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SECTION 1 - INTRODUC TION

1.1 SCOPE

Computer Sciences Corporation (CSC) is pleased to submit our Technical Proposal for

the Utility Control System, First ncrement at the Camp Lejeune facilities. This pro-

posal is in response to the Department of the Navy, Naval Facilities Engineering Command

Request for Technical Proposals N62470-75-B-5437, dated 26 May 1976 and Amendments

No. 1, 2, 3 and 4 dated 30 June, 14 July, 21 July and 23 July 1976, respectively. The

proposal is functionally responsive in all areas identified as the bidder's responsibility.

CSC is a systems "turnkey'" contractor experienced in programming, engineering design,

installation and startup of sensor and terminal-based computer systems similar to the

system specified for Camp Lejeune.

1.2 ORGANIZATION OF PROPOSAL

Our Technical Proposal consists of ten sections and three appendices. Section 1 outlines

the organijzation of the Technical Proposal, describes CSC's overall approach to implement-

ing the proposed Utility Control System, and contains the Specification Compliance Cross-

Reference Table. The Specification Compliance Cross-Reference Table provides a cross-

reference between the technical aspects of the specification and specific responses con-

tained in CSC's Technical Proposal. Section 2 describes the functional capability of the

proposed system and includes the system equipment list, field devices, and an analysis

of the system availability. Section 3 contains a description of the training and testing to

be provided. Section 4 outlines the installation design, installation plan, and specific

installation responsibilities. Section 5 describes the system documentation to be pro-

vided. Section 6 presents the proposed project organization and staffing for the project,

the relationship of the Project Manager to CSC corporate management, the project

management procedures to be employed, the project implementation plan and schedule,

subcontractor to be employed and the subcontractor's responsibilities. Section 7 describes

the expansion capability of the proposed system.

aspects of the First Increment.

7-6451

Section 8 describes the maintenance

Section 9 describes various system enhancements and

1-1
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Section 10 discusses CSC's background and facilities and includes a description of CSC's
experience in related computer-based data acquisition, control and reporting systems,
Appendix A contains software packages available for use in the First Increment. Appendix
B contains other software packages available for use with future increments. Appendix C
contains the System Design Handbook for the proposed MODCOMP computer system and

various manufacturers' brochures on equipment that CSC proposes to utilize.
1.3 SUMMARY OF APPROACH

CSC proposes to assume total systems (i.e., turnkey) responsibility for the Utility Control
System for Camp Lejeune, North Carolina. This responsibility includes:

° Procurement, receipt, and check of equipment and materials as set forth in
the Technical Proposal

<] Software system design, system generation, and programming of the applica-
tions routines

8 Fabrication of CSC-furnished equipment

o] Factory integration and testing of the system hardware and software

] Communication system design

) Installation planning

® Field installation of computer hardware, RTU, communication and interface
equipment, and interconnection and installation of cabling

® Field integration of computer hardware/software, interface equipment, check-
out, and system startup support

<] Demonstration of Control System requirements and capabilities as defined in
the specification

@ Training of Camp Lejeune personnel in the operation and maintenance of the
system

s Documentation of the total system. PROPRIETARY NOTICE

7-6451 1-2 Title page of this Proposal.
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CSC proposes to provide a system based on Modular Computer Systems Inc. (MODCOMP)
mainframe and peripherals, supplemented by remote terminal units (RTUs) manufactured
by F&M Systems Co. The system configuration, both hardware and software, makes
maximum utilization of existing, field-proven components. The sensors and alarm devices
proposed, representing offerings from several different manufacturers, were selected on
the basis of reliability, maintainability, and "approach' compatability. The preliminary
communication system was developed based on the specifications, site survey, and in-depth
discussions with Camp Lejeune base communication personnel. It features utilization of
existing telephone circuits and new cabling for both digital and tone transmission as well

as RF communications links. System installation will be based on a preapproved installa-
tion plan designed to minimize utility outages and interruptions of normal base procedures.
Consideration of future expansions are reflected in the overall system architecture, both

at the computer and field level allowing "building block' type additions. The proposed
architecture does not utilize unique or one of a kind devices which contributes to the overall

availability and maintainability of the system in the Camp Lejeune operating environment.
1.4 SPECIFICATION COMPLIANCE

Table 1-1 contains required technical data to be utilized for technical review and evaluation.

PROPRIETARY NOTICE
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Table 1-1. Required Technical Data Paragraph Number to CSC Proposal

Cross-Reference Table

Required Technical

Location of Response

Data Paragraph No. in CSC Proposal Brief Description

1C.11 (a) All Sections and Appendices Overall Technical Data

1C.11 (b) See List of Mlustrations Drawings

1C.11 (c) (1) 2.11.1 Equipment Schedule

1C.11 (c) (2) 2.11.2 Catalog Data

1C.11 (c) (3) 2,11,3 Overall System Maintenance

1C.11 d) (1) Section 3 Experience of Base Operators

and Maintenance Personnel

1C.11 (d) (2) 8.2 Preliminary PM Schedule

1C.11 (d) (3) 8.3 Test Equipment

1C.11 (d) (4) 2,11.4 Spare Parts

3A.1 All Sections and Appendices General Guidelines

3B.1 N/A One of a Kind

3B. 2 Section 9 Options

3B.3 Section 2, Appendices Combination Manufacturers

3B. 4 2.8 Application Software

3C.1 Section 7 Future Growth

Section 10 Proposer's Competence
3C.2 (a) 4,5.6 Communication Subsystem
Approach

3C.2 (b) 4.5.6 Types of Systems

3C.2 (c) 4,5.6 Recommendations

3C.3 N/A Additional Data Required

3D.1 6.1.2 Proposed Project Organization

10.2.1 Personnel Experience

3D. 2 10.4 Facility Location

3D.3 N/A Classified Information

3D. 4 10.3 Similar Work

3D.5 6.4 Subcontracting

3D. 6 6.3 Time Frame

PROPRIETARY NOTICE
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SECTION 2 - DESCRIPTION OF UTILITY CONTROL SYSTEM - FIRST INCREMENT

2.1 GENERAL DESCRIPTION

The proposed system will permit remote monitoring and control of certain building, air

conditioning and heating systems, monitoring of various sewage lift station operations,
monitoring certain manned steam boiler operations, and monitoring base electrical power
usage and peak demand at Camp Lejeune, North Carolina. The system is capable of future
expansion in all hardware areas to support additional monitoring and control and has been
designed to utilize standard, field-proven components. The applications software for this -
system will be programmed in FORTRAN wherever possible to facilitate future expansion
N
of the monitoring, control and reporting functions.

2,2 COMPUTER SYSTEM FOR FIRST INCREMENT

The Computer System Hardware (Figure 2-1) will consist of a Modular Computer Systems

MODCOMP.II computer with 64,000 words of core memory, a real-time clock, a moving-

head disk subsystem with 1.3 million words capacity, two __Ee_gn_ip__als, three asynchronous
communications interfaces for remote RTUs and one communication interface for a local
RTU. The MODCOMP II computer features hardware multiply/divide, memory parity,

executive and memory protect features, power fail/restart, and direct memory port,

2.2.1 CPU and Memory

The MODCOMP II is a 16-bit computer and has a large instruction set, 15 general pur-
pose registers and protect features which enable it to use the MAX III Real-Time Operating
System. The machine is structured around an internal bus linking all the components
which comprise the system (Figure 2-2).

Features of the MODCOMP II computer are:
@ Memory expandable to 64K words

© All memory directly addressable

PROPRIETARY NOTICE
° Memory protect and parity
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° High speed (850 nanoseconds*) read-write core memory containing 65,536
words with parity

® Power fail safe/auto restart
® Real-time clock

ol 16 priority interrupt levels
@ Hardware multiply/divide

® Floating point hardware.

2.2.2 Disk Storage

The Model 4126 proposed by CSC includes a controller and one disk drive; the controller
is capable of driving three additional disk drives.

The moving head disk controller is connected to the computer by means of a Direct
Memory Processor channel to provide automatic block transfer capability between the

computer memory and disk.

The major hardware features, performance specifications and physical characteristics are
listed in the Section 27 of MODCOMP's Systems Design Handbook, which is contained in
Appendix C.

2.3 CONSOLE AND TERMINALS

The control room equipment will consist of two 19" relay racks containing the CPU and
disk, storage and writing space, a digital clock display, a command terminal and an

alarm terminal. Figure 2-3 depicts the equipment layout and rack elevations.

*Memory is overlapped when a second 3670 module (32K core memory) is added to the
system. This technique reduces the effective memory cycle time to 850 nanoseconds
from 1 pus.
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2.3.1 Terminals

The terminal, LA-36 DECwriter II, to be utilized was selected for three reasons. First,

they are field proven devices which offer cost-effective performance for a broad applica-

tion area. Second, use of these units permit all of the terminals, including those procured

later, to be the same, thereby permitting interchanging of units. Third, the DECwriters

are standard terminal devices and, as such, are fully software supported.

