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PREFACE

The CODE 220 Standard Reference Document (SRD) for Facilities documents technical requirements for facilities constructed at Goddard Space Flight Center in Greenbelt, Maryland.  The document is to be used by all personnel in Code 220, including support service contractors, task-order Architect-Engineers, and others who are involved in the planning, design, construction, and operation/maintenance of facilities.

The basis and justification for the SRD is derived from the NPG 8820.2E Facilities Project Implementation Guide FPIG, Section 4.4.10 Standards for Specific Facilities, which states: 

“Documenting the Center's standards and preferences for frequently occurring design elements (e.g., exterior and interior finishes, space planning, etc.) can significantly streamline the design process.  The resulting standardization (sometimes referred to as “local specs”) will also simplify future remodeling, maintenance, and operational activities. The FPM must ensure the Center’s standards and preferences are included in the design requirements.”

The agency uses the NASA Directives System to publish and disseminate policy statements and procedures. NPDs, NASA Policy Directives state the WHAT is required to be done to accomplish the agency mission while the NPRs ( NASA Procedures and Guidelines were converted to NASA Procedural Requirement ( NPRs) on 12/05/03) defines HOW is it going to be accomplished. In the facilities world these statements are defined by NPD 8820.2A - Design and Construction of Facilities (Revalidated w/Corrections 11/13/03), the NPR 8820.2E – Facility Project Implementation Guide (FPIG) which was renamed in the Directive System to FPIR*. Compliance with these directives and procedures is mandatory in the agency. Familiarity with these documents is essential to the understanding and implementation of this Standard Reference Document.

*NOTE:
As this SRD revision is being released, the agency has an ongoing effort to redefine the FPIR into two documents. The FPIR will define specifically the required “how” elements and a separate document titled the Facilities Technical Handbook will provide general guidance for the implementation of facilities project.
SRD CHANGE/APPROVAL PROCEDURE

Required changes to the SRD shall be processed as follows based on the indicated criteria:

Administrative/Procedural changes received or generated by the Technical Policy Section shall be reviewed with the Section Head.  A recommendation for action will be issued to all of the Branch/Office Heads for concurrence.  Final approval shall be by the Chief of the Facilities Management Division (FMD).

Technical changes received or generated by the Technical Policy Section shall be reviewed by the Technical Policy Section Discipline Lead and the Technical Policy Section Head.  A recommendation for action shall be submitted to the Planning Office Head, Engineering Branch Head, and the Construction, Operations, and Maintenance Branch Head for concurrence.  Final approval shall be by the Chief of FMD.

To request a change, use form GSFC 4-35 GSFC CONFIGURATION CHANGE/APPROVAL REQUEST.  Submit the form to Code 224/Associate Branch Head.
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1. FACILITIES WORK EXECUTION

1.1. CONSTRUCTION OF FACILITIES (CoF) PROGRAM

1.1.1. CoF Program Guidelines


Code OJX Facilities Engineer responsible for GSFC


The HQ Code OJX Facilities Engineer with functional responsibility for GSFC CoF Program is Scott Robinson.  In all matters relating to the CoF Program he shall be consulted prior to the formal submission of the FY(  ) Performance Plan.


Statutory Limits


Statutory limits for the CoF Program begin at $500K. For additional discussion and breakdown of fund and program information refer to the  Code 220 Facilities Budget Call Handbook.

Re-programming Authority


FMD is authorized to vary the cost and scope of individual Minor Facility Projects (up to and including 25 percent of the AFPCE) within the APP (Approved Program Plan) as indicated in form 800/01. Projects cannot exceed statutory limits.  For projects that have been re-programmed at the Center Level, a revised 


NF1509/1510 shall be created.  It is not necessary for HQ to approve the revised NF 1509/1510.


Cost and scope changes greater than 25 percent, new projects, and deletion of projects that were included in the APP must be approved in advance by the cognizant Mission Directorate and by Code OJX.

1.1.2. Facility Project Management System (FPMS)


FPMS was a project management and project reporting database system.  The FPMS can be used to develop the NF1509 and NF1510.

NOTE:


The FPMS is no longer supported by the agency. Those who have access to it can still use it to generate NF1509 and NFS 1510, and NF1579. Other means of generating these forms are available in the P:Techpol/FORMS
1.1.3. Procedure for NF1509/1510 Submissions to Headquarters

The following addresses several of the NF1509/NF1510 data fields in FPMS, submission requirements to HQ, changes to NF1509/NF1510 not requiring submission to HQ, and FPMS Copy to History function.  In all cases the Project Manager shall ensure that a signed (or unsigned for Sub A) hardcopy is on file in the Engineering Branch Office. Initial Budget Submission (by Planning Office):


Sub/Rev Block: A.


Approval Block: to be left blank.

35% Design Validation Submission (by Engineering Branch):


Sub/Rev Block: B.

Approval Block: Submitted: 220 Division Chief - Discrete Program, 224 Branch Head – Minor Program.

90% Design (Request for Construction Funds) (by Engineering Branch):


Sub/Rev Block: C.


Approval Block: Submitted: 220 Division Chief - Discrete Program, 224 Branch Head –



Minor Program.


Concurrence: As needed.


OJX Concurrence: Scott Robinson

Approved: same as OJX Concurrence (for Minor Program), Eugene Hubbard (for Discrete only)

Change to NF1509/NF1510 not requiring submission to HQ: 


Cost and Scope change of a Minor Program project do not exceed 25% of AFPCE



(statutory limits can never be exceeded).



Sub/Rev Block: D (in this example).



Approval Block: Submitted: 224 Branch Head - Minor Program.


NF1509 Copy to PM /Project File. 

Change to NF1509/NF1510 requiring submission to HQ (by Engineering Branch):



Sub/Rev Block: E (in this example).



Approval Block: Submitted – Division Chief - Discrete Program, 224 Branch Head - Minor Program.





Concurrence:  As needed.


             

OJX Approval: same as OJX Concurrence (for Minor Program),    




(Eugene Hubbard for Discrete only).

1.1.4. Project Definition Rating Index (PDRI)


Beginning with the FY03 Program, a PDRI score sheet shall be completed for:


All projects and recorded in the NF 1509.

1.1.5. Economic Analysis

NPD 8820.2E requires an economic analysis be done on Program Direct and Institutional Discrete level projects in accordance with the Office of Management and Budget (OMB) Circular No. A-94. This economic analysis is required to support/justify the project approach.  The Corp of Engineers ECONPACK software shall be used to create the analysis.

1.1.6. Use of Non-CoF Funds in CoF Projects/Fragmentation

CoF funded projects cannot be supplemented with other funds, including center funds, except as an outfitting effort.  Project Managers shall consult with Engineering Branch Head if other than CoF funds are intended to be used in a CoF project. 

1.2. CENTERED FUNDED (CF) PROGRAM

1.2.1. CF Program Guidelines


Statutory Limits

A statutory limit for the CF Program is $500K.  For additional discussion and breakdown of fund and program information refer to the Code 220 Facilities Budget Call Handbook.
1.3. WORK REQUEST SYSTEM (WRS)

1.3.1. Work Request System

The Engineering Branch, Code 224, manages the WRS.  The WRS is a database used as a tool in the execution of work, both in the CF and CoF Programs.

1.3.2. WRS Categories


The following categories are used to identify work categories in the database:

	Category
	Type
	Contractor

	
	
	

	F
	General Construction, > than $2500 requiring design
	FaCETS

	I
	UCS, > $2500
	Johnson Controls

	J
	General Construction
	Montage, Inc.

	L
	Roofing
	Capitol Roofing

	A
	General Construction, < $2500
	FaCETS

	O
	UCS, < $2500
	Johnson Controls

	P
	For Planning purposes only (budget call)
	

	Q
	Miscellaneous work funded with M&R $ (permits, etc.)
	

	R
	Concrete and Paving work
	Herron Enterprises

	S
	Study, survey, or inspection only
	


1.3.3. Work Request in Support of UCS Related Work


Issuance of a UCS Work Request to support a project needs to be done as early as possible in the execution of a standard work request.  The Planner or PM that first receives the standard work request needs to make this determination.  If UCS work is required to support the work request a separate WR is created to be referred to when the combined mechanical and controls design is being developed. The two WR’s will reference each other and each will contain information on the budget allocation for the mechanical and the controls work. The drawings should have coordination notes that clearly note which contractor is responsible for what work and each contractor receives the others’ contract drawing package marked with “For Reference Only”.  JCI or the COTR needs to be notified of pre-construction and progress meetings for the original work request so that the proper coordination of work can be attained.  The JCI contract ends on April 30, 2006.

2. CADD

2.1. CADD MANUAL

CADD requirements are specified in the CADD Manual. Presently AUTOCAD 2005 is used to create drawings.  The CADD Manual is presently being updated. In the interim, the guidance to our external Architect-Engineering firms is that they need to follow the A/E/C CADD Standard, Revision 2. The standard can be accessed at http://tsc.wes.army.mil/products/standards/aec/intro.asp. PM's need to have the A-E firm contact the Parsons CADD Team Lead so that required drawing templates, not included in the A/E/C Standard are incorporated on our drawings.
3. GENERAL TECHNICAL POLICIES
3.1. SAFETY 1st!

GSFC Safety Homepage.
3.2. DEVIATIONS FROM DESIGN GUIDELINE CRITERIA


The SRD guidelines shall be followed unless there is reasonable justification to use design approaches, systems, or details other than as indicated.  It is recognized that no single source document can be all-inclusive to the requirements, issues, and solutions that will be encountered in the design of GSFC facilities.  If deviations to this manual are necessary, they shall be so noted in the Requirements Document, Preliminary Engineering Report (PER), or as supplemental information to the Design documents.


If a deviation is necessary, the following process shall be utilized to document the deviation and provide a formal approval process.  Requests for deviations should be directed in writing (email) to the Technical Policy Discipline Lead with a copy to the appropriate Engineering Branch Section Head.  The requesting individual must document the deviation along with its rationale. 


The Technical Policy Discipline Lead will review the deviation and issue an approval or disapproval with the concurrence of the Technical Policy Section Lead to the Engineering Branch Section Head.  If there are disagreements in the disposition of the deviation, the issue shall be escalated through:



William Holley
  Head, Engineering Branch



Terry Spagnuolo Chief, Facilities Management Division


Upon completion of the action, if the deviation is approved the Technical Policy Section will review it to determine if a change to the SRD policy or guidance is required.

3.3. TECHNICAL POLICY SECTION

The Technical Policy Section is Code 224.3 within the 224/Engineering Branch.  The group, in addition to typical project management that all architects-engineers perform in the Engineering Branch, is also tasked with developing and maintaining technical documentation for the Division, specifically:



Updating the SRD.



Update the GSFCLOCLS (SPECSINTACT)



Update the Technical Library
 

3.4. DISCIPLINE COMMITTEES

The Technical Policy Section will provide focus and advice to the Discipline Groups.

Framework for Committee activities:

· Support the development and update of the SRD (including review of technical changes to SRD)

· Support the development of SPECSINTACT Local Sections

· Develop Standard Details for graphics

· Support the Technical Library Standards update

· Provide support and advice on Plant Engineering issues

· Develop/Enhance Technical Expertise by assigning individuals oversight responsibilities on specific SPECSINTACT sections

· Be a Forum for discussing Design Issues and New Technology applications

· Support the Lessons Learned Database by submitting LL candidates

3.5. FACILITIES PROJECT IMPLEMENTATION GUIDE (FPIG)

Project development shall comply with the Facilities Project Implementation Guide (FPIG).

3.6. LESSONS LEARNED INFORMATION SYSTEMS

3.6.1. FMD Lessons Learned Information System

Objective:

To create an information system whereby individuals may relate lessons learned experiences pertaining to GSFC facilities work to others for the benefit of all.


Criteria:

The database uses the Construction Industry Institute (CII) “Lessons Learned Wizard” database.

Only GSFC/FMD related topics or issues will be allowed for submission.  Topics relevant to any of the FMD Branches are welcome.

Lessons Learned input may be submitted by any civil servant, on-site contractor, off-site contractor, or anyone doing business with FMD.

Lessons for submission can be both good and bad, but should provide some benefit in making available to others.


Process:
The Facilities Lessons Learned Database is accessible at n:llp.

All input submissions will be made to the Lessons Learned Coordinator (LLC) Mark Daly either electronically or in hard copy (preferably electronic).  After entering the database, the submitter clicks on the “New Record” button, fills out all of the information, and finally saves the record (on their C or H drive) using the “Save As” button.  The saved file can be submitted to the LLC as an email attachment or in hard copy.

The LLC will review the submission with the Technical Policy Section and either a) accept as submitted, b) revise to make acceptable, or c) reject.  The LLC will respond to the submitter with thanks.  Revision or rejection could be because lesson already exists, no relevance to FMD, no real benefit can be recognized, or other reason.

The LLC will enter the submitted lesson as a record into the database.

The LLC with the Technical Policy Section will maintain the database including deleting obsolete lessons.

The Technical Policy Section will recommend any changes in FMD processes or procedures as recognized by the submitted lesson.  The real gain with a lessons learned system comes with the implementation stage, wherein changes to the organization result in a more efficient work process.


About the Database:

The following are Record Fields included in the database:


Project Title


Phase


Category


Discipline


Project Location


Keywords


Lesson Description


Benefits


Contact Name


Contact Phone


Contact Fax


Contact Email


Contact Address


Comments


Date


Number


Through the use of these Record Fields one can use the Search Routine to look for particular lessons, for example: in a particular discipline, or about a category of work such as Steam Distribution System.


In addition to searching for lessons to view on the screen, one can produce reports which contain any combination of the given Record Fields.  The report is formatted by deciding which Record Fields to include, how they should be laid out on paper, and then telling the database which lessons to include according to the chosen data in particular Record Fields.

3.7. A-E CONTRACTING


A-E CONTRACTING


3.7.1
A-E Contracts
The FAR PART 36 “Construction and Architect-Engineer Contracts” and NASA FAR Supplement Subpart 1836-602-2 provides selection processes for A-E services.  Additional guidance is indicated in the FPIG.  Agency selection authority for GSFC is delegated to the Center Director. The Center Director or designee is responsible for establishing an A-E Selection Board.  

Excluding FaCETS, Code 220 generally has three types of A-E contract vehicles that are used to perform A-E services for preliminary engineering reports, designs, studies, surveying, materials testing, etc.:

· Open-End IDIQ Contracts: generally five or six firms are on-board at any one time.  This allows a pool of A-E firms that have somewhat different specialties (architectural, mechanical, and electrical).

· Open-End IDIQ Surveying, Materials Testing, and Incidental Geotechnical Design Contract: generally only one firm on-board at any one time.  Provides indicated services 

· Project Selected Contract: generally only used for very large CoF projects that warrant special selection of an A-E firm (or partnering of firms) to handle the specific project design requirements.


3.7.2 Open-End Delivery Orders


FMD also uses the A-E selection process to establish open-end contracts with one or more A-E firms. The contracts are typically for a Base year award and multiple Option years.  The Government, upon expiration of previous Base or Option year, awards the new Option years, provided that the services received have been satisfactory.  These contracts permit the design of various projects without requiring the A-E selection process for each project, by issuing DO’s under the open-end contact for each design project. 


The PM uses the Caf-200 form to initiate the DO process. This form is completed and sent through the A-E contract COTR, the Engineering Section and Branch Heads, to Procurement.  Attached to the form are a Scope of Work, Procurement Request for the design funding, Government estimate, and any other pertinent information to describe the work required, such as a Requirements Document or NF1509 if applicable.


General design requirements for work at GSFC are already included in the A-E Specifications that are a part of the open-end contract, and by reference in this SRD.  The scope of work for an individual DO does not need to repeat this information, but should clearly indicate the scope of the design effort for the specific project.


Part of the Caf-200 is a checklist that is helpful in spelling out the scope of work, schedule and deliverables for the project.  The PM should fill in the blanks as appropriate to the project, to indicate design duration and review schedule, and to indicate the “design to” construction cost (which is the target for the Engineering Estimate which, when contingencies, SIES, and any other project burden costs are added, will fall within the approved AFPCE or Budget Limit for the Project).


Government estimates for open-end DO’s are based on rates for various labor categories that are incorporated into the contract for each A-E firm. The rates were negotiated with each A-E firm independently prior to the contracts being awarded to them.  These rates vary between firms, and for each firm, the rates change generally change upon award of new Option years.  It is very important that the PM verify that the rates used are those that currently apply.  There is a CA assigned for the open-end A-E contracts and can provide current option year rates or other information.  Caf-200A may be used to prepare the estimate.


Once Procurement has received the Request with all attachments, they request a proposal from the A-E for the work.  When a proposal is received, it is forwarded to the PM to review and prepare a Technical Evaluation.  If the fee is not acceptable as originally proposed, fact-finding meetings or negotiations are conducted between the PM, CO, CS, and A-E, and a revised proposal may be requested.  When any required negotiations are complete and a technical evaluation recommends accepting the proposal, the CO issues the DO to the A-E, and they may begin work on the project.

3.8. DESIGN FOR SUSTAINABILITY

Incorporates sustainable design practices, maintainable design elements, building commissioning procedures, and safety & security features into facility planning, design, construction, activation, operation & maintenance and de-commissioning to enhance and balance facility life-cycle cost, environmental impact, and occupant health, safety, security and productivity.

EO 13123, Greening of Government Through Efficient Energy Management – 1999
Federal agencies must apply sustainable design principles to sitting, design and construction of new facilities

NPD 8820.3, Facility Sustainable Design (http://nodis.gsfc.nasa.gov/library/displayDir.cfm?Internal_ID=N_PD_8820_0003_&page_name=main)

3.9. PRE-PROJECT PLANNING (P3)

Pre-project planning (P3) is a process of developing sufficient strategic information with which the customer can address risk and decide to commit resources to maximize their chance for a successful project.  P3 creates a partnership among all project stakeholders that incorporates customer requirements with institutional requirements prior to executing a financial investment.  Integrating P3 into Project Program allows us to make improvements in our system by:

· Developing a formal, uniform process for evaluation of projects

· Allowing the customer to align with GSFC business goals up front

· Allowing the project team (customer, planning, design, O&M, safety, environmental, and security) to work together from the beginning to provide a realistic conceptual design

· Allowing the project team to collectively analyze the project and set a budget to address the customer needs

· Eliminating the need to de-scope the project due to funding limitations

· Spreading accountability through all organizations

· Providing the FURB with a through package on which to make an informed investment decision with the funding GSFC receives

The following outline indicates activities for Programmatic and Institutional projects:

· Selection of the Team

· Customer (with decision making authority)

· FMD – Planner, Design PM, Discipline Engineers, Building Manager(s), Construction Manager, Shop Personnel

· Safety, Environmental, & Security Office

· Selection of Team Leader

· Customer w/ Authority or Design PM

· Definition of Project Goals

· What is the customer trying to accomplish (requirements, not solutions)

· Customer schedule requirements

· Any code/safety issues that need to be addressed

· Miscellaneous concerns (housing, other construction projects nearby)

· Define P3 Deliverables and Schedule

· List information needed and assign actions required to obtain this information

· Set meeting schedule and deliverable schedule

· Look at Project Alternatives

· Customer/FMD conduct benchmarking (how do others do this work)

· Solution(s) from the customer point of view

· Alternative institutional solutions

· Evaluate Site(s)

· Conduct site visit(s) with the entire Team

· Record any possible issues to be addressed

· Develop Pros & Cons

· Conduct Constructability Review

· Consider each site and detail possible construction problems

· Conduct Risk Assessment

· What events may cause project problems/failure

· What could go wrong and how

· Establish Project Control Guidelines

· Identify nice to have, but not essential items

· Establish quality requirements

· Estimate your Project

· Planning estimate, but based on above

· OK to add a fudge factor, it’s pre-design

 Establish the Project Definition Rating Index (PDRI)

· The PDRI is a tool, a comprehensive checklist, that helps to measure the degree of scope development in a given project.

· A PDRI score of 200 or less has been shown to greatly increase the probability of a successful project.

3.10. FACILITY HAZARDS ANALYSIS


While a project is still in the Requirements Definition phase, the Planner should meet with GSFC Safety Personnel (code 250.2) to determine the facility's Facility Risk Indicator (FRI) value.  This is a number from 1 - 4 which represents the summation of potential hazards (loss of life, injuries, illness, property damage), with 1 being the highest risk and 4 the lowest.  Generally reviewing the project description can do this.  Projects with FRI values of 1-3 then require the development of a Preliminary Hazards List (PHL) and the documenting of hazards in a Preliminary Hazards Analysis (PHA).  This study will look at such aspects of a finished project as employee exposure to hazardous chemicals, presence of dangerous equipment, etc.  A GSFC Safety engineer will be available for consultation, however, funding for development of the PHL and PHA by an A-E must be provided by FMD.  Based upon review of the PHA and PHL, a decision is made by Safety Management as to whether a System Safety Program Plan (SSPP) is required which is comprised of other hazard analyses.  In the end, potential facility hazards are documented and addressed with a plan of elimination, control, or acceptance of each.


The GSFC Safety Branch can provide much more detail on the required analyses and approximate timelines of each phase of the Facility Hazards Analysis.  They should be consulted with early so that the project budget can account for hazard analysis/reports that may be required.

3.11. METRIC (SI) POLICIES


The SI metric system is the preferred system for engineering NASA's facilities and infrastructure.  All projects shall be accomplished using the SI system of Units unless a waiver exists.


Fundamental SI Metric is provided by IEEE/ASTM-SI-10 “Standard for Use of the International System of Units (SI): The Modern Metric System”.
3.11.1. Basic Metric Policy (Historical Reference)


The NASA HQ memorandum from Code OJX, dated May 13, 1994, mandates that all FY96 facility projects (CoF and CF programs) be designed in International System of Units (SI) units unless an overwhelming cost (greater than 5 percent) or performance penalty would result.  This policy is ultimately the outgrowth of Executive Order 12770, signed in 1991, which mandates the use of SI by the Federal Government. 

Beginning with the FY96 CoF Program and on, GSFC generally complied with the metric policy.  The CF Program did not begin using metric until after 09/01/00.

3.11.2. Department of Commerce Guidelines (Historical Reference)


The NASA HQ memorandum from Code OJX, dated June 18, 1996, indicated that legislation had been introduced in the Congress to limit both the pace and extent of metrication for Federal construction.  Some trade associations felt that specifying hard metric products was not in the interests of American business or American taxpayers. 


The Department of Commerce issued (May 9, 1996) new guidance regarding use of hard metric products.  This guidance was incorporated into discipline Chapters of the SRD.

3.11.3. Public Law 104-289


The NASA HQ memorandum from Code OJX, dated January 3, 1997, highlighted the provisions of Public Law 104-289 “Savings in Construction Act of 1996”, passed in October 1996.  This law imposed several requirements that must be considered and documented before specifying Concrete Masonry Units or Recessed Lighting Fixtures as hard metric products. The guidance was incorporated into discipline Chapters of the SRD.  


PL104-289 requires that each agency have a “Construction Metrication Ombudsman”, to whom metric related complaints are voiced.  All metric related complaints from contractors or suppliers should be referred to the Ombudsman.


PL104-289 became effective January 10, 1997.  It did not apply to existing contracts or solicitations issued before that date.  It has a 10-year sunset provision, and therefore expires January 9, 2007.

3.11.4.  Determination for Waivers


Requirements Documents shall consider metric implications if any, and provide recommendations.  Final determination of metric usage, however, shall be determined in the Engineering Branch.


Upon assignment of a CoF project, the Section Head together with the Project Manager will  determine if an exception to metric design will be required.  Generally the guidelines to be considered to make that recommendation are:


1.  If the design or construction cost will significantly exceed 5 percent of the estimated imperial cost.


2.  If the customer's requirements conflict with a metric design due to unusual equipment interfaces or intricate renovations of existing facilities.


If it is determined that a waiver is justified, the Section Head shall write a memo (through the Head, Engineering Branch, and with concurrence of the FMD Metric Coordinator, Alfonso Eaton) to the Chief, FMD.  The memo shall state the reasons for such request with a brief rationale.  A copy of the memo shall be sent to the Code OJX.

3.11.5. Project Considerations

The decision on whether to use hard metric or soft metric conversion and modular metric products must be based on knowledge, experience, common sense, Public Law, and NASA HQ and Department of Commerce guidance.  Consideration should include product and material availability and impact to project schedule, cost, and performance.

Over 95 percent of the products used in building construction today undergo no physical changes as used in a metric project.  All that occur is that the dimensions of the product are identified in drawings, specifications, and on product literature in metric units, a process of soft conversion.  Most standard products have not changed physical dimensions.  Custom products may be specified in metric dimensions since their manufacture is performed using computer-controlled machinery (e.g., wood doors, glass and windows, metal ductwork, interior stone-work, and pre-cast facade systems).  Determining whether to select only hard metric products and materials should be based on whether there is a significant impact to the schedule for longer lead-time items or budget.  Some hard metric products may have minimum ordering quantities that may limit their use to larger projects.  Most products, however, are the same dimensions in both measurement systems and can easily be used on any project.

The Department of Commerce guidelines (May 1996) states "Modular construction projects in a hard metric size shall only be specified in a federal construction project for situations in which the following criteria are met:  (1) the product's application requires it to coordinate dimensionally into the 100 mm building module, (2) market research demonstrates the product’s availability, sufficient to ensure competitive process, and (3) the product's total installed cost is reasonable."  

Public Law 104-289 imposed even further restrictions on the specification of hard metric Concrete Masonry Units and Recessed Lighting Fixtures, requiring that:  1) their installed costs are “estimated to be equal to or less than the total installed price of using non-hard-metric” products, and 2) “the application requires hard metric products to coordinate dimensionally into 100 mm building modules”.  Furthermore, the head of the agency is required to document this in writing. In order to eliminate the documentation that would be required to specify these products as hard metric, OJX suggests that the design specify “nominal” metric dimensions and specify the required performance of the block and lighting systems.  This approach allows the contractor to decide the most cost advantageous product (hard metric or imperial components).  In this case, it is then their decision, not a government requirement, and therefore no documentation or justification is necessary.

GSFC decided to specify concrete block, ceiling grid, and recessed lighting fixtures as soft converted, and allow the contractor to substitute hard metric products at their choice, with final approval contingent upon project considerations. 

New Facilities
New facilities shall utilize hard metric products and modular systems as much as practical. Smaller projects must give greater consideration to product lead-times, cost, and in the interfacing and coordination with existing spaces.  However, the more demand there is for metric products, the more likely that their availability will increase and their cost decrease.  

Repair

Repair projects will generally be soft metric conversions in order to maintain the continuity of the system.

Rehabilitation

Rehabilitation projects will generally use hard metric products and modular systems as much as practical.  The scope and size of the project, including the interface and interactions with the surrounding facilities that are in the inch-pound system, must be considered on whether to use hard of soft metric products.

Submittals and Shop Drawings

One of the areas that have seemed to cause the most confusion with the construction contractor is the availability of hard metric products, their delivery schedules, and metric shop drawing submittals.  It is recommended that PM be very cognizant of the products that are specified as hard metric in a project, indicate them as being hard metric in the drawings and specifications, and specifically discuss them at the pre-bid meeting to make all of the bidders aware of the requirements.  At the Pre-Construction meeting discuss again the requirements for hard metric products and their delivery schedules.  Also discuss the requirements for metric shop drawings.  All shop drawings should be submitted in metric format.  State that it is not acceptable to provide inch-pound shop drawing literature with a stapled attachment of a metric conversion chart.  Where a supplier’s or manufacturer’s product information has not been printed in metric, it is the contractor's responsibility to markup the inch-pound literature as necessary to indicate the metric equivalents.  Where shop drawings are developed from scratch, the contractor should exclusively use the SI system.  Experience from outside the agency, as well as KSC has indicated that discussing the hard metric requirements and metric shop drawings is essential to the successful implementation of the SI metric system.

3.11.6. Drawings
Drawing Scales

Metric drawing scales are expressed in non‑dimensional ratios.  Always provide a graphic scale on the drawing.  Nine scales are preferred.

	Preferred Metric Scales
	Less Used Metric Scales
	Compared to Imperial Scales

	1:1
	
	Full Size

	
	1:2
	Half size

	1:5
	
	Similar to 3”=1’-0” (1:4)

	1:10
	
	Similar to 1”=1’-0” (1:12)

	1:20
	
	Similar to ¾”=1’-0” (1:16)

	
	1:25
	Similar to ½”=1’-0” (1:24)

	1:50
	
	Similar to ¼”=1’-0” (1:48)

	1:100
	
	Similar to 1/8”=1’-0” (1:96)

	1:200
	
	Similar to 1/16” = 1’ – 0” (1:192)

	
	1:250
	Similar to 1” = 20’ – 0” (1:240)

	1:500
	
	Similar to 1” = 40’ – 0” (1:480)

	1:1000
	
	Similar to 1” = 100’ – 0” (1:1200)


Site plans generally drawn with scale 1:500.  Floor/roof plans generally drawn with scale 1:100 (or 1:50, where space permits).  Sections and details are generally drawn at 1:20.

Metric Units Used on Drawings

The Cover Sheet of the drawing package should be labeled "SI METRIC" in large letters, conspicuously located.

To avoid confusion during the metric transition period, the first sheet of the drawing package may include a conversion chart.  The chart should include conversions only for the units used in the drawing package.

All measurements on construction drawings shall be stated in metric only. Dual units shall not be used.

Use only one unit of measure on a drawing. Use millimeter for scale ratios between 1:1 and 1:200. Use meter for scale ratios between 1:200 and 1:2000.  Use kilometer for scale ratios greater than 1:2000.

Do not use unit symbols (mm, m, km) with the measurements on the drawing.  Provide a note on the drawing stating: “All dimensions are shown in {applicable unit} unless otherwise noted”.

Where modules are used, the recommended basic module is 100 mm, which is similar to the 4” module used in the imperial system.

Where necessary, where the use of an imperial unit serves to clarify an otherwise unfamiliar metric measure, the imperial measure may be placed in parentheses after the metric measure, e.g., 38 mm x 80 mm (2x4), 7.5 kilowatt (10HP).  The use of the practice should be kept to a minimum.
3.11.7. Specifications

All measurement in construction specifications shall be stated in metric only. Dual units shall not be used.

Specifications should use the same measurement units as the drawings.  Be consistent.

Where necessary, where the use of an imperial unit serves to clarify an otherwise unfamiliar metric measure, the imperial measure may be placed in parentheses after the metric measure, e.g., 38 mm x 80 mm (2x4), 7.5 kilowatt (10 HP).  The use of the practice should be kept to a minimum.

Reference the metric editions of codes and standards where available or dual unit documents if metric editions are not available.  If the code or standard is not available as SI or dual unit, use soft conversion.

3.12. GUIDELINES FOR COST ESCALATION, SIES, AND CONTINGENCY   FACTORS

3.12.1. Cost Escalation


The USACE ECONPACK software provides the following formula:  RDR ≈ NIR - INF


REAL DISCOUNT RATE ≈ NOMINAL INTEREST RATE - EXPECTED INFLATION.

OMB Circular A-94, Appendix C provides the RDR and NIR rates early each calendar year.  Doing the calculation provides the following approximate values for inflation, based on the January 2005 release:  

	CY06
	CY07
	CY08
	CY09
	CY10

	2.0%
	2.0%
	2.0%
	2.1%
	2.1%


3.12.2. Contingency

Construction contingency factor is generally 10 percent, but shall be based on project indefinites.


A 10 percent contingency factor on all CoF minor program and Discrete utility projects which have the potential to be affected by mission freezes, and for other projects where the complexity justifies this level.  Cost estimates shall provide a minimum of 5 percent on all Discrete new construction or renovation for which there is no potential to be affected by mission freezes.  Contingency factors greater than 5 percent may require justification to NASA HQ.

3.12.3. SIES

Supervision, Inspection, and Engineering Services factor (SIES) on CoF projects is generally 5.5 percent, but shall be based on the level of services required.  SIES shall include the cost of government vehicles used to support the project.

3.13. ENGINEERING BRANCH POLICIES

3.13.1. Design Schedules


CoF designs shall be 35 percent complete by May 15, two years preceding the Project Year, i.e., a FY03 Project should be 35 design percent complete by May 15, 2001.  


The purpose of this is to validate the CoF budget for final submission to HQ by May 15 in support of the Congressional budget cycle, to provided adequate time to apply value-engineering processes in the design stage, and to improve the design quality by ensuring adequate time is available for technical reviews during design.


The 100 percent design completion date needs to allow for a construction contract award by the end of the second quarter of the project Fiscal Year.  This is contingent on receipt of HQ authority to advertise and receipt of construction funds in a timely manner.


3.12.2    Project Manager (PM)

A member of the Code 224 Engineering Branch that is given the majority role in bringing a facility project to completion.  Some specific responsibilities of PM’s include:

· Serving as the COTR

· Responsible to ensure that the construction Site Representatives assigned to the project follows through with pro-active quality assurance efforts.

· Providing project management to achieve all project goals

· Maintaining contact with the representatives of the Customer organization

· Overseeing the performance of the design A-E firm

· Coordinating design reviews with the Project Team

· Interfacing with HQ during design and construction

· Participating in the facility Final Inspection/Acceptance

· Providing appropriate paperwork to Code 212

· Preparing monthly status reports

· Coordinating correspondence, meeting minutes, and telecommunications among the Project Team

· Coordinating design and construction changes

· Coordinating total space planning for building occupants

· Assuring that all applicable permit requirements for Federal, State, and Local governments are satisfied

· Coordinating shop drawing reviews and approvals

· Providing a complete and operational facility


Acquisition Strategy


The PM shall recommend the acquisition strategy to the Engineering Section and Branch Head after receiving the project.  The Engineering Branch Head shall provide final approval on acquisition strategy basing the decision on PM’s recommendation, advisement of the Section Head, FMD/GSFC goals with regards to Procurement set-aside programs, Acquisition Strategy Panel considerations, and other Division factors.


Determination should be made as early in the design development as possible to account for variability in potential cost implications, etc.

3.13.2. Environmental Submission Procedures


As stated in SRD Section 12.1.1, all project submissions to environmental regulatory agencies shall be made by the FMD Environmental Engineer with appropriate coordination with the S&ED, Code 250. Some permit submittals can be made early in the project design phase and some require near-complete plans.  Therefore, early coordination with the Environmental Engineer is important.  A NEPA assessment can be started while the project is still in the planning phase.  Stormwater Management, Erosion & Sediment Control, Wetland, and Forest Conservation submissions can be made initially when a preliminary site plan is developed, with a later follow-up of final plans.  Initial Air Quality submissions for combustion units (e.g. boilers, generators, etc.) should be made when the general size and expected usage requirements (e.g. 500 kW generator to be used 50 hrs/yr) are known.  For equipment that emits Toxic Air Pollutants (COMAR 26.11.15.11-12), the exact equipment must be known to obtain Permits to Construct.  For Oil tank Permit to Construct, submissions can be made when the design of the tank is complete.


All CoF projects should be checked off against the Environmental Checklist and submitted to the Environmental Engineer, to verify whether any environmental submissions will be required.


FMD-100 Environmental Checklist is used.

3.13.3. Design Milestone Reviews

For CoF projects design reviews shall be conducted at the 35, 60, and 90 percent stages.

For CF projects with No Formal Design, no design review shall be conducted.


For CF projects valued $0 - $100K, design reviews shall be conducted at the 90 percent stage.

For CF projects valued $100K - $250K design reviews shall be conducted at the 60 and 90 percent stages.


For CF projects valued $251K - $500K design reviews shall be conducted at the 35, 60, and 90 percent stages.


If a 90 percent design submission is made, and the PM concludes that some or all areas have not been fully developed, and therefore an additional submission and review is required, the PM shall make arrangements for this to be done.
3.13.4. Safety and Environmental, and Security Divisions Review


For CoF level projects the Safety and Environmental Division shall be included in all milestone submittals and reviews of construction documents. 


For CF level projects, the Safety and Environmental Division shall review the documents at the 90 percent design stage only for projects valued at $75,000 and greater.  For projects less than $75,000, the Safety and Environmental Division shall only review if the PM warrants that the project is complex (with regards to safety code issues), or environmental impacts are suspected (generally the Environmental Checklist will have indicated potential impacts), or the WR was initiated by the S&E Division, or other circumstances requiring S&E Division input and review.


Note:  for CF projects the S&ED receives a hardcopy of each WR 16-48 form in addition to having access to the Work Request system electronically.  Through these processes the S&ED may request or otherwise provide input or review on a WR that might not have been sent down to them for review.


For both CoF and CF, routing drawings to the Safety and Environmental Division does not obtain Security Division review.  The PM should send a separate set to the Security Division when their review is necessary.  The following are some conditions when Security Division review is necessary: change or breaches of the perimeter fence, computer room security, exterior doors, key cards, cipher locks, pushbutton locks, and any special condition where the PM needs Security Division input or review.

3.13.5. Architectural Design Review Committee (ADRC)

Mission


The goal of the design review process at GSFC is to ensure the quality of our physical environment, in both new and existing public facilities.  The committee will advocate for an improved work environment, and therefore an improved “quality of worklife” at the Center.


Overview


The ADRC at GSFC is commissioned by and reports to the Facilities Utilization Review Board (FURB).  The responsibilities of the ADRC are:

to review the project design, and to provide direction to inspire and support quality design.


The ADRC will review and comment on proposed new design and product standards prior to center wide issuance.


The ADRC will consist of a minimum of three architects, and two members of the FURB.  A member of the committee serves as chairperson.


Procedure


Design review of all projects that may affect the overall aesthetic image of GSFC, both CoF and CF, is required.  The Planning Office, Customer Service Office, and Construction, Operations, and Maintenance Branch will identify, and notify the Engineering Branch and the ADRC chairperson of projects and maintenance programs to be reviewed.  The review requirement will be identified in the Requirements Document for CoF projects and on the Work Request Cover Sheet for Center Funded projects and maintenance programs.


Certain projects may require multiple reviews by the ADRC.  The first review shall take place during the master planning or conceptual phase on larger projects, or during the schematic design phase on smaller projects.  These reviews shall occur early in each phase, so that the committee’s comments can be studied and addressed with minimum impact on cost and schedule.  The ADRC will schedule follow-on reviews in consultation with the Project Manager as required.


Required documentation shall be submitted to the ADRC along with a request for a project review.  This documentation includes the sitting of the project, site design, landscaping, massing, elevations, and materials selection.  For projects with a high public exposure, floor plans, core layouts, and circulation elements will be reviewed.  Design teams are encouraged to present alternative schemes and to note particularly difficult design problems faced by the project team.


At the end of each of these reviews, key project team members and the ADRC will discuss findings and recommendations.  The chairperson of the ADRC will distribute minutes of the review.

3.13.6. ADRC Reviews


An ADRC review shall occur for all projects which significantly affect the overall aesthetic image of GSFC (significant includes exterior projects in all cases, and interior projects with high public exposure.  Exterior projects include “any and all”, from simple traffic control signage to installation of a shrub).  


For projects with a PER, this review shall occur just prior to the 60 percent PER review and just prior to the 60 percent Design review.  For projects not requiring a PER, this review shall occur just prior to the 35 and 90 percent Design reviews (for CF this review shall occur at the 35 percent Design stage and just prior to 90 percent Design review).  For projects not requiring formal design, review may be the approval/denial of accepting the work request into FMD work request systems. The ADRC shall schedule other follow-on reviews as required.  


ADRC review shall include a presentation by the designer to the ADRC.  This review shall focus on the architectural and aesthetic impact of the project on the GSFC Campus.  Review documentation shall utilize graphic materials (these may be CADD drawings which are part of the final design documents or hand sketches sufficiently developed to convey the required detail), and/or other materials (if necessary) to convey the project impacts.  Graphic material shall convey the sitting of the project, site design, landscaping, massing, elevations, and materials selection.


For projects with a high public exposure the presentation shall also include floor plans, core layouts, and circulation elements.


All ADRC reviews shall be initiated through 224.3/Carlos Lopez. 

3.13.7. O&M Reviews


In addition to Design Milestone Reviews, the PM shall arrange for an on-site O&M review meeting prior to the 35 and 90 percent reviews, for any project that includes significant mechanical or electrical work. 


The PM, ME, EE, and A-E (as needed) shall present and discuss the design drawings with the applicable O&M shop personnel, including an explanation of the project scope of work and the rationale for the design.  Particular attention shall be paid to questions of system operation and maintainability.  


Note: Projects done under the FaCETS contract shall follow the FaCETS contract requirements for O&M Reviews. For projects that include significant mechanical or electrical work, separate reviews shall be held at the project site with Operations and Maintenance personnel at the 60% stage for projects valued $100K-$250K and at the 35% and 90% stages for projects valued greater than $250K.  At these reviews, the Contractor shall brief the O&M personnel on the content of the design. The recommended time is at the regularly scheduled RCM meeting held each Wednesday starting at 7:30 in the Bldg. 4 Conference room.  Eugene Mszar is the POC.

At the 35% review, emphasis shall be on the general types of systems selected, the expected mode of operation, and Mechanical/Electrical Room layouts with respect to service access.  At the 90% review, emphasis shall be on more detailed aspects of the system, such as installation details, controls, and ORR or commissioning requirements.


For a project that has the standard 2-week review period, the O&M review meeting should occur 2 to 3 days after sending out the documents.  This will allow O&M at least 1 full week to review the documents with the understanding that this review will provide to them.  Outstanding issues from the O&M review meeting should be resolved at the review conference and documented in the response to review comments.


The O&M review does not preclude O&M from reviewing the design documents in any means, nor is it intended to supplant providing review comments and participating in the standard review meeting.

3.13.8. Constructability Reviews

Projects shall be reviewed for constructability at every Milestone review.  Constructability is not a separate or distinct review.  Constructability review is an approach of viewing the drawings from the perspective of the construction aspects.  Is it buildable?  Are systems/spaces coordinated between disciplines?  Can it be built in a different way that provides savings in cost, schedule, or quality, and still meet the project requirements?  Are the construction and/or components applicable to the region, commodities, and skills available?  Is the sequencing of the construction the most effective/efficient to minimize impacts on the facility occupants/customer operations?  Et Cetera. 


The PM/CM must view the project from the construction perspective at every milestone review.  Others, especially those who have vested interest in minimizing impacts to existing operations (Building Managers, FOM, and Customer) should allocate sufficient resource to consider the constructability aspects.
3.13.9. National Capital Planning Commission (NCPC) Reviews


Project Plans Submission Requirements, 10/3/91, NCPC Policy Document

In accordance with NCPC “Project Plans Submission Requirements”, GSFC is required to submit plans and other materials to the Commission for 1) building construction or renovation, with or without related site improvements; 2) site development, such as grading, landscaping, street and road extensions and improvements involving changes in cartway configurations, and surface parking.


Waivers may be requested where the project submitted for review has: 


1) unique or special character or qualities, such as extraordinarily limited size and/or scope, that make certain elements of the required materials unnecessary; 


2) been sufficiently documented in prior submissions with materials that remain current; 


3) unique implications necessitating the submission of specialized materials.


Exceptions to this policy (i.e., the Commission has determined that plans need not be submitted) include where: 


1) the replacement of walks, roadways, and parking areas involves no change in the location or the existing character or extent of the improvement; 


2) the rehabilitation and improvement of buildings and structures involve no change in the existing character, predominant use, or extent of the building or structure; 


3) the replacement of trees, shrubs, and other plant materials, including changes in species, involves no change in the existing character of the site; 


4) replacement (excluding relocations or extensions) of underground utility lines such as pipes and cables (excluding pumping stations and treatment facilities) will not necessitate removal of existing trees or changes in the natural topography, or perpetuate or create an adverse environmental impact.


GSFC interpretation of the above stated NCPC requirements are as follows:


It is understood that NCPC is mainly interested in Exterior type projects that have an impact to the visualization of the Center and the surrounding community, and the safety and well being of the adjacent community.  As stated, it shall be GSFC policy to primarily submit these types of projects to NCPC.


Waivers:


1) GSFC will not submit individual project waiver requests for projects of limited size and/or scope.


2) GSFC will document with NCPC, a Master Plan, which indicates the anticipated development of the Center, including copies of “Determination of Eligibility Historic Standing Structures” and “Historic Preservation Plan Spacecraft Magnetic Test Facility, Building 305”.


3) It is not anticipated that GSFC would have any waivers that would require submission of specialized materials.


Exceptions:


1) GSFC will use the exception for the replacement of walks, roadways, and parking areas, including those projects which do add parking areas or other new sidewalk improvements. 


2) GSFC will use the exception for the rehabilitation and improvement of buildings and structures which involve no change to the existing character, predominant use, or extents.  


3) GSFC will use the exception for replacement of trees, shrubs, and other plant material which do not change the character of the site.  GSFC uses only native plants that are hardy to the region, and therefore expects no submissions for this type of work.


4) GSFC will use the exception for replacement of underground utilities, including those projects which include relocations or extension. 


GSFC will submit all of the following projects:

1) Projects which are clearly visible to the adjacent community through breaks in the GSFC buffer (see Buffer Breaks below), and which do not conform with the architectural character and palette of colors, materials, and styles of existing facilities at GSFC.


2) Projects which would alter the GSFC forestation buffer. 


3) Projects which have the potential for impact to the Environment, especially with regards to the safety and well being of the adjacent community.


Submittal Milestones:


For projects requiring submission, submission shall be made at:


PER projects:  @ 60 percent PER, @ 30 percent DESIGN


Non-PER projects:  @ 100 percent Requirements Document, @ 30 percent DESIGN

	Visible and Character Impacts
	Forestation Buffer Impacts
	Environmental Impacts
	SUBMITTAL

 60 % PER

      or

100 % RD           35 % DESIGN

	Y
	Y or N
	Y or N
	Y
	Y

	N
	Y
	Y or N
	Y
	Y

	N
	N
	Y
	Y
	N



Submittal Requirements:


For projects that are submitted to NCPC, the Planner and PM should carefully review the NCPC document and best decide how to meet the submittal requirements.  There are items that NCPC requires that are out of the normal, in terms of both format and content, from our normal project documents.  NCPC has indicated to NASA that what is of primary interest are brief, succinct submissions, showing plan, section, elevation, project narrative which addresses the environment, and description of the project, generally not more than 5 or 6 drawings.  Early consultation with NCPC is recommended in the Planning Phase, before any submission occurs.


Buffer Breaks

The following have been identified as clearly visible breaks in the GSFC buffer:



Building 1 - east facade



Building 3/13 - west facade



Building 8 - south facade



Building 9 - entire



Building 10 - northern, eastern, & southern facades



Building 15 - entire



Building 16W - western facade



Building 17 - eastern facade



Building 27, 27A, 27C - entire



Building 29 - northern, eastern, & southern facades



Building 30 - south facade



Building 31 - south facade



Building 32 - entire



Building 33 - entire



Building 79 - entire



Building 86 - entire



Building 88 - entire



Building 97 - entire



Area 100 - entire



Building 201 - entire



Building 207 - entire



Building 208 - entire



Building 209 - entire



Building 210 - entire



Building 215 - entire



Building 303 - entire


Guidelines and Submission Requirements for Antennas on Federal Property in the National Capital Region, 11/6/97, NCPC Policy Document

Guidelines for Design:

GSFC PM’s shall review the NCPC document and comply with Section 2 design recommendations where possible.  The document may be found in the Technical Library, Codes/General References Section, in a binder called NCPC.


Submittal Milestones:

Submittal milestones shall be as indicated above.


Submittal Requirements:

GSFC will submit all transmitter antennas.  GSFC will also submit all receiver antennas that meet the criteria for selection as facilities projects as indicated above (i.e., visual or environmental impacts on the community).  Specific submission documents as listed in Section 6 shall be reviewed and submitted as required.

Environmental Policies and Procedures, 10/21/82, NCPC Policy Document


Submittal Milestones:

A draft version of the NEPA documentation shall be submitted to give NCPC ample opportunity for review and comment.  Generally this draft submission should be within 3-6 months after the project is turned over to the Engineering Branch.  Upon consideration of all NEPA review comments, a final copy will be submitted to the NCPC.


Submittal Requirements:

GSFC will submit appropriate level NEPA documentation, EIS, EA, or Cat Ex to the NCPC for all projects (facilities or antennas) which require submission, including the GSFC Masterplan.  GSFC Environmental staff shall determine the appropriate NEPA level of investigation and study.  NEPA documentation shall be conducted in accordance with the Council on Environmental Quality’s Regulations and the NASA Guidance document on NEPA, NPG 8840, NASA Procedures and Guidelines for Implementing the National Environmental Policy Act and Executive Order 12114.


GSFC Coordinator

Kim Toufectis is the GSFC interface with the NCPC, and should be consulted if there is any question on whether a project requires submission.  All submissions to NCPC shall be made through him.  For all projects requiring submission, early consultation with NCPC is recommended.

3.13.10. Distribution of Documents for Design Review


Upon receiving the design documents from the A-E, the PM shall ensure that all documents are properly distributed to members of the Design Team.  This includes drawings, specifications, calculations, design data books, cost estimates, schedules, etc., using the Documents Transmittal form.  Each transmittal shall exactly indicate what particular documents each member is receiving, and the date that review comments are to be returned.


CoF & CF Distribution:



Discipline Engineers: 1 set each



CADD: 1 electronic set 



Planner: 1 set 



Alan Binstock: 1 set, for review by the EO Advisory Committee on People with Disabilities



C, O, M  Branch Head: 2 sets



O&M, 1 sets, or number of sets appropriate for project complexity (discuss w/ O&M)



Safety and Environmental Division: 2 sets; (for CF: only for projects >$75,000 (or where   determined necessary by PM for projects < $75,000)



Security Division: 1 set, if needed



Building Manager: 1 set



FOM: 1 set



Customer: # sets as needed



Others: (NCPC, MDE, etc.): 1 set if needed


FMD-018 Documents Transmittal is used.

3.13.11. Review Periods


For CoF & CF level projects, in general, reviewers should be given a minimum of 2 working weeks for the return of comments.  During holiday seasons, holiday weeks, and other established times where efficiency is known to be reduced, allowances should be made in the schedules for longer review periods.   In all cases, the complexity of the project must be reflected in the review periods.  The goal is to receive quality comments.  This cannot be accomplished if inadequate review periods are established.  It should be noted that the sooner a PM has comments from individual reviewers before the design review meeting, the more time the PM will have to investigate controversial or otherwise complex comments.

3.13.12. Reviewer Comments


Reviewers shall write-up all comments using the Review Comments form.  All comments shall be sent to the PM in electronic format.  Reviewers may make annotations on the drawings to clarify otherwise complex comments that cannot feasibly be reduced to written word on the Review Comments Form.  In this case they may also submit sketches, drawings, or other material to aid in the explanation of a review comment, however, it should be noted that the Review Comments Form should at least be provided with a one-for-one comment that can be mated to the additional material.


If as a Reviewer you have no comments, you should minimally document that fact with the PM in writing, so that it is understood that you have reviewed the documents.


FMD-015 Review Comments is used.
3.13.13. A-E Review of Comments

After receiving all reviewer comments the PM shall assemble all of the Review Comments into one folder.  The PM should review the comment folder prior to transmitting to the A-E, and mark any comments deemed inappropriate to the project. The PM shall provide the comment folder to the A-E, and the A-E should be given 1 week to review the comments.  The A-E shall return the comment folder, with responses to each comment. Generally comment responses should be as follows:


Accept (or Will Comply) - comment is straightforward and does not need any further explanation.


Deny (or Not in Scope) - A-E must provide explanation of their response.


Investigate - requires additional investigation from A-E that cannot be completed prior to the design review meeting.  A-E should provide some level of explanation how they will investigate.


Detailed Response - A-E provides an answer to a specific reviewer question, or otherwise does not fit into responses above.


The PM shall ensure that A-E responses are distributed to the Design Team at least 2 days prior to the design review meeting.

3.13.14. Design Review Meetings and Comment Finalization

The A-E should come to the review meeting fully prepared to discuss all comments.  At the review meeting each reviewer shall be given time to explain and expand their comment if necessary.  Do no waste time reviewing comments for which the A-E has already explicitly responded that they Accept or Will Comply.  As much as practical, final decision and disposition of all comment should be attempted at the meeting.  However, it is important to understand that this is valuable time, and should not be wasted researching items that may be easily checked after the meeting.

3.13.15. Annotated Review Comments


At the conclusion of the review meeting, the PM shall set a date that the A-E should re-submit the comment folder, clearly annotating in the space provided the final action taken for each comment. The PM shall distribute these final responses to the individual reviewers.  Any exceptions taken to the A-E's annotated review comments by any member of the Design Team shall be resolved by the PM and other reviewers as necessary.


