Brookhaven National Laboratory

Facilities and Operations – Modernization Project Office


ELECTRICAL FACILITIES  DESIGN CRITERIA

A.
Electrical Systems Design and Analysis


A.1
Objectives



A.1.1
Electrical systems shall be designed in compliance with the applicable standards for new installations NFPA 70 (NEC) and for worker safety in operating facilities (OSHA 29 CFR 1910, NFPA 70E-2009).



A.1.2
The final design (as built) shall provide electrical systems analysis and documentation as follows:
· Final as built one-line diagrams incorporating data from approved shop drawings, actual breaker settings, and system walk-downs and inspections
· Electrical system analysis using SKM PTW Power Tools software including:
· Electrical equipment data entry
· Equipment evaluation (ensure devices are rated for the potential fault currents)
· Short circuit analysis
· Protective device coordination for selectivity and optimum settings
· Arc-flash analysis.
· The system shall be designed to minimize potential arc-flash exposures software scenario manager. In general, the system design should minimize exposures to less than 8 cal./cm2 (Category 2).


A.1.3
All system analysis shall be performed utilizing PTW software by SKM. Project deliverables shall be in PTW software data files, Microsoft Word, and PDF format for one-lines and system coordination curves generated from the PTW software as further described below.


A.1.4
The final analysis must be completed and results provided to the construction contractor prior to initial operations. Arc flash hazard labels are a prerequisite for startup.

A.2
Project Scope


A.2.1
System Data Development

The system design shall develop an electrical system single-line diagram as required by NFPA 70E, 2009 Edition, "Standard for Electrical Safety in the Workplace, as referenced in OSHA 29 CFR 1910 Subpart S, Appendix A. This information shall include all required nameplate data for electrical components to perform equipment evaluation, system coordination and short- circuit studies, and arc-flash study. Equipment included in this analysis shall include all 3 phase equipment including transformers, switchgear, panelboards, switchboards, motor control centers, disconnect switches, and their respective circuit protective devices such as circuit breakers, fuses and relays for all portions of the electrical system from the primary protective device of the building substation through the lowest rated panel (208 and 480 V), Additional equipment included in the scope shall be all 480 3 phase equipment and all other 3 phase 208 Volt equipment rated above 225 Amps.
Title I Conceptual Design should include a preliminary one line diagram with estimated utility source data provided by BNL. At this stage system data may be entered into the software having its status marked as "Incomplete" (indicating the components are in the preliminary design phase). The preliminary design shall be prepared to optimize performance, provide system protection, and mitigate hazards to workers.
During Title II, cable sizes, types and design lengths between electrical equipment components shall be designed and calculated. Up to date utility source data shall be provided by BNL for an accurate single-line representation of the electrical system. Unique characteristics of the equipment installation shall be analyzed which may impact the magnitude of the potential hazard (e.g. open space versus enclosure). Overcurrent device settings shall be determined and specified for the construction documents. Actual device data shall be entered into the PTW software utilizing the "basis of design" equipment. System data shall have its status marked as "Estimated" (Indicating that an estimate was made based on the specified design components).
During Title III, the one line diagrams shall be updated to reflect approved shop drawings, actual cable lengths, breaker settings, and any other approved field changes. Requests by the Contractor for substitutions of "equal" equipment shall be analyzed using the PTW software and all costs associated with the substitutions and analysis shall be borne by the Contractor. Increases in arc flash energies caused by proposed substitutions may be cause for rejection. In no case shall a substitution which raises the energy level above 8 cal./cm2 be allowed. System data entered into the software during Title III shall have its status marked as Verified (data was field verified). Arc flash results and final breaker settings shall be provided to the Contractor in sufficient time to support safe system startup.


