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SECTION 230925
DISTRIBUTED CONTROL SYSTEM - HEATING PLANT

USE THIS SECTION AS A FORMAT GUIDE.  MODIFY TEXT TO SUIT CHOSEN SYSTEM.  THIS SECTION IS BASED UPON ROSEMOUNT’S SYSTEM 3, SUITABLE FOR LARGE HEATING PLANT.
PART 1   GENERAL

1.01
RELATED WORK SPECIFIED ELSEWHERE


A.
Video Training Programs:  Section 017900.


B.
Wiring:  Section 260502.

1.02
REFERENCES


A.
Underwriters Laboratories Inc.

1.03
SYSTEM DESCRIPTION


A.
The system shall operate as a digital control system (DCS) designed specifically for heating plant application.



1.
The DCS architecture shall be fully distributed allowing for true peer-to-peer communication over redundant data highways.  No traffic director shall be required for communications.  The DCS shall be capable of being expanded without interruption of processes already on-line.  A system interface shall be included (Primary Operators Station - POS) which can perform both engineering and operator functions from the same location.  The system shall be designed with high reliability in mind, and shall be selectably redundant at the controller and I/O card level.


B.
The system shall operate in conjunction with existing sub-systems (flame safeguards for Boilers Nos. 3 and 4).

1.04
DESIGN REQUIREMENTS


A.
The system shall be designed by the engineering staff of the Company producing the system or the engineering staff of a Company that specializes in the design of heating plant distributed control systems.

1.05
SUBMITTALS


A.
Waiver of Submittals:  The “Waiver of Certain Submittal Requirements” in Section 013300 does not apply to this Section.


B.
Submittals Package:  Submit the shop drawings, product data, and quality control submittals specified below at the same time as a package.



1.
The shop drawings, product data, and design data shall bear the seal of a professional engineer licensed to practice in the State of New York.


C.
Shop Drawings:



1.
Composite wiring and/or schematic diagrams of the complete system as proposed to be installed (standard diagrams will not be acceptable).



2.
Scaled floor plan and elevation drawings showing location of the primary operators station, and location of all other major components associated with the system.




a.
Show front view and plan view of primary operators station console, including overall dimensions, and detail of each console section.




b.
Show scale drawing (plan view and elevation) of primary operators station console layout in its site location.



3.
Scaled drawings of the primary operators station showing layout of, and indicating the function of each switch, button, lamp, and accessory.



4.
Scaled drawings of each controller showing layout of, and indicating the function of each module, and accessory.



5.
Interconnection details between new system and existing sub-systems.


D.
Product Data:



1.
Catalog sheets, specifications and installation instructions.



2.
Bill of materials.



3.
Detailed description of system operation.



4.
Point description, program list, and sequences.



5.
Data from the Company producing the system, proving that:




a.
The system is UL listed.



6.
Name, address and telephone number of nearest fully equipped service organization.


E.
Quality Control Submittals:



1.
Installer’s Qualifications Data:




a.
Name of each person who will be performing the Work and their employer’s name, business address and telephone number.




b.
Names and addresses of 3 similar projects that each person has worked on during the past 3 years.



2.
Company Field Advisor Data:  Include:  




a.
Name, business address and telephone number of Company Field Advisor secured for the required services.




b.
Certified statement from the Company listing the qualifications of the Company Field Advisor.




c.
Services and each product for which authorization is given by the Company, listed specifically for this project.



3.
Test Reports:




a.
Existing sub-system test reports.


F.
Contract Closeout Submittals:



1.
System acceptance test report.



2.
Certificates:  




a.
Affidavit, signed by the Company Field Advisor and notarized, certifying that the system meets the contract requirements and is operating properly.



3.
Operation and Maintenance Data:  Deliver 2 copies, covering the installed products, to the Director’s Representative.  Include:




a.
Operation and maintenance data for each product.




b.
Complete point to point wiring diagrams of entire system as installed.  Identify all conductors and show all terminations and splices.  (Identification shall correspond to markers installed on each conductor.)




c.
Name, address, and telephone number of nearest fully equipped service organization.

1.06
QUALITY ASSURANCE


A.
Equipment Qualifications For Products Other Than Those Specified:



1.
At the time of submission provide written notice to the Director of the intent to propose an “or equal” for products other than those specified.  Make the “or equal” submission in a timely manner to allow the Director sufficient time to review the proposed product, perform inspections and witness test demonstrations.



2.
If products other than those specified are proposed for use furnish the name, address, and telephone numbers of at least 5 comparable installations that can prove the proposed products have performed satisfactorily for 3 years.  Certify in writing that the owners of the 5 comparable installations will allow inspection of their installation by the Director's Representative and the Company Field Advisor.



a.
Make arrangements with the owners of 2 installations (selected by the Director) for inspection of the installations by the Director's Representative.  Also obtain the services of the Company Field Advisor for the proposed products to be present.  Notify the Director a minimum of 3 weeks prior to the availability of the installations for the inspection, and provide at least one alternative date for each inspection.




b.
Only references from the actual owner or owner’s representative (Security Supervisor, Maintenance Supervisor, etc.) will be accepted.  References from dealers, system installers or others, who are not the actual owners of the proposed products, are not acceptable.





1)
Verify the accuracy of all references submitted prior to submission and certify in writing that the accuracy of the information has been confirmed.


3.
The product manufacturer shall have test facilities available that can demonstrate that the proposed products meet the contract requirements.




a.
Make arrangements with the test facility for the Director's Representative to witness test demonstrations.  Also obtain the services of the Company Field Advisor for the proposed product to be present at the test facility. Notify the Director a minimum of 3 weeks prior to the availability of the test facility, and provide at least one alternative date for the testing.