3.13.16. Final Design Document Approvals

The final design documents shall be sealed and signed.  Only work done by in-house Civil Servant does not require sealing of the drawings.  The CADD Manual provides discussion on the Drawing Title Block requirements.

The documents shall not be routed to obtain signatures.  After receiving the documents from the A-E properly sealed and signed, the PM shall keep the documents in a controlled location and have the necessary signatory personnel come to the drawings for their signatures.  Although not usually done, the PM may want to place a copy of the other final design documents with the drawings for personnel to reference, i.e., specifications, calculations, and design data books.

3.13.17. Electronic Bid Sets (EBS)


When Electronic Bid Sets are to be used to provide prospective bidders with plans and specifications, the PM shall use FMD-204 Electronic Bid Set Request to request such packages. The form shall be filled out and provided to the Documentation Control Clerk.


EBS packages are produced in-house, on CD, using a format developed by the Tri-Services and Corps of Engineers.  Software used includes Contract Viewer by Corps of Engineers, SV Reader © by Momentum Systems, and Adobe Reader © by Adobe Systems.


FMD-204 Electronic Bid Set Request is used.

3.14. DESIGN

3.14.1. Code Analysis


Every project, as necessary, shall contain a formal and documented analysis of the IBC, NFPA 101 Life Safety Code, and UFAS to define the basic parameters of the codes that affect the facility.  As a minimum, each analysis shall define:


1.  Occupancy classification(s).


2.  Allowable floor areas, height limitation, and fire department access requirements.


3.  Required exterior opening projections; fire resistance ratings, of exterior and interior bearing and non-bearing walls and partitions, floors, roofs, area separation walls, stairs, mechanical spaces, shafts, and elevators.


4.  Sprinkler and standpipe systems to be provided, with emphasis upon any deviations from the GSFC standard of a fully sprinklered building.

5.  Occupant load, exits required, maximum allowable distances to exits, widths of required stairs, smoke proof enclosures required, exiting requirements to conform with the UFAS handicapped accessibility code, and any specific life-safety requirements associated with particular occupancy classifications.


6.  Any allowable area increases, height increases, extensions of maximum exit distances, or exceptions taken as a result of allowable tradeoffs, e.g., non-code-required sprinklers installed in exchange for another floor in height, shall be clearly documented.


7.  For modifications or additions of square footage to existing buildings, the designer shall analyze the existing building and document the impacts upon Code compliance of the proposed addition, examining the first six items above.


The Code Analysis shall be displayed on one of the main drawings for each discipline.

3.14.2. Drawings


Drawings shall comply with the CADD Manual.

3.14.3. Specifications


Specifications shall be developed using the Construction Criteria Base SPECSINTACT program, in accordance with GSFC local section GSFC-00001 Standard Operating Procedures for Specification Preparation.  GSFC local sections are available from the FMD network or may be obtained from Kenny Hudson.


Questions regarding technical content in the GSFC locals should be referred to the appropriate discipline engineer in Technical Policy Section.  Questions regarding the SPECSINTACT program should be referred the GSFC SPECSINTACT CCB representative and Specsintact Coordinator, Kenny Hudson.
3.14.4. Calculations


Calculations shall be complete in all detail.  Calculations shall be provided for all discipline areas, and shall be provided with tables of contents that clearly organize systems.  All calculation assumptions, codes, other source information shall be stated.  Calculations shall be professionally organized with such detail to indicate formulas, schematics, calculation steps, and other information necessary to allow QA checking.


Computerized calculations shall include printouts of all input as well as output sheets and shall be labeled, annotated, and accompanied by diagrams as necessary to clarify all printouts.

3.14.5. Estimates


Cost estimates shall be formatted with 16 division CSI format, with separate breakout for each work package, bid package, additives, options, etc.  Estimates shall be rounded to the nearest $1.

Cost estimates shall be detailed and based on accurate material takeoffs.  Lump sum items shall be avoided. Where lump sum items are necessary, the designer shall explain all assumptions and estimating factors.  Where estimates are based on vendor quotes, at least two sources shall be consulted, indicating the source of the quote.


Cost estimates shall provide escalation, contingency, and SIES according to the percentages previously discussed.  

3.14.6. Design Quality Assurance Requirements


Minimally engineering drawings, specifications, and calculations shall be subjected to inter- and intra- discipline reviews.  Each of these reviews may be conducted as often as necessary during the project development; however, they must be performed at the 90 percent design stage for all projects.


The inter-discipline review shall consist of checking the drawings for coordination and consistency across disciplines.  The project team should conduct this review.  The inter-discipline review shall be conducted prior to the intra-discipline review.  


The intra-discipline review shall consist of checking the drawings, specifications, and calculations for compliance with established technical policy, accuracy, and completeness.  Ideally a checker that is not part of the project design team shall conduct this review.


For CoF designs a constructability review occurs at each milestone submittal review, for CF designs a constructability review shall be performed at the 90 percent design stage.  Constructability reviews should focus on mobilization/material lay down areas, potential accessibility issues, construction technique issues, and the specification requirements for inspection, acceptance, and walkthrough.  Review of the warranty requirements is also needed.  

3.14.7. Proprietary or Single Source Systems


Proprietary or single source items shall be avoided.  If necessary ensure that the drawings and specifications adequately address the proprietary item.  All proprietary items shall have a Justification for Other than Full and Open Competition (JOFOC) completed prior to bidding or soliciting the project.


3.13. Value Engineering


Value Engineering is a CII best practice initiative. The US Army Corp of Engineers has a full-time Value Engineering Study Team called Office of the Chief of Engineers Value

            Engineering Study Team (OVEST).  For more information about OVEST, visit the following website: OVEST.  The Engineering Branch (11/28/97) recommends this program.
3.14.8. Cultural Resources Program 


Historic Standing Structures 

GSFC complies with the National Historic Preservation Act (NHPA) for all construction activities at the Center.  This necessitates the need to identify, evaluate, register, and plan for activities, objects, structures, and sites worthy of preservation.  In 1996 the Center undertook a historical and architectural research project to determine compliance with the NHPA. The Determination of Eligibility, Historic Standing Structures study did not identify any new historic resources.  The only standing historic structure is Building 305.  It has been designated as a National Historic Landmark.  Any work at this building must comply with the Historic Preservation Plan Spacecraft Magnetic Test Facility, Building 305.  Review the GSFC Master Plan for additional information.  Any proposed undertaking/activity (operations or facility related) at Building 305 must be evaluated to determine or minimize the impacts to this National Landmark.  The Historic Preservation Plan identifies a very specific process that must be followed.  


Archeological Program
GSFC complies with the Archeological Resource Protection Act (ARPA).  In 1996 the Center developed an Archeological Reconnaissance Survey Strategy.  A Phase I archeological survey performed on the GSFC campus indicated 4 sites (2 prehistoric, 2 historic) on GSFC property that should be preserved.  Review the GSFC Master Plan for additional information.   Phase II archeological surveys were  required in an area north of building 27 in proximity to were the re-aligned Soil Conservation Service road is aligned.  One site was recommended for inclusion in the National Register for Prehistoric Properties (NRHP), one site was protected from construction activity and one site was deemed not to be eligible for listing in the NRHP.    Areas 100 and 200 were   not investigated.  These sites are the property of the Beltsville Agricultural Research Center (BARC) under use agreement to NASA.  Any construction in either of these areas will require a Phase I survey of the construction site.
For assistance or clarification of any of these issues, consult the local Historic Preservation Officer:

Mr. Paul DeMinco of Code 101.

3.14.9. Goddard Operation Maintenance And Repair System (GOMARS)


The GOMARS is a program to identify, label, and track maintenance on mechanical, electrical, and unique equipment installed at GSFC by FMD.  The system uses the MAXIMO PM/CMMS database as the primary tool to record equipment information, including GOMARS number, warranty information, PM information, Job Plans, historical maintenance information, warranty information, etc.  All designs shall utilize the GOMARS numbering scheme.

3.14.10. Security

NASA/OJX has provided a FACILITY SECURITY REFERENCE DOCUMENT CD as a reference tool for planning, design, and construction of facilities at each Center’s discretion.

3.14.11. Outages


The Project Manager shall ensure that due consideration is given during the design to the number, location, and impact to Center and Customer operations that will occur due to outages needed by the project.  All potential outages should be discussed with FOM's and Customer's during the design stage, and a plan for their implementation should be devised, the complexity of which is dependent upon the impact to Center and Customer operations.  For outages of minor significance, no plan may be necessary.  The designer, as a minimum, shall include on the drawings an Outage Table, and specifications should incorporate outage information as necessary in an effort to reduce cost impacts to the project.  


The Outage Table (not required for Smoke outages) shall list the systems that will require outages, how many outages each system will require, which outages are considered significant, location of outage and area affected by the outage, means of isolation, time of outage (normal hrs, evening hrs, weekend, etc), duration of outage, provision for temporary equipment, temporary caps, bypasses, temporary wiring, etc, if necessary to minimize the affected area.    The specifications shall require the Contractor to submit a listing of significant outages and their proposed dates.  The specifications shall also address the penalty for having the government prepare an outage, and the contractor not utilizing the outage.


Information to determine outage impacts and points of isolation is available from several areas.  

· Electrical single line diagrams (SLD) for power distribution in all buildings may be found in the p:\cadd\slds directory.  Single-line diagrams include the building’s secondary unit substation(s), also referred to as double-ended load centers, and all secondary distribution equipment including, but not limited to, panelboards, uninterruptible power supply (UPS) systems, power distribution units (PDU), and distribution transformers. 

· HVAC floor plans showing which areas are served by each HVAC system may be found in the p:\cadd\hvaczone directory, for those not in the database contact Bill Koch for a hand drawn plan; however, from either source these have not been updated for several years.  Similar HVAC floor plans are being set up to show data from the ISI core database; once these are made available throughout FMD, they will replace the p:\cadd\hvaczone and hand drawn plans.

· Mechanical system schematics are available for a limited number of buildings, in the “schematics” subfolders within the applicable p:\cadd\bldgs\directories.  Systems include:  ductwork for HVAC and exhaust, and piping for steam, condensate, chilled water, hot water, secondary water, refrigerant, compressed air, domestic water, de-ionized water, sanitary drain, storm drain, sprinklers and standpipes.

· For Sprinkler systems in buildings where schematics are not available, see Bill Koch for Mechanical Shop information showing inspector test, drain, and zone valve locations (but not necessarily showing the affected area).  

· Site utilities, currently it is best to have Mike Westbrook provide the information from his databases. Ben Dyer prints may also be consulted, but they have not been updated in 8 to 10 years.


Inasmuch as the information currently available in the CADD databases is limited, most projects will require researching the system in the flat files, microfiche archive, and/or field investigation.  Discussion with O&M and Customer personnel may be necessary to determine full range and impacts of outages. 


For additional restrictions and design requirements, related to outages of fire sprinkler systems only, see 9.7.1 Sprinkler Systems.


For Procedures on implementing outages and using the Utility Outage Request form, see the UTILITY OUTAGE POLICY AND PROCEDURES, September 1996.  The Customer Service Office maintains this document.

3.14.12. Use of Recovered Materials


To the extent practical, EPA Designated items containing recovered materials shall be specified by GSFC technical specifications.  The Technical Policy Section, in collaboration with Code 250.2 and Code 210, has reviewed the EPA requirements specified in the CFR and Recovered Materials Advisory Notices (RMAN) I and/or II, and prepared an affirmative procurement action plan for using these materials in construction contracts.


GSFC local specifications have been developed which address the types of recovered materials that shall be used and specific minimum percentage recovered contents.  


The following list indicates recovered materials that are included in the affirmative procurement action plan: 


Building Insulation – fiberglass or rockwool – bats or rolls.


Board Insulation – polystyrene or polyisocyanurate.


Concrete – cast in place


Concrete Pipe


Concrete Block


Rubber/Plastic Floor Tiles


Hydraulic Mulch


Paint – latex


Steel Shower/Toilet Partitions

The following list indicates materials shown on RMAN III and /or IV for which there are no Local Specifications written. If any of theses materials are used in a project, the Project Manager shall due an evaluation of quality, price, availability, and market competition. The results of his/her evaluation will be submitted to the Technical Policy Section for incorporation in the Local Specifications:

Restrooms Dividers

Carpet Pad

Flowable Fill

Cement//Concrete

Nylon Carpet fiber/backing

Modular Threshold Ramps (ADA)

Non-pressure Pipe

Roofing Materials


For reporting, the Technical Policy Section has decided that on-site IDIQ contractors shall report on an annual basis.  For other types of contracts, the contractor shall report at contract completion.  Reporting policy is being implemented by the Procurement Office.

3.14.13. Warranties


Warranty of items shall be considered and developed during the design phase.  The standard FAR Clause included in construction contracts (52.246-21 Warranty of Construction) effects a 1-year warranty by the general contractor (GC) in addition to any other warranties that would normally be provided by the subcontractors, manufacturers, or material suppliers in a normal commercial practice.  Designers should research the type of equipment (material, equipment, or workmanship) that is being specified by the technical specifications to determine if extended warranties for all or portions of the equipment are available or should be requested.  All equipment that has a special warranty greater than 1-year shall be listed in Specification section 01770 Contract Closeout.  The list shall include the technical section where the equipment is specified, the type of the equipment, terms, and the expected duration of the extended warranty.

3.14.14. Space Numbering System


Design drawings shall label spaces in accordance with the FMD Property Hierarchy guidelines.  Property Hierarchy numbering is implemented through the CADD Group.  Additional information is in the CADD Manual.  Of particular importance is that arbitrary construction room numbering shall not be used on design drawings.

3.15. CONSTRUCTION

3.15.1. Preconstruction Conference

This is the first meeting with the government and the contractor personnel after award.  The meeting shall be scheduled as early after contract or delivery order award as is practical, however not to exceed one week.


The PM/CM shall chair the meeting, but shall turn the meeting over to the PA, Security, and Safety at the appropriate times for them to present their particular briefings.  The purpose of the meeting includes briefing the contractor on "how to get started", PA checklist briefing, obtaining badges and Security briefing, Safety briefing, and general discussion regarding concerns from the PM, FOM, O&M, customer, and others as appropriate.  The Notice to Proceed (NTP) is usually issued at the meeting.

The PA is responsible for scheduling time and location for the meeting, notifying the invitees, assuring the sign-in sheet is completed, completing the Memorandum of Pre-Construction Conference form with the contractor and having it signed, and handing out the forms the contractor will need in accordance with the checklist.


The following forms are used to support this function:  


Caf-300 Notification of Pre-Construction Conference


Caf-301 Attendance Register – Pre-Construction Conference


Caf-303 Memorandum of Pre-Construction Conference


Caf-317 Draft Agenda for Pre-Construction Conference

The following forms are provided to the Contractor at the Pre-Construction Conference:

Caf-007 Breakdown of Contract and Partial Payment Request (This form is in MSPUBLISHER .pub format)


Caf-301 Attendance Register – Pre-Construction Conference


Caf-302 Submission of Correspondence


Caf-303 Memorandum of Pre-Construction Conference

Caf-304 Material Approval Submittal Transmittal Sheet (This form is in MSPUBLISHER .pub format)


Caf-310 Release


Caf-313 Request for Information


Caf-315 Excavation Request/Permit


Caf-319 After Hours Request


Caf-320 Utility Outage Request


Caf-322 Electrical Switching 


GSFC 23-4 Hot Work Permit (This form is in ADOBE .pdf format)

GSFC 23-52 Confined Space Entry Permit (This form is in ADOBE .pdf format)


SF 3881 (This form is in ADOBE .pdf format)

3.15.2. Progress Meetings


The PM/CM shall determine Progress meeting frequency and schedule, and shall prepare an agenda for each meeting.  Agenda shall generally include review of the previous meeting minutes, current progress review and progress schedule update, safety issues, outages, as-built drawings update, deficiencies and corrective action notices, status of submittals, material deliveries, and any other necessary business relating to the work.

3.15.3. Construction Scheduling

Contractors are required to submit a schedule detailing the progression of work through the duration of the contract.  Generally smaller less complex projects use a GANTT type schedule.  For larger, complex, or discrete type projects a Network Analysis or CPM type schedule is provided.

Regardless of the schedule type, sufficient cost information shall be embedded into the schedule breakdown, which then becomes the basis of Progress payments through the contract duration.  The PM/CM should validate that the schedule is not front-loaded, and that the values supplied for the items of work are roughly the value of the stated work.


Additional information regarding contractor schedules is described in GSFCLOCAL 01200, “Project Management”.

3.15.4. 
Partnering Meetings


Partnering is a CII “best practices” methodology.  Partnering is a voluntary effort.


Partnering meetings shall be scheduled as necessary.  All partnering meetings shall be scheduled through the Customer Service Office.  The PM/CM shall be responsible for coordinating the requirements and level of Partnering meetings.  Small projects may only require 2 to 4 hour meeting, on-site, with limited management involvement.  Large projects may require a full day meeting, an outside Facilitator, Division level management participation, and other special arrangements.


Minimally the Partnering meeting should accomplish the following objectives:


Project objectives


Identification of potential issues


Method for resolution of issues


Method for escalation of issues

Partnering shall be implemented in accordance with the NASA Far Supplements” NFS ‘s SUBPART 1836.70    PARTNERING and 1852.236-75 Partnering for Construction Contracts


A document is available through HQ/OJX at NASA Partnering Desk Reference.

3.15.5. Submittal Register/Shop Drawing Log

Shop drawings shall be tracked using the Shop Drawing Log on the Expedition-Logs-Submittals Module..  After award of the construction contract, the PM shall use the SPECSINTACT Submittal Register Program to create a submittal register.  A copy of the submittal register shall be provided to the Contractor as the "Preliminary Project Submittal Schedule" (refer to SPECSINTACT GSFCLOCAL 01200).  The Contractor shall review and return the schedule with proposed changes, including additions, deletions, and "DATE DUE FROM CONTRC" field populated.  The PM and the Contractor shall finalize the required contract submittals, editing the Submittal Register to effect all of the changes. Once this is done, the Submittal Register is ready to be imported into the Expedition-Logs-Submittals Module.  The PM shall provide the finalized Submittal Register to the CA.

The CA, using the Shop Drawings Log application, creates a new contract.  The system will prompt the user whether to create the contract using SPECSINTACT data.  Upon choosing YES, the system will import the SPECSINTACT data into the Shop Drawings Log contract.  The Shop Drawings Log will create a shop drawing record for each submittal and import the following fields:


Specification Section Number


Specification Paragraph Number


Submittal Type


Description


Date Due From Contract

In addition the Shop Drawings Log will populate each record imported with a NASA Submittal #, sequentially beginning with 1 and ending with the numeric count of all the submittals.  Also populated will be the Keyword field to indicate the following:


For Specification Section 01XXX, Keyword = "left blank"





  02XXX, 03XXX, Keyword = Civil





  04XXX, Keyword = Architectural





  05XXX, Keyword = Civil





  06XXX, 07XXX, 08XXX, 09XXX, 10XXX, 11XXX, 12XXX, 






   Keyword = Architectural





  13XXX, 14XXX, Keyword = "left blank"





  15XXX, Keyword = Mechanical





  16XXX, Keyword = Electrical

  
Note:  this generic population of the Keywords is not always correct, and the CA must make adjustments where necessary, including populating "left blank" records.


A print of this Shop Drawing Log shall be made and provided to the contractor.

3.15.6. Submittals

The contractor shall submit 7 sets of a submittal using the Material Approval Submittal Transmittal Sheet.  5 sets are sent to the government, 2 sets are sent to NASA’s A-E.

The A-E shall stamp and return 1 set to NASA.  NASA shall use this set, along with other in-house review, to stamp the 5 remaining sets.  3 sets of stamped submittal shall be returned to the contractor.

Under the FaCETS contract, 4 sets are submitted.  Once approved, 2 sets are returned to the Contractor and 2 sets are kept by the Government (one for the QA Contractor and one for the file).

It is imperative that the contractor use the numbering scheme found in the Shop Drawing Log, in addition to any other numbering that their particular company may use, since this is how future submittals will be paired with their database record.

FMD-304 Material Approval Submittal Transmittal Sheet is used. (This form is in MSPUBLISHER .pub format)

3.15.7. Construction Site Representatives (CSR)(or Inspectors)

These Quality Assurance personnel who are predominantly contractor but some civil servant are assigned to all construction projects, CF and CoF.  They are accountable to the CC’s and CM’s regarding the detailed activities of the construction contractor.  Some specific duties /responsibilities of the CSR’s include:

· Attend pre-construction and progress meetings

· Keep daily logs on the projects

· Monitor work quality and compliance with Contractor Quality Control Plan

· Monitor safety

· Coordinate permits and outages

· Develop punch lists and coordinate on project close-out

· Prepare daily report in which the focus is to proactively monitor contractor QC process.

Review of Submittals/Shop Drawings

Review of submittals is performed by the Discipline Engineers during the same period that the A-E is reviewing the submittal.  Once the A-E’s copy is received, final disposition is made on the remaining submittal sets using the Code 220 Shop Drawing Stamp.  

FMD-304 Material Approval Submittal Transmittal Sheet is used. (This form is in MSPUBLISHER .pub format)

FMD-305 Submittal Review Comments may be used.

3.15.8. Contractor Quality Control (CQC)/ Quality Assurance (QA)

CQC
All construction contractors shall provide CQC.  FMD has split CQC requirements into two levels in the FaCETS contract, the dividing line being the monetary value of the contract: either greater or less than $500,000.00.  Contracts less than $500,000 (see Specsintact GSFC local Section 01450, “Contractor Quality Control (”) do not require a CQC Manager (CQCM) full-time at the jobsite, and do not require 3-phase quality control procedures.  Contracts greater than $500,000 (see Specsintact GSFC local Section 01451, “Contractor Quality Control ((”) require a CQCM full-time at the jobsite, and require 3-phase quality control procedures.  All CoF work shall be done using the greater than $500,000 procedure.


QA

The Government or its appointed representatives provide QA.  As much as is practical, QA representatives shall participate in CQC meetings, demonstrations, tests, walkthroughs, and 3-phase meetings.

3.15.9. Progress Payments

NASA is required to follow the Prompt Payment Act, which requires processing payments in a timely fashion, 14 days, to avoid paying interest charges.  

FMD-017a&b Breakdown of Contract Partial Payment Request is used. (This form is in MSPUBLISHER .pub format)

3.15.10. Safety

The contractor is required to submit a Safety Plan for the project, which specifically addresses how safety will be achieved throughout the project duration.  The Safety Plan is developed around the model Safety Plan as outlined in the GSFCLOCL  (01411) Specifications, and must be approved by Code 250 in addition to any approvals by Code 220.  The extents of the Work Area to which the Safety Plan applies must be clearly delineated and designated in the Plan.  The PM/CM shall become familiar with the contractor’s approved Safety Plan.  

Safety shall be a standing topic at regularly scheduled progress meetings.  The PM/CM shall attend the contractor’s safety meetings as time permits.  

Generally all FMD construction sites shall be considered hardhat and safety shoe areas, irrespective of the OHSA requirement that protective hats to be worn in areas where there is possible danger of head injury from impact, from falling objects, or from electrical shock and burns.   PM/CM/QAR/CSR’s shall be responsible for enforcing that hard hats are worn at all construction sites.  (Exemption:  OSHA establishes that personnel may refuse to wear a hard hat on grounds of religious reasons.  When this occurs, Code 250 shall be specifically notified so that they may notify the OSHA Regional office, which is required by OSHA STD 1-6.5).  Personnel shall be protected by other safety equipment as necessary to suit the job conditions, i.e., ear, eye, hand, body protection as necessary.

Signs indicating "HARD HAT AREA" shall be posted at the entrances of all such areas.

3.15.11. Work Freezes/Restrictions in Buildings 001, 003, 013, 014, 024, 031, and Site Excavations and Building 32 in the East campus.
Work in 001, 003, 013, 014, 024, 031 are always included during a Work Freeze/Restriction. 
Work in Building 32 is controlled and approved by the Building 32 Utility Working Group (UWG) which is supported by the Electrical Configuration Panel (ECP) and the HVAC Configuration Panel (HCP). Code 224 have representatives in all three groups. 

003/013/014 Utilities Committee: Committee responsible for coordinating all utility work within the building 003/013/014 complex.  Maintains list of work approved for exemption from work restrictions.  Maintains the Launch and Freeze schedule.  Code 224.2 provides FMD representation on the Committee.

Soft Freeze: Period of time dedicated for completing work that could affect mission critical systems.  This time is set-aside to finish and/or return mission support equipment to normal configuration prior to the start of a Hard Freeze.  No equipment changes, maintenance, or start of new projects is allowed unless management in the impacted area has granted prior approval.

Hard Freeze: Starts 50 hours prior to manned-launch, and 8 hours prior to a un-manned-launch. Continues throughout the mission or critical time as reported by the Operations Support Center (OSC).  Exceptions can be made to work restrictions only by the 003/013/014 Utilities Committee.

Work Restrictions:

No work in or around any load centers, motor control centers, or distribution panels (neither high nor low voltage).  PEPCO 34.5 kVA system feeders, 4.16 kVA feeders, and diesel generator sets that support the buildings above are also included.

No work in or around any of the UPS units to include Mechanical room, PDU’s and their associated circuit breaker panels, battery cells, and cabling.

No work in or around any of the CAT-5 Network closets or associated CAT-5 drops or any of the communication closets and the cable raceways associated with them.  This restriction includes areas above the ceiling, under the floor, and between floors.  NASCOM Group is not restricted from performing work relating to this.

No cable pulling above the ceiling or under the floor that involves disturbing or altering any communication, NASCOM, or mission critical cabling.

No work that requires an area wide securing of the smoke alarm system in a mission critical area, or any part of the sprinkler systems within the building.

No work on any plumbing system that could cause water leakage, deluge, vapor leakage (sewer) or vapor/mist damage to mission equipment, personnel, or cabling.

No work on an AC system that could cause adverse effects of equipment or personnel.  No changes to loading that could cause over-heating and equipment failures to nearby systems. This includes air conditioning systems supporting load centers, technical power rooms, and areas that contain UPS.

No work that involves heavy equipment to include drilling, excavation, cableways, and manholes that house utilities: chilled water lines, domestic water lines, sewer lines, electrical/communication lines, steam lines, etc.  This includes the area near the PEPCO transformers, Cooling Towers (024A & 024B), Diesel Generator building (024C), and fuel farm (024D).  No work that involves overhead crane operation, digging/trenching, or cable pulling.  

Exemptions from Work Restrictions: Exemptions to the work restrictions will be granted upon approval of the Utilities Committee.  The following information must be submitted to the Committee for exemption consideration:


Description of work to be accomplished


Outage/downtime required of specific equipment


Time estimate to complete each phase of the work


Potential hazards or risks


Impact or risk in not doing the work

If an exemption is granted to a project, the PM/CM shall ensure that the Exemption is documented in writing, including a copy for the project file.

Freeze schedules can be very volatile, and can change with little or no notice.  Construction contractors must closely coordinate schedules with the Government for work in or around the listed buildings.

3.15.12. Work Freezes/Restrictions in Buildings 005, 007, 010, 015, 023, 029, and 032

Work in 005, 007, 010, 015, 023, 029, and 032 are only sometimes included during Work Freeze/Restriction.

Generally these buildings are included in a freeze or work restriction subject to the approval of the building’s FOM.

3.15.13. Work in Secure Areas

Secured buildings and areas: Portions of the 003/013/014 complex, 024, 031, and the two electrical switchyards.

Work in these buildings and areas requires workmen who have been issued a GSFC RED badge, or accompaniment by an Escort who has been issued a RED badge.  Anyone wishing to enter the mechanical rooms in the 3/13/14 complex must first check in at Room N1.  Escorts are expected to provide oversight of non-RED badge contractors.  Escorts shall immediately notify the PM/CM of any activities that jeopardize the integrity of the secure building or area.  Questionable activities are to be reported to the Security Office for further investigation/resolution.

3.15.14. Work in Specialized Areas

Work in specialized areas such as cleanrooms, optics sensitive areas, etc., also must be contended with.  Generally work in these specialized areas must be coordinated closely with the building’s FOM and Building Manager.

As  an example of guidance developed for specific areas and/or missions the following table  was developed for the buildings 7, 10, 15, and 29 complex for HST. This table is indicated here to provide the PM’s a sense of the concerns in executing work in these facilities.
July 23, 2004

2004 Facilities Restrictions for the HST Program

	Activity
	Restriction
	Applicable Locations

	Combustion Engine Operations

	Usual and customary

Lawn mowing

Delivery Trucks
	Idling longer than 5 minutes prohibited
	Front of

Bldg 7

	Non-standard operations:

Generators

Construction equipment

Forklifts
	Approval required except   for emergency power   backup operation and    routine checkout
	Perimeter of

Bldgs 7, 10, 15, and 29

	Aerosol Spraying

	Herbicides / Pesticides
	Prohibited after 9/1/04 Approval required otherwise
	Perimeter and high bays of Bldgs 7, 10, 15, and 29

	Herbicides / Pesticides
	Approval required
	Office areas of 

Bldgs 7, 10, 15, and 29

	Paints / Sealants
	Prohibited after 9/1/04

Approval required otherwise
	Perimeter and high bays of 

Bldgs 7, 10, 15, and 29

	Paints / Sealants
	Approval required
	Office areas of 

Bldgs 7, 10, 15, and 29

	Construction Activities

	Asphalt / Tar operations:

Roofing

Paving
	Prohibited after 9/1/04

Approval required otherwise
	Within ½ mile of

Bldgs 7, 10, 15, and 29

	Sidewalk repair
	Approval required
	B29 and Loading docks

	Exterior construction
	Approval required
	Perimeter and roof of

Bldgs 7, 10, 15, and 29

	Interior construction
	Approval required
	Interior of

Bldgs 7, 10, 15, and 29

	Sandblasting
	Approval required
	B29 and Loading docks

	Maintenance Activities

	Items requiring a cure:

Sealants and caulks

Adhesives and epoxy’s
Paints, flooring mastic
	Approval required
	Interior of

Bldgs 7, 10, 15, and 29

	Crane maintenance
	Approval required
	SSDIF Cleanroom

	Overhead light maintenance
	Approval required
	SSDIF Cleanroom

	Floor stripping and waxing
	Prohibited after 9/1/04
	Hallway outside SSDIF gowning room

	HVAC repair/replacement
	Notification required
	Bldgs 7, 10, 15, and 29


Contamination Contacts:
Jackie Townsend, x6-6685
David Hughes, x6-4986

Project Contacts:

Joe Reed, X6-2675

3.15.15. After Hours Work and Lists

Normal working hours are 7:00am – 3:30pm, Monday – Friday.  An After Hours Request must be submitted to the CSR by the contractor no later than 12:00 p.m. on the day which the work is to take place, the CSR must then send the list to 240 Security Division at Building 009 for their records.

Before approving or sending the After Hours Request (for CoF projects), the PM/CM must first determine with the PM that adequate funds exist to support after hours QA inspections, escorts, or other SIES type costs which may be over and above the current level of SIES support that the PM has included in the task. 

FMD-319 After Hours Request is used. 

3.15.16. Outages

FMD Utility Outage Policy and Procedures is the official policy regarding the outage process.

The basis for planned outages in a project should be the Utility Outage Plan that is shown on the design drawings.  For sprinkler and smoke outage requests, the contractor should submit the request at least three working days prior to the requested date.  For all other outage requests, the contractor should submit the request at least seven working days prior to the requested date.  Outage requests shall be submitted to the CSR using the Outage Request form.

Code 227 implements approved outages.  Full use of Lockout/Tagout Procedures shall be followed.

Outages processed by the Government, for which the contractor fails to perform the scheduled work due to willful negligence, which then requires the outage to be processed a second time, shall be cause to deduct a compensatory value from the contract price equal to the value of preparing the second outage.

FMD-320 Utility Outage Request is used (This form is in ADOBE .pdf format)
FMD-322 Utility Operations Switching-Testing Notification is used.
3.15.17. Excavation Permits

Any excavation operation requires an Excavation Permit.  Excavation operations include: surface scarifying, surface grading, driving stakes, setting post holes, trenching, general excavation, and any other subsurface activity that has potential to damage underground utilities.


In any job involving excavation the PM/CM is responsible for coordinating the effort to locate and mark the underground utilities that are within and adjacent to the excavation.  This effort will involve contacting Code 291 (Fred Meader) who will aid in locating utilities.  A copy of the most current underground utilities database may be obtained from the CADD group (Mike Westbrook). Use this information in conjunction with Code 290 effort to establish all utilities.


The contractor shall submit an Excavation Permit Request to the CSR, who will then coordinate with Code 290 to mark utilities local to the area.


FMD-315 Excavation Permit/Request is used.

3.15.18. Hot Work Permits

Hot work shall comply with GSFC 200-PG-8715.1.1.

All hot work operations requires a Hot Work Permit.  Hot work operations include: any flame or heat generated from welding, torch cutting, sweating, torching, roof kettles, etc.

A fire watch/inspection of the area must continue for one hour after ceasing hot work operations, and at least two 9-kilogram dry chemical fire extinguishers must be on-site and available for use during and after operations.

The contractor shall submit a Hot Work Permit Request to the CSR.  The CSR shall review the work site with the contractor, verify all safety precautions are in place prior to granting approval of the work.

GSFC 23-4 Hot Work Permit is used. (This form is in ADOBE .pdf format)
3.15.19. Confined Space Entry Permits

Work in confined spaces shall comply with NPR 8715.3 paragraph 6.18 “Confined Spaces” and GPR 1700.6, Confined Space Program.

Any confined space entry requires a Confined Space Entry Permit.  Confined space is defined as not designed for human occupancy, or which provides limited or restricted means of exit. Confined spaces include tanks, vaults. Manholes, water tower, tunnel systems, air handlers, etc.

The contractor shall maintain a Confined Space Entry Permit at the work entry location. Public Law 91-596 Occupational Safety and Health Act of 1970 provides under Section 5(a)(1) that each employer “shall furnish to each of his employees employment and a place which are free from recognized hazards that are causing or are likely to cause, death or serious physical harm to his employees.”


The criteria to apply the above paragraph requires that:

· It is a recognized hazard.

· The hazard has to be serious (possible death).

The hazard needs to be abatable.

GSFC 23-52 Confined Space Entry Permit is used. (This form is in ADOBE .pdf format)

3.15.20. Best Construction Cores


The project specifications specify Best Lock Company locksets to be provided, however, the items are not specified as proprietary.  For each lockset installed, the PM/CM shall ensure that it is provided with a brass construction core or a plastic construction core.  If the brass core is provided the Security Office will pull the construction core at the completion of the project and install a permanent GSFC core.  However if the contractor provides a plastic core the lockset provided shall include the uncombinated permanent core from the Best Lock Company.  The uncombinated permanent core shall be turned over to the Security Office who will replace the installed plastic construction core with the permanent core at the completion of the work.

3.15.21. Removal of Best or Yale Hardware


Locksets from doors that are removed shall be turned over to the Security Office.  This applies to the Best Company and Yale Company locksets (specially mortise sets, this is the Security Office method of obtaining replacement parts). If the contractor provides locksets that are Best Lock compatible (Falcon, et al), the PM shall at the end of the project provide the Security Office funds in the amount of $15.00 per lockset for the Security Office to purchase Best Lock Company uncombinated cores to replace the installed construction core at the completion of work

3.15.22. 
Operational Readiness Reviews (ORR’s)

ORR’s shall be conducted as necessary for all equipment and systems indicated in the technical specifications.  These reviews are provided to demonstrate to the GSFC Project Team that equipment and systems perform as required.  Participation from the C, O, & M Branch, the Customer, and the Building Manager is extremely important to the process, as these are the personnel that will be in proximity to the operation of the work after acceptance.  Additional information about ORR’s is provided in the Specsintact GSFC local Section 01700, “Contract Closeout”.

FMD-308 Notification of Operational Readiness Review is used.

3.15.23. Punchlist

Once the majority of work is completed, or to the point that the Government decides it wants to take beneficial occupancy of all or only part of the facility, the Government will issue a Notification of Facility Acceptance Walkthrough.  The PM/CM shall work with the contractor prior to the official walkthrough to determine where deficiencies exist, in an attempt to have them corrected prior to the formal walkthrough.  At the Facility Acceptance Walkthrough the Government will itemize all punchlist items outstanding, whether old or new, and provide a copy to the contractor.

FMD-309 Notification of Facility Acceptance Walkthrough is used.

FMD-323 Inspection Punchlist is used (This form is in ADOBE .pdf format)

3.15.24. Operation and Maintenance Manuals


At the end of construction, 5 sets of the final Operation and Maintenance Manuals shall be approved by the PM.  The O&M Manual Transmittal Form shall be attached to the final O&M transmittal package.  The Building 18 Technical Library shall retain one set, and the remainder are processed by the FOMs Console Supervisor where they are input into the MAXIMO database and distributed to the appropriate Shop(s).

3.15.25. Commissioning of Systems

The following document provides the agency guidance of using PT&I technology to implement commissioning:


NASA Reliability Centered Building and Equipment Acceptance Guide
3.15.26. Acceptance

When determined by the PM /COTR at or after the Final Acceptance Walkthrough, a Work Acceptance memo is sent, indicating the acceptance date, to the Contractor with an attached punch list and a list of Gomar Equipment. The customer, the CO&M Branch and the Contracting Officer are copied on this memo.

3.15.27. Warranties


All items furnished as part of the contract are warranted for a period of 1-year by the GC.  In addition, the specifications section 01700 Contract Closeout will contain a list of items for which special (extended) warranties are to be provided.  The PM (supported by the QAR) shall ensure that all GOMARS labeled equipment has a GOMARS Identification tag and a Warranty tag in accordance with Specification section 01700 Contract Closeout. During the Final Acceptance Walk-thru the PM (or QAR) shall ensure that the FOM, O&M personnel, and Customer are made aware of which items have special warranties.

3.15.28. Tracking of Warranties


After Acceptance, all warranties shall be the responsibility of the Construction, Operations, and Maintenance Branch.


Warranties for new work includes the standard 1-year warranty and any extended warranties that are provided.  Warranty information that is provided to the O&M branch (generally only for equipment which has a GOMARS #, or a roof) shall be input into the MAXIMO system.  In general, only GOMARS tagged equipment is actively pursued to effect warranties.  For non-GOMARS type equipment installed, generally O&M branch will not pursue the warranty if only for a single failure of a relatively small item.  However, if it becomes apparent that multiple failures or other extensive problems are occurring, the O&M Branch representative shall contact the PM so that further action can be pursued.  


After the Craftsman has determined that the GOMARS equipment is under warranty, and having field inspected the equipment to determine that a warranty call is needed, the Craftsman shall notify Code 227 RCM Group (Shop 88) to call in the warranty. It is important that the when the contractor visits the Site to examine the equipment, that the contractor check-in with the appropriate Shop.  The appropriate Craftsman should be on hand to review what action is taken, and to verify that the equipment is repaired, and note what further action is required, if any.  If the contractor does not respond, the RCM Group representative shall contact the PM/COTR.


Open warranties shall be tracked by the MAXIMO system


If the project is still under construction, the QAR shall call in the warranty. If the contractor does not respond, the QAR shall contact the PM/COTR so that further action can be pursued.

3.15.29. ESPC/ESA Warranties


The majority of Energy Conservation Measures (ECMs) provided by ESPC or PEPCO ESA contracts are warranted for a period of 1-year by the contractor.  ECMs include motors, pumps, variable frequency drives, etc.


ECMs that are not warranted include lamps and ballasts.  FMD’s C,O & M Branch shall replace any failed lamps or ballasts.  However if numerous failures were to occur, C,O & M shall contact the CO/COTR for the ESPC/PEPCO ESA contract, who will notify the contractor.  Note that since the term “numerous failures” is subjective, a 5 percent failure rate in the 1st year shall warrant contractor action.


Construction Contract Performance Evaluation

All Construction Contractors shall be evaluated using the SF 1420.  Evaluations shall be provided to the CS.

The form provides for three possible ratings: Outstanding, Satisfactory, and Unsatisfactory.  An Unsatisfactory rating may not be given at the completion of the contract unless poor work has been thoroughly documented by the PM/CS to the Contractor throughout the life of the contract.

SF 1420 is used (This form is in ADOBE .pdf format)
3.15.30. Project Closeout

The PM/CM shall review the Project against the Project Closeout Checklist to determine that all requirements have been completed.  Satisfactory project completion does not occur until the PM has fulfilled obligations to the Division by providing project turnover with excellence to O&M, the Technical Library, and the Division’s as-builts. 

FMD-314 O&M Transmittal is used.

FMD-324 Project Closeout Checklist is used.

3.16. OPERATION AND MAINTENANCE

3.16.1. RCM Program

NASA Reliability Centered Maintenance Guide for Facilities and Collateral Equipment
The C, O, M Branch is implementing an RCM approach to the Center’s facilities in terms of reliability.  

MISSION:  To provide the required facility reliability at GSFC at the least cost.

SCOPE:  Reliability Centered Maintenance concepts are used by all Center personnel involved in the life cycle of facilities.

CRITERIA FOR SUCCESS:

Management:  Commits resources necessary to implement and maintain RCM in accordance with the Program.  Has budget authority and assesses progress of the RCM Program.


Planning: Identifies criticality of missions and corresponding space allocations.  Plans projects to provide the required function and reliability of facility systems.  Ensures the best match of facility assets and capabilities with GSFC strategic mission needs.  Tracks, reports, and maintains current listing of criticality assignments.


Engineering:  Ensures facility designs that meet functional, reliability, and maintainability requirements in accordance with RCM concepts.  Tracks and reports specific design features supporting RCM objectives.


Construction:  Ensures that facility functionality and maintainability meets specifications.  Ensures complete facility/system turnover to Engineering, O&M, and Customer.


Operations and Maintenance:  Ensures that the appropriate maintenance strategies are used to meet the reliability for each facility system.  Develops and implements effective metrics that clearly indicate that RCM goals are achieved.

The RCM Program has a Champion, a Program Manager, a standing Committee, a Coordinator, and various Technical Teams.

RCM Champion: Provides senior level oversight, has budget authority, approves program priorities, resolves issues, and makes decisions.

RCM Coordinator: Technical staff member that provides the RCM Committee with expert consultation.  Make equipment and technology recommendations, provides analytical support and on-job-training (OJT) to FMD staff.

RCM Technical Teams: Guided by the RCM Committee, collects data, analyzes data, provides a technical resource for execution of the RCM Program.

3.17. GENERAL REFERENCES & ACRONYMS

GENERAL

Determination of Eligibility Historic Standing Structures, 1997


Historic Preservation Plan Spacecraft Magnetic Test Facility, Building 305, 1996


NASA HQ OJX Memo - NASA Facilities Engineering Metric Transition Policy, May 13, 1994


NASA HQ OJX Memo - Guidelines for Cost Escalation FY98, March 28, 1996


NASA HQ OJX Memo - Guidance for Acquisition of Modular Metric Construction Products, June 18, 1996


NASA HQ OJX Memo - Guidance for Construction Projects Using Modular Metric Products, January 3, 1997


METRIC

The source reference documents on metrics adopted by the U.S. Government are:

ASTM E621, Standard Practice for Use of Metric (SI) Units in Design and construction.


ANSI/IEEE 268, American National Standard Metric Practice.


ASTM E380, Standard Practice for the Use of the International System of Units (SI)


For editorial matters, also refer to:

Metric Guide for Federal Construction, First Edition, NIBS.


M2, Metric Design Guide, Third Edition, GSA


The source reference document for metric technical matters adopted by NASA GSFC is:

SI (Metric) Handbook, dated November 30, 1993, KSC-DM-3673, NASA, John F. Kennedy Space Center.

4. NOT USED

Not used.

5. MASTER PLANNING

5.1. GENERAL


Goddard's Facilities Master Plan

On Thursday, April 3, 2002, the National Capital Planning Commission (NCPC) approved the Facilities Master Plan for Goddard Space Flight Center's Greenbelt site.  The NCPC commended Goddard for a number of technical aspects of the plan, and took note of the close coordination with external stakeholders including the Center's many residential neighbors.  Completing the master plan is an important step in changing Center facilities to enable efficient, effective conduct of GSFC's mission in future years.   Plans and designs are proceeding for early implementation projects including rerouting Soil Conservation <Service> Road and consolidating Space Science activities from across the site.

Refer to the Planning Office for current status.

5.2. LAND USE


Although some existing buildings can accommodate additions, there are few appropriate sites available for new facilities on the "Main Campus".   Because of this shortage of building sites, recent development has occurred in areas east of Soil Conservation Road, and referred to as the "East Campus".   Additional development is planned for this area.


The Master Plan designates areas for operations, recreation, open space, roads, and parking.  Natural wooded buffer areas around the perimeter of GSFC are also designated in the Plan. 


Internal buffers are required to isolate certain activities from both on-site and off-site interference such as lights, EMI, and metallic objects.  Activities that require seclusion from surrounding interference include the Spaceflight Tracking and Data Network (STDN) area, the Antenna Test Range (Area 100), the Goddard Geophysical and Astronomical Observatory (Area 200), the Magnetic Test Facility (Area 300), and the Propulsion Research Facility (Area 400).

5.3. BUILDINGS AND STRUCTURES


Most buildings and structures at GSFC are sited separately but interrelate with one another.  However, some building groups interrelate more closely both physically and functionally, having evolved into building complexes.  These complexes include Buildings 3, 13, and 14; Buildings 16 and 16W; and Buildings 7, 10, and 15 and 29.

5.4. UTILITIES


Power:

Potomac Electric Power Company (PEPCO) furnishes 34.5 kV primary power to the GSFC Greenbelt facility.  Primary power is transformed to 13.8 kV and 4.16 kV for underground distribution from the Central Substation, located across from Building 24, to buildings on the west campus.  Primary power is transformed to 13.8 kV for distribution from the East Switchyard, located north of Building 31, to buildings on the east campus.  Each building has a load center that transforms the distribution, voltage to voltages of 277/480 volts and/or 120/208 volts for utilization.  The distribution system generally consists of concrete encased underground conduits and manholes.  In some areas, the power distribution system is comprised of direct burial conductors.  Emergency back-up power for critical loads is provided by local uninterrupted power supplies (UPS) at specific loads and by diesel generators located at Buildings 024 and 031.


Communications:
Signal and data communications, which interconnect all buildings and several antennae, are distributed in concrete encased ducts and manholes that roughly parallel the power distribution system.  A separate telephone system is served by a network of direct burial cables.  An inter-center communications system provides terrestrial and satellite links throughout NASA.  The equipment for this system is located adjacent to Building 1.  Two Local Area Network (LAN) systems, one center-wide and one for Code 700, are connected to the Internet. 


Steam:
Steam is used for heating, humidification, and process uses.  Steam is produced by the central heating and refrigeration plant (Building 24) and distributed to buildings by an underground piping system.  Condensate is returned to the plant by condensate return pumps in each building, through underground piping parallel to the steam lines.  Chapter 9.0, Mechanical Engineering Criteria, of this document provides information on the plant capacity and the distribution piping.   The FMD Utilities Master Plan, Restoration of Steam Distribution System [currently being developed] will provide information on the configuration and size of the existing system, and on the system replacement and upgrading now underway in phased CoF projects.

Natural Gas:
Natural gas is provided by Washington Gas Company at a master meter (interruptible service) to the power plant (Building 24), the cafeteria in Building 21, and heating in Building 97.  Separate meters serve Building 9 and Building 302.  

Landfill Gas:

A 250 mm main pipe from the Sandy Hill Landfill provides the center with landfill gas. Toro Energy Company of Maryland has a renewable 10 years agreement with the center to provide this service. The pumped gas from the landfill has an existing capacity of 900 l/s (1900cfm) with the capability to expand to 1415 l/s (3000cfm). The landfill gas (50% methane plus other gases) fuel the steam boilers located in the CPP at Building 24.
Fuel Oil:
Fuel oil is not generally used for heating at GSFC, with the exception that the Central Power Plant (Building 024) Boilers have fuel oil (#2) as backup, due to the interruptible gas service.

Chilled Water:
Chilled water is provided by the central refrigeration plant (Building 24) and supplied to the major buildings on the main campus and Building 25 by underground supply and return piping.  A new chiller plant located on the East Campus will provide chilled water to new development on the east side of Soil Conservation Road.   Chapter 9.0, Mechanical Engineering Criteria, of this document provides information on the plant capacities and the distribution piping.  The FMD Master Plan, Restoration of Chilled Water System, July 1995, provides information on the configuration and size of the existing system and on the system replacement and upgrading now underway in phased COF projects.


Domestic Water:
Domestic water is provided to the Main Campus at two metered connections along Greenbelt Road by the Washington Suburban Sanitary Commission (WSSC).  To compensate for inadequate pressure, a system consisting of pumping stations and an elevated storage tank is used to equalize water flow and provide 75-psig head pressure.  The system is fully looped and valved.  Domestic water service to the Magnetic Test site is provided by a WSSC metered connection at Good Luck Road.  Service to the Optical Tracking and Ground Plane Test Facility is provided by a 250 mm FP line and a 50 mm domestic water line under Springfield Road that connects the site t the WSSC water towers.   The FMD Utilities Master Plan, Main Campus Fire Protection/Domestic Water Supply System, provides information on the configuration and size of the existing system, and proposed upgrade or replacement projects.

Sanitary Sewer:
The main campus sanitary sewer serves all of the main campus plus Buildings 27 and 25 and it drains to an outfall just east of Building 9 whereby it connects to the WSSC system on the south side of Greenbelt Road.  This main outfall has a capacity through the 8" clay pipe of .051 m3/sec. Lift stations are required for the sewer system in Buildings 26, 97, 90, 20, 19, 18, 16, 21, 24, 4, and 25.  The east campus connection to the WSSC system is located at the intersection of Good Luck Road and Greenbelt Road and at this time it is all gravity fed.  Its capacity through the 8" system is .026 m3/sec.  Remote sites, where sanitary sewer is not provided, are served by local septic systems.


Storm Drainage:
A Stormwater Management Master Plan was developed in 1994 which analyzed 2,10, and 100-year storm flows using 1980 hydrology and current hydrology.  The plan involves maintaining the 1980 flow rates through all future development unless a waiver is granted by the Maryland Department of the Environment.  These rates are given below for the major outfalls.  Refer to the Report for other outfalls or other storms.

Surface storm runoff from the Center drains by a number of natural outfalls.  The southeast portion of the main campus drains to an outfall just east of Bldg. 9 where it flows through a culvert under Greenbelt Road and eventually the Patuxent River (q10p = 13.2 m3/sec).  The residential area downstream of this point has experienced flooding problems and as a result, any new development in this watershed must include stormwater management.

The north and west areas of the main campus drain to several outfalls which include stormwater management at the main pond/lake (q10p = 1.56 m3/sec), the Bldg. 28 pond (q10p = 1.2 m3/sec) and the Bldg. 29 pond (qp10 = 3.51 m3/sec) and other non-managed outfalls. The Bldg. 29 pond has additional capacity for future development if necessary while development in any of the other drainage areas may require stormwater management.  From these points the runoff converges in Beaverdam Creek and flows on to the Potomac River.

The southern portion of the east campus drains via two ponds, one at the Earth Observation System Data Information System (EOSDIS) site (q10p = 2.87 m3/sec) and one at the Earth Systems Science Building (ESSB) site (q10p=0.67 m3/sec).  Flows from these two ponds combines with the main campus southern flow on the south side of Greenbelt Road.  The EOSDIS pond was designed with excess capacity for the development of an adjacent site, while the ESSB pond/outfall has no additional capacity. 

The northern area of the east campus also drains to Beaverdam Creek and the Potomac 

(q10p = 4.98 m3/sec).  A portion of it flows through the Beaver Pond on Center that could be rehabilitated to provide more capacity for future development.  Any development in this northern portion of the east campus would require stormwater management. 

5.5. TRANSPORTATION


Internal circulation is served by a network of roads, parking lots, and pedestrian sidewalks and walkways.  Additions to the internal circulation system will be required to support future growth.  Parts of GSFC are physically separated and require access by both public and internal roads.  The Realign Soil Conservation Road project (projected to start construction in 2005) will remove public through traffic from the existing Soil Conservation Service road which currently bisects the GSFC main campus into two halves when it is completed.  This traffic will be diverted to the  north and east of the main campus and outlet onto Good Luck Road in the proximity of the Recreation Center.  Access to outlying Areas will still require travel via the public roads.