Features of the LA-36 terminal are:

7-6451

True 30-character-per-second effective printing throughput
Pad or fill characters not required

Lowest price, highest reliability in its class
Office-standard keyboard minimizes operator training

Full, 128-character ASCII keyboard, including 96 upper and lower case letter,

number, and symbol printing set, plus 32 control characters

Full, 132-character line length (10 characters per inch) allows use of standard
line printer forms

Positive tractor feed advances paper precisely without slipping or misalignment

of multipart forms

Movable left tractor lets you position forms horizontally for precise column

alignment

Movable right tractor lets you use forms as narrow as 3 inches and as wide

as 14-7/8 inches

Manual print gap adjustment produces uniform image density with single or

multipart forms

Multipart forms can be up to 20 thousandths of an inch thick, with up to five
copies plus the original
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® Vernier vertical adjustment permits exact print head/form registration

® Unique print head design offers excellent readability and print quality over
long product lifetimes with heavy duty cycles

° New ribbon mechanism eliminates smudging
[ Quiet operation

) Integral 20-milliampere current loop is standard interface. EIA RS-232C
interface is optional,

2.4 UNINTERRUPTIBLE POWER SUPPLY (UPS)

2.4.1 General Description

An Uninterruptible Power Supply (UPS) will be furnished. It will be sized to meet the
continuous steady-state and power inrush requirements of the computer system. The UPS
will be configured as shown in Figure 2-4 and will consist of a static battery charger,
battery bank, static inverter, static switch, and associated controls and protective circuits.

Under normal operating conditions, the ac load is fed through the battery charger which
supplies regulated dc to the inverter while float-charging the dc battery. Upon loss of
the input ac line (208V), the inverter continues to furnish the computer system with
uninterrupteq j}g,power by drawing its energy from the battery bank., This battery bank
will consist ofhlﬁgg-galciu{n, cells with sufficient reserve to provide continuous power to
the inverter for up to 4 hours. The battery will be mounted on earthquake proof racks.

Since the battery bank is always connected to the inverter as well as to the battery
charger, there is no switchover time. The ac output frequency from the UPS is phase-
locked to the input line under normal conditions. When there is no input voltage avail-
able, the output frequency is automatically determined by a stable internal oscillator. -
The static switch is used to transfer the inverter out of or into the circuit during mainte-
nance or repair service. Additionally, this switch allows uninterrupted switchover to

the utility line in order to supply fault clearing and inrush currents as required.

PROPRIETARY NOTICE

Use or disclosure of proposal data
is subject to the restriction on the
7-6451 2~7 Title page of this Proposal.







)

Static Transfer Switch

wA g
~n -

GFE
Power
Source

7-6451

Static i
Switch ( Computer
_______ |\, System
Static
Interrupter

_Po_wer Convert;r e |
Sync :
|
Static
Static
Battery Inverter
| | Changer |
! — g 1
4
4 Hr Battery

3

Figure 2-4. UPS Configuration

Earthquake Braces

PROPRIETARY NOTICE

_Use or disclosure of proposal data
ls_subject to the restriction on the
Title page of this Proposal.







2.4.2 Supervisory Equipment

The UPS will be provided with all necessary supervisory equipment required to control
and monitor its performance. Circuit breakers and/or disconnect switches will be
provided to isolate each major assembly and provide protection against internal and
external faults. An input ac breaker will be provided to open all conductors of the ac
input circuit to the battery charger.

The battery charger control panel will have, as a minimum:

® Dc output voltmeter
® Dc output ammeter

® Ac input voltage pilot light.

The inverter control panel will have, as a minimum:

@ Dc input voltmeter

o Ac output voltmeter

® Ac output ammeter

o Ac output frequency meter.

In addition, dry contacts will be provided to allow remoting any of the following alarm

failure conditions:

o Battery charger - low dc output
@ Battery charger - low ac input

3] Static inverter - low ac output.

2.4.3 Detail Description

1. Battery Charger

The battery charger is an SCR-regulated unit which has the advantages of
good line and load regulation (+1%). The output voltage and current limit
setting is adjustable. Its nominal output voltage setting will be 125 Vdec.

The unit is very efficient (over 90%) which reduces the UPS room cooling

requirements. The voltage output from the charger will '"float charge"
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the battery sufficiently to compensate for internal losses, prevent sulpha-
tion, and maintain the specific gravity at its proper level (1.210). Thus,
the battery is kept in full readiness to provide current to supply the inverter

for a 4-hour interval in case of power failure.

Battery Bank

The battery bank consists of lead calcium type batteries used as the emer-
gency source of power to the inverter. The battery bank is sized for a
4-hour reserve inclﬁding both the computer load and the internal losses of
the inverter. —'( CNVDIELMENT

The battery bank will be mounted on two-tier, earthquake-braced, battery
stands. High impact polystyrene plastic spacers that fit between the cells,
locking them securely together on the steel battery rack, will be provided.
These spacers hold the cells together as a unit and prevent them from
moving off the rack. A special flange fits between the rack rails to prevent

side movement and clamps at each end to eliminate longitudinal movement.,
Inverter

The static inverter consists of three functional elements: an elementary
power stage that converts the dc input into a crude ac output, an ac output
filter that eliminates unwanted harmonics generated by the power stage,
and logic to provide sequential control over the power stage. These ele-

ments perform the following functions:

® Dc to ac power conversion

e Conversion to a fixed frequency and output voltage

® Provides a sinusoidal wave shape with minimum distortion

® Regulates the output for variations of both de input and ac load

including power factor
® Protects the inverter circuitry from overloads and short circuits

e Synchronizes the output frequency with the bypass line (utility).
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The output specifications of the inverter are:

Voltage: 120V +2%

Frequency: 60 Hz +0,5%

Rating: 15 kVA continuous
Harmonic Distortion: 5% maximum

Efficiency: 80% minimum.

Static Switch

The static transfer switch uses SCRs as the high-speed switches with one

set employed between the utility and the load (the static switch) and the

second switch between the inverter and the load (static interrupter). The

SCR can be turned on and off in times as short as 50 microseconds. The

total switching time of less than 1/4 cycle (4.2 milliseconds) includes the

time required to sense an out-of-tolerance condition and complete the

transfer. The sensing is accomplished under two conditions:

The inverter output voltage or frequency falls outside the nominal

steady state tolerance specified in Item 3.

A "look ahead" diagnostic signal is received from the inverter logic
observing short circuit or overload conditions or the dec link voltage
falls below cutoff.

2.4.4 Manufacturer

The manufacturer of the UPS will be Elgar Corporation.

7=-6451
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2.5 DATA ACQUISITION AND CONTROL HARDWARE

2.5.1 System Overview

The Data Acquisition and Control System is the communication media between the com-
puter and the field sensors. Basically, this communications subsystem can be classified

into four groups:

® Microprocessor Communications Interface (MCI) Unit - Handles communica-
tions protocol between the computer and up to 124 remote terminal units
(RTUSs)

® Modems - Allow communication between the MCI and the RTUs over long

distances

® Communication Circuits - Existing telephone circuits, CSC-supplied cabling
and RF links

[] RTUs - Digitize and transmit field data (status and analog signals) to the MCI,
process commands received from the MCI and convert these commands to

either digital or analog outputs.

CSC proposes to utilize standard F&M Systems' hardware for the communications sub-

system.
The proposed overall configuration for the Utility Control System is shown in Figure 2-5.

2.5.2 Microprocessor Communication Interface

Communications between the computer master station and F&M Systems' Supervisory
Control and Data Acquisition (SCADA) RTUs are handled at the master station by F&M
Systems' MCI.

Configuration of the MCI will provide for single port CPU interface and two communications
links each. Each communications port is a serial RS-232-C compatible channel capable of
data rates up to 9600 bits per second (bps). A serial CPU interface is provided for the
CPU. Each of the communications link ports are also RS~232-C compatible for connection

to tone equipment or to standard modems. PROPRIETARY NOTICE
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Normal data rates provided by the MCI for communication link ports are 2N times 37.5,

where N is an integer, up to a maximum of 9600 bps.

The proposed RTUs are designed for party-line operation. Each RTU on a party line is
polled by the master station in turn to acquire data or to transmit control commands to it.
The function of the MCI is to process outgoing and incoming messages and hand off data
to the CPU. The following general description of the MCI will provide more details of its

operation,

The MCI utilizes an Intel 8080 ‘microprocessor together with a Read Only Memory (ROM)
program and Random Access Memory (RAM) data storage to accomplish all necessary
functions to convert from an 8-bit parallel or serial master station interface to a maximum
of four modem interfaces. The command data received from the CPU is interpreted,
formatted, and transmitted serially through the modem to the proper SCADA party line.
The RTU reply is tested for validity and transferred to the CPU along with error and

status data.

The message format utilized by the MCI is controlled by a program stored in ROM.
Multiple formats may be programmed; however, only one format per party line is per-

mitted.
All data is transferred between MCI and CPU in 8-bit bytes.

The serial CPU interface is EIA RS-232-C compatible. The following signal lines are

used:

[e] TX Data

° RX Data

® Data Terminal Ready
® Data Set Ready

» Request to Send

® Clear to Send.

Data rates for the serial MCI to CPU interface are 9600 bps.
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The MCI communications link ports utilize F&M Systems' standard modems. The
model modems operate in the asynchronous mode and for this application will provide
data rates at 1210 bps.

The format of the MIC required for communication with the RTUs is:

) Sync 3-bit, primary 010
The SCADA 8000/80 concept requires a 3-bit sync code with an
initial '"0". Options will allow the following codes.
| 001
010
011
With the MCI, transmit and receive sync may be different

@ Data Field 16 bits; all information is transmitted in 16-bit fields in the
SCADA 8000/80 format. Byte transfer to/from the CPU is

bit ordered relative to the RTU format requirements.

