limit - )
Statistical Point -~ These points represent results of recursive

calculations that produce a mean and variance of some user defined

value over a midnight-to-midnight 24 hour period. Att;ibutes for

this point include:

e Mean value
) Variance - T
] Time the last increment to the statistic was calculated

o ;- Alarm limits on the variance
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The equations for some of the statistical point attributes are

given below.

t + v. 8t
i

a, .
i-1 "i-1
e S +46t : et -
i-1 - | .
2 | 2
o . + ., - a,
02 _ _i-1 -1 (Vl al) St
i t, , + ot
i-1
t, = t, , + 6t
i i-1
Variables are defined as follows:
a; = mean value including the present sample
a4 = mean value at the last sample
vy = present value sample
tio1 = total time from the beginning of the calculation period
up to the last sample »
ti = total time up to .the present sample
dt = t; -t 7 time increment since the last sample
Oi = wvariance including the present sample ..
2 . o
oi—l = variance at the last sample interval
Table 1 provides a definition of the use of various values in the

Engineering Units Table for the four types of points.

types of cable points is the same.

points are most similar to analog points.

CABLE FILE STRUCTURE

The cable type points require a large amount of auxilliary data

~

that are.stored on

disk file. One file exists for all monitored cable points
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where a given cable's data string occupies one record (see Table 2 for
details of a record). A second file ex1sts for all predicted cable

e

points. N

Another disk file required ‘is a directory for the monitored
cable disk file. The directory has two byte logical variables for each"
possible cable record. The logical variable is set. .TRUE. whenever a
cable record is in cse. The directory thus allows ‘tasks that access the
cable file to Sklp over unused records. ~The directory file structure 1s
INTEGER

NCROSS A
(LOGICAL*2)*NCROSS

ICROSS

NCROSS, ICROSS (NCROSS)

- where NCROSS-= the number of monitored cable cross sections (up to 30)
- and -ICROSS = .TRUE. -for all monitored cables .- . . ’

Another disk file directory is required for the predicted cable
points. Similar in structure and.-function to the monitored cable directory, ’
the predicted cable directory.has arlogical variable which is set ta -TRUE.
whenever the predictor is used upon a particular cable cross section. As

"with the monitored cable ‘directdry, the predicted cable directory will

permlt tasks that access _the predicted cable file.to..skip. over -unused -

records.
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TABLE 1 '
ENGINEERING UNITS TABLE STRUCTURE FOR VARIOUS TYPES OF POINTS

n = number of points

CONTENTS

N
.. T# BYTES = ANALOG . DIGITAL _ STATISTICAL..  CABLE
EUTCOM :
EUSIZE j ) 2 . : Maximum nqmbér’of points in system
EUTBL =~ 4*n Value State Name Variance Conductor Temp
o ‘ (Eloating ‘(6 character (floating . (floating Point)
point) Radix - 50) point)
EUSTAT 2% '
bit
15 - Error - : —_—
14 . Error message print flag- ' ' >
13 - Point in use >
12 . © 1 -+ Auto, # - Manual
1Y e ‘ 1:+ Remote, ) - Master
o LT 1 » out of normal analog 9 - . 0
S signal range ' ‘
9 - Alarm acknowledged A — - - -
8 N/ e b 1
7 Changing value . >
6 Error hold off, error type: § - unknown state,
5 1 + input/output mismatch, 2 ~ alarm state
4 Alarm limits active ‘ >
3 Point RTU I/0 . ? 0
2' 1 Analog output 9 : o . ?
@ Analog input -
1 9 0 1 B
9 . 1 ] . . ]

1 Both monitored and predicted cable points have same structure
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# BYTES

EUCKLO 4*n.
EUCKHI - 4*n
EUSCOM
EUALTD 4¥n
Byte §
Byte 1
Byte 2 .
Byte 3
EUCPL 4*n
EUCP2 . 2%p
EUIOP '~ 2*n
Byte @
‘Byte 1

ID

- 70.

TABLE 1 CONTINUED
CONTENTS ’
. ANALOG DIGITAL STATISTICAL | CABLE
Lower alarm Input buffer Lower alarm
o limit indices limit .
Upper alarm Previous. Upper alarm
limic state name © limie
" Input bit #'s Same as analog <
Storage
deviation
(0~100%)
Alarm limit :
deadband
(01007
. Alarm time .
limit ‘
Alarm time v
counter A v : ‘
Slope con- Ouﬁput boint Mean value " Not used
-..version id's.. . : -
Constant , . L _— .
Count off- State list . Time of last Not used
set conver- index calculation R
sion constang in minutes
from midnight
RTU ID RTU ID p 9
Input: Buffer :i#Inputs & 3 )
index # Outputs
Qutput: Point




 CONSIDERATIONS FOR INTERFACE TO SCI/PCS

The addition of two new poxnt types means that the SCI/PCS
task DlSplay Point Attributes (DPA) and Change Point Attributes (CpPA)
_must now_accommodate’ the new poxnt'types The changes involve re-

latlvely minor modifications to DPA ‘and CPA as those two tasks already

= ooroute processlng to tasks dedlcated to analog or digltal points,

respectively.
New tasks required for cable and statistical’points should
,“”yerz_glpsely_paral;el'tbe'existing ang}pg point tasks, except for a

few details of setting attributes.