A Transportation Management Plan (December 2002) was created as a component of the 2002 Master Planning process.  Three phases of implementation features are defined as Near-term (2002), Mid-term (2012), and Long-term (2022).  The plan should be consulted in order to understand the transportation initiatives that GSFC is working towards.  These initiatives include physical implementations to the Center, employee management practices, and coordination with public transportation agencies to influence the commuting practices of the workforce to reach the NCPC goal of 1.5 employees per parking space (0.67 spaces/employee).  As of the TMP date this ratio is 0.96 spaces/employee.

5.6. LANDSCAPING


The GSFC campus includes a substantial amount of open space that includes lawns, shrubbery, meadows, and woodland.  The clearing of the natural landscape has generally been limited to areas necessary for building sites, parking lots, utility lines, and roads.  Existing natural landscape areas are preserved as much as possible.  Maintain a 60 m buffer around the perimeter of the Campus.


The intent for future landscape planning will be to continue to preserve as much natural landscape as possible, and allow trees to grow up to the edges of parking lots and buildings to reduce lawn maintenance and energy use in heating and cooling buildings.   Selected grass areas, where there are no problems with root interference with utilities, are left uncut and allowed to regenerate as meadows and woodland.  This improves wildlife habitats and improves stormwater management. 


Open drainage systems consisting of swales and ditches are preferred over closed storm drainage systems because their filtering improves the quality of stormwater runoff.  This is especially important for road and parking lot areas that generate high pollutant loads.
5.7. MASTER PLANNING REFERENCES & ACRONYMS


GSFC - Facilities Master Plan, 1988


FMD Master Plan, Restoration of Chilled Water System, July 1995

FMD Master Plan, Fire Protection and Domestic Water Distribution System [to be completed         during 1997]

FMD Master Plan, Restoration of Steam Distribution System [currently being developed]

ACRONYMS

	ESSB
	Earth Systems Science Building

	EOSDIS
	Earth Observation System Data Information System

	LAN
	Local Area Network

	NCPC
	National Capital Planning Commission

	PEPCO
	Potomac Electric Power Company

	STDN
	Spaceflight Tracking and Data Network

	UPS
	Uninterruptible Power Supply

	WSSC
	Washington Suburban Sanitary Commission


6. SITE & CIVIL ENGINEERING CRITERIA

6.1. GENERAL DESIGN CONSIDERATIONS

6.1.1. 
Metric Units for Civil


Fundamental metric guidance is specified in IEEE/ASTM-SI-10 “Standard for Use of the International System of Units (SI): The Modern Metric System”.
Commonly used metric units (bold = exact):

0.0348 meter (m) = 1 ft

1233.5 m3 = 1 acre-ft

0.836 127 4 m2 = 1 yd2
0.028 316 85 m3/s = 1 ft3/s

0.764 554 9 m3 = 1 yd3
Rules for Civil Engineering

When matching or extending existing work that is Imperial design, the designer should use judgment as to whether new work should use soft or hard metric.

Plane angles in surveying are measured in degrees rather than the metric radian.  Degree/minute/second are used on boundary surveys.  Degree/decimal degree may be used in general engineering and construction.

Slope is expressed in non-dimensional ratios. The vertical component is shown first and then the horizontal.  The units that are compared should be the same.  For slopes less than 45 degrees, the vertical component should be unitary (ex: 1:20). For slopes over 45 degrees, the horizontal component should be unitary (ex: 5:1).

The FMD as-built database for contours is hard metric.  Project contour intervals shall be 0.25 m, 0.5 m, or 1m depending on accuracy required.  Contour elevations are in meters above mean sea level.

Civil Products

Sign faces for speed, distance, height or width, and operating limits shall be in terms of miles per hour, miles, feet, and tons respectively until such time as the Maryland State Highway Administration (MSHA) implements metric conversion.

For material products such as concrete, reinforcing bar, see Structural Engineering Criteria.

6.2. SITE DEVELOPMENT

6.2.1. Building Sitting

Most instances for building sites at GSFC are influenced by factors not primarily related to civil engineering criteria.  Adapt the development as best as possible to fit the land with the least disturbance.   Seek to balance cut/fill operation (generally it is better to have minor excess of material at design completion to allow for volume loss due to soil working/re-compaction, unsuitability, etc.), minimize environmental impacts to trees, wetlands, consider LEED factors, etc.


Buildings should be set back from the planned ultimate edge of pavement for the street that it faces, either at the established setback line or a minimum of 10 000 mm.  Greater setbacks are desirable.  Security considerations and setbacks should be thoroughly reviewed, agreed, and documented with the Security Division.


Refer to the Architectural Criteria for additional information.

6.2.2. Entrances to GSFC

A Study is in process (late 2004) to review existing entrances to the Center and develop a long-term plan considering the master planning and increased security requirements.  For more information consult with 224.3 (Carlos Lopez).

6.2.3. Forest Conservation Areas

Several specific areas of the Center’s wooded buffers are legally designated as Long-term Conservation Areas to comply with MD-DNR requirements where specific projects have been developed which required such measures.  These areas cannot be further developed without the Long-terms Conservation Areas being re-designated.  Consult with FMD Environmental Engineer and GIS database for the specific areas which have MD-DNR Conservation Plans.

6.2.4. Locating Underground Utilities

Grid layout: utility drawings are oriented with a grid to facilitate determination of the appropriate drawing.  The grid begins in the lower west corner of the Center and proceeds due east. When the grid reaches the eastern boundary of the Center it jumps back to the western edge and proceeds to repeat the process in the northerly direction.  The lowest grid line is ‘A’, the next grid line north is ‘B’, etc.  As the gridlines proceed east, they increase numerically as A1, A2, etc, then B1, B2, etc.

Information on underground utilities is found using a combination of the following resources and databases:

· Ben Dyer – these drawings are paper based,  and historically (late 1950’s through early 1990’s) were used over the longest timeframe as the method of maintaining site as-builts for GSFC.  They generally show the plan orientation of buildings, utility lines, etc., with conduit size/material type information, and have “point notes” on elevation information at changes in direction, etc.  The methodology of location used a ROAD CENTERLINE STATIONING-RIGHT ANGLE OFFSET DISTANCE. There are many inconsistencies in information including missing utilities.  These drawing stopped being updated in the early 1990’s.

· CADD – the AutoCAD database functions as both an intermediate step of data into the GIS database, and as the database with which to begin project drawing development.  The database includes all of the plan information shown in the GIS (along with conduit size/utility system).  Attribute (elevational, et al) information only resides in the GIS.

· GIS – this is an electronic database that shows plan orientation of buildings, utility lines, etc., with the ability to associate attribute data to the plan information.  This approach began in the early 1990’s (concurrent with the end of Ben Dyer updates).  This methodology has experienced a series of technical and administrative difficulties since implementation.  All of the plan locations from the Ben Dyers have been transferred to the GIS.  Only the following grids have had attribute data transferred: A1, A2, A3, A4, A5, A6, B1, B2, and B3.

· Project Files – individual project design/construction drawings located on the Q:drive directories, or in the flat files.

· GSFC Miss Utility Function – this service is staffed by Code 291, and will field locate and paint utility locations on the ground surface similar to the Miss Utility service outside of the Center.
6.3. SURVEYS

6.3.1. Coordinate System


Horizontal coordinate system shall be the Maryland State Plane Coordinates - North American Datum (NAD) 83/91. 


Vertical datum shall be the National Geodetic Vertical Datum (NGVD) mean Sea Level Datum (SLD) - 1929.


Historical datums


Horizontal - Original building drawings in the flat files (prior to 1996) and the Ben Dyer paper as-builts used a local Beltsville Agricultural Research Center (BARC) horizontal coordinate system, which was virtually unknown outside of BARC and GSFC and also whose origins are untraceable, although old drawings indicated a simple Cardinal translation from the WSSC grid system.  Very few coordinates were referenced in the NAD 1927 system.  The BARC system is no longer in use at GSFC.  FMD database uses the 83/91 Maryland State Plane Coordinate system.


Vertical - Original building drawings in the flat files and the Ben Dyer paper as-builts reference the NGVD 1929 datum.  For this reason the vertical datum in use continues to be the 1929 datum rather than the newer (North American Vertical Datum (NAVD) 88) reference system.  At this location in U.S., NGVD 29 is roughly 300 mm higher than NAVD 88 elevations.


Local agencies and utilities use a variety of coordinate systems.  Care must be taken when obtaining or providing data – the coordinate system must be indicated in the Civil drawings.

6.3.2. Control Points


Control surveys for design and construction shall utilize the "FMD Geodetic Survey Control Network" GPS control points for the Main, East, and outlying sites.  A copy of this manual is in the FMD Library.   The locations are also shown in the CADD As-built Site Model (GPS-XXX).  Some monuments have been destroyed by construction activities.  Backsights that were always available at any monument when originally put into use may no longer be available due to this these losses.


The GPS control points have been tied into the National Geodetic Reference System (Blue Book).


Various other control points (ex: CEI) exist in the as-built database.  These points were installed in the late 1980’s by Century Engineering, Inc.  These points are not as precise as the GPS control monuments and are not recommended for use.

6.3.3. Topographic


Topographic surveys used for design typically have contours indicated in 500 mm increments.


A topographic survey (2001 data) was obtained from MNCPPC in GIS format.  This survey data may be obtained from the CADD Office.

6.3.4. As-Built Surveys

Accurate as-built information must be obtained in accordance with the work constructed.  For long runs of utility, survey shots should generally be spaced no greater than 50 m apart, but as necessary to account for all changes in elevation, direction, unique features, etc.  Horizontal and vertical control for surveys should be taken from FMD Geodetic Survey Control Network.

Surveys for design generally may use:

· Alpha Corporation - FMD’s contract NAS5-00159 “Indefinite Quantity Contract for Architect-Engineer Services providing for Surveying, Material Testing Support, and Incidental Civil/Structural Design for GSFC Facilities Management Division”.

· Thru Design A-E – included in the negotiated scope of the design contract as a specific deliverable.

As-Built surveys for construction generally may use:

· Thru Construction Contractor – included in the construction contractor’s SOW (as a specification requirement).

· Alpha Corporation – see above.

6.4. GEOTECHNICAL EXPLORATION

6.4.1. Buildings


Subsurface investigations should be undertaken for any facility requiring a foundation system.   For major structures, soil borings shall be taken at representative locations that will allow definition of the subsurface conditions.  For minor structures, prior investigations of adjacent structures may be used (with caution) if available and at the engineer’s discretion - for these structures the engineer may determine that this is all that is needed.  For incidental structures borings need not be taken, however, good engineering practices must be used.  Many unforeseen field conditions regarding foundations may be reduced considerably with knowledge of the subsurface conditions.  The civil engineer should carefully consider the variability in consequences of the decision.


Borings for structures should be taken at the general extents of the building footprint and at other intermediate locations to allow a general understanding of subsurface conditions.  Generally do not exceed 30 000 mm in the spacing between borings.  Always take a boring at special points of interest to the project (heavily loaded overhead crane lines, deep foundation pits, etc).


Unless otherwise recommended by a geotechnical engineer, borings shall be taken to such depth that the net increase in soil stress under the weight of the structure is less than 10 percent of the average load of the structure, or less than 5 percent of the effective stress in the soil at that depth, whichever is the lesser depth. 


At least two borings should extend a depth twice the depth of the deepest foundation bearing strata.

6.4.2. Utility Projects

Soil investigations should be taken at periodic spacing along the length of a utility to assess the suitability of materials for reuse as backfill, either at their in-situ locations or at some other location along the length, and the presence of subsurface water levels.   This type of testing also allows for determination of spot elevations at crossings of existing utilities, which may be critical design information for non-pressure systems.

6.4.3. Road Projects

Soil investigations should be taken at periodic spacing along the route to assess the suitability of subgrades for traffic loadings, to assess the suitability of in-situ materials for cut/fill operations, and presence of subsurface water levels.  Penetration should generally be at least 2 m below final grade in cut areas or 2 m below existing grade in fill areas.  Spacing should be adequate to verify conditions.  If borings are done at every 3rd station and data show general uniformity then this spacing may be adequate.  If conditions vary substantially then intermediate borings may be necessary.  Perform CBR testing to define the suitability of the subgrade, in-situ and for re-use, and for development of pavement thickness.

6.4.4. Stormwater Management Impoundment Areas


Early in the design phase of a stormwater management pond or trench, borings should be taken at all the potential locations.  One boring centered at the location is sufficient for a small pond or trench, while design of a larger pond would benefit from several borings.  This geotechnical investigation will indicate whether the in-situ soils are sufficiently permeable to design an infiltration pond or trench for stormwater management.  The borings should go at least 1.2 m below the proposed bottom of the pond/trench, and indicate elevations of various soil strata and groundwater.  Sampling of the various soil layers should be accomplished with split spoon samplers so that the profile can be observed and the soil can be returned to the laboratory for a gradation analysis.  Refer to the "Maryland Standards and Specifications for Stormwater Management Infiltration Practices" for additional information.


In accordance with State requirements, the infiltration boring data should be reported as USDA textural soil classifications for the soil layers encountered.  A representation of the soil profile should also be given by indicating the elevations of the various soil interfaces and the water table.  Loam soils or coarser, corresponding to an infiltration rate of 13 mm per hour or greater are acceptable for stormwater management infiltration facilities.

6.4.5. Pond Embankments


Borings should also be taken in areas where pond embankments are proposed.  This requirement is dictated by MD-378, Dam Safety Code.  Specifically, the borings should be taken along the centerline of the proposed embankment and at the embankment borrow area.  As a minimum one boring should be taken at each spillway, and additional borings for every 60 m in each direction thereafter.  The purpose is to identify and avoid the use of any sandy soils which may allow embankment seepage or piping along the spillway.  Acceptable embankment core and cutoff trench soils include GC, SC, CH, and CL.

6.4.6. Project > 2 Ha


On projects which involve disturbed areas greater than 2 ha a gradation analysis on some bagged samples of the representative topsoil at the project site should be taken.  This will be a requirement later at the time of stabilization for projects with disturbed areas greater than 2 ha (see Section Lawns and Grassed Areas).

6.4.7. Geotechnical Reports


When required, Geotechnical Reports shall be provided by a qualified geotechnical engineer for the purposes of determining the stratigraphy and physical properties of the soils underlying the site, particularly, the strength and deformation characteristics of the soil strata, so that a safe and economical foundation may be designed, for maximum economy of the overall project.


For major structures a geotechnical report shall always be provided.  For minor structures the design structural engineer must consider the need for a geotechnical report, balancing the criticality of the project against the known subsurface conditions (however subsurface investigation in design can often pay for itself many-fold by avoiding costly construction changes: therefore obtaining a geotechnical report is recommended).  For incidental structures no geotechnical report is needed.  Geotechnical Reports may be obtained through FMD’s contract NAS5-00159 “Indefinite Quantity Contract for Architect-Engineer Services providing for Surveying, Material Testing Support, and Incidental Civil/Structural Design for GSFC Facilities Management Division”, or through the Design A-E.


The geotechnical report should include a summary description of the project, expected column loadings, and relevant project information including size and configuration with location and orientation of the structure on the site, a review of the testing procedures and results of all testing, a review of the area and site conditions, a review of surface topographical features, a review of subsurface soil conditions with available physical properties including IBC Section 1615 Site Classes and Coefficients, estimated subsurface profiles as necessary to illustrate subsurface conditions, general evaluation of the site considering the proposed project, recommended general design and construction criteria for project foundations including foundation types, allowable bearing pressures, estimated building settlements on natural and compacted structural fill, recommended foundation design and construction criteria for slab-on-grade construction, recommendations regarding requirements for permanent or temporary groundwater dewatering systems, including permanent sub-drain foundation drains if necessary, recommended active, passive, and at-rest lateral bearing pressure coefficients for use in design of rigid and cantilevered building walls below grade including retaining walls, recommended design criteria for cut and fill slopes including assessment of the stability of existing slopes, assessment of subgrade conditions for support of flexible pavement, assessment of on-site materials for re-use as compacted fills and recommendations for site preparation and construction of compacted fills, assessment of subsurface conditions for use of infiltration practices to achieve stormwater management, assessment of the corrosive potential of the on-site soils, discussion of important construction considerations including requirements for foundation installation, parameters for earthwork and compaction, and consideration of the necessity for quality control during construction, and  recommendations as to the need for further subsurface exploration or testing based on project requirements. 


The data from the embankment borings should be reported as Unified Soil Classifications.   

6.4.8. Groundwater Study

A Groundwater Study was completed in 1998 in the west Campus and is available in the FMD Technical Library.  Several maps are available and show deep and perched water levels.

6.4.9. Foundations


When subsurface investigation is limited, and where no geotechnical recommendations of allowable foundation bearing pressures are available, the presumptive allowable foundation bearing pressures shall not exceed IBC Section 1804 and TABLE 1804.2.   


The bottom of foundations shall be on virgin bearing strata of the acceptable bearing capacity, with a minimum of 800 mm cover to grade.

6.5. GRADING AND DRAINAGE

6.5.1. Grading


Turf grading immediately adjacent to structures shall be sloped away from the structure at a slope of 1:20 for a minimum distance of 3000 mm.  Thereafter, grading of turf areas shall be a minimum slope of 1:50 to provide for positive drainage.  Where physically impossible to obtain 1:50, an absolute minimum slope of 1:100 may be used. 
6.5.2. Drainage


Properly designed site drainage is important in conveying the water away from buildings and other structures and into the natural drainage courses in a non-erosive manner.  Design of the grades adjacent to buildings is the beginning of the site drainage plan.  Grading shall comply as indicated above, with the water being directed away from the structure as sheet flow.  Once away from the structure, the runoff must be conveyed to either storm drain piping in a closed system (see section STORM DRAINAGE SYSTEM) or through open drainage swales and defined channels/ditches.  The runoff shall not be allowed to flow across sidewalks or roads, as icing problems would result in the winter.


Where possible, open drainage shall be designed as it is less costly to construct and maintain, and is environmentally beneficial.


Channels should be designed to outfall as close as possible to the location where the existing natural drainage outfalls.


Bern ditches at the top of slopes and bench ditches on the face of slopes should be designed when excessive runoff would cause erosion of the slopes.  Ditch sections can be either "V"- shaped, trapezoidal, or parabolic.


All defined channels shall be designed to convey the 10-year storm within the banks.  For drainage areas less than 20 ha, the Rational Method shall be used for calculating the 10-year peak discharges for sizing ditches/channels.  For drainage areas 20 ha and larger, SCS TR-55 peak discharges must be calculated for stormwater management purposes and will also be acceptable for channel design. 



Channel linings shall be designed to avoid erosion.  Vegetated (grass) linings are allowable with velocities up to 1.5 m/s.  Velocities greater than 1.5 m/s shall have riprap linings.  MSHA Class I riprap (d50 = 240 mm) shall be used with velocities 1.5 m/s to 2.6 m/s.  Class II riprap (d50 = 405 mm) shall be used with velocities 2.6 m/s and greater.  Concrete or other smooth linings shall generally not be used in channels as they typically create erosion problems at their outfall point.  Only at locations where the slope is sufficiently flat (less than 1:100) or the ditch cross section must be minimized should a smooth lining be used to convey runoff.  If it is necessary to use a concrete or other smooth channel lining, appropriate measures shall be provided at the outfall to minimize erosion.

6.6. VEHICULAR AND PEDESTRIAN CIRCULATION

6.6.1. Accessibility

Web links to the federal accessibility guidelines and standards is through the Access Board.  Accessibility requirements for federal facilities are governed by UFAS.  These requirements define the “accessible route”.  For site criteria functionally the requirements manifest in parking stalls, curb ramps, and sidewalks to the building entrance.  Some of the more general requirements are discussed in several of the sections below, however the designer must be fully aware of all of the UFAS requirements to address any special conditions.

The UFAS specifically requires that at least one accessible route be provided to the building entrance from accessible parking, however, try to comply with all routes.
6.6.2. Speed Limits


The maximum speed at GSFC is 40 km/h (25 mph) for roadways (unless otherwise posted by the Security Division and Road & Grounds FOM; ex: approach to B-W Parkway) and 25 km/h (15 mph) for parking lots and entrance/exit gates, in accordance with GHB 1600.1A Security Manual.  [The GSFC Safety Pocket Guide also requires these limits, including a limit of 15 mph for exit gates, but conflicts with 1600.1A by stating a limit of 10 mph when approaching entry gates].  For geometric design the 5 mph difference is irrelevant to typical design controls at these speeds.

6.6.3. Streets

Main Campus

Streets are two-lane 6700 mm closed section bituminous paving with curb (curb and gutter only to match existing or extended C&G runs).  Four-lane streets are 6700 mm closed section bituminous paving with curb (C&G as indicated above), separated by a 1200 mm median.


On-street parking shall be avoided.


Outlying Sites

Outlying sites are more “rural” in construction than the main campus.  Where conditions allow, or in areas where there is no storm drainage system to collect runoff (and there is no justification to build them), streets shall be two-lane 6700 mm open section bituminous paving with no shoulder.


Headway Clearance

Provide a minimum 5000 mm clearance (note: the 5000 mm meets the AASHTO minimum and includes a 123 mm allowance for resurfacing).  If necessary consult MSHA as to whether the under/overpass is part of a route for which the minimum vertical clearance has been established.

6.6.4. Parking Lots


New parking must be closely coordinated with the Planning Office in conjunction with the Master Plan (Transportation Master Plan) requirements.  The quantities and sizes used at GSFC do not follow precisely any local [PG] zoning code or NCPC requirements.  

Aisles between opposite stalls shall be 7400 mm.  Entrances to parking lots shall comply with two-lane street width, 6700 mm.

	Stall Geometries

	Type
	Length mm
	Width mm
	Access aisle width mm
	Note

	Standard:

45o, 60 o, 90 o
	5800
	2700
	------
	90 o is standard.  No provision is made for compact vehicle sizes.

No signage.

	Standard (On-street)
	7000
	2500
	------
	No signage.

	Motorcycle
	5800
	1350
	------
	Signage on pavement.

	Accessible
	5800
	2500
	1600
	Signage on pavement & pole. 

	Accessible (Van-Accessible)
	5800
	3350
	1600
	Signage on pavement & pole.

	Reserved
	per above
	per above
	------
	Signage on pavement.

	Reserved (for accessible)
	per above
	per above
	per above
	Signage on pavement & pole.

Special signage requirements.

	

	Stall Quantities

	Type
	Number
	Note

	Standard
	A
	New parking lots shall be sized at the maximum rate of 0.9 spaces per employee (assigned to the building) per the TMP.  Consult w/ Planning Office - NCPC liaison.

However if possible, a new parking lot ideally should be sized at the rate of 0.67 spaces per employee per NCPC requirements.  

	Motorcycle
	0.013 • A
	Minimum 2 per major lot.

	Accessible
	See Note
	Minimum per UFAS table, maximum per Committee w/ Disabilities.

Spaces shall be located as close as possible to the accessible building entrance.  Avoid stalls at the ends of rows because of the possibility of snow removal accumulation.

	Reserved
	See Note
	Per Customer (personnel, timed, government vehicle, etc) and FMD (service vehicles from Code 227) requirements.

Must be approved through Security Division.


6.6.5. Designated Parking for People with Disabilities

NOTE: THE TABLE BELOW HAS NOT BEEN UPDATED FOR SEVERAL YEARS AND THE PROCESS HAS NOT BEEN FOLLOWED, NOR HAVE THE LATEST ADA/ABA/UFAS GUIDELINES (JULY 2004) BEEN REVIEWED OR INCORPORATED.


EO Advisory Committee for People with Disabilities


GSFC is not generally open to the public and because parking on center is limited, the Center questioned the need to provide the number of designated spaces as required by UFAS. A committee was convened, with representatives of the EO Advisory Committee for People with Disabilities, the Facilities Operations Managers, Security, and others.  This committee reached a compromise process regarding the number of designated parking spaces that should be installed for existing buildings.  The results are indicated in the table below.  (It should be noted that some buildings were given more designated spaces than required by UFAS, based on the buildings' particular needs).


All buildings with public functions are classified as "PUBLIC" and are required to comply fully with the number of designated spaces.  For the remaining buildings, classified as "non-public", consideration was given to (1) the known people with disabilities in the building, (2) the usage of the existing designated spaces as reported by each FOM, and (3) the general size of the building and the likely requirement for temporary disabled parking.  (Note that FOM's have the ability to issue temporary disabled tags to people in their building for broken legs, etc, for temporary disability requirements).  As the established number is arbitrary, it must be reviewed and validated every few years.  This review requirement is currently assigned to the Planning Office and the 220 representative on the EO Committee (Alan Binstock).  In the table below, public buildings are indicated as PUBLIC.  Where no notation for public is stated, the building is non-public.  


Number of Accessible Spaces


All new buildings must fully [minimally] comply with the requirements described in the UFAS in terms of number, configuration, location (must be on an accessible route), and signage of designated spaces.  In addition, GSFC has several unique requirements for the number and signage of designated parking that exceeds UFAS requirements, which also shall be followed.


Determination of Parking Lot Size (for accessibility space ratio)


GSFC is a campus environment, therein many buildings have multiple parking lots that serve them, and most parking lots serve multiple buildings.  In order to determine the required number of designated spaces, a total number of parking spaces serving each building must be calculated. Reserved spaces for maintenance vehicles are not counted in the total; however, timed spaces and other reserved spaces are counted.  For existing buildings, this has been done according to the table below.


Van Accessibility


One in every eight accessible spaces, but not less than one, shall be "VAN ACCESSIBLE".  This requirement is taken from Americans with Disability Act Accessibility Guidelines (ADAAG), not UFAS.


Note: for most Van type vehicles the ramp/accessible door is on the passenger side.  The most accommodating configuration is to orient van accessible spaces so that the van may be driven “front-in” with the access aisle on the passenger side.  This precludes adjacent “front-in/back-in” van accessible spaces, which would be the most efficient use of the larger aisle requirement.  “Back-in” configurations are not recommended and should not be used unless there is sufficient maneuvering room for the driver to perform the maneuver to orient the van to the space configuration. 


Special Accessible Space


Occasionally there will be an individual who has a disability, but who prefers to park near an entrance that is not fully accessible.  (For instance, the individual does not use a wheelchair, but uses a cane and is able to navigate steps.  If the individual's office is close to an entrance that requires climbing stairs, but the accessible entrance is at the other end of the building, this individual may prefer to use the "inaccessible" entrance.)  In such a case, this individual should be given a remote reserved designated space.  Such spaces have the same general requirements a standard designated space has, except that the associated signage shall be modified from what is normally provided.  These modifications are discussed in Traffic Control Devices.  These modifications prevent a visitor with a disability from assuming in error that the space is along an accessible path to the building, and also dedicates this space to the specific individual.  This exception is to be avoided, and should only be done at the insistence of the building FOM.  Note:  this space counts in the total for designated spaces that are assigned to each building.


Process


When additional parking spaces are added (or removed) the designer shall in consultation with the 220 EO representative (1) decide which building the parking serves, (2) add (delete) the number of new (existing) spaces to the amount indicated in Parking Lot Size shown in the table below, and (3) determine the number of designated spaces required.  For existing parking lots circumstances may require reconfiguring designated space locations to meet accessible route requirements.  These conditions must be worked closely with the 220 EO representative and the FOM.


At each instance that a designer makes changes to the Center's Parking Spaces, this information must be submitted by the 220 EO representative to 224.3/Technical Policy Section for updating of the table below.

	Building Number
	Parking Lot Size
	UFAS # of HC Spaces, Actual
	Location of lot serving the building -  # of HC spaces actually provided

	1

 PUBLIC
	234
	HC 6, 3

VAN 1, 4
	*Main B.1 lot north of office wing - 4 VAN
*Small lot in front of Training Add - 3 HC
*South most double-loaded row in big lot         west of B.8

	2
	342
	HC 7, 2
VAN 1, 2
	*Main B.2 lot north of building

*Small lot at east entrance - 2 VAN
*Street parking both sides of Delta Road        east of B.2

*Approx. 1/3 of lot behind B.2 and B.6 - 2       HC

	3/13/14 PUBLIC
	634
	HC 11, 8
VAN 2, 8
	*Large lot east of B.14 -

  SW corner near B.13 ent - 4 HC
  NW corner near ramped ent B.14 - 4 VAN
*Medium lot north of B.3/14 - 4 VAN
*Small lot by Auditorium ent - 4 HC
*Parking along Road No. 5

	4
	91
	HC 3, 1
VAN 1, 0
	*Lot across the street and to the east of B.4  - 1HC

	5
	312
	HC 7, 5

VAN 1, 1
	*Lot at main entrance to B.5 - 3 HC
*Lot north of B.5 - 2 HC
*Small lot near southwest ent to B.5 - 1 VAN
*Lot across Goddard Road west of B.5

*All street parting along Tiros Road in front    of B.5

	6
	321
	HC 7, 9 (5+4                   RES)

VAN 1, 1 (RES)
	*Large lot SW of B.6 (excluding sections 

  allocated to B.2 & B30) - 4 RES
*Small lot at main entrance to B.6 - 5 HC, 1 VAN RES

	7/10/15/29 PUBLIC
	487


	HC 7, 9

VAN 2, 2
	*Small lot at main B.7 ent - 3 HC
*Lot at between main B.29 ent & B.15 -

  Between B.29 & B15 - 4 HC
  At north end to access B.29 mezz - 2 HC
*Lot parallel to SCS road

*Lot north of B29 next to trailers

*Lot on loading dock sides of B.7 & B29 - 2 VAN

	8

PUBLIC
	414
	HC 7, 6

VAN 2, 2
	*Small lot at front entrance

*Small lot southeast of B.8 (mostly reserved

  spaces)

*Large lot SE of B.8

*Parking along road to B.8 loading dock

*Two spaces at west side (old shuttle drop 

  off - 2 HC
*B.22 lot (not counted in total spaces) - 4 

   HC, 2 VAN for B.8

	9 (inside)
	33
	HC 1, 1

VAN 1, 1
	*Lot east of ground floor ent - 1 HC, 1 VAN

	9 (outside)

PUBLIC
	22
	HC 0, 0

VAN 1, 2
	*Visitor lot - 2 VAN

	11
	209
	HC 6, 8

VAN 1, 1
	*Large lot across IUE road

*Small lot in front of main ent - 4 HC
*Row parallel to east facade near B.30 - 3

   HC, 1 VAN

*Parking amongst trailers SW of B.11 - 1

   HC

	12
	287
	HC 6, 5

VAN 1, 4
	*Large lot NE of B.12 - 1 HC, *not on an accessible route (doesn't include B12 trailer area.  If trailers are replaced w/ parking, 

recalculate columns 2 & 3)

*Small lot west of B.12 main ent - 4 HC, 4 VAN

	16/16W/86

PUBLIC
	412
	HC 7, 5

VAN 2, 4
	*Lot adjacent to north main ent - 3 HC
*Small lot adjacent to Tiros Road

   Near NE ent to B.16W - 2 VAN
   Near NW ent to B.16W - 2 HC
*Medium lot across road NW of B.16

*Street parking along Tiros road

*Small lot between B.16 & 16W

*Parking around B.86 - 2 VAN
*Parking along SCS road

	17

PUBLIC
	195
	HC 5, 4
VAN 1, 3
	*Large lot north of B.17

*Small lot near loading dock

*Small lot near elevator - 8 HC (needs to be    redesigned and repainted)

	18/19/20
	263
	HC 6, 3

VAN 1, 5
	*Large lot north of B.18 & west of B.19 -

   Near SW of B.20 – 3 HC, 1 VAN
   Near SW end of B.19 - 2 VAN (used by 

      B.18)

   Near NW end of B.19 - 2 VAN (used by

      B.19)

   (Should add 1 HC for use by B.18)

*Medium lot west of B.20 across Delta road.

*Small lot north of B.20. (2 to be deleted)

	21

PUBLIC
	358
	HC 7, 4

VAN 1, 6
	*Large lot north of the lab wing - 2 VAN (at

   NW ent to B.21)

*Medium lot near loading dock

*Parking along road east of B.21 - 2 VAN 
   (near crosswalk leading to north cafeteria

   ent)

*Parking outside main library ent - 4 HC, 2    VAN

	22
	341
	HC 7, 4

VAN 1, 2
	*Large main lot south of building - 4 HC, 2    VAN
*Medium lot west of building near loading

   dock

*Small lot near main east ent

	23
	400
	HC 7, 11 (10 + 1                 RES)
VAN 1, 4
	List compiled 3/7 before changes made in field

*Large lot east of B.23 - 2 VAN
*Large lot north of B.23 - 10 HC, 2 VAN
*Small lot west of B.23 main ent

*Small lot @ Loading D – 1 RES

	24/76
	17
	HC 0, 0
VAN 1, 1
	*Small lot north of B.24 

*Small lot behind 76 - 1 VAN

	25

PUBLIC
	218
	HC 6, 7
VAN 1, 0
	*Large lot (3 sections) east of B.25 - 7 HC

	25F
	17
	HC 0, 0
VAN 1, 1
	Parking along the access road - 1 VAN

	26

PUBLIC
	159
	HC 5, 4

VAN 1, 2
	*Large lot south of B.26 - 2 HC, 2 VAN

*Small lot near loading dock - 2 HC

	27
	51
	HC 2, 0

VAN 1, 1
	*Spaces along building & along fence

   adjacent to main ent - 1 VAN
*Large lot for government vehicles not

   included

	28

PUBLIC
	510
	HC 9, 10
VAN 2, 0
	*Large lot north of B.28 - 6 HC
*Medium lot east of B.28 - 4 HC
*Small lots along circle drive, south of B.28

	30
	95
	HC 3, 2

VAN 1, 0
	*Part of large lot across IUE road (approx.

   90 spaces)

*Small lot at main ent to B.30 - 2 HC

	31
	10
	HC 0, 0 

VAN 1, 1
	*2 lots north of B.31 - 1 VAN

	32
	611
	HC 11, 16
VAN 2, 0
	*Large lot north of B.32 - 16 HC

	33

(See Note)
	481
	HC 7, 10
VAN 2, 2
	*Large lot northeast of B.33 - 10 HC
                                             2 HC VAN

Note: Does not include approximately 583 future spaces north of Center Crossing Road.

	88 (Vis Ctr)

PUBLIC
	95
	HC 3, 0

VAN 1, 4
	*Large lot east of B.88 - 4 VAN

	90 (Day Ca)

PUBLIC
	16
	HC 0, 0

VAN 1, 1
	*Small lot along road south of B.90 - 1 VAN

	92 (Rec Ctr)

PUBLIC
	73
	HC 2, 2
VAN 1, 2
	*Medium lot east of B.92 - 2 HC, 2 VAN

	97

PUBLIC

(See Note)
	99
	HC 3, 0
VAN 1, 4
	*Medium lot surrounding B.97 - 4 VAN
Note: In a truly public environment, health care facilities require a larger percentage of designated parking than other public facilities.  Because GSFC's Health Unit is not a health care facility in the strictest sense, this building has been treated as a simple public building in order to determine the number of required designated spaces.

	Blank
	Blank
	Blank
	Blank


6.6.6. Provision for Fire Lanes/Fire Department Connections


Consult with the S&E Division during design.  Where required by S&E Division, fire lanes shall be designated with signage.  Signs or markings shall indicate “FIRE LANE – NO PARKING”.  Fire lanes shall be minimum of 6.1 m unobstructed width.

Do not encroach within frontages required for Fire Department Connections, fire hydrants, etc.  A minimum of 6.1 m (3.05 m either side) of fire lane shall be provided for Fire Department Connections.  Refer to NFC.

6.6.7. Geometrics


Unless noted otherwise Geometrics shall follow AASHTO "A Policy on Geometric Design for Highways and Streets".


Typical parameters for Main Campus streets:


Posted speed: 25 mph (40 kph) ⇒ Design speed: 35 mph (60 kph)


90º Intersection turning radius:  9 m


Crown pavements: 2% cross slope


Minimum longitudinal grade:  0.5%

6.6.8. Pavement Sections


Streets and any appurtenances shall be designed with a service load equal to the HS-20-44 loading.  Typical sections found to have been acceptable for incidental work:

· Parking lot: 40 mm HMA surface, 60 mm HMA base, 200 mm crushed stone base

· Roadway: 40 mm HMA surface, 60 mm HMA base, 300 mm crushed stone base

For volume work, pavement section should be based on testing of subgrade properties (CBR, IV).

Materials shall comply with MDOT Standard Specifications for Construction & Materials.  The Specsintact GSFCLOCAL Specification is structured using the Maryland criteria.

6.6.9. Curbs and Gutters


Curb (or curb and gutter) shall match the adjacent style. Straight Curb shall be 152 mm x 457 mm.  Curb and gutter shall be PG County DPW&T STD 1.

6.6.10. Sidewalks, Ramps, and Stairs


NOTE: MUST BE VERIFIED TO NEW ADA/ABA/UFAS GUIDELINES (JULY 2004)


Sidewalks shall be concrete.  New sidewalks shall be minimum 1600 mm width to allow for [minimum UFAS requirement is 915 mm with a 1525 mm passing area at least every 61 m] accessible route passing space. Larger walks may be installed as needed to match adjacent walks.  When abutting to existing sidewalks of smaller nominal widths, provide one transition panel to the new width.


For renovations when replacing isolated sidewalk panels that do not meet UFAS widths, match the existing panel width.


New accessible route sidewalks abutting curb or curb and gutter shall be provided with a curb ramp complying with UFAS 4.7 Curb Ramps, not exceeding 1:12 slope.  Curb ramps installed in existing construction may exceed 1:12 slope if space limitations exist.  In these cases, comply with UFAS Section 4.1.6 Accessible Building: Alterations, Table 2.


Sidewalks shall follow the surrounding grade, and shall be 1:20 or less in slope if part of an accessible route.  Sidewalks on accessible routes with slopes greater than 1:20 are considered ramps, and shall comply with UFAS 4.8 Ramps.


It should be noted that when UFAS discusses grade and slope limitations, these are considered ultimate maximums.  In all instances it would be desirable for the slopes to be less than the maximums if achievable.


Avoid the use of stairs.  If stairs are provided, comply with UFAS Section 4.9 Stairs.  

6.6.11. Loading Dock, Trash Dumpster, and Service Vehicle Area


Buildings shall be provided with a loading dock of adequate width and accessibility to meet anticipated delivery vehicles.  Loading docks shall be 1219 mm in height.


A trash dumpster pad shall be located adjacent to each loading dock area.  Provision shall be made to allow for dumping the portable building waste container into the trash dumpster.  Pads shall be 2400 mm x 2400 mm x 200 mm thick located flush with the surrounding pavement.  Dumpster pads shall be backed by two bollards (1500 mm height, 200 mm diameter concrete filled steel pipe) for protection of the loading dock (or other wall) area, if so situated.  Set bollards to keep dumpster lid from impinging into any walk path behind the dumpster.


Service vehicle(s) parking area should be located in the proximity of the loading dock, along with any other service vehicle requirements.  Obtain specific requirements form C, O, M Branch.


All of these areas should avoid locations adjacent to the building air intakes. 

6.6.12. Traffic Control Devices


The Architectural Design Review Committee (ADRC) must review all signage (type, location, & installation method) prior to implementation.  Signage shall be kept to a minimum, providing the necessary signs to safely direct the passage of vehicles and pedestrians.    


The Manual on Uniform Traffic Control Devices (MUTCD) outlines the design and applications of traffic control devices and shall be followed for requirements not indicated here.  Additionally the Traffic Control Devices Handbook (TCDH) provides basic information and criteria to address most questions for smaller jurisdictions (such as GSFC) relative to the MUTCD, and is an effective resource for implementing the MUTCD as such.


Vertically Mounted Sign Installations

Consult MUTCD and indicate lateral placements and dimensional locations of signs on the design drawings.

Mounting height shall be 2.1 m clearance to the bottom of the sign.

Signs shall be sized as indicated by MUTCD for Conventional Roads, except where indicated below to use another size.  For signs not listed below follow the MUTCD Conventional Roads size, unless a Minimum size is allowed that matches a similar function sign as indicated here.  In those cases, use the Minimum size allowed.


Street name signs shall be mounted using a DN 50 schedule 40 galvanized steel pole.  All other signs shall be mounted on 102 mm x 102 mm pressure treated wooden posts [a 102 mm x 102 mm is the largest un-drilled wood post to function as a breakaway base].

Minimum post embedment is 1 m.  Wooden posts mounted in asphalt parking or concrete medians shall be installed in a PVC sleeve (top of sleeve sealed with a silicone sealant).  Signs with a horizontal width greater than 915 mm shall be mounted using two posts.  


Commonly Used Traffic Control Signs @ GSFC
STOP (R1-1) & Supplementary Plaque (R1-3) when required. 

ROAD/PARKING LOT (D3) signs shall be sized as needed to convey the parking lot, generally no case larger than 203 mm x 610 mm.  Lettering height is sized for local road (low speed) conditions, i.e., 100 mm.

ACCESSIBLE PARKING (R7-8) & Supplementary Plaque 300 mm x 150 mm (RX-X) VAN ACCESSIBLE when required.


DO NOT ENTER (R5-1).

NO PARKING (R7-1).  Where NO PARKING signs are installed, the curb between such signs shall be painted yellow.  Use of such signs shall be limited to special use areas.

PEDESTRIAN CROSSING (W11-2).


Less Commonly Used Traffic Control Signs @ GSFC

SPEED LIMIT (R2-1), use Expressway size (because of the additional information the sign conveys), shall be located at each entrance of the Main Site, East Site, etc.  The sign shall be expressed in terms of miles per hour, and shall remain in imperial terminology until such time as the MDOT institutes metric signage for state roads.  At that time the signs shall be converted to km/h.


SPEED LIMIT signs shall read as follows: SPEED LIMIT


                                                          ROADWAYS


                                                              25 MPH


                                                         PARKING LOTS


                                                              15 MPH

Other than at the entrances, SPEED LIMIT signs shall not be used inside the Center except at special use or hazard areas (ex, Day Care facility) to reduce the speed limit further.  Coordinate any special requirements with the SE&SO.  Currently the SE&SO has mandated that the speed limit is 10 mph when approaching entry gates, and is 15 mph when exiting the Center. There is no direction from SE&SO to post these last two conditions.

SPEED LIMIT (R2-1) on SCS Road shall be Conventional size.

LANE CONTROL (R3 series).


KEEP RIGHT (R4 series), use Minimum size.


ADVANCE TRAFFIC CONTOL (W3 series), use Minimum size.


SPEED HUMP (W17-1).

ONE WAY (R6-2).

DEER CROSSING (GEESE CROSSING) (W11-3).

SNOW EMERGENCY ROUTE (RX-X), 600 mm x 600 mm.  SNOW EMERGENCY ROUTE signs shall only be placed on roads that have been so designated by the FOM for Roads and Grounds (Paul Thompson).

GUIDE (XX-X) signs are generally not provided at GSFC.  An exception is the B-W Parkway Freeway access.   

OBJECT MARKERS (OM2-2V).


Street Markings


CENTER lines shall be double solid yellow, each line 100 mm width, spaced 100 mm apart.


LANE lines shall be solid white, 100 mm width.


EDGE lines shall be solid white, 100 mm width.

STOP lines shall be solid white, 300 mm width.

PARKING lines shall be solid white, 100 mm width.

NO PARKING lines shall be solid yellow, 100 mm width, diagonally spaced 900 mm apart.


Pedestrian Related Markings

CROSSWALK lines shall be solid white, 300 mm width, marking both edges of the crosswalk. Crosswalk width shall be as necessary to meet sidewalk requirements, minimum of 2000 mm width.  Crosswalks shall have 45-degree solid white diagonal lines, 300 mm in width, spaced 900 mm on center.  Crosswalks located at potentially hazardous (non-intersection) locations shall additionally be posted with a PEDESTRIAN CROSSING (W11-2) sign located immediately adjacent to the crosswalk.  Do not post signs at intersection crossings inside the Center.

CURB RAMPS shall be painted with a solid yellow line, 100 mm width, around the perimeter of the ramp.


Accessible Spaces
An ACCESSIBLE PARKING (R7-8) sign shall be placed at each space.  A white INTERNATIONAL SYMBOL OF ACCESSIBILITY shall be painted on top of a 1200 mm x 1200 mm blue square (the square shall extend 150 mm beyond the symbol), centered in the lower 1/3rd of the space [the size indicated is that which has traditionally been used at GSFC.  Alternatively follow the standard size as indicated in MUTCD Figure 3B-18].  A 100 mm solid blue line shall be painted around the inside perimeter marking the space.    If the space is a reserved dedicated space to an individual, the following shall be installed in lieu of the standard designated parking signage:  A 300 mm x 450 mm (RX-X) RESERVED: XXX D YYY sign shall be installed, where XXX is the building number, D signifies Disabled, and YYY is the sequential space number. The space shall have the same information painted in white centered in the lower 1/3rd of the space (in lieu of the international symbol of accessibility).  A 100 mm blue line shall be painted around the inside perimeter marking the space.


Fire Lanes

FIRE LANE – Fire lanes (along curb) and FIRE DEPARTMENT CONNECTIONS (hydrants) (in front of curb) may be either pole-mounted sign or curb marking.  Signage shall state NO PARKING – FIRE LANE.  If pole mounted sign, use R7 series.  Painted curbs shall be red, stenciled with black lettering. 


Reserved Spaces

Assignment of Reserved parking shall comply with GPD 6730.1.  GPD 6730.1 specifically states that the vehicle reserved parking policy is established using numerical curb markings, however, traditionally the markings have been installed on the pavement.

Spaces (1 HR, FMD, GOVERNMENT VEHICLE, 18-1, etc) shall be designated by painted markings on the asphalt, white, 300 mm height.


Speed Humps

Any consideration of speed hump installations must be reviewed with the Associate Chief/FMD, FOM for Roads and Grounds, Code 240, and Code 250.

Markings shall comply with MUTCD Section 3B.26, Option A, except that at crosswalk locations the flat table shall be marked as a crosswalk.  A SPEED HUMP (W17-1) sign shall be placed at each speed hump [when used at crosswalks the PEDESTRIAN CROSSING and SPEED HUMP signs shall be mounted on the same post, with the pedestrian sign on top].

Speed hump parabolic geometry:

	Station (width, mm)
	Height, mm

	0
	0

	305
	25

	610
	42

	915
	57

	1220
	68

	1525
	74

	1830
	76

	2135
	74

	2440
	68

	2745
	57

	3050
	42

	3355
	25

	3660
	0


When crosswalks are installed at speed humps, insert a 3050 flat table width at station 1830.  

6.7. UTILITY TUNNELS

Extended utility tunnels generally have not been used at the GSFC campus, except on the built-up portion of the East Campus encompassing the EOSDIS and ESSB sites.  Where used, provide for a walking tunnel (minimum 2000 mm clear height, floor to lowest obstruction), constructed with appropriate class concrete.  Waterproofing of the tunnel is required to minimize any concerns with groundwater recharge or high groundwater tables.  Review of the groundwater elevations (GSFC Main Campus only) is available through the Metcalf & Eddy Groundwater Study.


Structural loading shall be appropriate to the location and use of the tunnel.  Consider the tunnel location with respect to future building sites, and provide for vehicular traffic loads if necessary.  Provide positive drainage of the tunnel base throughout the tunnel extent.  Gravity drain the tunnel to sanitary sewer system.  If necessary by grade considerations, use sump pumps.


Provide a minimum of two manhole entrances, space entrances no farther apart than 75 m, provide atmospheric vents as needed to provide for ventilation, control excessive temperatures/humidity buildup.  

Consider confined space entry requirements from safety and maintenance perspectives.  Consider the functional considerations with respect to utility repairs and long-term system replacements.

6.8. FENCING


Fencing shall consist of galvanized pipe sections, diamond mesh fabric, double-V five strand barbed wire at top, and gates complying with the Chain Link Fence Manufacturers Institute (CLFMI)  "Product Manual for Standard Industrial - Heavy Industrial Usage".  Installed fence shall be 2134 mm from grade to top post, and 305 mm from top post to top of barbed wire arms, for a total height of 2440 mm.  The materials of fencing have been extensively and specifically edited in the GSFC Local Specsintact Section, Perimeter Chain Link Fencing and Gates.


Generally Security has preferred swing type gates due to maintenance issues with rolling type.


Fencing and security requirements are in transition.  Consult with Security Division for latest requirements.

6.9. LANDSCAPING

6.9.1. Lawns and Grassed Areas


The establishment of lawns and other grass areas shall be done in accordance with Section 20.0 of the "1994 Standards and Specifications for Soil Erosion and Sediment Control", and Section 02930 of the SPECSINTACT Locals.  Most of the information in the relevant sections of the two documents is the same, as Section 02930 was written to conform with the state standards.  GSFC is located in the USDA Plant Hardiness Zone 6B, from the "1994 Standards and Specifications" for the purpose of determining the appropriate seed types and acceptable seeding dates.


Project sites with disturbed areas over 2 hectares are required to take soil tests of the proposed topsoil for the purpose of determining application rates of lime and fertilizer as well as the topsoil condition (gradation, pH, etc.).  For all other (smaller) project sites, the soil amendment application rates can be obtained from the "Standards" book.  The proper application of sod or seed with amendments (lime, fertilizer, mulch) and the necessary initial maintenance (watering and fertilizing) is very important in ensuring that a dense turf is established which will prevent erosion and be aesthetically pleasing.

6.9.2. Vegetation


Landscape plantings, including trees and shrubs, shall be included in the design of new facilities at GSFC.  A properly landscaped facility is important not only for enhancing its appearance, but for providing shade and acting as a windbreak both of which reduce heating/cooling energy requirements.  Section 02930 of the SPECSINTACT Locals lists detailed requirements for the establishment of trees, plants, and ground covers. 


Only native plants, those which are compatible with the growing conditions of the area, shall be included in the landscape design, meaning that the soil characteristics, the air temperature, and the average rainfall for irrigation should be compatible with the plant's requirements.  Additionally, the plant species selected should require relatively little maintenance.  A well-designed landscape plan will result in healthier plantings that rely less on pesticides and fertilizer, require less or no irrigation, and therefore costs less over time.  The choice of plant or tree species for various locations of the project site should be made with functionality, maintenance, scale, and aesthetics in mind.  For example, parking lot perimeters and islands should be planted with shade trees.  The perimeter of buildings should be planted with shrubs that are appropriate to the size of the building, but not with large trees or vines that may create maintenance problems.


Both the common and the scientific names of the various plant species shall be given on the plans.  Furthermore, they should indicate with the letters C, BB, BR whether they are to be container grown, balled and burlapped, or bare root, respectively.


Vegetation shall generally be planted only during the Spring Planting Season or the Fall Planting Season as follows.



Spring - 3/1 to 4/30 for BB &BR and 3/1 to 6/15 for C



Fall - 10/15 to 12/15 for Deciduous BB &BR and 8/15 to 12/15 for Deciduous C


 
         9/1 to 11/15 for Evergreen BB and 8/15 to 11/15 for Evergreen C


Following is a native plant list for use on landscape plans at GSFC.  Only plant species contained in this list shall be proposed.  These species have been selected as suitable due to their low maintenance characteristics (disease and insect resistance, summer/winter hardiness, relative deer resistance, pruning requirements, etc.)



Shrubbery Adjacent To Buildings


Acanthopanax sieboldianus - Fiveleaf Aralia



Aralia spinosa - Devil's Walkingstick



Berberis spp. - all species of barberry suitable for zone 6



Buxus spp. - all species of boxwood suitable for zone 6



Callicarpa dichotoma - Purple Beautybush



Callicarpa japonica - Japanese Beautybush



Calycanthus floridus - Common Sweetshrub



Chaenomele spp. - all species of quince suitable for zone 6



Clethra alnifolia - Summersweet



Eleagnus spp. - all species of Eleagnus suitable for zone 6



Ilex x aquipernyi - San Jose Holly



Ilex cornuta - Chinese Holly



Ilex glabra - Inkberry



Ilex verticillata - Winterberry Holly



Kolkwitzia amabilis - Beautybush



Leucothe fontanesiana - Drooping Leucothe



Ligustrum spp. - all species of privet suitable for zone 6



Lonicera spp. - all species of honeysuckle suitable for zone 6



Mahonia bealei - Leatherleaf Mahonia



Myrica pensylvanica - Northern Bayberry



Nandina spp. all species of Nandina suitable for zone 6



Philadelphus spp. - all species of mockorange  suitable for zone 6



Physocarpus opulifolius - common Ninebark



Pieris japonica - Japanese Andromeda



Pinus mugo - Mugo Pine



Pyracantha coccinea 'Mohave', 'Navaho', 'Rutgers' - Pyracantha



Rhamnus catharticus - Common Buckthorn



Rhamnus frangulus - Glossy Buckthorn



Rhus spp. - all species of sumac suitable for zone 6



Symphoricarpus albus - Snowberry



Viburnum opulus - Cranberry Viburnum



Viburnum rhytidophyllum - Leatherleaf Viburnum

Trees for developed areas (along roads, malls, etc.).  Note that all trees will have to be protected to a height of five feet against deer for at least the first three years after planting.