A.2.2
Title II System Design and Analysis

Title II design shall include a comprehensive analysis of the electrical system for all equipment from the connection to the site utility down to all 480 V and 208 V panels. All 3 phase 480V equipment and 208V equipment rated above 225 Amps shall be included in the analysis. All protective equipment settings will be finalized. The results of the analysis shall be provided with the Title II Design Report. The analysis shall include the following:
1. Short Circuit Study – Using SKM PTW Power Tools DAPPER Software
2. Coordination Study – Using SKM PTW Power Tools CAPTOR Software
3. Arc-flash Incident Energy Study – Using SKM PTW Power Tools Arc-Flash Software


A.2.3
Title III Final Report

A final report reflecting the as-built condition shall be prepared. The arc flash results must be calculated and provided to the Contractor to support safe startup of the facility. These results must include the final one line diagram indicating the arc flash incident energies, the results of the Arc Flash Incident Energy Study, and the final protective equipment settings.
The Final Report is required to support system turnover to Operations and Maintenance staff. The report shall include the following:
· Report summary with analysis methodology.
· Summary of input data for utility source, equipment and cables
· Available fault current at each equipment location with comparison to equipment rating
· Overcurrent device settings (e.g. pick-up, time delay, curve).
· Incident energy level (calories/cm2) for each equipment location and recommended PPE
· Overcurrent device coordination curves including related section of the single-line diagram
· Complete system single-line diagrams, 3 required per one- line section (with differing data blocks enabled) in PDF format derived from SKM Power Tools one line diagram for the system analyzed as follows:
· Version 1 – For field use for LOTO
· Version 2 – Showing all input data
· Versions 3 – For engineering use showing output of fault study and arc-flash study.
· One line topography shall remain legible when applicable data blocks are turned on.
The final documents for the project shall include:
· Two bound copies of the final report. (One copy for filing in the project archive folder and one for the arc flash library)
· One line diagrams as specified above in PDF format.
· Complete electronic copy of all PTW data files


A.2.4
System Protection
· Coordinate system protection with the supply to provide for selective interruption of power in accordance with short circuit current available. Strike a balance between protecting the system from trouble in any component and isolating the faulted component before it can be seriously damaged.

· Overcurrent protective devices should have continuous normal current carrying capacity and fault current interrupting capacity, based on system equivalents or characteristics and sized to closely fit the system components.

· Coordinate such devices so that sequential operation, from the load or fault toward the source results.

· Match available equipment time current characteristics so that maximum coordination is obtained throughout the normal and fault current range.

· Circuits supplying important three phase motors or other loads which would be damaged by loss of one phase, should utilize three phase circuit breakers, simultaneous trip and preferably magnetic.


A.2.5
Electrical Equipment Labeling

General:

Each electrical device on site must be identified with a unique name. This should be accomplished by assigning an equipment 10 consisting of the building number, an abbreviation of the equipment type, and a number.
When making modifications to an existing facility, consult the current one line diagram and assign equipment numbers in logical sequence to the existing scheme.
For new facilities, the following designations should be used:
· (XFMR) Transformer
· (MCC) Motor Control Center
· (SWGR) Switchgear
· (LP) Lighting panel
· (PP) Power panel
· (CP) Computer power panel
· (UPSP) Uninterrupted power supply power panel
· (EP) Emergency power panel
· (DP) Distribution panel.
· (SW) Disconnect switch
Require equipment to be labeled as follows:
Electrical Panels:
· Label panels with a unique ID number (ex: 490-LP-1, where 490 represents the cognizant building number)

· Require engraved ID plaque with double stick tape. Use black backgrounds with white lettering for all plaques except emergency panels that will have red backgrounds with white letters.

· Label "Fed from" using engraved plaques with white background and black lettering.
· Require directory index cards with circuit schedule information affixed to inside of panel door
Electrical Disconnects:
· Label disconnects with a unique ID number (ex: 490-SW-1, where 490 represents the cognizant building number)

· Label "Fed from" and "Feed to" with white background and black lettering.
See sketches below for recommended panel labeling:
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B.
Conservation of Energy


B.1
Use of high pressure sodium fixtures and lamps should be given primary consideration for all lighting applications except for offices.


B.2
Use of metal halide fixtures and lamps are preferred when color rendition makes the use of high pressure sodium lamps unacceptable.


B.3
Use fluorescent fixtures and lamps with energy saving ballasts for all other applications not covered in "A.1" or "A.2". Fluorescent lamps shall be T5 type and 3500( Kelvin color rendition index (CRI).

B.4
Use of incandescent lamps shall be kept to an absolute minimum.


B.5
Use of Day/Night Setback is desirable whenever feasible.  Use existing building time clocks where they exist.


B.6
Keep the use of electric heating to a minimum, and only when steam or hot water systems are not available. 

C.
Laboratory Power Systems


C.1
These systems supply energy directly to various experimental apparatus and standard equipment used therewith.  Such systems are individual problems and must be considered in the light of their particular requirements.