2.5.3 Remote Terminal Units

The SCADA 80 RTU manufactured by F&M Systems was selected as the most cost-effective
and versatile unit for the Utility Control System. The RTU is specifically engineered for

locations where the number of control and monitoring points are limited.

The SCADA 80 is a digitally-multiplexed, polling remote terminal which, through modern
technology, provides secure communication and reliable control and data acquisition at

very small remote sites.

State-of-the-art CMOS integrated circuits allow the base RTU to operate on 1, 0-watt
average power, making possible operation from batteries in extremely remote locations.

Communication will be provided over private communication lines.

The basic unit includes control logic, error detection, four pulsed checkback-before-
execute controls, and eight status points. Transient and lightning suppressors and four
interposing relays are also included in the basic unit.
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A 6-bit BCH and parity check code is generated on each transmitted communication word

and checked on each received work to monitor communications integrity.
2.,5.3.1 Physical Characteristics

The SCADA 80 is enclosed in a drip-proof, weather resistant case measuring 20 inches
wide, 20 inches high, and 8 inches deep (see Figure 2-6), which will be wall mounted.

When the front cover is opened, two switches (S1 and S2), an ac power indicator, and a
main power fuse are visible. Switch S1 controls the main power, and switch S2 controls
power to the interposing relays. Directly above these controls is a hinged panel which
contains a window at the upper left to allow visual monitoring of the LED indicators on

the modem.

To fold down the hinged panel, it is necessary to loosen a knurled knob on each side near
the top. A finger hole near top center facilitates pulling the panel out and folding it down
on the hinge. Retaining cables hold the panel horizontally positioned.

The panel contains drilled holes to allow mounting of two four-card capacity card files. .
The card file on the left is the base card file and contains the modem, the timing and
control card, and the base I/O card. The card file mounting provisions on the right allow_
installation of an expander card file to allow optional use of 16-point status cards; 2-point,
16-bit accumulator cards; or 4-point analog input (ADC/MUX) cards. Behind the hinged

panel, at the rear of the RTU, are mounting provisions for termination cards.

The basic SCADA 80 RTU contains a termination card which is attached in the second
horizontal mounting location from the top. A ribbon cable connects this termination
card to the base I/0 function card in the base card file. The normally unused mounting
provisions are for terminations used with optional I/O cards located in the expander
card file.
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The SCADA 80 RTU operates efficiently with a temperature range of -20° to +75° centi-
grade and 95% non-condensing relative humidity. The enclosure is constructed to provide
maximum protection from dust, water, corrosive materials, and seasonal environmental

conditions.
2.5.3.2 Analog Input Card

The SCADA 80 ADC/MUX card assembly receives four independent differential analog
signals from termination card 220070-01 which must be used with this card. Each input
is buffered with solid state operational amplifiers which provide offset and gain adjust-
ments to condition the selected signal for input to the analog-to-digital converter (ADC).
The conditioned analog signals are multiplexed into the ADC using FET switches. Speci-

fications are as follows:
® Analog Input
- Number of Inputs: 4, differential
- Analog Input: 0.1 to +5.5 volts adjustable
- Common Mode Voltage Range: +40 volts

- Common Mode Rejection Ratio: 60 dB, 0 to 50 Hz
80 dB, 50 to 1 MHz

- Frequency Response: 0 to 7.5 Hz
(down 6 dB/octave above 7.5 Hz)

- Input Resistance: 160K ohm

- Input Overvoltage Protection: = +200 volts, continuous differential or

+115 volts, continuous common mode
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Digital Output

- Output Code: 11 bit binary
ADC (only)

- Conversion Technique: Dual slope

- Conversion Time:

10 milliseconds

- Accuracy: 0.01% of full scale
Full Scale Input is 11111111111
"0" Input is 00000000000
Linearity +0.05% reading +1 LSB

Range Temp. Coefficient
Offset Temp. Coefficient

- ADC/MUX

Offset Temp. Coefficient
Accuracy Temp. Coefficient
Gain and Offset Error

Power Required

Environmental

- Temperature:
- Humidity:

2.5.3.3 Status mput Card

+50 PPM/°C reading

+1 microvolt/ °c

+75 microvolt/°C

+200 PPM/°C
Adjustable to +1/2 LSB
+12V +10% @ 375 mA

VAS

0°C to +70°C
95% (non-condensing)

The 220056-01 card assembly allows 16 status points to be monitored as an optional

addition to the SCADA 80 RTU.

The expander card file can accommodate four of these

cards to expand the eight status points monitored by the base unit to a maximum of 72.

Termination assembly 220060-01 must be used with this card assembly. Specifications

are as follows:
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© Electrical

Input Source:

- Detection Threshold:

- Contact Excitation:

- Input Noise Filter:

- Input Voltage Protection:

Power Required:
® Environmental

- Temperature:

- Humidity:

2.5.3.4 Relay Output Card

bounce and induced noise and accepts

100-millisecond closure

+130 Vdc continuous without damage:
+600 volt 1 millisecond with gas
discharge lightning protectors

+12 Vdc at 50 milliamperes

-20°C to +75°C
95%

Isolated contacts 2K ohms (or less) to

logic common

Logic "0" +3 volts

Logic "1'" +9 volts

+12 Vde, approximately 1 milliampere

A low pass filter suppresses contact
|
i

- |

|
|

The 220049-01 Control output board and the accompanying 220053-01 Termination

Assembly provide an additional eight points of relay output capability. This assembly

requires a 220041-01 optional I/O card file.
& Electrical
- Number of Outputs:
- Output Capability:

- Relay Initial Breakdown
Voltage:

7-6451 2-20

Specifications are as follows:

10 amps, 115 Vac

1500 volts rms 50 Hz between all
elements; 500 volts rms between open

contacts
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- Power Required:

220049-01
220053-01

E) Environmental

- Temperature:

- Humidity:

2.5.3.5 RTU Locations and I/O Counts

50 ma + 12 Vdc

100 ma + 12 Vdc momentary

-25° to +75° centigrade

93% non-condensing

Table 2-1 contains the RTU locations and the I/O counts.

7-6451
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Table 2-1,

RTU Locations and I/0 Counts

Bldg. No.

Status Inputs

Contact Qutputs

Analog Inputs

6

8

10

12

101
105
109
111
118
120
226
204
202
217
213
209
205
312
318
309
327
404
407
410
415
420
426
502
514
511
517

59

60

63
FC304
FC305
FC306
FC309
FC310
FC311
FC411
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Table 2-1. RTU Locations and I/O Counts (Cont'd)

Bldg. No. Status Inputs | Contact Outputs | Analog Inputs
FC412 2 2 2
FC413 2 2 -
FC414 2 2 =
FC415 2 2 e
FC416 2 2 =
FC300 - 4 “ 8
M625 . 24 ~ 13
PP2615 15 - 9
G650 21 - 13
RR15 18 - 7
BB-9 25 - 31
M231 2 2 1
2-23

PROPRIETARY NOTICE

. |Use or disclosure of proposal data

is subject to the restriction on the
Title page of this Proposal.







2.6 CSC-SUPPLIED FIELD DEVICES
2.6.1 Sensors
2.6.1,1 Temperature

Since thermocouples will not meet the stated accuracies and platinum RTDs were not an
economical solution, CSC proposes to utilize standard thermistors. Thermistors are
inherently sensitive, stable, and fast acting, Neither polarity nor lead length is signifi-
cant and no reference temperature or cold junction compensation is required, as with
thermocouples. Due to the large voltage outputs provided and the short distances, most
thermistors can be wired directly to the input of the analog section of the RTU. The unit
will be a uni-curve type as manufactured by Omega Engineering with Industrial Grade

Probe assemblies as required.
2,6.1.2 Pressure

Guage pressure transmitters will be utilized for boiler steam, water and steam
atomization pressure measurements. The units will be Model 1144GO as manufactured

by Rosemount. See Appendix C for complete specification.
2.6.,1.3 Boiler Tank Level

Boiler tank level sensors will be differential pressure transmitter Model 1151 DP as
manufactured by Rosemount. Complete specifications are included in Appendix C.

2,6.2 Temperature Transmitter

The temperature transmitter will convert the high level voltage output signal of the
thermistor to a current (4-20 Ma) for transmissions where the distance to the RTU exceeds
1000 feet. The unit will be a Model 511 BX manufactured by ACROMAG, Inc. See
Appendix C for detailed specifications.

2.,6.3 HVAC Interface Unit

The HVAC interface unit is the hardware between the equipment being controlled and/or
monitored and the RTU. In the proposed system there are two different types -- one for
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barracks having central air conditioning and one for barracks having separately condens-
ing units. Both units contain the same type hardware with the only difference being

quantity of relays.

Table 2-2 is a list of major components utilized in the HVAC unit proposed for use in
barracks having central cooling facilities. Figure 2-7 depicts the interface unit in block

diagram form.

2.6.4 Alarm Devices

2.6.4.,1 Fuel Tank Level

-

The fuel tanks to be monitored are all underground except at Plant (}}650./ /;I‘hese under-
ground tanks are presently equipped with liquidometer guages which are inoperative.
CSC proposes to replace the inoperative meters with a National Sonic level alarm Series
501. The same unit will be utilized at Boiler Plant G-650 but in a different mounting
configuration. These units are approved for use with hazardous material. See Appendix

C for complete specifications.
2.6.4.2 Pressure Switch

A pressure switch is required on the fuel oil line to sense low fuel oil pressure. The
unit will be a Model 152 Type J7 as manufactured by United Electric. Complete specifi-
cations are included in Appendix C.