4.
Provide written certification from the manufacturer that the proposed products are compatible for use with all other equipment proposed for use for this system and meet all contract requirements.


B.
UL Listing:  The system shall be UL listed.


C.
Qualifications:  The persons installing the Work of this Section and their Supervisor shall be personally experienced in heating plant control system work and shall have been regularly employed by a Company installing distributed control systems for a minimum of 3 years.


D.
Test Facility:  The Company producing the system shall have test facilities available which can demonstrate that the proposed system meets contract requirements.

EDIT NUMBER OF HOURS IN PARAGRAPH BELOW AS REQUIRED.

E.
Company Field Advisor:  Secure the services of a Company Field Advisor for a minimum of 60 working hours for the following:



1.
Render advice regarding installation and final adjustment of the system.



2.
Assist in initial programming of the system.



3.
Render advice on the suitability of each monitor and control device for its particular application.



4.
Witness final system test and then certify with an affidavit that the system is installed in accordance with the contract documents and is operating properly.



5.
Train facility maintenance personnel in operation, programming and routine maintenance of the system.




a.
Provide the services of competent instructors to instruct designated personnel in the adjustment, operation and maintenance, including pertinent safety requirements, of the equipment and system specified.  The training shall be oriented toward the installed system rather than being a general (canned) training course.  Each instructor shall be thoroughly familiar with all aspects of the subject matter they are to teach.  The number of man-days of instruction furnished shall be as specified below.  All equipment and material required for classroom training shall be provided.




b.
Training Program:  A training day is defined as eight (8) hours of instruction including two 15-minute breaks and excluding lunch time.





1)
For a period of three (3) days prior to the acceptance test period at a time mutually agreeable between the Contractor and the State.  Operating personnel will be trained in the functional operations of the installed system, the procedures employed for system operation and the maintenance of DCS equipment.





2)
The first two (2) days of training shall include:






a)
General System Architecture.






b)
Operation of Computer and Peripherals.






c)
Command Line Mnemonics.






d)
Report Generation.






e)
Operation Control Functions.






f)
Graphics Generation.





3)
The third day of training shall include:






a)
General equipment layout.






b)
Troubleshooting of DCS components.






c)
Preventive Maintenance of DCS components.






d)
Sensor maintenance and calibration.





4)
Three neatly bound vinyl notebooks shall be provided containing a summary of each topic discussed during the three phases of training.



6.
Explain available service programs to facility supervisory personnel for their consideration.

1.07
MAINTENANCE


A.
Service Availability:  A fully equipped service organization capable of guaranteeing response time within 8 hours to service calls shall be available 24 hours a day, 7 days a week to service the completed Work.


B.
Spare Parts:



1.
One spare of each type I/O board.



2.
Printer paper (2 cases, 3200 sheets per case for graphics style printer).



3.
Printer inks (one year supply).

PART 2   PRODUCTS

2.01
MATERIALS


A.
General:  All equipment shall be the standard  product of one manufacturer.


B.
Companies and Systems:



1.
Rosemount Inc.’s System 3.

2.02
EXPANDABILITY


A.
The system shall be designed for maximum flexibility in expansion.  It shall be possible to add I/O and controllers to the existing equipment, on-line and under full power, without impacting the current system operation.


B.
The system shall also provide the capability to add nodes--such as consoles, interfaces, host computers, controllers, etc. to the existing data highway without affecting the current highway communications.  These new nodes shall then be capable of being configured and calibrated on-line without impacting the current system operation.


C.
The control system shall be capable of being expanded by linking multiple data highways together for a plant-wide integrated system.

2.03
RELIABILITY


A.
Design and Testing:



1.
The DCS shall be designed for maximum uptime and reliability.  Perform 100 percent functional testing of all boards, including environmental cycling, with power applied, to protect against failure due to infant mortality,



2.
The DCS system shall be entirely assembled and tested prior to shipment.  The test shall include power and temperature cycling and verification of all I/O points.


B.
Failure Recovery:



1.
Loss of power to the system beyond the period protected by battery backup, and subsequent restoration of that power, shall result in automatic reboot of the system.  Designs which require manual reloading of configurations prior to resuming operations are not acceptable.


C.
Support Systems Redundancy:



1.
The entire communications subsystem shall be redundant including cabling and communication controllers/handlers.  This redundancy shall extend to the I/O subsystem.  During normal operations, both data highways shall be active and share data transfer loads.  Only upon communications failure shall one highway be required to assume the entire communications load.



2.
Include a redundant AC/DC power subsystem sized to power all two-wire field devices.  This shall include redundant power regulator functionality along with the ability to bring in separate AC power feeds.  Verify all switching and phase matching.


D.
Controller Redundancy:



1.
Provide one for one controller redundancy.  The controller redundancy scheme shall make no distinction between primary and secondary controllers.  Any controller shall be able to act as a primary, with its redundant partner continually running self-diagnostics.  Failures shall result in bumpless transfer to the backup unit, transparent to the user except for failure notification on POS alarm lines.  The replacement controller for a failed unit shall automatically load the proper configuration for the loops it backs, and immediately commence backup duty.


E.
I/O Redundancy:



1.
Analog I/O redundancy, where required, is to include communications as well.  If more than one loop is supported by a given I/O card, redundancy is required.  Variable levels of redundancy shall be available and assigned relative to loop criticalness.  Provide the following levels of redundancy:




a.
1 for 1 redundancy:  All Points.

2.04
DIAGNOSTICS


A.
Special Fixtures:



1.
The DCS shall be designed to provide maximum ease of equipment servicing.  Any special fixtures or software programs such as card extenders, test circuit boards, output bypass panels and off-line diagnostics software shall be provided as required to properly perform maintenance and routine repair.