EXISTING  REQUIRED TASKS FOR

ANALOG TASKS STATISTICAL CABLE DESCRIPTION ,
DPAANA - DPASTA’ DPACBL  Displays attributes for a
) , . particular point type
UPDANA - . . UPDSTA UPDCBL Provides update service

for a particular point type
Figure 1 presents an overv1ew oE the SCI/PCS structure regardzng

the EUT and point dependent operations. on the EUT. Solid lines show
the present SCI/PCS structure and dotted lines lndlcate additions that

R I
.are required :
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TASKS 'ENGINEERING UNITS TABLE _DISK FILE
(in memory) ‘
DPAANA C::::> e 2 )
: ~
| ANALOG K\ﬁ__,ﬁ-
' POINTS . g
—P> UPDANA Cmmmny | AUXILLARY |
‘ . | CABLE DATA |
F
l\\ ‘II:E. — /1 -
‘ : CABLE DATA |
__é* DPADIG (——) (FILE DIRECTORY
DIGITAL S P
: POINTS ‘ e R
> UPDDIG —
—— - |
r | |
_é"’f DPASTA — | |
- | sTatIsTIcaL
' | POINTS |
T T ? I |
—»  ppsta  Sm— | |
e e e i e - e - o '- )
Fo—————— 2 ! |
N _ . A
Ed >'L - fAEBI; _ CABLE 5 " POINTERS
:' POINTS I“—' '
r————— A
B : |
—p)  UPDCBL K::?L |
o e e R S

CHANGE POINT
J ATTRIBUTES

[ (CPA Task)

B

DISPLAY POINT

> -ATTRIBUTES
(DPA Task):

- FIGURE 1

T
R

— t

DEPENDENT OPERATIONS
72
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Revisicn 3.0
6/1/79

CROSS REFERENCE TABLE
SHOWING THE TASKS ACCESS TO THE CABLE CROSS SECTION DATA BASE

-VARIABLE ® SET - UP. MINUTE TASK HOUR PREDICTION ~ DISPLAY STATISTIC
I 0 -1 0 I 0 T 0 D SR I 0

IDCABL(8) ° X .

ICREFY(168)
ﬁTm@COO)
o THETAC (30)

One group RLAMDA (30)

for each RLIML(30)

of 30 RLIMU(30)
cable ul

cross- Y(4)

section . u2

storage U3

areas < USAVE (5)

‘ TIMEP (3)
GAIN(40)
PGAIN(40)
FIXU(4)
2(5)
DIM(16)
THERM(19)

- TMAX(4)
DURATN(6) . A : : .
RATFAC(176) © : D ¢ X .

_IRATNG(28)" ~ = : X o . - X

" MDIM(4) - X - : ‘
ICREFY(168)

| NCREFY (21)

- INDXP (30)
k;IFLAG(l6)

e e
54
PR R N Y]
B b e
5
54 >4
PRI
5 54

Lok ke
E ]

€L
54 Bd b4 bd pd
» X KM
B opd B >
56 b4 bd >

I

S

R
>
><,
<

L

X

b be
RS
5

bk




Version 2.0
6/1/79

STRUCTURE FOR THE CABLE CROSS SECTION PART OF THE

ENGINEERING UNIT TABLE

(The follow1ng data are repeated for each cable cross sectlon

storage area)

VARIABLE NAME

. _ VARIABLE # OF
GROUP - (6 CHARACTERS) DESCRIPTION TYPE BYTES
IDCABL(8) IDCABL(4) Cable cross section eight Byte‘ 8
’ . : character identifier
ICREFY (168) ICREFY(7,3,8) | Measurement/input cross Byte 168

reference table (elements
contain the point identifier
of analog values used by the

model for the various measure-

ments and inputs where each
identifier is 8 characters)

The structure of ICREF 1is

ROW COLUMN 1

CURRENT

OIL TEMPERATURE .

PIPE TEMPERATURE

SHIELD TEMPERATURE

[V I S VS I ST )

COND TEMPERATURE

VOLTAGE TEMPERATURE:

7 AMBIENT EARTH TEMP.

Each row contains the identifier of up to 3 analog points
which will be averaged to give the single measured value
used by the CMARS algorithm Measured values are stored

in VMEAS(?)
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VARIABLE ' NAME ' - VARIABLE # OF

‘ GROUP (6 CHARACTERS) - DESCRIPTION ' TYPE BYTES
TCOND Conductor‘temperature, °C. Real 4
TINSL Insulation temperature, °C oL 4
TSHLD Shield temperature, °C . " 4
TEMPC(30) 4 TOIL .0il temperature, °C ' ' M 4
' ~ TPIPE Pipe temperature, °C . oo K
TETH1-TETHS Earth shell temperature, °C " 20
A TEMP (11-30) Spare . ‘ ‘ " 80
(" RINSL Insulation thermal resistance,’ " 4
' °C/watt/ft
ROIL ‘0il thermal resistance, ' " 4
°Clwatt/ft
ROFACT Multlplicatlve factor on ROIL " .G
(i.e., ROIL -. ROIL * ROFACT)
RPCVR . ‘Pipe cover thermal resistance, " 4
- - - - RSt - | C/watt/ft - TAm e omemeese T mmwamess mn wgEedmn mames
RETHP ' Earth thermal resistance and pipe - " 4
. cover thermal resistance, °C/watt/ft
_CCOND Conductor thermal capacitance, " 4
watt-hr/ft/°C
THETAC(30)< . CINSP , Insulation + shield + skid wire " A
» ' thermal capacitance, watt+hr/ft/°C .
. CSHLD  Shield + skid<wire thermal capa- " .4
' . citance, wattehr/ft/°C
"COIL  0il thermal capacitance, " 4
watt hr/ft/°C _
CPIPP "~ . Pipe + pipe'c5ver'thermal capa- " 4
citance, watt-hr/ft/°C
CPCVR Pipeﬁbover thermal capacitance, " : 4
o " wattehr/ft/°C
CERTH Earth thermal capacitance, " 4

‘wate* hr/ft/ ol

HCON1 AC. electrlcal resistivity of the " 4
conductor, watts/KA «fe :

HCONP1  Temperature sensitivity of HCONl " A 4
' watts/Ka2-°C+ft '
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VARIABLE