Abies spp. - all species of fur suitable for zone 6



Aesculus spp. - all species of aesculus suitable for zone 6



Betula nigra 'Heritage' - Heritage River birch



Cercis canadensis - Eastern Redbud



Cercis chinensis - Chinese Redbud



Cladrastis lutea - American Yellowwood



Cotinus Coggyria - common Smoketree



Cornus mas - Corneliancherry Dogwood



Cornus kousa - Kousa Dogwood



Gingko biloba - Gingko



Hamamelis virginiana - Common Witch Hazel



Ilex x aquipernyi - San Jose Holly



Koelreuteria paniculata - Golden Raintree



Liquidambar styraciflua - Sweetgum



Magnolia grandiflora - Southern Magnolia



Nyssa sylvatica - Blackgum



Picea spp. - all species of spruce suitable for zone 6



Pinus thunbergiana - Japanese Black Pine



Pyrus calleryana 'Aristocrat', Chanticleer', 'redspire' - Pear trees



Sophora japonica - Japanese Pagodatree



Styrax japonica - Japanese Styrax

Trees for perimeter and reforestation areas.  Note that all trees will have to be protected to a height of five feet against deer for at least three years after planting.


Acer negundo - Boxelder



Ailanthus altissima - Tree-of-Heaven



Alnus spp. - all species of alder suitable for zone 6



Aralia elata - Japanese Angelica tree



Asimina triloba - Pawpaw



Betula nigra, and B. nigra 'Heritage' - River Birch and Heritage River Birch



Catalpa speciosa - Northern Catalpa



Cercis canadensis - Eastern Redbud



Diospyros virginiana - common Persimmon



Gleditsia triacanthos - Honey Locust



Glynmocladus dioicus - Kentucky Coffeetree



Hamamelis virginiana - common Witch Hazel



Juglans spp. - all species of Juglans suitable for zone 6



Liquidambar styraciflua - Sweetgum



Maclura pomifera - Osage orange



Nyssa sylvatica - Blackgum



Paulownia tomentosa - Empress tree



Pinus thunbergiana - Japanese Black Pine



Pinus virginiana - Virginia pine



Robinia pseudoacacia - Black Locust



Sassafras albidum - Sassafras



Groundcover Plantings - "B" = bulb, "P" = perennial, "S" = shrub, "V" = vine


Achillea millefolium - Yarrow - P



Aconitum uncinatum - Monkshood - P



Ageratum houstonianum - Flossflower - P



Althaea rosea - Hollyhock - P



Anemone japonica - Anemone - P



Aquilegia spp. - all species of Columbine suitable for zone 6 - P



Artemisia spp. - all species of Artemisia suitable for zone 6 - P



Asclepias tuberosa - Butterfly Weed - P



Aruncus dioicus - Goatsbeard - P



Berberis gladwynensis 'William Penn' - Wm. Penn Barberry - S



Berberis thunbergii var. atropurpurea 'Crimson Pygmy' - Crimson Pygmy - S



Buxus microphylla 'Compacta' - Dwarf Boxwood - S



Ceratostigma plumbaginoides - Plumbago - P



Chaenomeles speciosa 'Texas Scarlet' - Texas Scarlet Quince - S



Cimifuga racemosa - Bugbane - P



Clematis sp. - all species of Clematis suitable for zone 6- V



Comptonia peregrina - sweet fern - P



Convallaria majalis - Lily-of-the-valley - P



Coreopsis spp. - all species of coreopsis suitable for zone 6 - P



Delphinium spp. - all species of larkspur suitable for zone 6 - P



Dicentra spectabilis - Bleeding heart - P



Digitalis spp. - all species of foxglove suitable for zone 6 - P



Epimedium spp. - all species of epimedium suitable for zone 6 - P



Euonymus fortunei - all cultivars of E. fortunei suitable for sone 6 - S



Euphorbia cyparissias - Spurge - P



Galanthus nivalis - Snowdrops - P



Gaultheria procumbens - Gaultheria - S



Geranium spp. - all species of cranesbill suitable for zone 6 - P



Grasses - all species of ornamental grasses suitable for zone 6 - P



Gypsophila paniculata - Baby's Breath - P



Hedera helix - English Ivy - V



Helianthus spp. - all species of sunflower suitable for zone 6 - P



Helleborus spp. - all species of hellebore suitable for zone 6 - P



Hyacinthus orientalis - Hyacinth - B



Hypericum spp. - all species of hypericum suitable for zone 6 - S



Knophofia uvaria - Red Hot Poker - P



Lantana montevidensis - Trailing Lantana - P



Lavandula officinalis - Lavendar - P



Leucothoe fontanesiana - Droping Leucothoe - S



Lupinus spp. - all species of Lupine suitable for zone 6 - P



Monarda didyma - Bee Balm - P



Myosotis spp. - all species of forget-me-not suitable for zone 6 - P



Narcissus spp. - all species of narcissus suitable for zone 6 - B



Nepeta faassenii - Catnip - P



Pachysandra terminalis - Japanese Pachysandra - P



Papayer orientale - oriental poppy - P



Phaedranthus buccinatorius - Trumpet vine - V



Physostegia virginiana - Obedience plant - P



Pinus mugo - mugo pine - S



Pulmonaria officinalis - Lungwort - P



Rudbeckia gloriosa - Gloriasa Daisy - P



Salvia spp. - all species of sage suitable for zone 6 - P



Sambucus racemosa - Red Elderberry - P



Santolina spp. - all species of Santolina suitable for zone 6 - P



Scilla siberica - Scilla - B



Solanum spp. - all species Nightshade suitable for zone 6 - P



Stachys byzantina - Lamb's Ear - P



Stokesia laevis - Stokes aster - P



Tradescantia virginiana - spiderwort - P



Trillium spp. - all species of Trillium suitable for zone 6 - P



Trollius laxus - Globeflower - P



Vinca Major - Periwinkle - P



Yucca spp. - all species of Yucca suitable for zone 6 - P

6.10. STORM DRAINAGE SYSTEM

6.10.1. Materials & Standards



Minimum velocity when flowing full shall be 0.75 m/s.


Minimum size of main lines shall be 381 mm, minimum size of branch lines shall be 305 mm.

Roof drain leaders connected to storm drainage system shall be designed under Mechanical, and may be sized to actual capacity, but under no conditions shall be less than 102 mm.

Reinforced concrete pipe (RCP) conforming to ASTM C-76 shall generally be used for all new sections of the storm drain system for sizes 305mm and greater.  Class IV pipe shall be used under all roads and parking lots while class III may be used at other locations.  PVC pipe shall be used for sizes smaller than 305mm.  Structural plate corrugated metal pipes shall be considered for larger culverts.

Round section pipe shall be used except where minimum cover conditions dictate that elliptical RCP be used.

Drainage structures (manholes, inlets, junction boxes, end treatment) shall be either precast or cast-in-place concrete.   

Gasketed RCP conforming to ASTM C-361 shall be used for principle spillway pipe through pond embankments.

6.10.2. Hydrologic and Hydraulic Design


An extensive storm drain system exists at GSFC that conveys stormwater to the various outfall points.  New sections to the system shall be designed to generally maintain the same drainage area divides between the various branches of the system, unless it is for the purpose of maximizing the drainage area to a stormwater management facility.   With the exception of foundation sump pump systems, all storm drain systems shall function by gravity flow.


The Maryland SHA Drainage Manual contains design criteria and design charts and nomographs that are helpful with the hydraulic design of the pipes, headwalls, inlets, etc.


Storm drain systems shall be designed using the Rational Method.  The pipes shall be sized to carry the 10 year peak discharge under full flow conditions, and the 25 year hydraulic gradient shall be checked and kept within the system (no breach of manholes or inlets).  Roadway inlets shall be designed for the 2 year storm, with a minimum 85% interception (on-grade inlets) and  maximum 2.5 m spread.


Culverts shall be located as close as possible to the natural drainage course.  They shall be designed to convey the 25 year storm without overtopping.  In general, the Rational Method should be used for drainage areas less than approximately 20 hectares and the SCS TR-55 method for drainage areas greater than that.


The design of culverts shall comply with the FHWA methodology given in Hydraulic Design Series (HDS) no. 5, Hydraulic Design of Highway Culverts.

In order to avoid maintenance problems, pipes shall not be designed with slopes less than 0.5%, unless site conditions will not allow it.


All storm drain outfalls and culverts shall have headwalls/endwalls or end sections included in the design.  Headwalls or endwalls shall be used where a base flow is present or where the pipe is significantly skewed to the slope.


For road drainage, the NEENAH R-3246-CL inlet frame, grate & curb box, or approved equal shall be used unless design conditions dictate otherwise.  For drainage of lawn areas, the NEENAH R-3251 inlet frame and grate, or approved equal shall be used.  See section 15.0 for reference to standard CADD details for precast inlets and manholes.

6.10.3. Outfall Protection


Stormwater outfall protection shall be considered at any location where concentrated flow drains to an erodible surface.  Primarily these locations are where storm drain pipes outfall into open channels.  Section 18.0 of the "1994 Standards and Specifications for Soil Erosion and Sediment Control" should be used as the design guide for stone/rock outlet protection.  The 10 year peak discharge shall be used as the design discharge.  The riprap stone size and apron dimensions are functions of the outlet discharge and velocity.  In cases where an existing stone outlet apron has proved ineffective as an energy dissipator or where a new outfall is anticipated to have considerably high discharge and velocity, the Federal Highway publication Hydrologic Engineering Center (HEC) 14 "Hydraulic Design of Energy Dissipators for Culverts and Channels" shall be used to design the outfall.

6.10.4. Environmental Considerations


No waters or material from equipment or other sources shall be discharged to the storm drain system without a NPDES Permit.  Exceptions include fire hydrant flushings, routine external building washdown which does not include detergents, air conditioner condensate, springs, uncontaminated groundwater, and foundation footing drains.


Facilities or equipment deemed to significantly contribute to stormwater pollution may need to be included in GSFC's Stormwater Pollution Prevention Plan and require the implementation of Best Management Practices (BMP) to mitigate this pollution.  These BMP's may include structural requirements such as roofs, berms, dikes, etc.

6.10.5. Manholes and Inlets


Manholes shall be provided at all junctions, changes in alignment, changes in grade, at a maximum spacing of 100 m for 1220 mm lines and smaller, at a maximum spacing of 200 m for 1372 mm lines and larger.  Drainage structures (manholes or inlets) shall be located such that pipe runs do not exceed 120 m continuous.

6.11. SANITARY SEWERAGE SYSTEM

6.11.1. Collection System


Unmetered water from roof drains, groundwater sump pumps, other stormwater runoff or atmospheric condensation shall not be allowed to drain to the sanitary sewer system.  Only domestic sewage and process water provided it meets the criteria given in Section 12.10 shall be conveyed to the sanitary sewer system.

In general, PVC pipe and fittings which conform to ASTM D3034 shall be used.  Piping shall be installed in accordance with methods and criteria given in ASTM D2321.  When it is desirable to avoid open trenching to repair a sewer line because of depth or disruption of activities, slip lining or pipe bursting methods with plastic pipe are acceptable. 


Underground detectable marking tape shall be installed using the APWA color codes (green - gravity sewer, brown - force main).  150 mm tape shall be installed at approximately 300 mm depth.


All new sewer lines shall be sized based on the method given in the WSSC Sanitary Sewer Design Standards with consideration given to ultimate development, but in no case shall main branches of the system be less than 200 mm diameter or connections to main buildings be less than 150 mm.  The design flow shall correspond to no greater than 75% of pipe full flow to avoid build-up on the walls.  All pipes shall be designed at a sufficient slope to maintain a full flow velocity of 600 mm/s to avoid sedimentation.


Upon installation of the sewer line, leakage testing shall be conducted in accordance with the WSSC low pressure air testing criteria as given in the WSSC General Conditions and Standard Specifications.  Testing shall be done from manhole to manhole with test plugs in the pipe ends.  First make a determination of the groundwater depth and associated pressure.   Increase the gauge pressure in the pipe section to 27.6 kPa (4 psi) plus the in-situ groundwater pressure (not to exceed 37.9 kPa (5.5 psi) total).  Then allow the pressure to decrease to 24.1 kPa (3.5 psi) plus groundwater pressure. Finally, record the time for the pressure to drop by 3.45 kPa (0.5 psi).  If the time exceeds the following minimum times then the pipe section is considered to have passed.  If not, repairs shall be made to the joints such that the test passes.




102 mm pipe - 1 min 53 sec




152 mm pipe - 2 min 50 sec




203 mm pipe - 3 min 47 sec




305 mm pipe - 5 min 40 sec


All sanitary flows shall be kept separate from storm flows.  Waste water containing oil, fuel, grease, and solvents such as from fuel dispensing areas, garages, and shop floors shall be discharged through an oil-water separator before entering the sewer.  New sanitary sewer connections or proposed changes to the nature of the sewage effluent shall be coordinated with the Safety and Environmental Division (S&ED) (Code 250).

Sanitary sewer lines shall not be located any closer than 3050 mm horizontally to a water line.  An exception is in the case when the bottom of the water pipe will be at least 300 mm above the top of the sewer pipe, then it should be no closer than 1830 mm.


Any work to the sanitary sewer system beyond the property line of GSFC must be coordinated with WSSC.


All new requirements for the disposal of sanitary waste shall connect to the sanitary sewer.  In the rare case that an on-site septic system is necessary because of no close proximity to GSFC sanitary sewer line system, approval from the Prince Georges County Health Department (301) 883-7680 is required.  Sewage holding tanks are not an allowable means of sewage disposal.


Flow must be maintained in the sanitary sewer at all times when work is planned.  This may require the pumping of sewage using approved methods.


The construction of any new sewer lines or structures outside of the GSFC property line should be coordinated with the WSSC Water and Sewer Reports Section (301) 206-8650.  It should be handled in a manner that NASA may fund the work but WSSC should design and construct the project.  The rehabilitation of any sewer lines beyond the property line should be coordinated with the WSSC Code Enforcement Section (301) 206-8604.

6.11.2. Pumping Stations


Gravity flow of the sewer shall be designed whenever possible.  However, it may be necessary to include a pumping station when the site is at a sufficiently low elevation.  Whenever new pump stations, or the replacement of pumps at existing stations is required, submersible pumps shall be used rather than the pedestal type, for ease of maintenance.  A dual pump setup shall be designed such that the capacity of one pump is sufficient to convey the design sewage flow.  The controller shall alternate the lead pump with each successive pumpout with the other pump activating only with higher flows.  Wet wells shall be designed to avoid long retention periods, no more than 10 min, before pumpout.  Sewage pumps shall be capable of passing 50 mm slid spheres.  Contract Specifications shall state the operating sequence of the pumps, the continuous peak rate of flow to the pump station, the static head, and the friction loss in the discharge pipe based on this continuous inflow.


Pumping Stations shall be equipped with high-level alarm signals connected to the GSFC central Utility Control System.

6.11.3. Treatment and Neutralization Systems


When the interior sanitary waste plumbing system is designed for a new facility, consideration shall be given to the planned use and processes of the facility.  If laboratories are planned which may include the use of acids, the laboratory waste plumbing shall be separate from the sanitary plumbing to a point such as a mechanical room where an acid neutralization tank may be installed on-line with the laboratory plumbing.  Certain other industrial processes may require pretreatment before discharge into the sanitary sewer.  Consultation with the FMD environmental engineer or the S&ED will help determine specific requirements.

6.11.4. Degreasers


Grease traps or grease recovery systems are to be included in the design when it is expected that grease such as from food operations may be discharged to the sanitary system.

6.11.5. Manholes


Manholes shall be spaced at distances no greater than 120 m.  They shall also be constructed at all changes in pipe size, slope, horizontal alignment, and at all junctions.  WSSC standard details shall be used for the design of manholes and connections.  All manhole inverts shall be paved to produce a smooth positive sewage flow.

6.12. SITE & CIVIL REFERENCES & ACRONYMS

	AASHTO
	A Policy on Geometric Design for Highways and Streets



	
	

	
	



ASCE - Bearing Capacity of Soils


FHWA HDS No. 5 Hydraulic Design of Highway Culverts (6.11.2)


FHWA Manual on Uniform Traffic Control Devices


ITE Traffic Control Devices Handbook


FHWA HEC 14 Hydraulic Design of Energy Dissipators for Culverts and Channels (6.11.3)


GHB 1600.1A Security Manual

Maryland Standards and Specifications for Stormwater Management Infiltration Structures           (6.4.1)


MD-378 Dam Safety Code (6.4.1)


MDOT - Standard Specifications for Construction and Materials



NEENAH - Construction Castings


PG County, DPW&T - Neighborhood Traffic Management Program


SHA Drainage Manual (6.11.2)


IBC - International Building Code


UFAS - Uniform Federal Accessibility Standards

ACRONYMS

	Note: only less commonly seen acronyms are shown in this table.

	ADAAG
	Americans with Disability Act Accessibility Guidelines

	ADRC
	Architectural Design Review Committee

	APWA
	American Public Works Association

	BARC
	Beltsville Agricultural Research Center

	BMP
	Best Management Practices

	EOSDIS
	NASA Building 32

	ESSB
	NASA Building 33

	FOM
	Facility Operation Manager

	HC
	Accessible Space

	HEC
	Hydrologic Engineering Center

	SCS
	Soil Conservation Service

	S&ED
	Safety & Environmental Division 

	SE&SO
	Safety, Environmental & Security Office

	SLD
	Sea Level Datum

	NAD
	North American Datum

	NAVD
	North American Vertical Datum

	NGVD
	National Geodetic Vertical Datum

	UFAS
	Uniform Federal Accessibility Standards


7. ARCHITECTURAL CRITERIA

7.1. BUILDING SITING

7.1.1. Site Planning Criteria


The following site planning concepts shall be addressed when planning or designing new facilities on the campuses of GSFC, or when substantially adding to an existing facility.  A design review by the Architectural Design Review Committee (ADRC) is required of all projects that significantly affect the aesthetic image of GSFC.  All site development and implementation of future facilities shall conform to the intent of the GSFC Campus Master Plan. 
7.1.2. Campus Environment Criteria   


Arrangement of buildings should create opportunities for open spaces, both public and private.  The proportions and definitions of the spaces shall relate to the geometrical qualities of the buildings.  Buildings should face and provide access to open spaces.


Scale of buildings and proportional relationships to the land should be balanced and coordinated through building and site cross sections.  The relationship of tree line elevations to the building heights, and the relationship of roadway to the building plans should be considered.

 
Buildings shall relate architecturally with one another through massing and treatment of facades.  The establishment of "neighborhoods" is encouraged.   Additions to buildings shall be designed to be contextual to the existing structure. 


Approaches to buildings from parking areas should be coordinated with the natural landscape.  Entries to buildings should relate to newly created open spaces, or have direct approach from the "street".  Multiple entries are encouraged.  Axial arrangements are inappropriate.


Site design should encourage free pedestrian circulation with areas defined to promote both collective and individual activities.

7.1.3. Landscape and Parking Criteria


Minimize the impact of development on the natural landscape where possible.  Supplement existing foliage and natural features with some refinement close to the building.


Public spaces should have visual appeal and incorporate site amenities such as footpaths, benches, paved areas, and appropriate trees.


Establish a buffer zone between buildings and associated parking.  Location of future parking or relocation of existing parking areas shall promote a "campus" feeling.


Maintain existing natural buffer zone between GSFC property boundaries and future GSFC campus development.  See Master Plan for criteria.


Avoid habitat islands of landscape and maintain to the maximum extent possible.  Provide continuous, integrated natural landscapes to preserve natural habitats.


Minimize parking surface areas and roadway widths where possible.  Interactions between pedestrians and vehicular traffic should be minimized.  Provide landscape buffer zone between roadway and parking areas.


Provide low maintenance landscaping with appropriate plant selections.   Preserve the existing wooded landscape environment including trees and understory, natural topography and watercourses, wildlife habitats, and wetlands.

7.1.4. General Building Criteria


The maximum building height to the roofline shall be determined by levels or stories, with a maximum for 4 levels above average grade.  Non-occupied service penthouses above the roof of a building are permitted, as well as antennas, vents, domes, and other equipment related to mission support.  Specific building sites should be zoned to lower heights in accordance with criteria established in "Campus Environment".


The minimum building setback from an existing street curb face shall be in accordance with criteria established in "Campus Environment".


The minimum distance between buildings shall be set in accordance with the IBC.


All buildings shall adjoin or have access to a public way or yard on not less than one side as defined by the latest edition of the IBC.


Entrance canopies are encouraged.  Canopies, trellises, sunscreens, kiosks, and other non-occupied architectural features may encroach upon the required minimum setbacks established above.


Building 305 at the Magnetic Test Facility (Area 300) is included in the National Register of Historic Places Inventory.  Any work at this building must comply with the “Historic Preservation Plan Spacecraft Magnetic Test Facility, Building 305”.

7.2. BUILDING CONSTRUCTION

7.2.1. General Construction Materials


Construction materials for new facilities and additions to existing facilities shall comply with current editions of the IBC code and NFPA standards.


New buildings shall have non-combustible materials for fire-resistive construction as required by the IBC for "type of construction".


Additions to existing structures shall match existing type of construction and fire resistive ratings of building elements when in compliance with current codes and standards.


Combustible materials such as communication backboards and other wood backing or blocking shall be fire-retardant treated.

7.2.2.  Primary Fire Extinguishing Systems


The fire extinguishing system design for new facilities and major additions to existing facilities shall comply with IBC and NFPA requirements.  The design shall be based on the occupancy type and hazard classification of each building.


Fire and smoke detection, alarm systems, and automatic fire sprinkler system shall be based on the design criteria in Chapter 9.   The system design shall provide effective fire suppression and warrant life safety of building occupants and protection of equipment.


The design of an addition may involve an existing facility, which is in violation of the current codes. Upgrading for current code compliance shall be evaluated on an individual project basis. Atrium design in new facilities with automatic sprinkler protection shall be governed by IBC and NFPA requirements for height in stories, floor openings, and total area of the atrium.
7.3. BUILDING DESIGN CONSIDERATIONS

7.3.1. Functional Layout


Building design should be based on the intended uses and functional requirements of the facility. Good architectural design, especially in regard to the layout and arrangement of the spaces, should be strongly emphasized.  Excellence of design does no imply added expense and should rank equally with economy of construction and functional efficiency, and livability of a facility.  Carefully worked out functional planning will not only produce a more efficient facility, but will also produce a more attractive building, both inside and outside.

7.3.2. Economy and Energy Efficiency


Economy and Energy efficiency should be emphasized in building planning.  An economic analysis should be developed during the design phase to consider the most suitable structural, mechanical, and electrical systems, building envelope materials, and site development concepts. Proprietary systems and products should be avoided.  Proper planning and good design management reduces Government costs and minimizes lost design effort.  Extraneous building embellishments and monumental features are also no acceptable. Compliance is required with Executive Order 13123, Greening the Government Through Efficient Energy Management and NPD 8820.3 Facility Sustainable Design.

7.3.3. Expandability


Since changes in facility use and requirements may occur in the future, the capacity to expand a building in an economical manner with minimum disruption should be considered during the design phase.  Horizontal expansion is generally easier and less costly than vertical expansion.  When possible, structural systems and wall systems, which allow for possible expansion should be selected.  The size and location of utility lines and equipment should also be evaluated for possible future expansion. 
7.4. BUILDING EXTERIOR DESIGN STANDARDS

7.4.1. Exterior Design Considerations


Good exterior design concepts require attention to detail and a concern for an aesthetic solution to a functional or operational problem.  A simple and direct design approach can produce a more aesthetic and efficient building.  The relationship of a new structure to the site, to adjoining buildings, to the GSFC community, and its environmental impact must be considered.  An effort should be make to make a new facility compatible with adjacent buildings in appearance, orientation, and scale.  Clashes between existing and new architectural styles should be avoided.


Mechanical and electrical equipment shall be appropriately placed and/or properly concealed to avoid detracting from the appearance of a building.  Provisions for utilitarian items such as garbage containers and disposal equipment must be considered in the building design.


The selection of materials should be based on suitability with consideration given to climatic requirements, site orientation, adjacent facilities, purpose and function of the facility.  Initial material costs, maintenance costs, and energy costs should also be considered.  A more pleasing design and economic benefits are achieved when the numbers of exposed materials are limited to two or three.


Glass walls used purely for aesthetic effect should be avoided, since they increased heating and cooling loads and generate the need for additional sun control; i.e., overhangs, screening, window tinting, and draperies.  Many spaces such as laboratories, classrooms, and storage areas do not require windows.  The trade-off between the use of windows for delighting and the use of electric lighting should be considered in the building design.


The choice of exterior colors is an important aspect of design.  Colors should be selected to harmonize with the surroundings and natural setting, and should provide a dignified public image. The exterior surface should consider reflective and absorptive characteristics of the surface as part of the energy analysis.  A master color scheme should be prepared for an entire complex of buildings.  The number of colors in a scheme for a building or complex should be limited.

7.4.2. Exterior Wall Criteria   


The materials noted below are permitted on the East and West Campuses.  Exposed concrete masonry is not permitted except in special zones.  No other materials are allowed unless approved by the Architectural Design Review Committee (ADRC).

Brick

Primary Materials:

Main Campus: Match Continental Brick, #470, standard modular units, as distributed by Potomac Valley Brick, Rockville, MD, with a Portland-lime cement mortar matching "Flamingo C320" as manufactured by Riverton Cement Co.


East Campus: Match Glen-Gery Brick, "Amherst", with a Portland-lime cement mortar matching  "G-209 Colored Mortar Blend" manufactured by Glen-Gery.  


Accent Materials:


Main Campus: Same as primary, unless approved by the ADRC.


East Campus: Match Glen-Gery Brick "Iron Forge" with a Portland-lime cement mortar matching Tamms  "2606 Colored Mortar Blend".


Design Criteria:   


All brick applications shall use running bond coursing.  Accent bands are permitted using either the primary or accent materials.  Accent bands may use a soldier coursing.


Metal Panel Systems

Profiled (Corrugated) Panels: Vertical application; match existing profile; white color or other color as approved by the ADRC to match existing.  Use specification section 07467.


Insulated (Sandwich) Panels: Horizontal application; white, almond, or gray colors to match existing as approved by the ADRC.  Colors used shall be based on "neighborhoods" approved by the ADRC.  Use specification section 07400.


Design Criteria: All penthouses shall use profiled metal panels.  All materials above the parapet level shall be white to match existing.


Curtain Walls, Windows and Storefronts

Glazing:  Select gray or green tints.  Tints shall be based on "neighborhoods" approved by the ADRC.  Glazing materials on building additions shall match those used in the existing building.


Mullions/Window Framing:


Main Campus: Use clear anodized or bronze anodized mullions.  Color shall be based on "neighborhoods" approved by the ADRC.


East Campus: Use silver metallic painted mullions.


Building additions: Use materials matching those used in the existing building.


Design Criteria: Windows in air-conditioned buildings shall not be operable/openable unless directed by GSFC.  Selected windows for emergency access or exhaust purposes may be indicated by GSFC.  Such windows shall be lockable.


Opaque spandrel panels used in curtain walls shall match or compliment the color of the vision panels as approved by the ADRC.


For storefront doors, see Exterior Door Criteria.


Louvers shall match the window mullions in color, but louvers located on the penthouse shall be white to match metal panels.


Use of glazing shall conform to the "FMD Energy Conservation Guidelines".

7.4.3. Exterior Door Criteria


Entrance Doors: Doors shall be glazed aluminum doors with medium stiles, or other stile width to match existing doors.   Glazing shall be safety-rated tempered glass.  Door finish shall match storefront framing for building.


Other Exterior Egress Doors from Stairwells, Corridors, and Services: Cold-rolled hot-dip galvanized steel doors and frames, SDI Grade II Heavy Duty,  seamless construction, polyurethane core;  welded unit frames; factory primed and field painted.   Door and frame color shall match adjacent material or be compatible with other building materials.   Refer to GSFC Local Master Specification Section 08100 "Steel Doors and Frames".


For exterior door hardware, see "Door Hardware".

7.4.4. Exterior Building Signage


Building Numbers: Fabricated of aluminum-alloy castings; concealed mounting with numbers drilled and tapped to receive threaded fasteners.

Finish of Exposed Face of Building Number: Aluminum Association Class 1 clear anodic coating with satin finish.

Number Style and Size: Helvetica medium letter style, 600 mm high, 125 mm stroke width, 38 mm depth.   

7.4.5. Below Grade Exterior Walls


Sheet Membrane Waterproofing: Self-adhered, cold-applied composite sheet waterproofing, comprised of 1.4 mm thick rubberized asphalt and 0.1 mm thick cross-laminated polyethylene film.  Refer to GSFC Local Master Specification Section 07110 "Sheet Membrane Waterproofing".


Protect sheet membrane waterproofing system with expanded polystyrene protection board, 25 millimeter thick, or provide prefabricated composite drainage panels with filter fabric to protect waterproofing system and allow groundwater to flow to bottom of wall. 

7.4.6. Building Exterior Envelope Thermal Transmission/Vapor Barrier Criteria


Building exterior envelope design shall comply with the Federal Regulation 10 CFR PART 434. 


Exterior Joint Sealants: Elastomeric joint sealant; non-sag urethane or low modulus silicone types for vertical joints, and pourable urethane or low modulus silicone types for horizontal joints.


Wall Insulation: Rigid/Non-rigid Fiberglass.  Minimum recommended metric R-value of 2.3 (R-13).  Coordinate wall insulation thickness with Mechanical Engineer for HVAC design requirements.

7.4.7. Exterior Envelope Wind Load


Design assemblies and components to wind load criteria indicated in "8.0 Structural Engineering Criteria".

7.4.8. Roofing Systems


Specification:   GSFC Local Master Section 07550 "Modified Bituminous Sheet Roofing".


Roofing System Performance Requirements: Listed by UL for Class A External Fire Exposure, and Factory Mutual Approval Guide for Class I construction and complying with FM I-90 Windstorm Resistance Classification.


Roofing Insulation: Rigid polyisocyanurate foam core bonded to roofing felt facer sheets, mechanically fastened.   Minimum recommended metric R-value of 3.5 (R-20).  Coordinate roofing insulation thickness with Mechanical Engineer for HVAC design requirements.


Overlay Board: Rigid, non-combustible perlite fiberboard, 19 mm thick, mop-applied.  Use tapered overlay board when required to provide minimum slope of 6 mm per 300 mm  (2 percent slope) to drains.


Roofing Membrane: SBS modified bitumen system consisting of fiberglass base sheet, mop-applied, SBS interply sheet and SBS cap sheet, and granular surfaced, mop-applied.  Optional system consists of 2 plies of Type VI glass fiber felts, mop-applied, and SBS cap sheet, granular surfaced, mop-applied.


Roofing Warranty: Full system type with no dollar limit (NDL) with warranty period of 20 years.  

7.4.9. Roof-mounted Equipment


Roof-mounted equipment requiring periodic servicing shall be located minimum of 3 000 mm from roof edges without a guardrail.


Provide minimum 900 mm wide service access aisle between adjacent equipment, and a non-combustible working platform over groups of pipes and conduits for equipment servicing.


Screen roof-mounted equipment from pedestrian view and from views from other buildings.


Mount roof equipment and distribution lines in a manner that roofing repairs and replacement can be accomplished without the removal of these items.   Minimize exposed conduits and piping on roofs.  Conduits and piping shall clear roof surface a minimum of 200 mm to accommodate roof repairs and replacement.  Provide noncombustible stiles over groupings of conduits or piping over 450 mm wide for accessibility to roof areas and when intersecting a walkway. 


To view the authenticated policy, view Roof Mounted Equipment Policy.
7.4.10. Roof Specialties


Specifications:   GSFC Local Master Section 07710 "Manufactured Roof Specialties".


Gravel Stops/Fascia and Parapet Coping Systems: Standard extruded aluminum or galvanized steel systems, formed in required shapes, sizes, and finishes, with shop-welded mitered corners, concealed splice plates, and continuous edge cleats.


Roof Expansion Joint Covers: Metal-flanged elastic expansion joint cover system, fabricated specifically for required roof-to-roof and roof-to-wall applications.


Vent Pipe Sleeves/Flanges and Roof Drain Flashing: Sheet lead.

7.4.11. Handrails and Guardrails


Handrails: Conform to FED-STD-795 UFAS for handrail design, and NFPA 101 Life Safety Code.  Install handrails at 915 mm above the surface of the stair tread, measured vertically from the leading edge of the tread.  Guards shall be no less than 1070 mm in high measured vertically form the surface adjacent thereto.


Handrails at Ramps: Conform to FED-STD-795 "Uniform Federal Accessibility Standards" for handrail design, and NFPA 101 Life Safety Code.


Aluminum Handrails: Component railing system; consisting of aluminum-alloy extruded structural pipe, ASTM B 429, 6063-T6 alloy and temper, standard weight (schedule 40); 32 mm nominal pipe size; aluminum fittings and concealed aluminum welds; brushed satin anodized finish.


Steel Handrails: Seamless steel pipe, ASTM A 53M Type S, Grade A, standard weight  (Schedule 40); 32 mm nominal pipe size.  For exterior installations, provide hot-dip galvanized finish.


Anchor vertical handrail pipe supports into concrete with erosion-resistant anchoring cement, "Super Por-Rok" manufactured by Minwax Construction Products Division, or approved equal.  Coat concealed surfaces of aluminum with heavy coat of bituminous paint.

7.5. INTERIOR SPACE PLANNING STANDARDS

7.5.1. General Planning Concepts for General Office an Laboratory Areas


Floor plan layouts must provide the most efficient and safe use of the building.  Wasted space through inefficient corridor layout, unnecessary lobbies, and monumental space should be avoided.  An efficiency analysis comparing gross floor areas with net floor areas should be developed.  Gross floor area includes the total area within the outside faces of exterior walls for all floor levels of a building’s enclosed space.  Net floor area excludes outside walls, interior partitions, stairways, elevator shafts, toilet areas, basements unsuited for functional use, lobbies and corridors, tunnels or bridges, mechanical equipment rooms, and electrical equipment rooms.  Net floor area should not be less than 70 percent of the gross floor area.


Office space should be of a modular design to permit maximum flexibility.  The plan module should include floors, partitions, electric and communications systems, ceiling lighting fixtures, and ceiling HVAC diffusers.  A laboratory-building module should include all mechanical and electrical services necessary at the bench or workspace.  Mechanical, electrical, utility shafts, elevators, stairs, and toilet facilities shall be consolidated and utility distribution systems shall be collocated to allow maximum flexibility for future use modifications and interior partition relocations.


Office suites shall generally be located at the building perimeter to maximize exterior views.

7.5.2. Exits and Exit Access


The number, type, and arrangement of exits shall be provided in accordance with the requirements of NFPA 10 and IBC.

7.5.3. Medical Emergency Access/Observation Windows


Aisles, corridors, stairways, and service elevators shall be designed to accommodate a 900 x 1900 mm gurney/stretcher in a horizontal position.


Chemical labs or labs containing hazardous materials shall have a minimum of one observation window or a door with a vision panel allowing view of "hazardous" areas from the exit corridor. 

7.5.4. Accessibility for Persons with Disabilities


Personnel with disabilities shall have convenient access to all floors of the building, including elevators, toilet facilities, offices, and laboratory areas.  Accessibility design shall conform to


FED-STD-795 "Uniform Federal Accessibility Standards".

7.5.5. Circulation Network/Elevators/Stairs


Personnel Circulation:

Main Entry: A vestibule for thermal and noise control shall be provided for all entries with access directly to the corridor system from the exterior of the building.  A lobby seating area and receptionist area are not required; a nominal display area is acceptable.  A stairway to the upper or lower floors and passenger elevators, if required, should be conveniently located and directly connected to the main entry.


Passenger Elevator: At least one passenger elevator shall be provided for buildings with two stories or more above or below a grade level entry and shall be designed to conform to FED-STD-795.


Provide a hydraulic elevator type to service three levels or less, and an electric traction elevator to service four levels or more.


Number, capacity, size, and travel speed of elevator(s) shall be designed to meet program requirements.  Interior cab finishes shall be as follows:

   

Walls:  Laminated plastic

             
Doors:  Brushed stainless steel

             
Flooring:  Vinyl composition tile, rubber, or carpet 


Service Circulation: A minimum 2 300 mm net width corridor shall directly connect the service delivery entry to the service elevator and/or service stairway.


Service Elevator: At least one service elevator shall be provided for all new buildings two stories or more and over 900 m sq total gross area that does not have grade level access to each  floor.  This elevator shall be identified by the "Star of Life" symbol for emergency medical services.  This elevator shall be designed to also accommodate passengers, and shall be designed to conform with FED-STD-795 if it is the only building elevator. 


Service elevator may open to the exterior at grade level loading area.  Provide overhang protection (minimum of 1 200 mm beyond door face), and other protection as required to control wind, water, and debris.


Capacity, size, and travel speed of service elevators shall be designed to meet program requirements, however minimum height shall be 2 743 mm.   Interior cab finishes shall be as follows:

             
Flooring:
Vinyl composition tile or rubber.

             
Walls:  
Brushed stainless steel with hangers to support protective pads.

            

Doors:   
Brushed stainless steel.

     
Design/Installation Features for Elevators:

Hydraulic Type: Elevator machine rooms shall be located immediately adjacent to the elevator pit.


All Elevator Types: Solid-state controllers may be used.  Specify two-year warranty.


Equipment Room Ventilation: Provide ventilation to maintain a constant temperature of no greater than 30 degrees C.  


Non-elevator equipment, valves, etc. shall not be located in the elevator equipment room.


Refer to ANSI/ASME A17.1 for safety code requirements and standards for the design, construction, installation, operation, inspection, testing, and repair of elevators.


Design/Installation Features for Wheel Chair Lifts

Vertical Wheel Chair Lift shall be provided in areas where the difference in elevation does not exceed 3660 mm.


Incline Wheel Chair Lift shall be proved in areas where the elevation exceeds those recommended for a vertical lift, at stairs or stepped walks where the installation of elevators or ramps is not feasible.


Drive System: Motor with instant reverse for screw drive system with back-up safety nut and auto lubrication. 


Controls: continuous pressure switches (no key) must be used to operate the lift.  An emergency stop/alarm switch must be provided.


Refer to ANSI/ASME A17.1 for safety code requirements and standards for the design, construction, installation, operation, inspection, testing, and repair of lifts.


Design/Installation Features for Corridors and Stairs:


Exit Corridors: Minimum 1 524 mm net width.  The “primary” exit corridor connecting exits shall be 2 438 mm minimum net width.  Walls of exit corridors shall typically have a one-hour fire rating.


Stairways:  Personnel stairways shall be enclosed.  Stairs shall have concrete treads and covered with vinyl composition tile or sheet vinyl.  Main entry stairs may  have special finishes to meet program requirements.   Open riser stairways are not permitted.  


As a minimum, one stairway shall continue to the roof level for service.


Steel Handrails: Seamless steel pipe, ASTM A53 Type S, Grade A, standard weight; 32 mm nominal pipe size or other sizes as applicable.


In buildings without elevators, at least one primary pedestrian exit stairway and connecting corridor shall accommodate the transport of a 590 x 1 900 mm ambulance gurney in a horizontal position.  The entry points shall be identified with the "Star of Life" symbol.

7.5.6. Drinking Fountains

Fixtures:  Wall mounted, electric type, accessible to personnel with disabilities, and recessed into niches at corridors.  Dual water fountain units are acceptable with one water fountain being handicapped accessible.  The installation of drinking fountains shall be in accordance with all applicable permits laws, and regulations.

Locate drinking fountains and electric water coolers at corridor walls immediately adjacent to the toilet facilities where possible.  Provide a minimum of one per floor and one per 900 m sq of office/laboratory area with a maximum travel distance of 76 200 mm.

Alternative water supplies such as bottled water will be provided where the structure or configuration of the building makes it impractical to install a permanent water fountain, or the travel distance is more than the established or sampling of the potable water does not meet SDWA standards.


Where the workplace meets the above criteria a written request shall be submitted to the user group Facilities Utilization Review Board (FURB) representative.  The FURB representative shall authorize the installation of the bottled water and forward the request to the appropriate Facilities Management Division (FMD) planner for evaluation.  If the planner in coordination with a representative of Safety and Environmental (S&E) finds that the established criteria has been met, the planner will recommend either a facilities modification or that the Goddard Procurement Officer authorize a bottled water service until the facility is modified or the water meets SDWA Standards.
7.5.7. Toilet Rooms


Locate Men's and Women's toilet rooms adjacent to each other.  Provide minimum one toilet room for each gender per floor with a maximum travel distance of 75 000 mm.

Locate toilet facilities convenient to main entries and major conference rooms.  Toilet room design shall conform to FED-STD-795 "Uniform Federal Accessibility Standards".


Number of fixtures:  Base number on personnel capacity calculated at one person per 7 m sq of net office and laboratory area.  Assume for fixture count purposes--50 percent male and 50 percent female.


Water Closets: Low water consumption type, wall-mounted where possible, with exposed flushometer; white color; with white solid plastic seat with open front.
        
Urinals:  Low water consumption type, wall-mounted with exposed flushometer; white color.


Lavatories:  Self-rimming type, enameled cast iron in white color, or stainless steel if required, set into solid surface counter top with backsplash, or vanity tops with integral bowls.  Locate lavatories or vanity tops bowls minimum 760 mm on centers.  Provide at least one of the lavatories or bowls in each toilet with a pop-up drain.


Consolidate fixtures back to back sharing a common plumbing chase; align toilet facilities vertically within the building where practical.


Toilet Partitions: Floor-supported overhead-braced; fabricated with galvanized steel sheets with baked enamel finish; stainless steel pilaster shoes, brackets, and fasteners.   Refer to GSFC Local Master Specification Section 10160 "Metal Toilet Compartments".

        
Urinal Screens: Fabricated of same material, thickness, and finish as toilet partitions; wall-mounted with continuous mounting flange.  Locate between urinals and urinals/lavatories.


Toilet Accessories: See Toilet Accessories.        

7.5.8. Janitor's Closets


Provide a separately locked Janitor's Closet on each floor level immediately adjacent to each toilet facility and accessed from the corridor.   The door to the Janitor's Closet may swing out into the corridor.  Janitor’s closet may not be used as access to other areas and shall not contain utilities; i.e., water heaters, valves, and controls.  


Fixtures:  Molded fiberglass mop basin, floor-mounted in corner.  Wall sinks are not desirable.


Storage Space: Provide space for storage of mop, pail, and vacuum cleaner.  Permanent affixed shelving shall be provided per program requirements.

7.5.9. Conference Rooms (Within Office Areas)


Provide minimum 760 mm walking aisle behind seated conferees, minimum 1 050 mm from table to wall, or a minimum of 1 350 mm from table to wall to allow for whiteboard/display board access.


Ceiling Mounted Items: Provide recessed projection screens and tracks for movable partitions where possible.


Chair Rail: Coordinate chair rail type and mounting heights with furnishings.


Required Utilities: Provide electrical outlets for TV monitor and projector; a communications outlet for NASA Select TV; and a telephone outlet.


Sound Control: Conference room partitions and ceilings shall be designed to prevent the transmission of sound into adjacent office or laboratory areas.


Assistive Listening System: In assembly spaces with a capacity of 50 or more occupants, provide an assistive listening system for persons with hearing impairments.

7.5.10. Administrative Levels and Space Authorizations

	Administrative Level
	Admin

Level
	Space, m2

	Center Director
	A1
	185

	Center Deputy/Associate Director, Assistant to Center Director
	A2
	42

	Chief, Center Staff Office
	A3
	130

	Deputy/Associate Chief Center, Staff Office
	A4
	35

	Director of
	B1
	130

	Deputy/Associate Director of
	B2
	35

	Assistant to Director of, Senior Scientist or Technical Assistant to Director of Staff
	B3
	20

	Chief, Directorate Staff Office
	B4
	84

	Deputy/Associate Chief, Director Staff Office
	B5
	28

	Division/Laboratory Chief, Project Manager
	C1
	84

	Deputy/Associate/Assistant Lab Chief, Deputy Project Manager
	C2
	20

	Assistant/Associate DPM for
	C3
	20

	Senior Scientist/Technical Assistant on Division Staff, Systems Manager (Flight Project)
	C4
	20

	Head, Division/Lab Staff Office
	C5
	28

	Branch Head
	D1
	28

	Technical/Administrative Manager on Flight Project, Study Manager
	D2
	14

	Assistant Branch Head, Staff Engineer, Technical Assistant
	D3
	14

	Section Head; Head, Branch Staff Office
	E1
	14

	Supervisor not heading organization
	F1
	14

	Non-supervisor GM/GS 14, 15
	F2
	12

	All other Civil Service personnel
	G1
	7

	Project Manager, Major Contract (>24 employees) or equivalent
	M1
	28

	Supervisor, reports to Project Manager (large contract) or equivalent
	M2
	14

	All other Contractor personnel
	M3
	7


7.5.11. Laboratory Clean Rooms


Clean rooms shall be designed in accordance with the guidelines and specifications established by the NASA/GSFC Contractor supervising the design and maintenance of these areas.

7.5.12. Computer/Data Processing Rooms


Computer areas shall be separated from adjacent areas by perimeter partitions with one-hour fire rating, NASA Safety Standard for Fire Protection.   Partitions shall be continuous from floor slab to underside of structure above.  


Computer Material Storage areas to be two-hour rated.      

7.6. STANDARD PLANNING MODULES

7.6.1. Plan Modules/Horizontal


Standard Plan Module:

600 mm x 600 mm.


Structural Column Bays:  

600 mm modules.


Ceiling Grid Module:  

600 mm x 600 mm or 600 mm x 1 200 mm.





(Match an existing 2 ft x 2 ft grid with 610 mm x 


             610 mm grid and an existing 2 ft x  4 ft grid with 


 610 mm x 1 220 mm grid.)


Access Flooring Module:  

600 mm x 600 mm.


Partition Stud Spacing:  

400 mm on center.


Concrete Masonry Unit Module:  
400 mm (390 mm block + 10 mm joint width).

7.6.2. Ceiling Heights/Vertical Modules


Standard Ceiling Height:  

2 700 mm.


Minimum Ceiling Height:  

2 400 mm.


Other Acceptable Ceiling Heights:  
2 800 mm, 2 900 mm, and 3 000 mm.


Standard Window Sill Height:  

1 050 mm.


Concrete Masonry Unit Module:

200 mm (190 mm block + 10 mm joint width).

7.7. INTERIOR FLOOR, PARTITION, AND CEILING SYSTEMS
7.7.1. General

             Fire Rating Requirements: Minimum fire rating classifications, flame spread, smoke and fuel contribution shall be determined by the International Building Code, NFPA 101 (Life Safety Code), and the Underwriters Laboratory Directory.


Firestop Requirements: Specify firestop systems for through-penetrations and construction gaps and joints of fire-rated construction, which are listed in the Underwriters Laboratory (UL) "UL Fire Resistant Directory - Vol. 2", or other nationally recognized testing authority, and conform to construction type, penetration type, annular space requirements, and fire rating required at each separate penetration or construction joint or gap.


Specification:  GSFC Local Master Section 07270 "Firestopping". 

7.7.2. Floor Systems


Access Flooring Systems: All steel welded construction filled internally with cementitious core material; corrosion protected with paint finish; bolted stringer-framing system, conforming  to the following:



Panel Size: 600 x 600 mm



Finish Materials: Melamine phenolic laminate with trim edge, or factory –installed   carpet.

Manufacturer:   "ConCore 1000 Access Floor system" manufactured by Tate Access Floors, or approved equal.

7.7.3. Partition Systems


Gypsum Board Partitions:


Gypsum Board Partitions: 13 mm or 16 mm regular gypsum board screwed to 64 mm or 92 mm metal studs spaced 400 mm on center.   Standard stud thickness: 0.55 mm.

Fire Rated Partitions: Conform to IBC for fire rated partition assemblies.  Refer to the "Fire Resistance Design Manual" published by the Gypsum Association for fire rating design requirements.   Provide fire rated assemblies listed by UL.


Sound Rated Partitions: Provide sound rated partitions,  with minimum STC Rating of 45, between offices or open office areas and meeting rooms, conference rooms, classrooms, copy rooms, toilets, janitor rooms, and mechanical rooms with noise producing equipment.  Refer to the "Fire Resistance Design Manual" published by the Gypsum Association for sound rating design requirements.


Operable Partitions: Track-mounted operable panel partitions or accordion folding partitions; manual and electric operation; fire or non-fire rated construction.  Provide STC rating from 28 to 55 as required for application.


Open Office Partitions: Government Furnished Equipment.


Interior Doors and Frames: Doors which exit into a corridor shall be recessed so that doors do not swing into corridor width. 


Interior Steel Doors: Cold-rolled steel,  SDI Grade II Heavy Duty, 1.2 mm thick face sheets; full flush construction; honeycomb core; factory primed and field painted.


Flush Interior Wood Doors: Solid particleboard core; 3 mm thick 3-ply birch veneer plywood facing, custom grade, for opaque or transparent finish; field finish or factory catalyzed lacquer finish.   Specification:  GSFC Local Master Section 08211 "Flush Wood Doors".


Interior Steel Frames: Cold-rolled steel, 1.5 mm thick; knockdown field assembly type or drywall slip-on type.

7.7.4. Ceiling Systems


Acoustical Ceilings

Specification:  GSFC Local Master Section 09511 "Acoustical Panel Ceilings".


Ceiling Suspension System:  Direct-hung exposed tee system; wide-face, double-web construction; components formed from cold-rolled galvanized steel sheet, standard or fire-resistance-rated, conforming to the following:



Cap Width: 24 mm.



Finish:  Baked-on polyester paint, white color.



Structural Classification: Intermediate Duty



Manufacturer:  "Prelude" by Armstrong, or approved equal.

Manufacturer (fire-resistance-rated system):  "Prelude Fire Guard" by Armstrong, or approved equal.


Acoustical Panels: Mineral-based, water-felted acoustical panels, complying with ASTM E 1264, Type III, Form 2, with painted finish, standard or fire-resistance-rated, conforming to the following: 



Sizes:  600 x 600 mm, and 600 x 1 200 mm



Thickness:  16 mm



Pattern Designation: CD (perforated with small holes and fissured).



Color/Light Reflectance: White/LR 0.80.



Edge Detail: Square.



Ceiling STC: 35; 40 optional.



Noise Reduction Coefficient (NRC): 0.55



Manufacturer:   "Minaboard Cortega" by Armstrong, or approved equal.

Manufacturer (fire-resistance-rated system):  "Fire Guard Cortega" by Armstrong, or approved equal.


Acoustical Panels (High NRC Type for Open Plan Areas): Mineral-based, water-felted acoustical panels, complying with ASTM E 1264, Type III, Form 2, with painted finish, conforming to the following: 



Sizes:  600 x 600 mm, and 600 x 1 200 mm



Thickness:  19 mm



Pattern Designation: CD (perforated with small holes and fissured).



Color/Light Reflectance: White/LR 0.80.



Edge Detail: Square.



Ceiling Sound Transmission Classification (CSTC): 35.



Noise Reduction Coefficient (NRC): 0.70.



Manufacturer:   "Open Plan Cortega" by Armstrong, or approved equal.


Acoustical Panels (For Clean Rooms, Computer Rooms, and Food Service Areas): Mineral-based panels, complying with ASTM E 1264, Type X, with vinyl-faced overlay, fire-resistance-rated, conforming to the following: 



Sizes:  600 x 1 200 millimeters.



Thickness:  16 millimeter.

Pattern Designation: CE (perforated with small holes and lightly textured, or E (lightly textured).



Color/Light Reflectance: White/LR 0.80.



Edge Detail: Square.



Ceiling Sound Transmission Classification (CSTC): 35 (CE pattern); 40 (E 



pattern).



Noise Reduction Coefficient (NRC): 0.65 (CE pattern); 0.10 (E pattern).

Manufacturer:   "ML Fire Guard Perforated" or "ML Fire Guard Nonperforated" by Armstrong, or approved equal.