2.6.,4.3 Tank Level

A differential pressure switch is required to sense condensate tank low levels. The unit
will be a Model 455 Type J300K as manufactured by United Electric. Complete specifica-
tions are included in Appendix C.

2.6.4.4 Smoke Detector

The smoke detector will be manufactured by BRK Electronics. Complete specifications
are included in Appendix C.
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Table 2-2. HVAC Interface Unit Major Components

Quantity Description Manufacturer Type
1 Enclosure Hoffman NEMAIZ
2% Relay Potter-Brumfield | KRP
1 Voltage Regulator Lambda LAS
1 Hand-Off-Auto Switch | GE .
2 Resistors Vishay -
1 Terminal Strip Jones -

\,;_

7-6451

*Quantity increases to 6 for barracks having 10 separate condensing units.
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Figure 2-7. HVAC Interface Unit Block Diagram
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2.6.4.5 Intrusion Detector

Intrusion detectors will be installed on each outside door at the Boiler Plants. Each door

will contain a magnet and switch set.

2.6.5 RF Systems

CSC will furnish Motorola's standard alarm display and alarm reporter RF system.
The RF equipment will be operated between 136 and 174 MHz. Selection of the actual
frequency will be a coordinated effort between base communications and CSC. Applica-
tion for Govel‘*nment frequency allocation per DD Form 1494 will be made as soon as
system design provides the proper information. Specification sheets are included in

Appendix C.

2,6.6 Voice Communications

CSC will furnish recommendations for a future voice communications system between

the CCE and Buildings 20, 22 and 1700.

2.6,7 Peak Power Demand and End-Of-Interval Interface

As with any Utility Control System, peak power demand and end-of-interval signals must
be available 100% of the time to continually forecast load control within each time inter-
val. CSC, therefore, proposes to handle these signals somewhat differently than the
barracks and steam plant data. The discrete signal (contact closures) from CP&L
sensors, will be transmitted to the computer room in Building 1202 via tone transmission
over two pair of wires. Utilization of CP&L furnished contact closures will eliminate
potential errors in calibration of duplicate sensors. (CSC has contacted CP&L to verify
this approach and to determine that CP&L will make any necessary modifications to their
demand meter at a nominal cost.) At the computer room, the tone signals will be con-
verted to contact closures. These contacts will be wired directly to a local multiplexer.

Figure 2-8 depicts the proposed transmission scheme.
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2.6.8 Digital Calendar/Clock

The Series 70,000 Chrono-Log Digital Clock/Calendar is designed to provide time of
day and date information to the computer system. It features an attractively shaped-
character LED digital display which is clearly legible from 15 feet away. Complete

specifications are included in Appendix C.

2.6.9 Local Multiplexers

The Computer Products RTP system provides a standard, economical off-the-shelf
approach to interfacing. All communication functions including mode conversion, control
decoding, and interrupt handling are executed by an I/O expander connected directly to
the data bus of the computer.

The remote units consist of common equipment racks uniquely designed to accept 16 of
any standard plug-in input or output module in any combination. The chassis will be
loaded with the proper interface cards to accept the various signals present in the Utility
Control System. The common equipment rack and termination panels are housed in the

control room cabinets. Complete specifications are included in Appendix C.
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2.7 OPERATING SYSTEM SOFTWARE

The operating system proposed for the Utility Control System is Modular Computer System's
(Modcomp) MAX III.

2.7.1 General

MAX III is a real-time multiprogramming system having foreground/middleground/back-
ground capabilities. It is a task-oriented system that can handle up to 256 active tasks
(128 foreground, 127 middleground and one background).

Features of the MAX III Operating System include:

&l A real-time clock for maintaining the time-of-day, timing task delays, and

updating system "watchdog'" timers

® A CPU execution control executive, driven by the clock and by external event
interrupts, which permits the efficient execution of system-connected tasks

on up to 128 unique foreground priority levels
) Optional execution of more than one task at each priority level

° Tasks may be activated by hardware interrupt, by operator request, by a

request from another active task, by elapsed time, or by time-of-day

© Re-entrant executive services available to all system-connected tasks -- for

critical response requirements

® Queued Input/Output services which may be performed concurrently with task
execution or with the calling task suspended. Error recovery may be automatic

or may be under complete control of the calling task

@ An Input/Output device may be assigned exclusively to a privileged task so
that only that task can use the device
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) Off-line system-generation program for configuring the resident elements and

tasks of the system

@ Transient core allocation of any remaining core not used for the resident

elements

® Important (or frequently-used) library subroutines may be declared resident
at system-generation time. If they are re-entrant, they may be made global
(accessible to multiple tasks). Core tables and variables may also be made
global in this manner and provide a convenient method for intertask communi-

cation.

The FORTRAN IV run-time package is an example of a global re~entrant subroutine resulting

in core savings of 2, 7K words of core per additional FORTRAN written task.
2.7.2 Taskmaster

In the MAX III multiprogramming environment, many tasks can compete for computer time.
Order is maintained by the Taskmaster, a resident system element which transfers CPU
control to the highest priority task and threads new requests for CPU time into a queue
according to priority. The Taskmaster is directly connected to the lowest priority inter-

rupt level. All tasks are assigned software priority levels below the lowest hardware level.

More than one task can be assigned to each software priority level. These software priority
levels can be scheduled and controlled by operator request, external or internal hardware

interrupt, elapsed time, time-of-day, or by another task.

2.7.3 Operator Communications

The Operator Communication Dispatcher provides on-line contrdl of MAX III operations.
The operator can assign devices to logical files, create logical files, assign tasks to
priority levels, control the execution of tasks, establish disk-resident tasks as core-
resident, and even add his own control commands. The user's control commands can be
implemented for entry on a dedicated terminal device or they can be entered through the

basic Operator Communication file.
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2.7.4 Task Execution

Tasks may execute under MAX III in either of two modes: privileged or unprivileged.

The privileged mode is the "'supervisory mode' where the task has absolute control over
memory and system resources. The task may write over any core area, branch to any

core address and execute all instructions including I/O and interrupt handling instructions.

The unprivileged mode is the '"user mode' where the task has absolute control within its
own memory boundaries and must utilize executive services to perform I/O or other
system resource manipulation. In addition, the task can write into the unprotected

GLOBAL COMMON area.,
Execution modes are assigned as follows:

° FOREGROUND - privileged or unprivileged, depending upon execution priority
@ MIDDLEGROUND - always unprivileged
@ BACKGROUND - always unprivileged.

2.7.5 Memory Protection and System Security

Memory protection is implemented under MAX III to allow secure system operation with
minimum system overhead. Memory is dynamically protected and unprotected according

to the execution mode of each task,
Three hardware boundaries are provided to implement this memory protection scheme.

Foreground tasks running in the privileged mode always have memory allocated in the
protected state, allowing these tasks to access any memory area.

Unprivileged tasks (foreground, middleground or background) always run with memory
allocated in the unprotected state with the rest of core memory (except unprotected
GLOBAL COMMON) set in the protected state. This operation insures that unprivileged
tasks will not alter any other tasks in core in case of faulty internal task logic.
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2,7.6 Round Robin Task Scheduling

This optional feature causes all tasks of equal priority to have their execution times
shared on a cyclic basis. When the taskmaster encounters a group of tasks of like
priority, it will transfer control to the task just below the task in the group that last
used the CPU. Switchover to another task within the group will occur at each system

event which causes context switching,

2.7.7 Multiple Backgrounds

At Sysgen time, MAX III users may specify up to 15 non-resident background tasks.
These tasks will be assigned to fixed partition areas starting at the middleground boundary.

MAX III

FOREGROUND
POOL

BACKGROUND A

UI?15'I‘O BACKGROUND B
4

BACKGRO UND g
TASKS Y

BACKGROUND N

MIDDLEGROUND
POOL

2.7.8 Other Support Software

2,7.8.1 FORTRAN
The MODCOMP FORTRAN IV Compiler will be provided. It has the following features:
<] American National Standards Institute (X3.9,1966) specifications

e Efficient code through subscript optimization, block level optimization, and

the utilization of all machine capabilities

@ Direct access I/0 to disk files is provided through DE FINE FILE statements

PROPRIETARY NOTICE

Use or disclosure of proposal data
7-6451 2=~34 is subject to the restriction on the
Title page of this Proposal.







Compilations take place in background

A Direct Maintenance Processor provides the utility functions for the creation

and deletion of disk files to be used

The programmer can write source programs, incorporating in-line assembly

language coding including macro directives

All MAX executive services can be called through in-line assembly language

coding for maximum run-time efficiency

FORTRAN run~time package contains a set of CALL subroutines which are
compatible with process control industry recommendations based on the pro-
ceedings of the Workshop on Standardization of Industrial Computer Language,
Purdue University, 1970

Freedom of using any arithmetic expression as an array subscript

i 2
Comprehensive diagnostic capability. s

>
- &l

2.7.8.2 Assembler

The MODCOMP II Assembler is a language processor which enables instructions, addres-

ses and other program parameters to be written in an efficient symbolic language. The

assembler is designed to operate under MODCOMP's real-time operating system,

The features of the Assembler are the following:

7-6451

Both absolute and relocatable object format
Free field assembly format

Extensive set of directives for aiding in expressing constants, allocating

storage, inter program communications and listed output formatting
Complete error diagnostics

Object listing including the source statements and the object code produced
by each
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) Symbolic addressing which allows a symbol rather than absolute values to be

used for memory locations, registers, bit assignments, and short displace-

ment addressing

& Mnemonics for representing each MODCOMP instruction

@ Ability to define new instructions implemented in the ROM Controller

@ Capable of accepting constants both as operands in an immediate instruction

and in data statements. The types of constants recognized are: decimal

integer, hexadecimal integer, character string, address constant and com-

pressed alphanumeric character string.