B.
Failed Board Identification and Replacement:



1.
To insure ease of repair and high uptime, all circuit cards and power supplies shall be replaceable under power.  All controller, communication, non-volatile memory, and I/O circuit cards shall have multiple red and green LED indicators to facilitate the identification and repair of failed cards.

2.05
CONTROLLERS


A.
System Database:



1.
The control system shall utilize a distributed database format, distributed to the controller level.  All alarm and trend functionality (as well as all tags, loop descriptors, and calculated or actual values) shall reside in the controller card cage.  All information in the controller, all digital and analog data, whether it be field or system calculated, all system alarms, and all diagnostic information shall be globally accessible by every node on the highway.


B.
Controller Hardware:



1.
The distributed controller shall utilize a 32-bit microprocessor and be capable of combining sequential batch, continuous, and discrete functions.  These functions shall be used to perform sequential, basic regulatory, and advanced control at the controller level.



2.
It shall be possible to freely mix analog and discrete I/O on one controller card.  The system shall be capable of having 8 to 24 analog loops (each loop consisting of 2 AI and 1 AO per controller).  The loading shall depend on the analog and discrete I/O mixture and on ensuring that the best match of controller capabilities to the process requirements is obtained.  There shall be a maximum of 96 discrete I/O per controller.



3.
All controllers shall be capable of stand-alone operation or communication without the need for a console, data highway, or other support hardware, except for power.



4.
All controller configuration shall reside at the controller level in non-volatile memory such that the configuration shall be automatically down loaded into the controller, (upon failed card, or upon power up) and not require reloading from a highway resident console or disk.



5.
Controllers shall be capable of being replaced while the system is powered up, without requiring any other controllers in the system to be shut down.


C.
Controller Capabilities:



1.
Controller system software programs shall reside in RAM memory and not burned in EPROM.  As a result, an upgrade of system software shall be handled via floppy disk or tape and not require any changes in system hardware.



2.
The user shall be capable of selecting multiple processing speeds for controllers from eight times per second to once per second.



3.
On-line controller configuration capability is required, with no need to take the controller off-line or to compile the controller programs.



4.
No computer programming shall be required to configure the system.  All controller configuration shall be true fill-in-the-blank type, utilizing a function block oriented software package.  Within a single function block extensive alarms, rate limits, and absolute limits shall be integral functions that can be activated anytime without requiring a configuration change.  Each function block shall be capable of multiple complex logical and mathematical operations, while guaranteeing that each block will be evaluated once per second.  All function blocks shall also be capable of both continuous and discrete software linking without hardwiring.



5.
The strategies to be implemented in the controller shall be configurable by the user from an extensive standard algorithm library, including as a minimum the following algorithms:




a.
Proportional.




b.
Integral.




c.
Derivative.




d.
Proportional/Integral.




e.
Integral/Derivative.




f.
Proportional/Derivative.




g.
Proportional/Integral/Derivative.




h.
Integral Bias.




i.
Lead/Lag.




j.
Dead Time.




k.
Stack Totalizer.




l.
Set Point Totalizer.




m.
Ratio/Bias.




n.
Signal Selector.




o.
Velocity Limiter.




p.
7th Order Polynominal.




q.
96-Segment Piecewise Linear Interpolation.




r.
Manual Block.




s.
Motor Control.




t.
Auto Sequence Motor Control.




u.
Dual Speed Motor Control.




v.
Dual Direction Motor Control.




w.
Valve Control.




x.
Auto Valve Control.




y.
Motorized Valve Control.



6.
This standard set shall include pre-defined logic for motor and valve control.  Controllers shall also support free-format math and free-format logic capability, utilizing boolean logic.  The math operations shall include as a minimum the following:




a.
+
Addition.




b.
-
Subtraction.




c.
*
Multiplication.




d.
/
Division.




e.
%
Modulus (Remainder).




f.
**
Power (x Raised to the y Power).




g.
sqrt
Square Root.




h.
min
Minimum (Return to Min. Value of x and y).




i.
max
Maximum (Return to Max. Value of x and y).




j.
ln
Natural Logarithm.




k.
log
Logarithm Base 10 (Standard Log).




l.
log2
Logarithm Base 2.




m.
exp
e**x Natural Exponentiation (ex).




n.
exp10
10**x(10x).




o.
exp2
2**x(2x).




p.
sin
Sine.




q.
cos
Cosine.




r.
tan
Tangent.




s.
asin
Arc Sine.




t.
acos
Arc Cosine.




u.
atan
Arc Tangent.




v.
==
Equal To.




w.
<>
Not Equal To.




x.
>
Greater Than.




y.
<
Less Than.




z.
>=
Greater Than or Equal To.




aa.
<=
Less Than or Equal To.




bb.
&
AND Operation.




cc.
(
OR Operation.




dd.
(
Logical Negation.




ee.
rise
True if the Flag Indicated Just Became True.




ff.
fall
True if the Flag Indicated Just Became False.

2.06
FIELD SIGNAL I/O


A.
Analog I/O:



1.
The control system shall support single loop integrity at the I/O level as standard.  The analog I/O cards shall have an individual D/A converter for each analog output and an individual A/D converter for each analog input.  If there are more analog I/O associated with each D/A or A/D than described above, analog input and output cards shall be redundant.  For critical loops, redundant analog I/O cards shall be available.



2.
All analog I/O points shall be individually isolated, and each analog I/O card individually fused on the high and low (supply and return) side.



3.
All analog I/O cards shall have an individual power regulator to provide isolated power for loop outputs and transmitter power for inputs.



4.
The control system shall perform an integrity check on the entire output loop by looping the analog outputs back into the analog I/O cards.  The system shall also provide out-of-calibrated-range indication.



5.
Analog I/O termination shall be on separate marshalling panels and not at the card cage.



6.
The system shall be capable of supporting an upgrade to “SMART” (simultaneous analog and digital) communications without replacing the existing analog I/O cards.