C.2
In general, provide the following characteristics:  minimum voltage spread from the building primary to final utilization device, service reliability flexibility, ease of expansion, voltage regulation and short circuit level.



C.3
In certain areas, such as counting rooms, specially regulated and/or filtered circuits may be required and special instrument grounding busses provided.  If conditions warrant, isolating transformers may be required.

D.
Emergency Power Systems


D.1
Do not provide emergency power systems unless specifically requested, or if required by code.

D.2
Normally, only buildings intended for 24 hour operation and containing scientific equipment requiring uninterrupted power supply will have emergency power, or uninterruptible power supply systems (UPS).
E.
Secondary Services Wires and Feeders


E.1
The current carrying capacity of service wiring and feeders should be sufficient for the normal branch loads with no more than a two percent volt drop.


E.2
Normal diversity of branch circuit loads, in many cases, reduces required feeder capacity below the actual total branch circuit load; the NEC allowances for this demand factor should govern where applicable.


E.3
Make provision, in the initial design, for economically increasing the capacity of the wiring system.


E.4
Size service equipment feeders and subfeeders, initially, large enough to permit future load increase, of approximately thirty percent (30%).

E.5
Do not run conduit and wiring through fume hood or HVAC ductwork.

F.
Distribution Centers


F.1
Provide every feeder or subfeeder distribution center with a circuit breaker for each circuit.  


F.2
Working clearance must be allowed for maintenance and future expansion. Refer to the NEC code of record for all working clearances.

F.3
It is recommended that the panel be installed at a central point close to service entrance or transformers, based on arc flash calculations.

F.4
Generally, distribution centers should be designed so that the original control units can be replaced with units of larger trip ratings in the same frame size.

G.
Panelboards


G.1
Provide panelboards with one spare circuit for each five (5) active circuits or fraction thereof required in the initial installation.


G.2
Concealed branch circuit conduit home runs should be large enough for one future additional circuit.


G.3
Locate panelboards as close to the load center as conditions will permit.


G.4
Install a main disconnect switch or circuit breaker in the panel, where feasible to meet arc flash requirements.

G.5
Specify panelboards of the sectional type with interchangeable breaker units. permitting the substitution of units of larger trip ratings in the same frame size.


G.6
Provide only bolted to bus, factory assembled circuit breaker panelboards.  Plug-in type not acceptable. 


G.7
For new electrical installations, mark a 36” perimeter floor area to allow for unemcumbered worker access to service panel.  Demarkation method (i.e., paint or tape) on finished floors must be reviewed by BNL prior to application. 

H.
Transformers


H.1
In general, furnish transformers as per system requirement, such that its connection to the main distribution system follows the correct capacity, voltage drop and short circuit requirements, and meet arc flash criteria.

H.2
Use oil filled transformers (non PCB only) for outdoor applications.  Any single transformers containing more than 660 gal. or a bank of transformers in one location having more than 1,330 gals. of oil shall be designed to have oil containment as per local and federal guidelines.


H.3
Protect and install transformers as per IEEE and NFPA codes.


H.4
Furnish fire protection, fencing and grounding as required.


H.5
Solidly grounded delta/wye windings are the preferred configuration for transformer design.

H.6
Furnish automatic voltage regulation for large transformers and manual taps for smaller transformers.

I.
Electrical Substations


I.1
Utilize the following checklist when designing the installation of an electrical substation.  Ensure all questions have been answered and maintain final signed copy in the appropriate job file. 

Electrical Substation Review and Approval Checklist

Substation Description:
 


Ref. drawing/standard number and Revision:
 


	
	Yes
	No

	1 Have arc flash calculations been completed for the substation?
	
	

	2 Have breaker coordination calculations been completed and reviewed?
	
	

	3 Have as-built one line drawings been made?
	
	

	4 Are breaker coordination and arc flash parameters linked to the one line drawing?
	
	

	5 Has a review been held to mitigate arc flash effects?
	
	

	6 Have breaker settings been properly applied?
	
	

	7 Is the substation solidly grounded?
	
	

	8 Is the substation grounded through high resistance?
	
	

	9 Is local ground fault detection in place?
	
	

	10 Is remote ground fault detection in place?
	
	

	11 If remote ground fault monitoring is not in place has a review been held to approve this? 
	
	

	12 Is the substation equipment grounded:
Primary Disconnect?
	
	

	





Transformer?
	