TERTH

NAME VARIABLE" # OF
GROUP. (6 CHARACTERS) DESCRIPTION TYPE - BYTES
HCON2 Voltage induced loss rate for " Real 4
~ the insulation, watts/kV2°ft
HCONP 2 Temperature sen51t1v1ty of " 4
~ HCON2, watta/kVZ2-ft
HCON3 AC electrical loss .of the shield " i
watts/KA2-ft
HCONP3 Temperature sensitivity of HCONB,' " 4
_watts/Ka2«ft
HCONS AC electrlcal loss of the pipe, " 4
watts/KAZ-ft
HCONPS Temperature sensitivity of HCONS : " 4
watts/KaZ-°c- 33
.BIAS 1 Bias for measurement estimate 1, °C. " 4
" BIAS. 2 Bias for measurement estimate'Z, °c " 4
BIAS 3 Bias for measurement estimate 3, °C " 4
BIAS 4 Bias for measurement estimate 4, °C " &
spare " 4
,sbare " 4
spare ' 4
spare " 4
spare " 4
spare " 4
RLAMDA (39) RLAMDA(30) Inforﬁatiov'content for the " © 120
parameters .Variable used in
_ parameter identification) :
RLIML(30) RLIML(30) Lower limit on parameter " 120
'~ variations for the identification
4 process . ' .
. RLIMU(30) _RLIMU(30) Upper limit on parameter " 120
variations for re-identification
process o
Ul AMPS current, KA . " | 4
TOIL measured ¢il temperature, °C " 4
TPIPE ‘ measured pipe temperature, °C " 4
T4 TSHLD- measured shield temperature, °C " 5
TCOND simeasured conductor temperature, °’c " 4
U2 VOLTS voltage, KV’ » . o 4
U3 ambient earth temperature, °C " 4
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VARIABLE . . . NAME

‘ . VARIABLE . # OF .
GROUP (6 _CHARACTERS) DESCRIPTION TYPE _ BYTES
AMPSV Saved -value of current, in KA Real 4
~ VOLTSV " Saved value of voltage, in KV " 4

USAVE(5) ﬂ . TAMBSV

spare
L sparel

TIMESV

TIMEP (3) TINT
ALPHA

GAIN (40) GAIN(19,4)

PGAIN(49) PGAIN (4,20)

( FVOLT
FTAMBL -

FIXU(4) < FTAMB2

L FTAMB3

.2(5) Z(5)

" CIR

. DC

DIM(16) - DI
: . DP

wn

Saved value of ambient earth

temperatures;. °C

Time of the last estimation
update

Integration step size, hrs

Tdentification time constant,
hrs

Estimator gains

Identifier gains

Fixed value for voltage, KV

Fixed value for average am-—
bient earth temperature, °C

Fixed value for amplitude of
ambient earth temperature, °C
Time ftom_Jaﬁ 1 when peak
temperature occurs, days

Factors for splitting up. the
earth thermal capacitance,
dimensionless. '

Conductor cross section, MCQM

- Conductor diameter, inches

Insultation diameter, inches

Pipe inside diameter; inches

. Cable separation, inches

Burial depﬁh; inches

"

160

160

20

PO S




VARIABLE

NAME VARIABLE # OF
GROUP (6 CHARACTERS) DESCRIPTIQN TYPE BYTES
TKS Shield thickness, inches Real 4
TKT Shield tape thickness, inches - " 4
. XLAYT Lay length of shield tape " 4
DIM(16) AW Cross sectional area of skid " 4
wire, inches? : -
XLAYW Lay length of skid wire " 4
WIRES Number of skid wires " 4
TKP Pipe thickness, inches " 4
TKPC Pipe cover thickness, inches " 4
AI@B 1A} 4
\\spare " 4
(’RHOI Insulation resistivity, watt/°C am " 4
RHOT_ . Shield resistivity,.watt/°C cm " 4
RHOW Skid wire resistivity, watt/°C ecm " 4
" RHOPC Pipe cover resistivity, watt/°C cm " 4
RHOE Earth resistivity, watt/°C cm " 4
" CAPC . Conductor spégific capacitance, " 4
watt+hr/°C+cm
CAPI Insulation specific capacitance, " A
wattehr/°C-cm
' . . 0 . " 4
THERM(19). CAPS Shleld sEec1f1c capacitance,
4 wattehr/°C.cm3
CAPW Skid wire specific capacitance,’ " 4
watteshr/°Cs cm3
CAPO - 0il specific capacitance, " 4
watt-hr/°Cecm3
CAPP' Pipe specific_capacitance, " 4
wattehr/°Ce cm3
CAPPC Pipe cover specific capacitance, " 4
watt-hr/°Cscmd '
CAPE "+ Earth specific capacitance, ! 4
| watt-hr/°Ccn’
SIC Specific'inductive capacitance of " 4

\

insulation
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VARIABLE ) VARIABLE +# OF

GROUP (6 CHARACTERS) DESCRIPTION : ) TYPE BYTES
OILLFL °~ - '0il flow, gpm' =~ Real’ _ 4
FZERO '~ Kalman gain scale factor " 4
' spare T ' " 4
spare o " 4
\sp'are ' 1" 4
TMAX(4) TMAX (4) " Cable temperature limits, °C " 16

© 1 & 2 for the conductor
3 & 4 for pipe/earth interface

DURATN (6) - DURATN(6) Six short periods for cable " 24
: o ratings, hrs '
.| R1C(4) Rating factors ' " 16
'RVC(2) Rating factors o -8
RTAC(2) Rating factors o 8
RATFAC(176) .ﬁ R1(4,6) Rating factors o 96
RV(2,6) Rating factors - " 48
RTA(2,6) ‘Rating factors " 48
.'LRT(Z,B,lO) Rating factors : o 480
IRATNG(28) IRATNG(4,7) Cable ratings, in amps Integer 56
: Row 1 are the continuous
ratings for each of the
four temperature limits,
TMAX (4) . ‘
Rows 2-7 are the 6 short period
ratings for the times in DURATN(6)
N . Number of temperature states "o 2
MDIM(4) Number of measured temperatures
1 NQ Number of measured inputs " 2
NP Number of parameters " 2
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VARIABLE NAME VARIABLE # OF
GROUP (6 CHARACTERS) DESCRIPTION TYPE BYTES
NCREFY(21) NCREFY(?,B) Sequence numbers for referenc- Integer 42
ing the analog points specified
by ICREFY in the engineering
units table :
INDXP (30) INDXP (30) Flags for parameter identifi- Logical 60
cation. If INDXP(I) = .TRUE.,
identify parameter I
IFLAG(16) IFLAG(16) General purpose flags A Logical 32
IFLAG(16) IFLAG - General purpose flags Logical*2 32
Flag Number
1 =- .TRUE. restart cross-

section monitoring

6-16

il

using the initialization
routine to reset tempera-
ture estimates, parameters,
and lambdas