2,7.8.,3 [Utilities

Utility processors execute under the MAX III operating systems as a batch processing

function. These utility processors are:

* DEBUG EXECUTIVE

° SOURCE UPDATE

@ SOURCE MAINTENANCE CONTROL

] LIBRARY UPDATE

° LINK EDITOR

® CATALOGER

@ DIRECT ACCESS MAINTENANCE PROCESSOR,.

2.7.8.3.1 Debug Executive

The Debug Executive provides an easily used program debugging service. It is con-

trolled through the use of debug directives which are similar in form to the standard job

control statements. All debug directives are entered at program execution time, thus

eliminating the need to assemble in any special calls for debug services. The functions

available under control of the Debug Executive are:

@ Snapshot dumps of any memory location
° Mnemonic trace of any program segment
7-6451 2-36
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o Pause for operator action at any specified location
® Modification of memory or general registers
° Transfer of control to any specified location

° Display of memory and/or general registers
) Setting of specified memory locations to a constant

® Modification of logical file assignments.
2.7.8.3.2 Source Update
Source Update allows user manipulation of source files by adding, deleting, and listing
individual or blocks of records.
Source files may be on any supported media such as cards, paper tape, magnetic tape,
or disk storage.
Source Update commands may be entered through the command input file which may be

assigned to the console typer or disk storage.

2.7.8.3.3 Source Maintenance Control

The Source Maintenance Control processor is designed for users who maintain source
files on disk storage. It provides a directoried disk file for source programs and a com-
prehensive set of commands for adding, deleting, listing, and compressing the source
modules.

In addition, a set of simplified JOB CONTROL STATEMENTS are provided for ease of

operation in compile, assembly, link-edit, cataloging and execute sequences.

2.7.8.3.4 Library Update

LIBRARY UPDATE provides the user with the capability to manipulate object records on
any supported media. Input commands are available to add, delete, list, compress, and

retrieve binary records.
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2,7.8.3.5 Link Editor

The LINK EDITOR allows the linking of object modules which have been assembled
separately. In addition, external references to GLOBAL COMMON areas or GLOBAL

SUBROUTINES are satisfied at link-edit time, allowing for maximum flexibility since its

actual addresses need not be defined at assembly time.

After a successful link edit operation, an optional map is printed with the starting and
ending location of every named module. Diagnostic messages for linking errors and

missing modules are also generated.
2,7.8.3.6 Cataloger

The CATALOGER is the maintenance processor for the load module files. Its main
function is to catalog object or link-edited modules in preassigned disk files.

The CATALOGER maintains a directory of all cataloged modules on every load module

file. Ancillary functions include:

° Creation of directories on any preassigned file
<] Listing of directory entries

<] Compression of files

® Reassignment of system files

© Deletion of cataloged modules.

2.7.8.3.7 Direct Access Maintenance Processor

The DIRECT ACCESS MAINTENANCE PROCESSOR provides the utility functions required
to maintain data files in disk storage. A directory is maintained in the standard RAD file
which contains information on the data file name, size and starting sector address. Input

commands are provided to create directory entries, allocate, delete, and compress files.

2.7.9 MAXNET (Not included in First Increment)

A MODCOMP II computer utilizing the MAX III operating system can be interconnected with
other MODCOMP II or IV computers using MAXNET software. Paragraph 7,3 provides a

detailed description of MAXNET software capability.
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2,8 APPLICATIONS SOFTWARE

2.8.1 Applications Software Proposed for the First Increment

Applications software refers to that software which is written to meet the specific applica=
tions requirements, It does not include modifications or extensions to the real-time
operating system. The applications software to be provided for the Utility Control System
will be written primarily in FORTRAN. Exceptions to this general rule will be made for
software modules which, by virtue of their function, must be small in terms of memory re-
quirements and/or very fast in execution. These routines will be written in Assembly
language. The following paragraphs define the major software functional areas to be
handled by the CSC-supplied applications software.

2,8.1.1 Data Acquisition Function

The overall requirement is to acquire system measurements in the form of analog values
and status points from remote locations and maintain a system data base in computer
memory reflecting the current state of the utility system.

[ System Data Base

The system data base is the common data interface for the entire set of

application programs and resides in part in both core and bulk memory.

The system data base includes all information necessary for the proper
operation of the application programs and includes data acquired from field
transmitters, contact closures, computed data and operator entered data.
The system data base will have a logical structure and will be sized so that
it will accommodate all of the First Increment data.

The data will be stored in a table in memory engineering units, where
applicable, hence the table is called the Engineering Units (EU) Table. The
EU Table is resident in core memory. Its size is set at system generation

time.
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Each entry in the EU Table is identified by a point ID number, a name and a
descriptor. This association is fixed at system generation time, and can be
altered with a new system generation., However, new points can still be added
without going through a new system generation by: 1) reserving spare capacity
and 2) updating PTIDs, name and descriptor from the programmer's console

via the update program.

The name is a mnemonic aid to the operator. Names are assigned to PTIDs

at update and may be altered at any time by Update or operator command.

The following commands are used to display and modify system data.

DAN Display a name
MAN Modify a name
DEU Display EU value
MEU Modify EU value.

Analog Data Acquisition, Conditioning and Conversion

Analog data acquisition is the service function which acquires, converts and
stores analog data. Each input channel is associated with an entry in the EU
Table in ascending order of channel address. A single service function pro-

gram handles all analog scan services.

The scan interval will be 1 minute., The raw signal will be converted from
voltage to engineering units via a look-up table and stored in its EU Table
location. The active/inactive status of each point can be displayed and/or

changed from the operator's console.

The following commands will be provided to enable display and/or modification

of analog scan functions.

DSS Display scan status
MSS Modify scan status
DIP Display inactive/error points
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DVA Display values of all analog points

ADN Display values of all analog points associated with device
no. N

ARN Display values of all analog points associated with RTU
no., N

DAI Display value of a particular analog point.-

Digital Input Scan

The digital input scan service program will scan and process digital inputs,
Typical inputs will be from contact closures, limit switches, pumps, and alarm
sensors., The current state of each digital point will be stored in a core res-
ident table. On each scan, the current state of each point will be compared
with the previous state. If a change has occurred, two other tables will be
examined to determine if the point is valid and to determine its active/inactive
status. If it is valid and active, the appropriate program will be "queued' to
take action. All digital inputs are scanned once each minute. Scanning will
take place whether points are active or inactive. If a point is inactive, the
normal action will be ignored.

Each digital point will be identifiable by channel and bit number. An application
program will access the table to determine its current state.

The following commands will be provided to enable display and/or changes to
digital status information.

DVD Display status of all digital points

DDN Display status of all digital points associated with device
no. N

DRN Display status of all digital points associated with RTU
no. N
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DDI Display status of a particular digital point
CDS Change digital status.
2.8.1.2 Alarm Monitoring
Two types of alarm servicing will be provided.
[+ Analog alarm: Absolute alarms on any EU Table value

2 Digital alarm: Alarm conditions sensed externally and conveyed via digital
input points.,

Either type of alarm will cause the following to occur:

@ Hardcopy output on the alarm or command terminal
° Audible alarm,

Three levels of alarm annunciation will be provided to meet the specified requirement for

Central Control Equipment (CCE).
Alarm points may be set active or inactive from the command terminal.

The following commands will be provided relative to the alarm monitoring function.

DAS Display alarm status
MAS Modify alarm status
CAL Change alarm limits
PAA Print all alarms

DIA Display inactive alarms.

2,8,1.3 Totalization

The computer will be programmed to sum KWH pulses (i.e., counts) over designated time

periods. The operator can request totalization to be stopped or to be reinitialized from
the command terminal.
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2.8.1.4 Control of Air Conditioning and Heating Units
The control function will provide the following capabilities:

° Air conditioning systems will be turned on and off based on the power demand
control program. Not all units will be turned on at the same time to minimize
power surge. Units will be turned on on a per building basis. Units will be

turned off at the same time, if necessary

© All heating systems will be turned on and off based on either a program timer

or upon operator request,
2.8.1.5 Logs and Alarms

All logs and alarms will be in English language text and no unduly cryptic abbreviations
will be used. Logs will be generated on demand from the command terminal or in the
event the command terminal fails from the alarm terminal. Each log will be called by a

three-character name. Commands permitted relative to alarms are listed in Paragraphs

2.8.1.1 and 2.8.1.2.
2.8.1,6 Parameter Access Privilege

Three levels of access privilege will be provided via a user privilege code (UPC). The
system data base will be structured such that: 1) no changes are possible, 2) operator
can access, or 3) only supervisors can access. Level of access privileges of the system

parameters will be defined during the system design with Camp Lejeune personnel.
2.8.1.7 Audible Alarm Acknowledgment

The bell routine will be provided to time the duration of audible tone bursts and will activate
and deactive the bell system.