	

	





Switchgear?
	
	

	13 If provided, is the substation fence grounded?
	
	

	14 Is tray, conduit, and busduct bonded to switchgear?
	
	

	15 Have all feeds been hipotted?
	
	

	16 Have all heaters, lights, etc, been inspected and tested?
	
	


Prepared by:____________________

Date:_________________

Approved by:____________________

Date:_________________

J.
Filtered and Regulated Circuits


J.1
Line filtered and regulated voltage circuits are, normally, used in special electronic laboratories, shops, counting rooms, and computer facilities.


J.2
Unless specifically requested, do not provide regulated voltage or line filtering.  Allow adequate space for future installation in areas where need is known or might arise.  


J.3
Characteristics for special electronic laboratories and shops will be determined by specific project requirements.


J.4
Provide regulated voltage circuits with equipment producing a true sine wave output with power factor compensation.


J.5
Equip fluorescent lighting fixtures in line filtered areas with line filtering devices and Holophane, R. F. shielded type lenses.


J.6
Design electrical system for computer rooms in accordance with Federal Industry Processing Standard (FIPS).

K.
Grounding


K.1
System equipment grounding should follow the recommendations of the NEC, code of record.

K.2
Generally, minimize the hazard of potential difference between non-current-carrying metal parts, particularly where a person may contact these parts simultaneously.  The potential difference between these metal parts and ground should be substantially zero.


K.3
Grounding conductors should have adequate capacity to carry reasonable abnormal currents and be large enough to withstand mechanical and possible corrosive injury.


K.4
Make interconnections, between system neutral and the non-current-carrying metal parts of equipment, in accordance with NEC.  Make grounded resistance as low as practicable and in no case exceed accepted values for the application.


K.5
Connect main substation ground directly to site ground grid.


K.6
Connect all building equipment, transformer secondary grounds and building steel to ground grid.


K.7
Provide a 25 OHM, maximum, copper grounding bus for instrument benches where such benches are installed.  Connect to separate ground well and system ground.


K.8
Provide equipment grounding conductor in all receptacle wireways.

L.
Motors


L.1
Design Criteria:


L.1.1
Consideration should be given to the standardization of motor installations in regard to phase voltage.  BNL procedure tends toward the following ranges:



1 phase AC; 120 volt; up to 1/3 horsepower



1 phase AC; 208 volt; up to 1 1/2 horsepower 
(motor rating 200v)



3 phase AC; 208 volt; up to 25 horsepower 
(motor rating 200v)



3 phase AC; 480 volt; up to 150 horsepower 
(motor rating 460v)



Primary voltage above 150 horsepower


L.1.2
Where available use 480 volts, 3 phase for all motors 1/2 to 150 horsepower.


L.1.3
Use Manufacturer's recommendations in specifying type and class of motors.  NEMA standards, which recommend mounting dimensions and minimum performance characteristics, and ANSI standards, which specify temperature limits and prescribe methods of rating and testing, must govern.


L.1.4
Use Manufacturer's recommendations in specifying type and class of motors.  NEMA standards, which recommend mounting dimensions and minimum performance characteristics, and ANSI standards, which specify temperature limits and prescribe methods of rating and testing, must govern.


L.1.5
External conditions affecting motor selection governed by the requirements and standards of NEM, ANSI and NEC.


L.1.6
Furnish all motors with factory sealed ball bearings.


L.1.7
In contaminated areas, consideration must be given to handling and maintenance.


L.1.8
The use of special cable connectors at motor outlets is suggested for ease in disconnecting in the event of relocation of service.


L.2
Thermal Overload Protection


L.2.1
Furnish all motors of 1/10 horsepower and up with built-in thermal overload protection.


L.2.2
For single phase motors up to 2 horsepower, install line interrupting type motor switches.


L.2.3
For single phase motor above 2 horsepower and all 3 phase motors, install control circuit type used in conjunction with a suitable controller equipment or external signaling advice.


L.2.4
In instances where motors cannot be furnished with built-in thermal overload protection devices, provide external protection in accordance with NEC.