- TRUE._ use linearized
parameters for ROIL,

- HCON1, and HCON3

.TRUE. use the Neher-
McGrath o0il resistance

..model. Otherwise, the

Chato model

.TRUE. Triangular cable
configuration. Other-

"wise, cradled.

<TRUE. calculate Kalman
gains. Otherwise user
input '

spare
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Version 2.0
6/1/79

MINUTE TASK DESCRIPTION

PURPOSE

Calculates updates to temperature estimates;iparameters,'and cable ratings.

Calculates predicted temperatures over midnight-to-midnight time period.

o -
[ T A

EXECUTION CRITERIA C e

The minute task runs synchronously off the real-time clock at least every
ten (10) minutes, but can also be executed asynchronéu#ly on operator demand
from the SCI/PCS task index table. In addition the minute task can be |
execuﬁgd off the real-time clock by a_fRUN" command. This option permits

the operator to schedule the minute task at any time.and repeat at p:e?

- specified intervals. The task priority is moderately high.

INPUTS
NAME , DESCRIPTION
EUT . Measurement Values of analog points as specified by

a cross reference table associated with each cable
- (ICREFY/NCREFY as described in the data base).

Disk : Data bases for the monitored and predicted cable
cross sections plus a list of the cross sections
that are in use for each function.

OUTPUTS
NAME DESCRIPTION
EvéntALogger T - Notation of the following changes in status:
V v 1. Cross-seCtioq out-of-service ,
2. Cross-section restoréed to service or started up.
Disk File o ' . New values for temperatures, parameters and ratings.
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COMMON BLOCKS

NAME o DESCRIPTION
Global ~ EUTCON, EUSCON, CRTCOM
(CABLE, COM)
e, :
— ~ .
Local CABLE, CABLE2, CNAMES, CNTRL, MAIN1, INOU

SUBROUTINES USED

CLRCRT CRTASN CRTXIT EXIT GETDAT INIT INT INTP IRADSO LIMIT MEAS POSCUR
PTLOOK, RATNG, RECEIV RECOEX SEND, STATE o

COMPUTATION PROCEDURES

See attached flow chart
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FLOW CHART FOR THE MINUTE TASK

START |

FPRED = .FALSE:

»

Y

GET.LLST OF CROSS—
'SECTIONS THAT
ARE IN USE

P

Y

CALL GETDATA
FOR THE NEXT
CROSS-SECTION

¢————pt CALL AVGMES

CALL INIT

N+ﬁ

"CALCULATE TIME
INCREMENT SINCE
LAST ESTIMATE

ADD 24 HOURS

SET TIME

—| INCREMENT TO

TSAMP

T oa




FPRED=. TRUE ' INT ‘ - RCNET

Y Y.
CALCULATE A o , |
PRIORL STATE |gme : b—p{"STATE |¢—p LOSS r&—p{ OILY

ESTIMATES .

CALCULATE

INCREMENT TO I . MMUL
PARAMETERS <———> INTP PARAM |q——pn

)
) A
CALCULATE

A POSTERIORI
STATES

J, | O,
" CALL RATING

PUT CABLE DATA
AWAY ON DISK
"~ FILE




FLOW CHART FOR GETDATA

ENTER

READ CABLE DATA

FROM DISK FILE.

PUT INTO LOCAL
COMMON

REGENERATE
NCREFY TABLE

NO CHANGE |

RETRIEVE MEASUR}
MENTS FROM EUT.
IF OUT OF SERVIGE,
SET TO -99

A 4
LIMIT IDENTI-
FICATION BASED
MEASUREMENTS IN
SERVICE

A

GET THE TIME
OF DAY

¥

SET STATUS
INDICATOR

RETURN
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HOUR TASK DESCRIPTION

.PURPOSE

Calculates and updates factors used in the réting computations

performed.by the Minute task.

EXECUTION CRITERIA

Task should run synchronously off the real time clock once:-a
"day. at midnight. Also, it can run asynchronously on operator demand from
the SCI/PCS task index table. Priority should be low since réting '

factors will not change much from day to day, but only over a long period

of time. -

INPUTS DESCRIPTION

Disk . Data base.for the cable cross sections and a
directory for the cross section data base of
cables that are in use. ’

OUTPUTS DESCRIPTION

Disk : . New values for the rating factors

COMMON BLOCKS

NAME DESCRIPTION
Global , CRTCOM, CABLE, EUTCOM

Local CNTRL,MAIN1,INOU = _.
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SUBROUTINES USED

- RATFAC, RCNET, MTINV, MEXP, MMUL, XNORM

COMPUTATIONAL PROCEDURE

See the attached flow chart. N T

toe B N N
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FLOW CHART FROM THE HOUR TASK

READ IN THE
. CABLE DATA
'DIRECTORY

:

READ IN THE
DATA FOR THE
NEXT CABLE FROM
THE DISK

l

RCNET

CALL RATFAC
TO PROCESS
THIS
CABLE

———p

MTINV

v

MEXP

I 1

|PUT NEW FACTORS
BACK ON DISK
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INTERACTIVE DATA ENTRY
AND CONVERSION -
* TASK ‘DESCRIPTION . -
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TAasSK #205 INTERACTIVE DALA EthY Anu CORVERS lOu