For Class 10,000 Clean Room Ceilings, provide the following:

Gasketing:  Closed-cell pressure-sensitive polyurethane foam tape, white color, to seal flanges of main runners, cross tees, and wall molding.  Overlap tape for continuous seal. 

Panel Hold-down Clips:  "No. 414 Retaining Clips" manufactured by Armstrong, or approved equal; provide two clips per panel, located opposite and at opposite ends.


Gypsum Board Ceilings: Standard direct-hung grid suspension system composed of main beams and cross furring; 16 mm thick regular gypsum board or 13 mm sag-resistant gypsum board for standard installations, and 16 mm Type X gypsum board for fire-resistive-rated assemblies.

7.8. INTERIOR ARCHITECTURAL FINISHES

7.8.1. Interior Design Standards

	ORGANIZATIONAL

LEVEL
	WALL 

FINISH
	COLOR


	WINDOW

TREATMENT

(10)
	FLOOR

FINISH
	DOORS
	HARDWARE
	LIGHTS
	FURNITURE
	MISCELLANEOUS

FURNISHINGS

	CENTER DIRECTOR,

DIRECTOR OF SUITE,

DEPUTY DIRECTOR,

ASSOCIATE/ASSISTANT

DIRECTOR SUITE,

COMPTROLLER,

CONF RMS (ADMIN 

LEVELS A1-B3)
	CUSTOM

(11)
	ANY


	DRAPES/

BLINDS
	BROAD-

LOOM

CARPET
	WOOD

FINISH
	STD
	ARCH

LIGHTING/

CONTROL
	GSA 

EXECUTIVE

WOOD
	CONFERENCE TABLE/CHAIRS/

UPHOLSTERED FURNITURE/

RECESSED SCREENS/

WHITEBOARDS



	CENTER DIRECTOR’S

DIRECTORATE STAFF
	VINYL

WALL

(13)
	ANY

(12)
	DRAPES/

BLINDS
	BROAD-

LOOM

CARPET

(12)
	WOOD

FINISH

(12)
	STD
	ARCH

LIGHTING/

CONTROL
	GSA

EXECUTIVE

WOOD
	WOOD COFFEE

TABLES/LAMPS,

COUCHES/

RECESSED 

SCREENS/

WHITEBOARDS

(13)

	RECEPTION & SECRETARIAL AREA
	CUSTOM

(11)
	ANY
	DRAPES/

BLINDS
	BROAD-

LOOM

CARPET
	GLASS

(14)
	STD
	ARCH

LIGHTING/

CONTROL
	GSA 

EXECUTIVE 

WOOD
	WOOD COFFEE

TABLES/LAMPS/

COUCHES/

WHITEBOARDS

	FILE ROOM 

(OUTSIDE SUITE)
	PAINT
	STD

(15)
	BLINDS
	VINYL

TILE
	PAINTED

FINISH
	STD
	STD
	
	

	TOILETS/SINK
	PAINT/

CER. TILE
	ANY
	BLINDS
	CER.

TILE
	WOOD FINISH
	STD
	STD
	
	

	DIVISION CHIEF, PROJECT MANAGER, LAB CHIEF 

(ADMIN LEVEL C1)
	PAINT

(16)
	STD

(15)
	BLINDS
	GSA STD

CARPET

TILE (19)
	PAINTED
	STD


	STD
	GSA

STANDARD WOOD
	

	ASSOC./DEP./ASST. 

DIV CHIEF, DPM/T/R 

(ADMIN LEVEL C2-C3)
	PAINT

(16)
	STD

(15)
	BLINDS
	GSA STD

CARPET 

TILE (19)
	PAINTED
	STD


	STD
	GSA

STANDARD

WOOD
	

	DIV. STAFF, RECEPTION/

SECRETARIAL AREA,

CONFERENCE ROOM
	PAINT
	STD

(15)
	BLINDS
	GSA STD 

CARPET TILE (19)
	PAINTED
	STD
	STD
	GSA

STANDARD

WOOD
	

	UTILITY AREA
	PAINT
	STD

(15)
	BLINDS
	VINYL TILE
	PAINTED
	STD


	STD
	
	

	BRANCH/SECTION HEAD, PROJECT SYSTEMS/RESOURCES PROJECT MANAGERS, SECRETARIAL/

RECEPTION AREAS (ADMIN LEVELS D1-E1)
	PAINT

(16)
	STD

(15)
	BLINDS
	GSA STD 

CARPET 

TILE (19)
	PAINTED
	STD


	STD
	GSA CUSTOM

METAL WITH

WOOD
	

	ALL OTHER CIVIL SERVICE EMPLOYEES 

(ADMIN LEVEL G1)
	PAINT
	STD

(15)
	BLINDS
	GSF STD

CARPET

TILE (19)
	PAINTED
	STD


	STD

(20)
	GSA 

STANDARD

METAL

LAMINATE
	

	CORRIDORS
	PAINT
	STD

(15)
	BLINDS
	VINYL TILE
	PAINTED

(17)
	STD


	STD
	
	

	OPEN SPACE OFFICES (INCLUDES ADMIN LEVELS D1-E1 OFFICES IF OPEN INTO OPEN SPACE AREAS)


	PAINT
	STD

(15)
	BLINDS
	GSA STD CARPET 

TILE (19)
	PAINTED
	STD


	STD

(20)
	SYSTEMS/

MODULAR

(18)
	


 
Notes:  (the 1st nine notes are not keyed to the schedule)


1. All criteria may be waived with written approval of the Center Director.


2. Refer to 7.5.10 Administration Levels and Space Authorizations for Floor Areas.


3. Kitchens/Bathrooms/Showers not authorized below Director of.


4. Planters are not authorized for any office unless provided and maintained by office personnel.


5. Wood Shelves, Closets, Folding Doors, and Sinks are not authorized below Division.


6. All Furniture exceptions must be submitted in writing to the Code 230 Division Chief.

7. Requests for office Sound Treatment must be justified by memo from the Office of the Director Of, to the Code 220 Division Chief.  Code 220 will determine the best solution to each sound problem.


8. Director Of and Deputy Director Of are routinely approved for Television.


9. Division Level routinely approved for Room Dividers (see note 11)


10. Drapery: fireproof, GSA procurement.  Blinds: standard miniblinds, white.


11. Wood Room Dividers not authorized.


12. Must be in same suite, otherwise same as Division Chief.


13. All selections at the discretion of the Director Of, whether in the same suite or other location.


14. Entrance Doors only.


15. One of six standard paint colors.


16. One accent color authorized for Section Head and above.  Must be from 6 standard colors.


17. Door surfaces, either open or closed, must be the same color throughout the length of the 
 corridor, including toilets, storage rooms, stairwells, and elevator doors.

18. All systems/modular furniture requests are subject to approval, requiring Codes 220 and 230 concurrences.

19. One of six standard carpet tile colors.

20. Standard parabolic or acrylic diffusers as appropriate (for area use). 

7.8.2. Finish Materials/Colors/Textures


Interior materials and finishes shall be selected for suitability, economy, and low maintenance.  Avoid the use of expensive finishes selected for prestige purposes.


The colors and patterns for prefinished materials; i.e., acoustical tile, resilient flooring, and carpeting, shall be selected from manufacturer’s standards.  Special or custom textures and colors are not permitted.  The colors of furnishings, fabrics, and draperies shall be coordinated with building finishes and colors.

Use of Remanufactured Latex Paints in Non-Public areas, Equipment areas or other areas where the use of this material is of no adverse effect to the area finishes is required per NPR8530.1A Affirmative Procurement Program and Plan for Environmentally Preferable Products.


Painting:


Painting Specification: GSFC Local Master Section 09915 "Painting".


Standard Painting Schedule (Exterior Surfaces):



Wood - Painted

One coat:
Latex primer sealer.






Two coats:
Latex enamel, semi-gloss.



Wood - Stained

One coat:
Latex wood primer.






Two coats:
Latex wood stain.



Concrete Block

One coat:
Latex block filler.






Two coats:
Latex enamel, low sheen (office areas).








Latex enamel, semi-gloss (public areas).



Ferrous Metal

One coat:
Rust inhibitive metal primer, or touchup shop 








primer. 






Two coats:
Latex enamel, semi-gloss.



Galvanized Metal
One coat:
Galvanized metal primer.

Two coats:
Urethane or silicone modified, latex enamel, semi-gloss.


Note:   Specify urethane or silicone modified, on handrails, catwalks, ladders, etc., which are in direct sunlight, and latex enamel, semi-gloss, on exterior doors, frames, trim, louvers, etc.



Aluminum

One coat:
Metal primer or undercoat.






One coat:
Latex enamel, semi-gloss.


Standard Painting Schedule (Interior Surfaces):



Wood - Painted

One coat:
Latex primer sealer.






Two coats:
Latex enamel, semi-gloss.



Wood - Transparent
One coat:
Oil stain (if needed)






One coat: 
Primer/Sealer






Two coats:
Varnish



Concrete Block

One coat: 
Latex block filler.






Two coats:
Latex enamel, low sheen (office areas).








Latex enamel, semi-gloss (public areas).



Concrete and

One coat: 
Latex primer sealer.



Restored Masonry
Two coats:
Latex enamel, low sheen (office areas).








Latex enamel, semi-gloss (public areas).

Ferrous Metal
One coat:
Rust inhibitive metal primer, or touchup shop




primer






Two coats:
Latex enamel, semi-gloss.



Galvanized Metal
One coat:
Galvanized metal primer.






Two coats:
Latex enamel, semi-gloss.



Gypsum Board

One coat:
Latex primer sealer.






Two coats:
Latex enamel, low sheen (office areas).








Latex enamel, semi-gloss (public areas).



Concrete Floors

Two coats:
Clear concrete floor sealer.








Tinted concrete floor paint.



Wood Floors

One coat:
Sealer






Three coats: Polyurethane Varnish, satin

Color Selection: The number of colors shall be held to a minimum.  The “rainbow” effect tends to increase costs of construction as well as future maintenance costs.  A completely coordinated color schedule shall be prepared as part of the contract documents.  Color selection by the Customer during construction should be avoided.  The interior color schedule shall be based on the Standard GSFC Paint Colors.  In the selection of colors, glare and illumination intensities should be considered.

Standard GSFC Paint Colors: The following colors are standard colors by manufacturers indicated.  Paint products provided by other manufacturers shall match colors selected.


Standard Colors for all buildings except those indicated otherwise:



Primary Colors (by Duron)     Light Accent Colors (by Duron)     Dark Accent Colors (by Duron)


Seed Pearl  - 8590W
         Bayou Waters – 8593M
          Elm Court – 8595M


Intercoastal Grey – 8790W     Fired Steel – 8794M
          Aries Blue – 587


White Leek – 8160W 
         Olive Branch – 8163W
          Gumleaf – 8164M


Moon River – 8560W
         Gorse Blue – 8563M
          Winter Sea – 8565D 


Moon River – 8560W
         Revel Blue – 8494M
          Twain Blue – 8495D


Intercoastal Grey – 8790W     Lapstone – 8303W
           Washed Suede – 8304


Optional Wall Color
         Optional Door Color in Suite


Lemonade – CW019W
         Night Mission – AC143N





         Pompadour – SC129N

Vinyl Wallcoverings:  Class A fire rated; mildew resistant; conforming to FED-STD 191 and as follows:



Vinyl Weight: Medium weight, Type II (minimum 383 g/m sq)



Fabric Type and Count: Osnaburg, 32 x 30.



Minimum Thickness: 0.53 mm.

Manufacturer:  "Stoneham", "Tribeca", or "PreFixx" manufactured by Genon Wallcoverings, or approved equal.  


Carpeting:  Government Furnished Equipment.


Carpet Tile: Tufted carpet tile, conforming to the following:



Size:  457 mm x 457 mm.



Pile Fiber: Textured loop or random tip shear.



Pile Fiber: Continuous filament nylon with soil hiding and static control, solution dyed.



Pile Weight: Approximately 800 g/m sq.



Backing Material: Vinyl hardback, fiberglass reinforced.



Total Weight: Approximately 5080 g/m sq.



Specification:  GSFC Local Master Section 09690 "Carpet Tile".


Standard GSFC Carpet Tile Colors:

Standard Colors for all Buildings except those indicated otherwise:



Manufacturer:  Lees Carpet




           Interface Flooring systems, Inc.

Field




Accent

Lees – Artstone II – Stonewashed 408
Lees Colorbridge – Aries Blue 587

     Chateau Grey 238






Interface – Paint Box – Eggplant 3572

Lees – Artstone III – Klee Navy 137
Lees Colorbridge – Red Sangria 555








      Aries Blue 587 

 





      Chateau Grey 238

Lees – Artstone III – Degas Grey 118
Interface – Paint Box – Charcoal 3540








           Mushroom 3605

                        Quarry 3541 

Lees – Artstone III –Tate Burgundy 505
   Lees Colorbridge – Chateau Grey 238 

        Red Sangria 555  

        Aries Blue 587 

Lees – Artstone III – Miro Jade 141        Interface – Paint Box – Mediterranean 3533








           Topaz 3596








           Millard 3549

Lees – Artstone III – Surrealist 321
Interface – Paint Box - Mushroom 3605







           Fern 3578







           Eggplant 3572


Standard Color for Building 29:



Manufacturer:  Bentley Mills, Inc.



Standard Style/Color: MY32B-4860 Christie.


Standard Color for Building 32:



Manufacturer:  Shaw.



Standard Style/Color: Network/ (Custom Color)


Vinyl Composition Tile: Conforming to ASTM F 1066, Composition 1, Class 2, and the following:



Tile Size: 305 mm x 305 mm.



Tile Thickness: 3.2 mm.

Manufacturer:  "Standard Excelon - Imperial Texture" manufactured by Armstrong, or approved equal.



Standard Field Colors




51858
Sandrift White




51899
Cool White




51908
Pewter




51932
Lunar Blue




51936
Smoky Lilac




51938
Willow Green



Standard Accent Colors




Any form the standard Excelon selection.  


Wall Base:



Wall base shall be 101.6 mm in height.



Wall base used with resilient flooring tile or sheet shall have toe.



Wall base used with carpet shall be toeless.

Pre-formed inside and outside corners are to match thickness, height, and style of the wall base.



Standard Colors by Johnsonite to match floor field color.


Reducer Strips:



Reducer strips shall be used as required to transition floor finishes of different thickness.



Reducer strip color to match flooring field color.


Stair Treads and Landing Tile:

Treads and landing tile shall be of a rubber material with a slip resistant raised safety pattern from the Johnsonite selection.

Nosing shall be rounded to conform to ADA and round raised disk, riser and stringer to be of matching rubber.

Stair treads, landing, riser, and stringer shall be of the same color and be coordinated with adjacent floor finish(es) color.

Ceramic Tile:

Ceramic Tile Specification: GSFC Local Master Section 09310 "Ceramic Tile".
Ceramic Mosaic Floor Tile: Unglazed ceramic mosaic tile, porcelain composition with abrasive finish; factory-mounted assemblies, conforming to the following:



Face Dimensions: 50 mm x 50 mm.



Thickness:  6 mm.

Ceramic Mosaic Wall Tile: Ceramic mosaic tile, porcelain composition, matte-glazed finish, factory-mounted assemblies, conforming to the following:



Face Dimensions: 50 mm x 50 mm or 25 mm x 25 mm.



Thickness:  6 mm.


Glazed Ceramic Wall Tile: Glazed wall tile, matte finish, conforming to the following:



Face Dimensions: 108 mm x 108 mm.



Thickness:  8 mm.


Setting Materials:  



Standard Mortar: Latex-Portland cement for thin-set applications.


Standard Grout: Latex-Portland cement with grout sealer; use epoxy grout in kitchen, dining, and lobby areas where added chemical and stain resistance is required.  Specify neutral and dark grout colors for flooring applications. 

7.8.3. Special Items, Finishes, and Treatment


Sheet Vinyl Flooring (Clean Rooms): Unbacked sheet vinyl floor covering specifically designed for clean room environments, conforming to ASTM F 1303, Type II and the following:



Surface:   Smooth.



Seam Treatment: Heat-welded or chemically bonded.



Manufacturer:   "Medintech" manufactured by Armstrong, or approved equal.


Paint (Clean Rooms): All surfaces, vertical or horizontal exposed or concealed within the room envelope, to have a smooth finish and painted with epoxy paint.    
7.8.4. Signage for Rooms

Signs shall be fully interchangeable modular signage system consisting of a clear anodized wall attachment to receive a 4-gang back plate for a header and 3 inserts.  The header plastic insert shall have the engraved room number and shall be provided with the basic sign.  The Customer may order additional inserts to include organization name, occupant(s) name or other required organization information.


Manufacturer:


Hermes, Inc.


Frame: 



Basic Sign Frame: Deluxe Directory Stock No. 723-807



(1) Header Line (32 mm x 178 mm)



(3) Insert Lines (19 mm x 178 mm)



Overall sign size 95 mm x 183 mm


Sign Frame Extension: The Customer may order additional support and back frame extension for added name inserts (minimum 3 insert line increments)

Frame Insert Material:

266-221 Silver/Gray/White Gravoply

Letterform:

Helvetica Medium Uppercase


Size
- Line 1, 22 mm centered

- Line 2 and on, 11 mm centered



Margin 6 mm left, typical all lines


From Line 2 and on the font can be substituted to upper and lower case (with 11 mm uppercase) if copy is to long.


Installation:
On walls: sign frames are to be mounted 50 mm from the doorframe, on the strike side, and at 1676 mm from the floor to the top of the sign.

On System Furniture partitions: sign frames shall be mounted 305 mm from the door opening clipped to the top of the partition.  Clips are to be made of 3 mm x 38 mm clear plastic.

Sign Frame Extensions: Customer furnished extensions shall be installed below FMD signage. 

Graphic Example


Door Sign
7.8.5. Signage for Common Areas


Signs for common areas shall be as follows:


Manufacturer:


American Graphics Inc.



2827 West Edgemont



Montgomery, AL  36108




or



Best Manufacturing



Sign Systems



1202 North Park Avenue



Montrose, CO  81401-3170




or



ASI Sign Systems



1025 W. Baltimore Street



Baltimore, MD  21223


Plaque Material:

Melamine plastic laminate, approximately 3.2 mm thick with contrasting color core.  Overall sign size 203 x 203 mm.  Plaque color shall be medium gray.

Letterform:

Helvetica Medium uppercase.  Color shall be white.


Room Number: 22 mm


Room Use: 19 mm


Braille: Standard Grade 2 Braille 13 mm below copy


Tactile characters shall be 0.8 mm raised from sign face


Glue on letters is not acceptable

Accessibility Symbol:

Gender Symbol, 102 mm height

Installation:

On walls: sign frames are to be mounted 51 mm from the door frame, on the strike side, at 1676 mm from the floor (to the top of the sign)

Ordering Information:

The PM or Customer in coordination with the PM can order the sign from the FMD Customer Service Office.


Use Form GSFC 16-48, with a memorandum attached listing all information regarding the required engraving and sign location.

Graphic Examples:

Women Restroom

Men Restroom

Women Restroom (ADA)



Men Restroom (ADA)



Mixed Women-Men



Restroom



Shower


Mixed Women-Men (ADA)



Restroom



Shower


Stairs



Service Rooms



Mechanical



Electrical



Telecommunications



Others as required


Wall Mounted Restroom

Wall Mounted Function Directional

Wall Mounted Room Directional



7.8.6. Exit Signs   


LED exit signs connected to building emergency lighting system, or battery backup. Specification:  GSFC Local Master Section 16536 "Exit Lighting".
7.9. HARDWARE AND ACCESSORIES

7.9.1. Door Hardware


Specification:   GSFC Local Master Section 08710 "Finish Hardware".
Butts and Hinges: Full mortise type; anti-friction bearing; Builders Hardware Manufacturer Association (BHMA) A156.1, Grade 1. 

Exterior Door Hinges: BHMA Type A5111 (stainless steel) or BHMA A2111 (wrought brass or bronze).


Interior Door Hinges: BHMA Type A8111 (steel).


Door Locks and Latches:
Cylindrical Locks and Latches: Lever style with curved return; "9K Series" with "Style 14" lever and "Style C" rose, manufactured by Best Lock Corporation, or approved equal, and conforming to BHMA A156.2, Series 4000, Grade 1.

Mortise Locks and Latches: Lever style with curved return; "35H Series" with "Style 14" lever and "Style J" trim, manufactured by Best Lock Corporation, or approved equal, and conforming to BHMA A156.13, Series 1000, Grade 1.  Coordinate mortise lock installations with the GSFC Security Office.  The GSFC Security Office does not recommend mortise locksets.

Lock Cylinders: Shall accept interchangeable 7-pin tumbler core inserts manufactured by Best Lock Corporation.

Exit Devices: Conform to BHMA A156.3, Grade 1, narrow style; "Series 8000" or "Series 3000" manufactured by Adams Rite Manufacturing Co., or approved equal.  For exit device functions, see Standard Door Functions.


Push/Pull Units:
Entrance Door Pulls: BHMA Type J402, bright stainless steel (629) or satin stainless steel (630); offset design.

Entrance Door Push Bars (Doors without Exit Devices): BHMA Type J501, bright stainless steel (629) or satin stainless steel (630).

Interior Door Pulls: BHMA Type J407; bright stainless steel (629) or satin stainless steel (630), No. 8311-5  6 x 16 manufactured by Ives, or approved equal.

Interior Door Push Plates: BHMA Type J304; bright stainless steel (629) or satin stainless steel (630),  No. 8200 6 x 16 manufactured by Ives, or approved equal.

Closers and Door Control Devices: Modern type with aluminum covers; conforming to BHMA A156.4, Grade 1; "No. 4040 Super Smoothie" manufactured by LCN, or approved equal.  Closer operation shall comply with the requirements FED-STD-795 "Uniform Federal Accessibility Standards"

Surface Closers: BHMA Type C02011 (hinge side mounting); BHMA C02021 (parallel arm mounting).

Surface Closers with Holder Arm: BHMA Type C02051 (hinge side mounting); BHMA C02061 (parallel arm mounting).  

Overhead Concealed Closers: BHMA Type C05042 (concealed arm and track, single acting, pivot hung).

Offset Pivots: BHMA Type C57162 (stainless steel; top pivot mortised in door and frame, bottom pivot floor mounted and mortised in door).

Offset Intermediate Pivots: BHMA Type C57321 (stainless steel;  ball, roller or combination of bearings; mortised in door and frame).


Auxiliary Hardware:

Door Holder: BHMA Type L01382; "No. 455" manufactured by Ives, or approved equal.

Wall Door Stop: Concave bumper type;  BHMA Type L02251;  "No. 407-1/2" manufactured by Ives, or approved equal. 

Floor Door Stop: Dome type:  BHMA Type L02141;  "No. 438" manufactured by Ives, or approved equal.  


Protection Plates:
Kick Plates: BHMA Type J102, bright stainless steel (629) and satin stainless steel (630) finish; 203 mm high x  50 mm less than width of door.  

Armour Plates: BHMA Type J101, bright stainless steel (629) and satin stainless steel (630) finish; 610 mm to 1220 mm high as required x 50 mm less than width of door.

Weatherstripping and Seals: Expanded or solid neoprene stripping housed in extruded anodized aluminum housing. 

Thresholds:   Saddle, rabbited, and barrier free threshold types, conforming to BHMA A156.21; aluminum mill finish.


Standard Door Functions:
Exterior Exit doors with Exit devices: BHMA 04 Function (entrance by pull when bolts retracted by outside key or dogged by inside cylinder key); or BHMA 08 Function (entrance by lever and key locks or unlocks lever).

Exterior Exit Doors with Locksets: BHMA F82 Function (Entry Lock); Best Lock Corporation Function AB (corridor lock), or approved equal.

Interior Corridor/Office Door Locksets: BHMA F82 Function (Entry Lock); Best Lock Corporation Function AB (corridor lock), or approved equal.

Interior Storeroom/Maintenance Room Door Locksets: BHMA F82 Function (Entry Lock); Best Lock Corporation Function AB (corridor lock), or approved equal.

Interior Conference/Classroom Door Locksets: BHMA F82 Function (Entry Lock); Best Lock Corporation Function AB (corridor lock), or approved equal.

Interior Closet Latchsets: BHMA F75 Function (Passage or Closet Latch); Best Lock Corporation Function N (passage latch), or approved equal.

7.9.2. Glazing


Glass shall comply with ASTM C1036 unless specified otherwise.  Maximum allowable areas of glass subject to wind pressure shall conform to the glass manufacturer’s recommendations.


Low Emissivity Glass


Insulating-Glass Units U-value shall be no greater than 0.34.  Glass tint shall be light green.


Tinted Glass

Tinted glass shall be light green.


Safety-Rated Tempered Glass
Safety-Rated glass shall be used in doors and sidelights.  Glass shall be factory cut to suit opening.


Fire-Rated Glass
Fire-Rated glass shall be UL approved for fire doors and windows.  Glass shall be factory cut to suit opening.


Double-Glazing Units
Units shall be factory fabricated, with the two panels separated by a hermetically sealed, dehydrated air space.


Glass Setting

Glass setting materials per manufacturer’s recommendations unless otherwise required.


Window Film
The window film should reduce UV transmission to a maximum of 1% and reduce solar energy transmission by a minimum of 50%.  The film must not contribute any reflectiveness, “mirror effect” to the existing glazed areas.

The window film should be Llumaloy N series N-1035 (Neutral) SR CDF as supplied by General Solar Corporation, 11607 Nebel Street, Rockville MD  20852, or approved equal.

Prior to approval, products submitted for approval as “or equal”, in addition to the manufacturer’s specifications, should be subject to a test panel installation on a glazed area of the specified building.


Installation of the film shall be as per manufacturer’s specifications and instructions.

7.9.3. Toilet Accessories


Specification:   GSFC Local Master Section 10800 "Toilet and Bath Accessories".

Manufacturers:   The toilet and bath accessories indicated are manufactured by Bobrick Washroom Equipment, Inc.  to establish quality desired.  Accessories produced by other manufacturers will be accepted, if sufficient information is submitted to indicate that proposed products are equivalent in quality to those indicated. 

Combination Roll Paper Towel Dispenser and Waste Receptacle: Specify recessed units when possible.  Specify two dispensers with larger waste capacity in each toilet room when sufficient space is available.


Recessed Unit  (160 mm minimum recessed wall depth):



B-3960(45 liter capacity)   


Semi-recessed Unit  (102 mm minimum recessed wall depth):



B-3961 (45 liter capacity)


Surface-mounted Unit:



B-39619 (52 liter capacity)

Roll Paper Towel Dispenser: Specify recessed units when possible.  Specify two dispensers in each toilet room when sufficient space is available.


Semi-recessed Unit (102 mm minimum recessed wall depth):



B-38616


Toilet Tissue Dispenser: Specify dispensers servicing two compartments when possible.


Partition-mounted Type (servicing two compartments): B-386


Recessed Type: B-4388


Surface-mounted Type: B-4288

Feminine Napkin/Tampon Vendor: Specify unit with single-coin mechanism for 25 cent, 50 cent, or free operation, and capacity to hold 30 napkins and 27 tampons.


Recessed Type: B-35225


Surface-mounted Type: B-28225


Feminine Napkin Disposal: Specify disposals for two compartments when possible.


Partition-mounted Type (servicing two compartments): B-354


Recessed Type: B-353


Surface-mounted Type: B254

Toilet-Seat-Cover Dispenser: Recessed Unit capacity to hold 500 paper toilet-seat-covers, Surface-mounted Unit to hold 250 paper toiled-seat-covers.


Recessed Unit: B-301


Surface-mounted Unit: B-221

Framed Mirror: Coordinate mounting height with operation of lavatory level handles.  Provide one B-1652436 mirror (610 mm x 910 mm) for each lavatory.

Mirror with Shelf: Coordinate mounting height with operation of lavatory handles.  Provide one B1662436 mirror for each lavatory.


Utility Shelf: Stainless steel, specify length: B-295


Clothes Hook: B233


Shower Seat: Corner  folding shower seat, B-508

Grab Bars: One 1371 mm x 914 mm grab bar for each handicapped toilet compartment.  Specify B-5837.99One 813 mm x 406 mm grab bar for each handicapped shower compartment.  Specify B-5837.99Cartridge Soap Dispenser: Surface-mounted Unit (Scott 91125 Stainless Steel) 

7.9.4. Miscellaneous Building Accessories


Markerboards:     Government Furnished Equipment. 
Horizontal Louver Blinds: Aluminum miniblinds, 25 mm louver width, manual tilt operation with wand, and cord lock; white color.


Hat and Coat Racks: Government Furnished Equipment.


Fire Extinguishers and Cabinets:

Specification:  GSFC Local Master Section 10522 "Fire Extinguishers, Cabinets, & Accessories".

Multipurpose Dry Chemical Type: 9 kg nominal capacity.  (Specify where the potential of all fire types exists.)


Pressure Water Type: 9.5 L capacity.  (Specify where ordinary combustibles exist.)

Carbon Dioxide Type: 9  kg  nominal capacity.  (Specify where large amounts of electrical or computer equipment exists.)

Fire Extinguisher Cabinets: Specify fully recessed cabinets with flat trim when  possible.  Specify full glass panel door design with tempered glass, pull handle with self-adjusting roller latch, and either factory primed for field finishing or factory applied baked enamel finish.  

Standpipe/Fire Extinguisher Cabinets (Specified when both are at the same location): Same as that indicated for fire extinguisher cabinets.

7.10. MATERIAL CONVEYING SYSTEMS

7.10.1. Cranes


Consult with Code 540 for specifications, inspection, certification/recertification, and operation of specific lifting devices and equipment.   Lifting devices and equipment shall be formally certified as safe to operate by application of policies and procedures stated in the current edition of GPR 8719.1 "Certification and Recertification of Lifting Devices and Equipment, and Critical Lift Requirements".

7.10.2. Accessibility Lifts


Provide accessibility lifts as required to vertically transport wheelchair users or mobility impaired persons over a barrier and complying with FED-STD-795 and ADA Accessibility Guidelines for Buildings and Facilities.  Lift types may include vertical platform lifts, incline platform lifts, or stair lifts.  When in folded position, incline platform lifts and chair lifts shall not reduce the required stair egress width.

7.11. METRIC UNITS FOR ARCHITECTURAL

7.11.1. Metric Units for Architectural

The metric units most commonly used in architecture are:

millimeter

meter

Rules for Architectural Design
Refer to the rules indicated for the various engineering disciplines that also apply to architectural design.

Building dimensions should be in millimeter units only.

Architectural Products
Face Brick: Indicate face brick in metric modular sizes in both new and rehab work.  Standard metric brick is 90 mm x 57 mm x 190 mm which is within one or two millimeter of most common non-metric units.  By using and adjusting a 10 mm joint, both metric and non-metric units can fit within a vertical 200 mm module (3 bricks at 57 mm + 3 joints at 10 mm = 201 mm rounded to 200 mm).

Concrete Block: In existing work, indicate that new block units match existing block unit sizes.  In new work, indicate concrete block units in soft converted Imperial sizes.  The contractor is allowed to substitute hard metric block if they choose.  Final approval would be contingent upon project considerations.

Wood Framing Members: Indicate in soft metric sizes with nominal name in parenthesis; i.e., 38 mm x 89 mm (2x4), 38 mm x 140 mm (2 x 6), 38 mm x 184 mm (2 x 8), and 19 mm x 63 mm (1 x 3).

Plywood, Particleboard, and Oriented-Strand-Board: For both metric modular work and non-modular work, specify sheet type and thickness in soft metric; i.e., 13 mm, 16mm, or 19 mm, without specifying length and width.  The contractor shall make the decision to use metric sheets or to trim inch-pound sheets.

Gypsum Board: For both metric modular work and non-modular work, specify sheet type and thickness in soft metric; i.e., 13 mm or 16mm, without specifying length and width.  The contractor shall make the decision to use metric sheets or to trim inch-pound sheets.

Metal Studs: In new work where metric gypsum board is used, indicate metal stud sizes in soft metric; i.e., 42 mm, 64 mm, and 92 mm, and stud spacing in hard metric; i.e., 400 mm and 600 mm on center.

Ceiling Grids/Acoustical Ceiling Panels: In new construction, indicate ceiling panels in soft metric sizes; i.e., 610 mm x 610 mm, or 610 mm x 1220 mm.  When matching an existing grid, indicate ceiling panels in soft metric sizes; i.e., 610 mm x 610 mm, and 610 mm x 1220 mm.   Indicate acoustical ceiling panel thickness in soft metric; 16 mm and 19 mm. The contractor is allowed to substitute hard metric ceiling tile if they choose.  Final approval would be contingent upon project considerations.

Insulation:  Indicate insulation thicknesses in soft metric; i.e., 88 mm for 3-1/2" and 150 mm for 6".  Indicate thermal resistance (R-value) as "metric R-value" using conversion factor listed below; i.e., metric R-1.9 for R-11 and metric R-3.3 for R-19.

Doors:  Indicate door heights in hard metric; i.e., 2050 mm, 2100 mm, or 2150 mm.  Note that a 2150 mm door + 50 mm frame = 2200 mm which matches metric block coursing.  Indicate door widths in hard metric; i.e., 900 mm, 950 mm, and 1000 mm.  For 3-ft wide egress doors, indicate in soft metric width of 915 mm.  Indicate door thicknesses in soft metric; i.e., 45 mm for 1-3/4".

Aluminum Entrances and Storefronts: Indicate door sizes, frame sizes and thicknesses in soft metric.

Glass:  Indicate glass thicknesses in hard metric; i.e., 5 mm, 6 mm, 8 mm 10 mm, and 12 mm.  Refer to ASTM C 1036.

Architectural Sheet Metal: Indicate sheet metal thicknesses in soft metric and not gage; i.e., 1.6 mm, 1.3 mm, 1.0 mm, 0.85 mm, 0.7 mm, and 0.55 mm. 

Tile:  Indicate glazed wall tile in soft metric sizes; 108 mm x 108 mm for 4-1/2" x 4-1/2" face dimensions and 8 mm for 5/16" thickness.  Indicate ceramic mosaic tile in soft metric sizes; i.e., 25 mm x 25 mm, or 50 mm x 50 mm, and 6 mm for 1/4" thickness.

Carpet Tile: Indicate size in soft metric; 457 mm x 457 mm for 18" x 18".  Some manufacturers may convert to hard metric sizes in the future.

Vinyl Composition Floor Tile: Indicate in soft metric sizes and thicknesses; i.e., 305 mm x 305 mm for 12" x 12" tile, and 3.2 mm for 1/8" thickness.

Sheet Vinyl Flooring: Indicate thickness in soft metric sizes.

Vinyl Base: Indicate in soft metric sizes; i.e., 102 mm for 4" high base.

Wall Coverings: Indicate thickness in soft metric sizes.

Paint/Special Coatings: Indicate application thicknesses and rates in soft metric; thickness in mm and coverage rates in L/m sq.

Access Flooring: Indicate grids and floor panels in new hard metric size; 600 mm x 600 mm.

Handicapped Accessibility: Indicate in soft metric dimensions as contained the Uniform Federal Accessibility Standards (UFAS).

Architectural Conversion Factors:

	Quantity
	From Inch-Pound Units
	To Metric Units
	Multiply By

	Unit Length
	feet
	mm
	304.8

	
	inch
	mm
	25.4

	Area
	sq ft
	mm2
	0.092 903 04

	Thickness
	mil
	mm
	0.0254

	Thermal Resistance
	ft sq• h• F/Btu

(R-value)
	m sq• K/w

(metric R-value)

	0.176 110

	Temperature
	degree F
	degree C
	(degree F-32)° 0.5556


7.12. ARCHITECTURAL REFERENCES & ACRONYMS


ASME A17.1 - Safety Code for Elevators and Escalators


ASTM A 53 - Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless


ASTM B 429 - Standard Specification for Aluminum-Alloy Extruded Structural Pipe and Tube


ASTM E 1264 - Standard Classification for Acoustical Ceiling Products


ASTM F 1066 - Standard Specification for Vinyl Composition Floor Tile


ASTM F 1303 - Standard Specification for Sheet Vinyl Floor Covering with Backing


BHMA A156.1 - American National Standard for Butts and Hinges


BHMA A156.2 - American National Standard for Bored and Preassembled Locks & Latches


BHMA A156.3 - American National Standard for Exit Devices


BHMA A156.4 - American National Standard for Door Controls - Closers


BHMA A156.13 - American National Standard for Mortise Locks and Latches


BHMA A156.21 - American National Standard for Thresholds


10 CFR PART 434 – Energy Code for New Federal Commercial and Multi-Family High Rise Residential Buildings


CFFA-W-101-A - Quality Standard for Vinyl-Coated Fabric Wall Covering


FM P7825 - Factory Mutual Approval Guide & Loss Prevention Data Sheets


FED-STD-795 - Uniform Federal Accessibility Standards


FMD Energy Conservation Design Guidelines


GA-600 - Gypsum Association Fire Resistance Design Manual


GPR 8719.1 - Certification and Recertification of Lifting Devices and Equipment, and Critical       Lift Requirements


GSFC Interior Design Standards


NFPA 101 - Life Safety Code


SDI-100 - Recommended Specification Standard Steel Doors and Frames


IBC - International Building Code


UL - Fire Resistance Directory - Vol. 2

ACRONYMS

	Note: only less commonly seen acronyms are shown in this table.

	ADRC
	Architectural Design Review Committee

	BHMA
	Builder Hardware Manufacturers Association

	CSTC
	Ceiling Sound Transmission Class

	NDL
	No Dollar Limit

	NRC
	Noise Reduction Coefficient

	SBS
	Styrene Butadiene Styrene

	SDI
	Steel Door Institute


8. STRUCTURAL ENGINEERING CRITERIA

8.1. GENERAL DESIGN CONSIDERATIONS


International Building Code (IBC) shall govern in the structural design of facilities at GSFC except as noted.

8.1.1. Metric Units for Structural

Commonly used metric units (bold = exact):

0.3048 meter (m) = 1 ft

4.448 222 newton (N = kg • m/s2) = 1 lbf

47.880 26 pascal (Pa = N/m2) = 1 lbf/ft2 (psf)
6.894 757 kilopascal (kPa) = 1 lbf/in2 (psi)

Structural Products

Concrete is soft converted, (ex: 3000 psi = 20.68 MPa), using megapascals.

Rebar is soft converted, using ASTM A 615 / A615M.

Structural bolts shall be hard metric "M" series products, as described in ASTM A325M and A490M.

Structural steel shapes are soft converted, using ASTM A6 / A6M

Steel pipe is soft converted, with new designations based on ISO DN sizes (where 1 inch = 25 mm).  A 6 inch standard pipe is DN150, extra strong would be DNX150, and double extra strong would be DNXX150.  Equally acceptable, steel pipe is soft converted, using ASTM A53.

Bars and plates can be rolled to any thickness and width by adjusting the plate rolls.  However it is unlikely that metric sizes are widely stocked.  Use soft converted plate thickness.  

Weld Wire Reinforcement uses ASTM A 82,  “MW” sizes for plain wire.
8.2. LOAD CRITERIA

8.2.1. Design Basis

Design basis is IBC.  Loads shall comply with IBC, as supplemented by ASCE 7, and as modified here.  For requirements not listed, refer to IBC.

Where a pre-designed or package product complies with a legacy code (ex: UBC), and are not designed to the latest issue of IBC,  those pre-designed or package products may  generally be considered acceptable (see discussion under Seismic).  Loadings & requirements must be suitable for the correct regional area.

Design basis, loads, assumptions, and structural design criteria shall be clearly indicated on the design drawings (S1).

8.2.2. Minimum Dead Loads


Minimum dead load and densities of materials shall be the actual weight of the materials used, but not less than ASCE 7, Tables C3-1 and C3-2.

8.2.3. Floor Live Loads


Minimum floor live loads shall conform to IBC Table 1607.1, except as modified:

	SPACE
	Load, kPa
	Concentrated Load, kN

	Offices (including corridors)
	5, note 1, 3
	9, over 762 mm x 762 mm area

	Computer rooms & Laboratories
	7.5, note 2
	9, over 762 mm x 762 mm area

	Access Floor 
	7.5
	9, over 762 mm x 762 mm area

	Storage (Heavy)
	12
	14, over 762 mm x 762 mm area

	Elec/Mech
	7.5, note 2
	9, over 762 mm x 762 mm area

	Catwalks
	3
	



Note:  
1. Includes 1 kPa movable partition load


          
2. Use actual equipment load where heavier

3. This loading is very conservative, and allows for a much greater future flexibility in the space than a typical office loading would provide (2.5 kPa).  Where the higher load causes hardship for the cost control, the load may be reduced, but no less than the IBC minimum.


In all cases the minimum live loads above shall be adjusted to meet specific project 
requirements where known requirements exceed these minimums.

8.2.4. Special and Other Loads


Special loads for projects should be identified and criteria established prior to the design of the project.


Loads for Handrails and Guards, Impact, Crane, and Interior Walls and Partitions shall be as indicated by IBC.

8.2.5. Vibration


Special requirements for floor systems that support vibration sensitive equipment must be identified at the earliest stage of the project.  These floor systems may have extremely low vibration criteria (on the order of 6.3 µ-m/s (250 µ-inch/sec) that cannot be obtained without expensive structural systems to dampen vibrations, special structural details to minimize vibration transmission, and Customer installed isolation bases (pneumatic and/or combination active damping systems) at the final point-of-use tool to eliminate vibration.


For office floors the trends to lighter framing (higher strength steels, composite systems, LRFD analysis, lightweight concrete, and long spans) combined with open offices designs, and light “actual” live loadings, may aggregate into a design that functions fine from a strength perspective but fails in serviceability.  Design criteria should follow AISC Design Guide 11, Floor vibrations due to Human Activity.  The floor system should be designed to be in the "slightly perceptible" range or less.  Office floors should be checked in natural frequency to assure that the floor will not pose a serviceability problem.

8.2.6. Reduction in Live Loads

Do not use live load reductions on buildings with only one or two elevated floors, unless it is demonstrated that the cost of the structural frame would otherwise be prohibitive.

8.2.7. Roof Live Loads


Roof live loads shall be determined in accordance with IBC Section 1607.11.  The minimum roof live load shall be 1.5 kPa.

8.2.8. Snow Loads


Snow loads shall be determined in accordance with IBC Section 1608.

8.2.9. Wind Loads


Wind load shall be determined in accordance with IBC Section 1609.

8.2.10. Soil Lateral Loads


Soil lateral loads shall be as specified in IBC Section 1610, unless geotechnical recommendations of the engineer are provided which substantiate lesser or greater values.

8.2.11. Rain Loads


Rain loads shall be determined in accordance with IBC Section 1611.

8.2.12. Seismic Loads and Design


NASA complies with EO 12699 “Seismic Safety of Federal and Federally Assisted or Regulated New Building Construction”, which makes the Interagency Committee on Seismic Safety in Construction (ICSSC) responsible for recommending seismic design and construction standards and practices to Federal agencies for implementation.  The ICSSC has adopted the National Earthquake Hazard Reduction Program (NEHRP) requirements [Recommended Provisions for the Development of Seismic Regulations for New Buildings, 1994] as the Federal standard.  The ICSSC has compared the NEHRP requirements and the major model codes and standards (ICBO 1997 UBC, ASCE 7, and others). The ICSSC has in the past stated that the 1997 UBC and ASCE 7 are essentially equivalent in intent and design values to the NEHRP requirements, and therefore are acceptable as alternative provisions for seismic design.  This equivalency was translated to IBC.  


ICSSC is currently performing code comparisons of 2003 NFPA 5000, 2003 IBC, ASCE7-02 to the NEHRP-2000 recommended provisions.


Earthquake loads and design may be determined in accordance with IBC, ASCE 7, or NEHRP.

8.2.13. Architectural, Mechanical and Electrical Component Seismic Design Requirements


Component design requirements shall be determined in accordance with IBC Section 1621.

8.2.14. Road/Bridge Loads


Road/Bridge loads shall be AASHTO HS 20-44 loading.  


The Baltimore-Washington Parkway Bridge is inspected every two years and reported under the National Bridge Inspection Standards program.  Cycle in the past has been April, odd years.  The bridge has just had a complete concrete deck replacement in December 2003.  No changes were made to the carrying capacity; existing steel girders and shear heads were unchanged; the original lead-based paint was removed; the piers were repaired with shotcrete, but fundamentally unchanged.

8.3. STRUCTURAL MATERIALS AND DESIGN

8.3.1. Soils and Foundations

Intentionally left blank.

8.3.2. Concrete


Concrete design shall be in accordance with IBC Chapter 19.


Concrete materials and installation requirements shall conform to GSFC SPECSINTACT Locals for concrete.  These specifications have been edited to include minimum EPA RMAN guidance which promotes the use of reclaimed materials such as flyash (ASTM C 618) and ground granulated blast furnace slag (ASTM C 989).  Where the use of these requirements conflicts with the requirements of the project, the specifications should be edited to eliminate the conflict.

8.3.3. Aluminum


Aluminum shall be designed based on the Aluminum Standards and Data published by The Aluminum Association.

Structural aluminum shapes are generally not used at GSFC.  Structural aluminum may have application at the non-magnetic facilities at Area 300.  Structural aluminum might be used where steel is not suitable due to special weight considerations or corrosive environments.

8.3.4. Masonry


Masonry design shall be in accordance with IBC Chapter 21.

Clay brick is used only as a non-structural veneer.    Veneer brick shall be as indicated in Section 7.0.


Masonry materials and installation requirements shall conform to GSFC SPECSINTACT Locals for masonry.

8.3.5. Steel


Steel design shall be in accordance with IBC Chapter 22.



Both AISC codes, Load and Resistance Factor Design (3rd ed) and Allowable Stress Design (9th ed), provide acceptable design procedures for steel.  LRFD should provide a more economical steel framing cost.


Materials shall conform to GSFC SPECSINTACT Locals for structural steel, steel joists, and decks.

8.3.6. Wood


Wood design shall be in accordance with IBC Chapter 23.


Wood products as structural framing are generally not used at GSFC. Structural wood may have application at Area 300.  Any structure (not including incidental garden shed type) using wood as a main structural component should obtain prior approvals from Code 250 and Code 224.

8.3.7. Fiber Reinforced Plastics (FRP)


FRP must be designed in accordance with specific manufacturer literature, as these shapes are anisotropic and vary considerably.  FRP shapes weigh 80 percent less than steel, are non-conductive, transparent to electromagnetic frequencies, and are resistant to broad range of corrosive environments.


Structural FRP is generally not used at GSFC. Structural FRP may have application at Area 300, or continuously wet environments such as cooling towers, etc.    Structural FRP might be used for access platforms for HVAC equipment or corrosive environments.

8.4. STRUCTURAL ELEMENTS


For geotechnical requirements on foundations and allowable bearing pressures, see Section 6.0.

8.4.1. Footings


Generally isolated spread footings are the most used foundation system used at GSFC.

Caissons are generally not used at GSFC for buildings.  Drilled caissons may be economical in projects where the Geotechnical Report indicates an unsuitable strata of soil which would require unusually deep excavations to reach sound bearing strata, and which would be cost prohibitive to the use of spread footings.  Caissons or piers may have application in antenna foundations.

Mat foundations are generally not used at GSFC.  Mat foundations shall be considered from an economical standpoint when the total area of individual spread footings approaches/exceeds one-half the area of the building footprint.

8.4.2. Slabs-on-Grade


Structural slabs should be provided either with WWR or bars.  Design in accordance with ACI 360 “Design of Slabs on Grade” or other accepted practice.

8.4.3. Structural Frame

Steel-frame structures have generally been used more often for the type of low-rise buildings (2-3 story) that are constructed at GSFC.  Exterior walls can consist of metal stud with brick veneer, CMU with brick veneer, and steel girt with metal skin or window wall. Exterior wall types shall be made on the basis of specific project requirements, architectural considerations, and the adjacency of similar types of structures.  Lateral load resisting system typically consists of a braced steel frame, although moment-frames have been used in some buildings.  

There are no absolute requirements for type of structural frame.  Concrete frames are also acceptable.  What best suits the project and the cost consideration are the major factors for frame selection.
8.4.4. Elevated Composite Floors on Metal Deck


Where steel frame is utilized, the elevated floor system is typically composite concrete slab on metal deck.  Composite floor systems are generally un-shored construction, and shall be designed accordingly.  Beams must be designed to support wet concrete dead load as non-composite sections.  Cambering of beams is generally not done unless the span is more than 7.5 m (camber for the deflection calculated for the wet concrete, steel deck, and framing beams), however this is a designer decision.  For beams without cambering the floor design dead load shall be increased a minimum of 10 percent to account for wet concrete ponding.
8.4.5. Walls


Bearing walls are to be avoided, and shall only be used for the small single story additions such as mechanical or electrical rooms added to the back of a building, or other similar single story buildings.  Bearing walls limit expansion.
Retaining walls shall generally be cast-in-place concrete.  Pre-cast or segmental concrete may be desirable for architectural reasons, but their use must be approved with the Architect..
8.4.6. Grating and Plate


Steel grating should be used for access platforms of elevated mechanical units, catwalks, interior or exterior applications, etc. If corrosive environments are present consider the use of aluminum or FRP. 


Floor plate should be used for access platforms of elevated mechanical units, catwalks, interior applications, etc.  Floor plates should be raised pattern for slip resistance.  

8.4.7. Crane Runways, Rails, and Stops


Building design considerations, clearances, runway tolerances and deflections, rails, and stops shall follow the guidance provided in Crane Manufacturers Association of America (CMAA) Specification #70 for multiple girder cranes, and CMAA Specification #74 for single girder cranes. Structural design of these systems shall be in accordance with AISC provisions.  Structural design of crane itself (crane girders, trolley, end trucks, etc) shall be in accordance with CMAA (responsibility of the crane vendor).  

8.4.8. Roofs


Most roofs constructed in the past 25 years at GSFC consist of metal deck over steel joists (or beams if upward expansion has been designed into the roof).  If upward expansion is a possibility, the roof should be designed at the appropriate anticipated floor loading and installed as indicated under “Elevated Composite Floors on Metal Deck” if cost allows.


Refer to the FMD Roof Mounted Equipment Policy for specific requirements.  To comply with the FMD Roof Mounted Equipment Policy, the structural frame for any roof-mounted equipment shall provide a 200 mm clear dimension between the lowest frame member and the top of the finished roofing material.

8.5. ECONOMICAL CONSIDERATIONS

8.5.1. Steel

The following are mostly economic considerations, many commonsense in nature, but all valuable enough that they are continually brought up through the indicated forums.  Where they can be applied, they generally provide best-cost solutions.

From various AISC Lecture Series.  

· Connections

· Welds, bolts, and eccentricity – most failures occur because of connection issues.

· Use standard AISC connections from the manual.

· Welding

· Single pass fillet preferred.

· Longer welds are better than larger welds- less heat distortion and residual stresses.

· Only show how much weld is required, don’t use more or less.

· Bolting

· Use A325 in bearing type connections, with snug-tightened installation.

· Avoid use of slip critical if not required.

· Use ¾”, then 7/8”, then 1” maximum bolts.  Larger diameters require special equipment.

· Never use bolts of different strengths and the same diameter on the same job.

· General Economy

· Indicate reactions on the drawings

· Minimum weight is not necessarily minimum cost.

· Maximize repetition: connections, member sizes and spacings

The following are from MSC (2/2000) Rules of Thumb for Steel Design.

· Serviceable Steel Depths ≈ 13 mm per 300 mm span

· Rough steel weight of a frame (kg/m2) ≈ (stories/3 + 7) • 5

The following are from MSC (4/2000) Value Engineering for Steel Construction.

· Show all loads on drawings.

· Show members subject to vibration loads.

· General cost of steel construction:

· 30% material

· 30% shop labor

· 30% erection

· 10% other (drawings, painting, shipping)

· Composite construction, partial (50-75%) may be more economical.  Cost of 1 stud in place ≈ 4.5 kg of steel

· Do no overdo (or under do) painting.  The presence of a shop coat is immaterial to steel life as long as the structural steel is kept dry in the end product.

· Provide column splices no more than 1.5 m above floor beams for ease of erection.

· Except in high seismic construction there is little justification for full-strength column splices. [NOTE: verify this against new OSHA SENRAC regs]
· Consider heavier columns to eliminate web doublers or flange stiffeners

· For ordinary structures, do not specify connection material be of one type to the exclusion of others.

· Don’t use shored construction in developing floor layouts.

· 20 gauge deck is the most commonly used roof deck.

· If the roof deck is used as a diaphragm, use nested sidelaps (can use welded, screwed, or pop riveted connections) rather than interlocking (button punched connections) which is unreliable in transmitting shear.