L.3
Starters


L.3.1
For the larger motors such as 25 horsepower and above (208 volt), 50 horsepower and above (460 volt) and 200 horsepower and above (primary voltage), consider each installation individually.  The choice of starting equipment in the latter cases should be based on which type of starting will produce a minimum voltage disturbance.


L.3.2
Alternating current motors of 1/8 horsepower or over should not be installed on lighting circuits.


L.3.3
Squirrel cage induction motors up to 50 horsepower, 208 volt, 60 cycle, may be started across the line.


L.3.4
Start 208 volt, 3 phase, motors of 50 horsepower and up by means of reduced voltage type starters.


L.3.5
In general, start 460 volt, 3 phase motors of 200 horsepower and up by means of reduced voltage type starters.


L.3.6
Furnish all 208 and 460 starters with control transformers supplying 120 volts for starter operating coil circuits.


L.3.7
Furnish all wire relay starters with overload protection in all phases.


L.3.8
Locate starting box operating handling within easy reach of an operator standing on the floor.

M.
Receptacles


M.1
Do not connect receptacle outlets to general illumination circuits. Do not share neutrals in any branch receptacle circuit.

M.2
In areas requiring large quantities of receptacles, provide wall mounted wireways with 120/208 volt , 4 wire circuits suitable for all initial outlets required by tools and equipment plus space and capacity for 50% expansion and relocation.


M.3
Provide receptacle outlets as follows:


M.3.1
Provide minimum of one duplex receptacle per wall in offices.  Actual requirements shall be determined by the User and may require bringing dedicated or conditioned power.


M.3.2
In corridors, provide one duplex outlet every 50 feet.


M.3.3
In laboratories, shops and similar areas, in addition to equipment services, provide duplex outlets in keeping with standard practice.

N.
Lighting


N.1
General


N.1.1
Base lighting calculations for general illumination on the "Room Cavity Ratio (RCR) Method".


N.1.2
For performance of general visual task, lighting levels shall be in accordance with the 50-30-20 foot-candle levels as specified in illuminance Category D as per IES (Illuminating Engineering Society) Application Guide.  For specific tasks follow IES Guide, Section 2.


N.1.3
Do not share neutrals in any branch lighting circuit.


N.2
Lighting Fixtures


N.2.1
Laboratories, Offices & Similar Areas:  Provide recessed or surface mounted, totally enclosed, fluorescent fixtures.


N.2.2
Shops, Equipment Rooms & Similar Areas:  Provide surface mounted, industrial type fluorescent fixtures with 10% (min.) up lighting.


N.2.3
Toilets:  Provide wall mounted fluorescent fixtures over lavatories.


N.2.4
High Bay Areas:  Provide high pressure sodium fixtures or where color rendition is a problem use metal halide fixtures.


N.2.5
Dark Rooms:  Provide a warning light over entrance doors operated by a switch with pilot light in darkroom.  Provide porcelain, screw type outlets with pull chain for wall safelights.  Provide switch controlled, duplex convenience outlets in ceiling for safelight lamps.  Provide switch controlled, duplex convenience outlets in ceiling for safelight lamps.  Locate switch 4' above floor with general illumination switch 5' above floor.


N.2.6
Fume Hood Lights:  Regardless of fixture type, provide an airtight gasketed installation.


N.2.7
Electronic Equipment:  Where direct lamp radiation or line feedback may interfere with sensitive electronic equipment, fixtures shall be completely shielded and provided with suitable line filters.


N.2.8
Exterior Lighting:  Provide high pressure sodium fixtures.  Building mounting is preferred when feasible over pole mounting.  Provide photocell control.


N.3
Emergency Lighting:  Provide emergency lighting systems only in buildings intended for 24 hour operation.  In such cases, install system as follows:


N.3.1
Connect emergency lighting system to emergency power system.  When emergency power system is not available, provide units in accordance with MPO Standard Spec.


N.3.2
Provide emergency lighting in corridors, elevator cabs, stairs and critical experimental and operational areas.


N.3.3
When future emergency power system is planned, provide conduits for future connection of emergency lighting system. 


N.4
Exit Light System


N.4.1
Provide low power LED type exit signs.


N.4.2
Connect emergency shower lights to the exist lighting system.

O.
Clocks


O.1
Provide clocks, battery operated type, only when specifically requested.


O.2
Use of electric clocks should only be considered for special decorative clocks such as in lobbies and conference centers, but only when specifically requested.