PURPOSE

This task serves two main purposés: (lj to allow‘ior operator
entry, modification, inspection, or deletion of cable cross section
parameters and program.concrol informagiou, and (2) to perform the initial
processing of the raw data into a fora acceptable to Lhe CMARS winute

task programs.
STRUCTURL

The program con51sts of two main modules, ENT, in which the
interaccive entry takes place, and LNI, where the initialization occurs.
These are distinct dr1v1ng'programs; lHlowever, INI 1slcx¢cuced oniy -
through a link from ENT, which is exeecuted by operator demand.

v

REQUIREMENTS

i EVT requlres that the names of mcasurcd points be encer;d into
the system v1a Lhe PCS. programs CPA or PNTCRE prior to creation of a
cable cross sectlon which uses those points. Since ENT looks up the’
location of points in global common étorage area, they must exist.

INL’;quires4successful'creation of data buffer on disk by ENT.

INPUT

ENT gives the user his choice of operating modes: Add mode is
an interactive qu;sonn/answgr session desigued for user entry ol all
data of one cable cross section. The update modes (modify, inspect,
delete) give.the user an oppertunity to do as their name implies to an

existing cable cross section.
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ENT prompts for all user enterable data and control in-
formation by displaying a description, abbreviation, and approupriate units

on the CRT. The program will then accept input from the keyboard.

After each entry, a check is made to determine if the cor-
rect type of data was entered, and if numeric, the value is compared to
preset normal upper and lower limits fot that ﬁurticular parameter. If an
unacceptable entry is made, the prbgfam~will perpt the user to try again,

and display a reason for rejection of -the data entéred.

INI gets its input from the data files created on disk by
ENT. One file contains all the data needed by the other CHMARS tasks
for up to 30 cross sections. . Ahocher contains names of all cables-ina

- use, and another; their position in the data file.
QUTPUT

Upon acceptance of all user enterable data, EUT places the
bulfer of data on a single record in the data file, which isvﬁo‘EéCOrds-
long. Additionally, the names file and directory file are created and/or
updated. When in Add mode,uéipriﬁted sumnmary 1is optionally AVailable.
When iﬂ one of the update modeé, a printed sﬁmmary of data is automatic

when permanent changes are made. ENT then stops and begins execution of IXNI.

'INI sends a summary to the report printer of values which it

calculates, e.g. various gains and thermal parameters.

Upon completion of INI, the data buffer is again stored on

disk, and control is rcturned to the process controller fuaction menu.
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POINT
NUMBLR

G6
O O N O v oS W N

I R V. S ST N N

19

" IDENTIFYING LABEL

DATA SHEET FOR ANALOG MEASUREMENTS

SIGNAL TYPE
(chieck one)

0 - 1
volts

to 50 -1 to +1

4 to 20 Y0
. ma ma

(16 characters) ma -

1 to 5
volts

‘CMARS Device Serial No

CMARS to

supply

0 to S
volts

current
loop?

Oy O

Cly[w

[y [dw

Ly [

Iy [w

[y [w

Ly [

Cly.[w

Cly[Ow

Dy [ Jw

REREE

Cly [N

[ [w

[y ([

Ly [CTw
L1y L

1]y

Ay dw
Clv i~

ALY

SICGNAL
RANGE"

power for

SEngr .
Low High Unic.




DATA SHEETS FOR A
" CABLE CROSS SECTION
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Page 1 of 3

Cross Section CMARS .Device Serial No.

DATA SHEET FOR A CABLE CROSS SECTION

OPTION SELECTION

IDENTIFYING LABEL (32 characters, including spaces)

TEMPERATURE LIMITS FOR RATING CALCULATIONS (Select one or two temperature
limits for each criteria)

-

Temperature Limit 1 Temperature Limit 2

CONDUCTOR e °C

PIPE/EARTH INTERFACE *C SE

TIME PERIODS FOR RATING CALCULATIONS (Select six, of which one may be less
than one hour. Note that a normal rating is calculated in addition
to these six short period ratings)

hr hr hr hr ‘ hr hr

ANALOG MEASUREMENTS (Fill in the appropriate analog point numbpers for
analog measurements applicable to this cross section. Spaces are
provided for multiple measurements of the same quantity)

Required { CURRENT
PIPE TEMPERATURE
BULK OIL TEMPERATURE
SHIELD TEMPERATURE
Optional CONDUCTOR TEMPERATURE
*EARTH AMBIENT TEMPERATURE
*VOLTAGE -

* 1f analog measurements are unavailable for these quantities, the
user must supply substitute values below.

VOLTAGE IR

EARTH AMBIENT TEMPERATURE °C maximum value for the vear
°C minimum value for the vear

days from January 1 when thae
97 maximum temperature is achieved




Page 2 of 3

Cross Section CMARS Device Serial No.

DATA SHEET FOR A CABLE CROSS.SECTION
OPTION SELECTION

THERMAL PARAMETER IDENTIFICATION (The user may elect automatic adjustment
of thermal parameters to allow the model to adapt to actual, installed
physical conditions. Note, however, that parameter identification
is only feasible if the temperature measurements shown below are
available.)

If a temperature measurement.'is not available for the
quantity shown below, cross out all blocks in that
column. Place a check in the remaining ematy blocks
for those parameters selected for identification

MEASURED TEMP ERATURES

THERMAL PARAMETER CONDUCTOR  SHIELD  BULK OIL PIPE
CONDUCTOR | . A R K’ RN
A : \\A\§N§§§Q§%§§§§§§G®@§Ni@§§$§
——

AR
INSULATION \ \\\\\\ Naniitasnnae
RESISTANCE | - _ §§>§S§§§§§§'§§§§Q§§§§§§§§§§§§t

WA

_aOaOOS,OTCGaa--.
: NN
0IL e
RESISTANCE "\§§Se"
NN

N w\\ N

OIL : Nnns

NI

CAPACITANCE §§§§§§§§;_\§
-PIPE
CAPACITANCE
EARTH
_RESISTANCE
EARTH
CAPACITANCE

Parameter not identifiable when only
the temperature measurement in the
column indicated is available
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Page 3 of 3

Cross Sectiqn_ CMARS Device Serial vo.