7.
All calibration constants of the I/O card shall be handled using software without the need for any potentiometers on the I/O card.  As a result, replacement of an I/O card shall not require recalibration.


B.
Digital I/O:



1.
The digital I/O cards shall have no more than 6 points per card, in any mix of inputs and outputs.  If there are more than 6 I/O points per card, the digital I/O cards shall be redundant.



2.
All digital I/O points shall be individually and optically isolated, utilizing solid state relays.  Each digital I/O card shall be individually fused with blown fuse LED indication.



3.
All digital I/O shall be time stamped by the controller and have a resolution of at least 100 milliseconds.



4.
Digital outputs shall be rated for 1 amp, with the capability to increase this rating to 3 amps.



5.
All digital I/O cards shall provide loop status LED indication.


C.
Common I/O Features:



1.
All I/O cards shall include a current limiting transformer to prevent shorting of the card.  All I/O cards shall also provide transient suppression in accordance with IEEE 472.1976 and undergo surge withstand capability testing.



2.
All I/O cards shall hold the outputs at their last position or set the output to zero upon failure.  This failure mode shall be user selectable via jumpers on the I/O card.



3.
The I/O cards shall be capable of being removed and inserted into the I/O rack under power, without affecting any other I/O cards in the rack.



4.
The system shall be capable of setting contact input filters and times, as well as, setting analog signal characterization.



5.
The system shall include a manual bypass station for use as a maintenance tool, or as a manual override of system analog and discrete outputs.



6.
The I/O card cages shall be standard, 19 inch rack mount.

2.07
PRIMARY OPERATORS STATION (POS)


A.
General Function and Layout:  The CRTs and keyboard, printer, and associated electronics shall be known as the Primary Operators Station (POS).  This combination shall be a standalone device of modular design with sufficient intelligence to build the displays necessary for Operator and Engineering manipulation.


B.
CRTs and Electronics:



1.
Provide 2 CRTS.  Each CRT shall have its own dedicated electronics with the ability to share and access a single data storage device.  This shall include the ability to share data from storage devices at any location on the control system network.



2.
Each CRT shall be comprised of an articulating 19 inch (diagonally measured) color monitor and include a chemically-etched, no-glare screen.  CRT shall have a minimum resolution of 640 x 480.



3.
The CRT electronics shall support user selectable colors for defining colors of process variables, setpoints, outputs, messages, etc.  A minimum of 16 colors shall be available.  Graphic generation shall be handled by configuring vector graphics on a pixel basis.



4.
The system and POS electronics shall support the update of standard operating group displays nominally once per second.  The elapsed time from operator entry to observed change shall be 1-2 seconds.


C.
Keyboards:



1.
Separate detachable keyboards shall be provided for configuration and operation.  These keyboards shall be capable of supporting up to 3 CRTs at once.



2.
The keyboards shall be designed to allow for both operator manipulation of the controls as well as loop tuning and configuration by supervisory personnel.  All functions and displays shall be accessible from these keyboards.  An integral keylock shall be provided to prevent unauthorized data entries and shall include numbered keys for the following levels of access:




a.
Operators (minimum - 6 different keys).




b.
Supervisor (minimum - 5 different keys).




c.
Configurer (minimum - 3 different keys).




d.
No key (View Only).



3.
The configurers keyboard shall be of standard IBM-QWERTY design.



4.
The operators keyboard shall be spillproof, incorporating mylar or a similar water/dust tight material for protection of electronics.  Keyboard entries shall be acknowledged with tactile feedback.  In addition to providing keys for the control of analog and discrete loops, the operator’s keyboard shall include a trackball for cursor movement, dedicated alarm buttons which provide a single keystroke access to alarmed variables, and software assignable call-up buttons which provide one entry access to specific loops, displays, or discrete action initialization.


D.
Operating Displays:



1.
The CRT based POS shall have the following display capability:




a.
Overview Display:  A type of display for indicating the deviation from setpoint of control loops and status of contacts (64 loops total).  Each point shall have the tag number and status shown in conjunction with the deviation indication.  Up to 100 overview displays shall be configurable per console.




b.
Unit Display:  A subset of the overview display which simultaneously displays up to four groups of loops (32 loops) with each loop status displayed plus up to four variables and the output for continuous loops and up to 3 discrete states for discrete loops.  Up to 100 unit displays shall be configurable per console.




c.
Group Display:  A subset of the unit display, with more dedicated information on 8 loops.  Each analog control point shall be capable of displaying as a minimum the Measurement Value, the Setpoint, the Remote Setpoint, a Feedforward Signal and Output in engineering units (ie, 125 gpm).  This information shall also be displayed by bar graph indications and color coded for visual recognition.  Also available for each point shall be Engineering Tag Number (ie, LIC2011A), Loop Status (ie, AUTO) and Loop Descriptor (ie, DRUM LEVEL).  Up to 200 group displays shall be configurable per console.




d.
Loop Configuration Display:  A detailed set of displays showing all data concerning a specific control function including (but not limited to) all alarm points, limits, constants, inter-connections to other loops, and calculating function indicated.  Each analog and discrete loop configuration display shall be capable of being represented by a single, user configured faceplate.



2.
A single manipulation by the operator via pointer (cursor or trackball) shall allow access for control of any loop in the display.  The operator then must be able to alter setpoints and outputs via dedicated buttons.


E.
Alarming:



1.
All alarms shall be presented to the operator regardless of the display on the CRT.  They shall be presented on a priority basis defined as “oldest, highest priority, non-acknowledged alarm” first.  All process alarm points shall be assigned a priority from 1-15.  Input alarms shall carry a user selectable 1-3 priority rating.