2.8.1.8 Communications Between the Computer System and Microprocessor Communica-
tion Interface (MCI)

Data communications software consists of the programs and routines necessary to transfer

data, commands, messages, and status between the computer and the communications sub-

system.
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An input/output software driver passes control information and data from the line control
modules to the MCI and passes status information and data from MCI to the line control
modules.

By using defined control characters, the link protocol (i.e., a formal set of conventions
governing the format and relative timing of message exchange between two communicating
processes) provides an orderly and efficient way of assuring that the MCI or computer is
in a ready condition, and that the MCI will send data when instructed, will receive data
when instructed, and will advise the MCI or computer when it receives erroneous data.
Since the same physical link carries both data and control characters, the protocol must

be capable of distinguishing between the data and control characters available within the
code set.

The major functions performed by the link protocol include:

® Controlling data transfers
& Error checking and recovery

° Information coding.

2.8.2 Proof of Existence of Software Packages for First Increment

The following is the list of software routines that are currently available at CSC for use

on the Utility Control System for Camp Lejeune. Applications software proposed for the
First Increment will be abstracted from these routines.

1. Basic Process Control and Monitoring Software System

a. Scan Timing and Initiation Module

b. Periodic Data Acquisition Module

C. Digital Events Interrupt Server

d. Raw Data Processor

€. Periodic Calculation Module (Design held pending review of basic concepts)
f. Display output module

g. Dynamic Data Update Module

h, Display Logging Module
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ie Display Data Input Processing Module

e Alarm Message Output Module

k. Alarm Acknowledge/Delete Processing Module
1. Control Output Module

m. Control Verification Module

2. Laboratory Automation Foreground Executive

Detailed flowcharts and program listings are contained in Appendix A.

Use
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2.9 POWER DEMAND CONTROL

An automatic load shedding and restoration program will be provided to meet the specified

requirements for Power Demand Control.

For purposes of Power Demand Control, up to 50 sheddable loads* will be controlled. All
controllable electric power in a single building will be considered as a single sheddable
load for the Power Demand Control System. Up to 50 sheddable loads will be under con-
trol at any one time, with each load assigned to a group, each group will have a maximum
of 32 loads, with each group having a unique priority. If only one load is assigned to a
group, power control actions can, according to priority, be applied to one building. At
the other extreme, if 32 loads are assigned to one group, shedding actions will be applied

to all 32 buildings simultaneously.

The system will monitor power demand and usage by accumulating pulses from the single
existing KWH meter, The end of interval signal (assumed to be a contact closure at the .
KWH meter location) will also be read in order to maintain synchronism with the power

company demand interval,

System operators will have the ability to monitor and control load shed and restoration
status through presentation on the Command Terminal, Information contained on this
display will include:

® For each Group
- Current status of group
- Current priority

- Current control status (operator may inhibit the shedding or restoring
of any group)

- Identification of each load in the group
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° For each identified Member Load in a Group
- Rated KW (operator entered)
Operator actions will be as follows:

& Operator may inhibit or restore the automatic control status of any group or
load

@ Operator may change the rated KW of any load
] Operator may change the priority of any group.

2.9.1 Load Shedding/Restoration Procedures

The system will maintain a data base table of ""target'" maximum KW demand as a function
of forecasted total plant demand. Demand maximum limits (on peak, off peak) shall be
operator enterable and shall also be stored in the system data base.

Once per minute during each demand interval a smoothed and predicted demand will be
calculated (for the current demand period) and compared to the appropriate demand limit.
KW demand is predicted based on the general form y = mt + b, where m is the slope, b is
the actual KWH during a demand interval, and t is time in hour. Demand history of the
last year is needed for initializing m's. Separate tables for the slopes will be stored for
weekdays and weekends including holidays and the stored slopes in the appropriate table
will be smoothed once every day by the general form s =f * 851 +1-1- 850 where f

is a weighing factor (0< f <1), si—l is the previously stored slope and 8; is the newly
calculated slope.

In addition to the automatic smoothing, the operator can update these slopes manually.

If the program predicts a demand overshoot, a load group (or groups) will be shed on a
priority basis to cause the predicted demand to fall inside the established demand limit.
On subsequent 1-minute periods, demand limits comparisons will be made to maintain
predicted demand within dead band limits, including additional load shedding, as approp-
riate. When the predicted demand has returned (within dead band limits) loads will be

restored in reverse order (priority).
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While the demand interval will be determined primarily by the end-of-interval signal
input to the system, the system will maintain an internal offset counter which will be
updated by the receipt of the end-of-interval signal. The internal offset counter will have
a time difference between a digital clock CSC is providing and the end-of-interval signal.
In the event that the end-of-interval signal is not received by the system by the time the
interval (software counter) decrements to zero value, the system will assume that the
end-of-interval signal has been missed and will terminate the demand interval and start
the subsequent interval. This procedure automatically resynchronizes if the end=of-
interval signal is received after the counter is started without receipt of the signal. The
program will resynchronize end-of-interval after power failure. The program will also
maintain a data base which allows each load to be started only after a minimum of M

minutes of off-time and to be shed only after N minutes of run time.,
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2.10 SYSTEM AVAILABILITY

The following paragraphs provide a reliability/availability analysis of the Utility Control
System hardware intended to demonstrate the ability of the system to meet the specified

operational availability requirements., A

2.10.1 Method of Calculation

All parts are assumed to be burned in for a reasonable period, and not to have approached
wear-out. Thus it is assumed that parts have a constant failure rate "A'". The behavior
of a total system or of any subsystem composed of such components has exponential relia-
bility R¢t). That is:

R@) = o M

>1=

(V')
with mean time between failures (MTBF) = .’; R(t)dt

For a set of components, the failure rate of the set is the sum of individual component fail-

ure rates. Thus, for a system:
A system = f:)‘t
where the summation is over all components. (This is usually expressed in terms of fail-

6
ures per 10 hours.)

However, if a system has a redundant backup, then an effective failure rate is calculated
according to the laws of probability. For example, for two identical subsystems in parallel,

where one of two is required for the system to function, the possible states are:

2 2
®+Q)° = RZ +2RQ + Q
where R = Probability of working
Q = Probability of not working.
Since R+Q=1
Q=1-R
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And, the states favorable to one of two working are:

R? + 2RQ

R? + 2R(1 -R)
R2 + 2R - 2R2

2R-R2

R(t)

Now, as shown above

R(t) = e'}‘t

Thus, for the parallel, redundant system,

R@t) = 2e')‘t _e-zkt

and
o0 (00]
MTBF = f 2e‘)‘tdt -f-zAt
(0] 0
_2_ 1
TN 2\
- 3
2\
Hence:
Neff = 2/3 \

Similar calculations can be made for other redundant combinations.

For some items, a single system module has several channels or other component groupings.

Where this occurs, the failure rate is split up and apportioned to several subgroupings.

This amounts to an assignment only, as all parts end up being counted.

Availability is based on the classic formula:

MTBF
MTBF + MTTR

Availability =

2-50
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As previously mentioned, MTBF for a system or subsystem is given by inverting A\ for
the system. \ was obtained by summing failure rates for the components of the system.

The MTTR for a system is obtained from the formula:
% A\ MTTR,

MTTR %)‘L

Il

S\ MTIR,

A system

where:

MTTR,

MTTR of a single element

A X of a single element
The system downtime per year is calculated as follows:

System Downtime = (1 - Availability) x 8760 hours/year

2,10,2 Assumptions

In deriving the calculated availability of the Utility Control System, we made several

assumptions. They are:

1. All repair times are based on module replacement, with component repairs

being made off-line.

2. Repair times assume trained personnel and adequate stocks of known working,

burned-in spare modules.

3. On-site maintenance during 30-day acceptance test will be conducted on a
24~hour basis. Mean time to repair (MTTR) includes 1/2 hour travel time
average for the technician to travel from the central location to the point of

repair.

4., 100% availability is assumed for communication channels. The channels
include Government furnished channels and those to be added under the

contract.
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5. All operational functions are included in the availability model. Government
furnished contacts, motor operators, and external interlocks are excluded
from the model. Therefore, failure of these will not affect the measured

uptime of the Utility Control System.

2.10.3 Availability Calculations

Based on the foregoing procedures and assumptions, CSC has calculated the system
availability of the proposed Utility Control System. The results of these calculations
are summarized in the availability model of Figure 2-9. The theoretical system avail-
ability is calculated at 96.63% on an annual basis. Individual component availability
calculations which backup the system availability calculations are shown on supporting
Tables 2-2, 2-3, 2-4, and 2-5.