DATA SUHEET FOR A CABLE CROSS SECTION
PHYSICAL DATA

All of the items on this page must be completed.

DLIMENSIONAL DATA

Conductor Cross Sectioaal Area , millions of circular mil
Conductor Diameter - 4 e et : inches
Insulation Thickness ' Co inches
" Shield Thickness A' ' . ' inches

Skid Wire Cross Sectional Area ) ‘. inches 2
Number of Skid Wires oer Cable - S dimensionless
Skid Wire Lay Length . . ' inches

Pipe Inner Diameter : inches

Pipe Wall Thickness ' o . inches

Pipe Covering Thickness’ cee : inches

Burial Depth (pipe center to earth surface) inches

Cable Geomectry Triangular Cradied

THERMAL PROPERTIES

Thermal -Resistivities

Insulation ‘ _ °C cm/date
Pipe Covering ‘ °C cm/wate
Earth ’ _ _____°C cm/wartt

0il Properties

Thermal Resistivity A °C cm/watt

Kinematic Viscosity : o ft?/nr
Specific Heat at Constant Pressure =~ watt hrs/'Ccm3
Thermal -Coefficient of Volumetric

Expansion %z/°C
Density at °c ' ) ‘1bm/f¢3

Spécific Heats per Unit Volume

"Cdnductor‘ , ' watt hrs/°C cm3

. Insulation . R watt ‘hrs/°C cmd

_Shield .~ ’ L - watt hrs/°C cal

. - Skid Wire - o B watt hrs/°C cm3
. 4 Pipe =~ C - . watt hrs/°C ca3
o Pipe Covering - watt hrs/°C cm3
‘Earth _ ‘ watt hrs/°C cm3
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STATISTICAL ANALYSIS.
TASK DESCRIPTION
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TASK DESCRIPTION: - STATISTICAL PACKAGE (207)
PURPOSE

To establish quantitative measures to assess the performance of

CMARS.

EXECUTION CRITERIA

The statlstlcal package consists of two software routipes. The first
routine calculates the error covariance between calculated and mcabured
temperatures and the axial temperature covariance. The second routine

calculates the forecast temperature covariance.

The first routlne is called automatlcally every time the CMARS monitoring
routine is. called. Since this routine compares actual measured temperaCures
to-calculated temperatures, all temperature calculations must have been
completed. Furthérmore, the first routine must be completed prior to

a new scan of analog points which could result in mismatching actual

and calculated temperatures.

The sccond routine, the Forecast Error Covariance, is included as a modifi-
cation of the Predictor Task and consequently is performed on demand at the
user's discretion. .The operator initiates the Predictor Task and determines
whiether he wishes to use hypothetical load data or historic load data as
input to the Predictor. If he chooses to use hiscdric load data, the opera-
tor specifies from what time (as far back as 24“hours) the historic data
Should be taken. ‘The Predictor then fetches the load data and the -initial
state data from disk,; calculates temperatures up-to the present time,

performs statistical calculations, and displays the result.




Computational Procedure --Real Time Task

y

- 'GET LIST OF
VP'S FROM EUT

Y

N VP, CET
ATTRILUTES FROM

CALLING ' NEXT

l . EUT
- PROGRAM- 1 ’ - VP

UPDATE VP, ATTRIBUTLS

VP(t) + VP(t-1)
A(t) -+ A(c-1)

Y

PUT ATTRIBUTES
" BACK IN EUT
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TEMPERATURE LERROR COVARIANCE VIRTUAL POINT

The value of the virtual point:for temperature error covariance is the

mean squared difference between calculated and measured temperatures over

time.

VP (t) = [VB (t-1) * (n-1) + -(TCi(tj - TMi(c))z] %

where VPi(t) = wvalue of virtual point 1 at time t ‘
n = number of observations counted in VPi(t)'
TCi(t) = calc&lated temperacdre used in Vﬁ; at time t
TMi(t) = measured Qeyperaﬁure used in VPi at time t

Attributes include:

n = defined above

Vﬁi(t) = avgrage value of VPi from time = 0, t
TEi(t) = average value of TCi from time = 0, t
. TMi(t) = average.value of TNivfrom time = 0, t
,L(TMi) = name or location of TMi (internal)

L(TCi) = name or location of TC, (in;ernal)‘
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AXLAL, TEMPERATURE VARIANCE VIRTUAL POINT

The value of the virtual point for axial temperature variance is the

mean standard deviation of pre-~selected temperature estimates over time.

MEJQQ) =.IVPJ(c-l) * (n-1) + Sjgg)] =

where VPj(t)
n =

Sj(t)

I

1
N

value of virtual point j at time t
defined above .
¢
standard deviation of a group of pre-selected
temperature estimates over time

Sj(t) =/ (rC,

5 m=
Jm(t))- A n

m=]

M ' 2
2 < 23 chm(t)>

yhere Tijgt) =

At;ributcs Include:

n =
M
S(t)
252 ()
s2(0)
G(t)..

calculated temperature associated with virtual
point j at time t. (There are M calculated
temperatures associated with virtual point j.)

defined above

number of measurements

defined above _

sum of variance from time‘? Q, t

largest value of S2 from time = 0, ¢

" Cochran Test Statistic, described below
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G(t)

s20) + 821 + ... + 570

2w
szct)

The Cochran Test Statistic is:used+off-line to decide whether several
variances are-equal for a given level of significance. A value £y is
selected from a table (attached) for a given n and M. The hypothesis
that SZ(O) = Sz(l) = ,.,. = Sz(t) is accepted with (l—a},% probability

s < . .