2.
A single dedicated pushbutton on the data entry panel shall bring the operator to the loop with the highest priority alarm that occurred first for attention and/or alteration.  A single dedicated acknowledge alarm pushbutton on the data entry panel shall be used by the operator to acknowledge the highest priority alarm thus clearing for any remaining alarms.



3.
For any loop, high, high-high, low, low-low, deviation, and rate-of-change alarms shall be available.  All alarm occurrences shall be time stamped at the controller level.



4.
Alarm lists are required to present process, hardware and system alarms to the operator.  They shall document times of occurrence, acknowledgement and clearance along with a description of the alarm.  It shall be able to be printed either on command, periodically, or on a length of list basis on the system printer.  Access to any loop identified in the active or cleared alarm list shall be accessible by simply moving the cursor control to the appropriate alarm line and selecting.



5.
Six alarm lists shall be maintained:




a.
Active Process Alarms.




b.
Cleared Process Alarms.




c.
Active Hardware Alarms.




d.
Cleared Hardware Alarms.




e.
Active System Alarms.




f.
Cleared System Alarms.



6.
In addition to visible alarm indication on the CRT display, audible alarming shall be available with configurable volume levels.  Contacts shall be provided at the POS to drive external horns or beacons.


F.
Graphics:



1.
The POS shall have the capability of building and displaying at least 200 graphics.  Each graphic shall accommodate up to 64 unique tags, each having multiple dynamic variables.  Multiple color coding (4 colors) of alarm points and operating status of motors, fans, valves, etc shall be provided.  A standard symbol library and the ability for the user to build up to 150 symbols and add them to the standard library shall be provided.  This capability shall not require user developed software programming.



2.
The custom graphic displays shall be fully interactive and dynamic providing full monitoring and control capability, and dynamic illustrations such as varying tank levels, providing multiple colors for symbols (pumps, motors, etc.) to identify alarm and operating status and pre-defined hidden messages or instructions to display at appropriate times.  The ability to access Group Displays, Trend Displays and other custom graphics from a custom graphic display shall be possible by a single keystroke.



3.
Graphics shall be built in a tapestry environment; meaning that it shall be possible to build a single continuous graphic.  This single continuous graphic shall be capable of being larger than one 19 inch CRT window.  The POS shall provide the capability of freely moving about the tapestry through the use of a trackball (panning).  All graphics shall be created in a pixel environment with the ability to edit graphics by moving, copying, or grouping user definable areas of the screen.  Vector commands shall be provided for graphical shapes--such as line, arc, circle, box, and triangle--to simplify graphic configuration of process devices.


G.
Trending:



1.
The trending system shall be capable of tracking at least 200 points.  Sufficient storage capacity shall be included to store instantaneous or average values of these 200 points, at a sampling rate of once per minute, for up to 3 months.  Data stored is to be available for system-wide trend display or use in the reporting subsystem.  It shall be possible to select average or instantaneous values with storage resolution selectable from 1 second to 1 hour in 1 second increments.  Tape back-up shall be provided for permanent storage of data and clearing of on-line archiving space



2.
All trend displays shall be capable of supporting a minimum of four simultaneous variable trends (measured variables, calculated values, setpoints, outputs, and discrete inputs or states).  Trend data points shall be connected with a continuous trace provided in pixel resolution.  Slide wire positioning will allow identification of values in engineering units at operator selected times.  It shall be possible to display either historical or automatically- updated real-time trends.  Continuous scale expansion in 1 percent increments shall be provided for the operator (ie, going from 0-100 percent to 26-51 percent).



3.
A special trend display is required to show up to 4 variable traces and 2 loop faceplates, along with adjustable loop tuning constants on a single display.  It shall be possible to trend any point and tune any loop in the system on this display, including points not already entered in the trend data base.  The system shall be capable of configuring this display on-line.


H.
Miscellaneous Display and Listings:  The POS shall provide a means to document and present the time of occurrences and designation of sequential events and operator entries.  The following periodic reports shall be available:



1.
Operator’s Entry Report:  A list of all entries initiated by the Operator.  The listing shall include all console key changes, the beginning and final values of setpoint and output changes, loop mode changes (ie, auto to manual), and the time the changes were made.



2.
Event List:  A list which allows for the plain language documentation of discrete events within the system, by time and description (ie, steam flow reaches MCR, high tank level alarm contact tripped, etc).  Events shall be time stamped at a resolution of 100 ms or better.  Alarm messages shall be user defined and consist of up to 20 characters.  The system shall support up to 10 separate lists.


I.
Custom Reports:



1.
Two types of reports are required; standard and variable format.  All reports shall be stored on a hard disk with the ability to recall at a later time.  All reports shall be printable on any system printer based on time and/or alarm and/or event occurrence.



2.
The standard format report shall be user configurable and shall contain selected information from any log, event, or alarm list.  The system shall be capable of producing a custom log report for periodic and on-demand printing of a list of process or calculated variables sampled on a periodic basis.



3.
Variable format reports shall be user configurable with the ability to include any system data, such as data stored in historical trend files or controller inputs/outputs.  It is required that manipulation and calculation be allowed to generate time-based averages, totalizations, minimum values, minimum times, maximum values and maximum times.  It shall be possible to include other reports or logs in a given report as well as searching logs for data which is specified and appropriate.  These reports shall not require a programming background such as Basic, Fortran or other language based software to set-up.  Up to 200 reports shall be provided per disk.