P.
Time Clocks


P.1
Use time clocks for turning steam and electric services on and off as per particular service requirements.

Q.
Communication Systems


Q.1
Intercommunications Systems


Q.1.1
Do not provide intercommunication systems unless specifically requested.


Q.1.2
Consider initial conduit installation if justified by probable future need.


Q.1.3
Design installations integrated, operationally, with the major telephone and electrical systems.  Avoid duplication of function.


Q.1.4
Discourage the use of separate raceways when telephone or other low voltage circuit raceways are available.

R.
Fire Alarm System


R.1
Design system in accordance with NFPA 72, “National Fire Alarm and Signaling Code” and BNL SBMS “Fire Safety”. 

R.2
When feasible, complete fire alarm system during as early a phase of the construction as possible in order to provide protection prior to job completion.


R.3
Smoke and heat detection installation in elevator hoistways and machine rooms shall be in accordance with ASME A17.1, Safety Code for Elevators and Escalators, latest edition. 

S.
Security Systems


S.1
Provide security system only if required by the Laboratory.

T.
Sound Control


T.1
Specify electrical equipment to be manufactured in accordance with NEMA sound level rating requirements.


T.2
Provide flexible conduit connections and vibration eliminators on all rotating and vibrating equipment.


T.3
Design, locate and install noise producing equipment in accordance with manufacturer's recommendations.


T.4
Specify submission of certified test reports of manufacturer's sound level ratings.

U.
Guidelines for Telecommunication Work


U.1
Service:  Provide three pairs of cable for every 100 square feet of space in office and laboratory type buildings (25 pair minimum).


U.2
Distribution:  Cabling from closet or cabinet shall be as follows:



U.2.1
Office
12 pair



U.2.2
Laboratory 
12 pair



U.2.3
Secretary
25 pair



U.2.4
Receptionist 
50 pair



U.2.5
Conference
12 pair



U.2.6
Library 
12 pair



U.3
Conduit:  All conduit shall be steel or concrete encased PVC for service entrances with minimum size as follows:



U.3.1
Service to building
1-1/2"



U.3.2
Cabinet to cabinet or closet
2"




U.3.3
Closet or cabinet distribution
3/4"


U.4
Wire and Cable Distribution


U.4.1
Inside wiring and air plenum FEP/FEP cable untinned copper conductor insulated with a teflon compound and a solid jacket classified by UL for low smoke and flame characteristics for use in air-return plenums and hollow spaces in wall without conduits.  Twisted pairs and gauge as required.  (minimum 24 gauge).

U.4.2
Inside wiring PIPC cable thermoplastic insulated spiracode used to distribute the communication signal.  Twisted pairs and gauge as required (minimum 24 gauge).


U.4.3
Exterior direct buried or underground alpeth-single jacket filled (ALP-SJ-F) communication cable filled with nonhydroscope fill compound for moisture resistance with an 8 mil aluminum shield.  Twisted pairs and gauge as required (minimum 24 gauge).

U.5
Closets


U.5.1
A terminal closet shall be provided complete with receptacle, light and fitted with 3/4" plywood mounting board.


U.5.2
In multi-storied buildings closets (of suitable size) shall be located so vertical communications risers may be developed.


U.5.3
Two 4" sleeves shall be provided in floor and ceiling of each closet.

U.6
Cabinets:  Provide the following based on cabling.


U.6.1
Steel enclosures 30" high, 16" wide, and 6" deep for up to 900 pairs.


U.6.2
Steel enclosure 50" high, 16" wide, and 6" deep for up to 1,800 pairs.

V.
Counting Room Shielding (EMI)


V.1
Design Criteria


V.1.1
Protect sensitive equipment from normal and transient electromagnetic signals.


V.1.2
Electrically isolate, regulate and filter power sources from building supply system.


V.2
Filtered and Regulated Power Supply


V.2.1
Power line filters are the most critical component of a shielded room and the overall shielding characteristics are usually identical to those of the filter.  


V.2.2
Design and select filters after carefully determining range of interference signal frequency and degree of desired attenuation.


V.2.3
In addition to lighting circuits, provide 300 watts of circuit capacity per foot of workbench.


V.3
Power Supply Criteria


V.3.1
The power supply assembly must consist of the following:


V.3.1.1
First Section:  A voltage regulator capable of maintaining output voltage to ± 1%.