Based on the above calculations, and experience with the proposed equipment, CSC agrees
to accept the requirement to demonstrate 95% system availability as specified for the

acceptance test.

e I IRES——
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Table 2-3. System Availability for Modcomp Computer

Failure
Rate_ MTTR
Qty Item Description x 10 Hours
1 I1/26 CPU 213.9 2.5
2 3670 32K Memory 168.3 2:5
2 4903 Peripheral Controller Interface 32.2 2.0
1 3752 Asynchronous Interface 18.07 1.5
2 LA36 DECwriter (assume redundancy) 333.0 2.0
1} 4126 Disk Controller 31.9 2.5
1 4126 Disk 281.9 4.5
2 4810 Asynchronous Interface 34.6 2.5
Total 1113, 87 3.05
897.7 _
Availability = 900.75 99. 66%
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Table 2-4. System Availability for Average RTU Components

Failure
Rate_ 6
Qty | Description x 10 MTTR
1 Serial Interface 41,97 0.75
1 Universal Common (Power Supply and Mounting 28.36 1.2
Hardware)
1 Digital Input Module 5.56 0. 66
i | Digital Output Module 8. 06 0.66
1 Analog Input Module 5, 22 0. 66
1 Modem 200 0.7
3 Interposer Relays 3.3 0.6
3 Thermistors 12,4 0.75
Total 304, 87 .75
Rty = —o280 _ _
Availability = 3280.75 99.98%
(each)
1
-6
50(304.87 x 10 ) ,
Availability = = 98.86%
(53 RTUSs) 1 - +0.75
50(304.87 x 10 )
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Table 2-5. System Availability for Remote RF Alarm Acquisition Components
Failure
Rate_ 6
Qty Description x 10 MTTR
4 Motorola AD-81 249, 2 150
15 Motorola AR-81 1135.5 1.15
15 Battery Packs 1071 155
Total 2455.7 1.29
Nability = —07=2 _
Availability = 208. 49 99. 68%
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Table 2-6. System Availability for Local RTU Components
Failure
Rate_ 6
Qty | Description x 10 MTTR
1 Parallel Interface 26.4 0.7
1 Digital Chassis and Power Supply 19,5 1.0
1 Interrupt Expander 11,81 .68
] Digital Input Module 8.06 .66
1 Motorola AR-81 9.7 1525
8 Motorola AD=-81 498. 4 1.0
2 Tone Transmitters 96. 2 0.8
2 Tone Receivers 84.8 0.76
Total 820, 87 0.95
: S 12148
Availability = ——-122. 75 = 99, 22%
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A (system) = 96.63%

7-6451

Central Computer
(See Table 2-3)

4 Each Master
Station Modems

4 Each
Comm. Channels

53 RTUs
(See Table 2-4)

Remote
RF Alarm
Acquisition
(See Table 2-5)

Local RTU
(See Table 2-6)

A =99.66%

A (each) = 200 x_z;o'6
Aall = 800 x 10

MTTR =1 hr
125
A« 150 99,2%

No active elements
Availability assumed to be 100%

A = 98.86%

A =99,68%

A = 99,22%

Figure 2-9, Utility Control System Availability Diagram
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CSC

2.11 EQUIPMENT SCHEDULE

2,11.1 Equipment List

A listing of the major equipment to be utilized in the Utility Control System is shown in
Tab].e 2-70

2.11.2 Catalog Data

Manufacturers catalog data on equipment are contained in Appendix C.

2,11.3 System Maintenance

The overall system maintenance after control system is accepted by the Government can
be furnished under separate contract by Computer Sciences Corporation, 6565 Arlington
Boulevard, Falls Church, Virginia 22046. CSC will use Modular Computer Systems, Inc.

as a subcontractor for the computer system portion.

CSC's qualifications are described in Section 10 and Section 8 contains the maintenance

description.

2.11.4 Recommended Spare Parts List

As MODCOMP's service agreement includes all necessary parts, CSC does not feel it would
be economical to stock MODCOMP parts at Camp Lejeune. Therefore, Table 2-8 reflects
only non-MODCOMP spares.
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o5 e
!g Table 2-7. Equipment List e
[9]]
T Model or Spec. Proposal
Item | Manufacturer Part No. Qty | Description Paragraph | Paragraph
1 | Modcomp 11/201 1 | Computer with 32K words of core 2B.1.4.4 | 2,2.1
memory, 4903 PCI, direct memory
processor, executive features, sys-
tem protect, multiply/divide, hard-
ware fill, power fail safe/auto start,
and 3752 console device controller
2 | Modcomp 3670 1 | 32K words of core memory 2B.1.4.4 2.2.1
3 | Modcomp 3512 1 | Hardware floating point 2B.1.4.4 2.2.1
4 | Modcomp 4903 1 | Peripheral controller interface 2B.1.4.4 2.2
5 | Modcomp 4810 3 | Asynchronous communications 2B.1.4.4 2.2
interface 2B.1.5 q
B 6 | Modcomp 4126 Moving head disk (1.3M words) 2B.1.4.4 2.2,2 rﬁ
4 7 |DEC LA-36 2 | DECwriter II 2B.1.4.2 2:3: 1 q
2B.1.4.3
8 | Equipto - 2 | Cabinet 2B.1.4.2 2.3
9 | FeM SCADA 80 53 | RTU 2B.1.1 2.5.3
10 | F&M MCI 1 | Interface unit 2B.1.1 2.5.2
11 |Omega Uni=Curve 99 | Thermistor 2C.1,2;1 2.6.1.1
2C. 1.2
2C.3.2
12 |CSC - 77 | HVAC interface unit 2C. 14548 2,6.3
Jag 2C.1.2.4
gé_g 3 13 | Rosemount 1144GO 27 | Pressure transmitters 2C.3.2 2,6.1,2
2 2 ;% g 14 | Rosemount 1151DP 13 | Differential pressure transmitters 2C.3.2 2:6,1.3
?;;g § 15 |ACROMAG 511 BX 8 | Temperature transmitters 2C.1.2.1 2.6.2
g; ‘3 > 16 |National Sonics 501 11 | Level alarm 2C.3.2 2.6.4.1
$3c 3| | 17 [United Electric 152 4 | Pressure alarm 2C.3.2 2.6.4.2
238 S| | 18 |United Electric 455 9 | DP alarm 2C.3.2 2.6.4.3
“gf 3| 19 |BRK - 5 | Smoke detector 3G, 3.2 2.6.4.4
32 20 |United Security - 16 | Magnet and switch set 2C.3.2 2,6.4.5







g: Table 2-7, Equipment List (Cont'd) ~ i
S L
(%]
%3 Model or Spec. Proposal
Item | Manufacturer Part No. Qty | Description Paragraph | Paragraph

21 |RFL - 1 | Two point tone system 2C.4.2 2.6.7

22 |Computer Products RTP7435/42 1 | Interrupt input card 2C.4.2 2.6.9

23 |Computer Products RTP7435/33 1 | Accumulator card 2C.4.2 2.6.9

24 |Computer Products RTP7435/70 1 | Digital input card 2C. 4.2 2.6.9

25 |Computer Products RTP7410/37 1 | Interface card 2C.4,2 2,6.9

26 |Computer Products RTP7430/20 1 | Chassis assembly 2C.4.2 2.6.9

27 |Chrono-Log 70000 1 | Clock 2B.1.4.2 2.6, 8

28 |Elgar UPS 1 UPS 2B.2.3.1 2.4

29 |Motorola C1551%* 23 | Transmitter 2C.6.3 2.6.,5

30 |Motorola CPN6007 * 23 | Batt pack 2C.6.3 2.6.5

31 |Motorola SU8 * 23 | RTN converter 2C. 6,3 2,6.5 Q
. 32 |Motorola PD390-7DY ,,| 23 | Antenna 2C.6.3 2.6.5 5
z 33 |Motorola SP420310-XX| 1 | Central station equip. 2C. 6.3 2.6.5 FQ
S

Py

* Part of Motorola AR-81
**Part of Motorola AD-81
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Table 2-8. Suggested Spare Parts List

Model or
Item | Qty | Part No. Manufacturer Description
1 2 | Al F&M Systems Base card file
2 2 220025-01 F&M Systems Timing and control card
3 2 | 220027-01 F&M Systems Base 1/0
4 2 220112-01 F&M Systems Modem
5 1 220041-01 F&M Systems Card file expander
6 2 220056-01 F&M Systems Status 16 PT board
7 4 | 220031-01 F&M Systems ADC/MUX board
8 2 220049-01 F&M Systems Control, 8 PT relay board
9 10 800005-01 F&M Systems Relay
10 1 MCI F&M Systems Microprocessor communications
interface board
11 1 1141GO Rosemount Pressure transmitter
12 ] 1151DP Rosemount DP transmitter
13 1 511 BX ACROMAG Temperature transmitter
14 4 LAS LAMDA Regulator
15 10 KRP Potter-Brumfield | Relay
16 4 - Vishay Resistor
17 1 501 National Sonics Level alarm
18 1 152 United Electric Pressure switch
19 1 455 United Electric DP switch
20 5 - Omega Thermistors
21 1 - BRK Smoke detector
22 1 - - Magnet and switch set
23 1 68T RFL Tone transmitter
24 1 68R RFL Tone receiver
25 1 | RTP7435/42 | Computer Products |Interrupt input card
26 1 RTP7435/33 | Computer Products | Accumulator card
27 1 | RTP7435/70 | Computer Products |Digital input card
28 1 | RTP7410/37 | Computer Products |Interface card
29 1 C1551 Motorola Transmitter
30 1 CPN6007 Motorola Batt pack
31 1 PD390-7DY | Motorola Antenna
32 1 SP420310-23 | Motorola Alarm display
33 1 SP420310-21 | Motorola Decode module
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SECTION 3 - TRAINING AND TESTING

3.1 INTRODUCTION

CSC recognizes that a key ingredient of any computer-based system implementation is the
degree and quality of training provided the user personnel. To ensure that the training
provided will be complete and accurate and that the instructors will be capable of answering
student questions as they arise, CSC will use, as instructors, project development per-

sonnel intimately familiar with the system and its architecture.