J.
System Configuration Displays:



1.
The below described displays shall be a minimum for engineering and must be capable of being configured on-line:




a.
Analog Input:  A fill-in-blank display used to identify by tag descriptor and system terminal number a continuous 4-20 mA DC input.  Capabilities to include signal characterization-square root, T/C (Type B, E, J, K, R, S, and T), RTDs (type 10, 100, 120 and 1000 ohm)--input alarms (critical and advisory high and low), alarm deadband, low cutoff and engineering units.  Note, multiplexed inputs to use same configuration display format.




b.
Discrete Input:  A fill-in-the-blank display used to identify discrete inputs by tag descriptor and system terminal number.  Capabilities in include defining both standard and custom messages (ie, on/off, open/close, run/stop, etc), filter types with user selectable times (delay-on, delay-off, etc) and alarms.




c.
Analog Output:  A fill-in-the-blank display used to define analog output functions.  Capabilities to include user definable tag descriptor, output value (including capability to manually drive output) reverse or direct acting selection and identification of system terminal numbers and output card fail safe jumper selection (ie, hold or fail closed, 4 mA DC).




d.
Discrete Output:  A fill-in-the-blank display used to define desired functions of discrete outputs.  Capabilities to include user definable tag descriptor, output status, contact type (normally open, normally closed), output hold option (none, pulse plus time duration), user definable output descriptor (ie, on-off, open/close, stop/start, etc.) and output card fail safe jumper position, (hold, fail open) and system terminal number.




e.
Analog Loop:  A series of preformatted fill-in-the-blank displays for functional configuration of continuous control and calculating loops.  These displays shall allow for alarming, limiting, setpoint tracking (to avoid loop windup), and interfunctional linking in addition to function selection and operator loop display set-up.  The system shall have the capability of a one-button access through the entire series of analog loop displays.




f.
Logic Loop:  A series of preformatted fill-in-the-blank displays for functional configuration of control logic to perform calculations, sequencing, process checking and constraint control of analog loops.  These displays shall allow also for monitoring of contact inputs and generation of contact outputs with time delay capability.  The system shall have the capability of a one-button access through the entire series of logic loop displays.




g.
Trend:  Trend files shall be set up in menu-driven fill-in-the- blank format to allow variable sample rates of a number of process measurements, calculated values and discrete states.  Data shall be collected as either instantaneous or averages with an indication of the minimum time duration shown on a screen display and the percent of disk storage utilization.




h.
Custom Graphics:  Operating displays to be set up in a menu- driven format.  A library of standard symbols is required, with the ability to add custom symbols to the standard library set.




i.
Custom Reports:  All reports to be set up in a menu-driven format and capable of printing on demand or time basis and on the printer.




j.
Operating Displays:  Operating displays to be set up in a menu- driven format.



2.
All system configuration displays shall be printable for system documentation and be capable of being modified on-line.


K.
Hard Disk:  The system shall include 100 Mbyte hard disk to be used for initial loading of configuration data, graphics configuration, in addition to storage and maintaining long-term historical trend data.  Hard disk shall be integrally mounted in system cabinetry.


L.
Other Storage Media:



1.
Include a formatable tape or disk drive capable of being used as hard disk back-up, storage device.


M.
Graphics Printer:



1.
One multi-color, wide carriage, graphics printer shall be provided.  Printer shall have the capability of printing any system display or report in full color.  For black and white documentation of configuration screens, the printer shall print a minimum of 240 cps.



2.
The system shall be capable of printing out a hard copy of any screen on the CRT via a single keystroke operation.



3.
In addition, the system shall be capable of automatically documenting a subset of a controller’s configuration, an entire controller’s configuration, a group of controller configurations, or an entire system’s configuration by specifying a queue of ranges.  The user shall be able to select specific configuration pages to be printed, interrupt this printing operation, and resume printing without the loss of any of the information specified to be documented.



4.
The system shall also be capable of storing the system configuration on a floppy disk and then using this disk with an IBM AT personal computer.  This automatic documentation package shall utilize commonly available software packages such as DBase IIITM and AutoCadTM to convert this system configuration to obtain structured text type reports and continuous and discrete functional configuration drawings.

2.08
FOREIGN INTERFACES


A.
Future Programmable Logic Controllers (PLCs):



1.
The purpose of the PLC interface shall be to provide the DCS operator with data from future PLCs.  This shall be accomplished by displaying the data, primarily in the form of custom built graphics, at the POS.  The DCS shall also be capable of displaying the PLC data in the form of trends or custom reports.



2.
The DCS shall feature a provision for a controller card based interface to Allen-Bradley and Gould Modicon PLCs, or other Mod-Bus compatible devices, including GE Series 6 and Square D.  The Company producing the DCS system will supply the software drivers necessary to interface to these PLCs.



3.
The PLC interface shall have contiguous read and write capability to maximize throughout and shall support simple mapping of any PLC registers into the DCS.  The PLC interface shall also include math and logic capability.



4.
Communication between the DCS and the PLC shall be via RS-232 or RS-422 serial communications and support transfer rates between 300 and 9600 baud.  This communication shall be established by configuring PLC I/O blocks through fill-in-the-blank methods.  The control system shall be capable of transferring BCD, Integer, and discrete bit type data.  This PLC interface shall also perform data checks to verify transmission accuracy.



5.
The PLC interface shall be capable of handling the following types of loading:




a.
Motors (confirm on, confirm off, manual start/stop; ie, 2 in, 1 out).




b.
Analog Inputs.




c.
BCD Inputs.




d.
Miscellaneous Discrete Inputs (ie, flow switches, level switches, etc).



6.
A single PLC interface shall also be capable of supporting up to 32 multidropped devices.


B.
Computers:



1.
Future Micro VAX Interface:




a.
The DCS shall be capable of a bi-directional interfacing to a DEC Micro VAX II host computer.  This interface shall be capable of accessing up to 10,000 tags and have a transfer rate of 1 MBaud.  The Micro VAX interface shall be configured from the POS, so there is no need for two separate operated consoles.




b.
This interface package shall include provision for the necessary highway interface hardware and the host based software to establish a mirror image data base of system control variables in the host for easy access by user programs and report packages.  To ensure maximum functionality, this mirror image data base shall not consume more than 5 percent of the Micro VAX processing time.




c.
The interface shall provide access to 4 input variables, including the process variable and setpoint, and 1 output variable per loop.  These variables shall be available in a scaled or an unscaled format.  In addition to analog variables, discrete data such as status, mode, input state, and output state shall also be accessible.




d.
This host software package shall also include write subroutines.