· HSS have distinct advantages if symmetry stiffness, painting, or fireproofing are significant considerations.

· There is little advantage in filling small HSS with concrete (perhaps 10% increase in design strength) versus larger HSS (perhaps 40% increase in design strength).

· Don’t over specify the details of secondary members. Simpler is better.

New OSHA rules (effective 1/18/2002) with design implications from 29 CFR 1926 Part R, Safety Standards for Steel Erection

· All column bases must be designed & fabricated with a minimum of 4 anchor rods (excluding parts which weigh less than 300 pounds).

· Columns, base plates, and foundations must be design to resist minimum eccentric gravity load of 300 pound @ 18” from extreme outer face of column in each direction @ top of shaft.

· Column splices must be designed to meet same load resisting characteristics as columns.

· Double connections through column webs or @ beams that frame over tops of columns must be designed to have at least one installed bolt remain in place to support the first beam while the second beam is erected.

· Perimeter columns must extend 48” AFF (unless constructability does not allow) to allow installation of perimeter safety cables).

· Framed deck openings must have structural members turned down to allow continuous decking (except where not allowed by design constraints or constructability) [openings are not to be cut until needed].

· Shear stud connectors interfering with the top flange as a walking surface are not to be installed until after the metal deck/other walking surface has been installed.

· Regulation prohibits walking on top surface of painted steel, unless the paint is certified as meting a 0.5 slip resistance coefficient [NOTE: OSHA has provided a 5-year delay of this requirement].

8.6. STRUCTURAL REFERENCES & ACRONYMS

ACRONYMS

	Note: only less commonly seen acronyms are shown in this table.

	MSC
	Modern Steel Construction

	RMAN
	Recovered Materials Advisory Notice

	SENRAC
	Steel Erection Negotiated Rulemaking Advisory Committee


9. MECHANICAL ENGINEERING CRITERIA

This chapter contains mechanical engineering design criteria for all CF and CoF projects at GSFC's Greenbelt Facility.  The mechanical systems include the following:  site utilities (domestic water, fire protection water, steam distribution, chilled water distribution, and natural gas distribution), central plant utilities (boilers, chillers and related equipment), heating ventilating and air conditioning (HVAC) systems (air handlers, ductwork systems, and related pumps, piping and other equipment), the utility control system (UCS), plumbing and process piping systems, and fire protection systems.

9.1. GENERAL MECHANICAL REQUIREMENTS

The paragraphs below apply generally to all mechanical systems.

9.1.1. Mechanical System Identification

Mechanical Equipment Numbering
All mechanical equipment shall be labeled on drawings, calculations, field tagged, in accordance with the GOMARS Process.  The GOMARS file includes the list of acronyms for applicable equipment, numbering formats and rules, and the procedures for obtaining GOMARS numbers during design, and revising or updating during construction if needed.


Valve Tags and System Diagrams


As of now at GSFC, valves and other components are systematically tagged only in the CPP (024 & 031).  For projects in the power plants, assign device designations during design, in accordance with the CPP O&M Manuals (for any questions on this system contact Bill Koch or Ann Wagner) and label devices on the drawings with those designations.  This will correlate with FaCETS or GSFCLOCL specification section 15003, paragraph entitled “Valve Tags and System Diagrams”.   For any system other than power plants, if detailed device designations and tagging are required, the PM must determine the requirements along with O&M and/or the Customer, and then edit this paragraph in the project specifications accordingly, or include appropriate notes on drawings if a FaCETS project.

Pipe Labeling

All piping systems shall be identified by marking systems in accordance with ANSI A13.1.   This is essentially a hazard class system, where “hazardous” may indicate high temperature, high pressure, flammability or toxicity of the fluid.  The label colors and system types are as indicated below:

Black legend on Yellow background:
Hazardous Liquid or Gas

White legend on Blue background:
Non-Hazardous Gas

White legend on Green background:
Non-Hazardous Liquid

White legend on Red background:
Fire Protection Piping

The standard also requires that, if the piping is color-coded, the colors match the applicable label background color.  However, in general, piping in exposed areas at GSFC should be painted to match the surrounding area, rather than color-coded.  One exception to this is fire protection piping which should be painted red in exposed areas.  Concealed piping (including that for fire protection) generally need not be painted, but should be labeled.

The exception to use of ANSI A13.1 is for Piping in the Central Power Plant (Building 24) and East Site Plant (Building 31).   These are labeled and painted with a plant color-coding scheme. 

A more complete list of various services, standard label abbreviations, and the applicable colors, is included in the GSFC Local Specification Section 15003, “General Mechanical Provisions”. 

Duct Labeling

Ductwork should also be labeled, in agreement with ANSI A13.1 colors, although that standard does not specifically address ductwork.   Basically, supply air, return air, and other HVAC ducts including non-hazardous exhausts will be labeled with white lettering on a blue background, and all hazardous exhaust ductwork will be labeled with black lettering on a yellow background. 

9.1.2. Energy Conservation Considerations

Energy conservation shall be taken into consideration in all mechanical design efforts.  Most of the energy consumed at GSFC goes into heating and cooling of buildings, so designers of HVAC systems must make a special effort to make the systems as energy efficient as possible, within budget constraints, and consistent with fulfilling the customer’s requirements.  For all projects with potential energy savings, the design shall include an estimate of the yearly savings due to the modifications in the project, compared to the existing systems.  These estimates shall be forwarded to the FMD Energy Manager (Barry Green) for inclusion in his periodic reports on GSFC energy conservation efforts.

Energy Reduction Goals
These efforts will assist in meeting energy reduction mandates established by the Energy Policy Act of 1992 and subsequent Executive Orders.  See Section 10, Energy Management Criteria for further information.

Energy Conservation Standards
Compliance with 10 CFR 434 is mandatory for new Federal Government construction, and involves the building envelope and lighting, as well as mechanical systems including HVAC, EMCS and Domestic Hot Water.  Effective in October 2001, 10 CFR 434 replaced the previous 10 CFR 435 standard.  Like the previous standard, the new one is based on ASHRAE 90.1-1989 but includes various revisions, including new tables for determining the minimum envelope requirements for U values and glazing characteristics.  An electronic copy of 10 CFR 434, and the envelope tables for Washington and Baltimore, is available on the FMD LAN in the “P:\Mech Group\References” folder.  The old Federal User’s Manual (for 10 CFR 435) is also available there; it can be used, with caution for items that have been revised, since no user’s manual for the new standard has been issued yet.

[NOTE:  the 1989 version of ASHRAE 90.1 has been superseded by a 1999 version.  However, 10 CFR 434 is not based on the new ASHRAE standard, but still parallels the 1989 ASHRAE standard.   Until DOE decides whether to adopt the new standard, or to issue a version of it as a new federal standard, 10 CFR 434 is still the mandatory requirement for Federal construction projects.  However, the 1999 version of ASHRAE 90.1 is required to be used as part of the LEED rating system for Sustainable Design (“Green Buildings”) being promoted by NASA and other agencies in pilot projects.  A copy of ASHRAE 90.1-1999 is available in the FMD Library. ASHRAE 90.1-2001 is the same as the 1999 edition, but with various addenda incorporated.  Electronic (.pdf) copies of ASHRAE 90.1-2001, and of the User’s Guide for 90.1-2001 are available at P:\Mech Group\References\Documents.]

The standard 10 CFR 434 includes Minimum Requirements (identified as Basic Requirements in the ASHRAE 1989 version) which apply to all designs, and Prescriptive Requirements that also apply unless an alternative compliance method is used.   The alternative compliance methods allow more flexibility in design, but also require additional work on the part of the designer in order to demonstrate compliance with the standard.

The Minimum/Basic and Prescriptive Requirements include specific minimum efficiency requirements for most types of mechanical equipment, and also restrictions or requirements related to system type and design (for instance, zoning of HVAC systems, types of controls).   The designer must review the pertinent portions of the standard early in the design, to develop a design that will be in compliance.

At GSFC, 10 CFR 434 shall also be followed as much as possible for building modifications, rehabilitation projects, and for new and replacement mechanical systems within existing facilities. Except for extensive building-wide rehabilitation, the alternative compliance methods would not generally be feasible for work in existing facilities.   In general, the Minimum/Basic Requirements and the Prescriptive Requirements of the standard are those that will be used in replacement or rehabilitation projects.

Some facilities, or portions of facilities, are excepted from mandatory compliance with all or part of 10 CFR 434, for instance those with a high process-related energy use.   Likewise, some facilities designated as "Mission Variable" by NASA are exempted from some agency energy reduction goals.   In either case, GSFC policy will be to comply with as much of the energy requirements as is feasible to produce the best combination of efficiency and cost effectiveness consistent with the process or mission requirements.

9.1.3. Asbestos Containing Materials-PACM and ACM

The demolition of mechanical systems in existing buildings will involve removal of various types of insulation in both pipes and ductwork. Where these conditions exist, an asbestos survey needs to be done, preferably at the planning phase. If for ease of access, schedule or other issues this is not possible at this stage, the first activity in the preliminary design phase needs to be an asbestos survey. This is required to comply with OSHA 1926.1101 to determine if the material is presumed asbestos containing (PACM) or actual asbestos containing material (ACM). The results of the asbestos survey shall be made available to the architect/engineer performing the site visit. The A-E shall indicate on drawings areas where asbestos abatement will be required.  See Section 12.8, ASBESTOS REMOVAL for the procedures to obtain asbestos testing and removal.

9.1.4. Mechanical Equipment Sound and Vibration Control

Machinery, cooling towers and high-velocity exhausts shall be located so as to minimize aerial transmissions of noise to office and technical occupancies.  Machinery with reciprocating or similar engines capable of transmitting unacceptable vibration to the building shall be located on inertia-type concrete pads.   Machinery shall be provided with vibration isolators, flexible duct, electric and piping connectors to avoid transmission of noise and vibration into the building structure.

See also 9.4.4 “Air Distribution Systems”, for information regarding HVAC ductwork and air distribution devices sound attenuation requirements.

9.1.5. Mechanical Equipment Installation, Alignment and Balancing

All rotating mechanical equipment and motors shall be installed on equipment pads.   This equipment requires proper installation, alignment and balancing to maximize equipment life and efficiency.   Guidelines have been developed related to the RCM effort, and have been incorporated into the GSFC Local Master Specification Sections 01750, “Equipment Alignment and Balancing for RCM”, and 15003, “General Mechanical Provisions".

9.1.6. Thermal Insulation of Mechanical Systems

Thermal insulation is required on most mechanical systems to conserve energy, for safety (with hot surfaces), and to prevent condensation (with cold surfaces).   Standard requirements for thickness and type of materials for various systems are included in the sections of this document which cover each specific system, based on 10 CFR 434 where applicable.   NOTE – For typical system conditions and insulation types used at GSFC, these minimum requirements have been incorporated into the FaCETS and GSFCLOCL specification sections.

The MICA “National Commercial and Industrial Insulation Standards” is the document referenced by 10 CFR 434 for the installation of insulation required by the energy standard.   It includes details for various types of pipe, duct and vessel insulation, which can be referenced in specifications or included on drawings.   Note that many of these details leave the identification of materials or other information up to the engineer, and should not be used without including this information in the contract documents.   CADD details for these do not yet exist at GSFC, but should be developed as needed for projects, placed in the Q:\CADD_LIBRARY\UN-APPROVED\DETAILS directory, and brought to the attention of the Mechanical Discipline Group for review and approval as Standard CADD Details.

9.1.7. Design Documentation

The A-E design specifications (available in P:\techpol\srd\doaespec.doc) include a description of required design documentation, including code reviews, calculations, and equipment data used in system selection, in addition to the information to be included on the drawings and specifications at each review stage and in the final contract documents.   This documentation shall be maintained for all COF projects, and also for CF projects involving new mechanical systems or major revisions of existing systems, or replacement of existing mechanical equipment.   For projects designed by outside A-E’s it is the responsibility of the PM, and the ME supporting the project, to review the A-E’s work to ensure such documentation is provided; for work designed in-house, the PM and ME are responsible for providing such documentation.   Documentation storage areas are being set up in Buildings 4 and 18, to preserve this information for reference by the O&M branch and by designers of future projects.

9.1.8. Instrumentation for Mechanical Systems

For all mechanical systems, new pressure gauges shall be provided with dual (psig, kPa) scales and new thermometers shall be provided with dual (oF, oC) scales, to help ensure operator safety while we are in transition to the metric SI system units.   When any extensive modification or rehabilitation is done to a system or a major piece of equipment, the scope of work should include replacing any existing single scale thermometers and gages with dual scale devices.

9.1.9. Pipe and Duct Penetrations

GSFC Local specification sections for piping and ductwork require firestopping of pipe and duct penetrations through floors, walls and roof decks that are fire rated.   These sections refer to GSFC Local section 07840, "Firestopping", which must also be included in the project specification.  The FaCETS specifications are similar. Compliance with the requirements of these specification sections is mandatory for any new penetrations of rated construction.   Existing penetrations within the area being modified by a project shall be checked during design, and if not in compliance, the project shall include upgrading them to comply with this specification.

9.1.10. Pressure Vessels and Pressurized Systems (PV/S)

NASA and GSFC require that Pressure Vessels and Pressurized Systems (PV/S) be designed, fabricated and constructed in accordance with the applicable ASME codes, and certified prior to operation (or recertified after modifications).  Certification of new or modified ground-based pressure vessels and pressurized systems (PV/S) at GSFC is the responsibility of the RECERT program managed by Code 540.  The NASA and GSFC documents that govern these activities are:

NPR 8715.4 In service Inspection of Ground-Based Pressure Vessels and Systems
GPG 8710.3 Certification and Recertification of Ground-Based Pressure Vessels and Pressurized Systems
540-WI-8072.1.3 Certification of New or Modified Ground-Based Pressure Vessels and Pressurized Systems (Feb 2000)
540-WI-8072.1.4 Recertification of Ground-Based Pressure Vessels and Pressurized Systems (Feb 2000)
540-PG-8730.1.1 Rev A Calibration and Control of Recertification Program Inspection, Measuring, and Test Equipment (Feb 2000)
These documents, as well as the specifications indicated below, also include by reference the applicable portions of the ASME Boiler and Pressure Vessel Code and the ASME Code for Pressure Piping, B31.


Scope of Pressure Vessels and Pressurized Systems (PV/S)

PV/S in general include the following components: Pressure Vessels, Tanks, Vacuum Vessels, Flexible Hoses, Expansion Joints, Relief Valves, Piping and Piping System Components (includes pipe, pipe fittings, valves, pumps, compressors, gauges, and all other pressurized components not listed in the above categories).

The systems and components indicated below are considered PV/S, based on the above referenced documents and the system types and pressures typical at GSFC.


High Pressure Compressed Air Systems:

· any compressed air system with operating pressure greater than 860 kPa (gage).

· applicable systems: includes Diesel Starting Air systems in power plants.

· including all pressure vessels, flexible hose, expansion joints, relief valves, piping and piping system components

Low Pressure Compressed Air Systems:

· any compressed air system with operating pressure of 860 kPa (gage) or less.

· applicable systems: most building/shop air systems, and air supply portions of pneumatic control systems (i.e., from compressor through pressure reducing valve).

· including all flexible hose, expansion joints and relief valves

· including pressure vessels (as indicated below), and piping and piping system components (as indicated below):

· all pressure vessels, piping and piping system components which operate at temperatures greater than 54.4(C;

· large pressure vessels, with value units (defined as pressure times volume) greater than 980 kPa·m3;

· large piping and piping system components, with value units (defined as pressure times diameter squared) greater than 142 000 000 kPa·(mm2.
Pneumatic Control Systems:

· only those portions which operate at greater than 140 kPa (gage) are included; typically applies to pressure reducing valve and relief valve, and to the compressor, receiver and other components upstream of the pressure reducing valve.

· requirements as above for Low Pressure Compressed Air Systems.

Steam and Condensate Systems:

· applicable systems: high pressure steam, high pressure condensate, medium pressure steam and medium pressure condensate.  (Low pressure steam and condensate are not included since they operate at 100 kPa or less).

· including all pressure vessels, flexible hose, expansion joints, relief valves, piping and piping system components, which have an operating pressure greater than 100 kPa (gage).

Water Systems:

· applicable systems: domestic water, HVA hydronics (chilled water, secondary water, hot water), condenser water, make-up water, process cooling water, and pumped condensate return systems.  (Wet pipe fire protection systems are not included).

· including: all pressure vessels (i.e., converter shells, expansion/compression tanks, hot water tanks);

· all flexible hose, expansion joints, and relief valves; piping and piping system components with diameter greater than DN 600; and non-pressurized tanks with capacity greater than 113 550 liters.

Vacuum Systems:

· including all relief valves; and vacuum vessels with a volume of 2.8 m3 or greater.

PV/S Documentation and Certification Requirements
Prior to initial operation of pressure vessels and pressurized systems, the contractor is required to assemble copies of the applicable submittals into a single, organized document, and submit as the PV/S Certification Records for that pressure vessel or system.  (This is somewhat similar to the contractor assembling various individual submittals to form an Operation and Maintenance Manual).

Depending on the system or equipment involved, the required PV/S Certification Records may include various submittal items, as specified in FaCETS [and pending GSFC Local] Section 15055, “Welding and Pressure Vessels/Systems”.  This section also contains requirements for qualifying welding procedures, welders, and welding operators, and for construction or modification of items defined as PV/S.  This section is reference by Section 15050, “Basic Mechanical Materials and Methods”, which covers piping materials and installation for all mechanical systems, to require that all welding and installation or modification of PV/S shall comply with the applicable requirements.

The PV/S Certification Records shall be forwarded to Code 540/RECERT by the PM.  In accordance with the referenced specifications, NASA and GSFC documents, the  PM/CM shall ensure that no pressure vessel, pressurized system, or components are pressurized or operated until the Code 540 RECERT Group has approved this data and certified the system to be safe to operate.

9.1.11. Mechanical Schematics Updating Policy

As-built schematic drawings for major mechanical systems within buildings at GSFC are being developed as part of the ongoing Building As-Builts and Schematics (BAS) task This task has been on hold since FY01, however as-builts are still required-See Mechanical Schematics Updating Process/Guidelines).  The mechanical system schematics generally include all minor equipment such as air handlers, fans, pumps, related to the system, and also minor equipment such as zone reheats, vav, induction, fan coil units, with indication of their locations and the areas served.  All equipment is labeled with the GOMARS number.  The schematics will generally not detail all minor duct or piping branches or final devices such as diffusers.  For a more complete description of the scope to be included in the schematic for each system, see the BAS schematic policy.

As BAS is completed in each building, the CADD files of the schematics will be added to the as-built schematic directories.  They will be updated as systems are modified by procedures described below.  The FMD CADD Manual includes standards for numbering and filename of these drawings.  The CADD Coordinator for the Mechanical Schematics at this time is Jorge Reynolds.

The latest approved as-built copies of the mechanical schematic diagrams are stored in a “schematics” folder within the appropriate Q:\Goddard\Greenbelt\[Bldg#]\Mech, Elect Schematics” directory.

Schematic drawings with changes in progress will be stored under the same filename as the original drawing but under a working directory entitled p:\cadd\mech-sch\temp.  These drawings are not considered official and are for review purposes only.


Mechanical Schematics Updating Process/Guidelines

For a new building, or a new system to be installed in an existing building, the design drawings should include new CADD schematics.  For extensive modification to an existing system, the design drawings should include either full or partial schematics, copied from the CADD as-built schematics, and modified to show demolition and new work.  Projects resulting in only minor changes to the schematics do not need to incorporate the schematics into the design drawings, but are required to provide the red-line information to update the schematics as described in this policy.
At the beginning and at the end of design, and at the end of construction, the project mechanical engineer shall determine if the schematic for the building exists, and if so update it in accordance with these procedures.

· A. Design and Construction Projects (of any type, including CF, CoF, ESPC, etc.) – The project mechanical engineer is responsible for updating the mechanical schematics for all projects affecting those mechanical systems for which there are schematics.  Schematics shall be redlined at the 100% design stage (as-designed) and when final project as-builts are received from the contractor.  If the CADD design drawings include a partial schematic, submit a copy of that design drawing with the changes highlighted.

or

B. O&M Projects – If any Work Order performs modifications to a system that affect the schematic, the Shop Lead is responsible for providing a redlined copy of the schematic indicating the changes.






or

C. Other Categories or Discrepancies – O&M personnel, customers, and engineers may also submit changes at any time as discrepancies are discovered and are encouraged to do so by redlining a copy of the Schematic.

· All updates or corrections shall be submitted by providing the applicable information on form FMD-103a.  The form and the redlined drawings shall be transmitted to the civil servant Mechanical Engineer (ME) responsible for the building (see FMD Building Liaison List).

· The ME responsible for the building will review and forward the changes to the CADD Coordinator for the Mechanical Schematics in the CADD Department.

· The CADD Coordinator shall modify the file schematic drawings in CADD to reflect the 100% design or as-built information, and store the file in the TEMP directory.

· When changes are complete, the CADD Coordinator shall provide a copy of the updated schematic drawing with a copy of the redline back to the submitting party for concurrence.

· The submitting party shall review, and forward the updated drawing and redline to the Technical Policy Section ME for concurrence.

· The Technical Policy Section ME shall review the revision to ensure consistency, and forward the package to the ME responsible for the building.

· The ME responsible for the building shall indicate final approval of the revisions and forward to the CADD Coordinator.

· Upon receiving the approved revision package, the completed update shall be moved into the appropriate BLDGS directory (if as-built), or DESIGN directory (if as-designed), and become the official copy.  Each of these official files shall be saved in AutoCAD (.dwg) format, and also in Whip Viewer (.dwf) format.

· A hardcopy of the revised drawings shall also be placed in the FMD File Room, “Mechanical Schematics” drawer.

· Notification of the revision, and distribution of copies of the revised schematic (either as-designed or as-built), shall be as indicated in the attached table.  (Notification and distribution shall be done in the same way for new schematics, when completed by BAS, approved and transferred to the appropriate BLDGS directory).

Notification and Distribution of Updated Schematics

When a new schematic is developed, or an existing one is revised, copies of the new drawings shall be distributed as indicated in the table.

The latest copies of the mechanical schematic drawings are available electronically at nay time from the directories listed above, to permit viewing and printing with either AutoCAD or Whip Viewer.  Also, the prints of the latest revision of each schematic shall be available in the flat files for viewing or copying.

	System Schematic
	System Abbreviation
	ME Responsible for Bldg
	Technical Policy ME
	UCS Program Manager
	Building Manager
	Building Engineers
	FOM
	Pipe Shop
	Sheetmetal Shop
	Climatic Control Shop
	Refrigeration Shop
	Fire Alarm Shop
	3/13/14 Operators
	Non-220 Operators

	Supply/Return Ductwork
	MHV
	D*
	N
	N
	D*
	N
	N
	
	N
	N
	N
	
	D*
	D**

	Exhaust Ductwork
	mex
	D*
	N
	N
	D*
	N
	N
	
	N
	N
	N
	
	D*
	D**

	Steam/Condensate Piping
	mst
	D*
	N
	
	D*
	N
	N
	D
	
	
	
	
	D*
	

	Chilled Water Piping
	mcw
	D*
	N
	
	D*
	N
	N
	D
	
	
	
	
	D*
	

	Secondary Water Piping
	msw
	D*
	N
	N
	D*
	N
	N
	D
	
	N
	
	
	D*
	

	Hot Water Piping
	mhw
	D*
	N
	N
	D*
	N
	N
	D
	
	N
	
	
	D*
	

	Refrigerant Piping
	mre
	D*
	N
	
	D*
	N
	N
	
	
	
	D
	
	D*
	D**

	Compressed Air Piping
	mca
	D*
	N
	N
	D*
	N
	N
	D
	
	N
	
	
	D*
	D**

	Condenser Water Piping
	mco
	
	
	
	
	
	
	
	
	
	
	
	
	

	Fuel Piping
	mfu
	
	
	
	
	
	
	
	
	
	
	
	
	

	Vacuum Piping
	mva
	
	
	
	
	
	
	
	
	
	
	
	
	

	Lab Fluids Piping
	mlf
	
	
	
	
	
	
	
	
	
	
	
	
	

	Process Piping
	mpr
	
	
	
	
	
	
	
	
	
	
	
	
	

	Domestic Water Piping
	pdw
	D*
	N
	
	D*
	N
	N
	D
	
	
	
	
	D*
	

	De-Ionized Water Piping
	pdi
	D*
	N
	
	D*
	N
	N
	D
	
	
	
	
	D*
	D**

	Sanitary Drain
	psd
	D*
	N
	
	D*
	N
	N
	D
	
	
	
	
	D*
	

	Storm
	pst
	D*
	N
	
	D*
	N
	N
	D
	
	
	
	
	D*
	

	Lab Supply Water
	pla
	
	
	
	
	
	
	
	
	
	
	
	
	

	Lab/Acid/Other Drain
	pld
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sprinkler
	fsp
	D*
	N
	
	D*
	N
	N
	D
	
	
	
	N
	D*
	

	Standpipe
	fst
	D*
	N
	
	D*
	N
	N
	D
	
	
	
	N
	D*
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Notes:
	Italicized items are abbreviation reserved for systems which do not now have schematics, and are not being done as part of BAS, but may be added in the future for selected buildings.  Distribution of schematics for these systems will be determined if files are developed and added to the database.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	N
	Notify of schematics that have been updated (for all buildings unless otherwise indicated).

	D
	Distribute hardcopy of schematics (for all buildings unless otherwise indicated).

	*
	For each building, to the appropriate individuals based on building assignments.

	**
	Applicable systems only.  Distribute to Code responsible for system operation.


Drawings Excluded from this Policy

Certain types of drawings with special characteristics are excluded from this policy.

Mechanical schematics for the systems in the CPP’s (B24 & B31) have been developed as part of the CPP O&M Manuals task.  These differ from the standard (BAS) schematics in format and level of detail, including much more extensive valve and component numbering than is used in the buildings.  They also are numbered in accordance with the organization of the Manual, rather than in the numbering system used for schematics in other buildings.  The CPP schematics will be located in a separate directory, along with the text, tables, and other files which make up the O&M Manuals.  Changes to these schematics may also require the revision of related text or table information in the manual, so the overall manual remains consistent.  A separate policy will cover updating of the CPP O&M manuals as a whole, including numbering and updating of the applicable schematics.

Metasys (UCS) control drawings are being converted to AutoCAD from the VISIO files that JCS provides as shop drawings and as-builts.  These differ from the standard (BAS) schematic in format, and in addition to the schematic diagram they include the sequence of operation, point schedule, and bill of materials.  These drawings shall be located in a separate directory as the conversion is completed.  A separate policy shall cover numbering, and updating of these drawings.

System area plans, showing information such as HVAC system/zone locations, equipment locations, and RCM criticality are being developed in connection with ISI.  Numbering, location, and updating of these plans shall be in accordance with ISI procedures when developed.

9.1.12. Metric Units for Mechanical

The metric units most commonly used in mechanical engineering are:

meter (m)

kilogram (kg)

second (s)

joule (J)

watt (W)

kelvin (K) or degree Celsius (C)

pascal (Pa) or kilopascal (kPa)

radian (rad)

newton (N)

Rules for Mechanical Engineering
The joule (J) is the unit for energy, work and quantity of heat. It is equal to a Newton meter (N• m) and a watt second (W.s) and replaces a large number of inch-pound units.

The watt (W) is both the inch-pound and metric unit for electrical power.  It is also the metric unit for mechanical power and heat flow. It replaces horsepower, foot pound-force per hour, Btu per hour, calorie per minute, and ton of refrigeration.

The pascal (Pa) will be used for low pressures (for instance, duct static pressure), replacing inches of water.  The kilopascal (kPa) will be used for higher pressures (for instance, chilled water or steam pressure), replacing psi.

The kelvin (K) is the unit for absolute temperature, replacing degrees Rankine (ºR) for thermodynamic calculations.  Most common applications (room temperature, entering/leaving air/water temperatures) will be in degrees Celsius (ºC), replacing degrees Fahrenheit (ºF).

The newton (n) is the derived unit for force (mass times acceleration, or kg.m/s sq). It replaces the unit “kilogram-force” (kgf), which should not be used.

Mechanical Engineering Conversion Factors

	Quantity
	From Inch-Pound Units
	To Metric Units
	Multiply By

	Mass/area (density)
	lbm/ft sq
	kg/m sq
	4.882 428

	Temperature
	ºC
	K
	C+273.15

	
	ºF
	ºC
	(F-32)/1.8

	Temperature (absolute)
	ºR
	K
	R/1.8

	Temperature (difference ((T)
	ºF or ºR
	ºC or K

	(T/1.8



	Energy/work/

quantity of heat
	kWh
	MJ
	3.6


	
	Btu
	J
	1 055.056

	
	ft.lbf

	J
	1.355 82

	Power

	ton (refrig)
	kW
	3.517

	
	Btu/s
	kW

	1.055 056

	
	hp (electric)
	W
	745.700

	
	Btu/h

	W

	0.293 071

	Heat Flux
	Btu/(f sq• h)
	W/m sq

	3.152 481

	Rate of heat flow
	Btu/s
	kW
	1.055 056

	
	Btu/h
	W
	0.293 071 1

	Thermal conductivity
	Btu•ft/(ft sq• h• F)
	W/(m• K)
	1.730 73

	k value)
	Btu• in/(ft sq• h• F)
	W/(m• K)
	0.1442

	Thermal conductance

(U value)
	Btu/(ft sq• h•F)
	W/(m sq• K)
	5.678 263



	Thermal Resistance

(R value)
	ft sq• h• F/Btu
	m sq• K/W
	0.176 110



	Heat capacity

(entropy)
	Btu/F
	kJ/K
	1.899 1



	Specific heat capacity

(specific entropy
	Btu/(lbm F)
	kJ/(kg• K)
	4.186 8


	Specific energy

(latent heat)
	Btu/lb
	kJ/kg
	2.326

	Vapor permanence
	perm (23 C)
	ng/(Pa• s• m sq)
	57.452 5

	Vapor permeability
	perm/in
	ng/(Pa• s•m)
	1.459 29

	
	perm• in/(h• in(Hg))
	kg/(Pa• s• m)


	

	Volume rate of flow
	ft cu/s
	m sq/s

	0.028 316 8

	
	gpm
	L/s
	0.0631

	
	cfm
	L/s
	0.471 947 4

	Velocity, speed
	ft/s
	m/s
	0.3048

	
	ft/min
	m/s
	0.00508

	Acceleration
	ft/s sq
	m/s sq

	0.3048

	Momentum
	lb• ft/s
	kg• m/s

	0.138 255 0

	Angular momentum
	lb• ft sq/s
	kg• m sq/s
	0.042 140 11



	Plane angle
	degree
	rad
	0.017 453 3

	
	
	mrad

	17.453

	Pressure:


	
	
	

	Ducts, fans
	inches (water)
	Pa
	248.8



	pumps, piping
	feet (water)
	kPa
	2.99

	
	PSI
	kPa
	6.895

	Pressure drop (piping)
	feet (water)/100 feet
	kPa/m

	0.0981



	Thermal Expansion
	inch/100 feet
	mm/m

	0.833

	Standard Atmospheric Pressure
	
	
	101.325 kPa




Heating/Cooling loads (airflow):

Sensible heat (W) = 1.2 • Q (L/s) • (T (°C or K)


Latent heat (W) = 3.0 • Q (L/s) • (w (g moisture/kg dry air)


Total heat (W) = 1.2 • Q (L/s) • (h (kJ/kg dry air)


Heating/Cooling Loads (water flow):

Heat transfer (kw) = Q (L/s) •(T (°C or K)/4.2

Mechanical Products
Piping:
For now, actual dimensions of pipes and tubing will be unchanged, and the nominal inch size will be replaced with the nominal mm size as shown below.   Pipe schedule designations will remain for steel pipe, i.e. Schedule 40.   

Slope of piping is indicated in mm of drop per m of length;  for instance a slope of ¼” per foot would be 20 mm/m in metric.

Sizes to be used on the drawings and specifications are DN, or nominal millimeter sizes, which correspond to nominal inch sizes and actual outside diameters as indicated below; i.e., the metric equivalent of 1” NPS is shown as DN 25.  Sizes for valves, fittings, flanges, couplings and other items connected to piping are also indicated on the drawings as DN sizes corresponding to these nominal pipes sizes.

Some of the standards for piping materials that are referenced in specifications include DN or nominal metric sizes, but others do not.  The tables below are provided to clarify the meaning of the nominal sizes.

Copper Tubing Sizes:
	DN

or nominal

millimeters
	NPS or IPS

or nominal

inches
	Copper Tube

o.d.

millimeters
	Copper Tube

o.d.

inches

	6
	1/8
	6.35
	¼

	8
	¼
	9.52
	3/8

	10
	3/8
	12.7
	½

	15
	½
	15.9
	5/8

	18
	5/8
	19.1
	¾

	20
	¾
	22.3
	7/8

	25
	1
	28.6
	1-1/8

	32
	1-1/4
	34.9
	1-3/8

	40
	1-1/2
	41.3
	1-5/8

	50
	2
	54
	2-1/8

	65
	2-1/2
	66.7
	2-5/8

	80
	3
	79.4
	3-1/8

	90
	3-1/2
	92.1
	3-3/8

	100
	4
	105
	4-1/8

	125
	5
	130
	5-1/8

	150
	6
	156
	6-1/8

	200
	8
	206
	8-1/8



NPS is nominal size for copper water tubing (ASTM B88, types K, L, and M) and for copper DWV tubing (ASTM B306).  O.D. in inches (rather than NPS) is used as the nominal size for air-conditioning and refrigeration tubing (ASTM B280, Type ACR); however the drawings and specifications should use the nominal DN sizes shown above, not the outside diameter in millimeters, for this tubing.


O.D. dimensions are the same for all three type, for either hard-drawn or soft-annealed temper.  (Not all sizes shown may be specified or available in all types or tempers).


Note: the ASTM B88M metric standard for copper water tube (Types A, B, and C), a hard metric standard, shall not be used at this time.  Tubing manufactured to that standard is not readily available, and is in a different series of sizes (both nominal and actual) which do not match either the ASTM B88 (Types K, L, and M) tubing sizes, or the fitting standards which ASTM B88 references for use with the tubing.  There are no ASTM standards for fittings in hard metric sizes, and ASTM B88M does not reference any standards for compatible fittings.


Steel and Plastic (PVC/CPVC) Pipe Sizes:

	DN

or nominal

millimeters
	NPS or IPS

or nominal

inches
	Steel, PVC, or CPVC Pipe O.D.

millimeters
	Steel, PVC, or CPVC Pipe O.D.

inches

	8
	¼
	13.7
	0.540

	10
	3/8
	17.1
	0.675

	15
	½
	21.3
	0.840

	20
	¾
	26.7
	1.050

	25
	1
	33.4
	1.315

	32
	1-1/4
	42.2
	1.660

	40
	1-1/2
	48.3
	1.900

	50
	2
	60.3
	2.375

	65
	2-1/2
	73
	2.875

	80
	3
	88.9
	3.500

	90
	3-1/2
	101.6
	4.000

	100
	4
	114
	4.500

	125
	5
	141.3
	5.563

	150
	6
	168.3
	6.625

	200
	8
	219.1
	8.625

	250
	10
	273.0
	10.750

	300
	12
	323.8
	12.750

	350
	14
	355.6
	14.000

	400
	16
	406.4
	16.000

	450
	18
	457.2
	18.000

	500
	20
	508.0
	20.000

	600
	24
	609.6
	24.000



Nominal sizes above apply for ASTM A53 and A106 steel pipe, and also for ASTM D1785 PVC and ASTM F441 CPVC pipe.  O.D. dimensions are the same for all schedules or weight classes. (Not all sizes shown may be specified or available in all materials, schedules, or weights).

Cast Iron or PVC DWV Pipe Sizes:
	DN

or nominal

millimeters
	NPS or IPS

or nominal

inches
	CISP DWV or PVC DWV Pipe O.D.

millimeters
	CISP DWV or PVC DWV Pipe O.D.

inches

	32
	1-1/4
	42.16
	1.660

	40
	1-1/2
	48.26
	1.900

	50
	2
	60.33
	2.375

	80
	3
	88.90
	3.500

	100
	4
	114.3
	4.500

	150
	6
	168.3
	6.625

	200
	8
	219.1
	8.625

	250
	10
	273.1
	10.750

	300
	12
	323.9
	12.750



Nominal sizes and actual O.D. dimensions above apply for Type CISP-DWV (ASTM A74 cast iron soil pipe, DWV, standard weight), and for Type PVC-DWV (ASTM D2665 PVC, DWV pipe). (Not all sizes shown may be specified or available in both materials).


Ductile Iron Pipe Sizes:

	DN

or nominal

millimeters
	NPS or IPS

or nominal

inches
	Ductile Iron Water

Pipe O.D.

millimeters
	Ductile Iron Water Pipe O.D.

inches

	80 [75] *
	3
	102
	4.0

	100
	4
	122
	4.8

	150
	6
	175
	6.9

	200
	8
	230
	9.1

	250
	10
	282
	11.1

	300
	12
	335
	13.2

	350
	14
	389
	15.3

	400
	16
	442
	17.4

	450
	18
	495
	19.5

	500
	20
	549
	21.6

	600
	24
	655
	25.8

	750
	30
	813
	32.0

	900
	36
	973
	38.3

	1050
	42
	1130
	44.5

	1200
	48
	1290
	50.8

	1350
	54
	1462
	57.6

	1500
	60
	1564
	61.6



Nominal sizes and actual OD dimensions above apply for ductile iron water pipe (AWWA C151/ANSI 21.51; tables in this standard do not list nominal metric sizes, but they are referred to in the text.


[*: AWWA C151 uses 75 rather than 80 to refer to the metric equivalent of 3 inch nominal size.  Where either designation appears on the drawings it shall mean the pipe size indicated in the table.]


Valve and Fitting Pressure Ratings:

In accordance with MSS SP-25, pressure ratings for valves and fittings should generally be identified by the Pressure Class, such as Class 125, which are now considered non-dimensional designations (although they are numerically the same as the old psig classes).  Pressure Classes should be referred to ONLY by the non-dimensional number, not by SI conversion from the old psig class (i.e., use Class 150, not Class 1035, and not 1035 kPa).


Other acceptable ways to express pressure ratings, and the only ones where SI units should be used, are as minimum kPa cold water pressure (CWP) or steam working pressure (SWP); or, to indicate some other specific operating condition or limit, the minimum pressure in kPa and the rating temperature in degrees C must both be included as a Pressure-Temperature rating.


Pipe Threads:

The NPT (National Standard Pipe Taper) pip thread form per ASME B1.20.1 is the same but its name is converted.  For example, ½-inch NPT becomes DN15; or a ½-14NPT thread becomes DN15-14NPT.  (In this designation, “14” refers to 14 threads per inch; however since the term is not labeled with the inch-pound unit from which it was derived, it can be used with metric nomenclature).


Air Distribution: 

Most major manufacturers of diffusers and registers indicate they currently offer lay-in sizes to fit a metric ceiling grid (i.e. 600 x 600 mm).   See GSA Metric Design Guide (9/95) for a list of manufacturers and products available. 

Ductwork:
Rectangular metal ductwork is a custom‑made product.  Round metric sizes (example: 300 by 600 mm) are easier to measure on a metric project.  The minimum increment of duct size normally used should be 50 mm, which is comparable to the typical practice of sizing ducts in even-numbered inch dimensions (2-inch increments).  Prefabricated flexible round duct is specified in converted sizes, for instance 305 mm for 12”.

The Sheet Metal and Air Conditioning Contractors National Association (SMACNA) Duct Construction Standards, Metal and Flexible (2nd edition, 1995) now includes metric information.    Metric versions of the duct reinforcement tables have been added, and the construction details have been dual-dimensioned.  Metric static pressure classes (such as 500 Pa) will be used to indicate duct construction required, rather than inch-w-g classes (such as 2-inch w.g.).  The pressure classes defined in the SMACNA standards are as listed below (+/- indicates both positive and negative pressure classes, + indicates positive pressure class only):.  

	Rectangular Ductwork Pressure Classes
	

	+/- ½ “ w.g.
	+/- 125 Pa

	+/- 1” w.g.
	+/- 250 Pa

	+/- 2” w.g. 
	+/- 500 Pa

	+/-3” w.g.
	+/- 750 Pa

	+/- 4” w.g.
	+/- 1000 Pa

	+/- 6”w.g.
	+/- 1500 Pa

	+/- 10” w.g.
	+/- 2000 Pa


	Round Ductwork Pressure Classes
	

	+/- 2” w.g. 
	+/- 500 Pa

	+/- 4” w.g.
	+/- 1000 Pa

	+/- 10” w.g.
	+/- 2000 Pa


	Flexible Ductwork Pressure Classes
	

	+/- ½ “ w.g.
	+/- 125 Pa

	+/- 1” w.g.
	+/- 250 Pa

	+/- 2” w.g. 
	+/- 500 Pa

	+/-3” w.g.
	+/- 750 Pa

	+/- 4” w.g.
	+/- 1000 Pa

	+/- 6”w.g.
	+/- 1500 Pa

	+/- 10” w.g.
	+/- 2000 Pa


	Flat Oval Ductwork Pressure Classes
	

	+/- 1” w.g.
	+/- 250 Pa

	+/- 2” w.g. 
	+/- 500 Pa

	+/-3” w.g.
	+/- 750 Pa

	+/- 4” w.g.
	+/- 1000 Pa

	+/- 6”w.g.
	+/- 1500 Pa

	+/- 10” w.g.
	+/- 2000 Pa


Pumps, Fans, Air Handling Units: 

These types of equipment are selected based on capacity and operation conditions, not by dimensions.   Calculations and equipment schedules should be in the appropriate SI units.   Major manufacturers should be able to furnish metric performance data and curves, and metric or dual-dimensioned dimension/layout cuts.

Some terms used for rating mechanical equipment are defined only in inch-pound units, and the metric conversion requires a revised term as well as the mathematical conversion.  Unitary air conditioning equipment efficiencies are usually rated by Energy Efficiency Ration (EER), defined as Btu/hr (cooling output) per watt (power input).  The equivalent ratings for metric units are watts (cooling output) per watt (power input), which is the same as the definition of the Coefficient of Performance (COP).  Therefore metric ratings for these units are labeled as COP, not as EER.  Chiller efficiency, commonly expressed as kW (power input) per ton (cooling output), is also expressed as COP (kW cooling output per kW power input) for metric ratings; note that this requires taking the reciprocal of kW/ton, in addition to converting from tons of cooling to kilowatts.

Temperature Controls: 
Celsius is generally used for temperature designations in metric building projects, although renovation projects where the entire mechanical system is not to be changed may retain Fahrenheit.   The Johnson Controls Metasys DDC controls being used at GSFC can be programmed in either system, but to date we have only been using the inch-pound units.   As part of the point set-up or programming process, engineering units are selected for each point and these can be either in Fahrenheit or in Celsius degrees.   The set point, high/low limits, etc. are numerical values, and must represent the correct number to match the units selected.     However there is not any simple "toggle" to switch the whole UCS, or any unit it controls from displaying degrees F to degrees C; this would require revising all the affected parameters and their individual engineering units.    The UCS working group will evaluate how to best convert this system.  Until further notice, new projects should use dual units in the sequence of operation, flow diagrams, etc., but programming should continue in inch-pound units. 

Instrumentation:
Thermometers and pressure gauges on mechanical systems should have dual scales, to avoid potential safety hazards due to misunderstanding a reading, and to avoid confusion where gauges are added or replaced in an existing system.   Dual scale instruments are available from most manufacturers.

Insulation:
Insulation thickness, for either pipe or duct insulation, is stated in nominal increments of mm, similar to those used for nominal pipe sizes.  Specified characteristics of insulating materials, such as permeability, density, thermal resistance and conductance are converted to metric units as indicated in the conversion table above.

Commonly used terms such as k-value, R-value, and U-value, often are written without units in inch-pound specifications, catalog data, or other documents.  To avoid any confusion when using the metric versions, they should be clearly labeled as metric and also include the applicable units.  For instance, the equivalent of the inch-pound R-11 is metric $-1.9, and for clarity should be shown as “metric R-1.9 (m sq ·K/W)”.

Sound Ratings:
Ratings and measurements of sound are already expressed in metric terms, so they are unchanged.  Sound power levels (generally abbreviated as PWL) are expressed as decibels (dB) referenced to 1 picowatt (1 x 10-12 watts).  Sound pressure levels (generally abbreviated as SPL) are expressed as decibels (dB) referenced to 1 micropascal (1 x 10-6 pascals).  Other ratings such as NC and RC curves are non-dimensional.
9.2. SITE UTILITIES

9.2.1. General Information

This section contains design and construction criteria for underground mechanical utility lines.  See Section 12.3, Stormwater Management and Erosion & Sediment Control for requirements related to excavation for any underground utility work.


Location of Existing Utility Lines
The CADD Site database includes the best available data collected from various sources, and is the standard source for information on underground utility locations.  Some information shown as broken lines indicates incomplete or inconsistent data; an; an effort is underway to field check these items.   The engineer should always visit the site prior to design or construction of utility modifications or connections, to verify the data as much as possible visually.   Code 291 can provide assistance in detecting underground metal pipes and wiring; contact Fred Meader on 6-5572 for assistance in this respect.

Surveying of New Utilities
When any underground utility line is installed, key points shall be surveyed before backfilling if at all possible.   Location and elevation of all valves, tees, elbows and points of connection to buildings or manholes shall be recorded, so this data can be included in the CADD Site database for future reference.   If any of these key points must be backfilled before being surveyed, the depth below grade shall be recorded and the location staked, to permit collection of survey data later.   If excavation of an existing line (which is to remain) reveals it to be located differently than shown in the database, appropriate points shall be surveyed to permit correction of the database. An open-end contractor (Alpha) is typically used to perform the surveys and provide the data to FMD in a CADD file.  Procedures for this are described in 6.3 Surveys.   

Underground Utility Marking and Identification
Color-coding of visible points, such as valve box covers, has been done at GSFC to permit identification in the field and by aerial surveys.   The standard colors are indicated below in the sections on each utility.  All new utility installations shall be painted in accordance with this system.

Underground warning tape with metallic core shall be utilized for all underground pipe systems to permit future location of the piping with pipe location devices.  Underground warning tape shall be installed above the piping during the trench backfilling and shall be buried approximately 300 mm (12 inches) below final grade.  Detectable marking tape shall be acid and alkali resistant polyethylene film manufactured for marking and identifying underground utilities, 150 mm wide, 0.1 mm thick, continuously inscribed with utility name, with a metallic core, encased in a protective jacket for corrosion protection, detectable by metal detector when tape is buried up to 760 mm deep, colored as follows:


Red: Electric


Yellow: Gas, Oil, or Steam

Orange: Telephone or Other Communication


Blue: Water


Green: Gravity Sewer


Brown: Pressurized Sewer Tape shall be polyethylene tape with metallic core, 150 mm (6 inches) wide, and printed with repetitive caution warnings along its length.  Tapes shall be yellow in color with black letters.  Tape color and lettering shall not be affected by moisture or other substances contained in the backfill material.

9.2.2. Domestic Water 

As defined by NFPA, the entire water system at GSFC downstream of the WSSC backflow preventers, is a “combined service main” (used to carry water for both fire service and other use), and must be designed and constructed in accordance with the requirements of NFPA 24 for fire service mains.

Pipe Material for direct burial service shall be ductile iron, restrained joints.  Buried pipe shall be installed at least one meter deep.  Buried pipe shall not have any vents, drains, or other protrusions except inside of buildings or manholes.  All bolts, nuts, washers, rods or other hardware used in mechanical joints or other piping restraints, and which will be exposed to soil, shall be stainless steel; or if stainless steel is not an option, shall be zinc-plated and further protected by coating with asphaltic coating prior to backfilling.

Isolation valves shall be direct buried, with valve boxes and extensions to fit tee-operators. Valves shall be gate valves, epoxy coated inside and outside, with resilient seats, conforming to AWWA C500, C509, and C550.  All exposed bolts, nuts, and washers furnished as part of valves shall be stainless steel.  After valve is installed, epoxy coating shall be applied to fix any abrasions or vacancies in factory-applied coating.   Valves shall be secured to piping tees using threaded rod, or anchored to piping with locking flanges.   Valve boxes shall be installed level with grade, and shall be equipped with covers labeled "Water" and painted light blue. (See standard CADD details).

All domestic water distribution piping shall be sized, in accordance with the recommendations of the FMD Master Plan for Domestic Water/Fire Protection System.   The pipe size must serve the fire protection flow and pressure requirements, as well as the domestic water building loads.   NASA-STD-8719.11 provides requirements for the water supply system feeding both domestic water and fire protection systems.       

9.2.3. Fire Protection

All underground water mains installed for fire protection use shall conform to the requirements of NFPA 24.   Pipes shall be looped to the extent possible, to avoid dead-end pipes.   Materials and installation shall be generally as above for domestic water mains.

All fire mains to buildings shall be equipped with a listed post indicator valve (PIV).   The PIV shall be located not less than 12 m from the building.   The PIV shall be mounted so that the top of the PIV is 915 mm above grade.    PIV's shall be protected by bollards where necessary, and all PIV’s shall be provided with either a tamper switch wired into the building alarm system, or a lock.
Hydrants shall be dry-barrel type, similar to Kennedy model K-81A.   Hydrants shall be isolated from the main with a gate valve, with valve box, and shall be secured to their isolation valves using threaded rod.   The valves shall be rodded to the piping tees.    Thrust blocks shall be provided behind hydrants.  (See standard CADD details).

Hydrants shall be spaced at no more than 120 m apart.   Hydrants shall be located not less than 12 m from the building, and so that every building can be served by two hydrants within 90 m from the building.   Hydrants shall be located between 900 to 1200 mm from the curb or edge of roadway, with the principle discharge facing the roadway.   Outlet shall be 460 mm above grade, and top of hydrant 1220 mm above grade.   Hydrants shall be protected by bollards where necessary.

9.2.4. Steam Distribution System

The steam distribution system on the West Campus consists of direct burial piping for high-pressure steam, low-pressure condensate return and high-pressure condensate (drip), along with manholes housing necessary valves, traps and other equipment.  The steam system operates at 690 kPa (100 psi) provided from the Building 24 Steam Plant, and is in a loop configuration.    The low-pressure condensate return system operates at 210 kPa (30 psi), from condensate return pumps located in each building.   The high-pressure condensate system transfers condensate from the high-pressure steam drip legs, within manholes, to a flash tank in a building, which discharges to the low-pressure condensate return system.   

The system described above also feeds 690 kPa steam to the East Campus through underground lines to Building 32 (EOSDIS).   Steam lines between the buildings on the East Campus, however, are in utility tunnels rather than buried.    

All steam distribution system piping shall be sized, and sloped and include condensate drainage provisions, in accordance with the recommendations of ASHRAE “Handbook of Fundamentals.”  The FMD GSFC Steam Distribution System - Restoration Program Piping Schematic can be found at P:/Steam and CHW Master Plan Phasings/.  Contact Ann Wagner for further information on the distribution models. These will provide additional information on building loads and required pipe sizes.

Steam Distribution System Underground Piping
Existing steam distribution system piping at GSFC includes a mixture of various types, including pre-insulated systems, common-conduit systems (such as “Ric-Wil”), and a few locations of steel pipe with granular insulation material (such as "Protexulate").    Most of this older piping will be replaced in the next few years with new pre-insulated piping.    

New steam distribution system piping shall be a direct buried insulated system consisting of a carrier pipe, insulation and an outer casing system.   System shall comply with the following specification, which shall be edited as appropriate and included in the project specificationsGSFCLOCL-02695, “Underground Heat Distribution System”  

This specification provides for a drainable-driable, prefabricated under ground heat distribution system, preinsulated with glass-foam, an air space, a steel conduit, and an outer insulation layer of polyurethane foam covered by a fiberglass reinforced plastic (FRP) jacket.   Joints for either type shall be field welded type, and expansion loops shall be provided as needed.  The push-on type connections, which also are intended to accommodate expansion, have had a history of failure at GSFC and shall not be used.   Systems with a metal outer jacket and cathodic protection, and systems with a PVC or polyethylene jacket, shall not be used.

Steam carrier pipe shall be Schedule 40 steel, ASTM A106, Grade B.   Low-pressure condensate return carrier pipe shall be double extra strong (schedule XX) steel, ASTM A53.    High-pressure condensate (drip) carrier pipe shall be double extra strong (schedule XX) steel, ASTM A106, Grade B.    No fiberglass reinforced plastic (FRP) or reinforced thermosetting resin plastic (RTRP) pipe or fittings shall be installed in the condensate system.