It is assumed by CSC that the base maintenance personnel assigned to the training program

will be familiar with basic trouble shooting techniques for electronic equipment.
3.2 OPERATOR TRAINING

This course will familiarize five operators with the operation of the CCE at the site. On-
the-job training will be given by members of CSC's technical staff during the checkout phase
of the project. The course will cover the operation of the complete system sufficient for

an understanding of the overall system operation.

It is assumed that the base operators assigned to this phase of training have attained either

a high school education or previous experience with a sensor-based computer system.
3.3 ROUTINE CABLIRATION AND MAINTENANCE OF SENSORS

CSC proposes to conduct on-the-job training for three individuals from the base facility in
order that they be qualified to perform routine calibration and modular replacement of field
sensors, With sufficient spares available for rapid fault isolation, modular replacement

of failed or questionable devices will keep downtime to a minimum.

3.4 MINOR TROUBLE SHOOTING OF COMMUNICATIONS HARDWARE

The three individuals mentioned in Paragraph 3.3 will also receive training to accomplish
minor trouble shooting of communications hardware and wiring. Since the communications
hardware will be modular, all on-site repair work will be of the board replacement type,

with the failed or questionable board or component being returned to the original vendor for

repair. PROPRIETARY NOTICE
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3.5 ACCEPTANCE TEST PLAN

CSC will prepare a complete Systems Test Plan to be used to demonstrate the acceptability

of the Utility Control System, First Increment. CSC will complete this plan within 210 days

after award of contract and before start of any testing.

The Government will have 30 days

to review the plan and identify any change they wish to incorporate.

7-6451
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SECTION 4 - INSTALLATION

4.1 OVERVIEW

This section describes the tasks that will be accomplished to translate the final system
design into an operational system. The overall intent is to provide a dependable and
efficient system in accordance with the specification and as agreed upon between the
Government and CSC. Since installation is a major cost element and must be meticulously
performed to ensure proper operation of the system, we propose to accomplish the instal-
lation design and direct supervision of the installation with CSC engineers. These engineers
are technically trained and field-experienced in installation of highly complex automated

electromechanical systems.

Local electrical and mechanical contractors will be utilized to furnish the manpower
required for device and cabinet mounting, and corduit and cable installation under the
direct supervision of CSC field personnel. Final terminations will be accomplished by
CSC personnel. Through the use of this combination of skills, rather than relying totally
upon general contractors, a technically superior, more efficient, and durable operational

system is ensured.

4.2 PRELIMINARY INSTALLATION DESIGN AND COORDINATION

During the early stages of the project, it will be necessary to correlate basic design re-
quirements with Government personnel and various equipment vendors and contractors
involved with the faéility. Interfacing techniques must be mutually defined by the various
parties and approved by the Government before detail design work can commence. Avail-
ability of space, access to areas, Beneficial Occupancy Date, available communication
¢ircuits, routing, etc., must be scheduled/identified to allow work continuity and noninter-
ference with other working groups. Once these basic requirements have been defined and

mutually agreed to, detailed design for installation of the system will commence.
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4.3 DETAILED INSTALLATION PLAN

.During the control system design phase, the installation design effort will produce the

installation system criteria, drawings, descriptions and lists. Installat_ion design includes,

but is not limited to:

° Point-to-point wire list
° Cable running list and tagging requirements

° Cable routing

@ Space requirements

a Penetration requirements

® Grounding requirements

@ Power requirements

° Cabinet locations

2 Major insfallation mé.teriél specification

e Wire specifications by signal type
<] Installation drawings (mounting, piping, conduit, routing, etc.)
® Installation instructions (if required)

s Implementation schedule.

Upon completion of this design phase, the installation design package will be submitted to

the Government for review and approval.
4,4 INSTALLATION IMPLEMENTATION

After approval of the implementation schedule, CSC will notify the Government, in writing,
to confirm the on-site installation start date. Upon approval, installation crews will begin
on-site work which will consist of running conduit, signal and power wiring installation,
and making the necessary arrangements to have proper equipment and tools on-site to
receive and set the various racks and consoles. Transportation of the consoles, racks,
and equipment shall be by dedicated van, monitored closely by CSC to avoid any unneces-
sary delays at the job site. CSC will receive, off-load, and set in place all proposed
equipment. As all cables and wiring have been previously installed, terminations can be

completed rapidly and the system made ready for preliminary testing.
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4,4,1 Materials

. Installation materials (i.e., conduit, fitting, enclosure) will be new and of the type

required for use in its designated area.

4.4.2 Workmanship

Wiring will be done in a neat and workmanlike manner consistent with good wiring prac-
tices. Strain relief shall be provided where necessary. All entries shall be provided
with grommets or suitable material to protect wiring. All wire or cable bundles shall be
secured to wiring frames or structural members. Sharp bends will be avoided where

practical.

4.4.3 Codes and Regulations

The installation of the system pmposed by CSC will meet or exceed the requirements of
the National Electrical Code, applicable regulations listed under the Occupational Safety
and Health Act, state and local codes as specified.

4,5 SPECIFIC INSTALLATION RESPONSIBILITIES

4,5.1 Computer Room

The computer room will be in Building 1202 and will require a minimum space of 12' x 10'
for the first increment. CSC will furnish all labor and materials to perform the following
tasks:

° Off-load hardware and set in place

° Run power wiring and conduit from GFE breaker panel to computer hardware
° Run ground pigtail #4 AWG or larger from building ground system

® Make final termination of GFE communication lines to the MCI

o Furnish and install all interconnecting cables.

CSC recommends that although space requirements are small for the First Increment, an
area with minimum dimensions of 24' x 24' complete with raised computer floor, and under-
floor power distribution and grounding system be made available to accommodate future

expansion.
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4,5.,2 Battery Room

. The battery backup system will require space in an area designated for batteries. CSC
will furnish all labor and material to perform the following tasks.

@ Off-load hardware and set in place
® Run power wiring and conduit from GFE power source to backup system

8 Run power wiring and conduit from back-up system to GFE breaker panel

in computer room

® Run ground pigtail from building ground system.
Space requirements for the battery backup system is 6' x 6'X,

4,5.3 Barracks
4,5.3.1 Hadnot Point

Barracks in the Hadnot Point area generally fall into two classifications -- those with

individual window air conditioning units and those with Fan Coil units.

4,5.3.1,1 Barracks 6, 59, 60 and 63

In Barracks 6, 59, 60 and 63, only the capability to load shed the central heating system
will exist. CSC will furnish labor and materials to perform the following tasks:

<] Install and wire the HVAC interface unit (see Paragraph 2. 6. 2 for description)
@ Install and wire the RTU
£ Install the temperature sensor and wire to the RTU

4,5.3.1,2 All Other Designated Barracks in Hadnot Point X

The following barracks each have a central heating system and ten separate air condition-

ing units:

8, 10, 12, 101, 104, 105, 108, 109, 111, 112, 118, 202, 204, 205, 208, 209, 212,
213, 217, 308, 309, 312, 313, 316, 318, 321, 323, 326, 327, 404, 406, 407, 409,
410, 412, 415, 417, 420, 422, 426, 427, 502, 503, 506, 507, 510, 511, 514, 515,
517, 519, 523, 527, 120, 124, 128.
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CSC will furnish labor and material to perform the following tasks on a per barracks

basis.

@ Install and wire the HVAC interface unit (in the Mechanical Room). A com-
bination of interbuilding and underground wiring will be utilized to connect
the control circuit of the air conditioner units to the HVAC interface in the

Mechanical Room
° Install the RTU in the Mechanical Room
@ Install the temperature sensor and wire to the RTU.
4.5.3.2 French Creek and Montfort Point
The following buildings have centralized heating and cooling facilities.

FC-304, FC-305, FC-306, FC-309, FC-310, FC-311, FC-411, FC-412, FC-413,
FC-414, FC-415, FC-416, M231.

CSC will furnish labor and materials to perform the following tasks on a per barracks

basis.

. Install and wire the HVAC interface unit (1 per building)
° Install the RTU
@ Install the temperature sensor and wire to the RTU.

4,5.4 Boiler Plants

The following steam boiler plants are to be monitored:

[ M625

@ PP-2615

@ G-650

° RR-15

° BB-9.
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CSC will furnish labor and material to perform the following tasks:

® Install new analog sensors where required for pressure, level, and temper-

ature measurements and wire to RTU !
® Install new alarm devices where required and wire to RTU
@ Install RTU
. Terminate GFE communications lines at RTU.
Table 4-1 details the monitoring requirements at each plant.

4.5.5 Sewage Lift Stations

All sewage lift stations referenced in RFTP N62470-75-B~5437 except for S-BB-1 will be
interfaced to the communication system by radio. CSC will furnish all labor and materials
to perform the following tasks:

@ Install transmitters
) Install sensors and wire to transmitters

© Install antenna system.

4.5.6 Communication System

Based on information in RFTP N62470-75-B-5437 and collected on site, communications
for the proposed system is depicted in Figures 4-1, 4-2, 4-3, and 4-4. These figures
show utilization of existing circuits, new outside cable requirements, and RF links.
During the design phase, CSC shall work closely with base communications personnel to

achieve the optimum transmission media.

‘Direct burial cable furnished by CSC will be filled type WT as <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>