2.
Future General Computer Interface:




a.
The DCS shall be capable of a data highway based interface, using Synchronous X.25 or Asynchronous ASCII, to any type of computer supporting an ASCII terminal driver at 300 baud to 57.6 KBaud.  The DCS shall support an interface to computers such as DEC PDP11, CED VAX, DEC Micro VAX, HP1000, and IBM PCs.  The General Computer interface shall be configured from the POS, so there is no need for two separate operator consoles.




b.
This interface shall be capable of handling a table of up to 1,000 points updated at user selectable intervals of 5 seconds to 10 minutes.




c.
In order to simplify the programming of establishing communications between the host and DCS, the Company producing the DCS will provide an extensive list of well defined function codes which are easily implemented in standard FORTRAN statements (formatted read and write), C Language statements (print f and scan f), or Basic program statements (print and input).  A sample program and a list of function codes will be included.


C.
Other Devices:



1.
The DCS shall be capable of a general, controller card based interface to write custom drivers in a “BASIC-like” language for simple ASCII devices such as weigh scales, chromatographs, etc.



2.
This interface shall be via isolated RS-232/RS-422, full duplex, serial communication at 300 to 9600 baud and shall support 800 to 1,000 lines of code, including comments.  This interface shall support 4 serial ports per controller card.



3.
The interface package shall have read and write capability and shall include the ability to perform mathematical and optimization routines on the collected data of the device and/or controller resident, DCS generated data.



4.
All of the data read through, or calculated from, the interface shall be available for display at the POS in the form of trends, graphics, or custom reports.

2.09
COMMUNICATIONS


A.
Data Highway:



1.
All local and plant area networks shall be furnished with a fully redundant data highway communications system.  No single point of failure should result in communication loss between controllers or a controller and the operator interface.  The data highway system shall have the following features as a minimum:




a.
Effective communication rates of at least 1 Mbaud.




b.
Transmission of data between devices occurring at least four times every second.




c.
Peer-to-peer communications between all highway resident devices.




d.
Accommodate up to 32 data highway devices (address nodes) with the capability to accommodate up to 992 devices by linking data highway together.




e.
Each node shall have message checking and retransmit on error detection capability (system shall maintain data on number of retries for troubleshooting and diagnostic purposes).




f.
Continuous communications diagnostics shall alarm a failure in the minimum of time; the switch to the redundant communication system shall occur automatically.




g.
Redundant data highways shall share communication requirements under normal operation with automatic bypass of a failed node.




h.
Data highway shall not “lock-up” due to excessive highway loading caused by large number of alarms or operator commands.




i.
Data highway shall conform with OSI 7-layer model.




j.
Data highway shall be MAP compatible - a “gateway” to MAP must be planned so that integration with other MAP devices will be possible upon full definition of the standard.



2.
The data protocol used shall safeguard against false data transmission, detect transmitted data errors and communication hardware failures and provide continuous diagnostics to monitor the data highway performance.



3.
The data protocol used shall provide efficient data transfers under normal and multiple alarm operating conditions.  Any single event occurring at the controller level shall be displayed at the POS nominally within one second.  Any command given at any POS shall complete its action nominally within one second.


B.
“SMART” Communications:



1.
The communications with “SMART” devices shall be capable of simultaneously handling at least two masters (ie, DCS and a hand- held communicator).



2.
Communication with “SMART” devices will use both analog and digital signals with simultaneous transmission allowable without effecting either signals integrity.



3.
It shall be possible to field upgrade transmitters and I/O cards to “SMART” without the need to replace existing DCS hardware.


C.
Multiple Data Highways:



1.
An interface shall be available to link up to 30 data highways in a bus, ring or star architecture or combinations of the three.



2.
Communication across multiple highways shall be fully redundant, with all control and operating data available on a real-time basis across the interface.



3.
Routing of data among multiple highways shall be handled in a manner such that error detection on one communication path shall result in intelligent rerouting along other possible communication paths.

2.10
SYSTEM POWER


A.
Standard utility grade power will be available for operations of the system.  If power conditioning is required for proper operation of the system, all equipment and labor required to provide conditioned power shall be provided as part of the system.


B.
Power Supplies and Power Subsystems:



1.
The AC and DC power supply system shall be designed to meet the power requirements of the DCS and all two-wire field instruments.  Each  power supply shall be sized such that it will carry no more than 75 percent of capacity under normal loads.  Separate AC circuit breakers shall be provided for each power supply.



2.
Power subsystems shall be provided redundant, including AC power inputs, DC power supplies and power regulation to the controllers and DCS subsystems.


C.
Integral Power Back-up:



1.
Integral battery back-up is required to maintain power for the controllers.  I/O signal conditioning devices and two-wire field instruments for a minimum of 60 seconds upon loss of AC power.  This is required to insure transient power surges and dips do not affect the operation of the DCS.



2.
Batteries shall be auto-tested every 24 hours.  Charging shall be achieved on an as needed basis with variable charge current supplied relative to present battery charge state.


D.
Power Distribution:



1.
The power distribution system shall be immune to transients and surges resultant from a noisy process environment.  Provide AC distribution within the control system cabinets as well as constant voltage level DC distribution to all devices.  Redundant power drops shall be made from all power sources to controllers and support hardware, and shall be diode isolated.  The DC distribution shall be capable of accepting different DC power supplies.  Regulate power individually for all I/O points and within distributed controller groupings.