The designer shall determine the classification of the site conditions for the underground heat distribution system based on the underground water condition classification, soil pH, and soil stability.   If data for the site are not available a detailed site classification survey must be made, during the design phase and after the general layout of the system has been determined, and should cover the entire length of the proposed system. The specified system is approved for Class B, Class C, and Class D groundwater conditions, which are generally applicable for the GSFC Greenbelt campus.  Additional details are included in the referenced specification section notes.

Design drawings shall include a log of soil conditions along the pipe line right‑of‑way at pipe depth which gives, as a minimum, soil type, soil resistivity and pH, bearing strength and unstable conditions.   The drawings will show the size, proposed routing and estimated length of the system.  The drawings must establish the elevations and show the profiles of the pipe and the existing and finished earth surfaces, and identify all obstructions within 8 m (25 feet) of the system centerline, including adjacent or crossing utilities.   Minimum slope of steam and condensate piping shall be 20 mm/m.   Provide expansion loops or joints as required to accommodate thermal expansion from ambient to operating temperature, along with pipe guides and anchors as necessary to confine pipe movement.   Provide details at building entries provided on the contract drawings to show pipe elevation, floor elevation, building wall construction and existing equipment.  Valve manholes and the piping and equipment inside the valve manholes shall be designed and detailed on the contract drawings.

Buried pipe shall be installed at a minimum of one meter below grade.  Buried pipe shall not have any vents, drains, or other protrusions except inside of buildings or manholes.   All work pertaining to the system shall be performed in the presence of the system supplier's representative as described in the specification.

Steam Manhole Layout and Construction
The following specification section shall be used for steam manholes edited to reflect other requirements detailed below.

GSFCLOCL-02699, “Steam Manholes, Piping and Equipment” 

Manhole locations shall be shown on design drawings, and shall be provided at all junctions, changes in alignment, and changes in grade.   In straight runs manholes shall be at a maximum spacing of 100 000 mm for one-directional steam flow pitched downward, and 50 000 mm for bi-directional steam flow or one-directional steam flow pitched upward.

Design drawings shall include large-scale, fully detailed manhole layouts, including the arrangement of all piping, valves, traps, and other appurtenances.   The inside minimum dimensions of any manhole shall be 2500 mm by 2500 mm by 2000 mm finish floor to ceiling height; these shall be increased as necessary to ensure proper maintenance access to all devices.   All piping and components shall be accessible for maintenance.  Piping running parallel to the manhole floor, ceiling or walls must be a minimum of 460 mm off the surface.  Trap piping and components shall be placed away from the walls.

The top of the manhole shall be 460 mm above finished grade.  The top shall contain two each of 760 mm round open grated steel access openings in opposite corners.  The top shall also contain two each 200 mm round vents with steel grate covers located in opposite corners from the access openings.   Each access opening shall be even with the inside wall of the manhole.  A ladder or steps shall be placed at each access opening.   The connection between the top of the manhole and the walls shall be a step keyway with a sealing gasket.   Manhole shall be 100% watertight except for top openings.  All pipe penetrations into the manhole shall be watertight.   

A weatherproof electrical receptacle and a light shall be provided in each manhole.   Electrical supply to manholes shall be protected with a GFCI breaker located inside the building, not in the manhole.

Slope the manhole floor to a drain or sump pit, 20 mm/m.  Install a sump pit for pump if elevation does not permit the use of a gravity drain.   The pit shall not be located in a corner with an access ladder.   If the elevation permits the use of a gravity drain, the drain shall be 100 mm with check valves.   Either the sump pump discharge or gravity drain shall be piped to the closest storm sewer.  The piping shall be copper within the manhole and cast iron underground.  Electric sump pumps with 40 mm discharges shall be specified.  Pumps shall be 110 volts, single phase.   Pump shall be rated for 80 degrees Celsius.   Pump shall have a non-clogging vortex impeller that passes 12 mm spherical solids and have an industrial rating.   

Provide a tee with a hose bib (valve and 40 mm hose coupling) on the sump pump outflow pipe, and a valve on the downstream side of the tee, in the line connected to the storm drain system.  This is to permit connection of a portable hose, with the valve closed, to pump any steam condensate accumulated in the manhole to the sanitary sewer, rather than the storm drain, to comply with WSSC and MDE requirements.   Under normal conditions the sump pump will pump rainwater to the storm drain.   (See standard CADD details).

Steam Manhole Piping and Equipment
Piping in manholes shall be Black Steel, seamless or electric-resistance welded, conforming to the requirements of ASTM A53 or A106, Grade B.   High Pressure Condensate (Drip), Low Pressure Condensate Return, and Gauge piping in manholes shall be Schedule 80.  Pipe insulation materials in manholes, and minimum insulation thickness shall be as indicated in the following specification section:  GSFCLOCL-02699, “Steam Manholes, Piping and Equipment” 

All steam main shut-off valves shall be provided with a bypass globe valve for use during

system warm-up periods.  Gauges are required upstream of all steam main shut-off valves (on both sides of valve if steam main is designed for steam flow in either direction) and shall be 200 psi/1380 kPa with pigtail and gate valve.

Drip legs shall be provided at the low point of any section of a steam main that can be isolated, and the vertical drip leg shall be the full size of the main, including a minimum 200 mm tall dirt pocket at the bottom.   Only thermodynamic type impulse steam traps shall be used on steam main drip legs, and a by-pass trap or bypass globe valve shall be installed.   Between the drip leg and the steam trap, provide a gate valve and strainer.   Strainer shall be equipped with double blow-down valves, one valve on the strainer, piped to a second valve located so as to be accessible with an extension or valve key through one of the vents or access openings.   Piping shall be Schedule 80 Black Steel and discharge to the drain or sump pit.   On the discharge side of the trap, provide a check valve, 15 mm tee, and gate valve.   Provide 15 mm test line from tee to outside of manhole, used to check traps for blow-through.   (See standard CADD details).

Condensate collected from the steam main drip leg shall be transported by a high-pressure drip line back to a flash tank within a building before being returned to the low pressure Condensate Return line.    Flash tanks shall not be located inside of manholes.  If no high-pressure drip line exists to return trap discharge to a building flash tank, the trap discharge shall be returned to the condensate line through an in-line sparger.   Valves shall be provided so that the sparger can be isolated for removal without needing to close valves in other manholes.

East Campus
The steam distribution system between buildings on the East Campus consists of piping located in the utility tunnels, rather than buried.   All new East Campus steam distribution piping shall be run inside of utility tunnels; tunnel and piping shall be similar to that installed between Buildings 31 and 32.   Piping in utility tunnels is as indicated in 9.4.5, “Building Steam Systems” for steam and condensate piping in buildings, except the insulation shall be preformed mineral fiber with Tedlar all weather jacket.

9.2.5. Natural Gas Distribution System

Pipe Material for direct burial service shall be polyethylene pipe manufactured specifically for natural gas service, and shall comply with ASTM D 2513, Material Designation Code PE 2406.   Buried pipe shall be installed at least one meter deep.  Buried pipe shall not have any vents, drains, or other protrusions except inside of buildings or manholes. Buried natural gas service at Goddard operates at 25 psi (175 kPa) downstream of the pressure reducing stations which are maintained by Washington Gas.

Installation shall follow pipe manufacturer's instructions, and ASTM D 2774.   Installation shall be either by Washington Gas, or by a contractor certified by Washington Gas; this is necessary to maintain the option of having the utility take over maintenance of the lines on GSFC at some time in the future.

Gas meters shall be provided for any new building with gas service, and an output from the meter shall be connected to the UCS for monitoring of the utility usage.  Meters shall be located outside of the building and shall be readily accessible.  A shut-off valve shall be installed before every meter.  Where multiple meters are required, they shall all be located with proximity of each other, wherever possible. 

9.2.6. Chilled Water Distribution System

All chilled water distribution system piping shall be sized in accordance with the recommendations of ASHRAE “Handbook of Fundamentals” and the FMD “Master Plan, Restoration of Chilled Water Distribution System” (hard copy located in the FMD Library At Building 18).

West Campus
Underground Chilled Water Distribution piping serves all major buildings on the West Campus with chilled water produced at the Building 24 Chiller Plant.

New direct burial chilled water piping for the West Campus shall be Ductile Iron pipe, with restrained joints, and with a factory applied 0.025 mm thick asphaltic coating on all pipe and fittings.   All bolts, nuts, washers, rods or other hardware used in mechanical joints or other piping restraints, and which will be exposed to soil, shall be stainless steel; or if stainless steel is not an option, shall be zinc-plated and further protected by coating with asphaltic coating prior to backfilling.  Pipe and fittings shall conform to ANSI/AWWA C110/A21.10, C115/A21.15, C151/A21.51, and C153/A21.53.   All piping system components shall be rated for not less than the following working pressures:

Pipe sizes 100 through 600 mm:

2445 kPa

Pipe sizes 750 mm:


1725 kPa

Pipe sizes 400 mm and smaller shall be pre-insulated, and any size chilled water piping running parallel to or crossing within 1830 mm of existing steam piping shall be pre-insulated.   Pre-insulated pipe shall have polyethylene encasement complying with ANSI/AWWA C105/A21.5 and the recommendations of the Ductile Iron Piping Research Association.

Chilled water distribution system isolation valves shall be direct buried, with valve boxes and extensions to fit tee-operators.  Valve boxes shall be installed level with grade, and be equipped with covers labeled "Chill Water" and painted light green.   Valves shall be gate valves, epoxy coated inside and outside, with resilient seats, conforming to AWWA C500, C509, and C550.  All exposed bolts, nuts, and washers furnished as part of valves shall be stainless steel.  After valve is installed, epoxy coating shall be applied to fix any abrasions or vacancies in factory-applied coating.  

Buried pipe shall be installed at least one meter deep.   Vents shall be installed at high points of chilled water lines, and shall be made accessible inside vertical 18-inch concrete pipe equipped with a lid, level with grade and labeled "Chilled Water."

East Campus
The East Campus is served from Building 31 by distribution piping located in the utility tunnels, rather than buried.  The East Campus chilled water distribution system is not connected to the Main Campus chilled water distribution system.  

All new East Campus chilled water piping shall be run inside of utility tunnels; tunnel and piping  shall be similar to that installed between Buildings 31 and 32.   Piping in utility tunnels is as indicated in 9.4.6, “Building Chilled Water Systems” for chilled water piping in buildings, except the insulation shall be preformed mineral fiber with Tedlar all weather jacket.

9.3. HEATING AND REFRIGERATION PLANTS

The sections below provide a brief overview of the plant equipment and capacity.  A comprehensive O&M Manual for both plants was completed in 2000 and contains more detailed information, both on individual equipment and on the plant operation as a system.  That manual is available for reference in the FMD Library, and contains six volumes:  Building 24 Boiler Plant (Part 1 & Part 2), Building 24 Chiller Plant, Building 24C Diesel Plant, Building 31 Chiller Plant, and Building 31 Diesel Plant.

9.3.1. Central Heating and Refrigeration Plant (Building 24)

The Central Heating and Refrigeration Plant, Building 24, supplies chilled water to the Main Campus, and supplies steam to both the Main Campus and the East Campus.   

Chiller Plant (Building 24)
The chilled water capacity of this plant is approximately 50 000 kW, with a “firm” capacity (one chiller or pump out of service) of approximately 40 000 kW.   The plant includes six electrically driven centrifugal chillers; two 5 300 kW machines using R-12 in the North Chiller Room, and three 11 000 kW plus one 7 000 kW machines using R-22 in the South Chiller Room.   There are also two flat plate heat exchangers with a capacity of 2 600 kW each; these provide “free cooling” during cold weather, but cannot be run at the same time as the chillers.

Chilled water is circulated within a primary loop, within the plant, by six Primary Chilled Water Pumps with a total capacity of 2 110 L/s (1 660 L/s “firm” capacity).    It is circulated by a secondary loop to the site and through the buildings by four Secondary Chilled Water Pumps equipped with variable speed drives, design flow of each pump is 550 L/s @ 450 kPa.   Any three of these pumps at full speed provide a total capacity of 1 660 L/s, with the fourth available as a backup to maintain the same capacity should one fail.   A de-coupler line connects the primary and secondary loops, permitting a constant flow for each operating chiller in the primary loop, while the flow in the secondary loop can vary to match the building chilled water loads.

The control room includes a UCS Work Station for control and monitoring of the chilled water pumping system, and monitoring of the chillers and other equipment.

Heat is rejected by two wood-framed, PVC filled, counterflow cooling towers.   Tower A has four cells, and is equipped three Condenser Water Pumps with a total 840 L/s capacity, and tower B has five cells and is equipped with four Condenser Water Pumps with a total 2210 L/s capacity.    These pumps circulate the condenser water through the chillers or heat exchangers and back to the cooling towers.   

Boiler Plant (Building 24)
The Building 24 Boiler Plant produces 690 kPa saturated steam for distribution throughout both the Main and East sites.   The total capacity of the plant is 57 000 kW, with a firm capacity of 45 600 kW.   It includes five package boilers, each with a capacity of 11 400 kW.   The primary fuel for the boilers is landfill gas with natural gas, and  No. 2 fuel oil used as a backup.   The plant also includes auxiliary equipment for condensate return, water treatment, and feedwater to the boilers.   Single loop controllers provide the primary control of the plant, with a UCS workstation providing monitoring of over 100 points, plus serial links to the Burner Management Systems.

9.3.2. East Campus Heating and Refrigeration Plant (Building 31)

The East Campus Heating and Refrigeration Plant (Building 31) provides chilled water to the new buildings on the East Campus.   The plant at this time does not produce steam, but has provisions for possible future boiler installation.

Chiller Plant (Building 31)

The plant has a total capacity of 12 600 kW, and a “firm” capacity of 8 400 kW.   It includes three 4 200 kW York centrifugal electric chillers, and installed in 1993 and 1995.   They are controlled by York DDC panels, with serial link to the UCS system.   The chillers use R-22 refrigerant, and the plant includes associated refrigerant recovery systems.  The plant includes ceramic fill cooling towers and associated condenser water pumps.   There also are three 4 200 kW flat plate heat exchangers to provide a water-side economizer cycle for winter cooling on the East Campus. The control room includes a UCS Work Station for controlling and monitoring the equipment.

Each chiller has an associated primary chilled water pump, to circulate water within the chiller plant loop.   Four chilled water secondary pumps with variable frequency drives distribute chilled water from the plant to the other East Campus buildings.    Each building has one or more building chilled water pumps with variable frequency drives to distribute the chilled water within the building.   The three chilled water loops (primary, secondary and building) are hydraulically isolated by de-coupler lines, so the primary loop can match the constant flow demand of the operating chillers, the secondary loop flow can match the total East Site demand, and the flow within each building is matched to the building loads.

9.3.3. Water Treatment

The Plants use WSSC supplied water for various systems including boiler feedwater, chilled water, and cooling tower water.  Well water system at each plant serve as the primary cooling tower water supply, with the WSSC supply used as a backup.  The water chemistry must be adjusted before use in these systems in order to ensure proper functioning and prolong system life.  The O & M Branch has a support contractor who provides water treatment oversight.

The boiler feedwater is fed through a softener in order to reduce its hardness from 40-110 ppm down to zero hardness.  De-aerators are used to reduce the dissolved oxygen level to 20 ppb.  Various corrosion and deposition inhibitors are also added some of which stay in the boilers and some are conveyed into the distribution system.  These processes tend to slightly increase the boiler water pH to between 8 - 9.5.  Boiler blowdown is done when the conductivity, which is an indicator of the solids content, gets too high.

Re-circulating chilled water has corrosion inhibitors added to protect the system.  The cooling tower water also has corrosion inhibitors added including 5-10 ppm molybdate (MoO4).  The pH is kept between 8.5 - 9 and the NPDES discharge permit for the blowdown limits the pH to between 6 - 9 units.  The conductivity of the water is monitored closely as it represents the solids present in the water; it is kept at 1200 mmhos or less.  Blowdown is necessary when this value is exceeded.

9.4. HEATING VENTILATING AND AIR CONDITIONING (HVAC) SYSTEMS

9.4.1. Design Criteria

Outdoor Design Conditions
The outdoor design conditions to be used for HVAC calculations at GSFC (Greenbelt) are the ASHRAE Handbook (Fundamentals) data for Baltimore (BWI Airport):  99.6% annual dry bulb (DB) values for winters, and 1% annual dry bulb (DB) and mean coincident wet bulb (WB) values for summer.  (These are the annual values first used in the 1997 Handbook, and are roughly equivalent to the 99% and 2½% seasonal values used in earlier editions of the Handbook):



Season

DBoC

WBoC



Summer
  33

  23



Winter

-11.6 

   ---



Heating Degree Days, based on 18(C (HDD18): 2,615



Cooling Degree Days, based on 10(C (HDD10): 2,061  

For other locations, the equivalent ASHRAE 99.6%/1% annual data for the closest available location shall be used.   These percentages are consistent with the requirements of the energy efficient building standards, ASHRAE 90.1 and 10 CFR Part 435.

Indoor Design Conditions
Type of Facility


Season
   
DBoC

WBoC

%RH
Automatic Data Processing
Summer  
22.2

15.6
 
50

Equipment, Computer Areas
Winter
   
22.2

15.6
 
50

Comfort, Office, General Use
Summer  
24.4

17.5



Areas



Winter
   
22.2

 ---

35

Laboratories, Cleanrooms,
Summer  
24.4

17.5



Other Process Areas *

Winter
   
22.2

 ---

35

Storage or Industrial

Summer
N/A
(ventilation only)

Facilities **


Winter

18

Mechanical and Electrical
Summer  
40

Equipment Areas

Winter
   
13

*
Conditions as shown, except as otherwise justified by process requirements.

**
Conditions as shown, except as otherwise required, depending on the materials to be stored.

Approved Temperature Ranges 
The following approved temperature ranges have been established for GSFC See Announcement No. 98-47 dated July 7, 1998 and No. 98-19 dated March 17, 1998 which addresses the center position on reducing energy consumption.
These are intended as operational guidelines to help meet the Center's energy conservation goals, and are related to but not identical to the indoor design conditions.   The summer and winter design conditions for offices are set at the end of the approved range that gives a conservative load calculation and equipment selection.  This also would permit some operational flexibility in the equipment in the event the approved ranges were to be relaxed.   The settings for the Computer Room conditions are set at the midpoint of the approved range.

Temperature, and humidity in computer rooms, will be controlled within these ranges, during the hours indicated.  For office areas, the humidity ranges shown are typical, but cannot be guaranteed since most office systems do not permit humidity to be controlled as closely as temperature.  Occupied hours outside of the GSFC core hours will require authorization and funding to offset the additional utility and other costs involved.

OFFICES  (applies also to laboratories and other technical facilities, unless otherwise justified by process requirements):

-  Year‑round, core or occupied hours:

70‑78 oF
(21-25 oC)









Approximately 30-60 % RH

-  Year‑round, non-core or unoccupied hours:
55-85 oF
(13-29 oC)









Approximate maximum 70% RH

COMPUTER ROOMS  (applies to mainframes and other large equipment, but not to PC’s located in office areas):

-  Year‑round:




70‑74 oF
(21‑23 oC)









Maintained between 45‑55 % RH


OTHER FACILITIES:
- Technical facilities with specific, process-related temperature or humidity requirements are designed and operated to meet those requirements, which may differ from the above ranges.

-Typically unoccupied areas, such as building mechanical/electrical equipment areas, and  storage areas (unless specific conditions are required for the materials stored) may be heated only or may be conditioned to a lesser extent than the above ranges.

9.4.2. HVAC System Selection and Design

HVAC Energy Sources   

The standard for GSFC is to accomplish building cooling and dehumidification through chilled water from the central plant, and to accomplish building heating and humidification through steam from the central plant.  Unless required to accomplish special process conditions, such as a lower dewpoint than possible with chilled water, unitary air conditioning units or heat pumps should not be used where steam and chilled water service is available.  Exceptions include some minor buildings on the GSFC main campus as well as most remote buildings (Areas 100 to 600) which are not connected to the central plant utilities.

When chilled water is not available, or when a secondary source of cooling is required, the type of cooling unit should be selected depending on the specific requirements of each project, and the alternatives evaluated on the basis of life cycle costs.

When steam is not available the alternatives include natural gas (where available or cost effective to connect) and electric heat pumps.   Electric resistance heat should be avoided except where needed as supplementary heating capacity for heat pumps.    Fuel oil is not generally used for heating at GSFC, with the exception that the Central Power Plan (Building 24) Boilers have fuel oil (#2) as backup, due to the interruptible gas service.  Fuel oil may be used for heating in remote buildings where steam is not available.   If used, the design of fuel oil tanks shall comply with MDE requirements as noted in Section 12.7.

Humidification shall generally be low-pressure steam from the central steam distribution system. Where space conditioning humidification and air stream cleanliness are required, a self-contained humidifier unit shall be used to generate steam from potable water using low-pressure steam from the central system.   Alternative methods including self-contained electric heat, electrode, and ultrasonic humidifiers are acceptable, provided they result in a lower life cycle cost.

Economizer Systems
Economizer systems must be considered for every air handling system, and can conserve a great deal of energy where an HVAC unit serves areas requiring cooling even during cold weather.  The decision to provide an economizer system shall be based on the application and on energy and economic considerations.   With some exceptions, either an air or water economizer is required by 10 CFR 434 for new facilities. 

Outside air economizers use an HVAC unit outside air intake in up to 100% outdoor air, with temperature control of the outside air, return and relief dampers when in economizer operation.   On most units, especially with DDC controls, changeover from normal operation to economizer operation should be by comparison of the return air and outside air enthalpies, to pick the airstream that will impose the least load on the unit.   On small units, and those with pneumatic or electric controls, changeover control can be based on dry bulb temperature rather than enthalpy.   Outside air dampers shall be low-leakage and constructed of material (such as aluminum) to prevent corrosion due to moisture-laden air.  Damper seals shall be extruded vinyl or nylon; adhesive or clip-on seals on outside air dampers are not acceptable.   Modulating outside air dampers shall be the opposed blade type and two-position dampers shall be the parallel blade type.

Water side economizers use the building’s chilled water as the cooling medium, in systems which have provisions for the water to be cooled without running the chillers when the weather is cold.  Both the East and West Campus Chiller Plants are equipped with plate heat exchangers for this sort of economizer operation.   With a water side economizer the HVAC unit controls do not need to changeover, since the chilled water valve operates in the same sequence of operation year round.   However, the cooling coil must be selected and specified to provide the required winter cooling capacity with higher temperature chilled water than that available to provide the summer design load conditions.   

[Some equipment, such as computer room units, may be available with independent water or glycol economizer cooling loops and heat exchangers.   These should generally be avoided due to the extra cost complexity and maintenance requirements;  use of the building chilled water, or outside air is preferred].

HVAC Load Calculation and Equipment Selection
Calculate the building or zone total and sensible cooling loads in accordance with methods described in the ASHRAE handbooks.  Size the unit according to the peak total load.  Be sure to include outdoor air loads in your total.  Care must be used to properly take into account the diversity of the heat producing items.  Not doing so will lead to oversized equipment and increased operating costs.

NOTE -- some load calculation data, such as typical wall and roof section U value calculations, is more complete in older ASHRAE Handbooks than in the most recent ones; the older books have been retained in the FMD Library to permit reference to this material.

Load calculations shall comply with energy requirements of 10 CFR 434).   Load calculations shall also provide for minimum ventilation levels as defined in ASHRAE 62-1989.   For most typical occupancies at GSFC, this results in a minimum outside air requirement of 9.44 L/s (20 CFM) per person, but the standard shall be consulted for other requirements and special facilities.

The air quantities required for each space shall be determined by performing cooling and heating load calculations as described in the latest edition of the ASHRAE Handbook, Fundamentals.  The air quantity to a space should be the greater of the cooling or heating load calculation, or as required to provide makeup air for any exhaust from the space.

HVAC Zones
Where feasible separate units should be used to serve building areas with different load characteristics (for instance, interior or perimeter areas), different occupancy types (for instance, ADP areas or offices), or different operating schedules (for instance, 8 hours or 24 hours).   Where a single unit must serve more than one type of area, separate HVAC zones shall be provided.  Where fan-coil units are used to replace induction units in perimeter zones, individual units shall have valves modulated by local thermostats, and units shall be grouped in zones for UCS control of fan on/off schedules.

Each individual zone shall be provided with a thermostat or a temperature sensor.  The thermostat or sensor shall send a signal to a controller to provide the necessary control sequence to achieve the desired setpoint.

For new facilities, 10 CFR 434 includes further detailed Minimum/Basic and Prescriptive requirements for design and control of HVAC zones.   In existing facilities and rehabilitation projects, these requirements should also be followed to the extent possible.

Sound and Vibration Control
Maximum NC levels shall conform to the latest published ASHRAE Systems Curves for HVAC Sound Control.   Typical design NC levels for different occupancies are:

Conference rooms and high rank offices


25 to 30

Other enclosed offices




30 to 35

Open office areas, laboratories



35 to 40

Corridors, circulation areas



40 to 45

Diffusers, grilles, fans, fan coil units, induction units, mixing or VAV boxes, heating-ventilation units and other equipment shall be selected with noise-level ratings consistent with the noise criteria for the area affected by the noise.   Excessive velocities and turbulence in duct and piping systems shall be minimized to avoid noise transmission.

Where required to prevent noise transmission through the ductwork, acoustical attenuators shall be provided.  The use of sound lining should be minimized as it impedes future cleaning of the duct and can potentially provide a surface for growth of microorganisms.   Sound attenuators with perforated metal linings are preferred, except where space or cost limitations dictate otherwise. 

9.4.3. HVAC System Equipment


Any air condensate drains shall be piped into the roof drain/storm drain system.  To do otherwise conflicts with WSSC requirements that unmetered water should not be routed into WSSC sanitary collection system.

Equipment Layout

Outside air intakes shall be located and arranged to prevent exhaust products from equipment, operations, or smoke/fire from being drawn into the building.   As much as possible all HVAC units, fans, heat exchangers, pumps and other related equipment should be located in mechanical equipment rooms.   All equipment in a single system should be located in the same equipment room to the extent possible.    Equipment shall be arranged with attention to the accessibility for service, and sufficient space provided and indicated on drawings to be kept clear, for replacement of components (for instance, coil-pull space beside an air handling unit.   Motor control centers, starters, speed controllers and UCS control panels for the equipment shall be located in the same room, as close to the controlled equipment as feasible.
Centrifugal Pumps
Centrifugal pumps 2 kW and larger shall be flexible coupled type mounted on heavy-duty cast iron or fabricated steel base.  Pump shafts shall be stainless steel if available for size selected.

Fans
Centrifugal fans with steel casings and steel or aluminum wheels are typically used for HVAC applications.   In some cases due to equipment arrangement or space limitations, axial or in-line centrifugal fans may be appropriate.   Designers should note that axial fans tend to have different type of sound profile than centrifugal fans, and the system’s sound attenuation may need greater attention.

Belt drives should be provided for all HVAC fans, except for small ventilation or exhaust fans (below 1 kW motor size) which can be direct drive.   To avoid maintenance problems encountered with variable pitch sheaves, fixed sheave drives are preferred.   A variable pitch sheaves may be used during air balancing, and then replaced with a fixed sheave once the correct size is known.

Pump and Fan Motors
Motors shall be 120V, 208V, 277V, or 480V, as appropriate for their size and the voltage available at the location.   All HVAC pumps and fans with motors 0.75 kW shall be equipped with high efficiency motors, meeting the minimum requirements shown in Section 11.4.9, Motor Efficiencies. Standard efficiency motors shall be used only for equipment for emergency use only, such as fire pumps or smoke evacuation or pressurization fans.

Variable Flow Pump and Fan Control
For pumps and fans with varying flows and motor sizes 7.5 kW and above, electronic variable speed controls are required in lieu of flow control devices including fan inlet vanes and pump bypass or throttling valves. For smaller motor sizes, they may also be used where an analysis determines that the speed control device is economically feasible.  

Variable speed controllers shall be furnished with Hand-Off-Automatic, and Remote/Local speed control functions.  Remote speed control shall accept a 4-20 mA signal from the DDC system, while Local setting shall permit manual speed adjustment at the controller.  Bypass provisions shall be included, to permit operation of motor at full speed, while the variable speed control circuits are isolated for service.   Safety cutouts such as smoke detectors, freezestats, etc. shall be wired to shut down the motor whether in bypass or inverter operation.    

Balancing of fans with VFD’s should still be done by adjusting the belt drive so that the fan delivers the design airflow at the VFD’s 100 % speed setting, not by merely adjusting the VFD speed to get design airflow.

HVAC Central Station Units

In most buildings at GSFC, central station units with chilled water and steam coils and steam humidifiers are used to provide most of the building heating, cooling, ventilation, humidification and dehumidification (where required). The selection of a central HVAC system should be based on a understanding of the HVAC requirements, energy use, extent of control required, nature of occupancy, appearance, availability, type of energy source, building structure, and project specific factors. 

Units with chilled water coils and outside air intakes shall be equipped with preheat coils in addition to electrical freezestats.  On units with mixed air plenums immediately adjacent to the outdoor air intake (most existing units at GSFC), preheat coils shall be located after the mixing plenum, between the air filters and the cooling coil.  On some units preheat coils can be located in the outdoor air duct before the mixing plenum, if the arrangement of the outdoor air intake duct permits, and should be provided with a prefilter to minimize collection of dust by the preheat. Preheat coil valves shall be modulated to maintain the preheat coil discharge temperature not lower than 50 C.  Electrical Freezestat shall also be provided, and be set to shut down the unit if the temperature drops to 2 0C.   Preheat coils shall generally use steam; if hot water is used provision shall be made for a pump to maintain flow through the coil to prevent freezing whenever outdoor air temperature is 50 C or lower.

Moisture within a unit, especially moist insulating material, can support growth of organisms responsible for many indoor air quality problems.   To minimize this, units shall be insulated externally or shall be double-wall with insulation between; internal lining shall not be used.   Condensate drain pans shall slope to a drain equipped with a trap; note that the standard SMACNA details do not require drain pans to be sloped, so project drawings or specifications shall specifically include this requirement.   Any drain from a negative pressure section of the unit (typical of condensate trains in draw-through air handlers) shall be located so the water column above the trap is high enough to ensure drainage from the pan at operating static pressure. 

Units shall have hinged access doors serviceable apparatus such as coils, filters, dampers, humidifiers and fans or motors (where inside equipment casing).   Provide flexible connections and vibration isolation as required to minimize transmission of vibration through structure, ducts and pipes into occupied areas.   Equipment sound power levels shall be coordinated with the mechanical equipment room construction, to prevent unacceptable noise transmission to the occupied areas.

Outdoor (Ventilation) Air Controls

To ensure acceptable indoor air quality within the space, and compliance with ASHRAE 62, it is essential that air conditioning systems provide a minimum outdoor air quantity during all occupied periods.  For constant volume systems, a single minimum position setpoint for the outdoor air dampers is usually sufficient, but the drawings must show the required minimum air quantity, and the balancing of the system must be properly coordinated with the set-up of the system controls in order to adjust this minimum position properly.  

On variable air volume (VAV) systems, the outdoor air dampers and return air fan should be controlled based on actual airflow readings by airflow measurement stations, to maintain no less than a minimum quantity.  Fixed minimum damper positions are not suitable for VAV systems,  and control of dampers or return fans based on static pressure is not reliable.  Airflow measurements can be made of the total supply air and the total return air quantities, and the control system can compute the difference between these to determine the outdoor air quantity.  When the equipment layout permits, an even better method is to measure the outdoor air intake quantity directly with an airflow measurement station in an outdoor intake duct.  With this arrangement, filters must be provided in the outdoor intake duct upstream of the airflow station, in addition to the main air handler filters, to prevent dust accumulating on the airflow station and producing inaccurate readings.
Computer Room  HVAC Units

These are small units, designed typically to draw return air from the top and discharge supply air into a computer room raised floor plenum.   They may use either chilled water or refrigerant coils, and either hot water or electric reheat.   At GSFC chilled water and hot water shall be used where available.  Units shall be provided with integral DDC controls by the manufacturer, with relay contacts for remote fan failure and temperature alarm outputs.   These units will not be connected to the UCS system, except in cases where they are mission critical the UCS may monitor the alarms.    
Fan Coil Units

These small units may provide either heating, cooling or both, using hot water, chilled water, or dual temperature water.   All units providing cooling shall be provided with a condensate drain pan and drain piping. Since they generally do not provide any ventilation, these units should not be used exclusively for HVAC in any occupied area.   (Fan coil units with small outdoor air intakes are available, but these shall not be used at GSFC, since outdoor air quantities are not well controlled and would require additional maintenance to change individual outdoor air filters). 

For fan-coil units which are not associated with an air handling system, controls shall be local loop, not connected to the UCS.   

Many older buildings at GSFC have induction units, located below the windows, serving the perimeter zones.  As buildings or systems are rehabilitated, these will generally be replaced with 4-pipe, ceiling mounted, fan-coil units to handle the heating and cooling loads, while the central air handler will supply only the required ventilation air, and space humidification as needed.   Ceiling-mounted fan coil units are preferred, rather than those located under the windows as the induction units are, to avoid the problems of furniture blocking access and blocking the return air path.   Fan coil units should be of a configuration that draws the return air directly from the room, or shall have the return air register ducted to the unit intake, to prevent drawing dust into the unit from the ceiling plenum areas.   Provision of a Metasys controller for each fan-coil is considered cost prohibitive, but some control of the fan-coils by the UCS is needed; the preferred means of control is described in Section 9.5.2, “Scope of UCS Work”.

HVAC Unitary Systems and Heat Pumps
The system types included in this section are; rooftop packaged units, split systems, and through the wall units.  These should generally be used only where chilled water is not available, where required for redundancy, or where special conditions (such as low humidity requirements) demand lower coil temperatures than possible with chilled water. Areas requiring heating shall be provided with heat pumps, to minimize energy used by electric resistance heating.  

Supplemental heating for heat pumps shall be sized to cover the entire heating load in order to cover possible compressor failure.  Supplemental heating can be in the form of gas, steam, or hot water.  Electricity can be used in the place of the previous fuels, but only when they are not available.  If the installation cost determines the reheat fuel be sure to include long term operating costs differences in your estimate.

There are several types of heat pumps to consider.  Air-Air can be used when water is not available.  Water-Air are the most efficient and should be used whenever feasible.  The water source should have a reasonable constant temperature suitable for cooling and heating.  Water-Water systems offer good flexibility since they produce water which can be routed easier than air. These systems allow good flexibility where large duct systems are impractical or multi zone control is required.  Air-Water can be used when a proper water source is not available but multi-zone control is needed.

Heat pump systems with outdoor air condensers shall have efficient defrosting arrangements whenever the ambient temperature can fall below 4.5 oC.  All compressors shall be equipped with a short cycling prevention device to prevent compressor damage. Factory packaged units should be used whenever possible.  Larger units, 35 kW (10 tons) or more, should contain two stage refrigeration to minimize energy cost during partial load conditions.

Outdoor air requirements should be considered in a heat pump system design.  These requirements are 9.44 L/s(20 CFM) per person and are defined in ASHRAE 62-1989.  If the heat pump does not directly introduce enough outdoor air into the space then some alternative provision must be made.  Provisions can be made through the use of economizers with a minimum setting or outdoor air intake ductwork.  Prevention against coil freezing must be implemented whenever outdoor air is introduced into a system.  If the space is small then the requirement could possibly be met by the opening and closing of doors.  Economizers shall be used whenever a winter time cooling load exists.

Underfloor Cooling for ADP Equipment Areas

Most large computer rooms at GSFC were originally designed with cooling air supplied to the plenum below the raised floor, either by central air handlers or by local package units.   Where large mainframe type units or floor mounted equipment racks are in use this can still be an effective system.   However in some areas, newer computer workstations at desktop level have replaced larger units, and are not well suited to cooling from the floor.   Underfloor cooling can also cause problems in maintaining comfort conditions due to leakage and the cold floor surface, especially if the cooling load is low and the equipment cannot take air directly from the plenum.   In designing modifications or rehabilitation’s of such areas, the engineer should obtain information from the customer on the equipment to be cooled, and determine if underfloor or overhead air supply is best for maintaining proper equipment cooling as well as occupant comfort levels.   Floor plenum areas not requiring underfloor cooling should be separated from those requiring cooling using sheet metal baffles (see standard CADD details).

9.4.4. Air Distribution Systems

Modifications to Existing Air Distribution Systems
When designing modifications to an existing area or building, the entire air distribution system shall be evaluated.  The designer shall ensure that the existing capacities of the system can accommodate the proposed changes.   During design, the engineer shall evaluate the extent of re‑balancing required to provide the design airflow to the new/modified parts of the distribution system, while maintaining the design airflow in other parts of the existing system.  This is essential since modifications in one portion of a system will affect the airflow delivered to other parts of the existing system even if they are not modified.   All inlet/outlet devices in the system may need to be re‑balanced;  an alternative is to measure the existing airflow in the existing branches not to be modified, and require the contractor to adjust the system to provide the same airflow for the existing branch at that location, as well as balancing individual devices on the new/modified branches.  The designer must also field verify if there are existing dampers adequate for balancing, and the drawings must include installation of additional dampers as required.   The construction drawings shall indicate the scope of re‑balancing, of both the existing system and the new/modified portions of the system, and specify the required airflow for each existing and new device, and each duct branch if applicable. 

Duct Design

The design of the duct system shall be in accordance with the methods set forth in the ASHRAE Handbook, Fundamentals.   Ductwork shall be sized using the equal-friction method.  

The duct system (fittings, air terminals, dampers, etc.) shall be designed to minimize the static and dynamic pressure losses.   Fittings and other details should use the standard details in the SMACNA Duct Construction Standards as much as possible.   Figure Numbers below refer to that publication.

Duct aspect ratio should not exceed 4 to 1 wherever possible, and transition and offsets should not exceed the angles recommended in Fig. 2-7.  

Wherever space permits, elbows shall be of the radius type (Fig. 2-2, Type RE 1) with minimum radius as indicated.   Where more compact elbows are necessary, they shall be radius type with vanes (Type RE 2).   Square elbows, with or without turning vanes, should be avoided due to their higher pressure drop and noise generation.   

Ductwork branch connections shall be made with 450 entry, and round branches with 450 lead-in, as shown in Fig. 2-6.  Straight (900) taps, splitter dampers, air scoops or extractors shall not be used.   Where a duct branch is to handle more than 25 % of the air handled by the duct main, a divided flow branch (Fig 2-5) with radius elbow shall be used.  The sizes of the elbow and the main duct shall have the same ratio as the ratio of the air quantities.   Provide volume dampers in every duct branch for air balancing; dampers in registers or diffusers should not be relied on for balancing due to the high noise levels they create. 

Use of flexible ductwork shall be kept to a minimum, due to the high pressure drop (which is compounded if excessive installed length results in extra bends).   Flexible ductwork used to connect to round-neck ceiling diffusers shall not exceed 1500 mm in length.  For inlet to VAV boxes, flexible ductwork length shall not exceed 1000 mm.

Provide flexible connections wherever ductwork is connected to vibrating or rotating equipment, to reduce transmission of vibration.

Fire dampers shall be provided at every duct penetration through fire-rated partitions and as required by NFPA 90A.   Heating coils shall not be located close to fire dampers, to avoid accidental tripping of fusible links.

Provide hinged access doors in ductwork at every serviceable apparatus such as coils,  filters, and  fire, smoke or control dampers.   Drawings shall show the locations of all such devices, and the locations shall be selected to provide accessibility to the device for service:

The specifications for duct construction refer to the SMACNA manual, and provide other general  requirements.   There is a significant amount of additional specific information that must be shown on the drawings for every project, including:

· Extent of Duct Pressure Classes

· Extent and type of any special duct materials (i.e. other than galvanized steel)

· Extent of any duct lining (include drawing note that duct sizes are net inside dimensions)

· Extent and type of any vibration isolation

· Type of elbows and branch take-offs 

· Location of all Volume Dampers, Fire Dampers, Smoke Dampers, Access Doors

· Location of Control Dampers, Filters, Coils or other devices outside of HVAC units

· Location of flexible connections

· Location of Duct Probe Access for air balancing

· Location, Type, Size and Airflow of Diffusers, Registers, Grilles

· Location, Type, Size, Minimum and Maximum airflow settings of VAV boxes

Duct Construction and Appurtenances
For normal HVAC applications, duct material shall be galvanized steel no less than 0.55 mm.  The use of aluminum, stainless steel, plastic (PVC), or fiberglass reinforced plastic (FRP) ductwork shall be evaluated  for applications requiring special considerations such as the removal of moisture-laden air or corrosive exhaust.   Flexible ductwork shall meet requirements set forth by NFPA 90A and 90B.   Fire dampers shall have 100% free area and conform with NFPA 90A.

Volume Dampers shall have locking quadrants.  Flexible connections shall be of neoprene-coated flameproof fabric.

Supply and return air ducts shall be insulated with minimum thickness in accordance with 10 CFR 434.   The requirements vary depending on the insulation density and K value, and the temperatures inside and outside the duct.  For typical system conditions and insulation types used at GSFC, these minimum requirements have been incorporated into the FaCETS and GSFCLOCL specification sections.  Ducts provided with sound lining and return air ducts in air conditioned spaces with little or no heat load generally do not require insulation.  Ductwork in or adjacent to unconditioned spaces shall be insulated to prevent condensation.

Air Control and Terminal Devices

Air terminal devices such as diffusers, grilles, and registers shall be placed to provide smooth and quiet delivery and removal of air.  The selection of these items shall be based on air velocity, throw characteristics, pressure drop, and construction material.  Note that selection of terminal devices in VAV systems requires extra attention to throw characteristics, to provide proper air circulation at minimum as well as maximum airflow rates, and to prevent “dumping” of cool air that can occur under low-flow conditions.

VAV boxes, fan-powered VAV boxes or mixing boxes shall be used to reduce air volumes and pressures in higher velocity duct systems.  For VAV boxes, minimum air quantities shall not be less than 25% of total air capacity of that box.  VAV boxes shall be the pressure-independent type.  Motorized volume dampers shall not be used in place of VAV boxes.  [Note – many older VAV system conversions at GSFC used either motorized dampers or pressure-dependent type boxes.  When such systems are modified or rehabilitate, these should be replaced with pressure-independent boxes, to ensure proper minimum airflow and temperature control.]  The designer shall ensure that the minimum outside air quantities (set forth in ASHRAE 62-1989) can still be delivered when the VAV box is at its minimum setting.

9.4.5. Building Steam Systems

This section applies to steam and condensate piping, and related equipment, within buildings.  (For information on site distribution piping and steam production, see Section 9.2.4, Steam Distribution Piping and Section 9.3, Central Heating and Refrigeration Plants).

A flow meter and pressure transmitter, connected to the UCS, are required for each feed from the site steam distribution lines into a building.  These are installed in the high pressure line upstream of the pressure reducing station.  Piping layout must provide for sufficient straight pipe, a minimum of 10 pipe diameters upstream and 5 pipe diameters downstream of the flowmeter.  If the steam piping into the building is replaced or relocated, the meter must be reinstalled into the new piping, and the new piping must be arranged to provide the necessary straight pipe length prior to the pressure reducing station.

Steam Pressure Reducing Stations
High pressure (690 kPa) steam is distributed to the buildings from the central heating and refrigeration plant.   A pressure reducing station in each building reduces this pressure to 100 kPa for distribution and use within the building’s HVAC system and most other heating applications, such as domestic hot water converters.   In a few buildings, high or medium pressure steam is used for specialized process requirements.

Pressure reducing stations shall be the two stage, parallel type.   The first stage shall reduce the incoming pressure of 690 kPa to 400 kPa, and the second stage shall reduce this to 100 kPa for distribution through the building.   Each stage shall include two reducing valves piped in parallel between common headers, one sized for approximately two-thirds of the total design flow, and the second valve sized for approximately one-third.   Provide also a manual bypass globe valve in parallel to the reducing valves for each stage.   Isolation valves and strainers shall be provided for each reducing valve, and pressure relief valves provided on the medium pressure and low pressure headers, with exhaust piped through the roof.   Each header (high, medium and low pressure) shall be equipped with a drip leg with the condensate piped to a flash tank (high and medium pressure) or to the condensate pump receiver (low pressure).

Piping shall be insulated with calcium-silicate insulation, with the thickness no less than that required by  10CFR 434.   The minimum thickness is 90 mm for pipe sizes 25 mm and below; 100 mm for pipe sizes over 25 mm up to 100 mm; and 130 mm for pipe sizes over 200 mm.    

Building Steam Piping
Steam piping shall be sized in accordance with the recommendations of the ASHRAE Handbook of Fundamentals.   Pipe shall generally be sloped in the direction of flow, at a minimum of 20 mm/m.   Where necessary pipes can be sloped opposite from the direction of flow, but counterflowing condensate decreases the capacity of the pipe, which must be considered in pipe sizing.  Drip legs shall be provided at all low points, and at the end of the main (see standard CADD details).   Branch takeoffs shall be connected to the top of the main and shall be sloped back to the main from the branch isolation valve.  Expansion loops, pipe guides and anchors shall be provided as necessary to accommodate the pipe expansion from ambient to operating temperature.   

Low pressure (100 kPa) steam piping within buildings shall be black steel, Schedule 40, ASTM A53, with welded or screwed fittings rated for 860 kPa working pressure.  Grooved pipe couplings and fittings shall not be used.  Piping shall be insulated with fiberglass rigid insulation, with the thickness no less than that required by 10 CFR 434.   For low pressure steam the minimum thickness is 40 mm for pipe sizes 50 mm and below; 50 mm for pipe sizes over 50 mm up to 150 mm; and 90 mm for pipe sizes 200 mm and over.

High pressure (690 kPa) and medium pressure (410 kPa) steam piping within buildings shall be black steel, Schedule 40, ASTM A106, with welded fittings rated for 2070 kPa working pressure.  Grooved pipe couplings and fittings shall not be used.  Piping shall be insulated with fiberglass rigid insulation, with the thickness no less than that required by 10 CFR 434.  The minimum thickness is 50 mm for pipe sizes 25 mm and below; 65 mm for pipe sizes over 25 mm up to 100 mm; and 90 mm for pipe sizes over 200 mm.    

Insulation on steam and condensate piping shall include all pipe and fittings, but valve bodies, strainers, unions, flanges and steam traps can remain uninsulated in non-finished areas.

Steam Equipment Selection and Installation
Only low pressure steam shall be used for HVAC and potable water heating applications.   High pressure or medium pressure steam shall be used only where required for specific process applications. 

Steam coils, converters, and humidifiers shall be selected to provide the design heating load with entering steam at 70 kPa saturated.   Low pressure steam control valves shall be two-way modulating globe valves with equal percent trim characteristic.   Control valve sizing (Cv selection) shall be based on valve pressure drop near  30 kPa at design flow.   Valve actuators shall be sized to shutoff (using spring tension) against   170 kPa  (differential).   All control valves shall be installed with upstream strainers, and with manual valves and unions both upstream and downstream to facilitate valve repairs and replacements.

All equipment using steam shall be installed with local gauges to indicate the supply pressure entering the equipment.   Steam valves used for heating shall fail open; those for humidifiers shall fail closed. 
Steam Traps and Condensate Piping
Proper steam trapping and condensate flow are essential to efficient operation of steam coils or other equipment.   Steam traps permit the removal of the condensate (which has already given up most of its useful heat) from the equipment while preventing loss of steam.  Traps and condensate piping must be properly located to prevent condensate backing up in the coil, which would reduce the heat transfer from the coil, and could lead to freeze-up of preheat coils.  Piping shall be sized in accordance with the recommendations of the ASHRAE Handbook of Fundamentals.

Steam traps shall be provided individually for each coil, heat exchanger or other steam consuming equipment.   Traps for typical low pressure steam equipment shall be float and thermostatic type, and shall be sized for three times the design flow of the equipment.   Trap inlet shall be a sufficient distance below the coil outlet to ensure sufficient water column for trap operation; provide a minimum of 350 mm.   (See standard CADD diagrams).

Low pressure condensate return piping, and pumped condensate return piping,  within buildings shall be black steel, Schedule 80, ASTM A53, with welded or screwed fittings rated for 860 kPa working pressure.  Grooved pipe couplings and fittings shall not be used.   Low pressure condensate return piping shall be sloped a minimum of 20 mm/m.   Piping shall be insulated with fiberglass rigid insulation, with the thickness no less than that required by 10 CFR 434.   For low pressure and pumped condensate piping, the minimum thickness is 40 mm for all pipe sizes. 

Medium or high pressure condensate return piping within buildings shall be black steel, Schedule 80, ASTM A106 with welded or screwed fittings rated for 2070 kPa working pressure.   Grooved pipe couplings and fittings shall not be used.    Piping shall be sloped a minimum of 20 mm/m.


Piping shall be insulated with fiberglass rigid insulation, with the thickness no less than that required by 10 CFR 434.  For medium or high pressure condensate piping, the minimum thickness is 50 mm for pipe sizes 25 mm and below; 65 mm for pipe sizes over 25 mm up to 100 mm; and 90 mm for pipe sizes over 200 mm.    

Condensate Return Receivers and Pumps

Low pressure condensate within a building is returned by gravity flow to a condensate receiver, a holding tank at atmospheric pressure.   Condensate return pumps draw the condensate from the receiver, and discharge it at approximately 210 kPa into the site condensate piping to return to the plant.   Condensate return pumps shall be duplex, with controls providing lead/lag operation and starting second pump on lead pump failure or high level.   Pumps shall be operated by local, manufacturer furnished controls, but shall be provided with status (current switch) inputs to the UCS.   Provide also a UCS temperature sensor in the return pipe into the receiver.

Flash Tanks

High pressure and medium pressure condensate (from the steam station, process uses, or transported from a manhole via a high pressure drip line) shall be routed to a flash tank, where they can safely “flash” or return to atmospheric pressure before flowing to the condensate receiver and pump.   Tank shall be insulated with a minimum 130 mm thickness of calcium-silicate.

9.4.6. Building Chilled Water Systems
This section applies to chilled water piping, and related equipment,  within buildings.  (For information on site distribution piping and chilled water production, see Section 9.2.6, Chilled Water Distribution System and Section 9.3, CENTRAL HEATING AND REFRIGERATION PLANTS).

A flow meter, supply and return temperature transmitters, and supply and return pressure transmitters, connected to the UCS, are required for each feed from the site chilled water distribution lines into a building.  Piping layout must provide for sufficient straight pipe, a minimum of 10 pipe diameters upstream and 5 pipe diameters downstream of the flowmeter.    Local temperature and pressure gauges shall also be provided on supply and return at building entry.   If the chilled water piping into the building is replaced or relocated, the meter must be reinstalled into the new piping, and the new piping must be arranged to provide the necessary straight pipe length prior to any branch connections. 
Building Chilled Water Piping
Piping shall be Schedule 40 black steel, with welded or screwed fittings rated for 1030 kPa working pressure.   Grooved pipe couplings and fittings shall not be used.   All chilled water piping shall be insulated with fiberglass rigid insulation with vapor barrier, with the thickness no less than that required by 10 CFR 434.   The minimum thickness is 15 mm for pipe sizes 25 mm and less; 20 mm for pipe sizes over 25 mm up to 50 mm; and 25 mm for pipe sizes over 50 mm.   Runouts to equipment, of pipe sizes 50 mm and less and not more than 4000 mm length, may be insulated with cellular elastomer insulation, with a minimum thickness of 15 mm.   (Note, the engineer shall verify if these thickness are adequate to prevent condensation in a given area, especially if unconditioned, and increase the thickness as required.)   All valves, strainers and other appurtenances shall be insulated to prevent condensation.   Manual air vents (10 mm globe valves) shall be provided at all piping high points.

Chilled Water Equipment Selection and Installation
Chilled Water coils and heat exchangers shall be selected to provide the design cooling load with 7o C chilled water supply temperature, and 13o C minimum chilled water return temperature.   For use as a water side economizer, coils and heat exchangers must also be selected to provide the winter cooling load with 9.50 C entering Chilled Water.

All equipment using chilled water shall be installed with local thermometers and gauges to indicate inlet and outlet pressures and temperatures, except that fan-coil units shall have pressure-temperature (P-T) test plugs on inlet and outlet in lieu of permanent thermometers and gauges.