if G(r) < 8,
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. ”
Percentaye Pointa of the Ratio of the Largest to the Sum of & Independent Eatimates of
Variance, Each of Which is Based on » Observationst
. M

Table 7.8. Upger 1

\ m
\\\\\\\\ 2 3 4 5 6 7 8 9 10 1 17 37 145 -
A :
) I X J )

2 0.9999 | 0.9950 | 0.9794 | 0.9536 | 0.9373 | 0.9172 | 08953 | 0.3523 | 0.8674 | 0.8339 | 0.7949 | 0.7057 ! 05052 | 0500
3 0.9933 |-0.9423 | 0.8831 | 0.8335 ; 0.7933 | 0.7606 | 0.7335 | 0.7107 | 0.6912 | 0.6743 | 0.6059 | 0.5153 | 0.4230 | 0.3333
4 0.9676 | 0.8643 | 0.7814 | 0.7212 { 0.6761 | 0.6410 | 0.6129 | 0.5897 | 0.5702 | 0.5536 | 0.4884 | 0. 4057 | 0.3251 { 0.2500
5 0.9279 | 0.7885 | 0.6957 | 0.6329 | 0.5875 | 0.5531 | 0.5259 | 0.5037 | 0.4854 | 0.4507 [ 0.4094 | 0.2351 | 0.25:4 | 0. 250
6 0.8823 | 0.7218 | 0.6258 | 0.5635 | 0.5195 | 0.4866 | 0.4608 | 0.4401 [ 0.4229 | 0.4084 | 0.3529 | 0.2838 | 0.2222 1 ). 1557
7 0.8376 | 0.6644 | 0.5685 { 0.5080 | 0.4659 | 0.4347 | 0.4105 { 0.3911 [ 0.3751 | 0.3616 | 0:3105 | 0.2494 | 0.1929  0.1429
8 0.7945 | 0.6152 | 0.5209 | 0.4627 | 0.4226 | 0.3932 | 0.3704 | 0.3522 ; 0.3373 |-0.3248 | 0.2779 | 0.2214 [ 01700 1 6.1250
9 0.7544 | 0.5727 | 0.4810 | 0.4251 | 0.3870 | 0.3592 | 0.3378 | 0.3207 | 0.2067 | 0.2250 | 0.2514 | 0.1992 | 0.1521 | 0. 1111

- 10 0.7175 | 0.5353 | 0.4469 | 0.3934 | 0.3572 | 0.3308 | 0.3106 | 0.2945 | 0.2813 | 0.2704 | 0.2297 | 01811 [ 0.1376 | 0.1va
12. 0.6523 | 0.4751 | 0.3919 | 0.3428 | 0.3099 | 0.2%61 | 0.2680 | 0.2535 | 0.2419 | 0.2320 | 0.1061 | 0.1535 | 0. 1157 | 00533
15 0.5747 | 0.4069 | 0.3317 | 0.2882 | 0.2593 | 0.23$6 | 0.2228 | 0.2104 | 0.2002 | 0.1918 | 0.1612 | 0. 1251 | 0.uA34 | 0,667
20 0.4799 | 0.3297 | 0.2654 | 0.2248 | 0.2048 | 0.1877 | 0.1748 | 0.1646 | 0.1567 | 0, 1501 | 0.1243 | 0.0860 | 2.06709 | 0.0500
24 0.4247 1 0.2871 | 0.2295 1 0.1970 [ 0.1759 | 0.1608 { 0.1495 | 0.1406 | 0.1333 | 0.12R83 | 0.1080 | 0.0810 [ 00355 | 0.64(7
30 0.3632 | 0.2412 | 0.1913 [ 0.1635 { 0. 1434 | v. 1327 | 0.1232 | 0.1157 | 0.1100 | 0.1054 | 0.0367 | 0.0633 1 0,010 ] 0.033
A0 0.2940 | 0.1915 | 0.1508 { 0.1251 | 0.1135 | 071033 | 00957 | 0.0593 | 0.6353 | 0.0815 | 0 G663 | 0.U503 | 0.11363 | 0.0250
60 0.2151 | 0.1371 | 0.1069 | 0.0002 | 0.0796 | 0.0722 | 0.0668 | 0.0425 | 0.0504 | 0.0767 | 0.0461 | 0.0344 | n.0215 | 00167

120 0.1225 | 0.0759 | 0.0585 | 0.0489 | 0.0429 | 0.0387 | 0.0357 | 0.0334 | 0.0316 | 0.0302 | 0.0242 | 0.0173 | 105 | V. Cars3
w D 0 0 0 0 0 0 0 0 0 0 0 0 0

t Reproduced from G. Eisenhart, 'M.\V.‘l'i'iﬁs“tay,yw."A. \-Valha, "I‘;-.chniqucs of Statistical Anaiysis, Chapter 15,
McGraw-Hill Book Company, Inc., New )’drk, 1947. :

. A (o)
Table 7.5. (continucd). Upper 5 Percentage Points of the Ratio of the Larygest to the Sum of #Independent Estimatea of