V.3.1.2
Second Section:  An electrostatically shielded isolation transformer to isolate the shielded room's power lines from the building power system.


V.3.1.3
Third Section:  Filtering networks of a design suitable for the interference signals involved.


V.4
Grounding


V.4.1
The experimental ground must be insulated from the room shielding and non-experimental equipment.


V.4.2
Provide a separate grounding system for experimental equipment circuits consisting of a ground bus connection to a separate well having a maximum resistance of 25 ohms to earth.


V.4.3
Ground the following to the building equipment ground:



Static shield in isolation transformer 



Transformer and regulator cases



Filter enclosures



Neutral conductor entering room.

V.5
Shielding Material


V.5.1
Before selecting shielding material, carefully analyze counting room location in relation to:  signal producing sources in the vicinity, the frequency spread to be attenuated and the reflection or absorption method of shielding to be used.


V.5.2
Generally, BNL counting room are electromagnetically isolated by a single screen.  Select screen material for required attenuation qualities and for permanent retention of shielding characteristics.


V.5.3
Performance data is available for the following, previously used, materials:



Galvanized hardware cloth



Sheet copper and iron



Copper clad steel



Copper coated sisalkraft



Sprayed-on metal coatings




Copper screening



Bronze screening


V.6
Shielding Installation


V.6.1
Install shielding on floor, walls and ceiling.  Provision for fastening should be made in the basic room design.


V.6.2
Lap joints of shielding material a minimum of one-half inch.  Provide soldered fastenings 6" o.c. to firm an integral shield for all room surfaces.


V.6.3
Bond metal doors and bucks to room shielding with flexible, braided copper jumpers or phosphor bronze weather-stripping.  Cover all surfaces of wood doors with shielding material and bond to room shield.

W.
Lightning Protection System


W.1
Design of lightning protection systems shall be considered for all buildings and structures located on the BNL site. Evaluation for need of lightning protection systems shall be based on the requirements of NFPA 780 – Standard for the Installation of Lightning Protection Systems with particular attention to the lightning risk calculation located in Appendix L of this standard.


W.2
Consideration of building occupancy, building use and building construction materials shall be acknowledged during the ES&H 500A evaluation process.


W.3
Once the need for lightning protection systems has been established, the design and implementation shall be based on the following codes and standards.



W.3.1
National Fire Protection Association (NFPA)




W.3.1.1
NFPA 70 – National Electric Code (NEC)




W.3.1.2
NFPA 780 – Standard for the Installation of Lightning Protection Systems


W.3.2
Underwriters Laboratories Inc. (UL)




W.3.2.1
UL 96 – Standard for Lightning Protection Components




W.3.2.2
UL 96A – Standard for Installation Requirements for Lightning Protection Systems




W.3.2.3
UL 467 – Standard for Electrical Grounding and Bonding Equipment

X.
Hazardous Process/Locations Utilizing Flammable Gases/Liquids

X.1
Evaluation of hazardous process/location shall be considered at the ES&H 500A for incorporation into the design process.


X.2
Design, locate, and detail facilities to be used for storage, handling, transportation and use of L-P gas, including, but not limited to, cylinders, equipment, piping and appliances in compliance with NFPA 58 “Liquified Petroleum Gas Code;” NFPA 54 “National Fuel Gas Code;” NFPA 55 “Standard for Storage, Use, and Handling of Compressive Gases and Cryogenic Fluids in Portable and Stationary Containers, Cylinders and Tanks;” and NFPA 37 “Standard for Installation and Use of Stationary Combustion Engines and Gas Turbines.”

X.3
Special attention shall be made to the requirements of NFPA 70 (National Electric Code) Chapter 5 “Special Occupancies.” Article 500 of this chapter, entitled Hazardous (Classified) Locations, Class I, II and III, Divisions 1 and 2, specifically identify the design considerations for explosive gases, liquids and flyings.

X.4
Additional Codes and Standards



X.4.1
Building Code of New York State



X.4.2
OSHA 1910 Subpart S – Electrical, 1910.307 Hazardous (classified) locations.



X.4.3
BNL SBMS – Interlock Standards



X.4.4
ASME A17.1 – Safety Code for Elevators and Escalators, latest edition. 
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