2.
Fuse individual circuit cards.  Analog loop power shall be fused on an individual point basis.


E.
Power System Indicators:



1.
The DCS system shall be capable of monitoring and reporting the status of AC power supplies and battery back-up conditions to the operator.  Output current on power supplies shall be indicated in order to confirm that supply capacity exceeds current usage.  Blown fuse indication shall be provided on the face of all system cards.

2.11
SYSTEM ENCLOSURES AND POS CONSOLE


A.
Provide cabinets necessary to house the system components.  These enclosures shall have front and rear accessibility.  These enclosures shall provide for standard 19 inch rack mount.


B.
Primary Operators Station Console.  Vertical front, welded steel frame, modular cabinet rack assembly:



1.
Number of sections as required to house the primary operators station equipment (each section approximately 38 inches deep with 19 inches wide by 90 inches high panel space).



2.
Skeletal frame including top and bottom.




a.
Matching 45 degree wedge sections if required to suit console configuration.




b.
Textured charcoal gray frame finish.



3.
Front, Back, and Side Panels:




a.
Back panels hinged with locking door handle.




b.
Blank panels to cover front panel space where equipment is not installed.




c.
Louvers in back and side panels to provide adequate ventilation of components.




d.
Beige tan enamel finish.



4.
White plastic laminate (formica) covered writing shelf, one piece construction which spans front of console.




a.
Additional shelf space as required to accommodate printer, etc.



5.
Aluminum trim with black vinyl inlay.



6.
Accessories as required for mounting and support of equipment.



7.
Multi-outlet strips mounted within the enclosure with number of 15 amp, 120 V ac receptacles (3 wire grounding type) as required for equipment.  (Not less than 6 receptacles in each section.)



8.
Panel mounted blowers, 120 V, with filter, (one blower in bottom of each section).



9.
Sliding shelf assembly having:




a.
Roller type bearings for rack mounting.




b.
Shelf assembly shall allow full extension of each shelf with stops to prevent accidental removal of shelf from console.

2.12
SIGNS, LABELS, MARKERS, AND NAMEPLATES


A.
Markers:  Premarked self-adhesive; W.H. Brady Co.’s B940, Thomas and Betts Co.’s E-Z Code WSL self-laminating, Ideal Industries’ Mylar/Cloth wire markers, or Markwick Corp.’s permanent wire markers.


B.
Nameplates:  Precision engrave letters and numbers with uniform margins, character size minimum 3/16 inch high.



1.
Phenolic:  Two color laminated engraver’s stock, 1/16 inch minimum thickness, machine engraved to expose inner core color (white).



2.
Aluminum:  Standard aluminum alloy plate stock, minimum .032 inches thick, engraved areas enamel filled or background enameled with natural aluminum engraved characters.



3.
Materials for Outdoor Applications:  As recommended by nameplate manufacturer to suit environmental conditions.

2.13
ACCESSORIES


A.
Include accessories required to perform the functions specified and indicated on the drawings.

2.14
WIRING


A.
See Section 260502.

PART 3   EXECUTION

3.01
VERIFICATION OF CONDITIONS


A.
Testing Existing Sub-Systems:



1.
Prior to installing the new system, test the existing sub-systems to ascertain their operating condition.



2.
Prepare a written report for the Director’s Representative indicating the repairs required, if any, to make the existing sub-systems function properly.



3.
Repairs to the existing sub-systems are not included in the Work unless requested by Order on Contract.

3.02
INTERRUPTIONS TO EXISTING SUB-SYSTEMS


A.
Maintain the existing sub-systems in their present condition to the extent possible while installing new Work.


B.
Prior to making changes or removals relative to the existing sub- systems, notify the Director’s Representative and have procedures approved.

3.03
INSTALLATION


A.
Install system in accordance with the Company’s printed instructions unless otherwise indicated.


B.
Identification, Labeling, Marking:



1.
Identification of Circuits:  Identify wires and cables by system and function in interconnection cabinets, POSs and controllers to which they connect with premarked, self-adhesive, wraparound type markers.  Designations shall correspond with point to point wiring diagrams.



2.
Battery Data:  Insert a copy of the battery warranty in each battery compartment and mark on batteries the date placed in service.

3.04
FIELD QUALITY CONTROL


A.
Preliminary System Test:



1.
Preparation:  Have the Company Field Advisor adjust the completed system and then operate it long enough to assure that it is performing properly.



2.
Run a preliminary test for the purpose of:




a.
Determining whether the system is in a suitable condition to conduct an acceptance test.




b.
Checking and adjusting equipment.




c.
Training facility personnel.



3.
Also perform a witnessed validation demonstration consisting of:




a.
Running each specified report.




b.
Display and demonstrate each data entry template to show site specific customizing capability.  Demonstrate parameter changes.




c.
Execute menu tree.




d.
Display graphics, demo update.




e.
Execute digital and analog commands in English and graphic mode.




f.
Demonstrate freeform address assignments and commands.




g.
Demonstrate all specified diagnostics.




h.
Demonstrate loop precision and stability via trend logs of inputs and outputs.




i.
Demonstrate scan, update, and alarm responsiveness.


B.
System Acceptance Test:



1.
Preparation:  Notify the Director’s Representative at least 3 working days prior to the test so arrangements can be made to have a Facility Representative witness the test.



2.
Make the following tests:




a.
Test system operational functions step by step as summarized in the detailed description of system operation.




b.
Test monitor and control devices.



3.
Supply all equipment necessary for system adjustment and testing.



4.
Submit written report of test results signed by Company Field Advisor and the Director’s Representative.  Mount a copy of the written report and in a plexiglas enclosed frame assembly adjacent to the POS.
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