Yariance, Each of Which ia Based on » Observations
b sa¥

M2 3 4 5 6 7 8 9 10 1 17 37 143 -
h_ -~
2 0.9985 | 0.9750 | 0.9202 | 0.9057 | 0.8772 | 0.8524 | 0.8332 | 0.8159 | 0.5010 | 0.7880 | 0.7341 | 0.6502 | 0.5513 | 0.5¥0)
3 | 0.9669 | 0.8709 | 0.7977 | 0.7457 | 0.7071 | 0.6771 | 0.6530 | 0.6333 | 0.6167 | 0.6025 [ 0.5466 | 0.4743 | 0.4031 | 0.2333
4 0.9065 | 0.7679 | 0.6841 ] 0.6287 | 0.5695 | 0.5508 | 0.5365 | 0.5175 | 0.5017 | 0.4854 | 0.4366 | 0.3720 | 0.3u93 | 0.25w
s 0.8412 | 0.6838 | 0.5981 | 0.5441 | 0.5065 | 0.4783 | 0.4564 | 0.4387 | 0.4241 | 0.4118 | 0.3645 | 0.3066 | 0.2513 | 0.207)
6 0.7808 | 0.6161 | 0.5321 | 0.4803 | 0.4447 | 0.4184 | 0.3980 | 0.3817 | 0.3682 | 0.3563 | 0.3135 | 0.2612 | 0.2119 | 0.1667
7 0.7271'| 0.5612 | 0.4800 | 0.4307 | 0.3974 | 0.3726 | 0.3535 | 0.3384 | 0.3259 | 0.3154 | 0.2756 | 0.2275 | 0.1833 | 0.1429
8 0.6798 | 0.5157 | 0.4377 | 0.3910 | 0.3595 | 0.3362 | 0.3185 | 0.3043 | 0.2926 | 0.2829 | 0.2162 | 0.2022 | 0.1616 | 0.1250
9 0.6385 | 0.4775 | 0.4027 | 0.3584 | 0.3236 | 0.3067 | 0.2901 [ 0.2768 | 0.2639 | 0.2565 | 0.2226 | 0.1820 | 0.1446 | 0.1111
10 6.6020 | 0.4450 | 0.3733 | 0.3311 | 0.3029 | 0.2823 | 0.2666 | 0.2541 | .2439 | 0.2353 | 0.2032 | 0.1655 | 0.13u3 | 0.1000
12 0.5410 | 0.3924 | 0.3264 | 0.28%0 | 0.2624 | 0.2439 | 0.2299 | 0.2187 | 0.2098 | 0.2020 | 0.1737 | 0.1403 | 0. 1100 | 0.0x33
15 0.4709 | 03346 | 0.2758 [.0.2119 | 0.2195 | 0.2034 | 0.1911 | 0.1815 | 0.1756 | 0. 1671 | 0.1429 | 0. 1144 | 0,088 | 0,007
20 0.3394 [ 0.2705 | 0.2205 | 0.1921 | 0.1735 | 0.1602 | 0.1504 | 0.1422 | 0.1357 | 0.1203 | 0.1108 | 0,057 | 00675 | 0,050
24 0.3434 | 0.2354 | 0,1907 [ 0.1656 | 0.1493 | 0.1374 | 0.1286 { 0.1216 | 0. 1160 | 01013 | 0,0012 1 0 0743 | 0,056 | 007
30 0.2029 1 01950 | 0.1583 | 0.1377 | 0.1237 | 0.1137 | 0.1061 | 0.1002 | 0.0u3s | 0.002L | 0.6771 | 0,601 | 00357 | ol
10 0.2370 | 0.1576 | 0.1259 | 0.1082 | 0.0968 | 0.0887 | 0.0827 | 0.0780 | 0,0745 [ 0.0713 | 0.0395 | 0.042 | 0.0347 |.0.0230
60 0.1737 | 0.1131 | 0.0895 | 0.0765 | 0.0682 | 0.0623 | 0.0583 | 0.0552 | 0.0520 | 0.0427 | 0.0411 ['0.03i6 | 0 vzt | 0.014T. -
120 0.0993 1 0.0632-{ 00495 | 0.0419 | 0.0371 | 0.0337 | 0.0312 [ 0.0292 | 0.0279 | 0.02656 | 0.0313 | 9.0165 | 0.0120 | 0.14133
w 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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COMPUTATIONAL PROCEDURE - PREDICTOR tnSK

9

HISTORIC

SET INIT.
o TIME

TINITIAL coND.

"FROM DISK

>
h

NEXT
- TIME

TEMPS, CURRENT

_ PREDICTOR

l

PICK X-SECTION

7 HYPOTHETLCAL
” LOAD DATA OR HIS-

INTO BUFFERS

- | 2

Y

INPUT LOAD
- Free

"TORIC DATA

INTERACTLIVE
- Q/A

Y

INPUT LOAD
FILE

_ :

- TEMP.
CALCULATLONS
]

v .
CALC., DISLAY,

STATS.

T
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FORECAST ERROR COVARIANCE

The Forecast Error Covarlance is a statlstlc calculated by the Predictor
when historic data is used as 1nput.. Unlike the Temperature Error Co-
varlamce and the Axial Temperature Varianee, the borecast Error Covariance
is not a virtual point. Rather it is atlocal QUantxtv whlch is cal-
'culated'by the Predictor and is available for display only at the end

of the Predictor Task.

The Forecast Error Covariance is the mean squared difference between
measured and predicted temperatures-at:the present time based on a

prediction from historical data

Kk (IC, (0) - TM,(0))2
FEC = . = -
; . k
i=1 -
where
TCi(O) .= Predlcted (calculated) temperature o[ point i at
time = 0 (present time)
TMi(O) - = Measured temperature of point i at .time = O
k = Number of component temperatures measured 1n a.
cross-section :

In addition a statistic called the SampleACdrreiation.Ceefficient'is
ealculated; Correlatlon ‘between measured and predlcted values can be
positive or negative. We would expect a hlgh p051t1ve correlatlon,
indieatiug that both measured ‘and predlcted values move together. This
statistic is useful_because it prov;des a,conveurtut 0-1 scale rating

‘the ability of the Predictor to accurately ‘predict cable temperaturcs.

[y
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The Sample Correlation Coefficient is defined as:

" . - o
Y <TC.(0) - T—C(O)>(TM.(0) - ﬁ.(0)>
; i i
.=l A
k ' _ e 2 k- _
2. (1€ (0) = TC (0))° 3, (M. (0) - TN (0))
et S £ i
i=1 i=1
‘where
r = Sample correlation coefficient ﬁ
TC(0) = Average of calcﬁlated_tempé:atures~aE time = 0 '
TM(O) = Average of measured temperatures at time =70

k,TCi(O),TMi(O) are defined previously
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