Chilled water control valves shall be two-way modulating globe valves with equal percent trim characteristic.   Three-way valves shall not be used in the chilled water system, due to resulting system flow and pressure problems.  (Note that extra care must be taken in specifying computer room units, such as Liebert, which often have three way valves as standard equipment unless specified otherwise) .   Control valve sizing (Cv selection) shall be based on valve pressure drop near 35 kPa at design flow.   Valve actuators shall be sized to shutoff (using spring tension) against 400 kPa (differential).  Chilled water control valves shall fail closed.  All control valves shall be installed with upstream strainers, and with manual valves and unions both upstream and downstream to facilitate valve repairs and replacements.

Plug or gate valves shall be used for service shut-off.  Butterfly valves are not recommended for either shutoff or balancing.  Balancing valves shall only be installed when there is a demonstrated need for them.  Reverse-return piping arrangements for new or replacement systems, and the use of properly sized, modulating control valves, are preferred.  Either direct-return or reverse-return systems with modulating control valves generally do not need balancing valves.   They should not be provided unless analysis of the specific system shows a need.   If a system has two-position control valves, automatic balancing valves should be used if direct-return, or manual balancing valves if reverse-return.  When required, plug valves shall be used for flow balancing for lines 65 mm and larger;  ball valves shall be used for lines 50 mm and smaller.

9.4.7. Building Hot Water and Dual Temperature Water Systems

These systems are used within buildings as part of the HVAC systems, and get their heating or cooling from the building steam or chilled water systems.   All make-up water connections to these systems shall be made from the building domestic water through an approved backflow prevention device.

Plug or gate valves shall be used for service shut-off.  Butterfly valves are not recommended for either shutoff or balancing.  Balancing valves shall only be installed when there is a demonstrated need for them.   Reverse-return piping arrangements for new or replacement systems, and the use of properly sized, modulating control valves, are preferred. .   Either direct-return or reverse-return systems with modulating control valves generally do not need balancing valves.   They should not be provided unless analysis of the specific system shows a need.   If a system has two-position control valves, automatic balancing valves should be used if direct-return, or manual balancing valves if reverse-return.  When required, plug valves shall be used for flow balancing for lines 65 mm and larger;  ball valves shall be used for lines 50 mm and smaller.

Hot Water and Dual Temperature Water control valves shall be two-way modulating globe valves with equal percent trim characteristic.  For systems connected directly to bldg chilled water, control valve sizing (Cv selection) shall be based on valve pressure drop near 35 kPa at design flow, and valve actuators shall be sized to shutoff (using spring tension) against 400 kPa (differential).   For isolated circulation systems, control valve sizing (Cv selection) shall be specified at an appropriate pressure drop to provide proper control, and valve actuators shall be sized to shutoff (using spring tension) against the maximum pump head.  Hot Water and Dual Temperature Water control valves shall fail closed.  All control valves shall be installed with upstream strainers, and with manual valves and unions both upstream and downstream to facilitate valve repairs and replacements.

Hot Water Heating Systems
This section covers hot water for HVAC heating purposes only (for information on domestic (potable) hot water systems see Section 9.6, Plumbing and Process Piping).    Hot water systems at Goddard are low temperature, typically operating between 60 C and 90 C.   Medium temperature and high temperature hot water systems are not used at GSFC.

Hot water for building heating, such as zone or VAV reheats, or perimeter convectors, fan-coils and unit heaters, shall be provided through a steam to hot water converter (typically a shell-and-tube heat exchanger).   The steam valve is controlled (by the UCS except in minor buildings) to maintain hot water supply temperature setpoint.   The system should be designed to reset the setpoint for perimeter areas based on outside air temperature; if the same system also serves any interior zones, those coils must be designed to provide the necessary capacity with the lowest reset temperature.   System operation should be controlled by the UCS to the same schedule as the related air handler, to stop the pump and shut the steam valve when the area is unoccupied, except that perimeter hot water systems should also run anytime the outside air temperature is near or below freezing.   

Large equipment using hot water shall be installed with local gauges to indicate appropriate pressures and temperatures.  (See standard CADD details).   In most cases, the system supplies a large number of relatively small pieces of equipment;  gauges are not required for each of these but as a minimum, pressure-temperature plugs, which permit insertion of portable instruments, shall be provided at the inlet and outlet of each device.

Piping and insulation type for Hot Water systems shall be as specified for Chilled Water, except that the insulation vapor barrier is not required, and valve bodies, strainers and unions can remain uninsulated.  Insulation  thickness shall be no less than that required by 10 CFR 434.   The minimum thickness is 40 mm for all pipe sizes.   Runouts to equipment, pipe sizes 50 mm and less of no more than 4000 mm length, may be insulated with closed-cell urethane insulation, with a minimum thickness of  15 mm.

Building Dual-Temperature (“Secondary”) Water Systems
These systems are used in some buildings to provide either heating water or cooling water (depending on outdoor air temperature and building load) to perimeter units such as induction units.  Use of the term “dual temperature” is encouraged rather than “secondary”, which has been used in the past.   This is to avoid confusion with the secondary (site distribution) chilled water pumps and piping loops in both the Main and the East Campuses.   Heating water is generated as for hot water systems described above.   Cooling water is produced from building chilled water, either through a heat exchanger or a mixing valve arrangement.

Piping and insulation for Dual Temperature Water systems shall be as specified for Chilled Water. Insulation thickness shall be no less than that required by 10 CFR 434 for hot water piping.   The minimum thickness is 38 mm for all pipe sizes.   Runouts to equipment, of pipe sizes 50 mm and less and not more than 4000 mm length, may be insulated with cellular elastomer insulation, with a minimum thickness of 12.5 mm.   (Note, the engineer shall verify if these thickness are adequate to prevent condensation in a given area, especially if unconditioned, and increase the thickness as required.).   All valves, strainers and other appurtenances shall be insulated to prevent condensation.

Large equipment using dual-temperature water shall be installed with local gauges to indicate appropriate pressures and temperatures.   In most cases, the system supplies a large number of relatively small pieces of equipment; gauges are not required for each of these but as a minimum, pressure-temperature plugs, which permit insertion of portable instruments, shall be provided at the inlet and outlet of each new device.

9.4.8. Refrigerant Piping

Refrigerant piping shall be copper with silver solder.   Arrangement and sizing shall be in accordance with applicable ASHRAE Handbook and with the equipment manufacturer’s recommendations.   Sloping of lines, and sizing, especially of risers, are critical to ensure proper oil return to the compressor.   Cellular elastomer insulation shall be provided with thickness sufficient to prevent condensation on cold surfaces at ambient conditions.

9.4.9. Exhaust Systems

Toilet and General Exhaust Systems
Toilets, locker rooms, janitors closets and similar areas shall be exhausted at rates in accordance with ASHRAE 62-89, with air transferred from adjacent spaces.   Exhaust fans for these areas should generally be interlocked with the starters for the air conditioning fans serving the areas, to operate only when the system is running. 

Toxic Exhaust Systems
Toxic exhausts generally include those from laboratory fume hoods, welding areas, chemical storage cabinets or rooms, and other systems whose purpose is to remove toxic or irritating contaminants from the occupied space.

Design of toxic exhaust systems shall be based on recommended practice in the ACGIH Industrial Ventilation manual  (latest edition).   All designs for toxic exhaust systems shall be approved by the Code 250 Industrial Hygiene Office, who shall also perform airflow or face velocity measurements to verify performance prior to acceptance of the system by FMD.   Designers shall verify the adequacy of make-up air provided by the existing HVAC system in the space, and include in the design any HVAC modifications needed to ensure adequate make-up air whenever the exhaust system is in operation.    These systems should be designed and balanced so that the combination of make-up and exhaust air quantities result in a slight negative pressure differential in the room, relative to surrounding occupied spaces.  All toxic exhaust ductwork within buildings shall operate under negative pressure relative to the surrounding space.  Fans for toxic exhaust systems shall be roof-mounted, or located in an unoccupied penthouse machine room with the discharge duct from the fan to the exterior kept to a minimum length and sealed in accordance with SMACNA Seal Class A.    

Auxiliary supply air type laboratory hoods should be avoided due to turbulence and containment problems.   Hoods in constant exhaust volume applications should have air bypass provisions when sash is lowered.   VAV hoods with Phoenix controls are recommended based on trial installation in Bldg. 2A, however a sole‑source justification (JOFOC) must be developed and included in procurement documents.

Exhaust fans and ductwork shall be selected and specified to be compatible with the contaminants to be exhausted.  Standard galvanized steel ductwork, and steel or aluminum fans, are usually adequate for general laboratory exhausts.   Acids or other corrosive substances will  require special coatings, plastic, aluminum, stainless steel or FRP ductwork and fans, as appropriate for the specific substances exhausted.   Consideration shall be given to providing scrubbing equipment if contaminants in hazardous quantities are discharged.   Explosion proof motors and non-sparking fan construction are required if flammable or explosive substances are exhausted.

Power roof ventilators shall not be used in toxic exhaust systems.  Fans shall be roof-mounted utility sets with exhaust stacks.   Stacks shall be designed as recommended in the ACGIH manual;  goosenecks or weather caps shall not be used.   Exhaust stacks shall terminate a minimum 2100 mm above the roof.  Design consideration should be given to consolidation and concealment, and location to avoid exhaust being drawn into building outdoor air intakes.   Toxic exhaust stacks shall be identified by a 75 mm yellow band around the discharge, and labeled with a standard sign, minimum 350 mm wide by 250 mm tall, yellow with black “CAUTION” and blanks to be filled in with hazard class, room number(s) served, and user contact.
9.5. UTILITY CONTROL SYSTEM (UCS)

9.5.1. General Information

Goddard has a multi-year, indefinite quantity contract with Johnson Controls to provide its Metasys system for all major buildings on the campus.  This system has provided Direct Digital Controls (DDC) for mechanical building systems, and also includes Energy Management and Control System (EMCS) functions in all major buildings at Goddard.   This integrated DDC/EMCS system was designated at Goddard as the Utility Control System (UCS).  This UCS Contract is currently used for  modifications of the existing Metasys DDC systems, as the HVAC or other systems they control are modified in future projects, as well as installation of new Metasys DDC for new systems in existing buildings, and for new buildings and additions..  

Operator Work Stations, located in Buildings 4, 18 (future), 24, 31, 3/13/14 and 32 provide remote monitoring, control and report generating capabilities for any point in the system.   (Building 29 Cleanroom systems and Building 30 DDL portion have Honeywell DDC systems installed, which are not compatible with the Metasys system, and each building has its own Honeywell Operator Work Station). 

The existing Johnson Metasys UCS uses proprietary protocols, meaning that DDC equipment from other controls manufacturers is not compatible with it.  Open protocol controls which will permit use of controls from multiple manufacturers within a single integrated system have now become available.  A Utility Control System (UCS) Master Plan Study was completed in June 2003 ( you can access it at P:Mech. Group/References/UCS Master Plan Study). That document maps out a strategy to use an open protocol UCS in future construction, and to adapt the existing Metasys controls to be integrated into the same system.  Once the specifications and procurement methods for this new system are finalized, revised guidance will be included in the SRD.  The remainder of this chapter addresses only the current Johnson Metasys UCS system and contract. 

9.5.2. Utility Control System (UCS) Program Manager


The UCS Program Manager (Cathy Niemczuk) provides coordination and planning for the overall management of the UCS program at GSFC, Greenbelt. The PM coordinates the implementation of Engineering, Operations, Maintenance, and Construction guidance for the Division.  Engineering includes design standardization, and making use of the data collection and energy management capabilities of the system to help optimize the overall energy efficiency of GSFC.  Operations and Maintenance includes the day to day operation of the system, maintenance and repairs to keep the system and the equipment it controls functional, and use of the system to help troubleshoot the controlled equipment.  Initial construction of the UCS is essentially complete, but continuing construction activities include new installation in new buildings or additions, and modifying or replacing portions of the system as needed for areas being modified or rehabilitated.














9.5.3. UCS Working Group


The UCS Working Group is chaired by the UCS Program Manager, and includes representatives from C, O, & M Branch, and Mechanical engineers from Planning, Engineering, and FaCETS contractor.  The UCS is the Johnson Controls Metasys system used throughout the major facilities at GSFC, for local direct digital controls of equipment such as air handling units, and for energy monitoring and control Center-wide.  The group provides coordination and oversight for the construction, modification, operation, maintenance, and engineering use of the system.  The group works to review and standardize sequences of operation, Metasys screen layouts, and alarms to provide configuration control for consistency and to make the system more user friendly. The group reviews operating schedules of equipment to eliminate unnecessary operations which waste energy, and develops means to use the UCS to support load shedding in emergency situations, and to reduce peak energy demand costs.  The group sets up means of monitoring energy consumption per building, to support Energy Management and ESPC/ESA efforts.  It works to optimize control schemes for building equipment and for the Central Power Plant (CPP), to improve comfort control and reduce energy consumption.

9.5.4. Scope of UCS Work

All projects, regardless of size or funding category, which will provide complete new or replacement Automatic Temperature Controls (ATC) for Heating Ventilating and Air Conditioning (HVAC) systems will use the indefinite quantity (delivery order type) Johnson Controls UCS contract to provide EMCS/DDC controls.    The operation of all major buildings shall be controlled and monitored by the Metasys UCS installed in that building, and communicates with other buildings and Operator WorkStations (OWS) through a common communications network.   Some minor buildings and remote site facilities do not have network cables available for connection, and will continue to use local controls without connections to the Metasys network.

In new construction, all Air Handling Units and associated HVAC equipment such as fans, coils, valves, dampers, secondary hot or chilled water heat exchangers and pumps shall be controlled by DDC.  In new construction, virtually all local sub-loops shall also be controlled by DDC.   Local sub-loops typically include room thermostats and associated terminal units, such as induction units, zone reheat coils, mixing or VAV boxes.   Exceptions, for which only local, non-Metasys controls are provided, include minor, remote systems such as a simple thermostat-controlled ventilation fan, fan coil unit or unit heater, and computer room or other self-contained units with manufacturer furnished control packages, especially if not located near any of the DDC panels installed for major systems.

On rehabilitation projects, all HVAC systems being replaced or rehabilitated will be controlled by DDC, including Air Handling Units and associated HVAC equipment such as fans, coils, valves, dampers, secondary hot or chilled water heat exchangers and pumps.   The exceptions noted above for new construction apply also to rehab work.   An additional exception is for local sub-loops where existing pneumatic controllers may remain; replacement of the large number of these local controls in the existing buildings would be cost prohibitive.  Local sub-loops typically include room thermostats and associated terminal units, such as induction units, zone reheat coils, mixing or VAV boxes.   

Many buildings at GSFC have induction units serving the perimeter zones, and as buildings or systems are rehabilitated, these will generally be replaced with 4-pipe fan-coil units to handle the heating and cooling loads, with the central air handler supplying only the required ventilation air to an area.   Provision of a Metasys controller for each fan-coil is considered cost prohibitive, but some control of the fan-coils by the UCS is needed.   Therefore in these cases, the fan-coil unit’s heating and cooling valves shall be modulated in sequence by a local room thermostat; these valves and thermostats shall be supplied by Johnson Controls under the UCS contract, although the room thermostat will control the valve through a local loop only, not generally tied into the network.  The fan-coils shall be grouped into zones, and each zone shall have a fan on/off control tied into a Metasys relay, so the UCS can start or stop the units based on occupancy schedules.   In addition, at least one room temperature transmitter tied into the Metasys network shall be provided for each hot water and chilled water zone served by the system;  this will permit a representative space temperature to be used in unoccupied night setback control strategies. 

Projects involving only modifications to existing pneumatic sub-loops, and not replacing controls at the air-handler, will continue to be done as before, outside of this UCS contract.

Modification of Existing Metasys Controls
Projects that modify or replace systems which are already controlled by Metasys should reuse the existing DDC controllers where feasible.  This means where controller model is still current, and where controller is wall-mounted or otherwise located where relocation or mounting on a new unit is not needed.  Otherwise, controllers should be removed and turned over to the Shop, for use as a spare, and new controllers should be used for the rehabbed system.  (If in doubt whether devices are current models, check with the UCS PM, or COTR).  

All DDC controls, and related pneumatic actuators and tubing, should be removed by JCI prior to the demolition or renovation of mechanical equipment.  In general, devices such as sensing devices should be removed and turned over to the Shop, for use as spares, rather than reinstalling in any new equipment.  (Exceptions to this are only for certain high valued devices, such as steam or chilled water flow meters, which may be reused if in good condition; in such cases the UCS contractor shall remove the device, store it, reinstall it, test and recalibrate it as part of this field test of the new/modified system).  Devices which can remain may include: valves, dampers and actuators if in good condition and located in ducts or piping not being modified; or zone transmitters if not affected by partition changes.

Rehabilitation projects should reuse the existing wiring and conduit only where feasible, such as replacement in-kind of a unit with another or similar size in the same location.  (Note that wiring from the panel to a transmitter cannot be extended, so if wires are not long enough to reach to the new transmitter location, new ones will be required).  In cases where a mechanical equipment room is being completely rehabilitated, i.e. substantially gutted and rebuilt, the conduit and wiring should be included in the demolition by the General Contractor, and new conduit and wiring installed under the UCS Contract as part of the rebuilding.   The engineer shall ensure that the drawings indicate which devices are to remain in place, which are to be removed and reinstalled, and which are new.   

Field devices and controllers to be removed shall be removed by the UCS contractor and turned over to the Shop.  Any controllers which remain in place shall be protected from damage by the General Contractor during construction.   The DDC programming shall be revised under the UCS Contract if a change in the control sequence is necessary.  

9.5.5. DDC Functions

Standard points to include for air handling units include the following (as applicable).  These points should be included for monitoring and troubleshooting purposes even if they are not required as part of the control sequence:

· mixed air temperature

· preheat coil discharge

· cooling coil discharge (may be fan discharge if equivalent)

· reheat coil discharge (may be fan discharge if equivalent)

· return air temperature

· at least one room temperature sensor, for use on unoccupied/setback modes, in a location representative of the zone with the highest exposure to outside conditions

· simultaneous heating/cooling (software alarm point)

· night setback capability shall be included in the sequence

Note that alarm points should not generally be provided in the Metasys system for smoke detectors or freezestats; these shall be wired directly to the fan starter, and when the fan is shut down the UCS status point for that fan will go into alarm.  However, when smoke detectors are used to initiate a smoke control or removal system, controlled through Metasys, those detectors shall be included as input points to Metasys.  (For further information on alarms see Section 9.5.10, Metasys Alarms, Warnings, and Critical Systems).

9.5.6. EMCS Functions

Along with DDC as described above, any new or rehabilitated HVAC equipment will have stop/start control and status monitoring connected to the UCS, or interlocked with other UCS controlled equipment.   The standard start/stop connection is by a maintained relay output from the UCS, connected to the "AUTO" position of the HOA switch for a pump, supply air fan, or other equipment.  Return air fans are typically electrically interlocked with the corresponding supply air fan starter auxiliary contact, rather than having a separate control from the UCS, unless for some reason independent operation will be needed.   For fans or pumps equipped with Variable Frequency Drives (VFD's), the VFD will be connected in generally the same way as described above for the MCC, but the details of connection points to the drive must be coordinated with the VFD manufacturer. Status of fans and pumps is monitored with current-sensing relays, rather than pressure switches or sail switches.   This should be provided for each piece of equipment controlled (start/stop) by the UCS,  and also for return air fans or other equipment which does not have its own start/stop controls.

The  UCS shall also monitor, in each building:   chilled water entering and leaving temperatures, chilled water entering and leaving pressures, chilled water flow, steam supply flow, steam supply pressure, control air (pressure switch), condensate pump status (to be totalized for run-time and approximate flow) and condensate receiver temperature.

9.5.7. Electrical Coordination with UCS

The drawings must clearly indicate work (such as starters, associated power wiring, power supply to UCS control panels and compressors) to be performed by the General Contractor and work (such as the control wiring from the DDC panels to the starters) to be performed by the UCS Contractor.

Electrical power consumption (kW and kW-hr metering) is not monitored by the UCS; a separate Power Monitoring and Control System (PMCS) includes this function.  (See Section 11.0, ELECTRICAL ENGINEERING CRITERIA, for information on the PMCS).

Motor Controls and Power for DDC Panels

Motor Control Centers, Variable Frequency Drives and freestanding motor starters, for equipment to be controlled by the UCS, shall have controls such as auxiliary contacts and Hand-Off-Auto switches as required for the UCS connections to be made as described above.  If any existing start-stop controls consist of momentary start/stop pushbuttons or other types of controls, rather than an HOA switch,  these pushbuttons shall be replaced with a HOA switch.  Variable Frequency Drives which are equipped with an automatic transfer to bypass in event of inverter failure, shall have an alarm contact indicating the failure wired into the UCS to provide an alarm.  (This is not required for drives with a manual bypass switch, since the fan status will alarm if the inverter fails).  The VFD should be specified to accept a 4-20 mA input signal from the UCS.  (If the control system is not DDC and a pneumatic signal is required, then the VFD should be specified to have both 20-100 kPa (3-15 psig) and 4-20 mA input capabilities).

Drawings for VFD’s shall indicate the minimum speed to be set, which must be greater than zero to avoid control problems; actual minimum applicable for a given fan or pump should be determined by the Mechanical Engineer based on the system and equipment characteristics, and shown on the electrical drawings to ensure that the VFD manufacturer’s set-up includes this adjustment.

Motor Control Centers, Variable Frequency Drives and freestanding motor starters, for equipment to be controlled by the UCS, shall have transformers as necessary to provide a control voltage of 120 V for use by the Metasys UCS system.   The control voltage shall not come from any other source, since this can create the impression that the control power is dead when in fact there is still live voltage, which creates a safety hazard.  

Power for VAV Box Controls

Control transformers used to provide 24 VAC power to Metasys VAV Box controllers shall have lockout switch to disconnect for repairs/modifications; where multiple VAV Boxes are fed from a single transformer, provide switches adjacent to each VAV box controller to permit modifications without disabling all boxes on the system.

The following is the preferred arrangement for VAV box power, and shall be used on all projects which install multiple new VAV’s, such as for a new unit or an area served by a new trunk duct off an existing unit.  The designer shall include this requirement in the notes on the UCS drawings, to be provided by the UCS Contractor.  JCI shall provide the transformers , in panels complete with fuses and individual toggle switches to isolate each transformer.  Depending on system size and layout, there may be a single panel for all boxes served by an air handler located in the mechanical equipment room, or there may be multiple transformer panels located at the nearest source of power for the VAV’s such as an electrical room or closet.  The standard transformers used are 120V/24V, 100 VA, and can power up to nine VAV box controllers.  For new installations the standard is to install no more than seven controllers per transformer, to allow for future addition of boxes to accommodate area modifications.  JCI shall run the 24V power to the boxes, which can be in the same conduits as their control wiring.  For the VAV controller, drawing notes shall require an in-line fuse to be provided at each VAV box.  For the model VMA controller, drawing notes shall require the controllers be provided with the optional built-in fuse.

The general contract shall include the provision of 120 V power to the transformer panel, and electrical power plans shall indicate their location, and identify the source of the power to connect.  

Where adding only a few boxes to a system with existing field mounted transformers, the new transformer may be field mounted near the boxes.  The UCS drawings should indicate the field mounted transformer to be provided by UCS Contractor, and indicate a location.  Electrical drawings should indicate the location, identify a power source, and indicate provision of 120V power to the transformer by the General Contractor.

Smoke Detection

Duct smoke detectors shall be compatible with and wired into the building smoke detection system.   Any fan shutdown on detection of smoke shall be through a direct interlock wired from the smoke detector relay to the fan starter, not through the UCS system.   (A UCS alarm point is not required, since fan status sensors will indicate the shutdown and the fire alarm system will provide remote notification of smoke detected.)  However, when smoke detectors are used to initiate a smoke control or removal system, controlled thorough Metasys, those detectors shall be included as input points to Metasys.

Smoke detectors should typically be provided under the general contract rather than under the UCS contract, but can be provided by the UCS contractor if the project involves only UCS work and there is no other, general contractor.

9.5.8. Plans and Specifications for UCS Work

The drawings shall include a Sequence of Operation, Point List and Flow Diagrams for all control systems.  Identify all applicable equipment by the full GOMARS numbers on diagrams and in sequences.  Use standard abbreviations as shown in Section 9.5.8, Standard Abbreviations, Point Names, and Display Arrangement.

The sequence should describe in clear, concise language exactly how the controls should operate the controlled mechanical equipment, with sensor and control devices identified the same as on the Flow Diagram  (i.e.  Damper DO-1 or Temperature sensor TE-1).   It is the UCS contractor's responsibility to select the control panels and other devices required and to translate the written control sequence into the appropriate programming; it is the designer’s responsibility to make the sequence complete and clearly written so the UCS contractor can do this correctly.     

Sequences of Operation shall include design setpoints for all controlled points, and alarm setpoints for critical functions and for maintenance points, such as the design (change-out) pressure drop for air filters.   Sequences also shall include the operating schedule (occupied and unoccupied periods) for all controlled equipment.  Air handler sequence of operations shall all include the feature of occupancy schedules with night setback capabilities.  The PM is to work with Planning to determine if a unit can be put on a schedule.  If yes, then that schedule should be included on the drawings; if not then the feature should still be included in the sequence (to enable possible future use), but the drawings would indicate that no unoccupied period is to be scheduled.

The point list is a shorthand, matrix-style presentation of the inputs (such as temperature sensors) and outputs (such as a control signal to a damper actuator) and their associated functions (such as an economizer control).

The flow diagram is a schematic diagram of the system indicating location of all control devices.  Symbols shall be as indicated on the standard HVAC Controls Legend (Q:\CADD_LIBRARY\APPROVED\STANDARDS\LEGENDS\HVACCONTROLS.dwg)

Standard drawings and sequences for typical types of systems are being developed, and as they are completed and approved, these will be located in the Cadd Library under (Q:\CADD_LIBRARY\APPROVED\DETAILS\MECH\METASYS\).

For projects where an existing Metasys controlled system is being modified, the drawings should be based on a copy of the existing JCI as-built for the system (see”UCS CADD As-Built Drawings”).  The designer should clearly indicate on the diagram and point list what devices are to be added or removed, and what portions of he sequence are to be revised.

As with any type of control system, the mechanical plans should also show the locations of control devices such as thermostats, duct mounted sensors, and control dampers, especially if they are not located integrally in an air-handler.    Mechanical plans with this information must be included in the drawings given to the UCS Contractor.    Also, electrical plans must indicate the sources of power for the DDC panels, to be provided as part of the general contractor's work.

UCS drawings for projects that install new air handlers, or install new DDC controls on existing units, must include the required minimum outdoor air quantity, so the controls technicians (in coordination with the balancing contractor) can set the corresponding minimum position set point in the DDC program.

UCS CADD As-Built Drawings

Electronic as-built drawings of the Utility Control System (UCS) installed throughout GSFC are included in the FMD CADD system.

The JCI UCS drawings have been consolidated in a way that enables users to locate drawings by system, rather than by job number.  They are available for viewing by authorized users (i.e., users with permissions to access the CACC building models on the “Q” drive) in both AutoCad format (*.dwg) and drawing web format (*dwf).  The location of the drawings follows Goddard’s property hierarchy structure as shown immediately below:

Q:\Goddard\Greenbelt\{Bldg#}\Mech, Elect Schematics

The schematics for the UCS are under the filenames ending in:

-uhv
HVAC Equipment and Zones

-uni
Network Information

-uum
Utility System and Monitoring

-uhh
Hot Water Heating Systems

-ums
Miscellaneous Systems

-upp
Power Plant Systems

Detailed information on the various drawing categories and how to locate, open and print the UCS as-built electronic drawings is available via the UCS Training Manual at:

Q:\CADD_BAS\standards\UCS Training Manual Version 1.0.doc

Coordination with General Contractor

The designer must see that the specifications for the general contract incorporate the appropriate requirements for coordination with the UCS contractor.  These basically make the general contractor responsible for coordination with the UCS contractor, in the same way he would be if the UCS work were being done as a subcontract.

UCS work is governed by Specification S-89GRJZ, “Specification and Point Lists for Modifications to Utility Control System”, issued April 1991.  Since the UCS Contract is an indefinite quantity type contract, these specifications automatically apply to each delivery order issued under the contract.  There are also contact wide submittals for all standard equipment originally submitted with Johnson’s proposal, supplemented by any new devices added since then.  Copies of this data are available in the FMD Library in Building 17, in the Refrigeration Shop in Building 4, and in the Building 17 Trailers.  For the UCS portion of work on any project, these would be supplemented by the designer only to add any items not included in the UCS specifications or equipment submittals.

For purposes of coordination, both the General Contractor (including any subcontractors) and the UCS Contractor receive the same set of drawings for a project.   The designer must ensure that the drawings clearly indicate which contractor is responsible for which items or systems.    It is customary on control diagrams for UCS work at GSFC to show work by the general contractor with solid lines, and work by the UCS Contractor with dashed lines, along with appropriate notes and legend.   Where control devices or locations are shown on other drawings, notes should clearly indicate which contract they form a part of.   If most equipment on a given sheet is by the UCS contractor, a note could be used saying "All equipment shown furnished and installed by Government UCS Contractor unless otherwise noted."   

New control valves, control dampers, smoke dampers and pneumatic actuators are generally furnished by the UCS Contractor for installation by the General Contractor (or his Mechanical subcontractor).   [Control valve characteristics and installation requirements are addressed in the section of the SRD addressing piping for the type of system; 9.4.5 for steam, 9.4.6 for chilled water, and 9.4.7 for hot water and dual-temperature water]. 

Some items should be furnished by the UCS Contractor to the equipment supplier for factory installation prior to shipment of the equipment to the general contractor; controllers for VAV boxes are a prime example, as this saves on UCS field installation costs.

Control Air Supply

Plans for retrofit UCS/DDC work in existing buildings shall indicate the point of connection to the existing main air supply for the DDC panels.  Generally, when replacing existing pneumatic ATC with DDC, the total compressed air consumption will be the same or lower than the existing.   When UCS/DDC is provided in new construction, a new control air compressor, receiver, filters and dryer should be sized, furnished, and installed by the UCS contractor to provide the quantity and quality of air required to properly serve the new controls.  

For redundancy, the main air line shall also be connected to the building compressed air system through a manual valve.  This will permit the building system to back up the control air system during periodic testing and inspection of the air receiver, or due to failure or maintenance of the control air system.  For redundancy the two compressors shall be fed from different MCC’s, and each of these MCC’s shall be fed from a separate commercial source in buildings fed by two commercial feeders.

Compressors shall be oil-free and shall be the simplex type (single compressor, typically mounted on the receiver tank); duplex compressors (two compressors typically mounted on a single receiver) shall not be used since the single receiver precludes true redundant operation.  Control air compressors, piping and accessories shall conform to ASME B19.1, and to all the applicable requirements of Section 9.6.7, “Compressed Air Systems”.

The plans should show the location for this equipment and state that the air compressor station and all accessories and tubing to the DDC panels shall be provided by the Government UCS contractor.  The source of electric power to the equipment must be indicated, to be provided by the general contractor. 

For additional protection of the control components an in-line filter shall be provided on the main air line into all UCS control panels (this is in addition to the small in-line filters that come as part of each Output Analog Pneumatic (OAP) module).  Although the system uses DDC logic, most actuators are still pneumatic, and the digital to analog converters which control the pneumatic signals to the actuators require this additional protection from dirt or oil which may be in the building compressed air system.

Plastic tubing shall only be used if it is enclosed in a metal trough, an electrical conduit, or a control panel.  Copper tubing shall be used in all other situations.  This will help ensure that the tubing is not damaged, either during installation or during subsequent work in the area.  The conduit that is used must meet the same requirements as the electrical conduit, and can be either EMT or rigid steel, or flexible conduit where needed for vibration isolation or limited installation space.  Nominal 16 mm (1/2”) conduit can be used only if a single tube is being pulled.  Two or more tube require nominal 21 mm (3/4”) conduit or larger.

9.5.9. Engineering Units for UCS Work

In programming the UCS system, any point can be defined with sensed or calculated value, setpoint, alarm limits, etc. in either metric or inch-pound engineering units; but not both.  All the UCS installation to date has been done with the programming in inch-pound units.   The UCS Working Group is considering reprogramming the system in metric, but since the use of different units on different systems would cause confusion, this would have to be done as a one-time conversion.    

Until further notice, all new UCS installations shall be programmed with inch-pound units, even if the project is designed in metric.    All new control sequences shall be written using dual units, to simplify any future conversion effort.

9.5.10. Standard Abbreviations, Unit Display, Point Names, and Display Arrangements


FMD and JCI have developed lists of standard abbreviations, formats to display units on the Metasys system, rules for naming points, and a standard order that points are displayed for a system.   These standards must be used consistently and exactly as shown in this section, including upper/lower case, both to make the system more operator-friendly, and so that queries or reports can be based on certain types of points.

The information below is intended to cover the standards that apply to typical HVAC systems, and other items typically controlled by Metasys.  For some specialized systems, points other than those shown may be required; in this case the engineer should consult with the UCS Working Group as to what abbreviations, point names, or display arrangements to use.

Abbreviations Used in Point Descriptions:  
	Acronym
	Definition

	CHW
	Site Chilled Water

	Cmd
	Command

	CW
	Building System HVAC Chilled Water

	DA
	Discharge Air

	DP 
	Differential Pressure

	FMK
	Function Module Kit

	HW
	Building System HVAC Hot Water 

(can also mean Metasys system Hardware)

	MA
	Mixed Air

	NtSt
	Night Setback

	OA
	Outside Air

	RA
	Return Air

	SA
	Supply Air

	SecW
	Building Secondary water system

	SP
	Set Point

	STM
	High Pressure Steam

	VFD
	Variable Frequency Drive

	XXX-ABCYYY
	GOMARS # 

Basic format with XXX=Bldg #, ABC=equipment acronym, YYY=equipment #

	XYYYZ
	Room Number, property hierarchy format, i.e. N205B:

X = portion of bldg, i.e. N, S, E, W, C; (not all rooms will have)

YYY = numeric space designation; 

Z = sub-space designation, i.e. A, B, C; (not all rooms will have)

(for new Metasys abbreviations, generally omit "Rm." or "Rm. No." due to character limits, although if existing may remain.)


Analog Input or Output Units and Abbreviations: 

	Variable
	Use this:

	Temperature
	F

	Temperature that is CS Object Point Only
	DEG F

	Enthalpy
	BTU/lb

	Relative Humidity
	% RH

	Variable Speed
	%

	Air Quality 1
	% or PPM (See note)

	Position
	%

	Power
	KW

	Pressure 2
	PSIG

	Differential Pressure 2
	PSID

	Duct Static Pressure
	in. wg.

	Building Static Pressure
	in. wg.

	Steam Flow
	Lb/Hr

	Liquid Flow
	GPM

	Air Flow
	CFM


Note 1: With existing Staefa IAQ sensors (no longer being installed), % has no specific meaning except 0 is poor quality and 100 is excellent.  With Carbon Dioxide sensors, use PPM.

Note 2: These apply to steam, water and control air pressures.

Binary Output or Input Values:

	Variable
	Use these:

	Outputs (Commands)

	Command
	Start
	Stop
	

	Occupied Command
	Occupy
	Unocc
	

	Enabled Command
	Enable
	Disable
	

	H-O-A Command
	Auto
	Hand
	Off

	Position Command
	Open
	Closed
	

	Economizer Cycle  3
	Econ
	Min
	

	Summer/Winter
	Summer
	Winter
	

	Inputs (Status)

	Filter
	Clean
	Dirty
	

	HOA Status
	Auto
	Hand
	Off

	Position Status
	Open
	Closed
	

	Equipment Status (current switch)
	On
	Off
	

	Equipment Failure
	Normal
	Failed 
	

	Alarms (i.e. Smoke Detection, VFD Fault)
	Normal
	Alarm
	


Note 3: Econ indicates system is in economizer operation, i.e. OA damper can be modulated beyond minimum position by temperature control sequence.  Min indicates system is not in economizer operation, i.e. OA damper open to minimum position only.

Network Map -- Systems

The Network Map indicates the relationship of various systems to the overall Metasys network.  It is the main display on the Operator Work Station (OWS) screen to navigate through the network,  and also corresponds to the directory structure of the related files on the OWS.  In the examples shown below, the text has been arranged to resemble the arrangement in which it appears on the OWS screen.   

The network map should be built in the order shown, and within each building the system types are to be listed in the order: Air Handling, Hydronic, Other Systems, Utilities Points, NCM Hardware.  This format is to be used for all new systems, although some existing ones may differ. 

The system names should include the Building number, and as close as possible the full GOMARS number for the controlled equipment.  However, system names are restricted to a maximum length of eight characters, so some abbreviation is needed.  Typically, omit the leading 0 of the building number, the hyphen, and the leading 0 of the equipment number; i.e. for 033-ACS002, use 33ACS02.  This fits the GOMARS number into seven characters.  The eighth character can be used if needed to subdivide the system into more than a single Metasys display screen, as is done on complex systems with many zones.  In the case of a 3 character bldg (i.e. 301 or 25A) the eighth character will be needed to convey the basic GOMARS information; i.e. for 025A-ACS001, use 25AACS01.  

The descriptions should include the full GOMARS number for the controlled equipment, and a description of the type of system, area served, etc.   Descriptions are limited to a maximum of 24 characters, so some abbreviation is typically needed here as well.  The examples shown below indicate the type of information to include, and some typical means of abbreviating it to fit, but cannot include all possible varieties.  

The mechanical engineer for the project, in consultation with O&M personnel, should determine the most meaningful system name and description possible within these limits.  Include this information on the design drawings, so JCI can incorporate the correct system names, and descriptions, into their submittals and programming.

System Name


Description

(maximum 8 characters)
(maximum 24 characters)

NASA



NASA


W_NASA


NASA West Campus



BLDG_##


BUILDING ##

##ACS01

0##-ACS001 1st-3rd North


##ACS02

0##-ACS002 2nd Fl Center

##ACS02D

0##-ACS002 SetPointData
##ACS02Z

0##-ACS002 ZonePointData
etc., based on GOMARS number for each system (ACS, AHU, ACU, etc.);  for systems with more than two Metasys-controlled zones, separate zone "systems" are added (i.e. ##ACS02Z);  these display as a separate screen in Metasys, to avoid putting too much information on the main system screen.  On some existing systems a separate setpoint "system" has been used (i.e. ##ACS02D), however current practice is to view the setpoints in the CS object instead.

##HWC01

0##-HWC001 1st-3rd North 

##SWP1-2

0##-SWP001/002 South ICU 

etc., based on the main GOMARS number for each hydronic system;  use converter or heat exchanger number (HWC, etc) if applicable, or pump number if there is no converter or heat exchanger in the system (i.e. SWP)  

##xxxxxx

[GOMARS#/Description/Area]
any other system or equipment controlled by Metasys;  where xxxxxx represents GOMARS or other designation (abbreviated to max 8 characters), and description provides as much info as possible within 24 characters

##UTIL


Bldg## Utility/Misc Pts
this screen includes building-wide points such as those related to outdoor air conditions, building compressed air, building steam, condensate and chilled water, and other miscellaneous points. 

NCM-##HW

NCM-## Bldg## HW XYYYZ
this screen provides a summary of the hardware (N2 controllers) connected to the NCM, and indicates the NCM is located in Room XYYYZ.  NCM should be the last item listed for each building (large buildings may have more than one NCM, listed in numerical order).

BLDG_##

BUILDING ##
BLDG_##

BUILDING ##

etc. for each West Campus building (except Buildings 3/13/14) in numerical order


E_NASA

NASA East Campus

includes East Campus buildings and systems, arranged and formatted as shown above

Plant_Op

NASA Plant Operations
includes East and West Power Plants systems, arranged and formatted as shown above

MISSION

3-13-14 Mission Support 
includes Mission Support Complex (3-13-14) buildings and systems, arranged and formatted as shown above

CHW_PTS

Ch Wtr (View as drawing)
this displays the chilled water flow, pressure and temperature points for all buildings (set up to be viewed as drawing only)

STM_PTS

Steam (View as drawing)
this displays the steam flow and pressure points for all buildings (set up to be viewed as drawing only)

DEVICES

N1 Network Devices

includes all devices connected to the N1 network; i.e. NCs, OWSs, Printers, etc.

TEMP


Systems Under Constr
location used for system files during construction or modification;  upon completion, files are moved to their appropriate location elsewhere in the hierarchy.

Within Metasys, each System is composed of Objects, which are the individual control and sensing items within the DDC system, also commonly referred to as points.  Standard naming conventions are indicated below:

Item (Object Name) [limit 8 characters]:

· This is the unique identifier within each Metasys system for the object.  Use standard names from the table below. 

· Use approximation of the GOMARS # where applicable, but abbreviated due to 8 character limit; i.e. 033-HWP001 status as HWP1-S.

· Items w/ long-format GOMARS such as VAV's, will be further abbreviated as necessary, for instance 033-VAV038001 All Points CS object name as V3801_AP.

Description [limit 24 characters]:

· Where controlled/monitored equipment has GOMARS #, include full GOMARS # format (except leave off bldg # and hyphen).  Examples 033-RAF001, use RAF001.  

· Note that within an ACS for instance, items such as dampers, coils, filters, humidifiers (and preheat recirculating pumps in ESSB units) are part of the ACS and do not have separate GOMARS numbers.

· See Table below for a complete listing:   

	PointType
	Object Name
	Description
	Definition/Notes

	PRESSURE

	AI
	ATC-P
	Air Compressor Pressure
	Pressure sensor located between air dryer and pressure reducer which feeds main control air

	AI
	CHWR-PRS
	CHW Return Pressure
	

	AI
	CHWS-PRS
	CHW Supply Pressure
	

	AI
	DA-P
	DA Static Pressure
	Pressure sensor located at the Fan Discharge

	AI
	SA-P
	SA Duct Static Pressure
	Pressure sensor located 2/3 down Main Supply air duct

	AI
	STM-PRS
	STM Pressure
	

	TEMPERATURE

	AI
	CHWR-T
	CHW Return Temperature
	Site CHW (leaving building)

	AI
	CHWS-T
	CHW Supply Temperature
	Site CHS (entering building)

	AI
	NtSt-T
	NtSt Zone temp, XYYYZ
	Night Setback Zone Temperature

XYYYZ = sensor location

	AI
	OA-T
	OA Temperature
	Outdoor Air Temperature

	AI
	DA-T
	DA Temperature
	Discharge Air Temperature

	AI
	RA-T
	RA Temperature
	Return Air Temperature

	AI
	PH-T
	Preheat Temperature
	Preheat Temperature

	AI
	MA-T
	MA Temperature
	Mixed Air Temperature

	AI
	ZN#-T
	Zone Temperature, XYYYZ
	# = zone (sequential number)

XYYYZ = sensor location

	AI
	HWS-T
	HW Supply Temperature
	(system w/ single zone)

	AI
	HWR-T
	HW Return Temperature
	(system w/ single zone)

	AI
	HWSD-T
	ZoneD HW Supply Temp
	ZoneD=zone designation

(i.e. N for North, S for South)

	AI
	HWRD-T
	ZoneD HW Return Temp
	ZoneD=zone designation

(i.e. N for North, S for South)

	AI
	SecWS-T
	SecW Supply Temperature
	(system w/ single zone)

	AI
	SecWR-T
	SecW Return Temperature
	(system w/ single zone)

	AI
	SecWSD-T
	ZoneD SecW Supply Temp
	ZoneD=zone designation

(i.e. N for North, S for South)

	AI
	SecWRD-T
	ZoneD SecW Return Temp
	ZoneD=zone designation

(i.e. N for North, S for South)

	AI
	CWS-T
	CW Supply Temperature
	(system w/ single zone)

	AI
	CWR-T
	CW Return Temperature
	(system w/ single zone)

	AI
	CWSD-T
	ZoneD CW Supply Temp
	ZoneD=zone designation

(i.e. N for North, S for South)

	AI
	CWRD-T
	ZoneD CW Return Temp
	ZoneD=zone designation

(i.e. N for North, S for South)

	AI
	CDR-T
	Condensate Return Temp 
	

	AI
	ZN#-P
	Zone # - DP, XYYYZ
	DP=Differential Pressure, 

# = zone (sequential number)

XYYYZ = sensor location

	FLOW

	AI
	SA-F
	SA Flow (XXXXX CFM)
	XXXXX = Design flow, CFM (max)

	AI
	OA-F
	OA Flow (XXXXX CFM)
	XXXXX = Design flow, CFM (min)

	AI
	RA-F
	RA Flow (XXXXX CFM)
	XXXXX = Design flow, CFM (max)

	AI
	CHW-F
	XXXFLMXXX - CHW Flow
	indicates flowmeter GOMARS number

	AI
	STM-F
	XXXFLMXXX - STM Flow
	indicates flowmeter GOMARS number

	AI
	HW-F
	XXXFLMXXX - HW Flow
	indicates flowmeter GOMARS number

	AI
	CW-F
	XXXFLMXXX - CW Flow
	indicates flowmeter GOMARS number

	HUMIDITY

	AI
	DA-H
	DA Humidity
	Discharge Air Humidity

	AI
	ZN#-H
	Zone # Humidity, XYYYZ
	# = zone (sequential number)

XYYYZ = sensor location

	AI
	OA-H
	OA Humidity
	Outdoor Air Humidity

	AI
	RA-H
	RA Humidity
	Return Air Humidity

	ENTHALPY

	AI
	RA-E
	RA Enthalpy
	Return Air Enthalpy

	AI
	OA-E
	OA Enthalpy
	Outdoor Air Enthalpy

	AO COMMANDS

	AO
	DPR-C
	OA/RA Damper Cmd - xx%
	or OA/RA/EXH, if applicable;  xx% = min OA damper setting

	AO
	M-DPR-C
	Min OA Damper Cmd
	for units w/ separate min damper

	AO
	E-DPR-C
	EXH Damper Cmd
	for units w/ separate command for exhaust damper

	AO
	CLG-VLV
	Cooling Coil Valve Cmd
	

	AO
	PH-VLV
	Preheat Coil Valve Cmd
	

	AO
	RH-VLV
	Reheat Coil Valve Cmd
	for reheat that is part of unit (ACS, AHU, etc.)

	AO
	RHxx-VLV
	RHC0xx Valve Cmd
	Zone Reheat located out in the building (xx from GOMARS number)

	AO
	HUM-VLV
	Humidifier Valve Cmd
	

	AO
	SF-VFD
	Supply Fan VFD Cmd
	

	AO
	RF-VFD
	Return Fan VFD Cmd
	

	AO
	XXX##-VF
	GOMARS # VFD Cmd
	Format for other equipment w/ a Variable Frequency Drive

	AO
	SF-VANE
	Supply Fan Vane Cmd
	

	AO
	RF-VANE
	Return Fan Vane Cmd
	

	AO
	XXX##-VN
	GOMARS # Vane Cmd
	Format for other equipment w/ fan inlet vanes

	AO
	XXX##-SV
	GOMARS# STM Valve Cmd
	Building HVAC HW systems

	AO
	XXX##-CV
	GOMARS# CHW Valve Cmd
	Building HVAC CW systems 

	BINARY STATUSES

	BI
	FILTER-S
	Filter Status
	Filter - Descriptor of type of filter if other then ACS filter 

	BI
	FMK-S
	FMK Status
	Hand/Auto switch status for Function Module Kit

	BI
	SF-S
	Supply Fan Status
	

	BI
	RF-S
	Return Fan Status
	

	BI
	XXX##-S
	GOMARS # Status
	For equipment other than Supply and Return Fans

	BI
	[tbd]
	GOMARS# Failure Status
	[standard objectname TBD; also to be standardized to clarify difference between 'fault' and 'failure'; contact UCS Working Group for further information]

	BI
	[tbd]
	HW Pump System Failure
	["]

	BI
	[tbd]
	CW Pump System Failure
	["]

	BI
	[tbd]
	SecW Pump System Failure
	["]

	BI
	[tbd]
	GOMARS# VFD Fault
	["]

	BO COMMANDS

	BO
	OCCUPY
	Occupied Cmd
	

	BO
	SF-C
	Supply Fan Cmd
	

	BO
	RA-C
	Return Fan Cmd
	

	BO
	ECON
	Economizer Cmd
	

	BO
	[tbd]
	Summer/Winter Cmd
	[standard objectname TBD;  contact UCS Working Group for further information]

	BO
	XXX##-C
	GOMARS #, Pump Cmd
	

	BO
	XXX##-C
	GOMARS #, Fan Cmd
	For exhaust fan, or any fan other than Supply or Return Fans

	BO
	XXX##-C
	GOMARS #, Start/Stop Cmd
	For equipment with direct start/stop (i.e. not controlled by other command such as occupied)

	BO
	ZN#-ENA
	Zone # - DP Enable Cmd
	Differential Pressure Enable Command

	BO
	[tbd]
	HW System Occupy Cmd
	[standard objectname TBD;  contact UCS Working Group for further information]

	BO
	[tbd]
	CW System Occupy Cmd
	[standard objectname TBD;  contact UCS Working Group for further information]

	BO
	[tbd]
	SecW System Occupy Cmd
	[standard objectname TBD;  contact UCS Working Group for further information]

	BO
	HWP-LEAD
	HW Pump Lead
	

	BO
	CWP-LEAD
	CW Pump Lead
	

	BO
	SecW-LD
	SecW Pump Lead
	

	SETPOINTS

	AD
	PHT-SP
	Preheat Temp SP
	Preheat Temperature Set Point

	AD
	DAT-SP
	DA Supply Temp SP
	Discharge Air Temperature Set Point

	AD
	ZN#-SP
	ZN # Temp SP, XYYYZ
	# = zone (sequential number)

XYYYZ = sensor location

	AD
	RAH-SP
	RA Humidity SP
	Return Air Humidity Set Point

	AD
	HUM#-SP
	ZN # Humidity SP, XYYYZ
	# = zone (sequential number)

XYYYZ = sensor location

	AD
	HWS-SP
	HW Supply Temp SP 
	

	AD
	CWS-SP
	CW Supply Temp SP
	

	AD
	SecWS-SP
	SecW Supply Temp SP 
	

	CS OBJECTS

	CSO
	V##**-AP
	XXX-VAV###***, Rm xxx
	XXX = Bldg no.   ### = ACS no. *** = box no.    xxx = Rm. No.

	CSO
	VAL#-AP
	All Pts - OBJECT
	OBJECT=Systems HW address;

#=1 for single CSO; or 

#=1,2,3,etc. for multiple CSO's

	HARDWARE

	
	XX**###
	**,N2=###,SYS-NAME,XYYYZ
	XX = abbreviated Bldg. No.   

### = N2 address 

  (up to 3 characters)

SYS-NAME = System Name

  (up to 8 characters, incl.

  abbrev. GOMARS if applicable)

** = controller type 

  (see Hardware Summary Screen

  for standard abbreviations)

[*** = expanded controller type

  may be used if space permits]


The screen which is displayed for each system lists the objects which are included in the system.  The standard summary printout also lists the objects in the same order.  The order in which the objects should be listed is shown below, for typical system types:

Order of Points for ACS Units (also use for AHU, ACU or other similar units)

Generally points are to be arranged in the order as described below, with items included or omitted as applicable to the individual systems and control sequences:

· Occupied Command [main system 'on/off' command or function;  in most cases will not include direct commands such as SF-C/Supply Fan Command, since these are intended to be controlled through the occupied/unoccupied or enable/disable sequence for most equipment.]

· Status of major equipment (ACS fan, RAF, EXH, etc.)

· Analog Input points -- listed in sequence starting from return air and proceeding in path thru system  i.e.  RA temp, RA humidity, RA static pressure, MA temp, PH temp, CC temp, DA temp, DA or SA static pressure, Zone temp (display here and in Analog Output points if system has 2 zones or less; for more than two zones provide separate Zones system screen, as described below).

· Analog output points -- listed in same order as the controlling AI on previous list (not all AI will have corresponding AO, since some AI are for monitoring only)

· Economizer Command -- indicates whether system is on economizer (free outside-air cooling) operation or on minimum outside air operation.

· Enthalpy Values -- RA and OA enthalpy if applicable.

· Safeties -- Low limit alarm(*), smoke detector(*), VFD fault indication, critical-area high temp or RH alarms, etc.  (*Note -- standard policy is not to add a separate BI point for these, since fan shutdown will cause alarm; exception for smoke detectors is if they initiate a smoke control sequence rather than simply stopping the fan).

· Filter Status

· FMK-S (FMK Status)

· Val1-AP (All Pts) – end of normal control

· Set Points -- listed in same order as the corresponding Analog Input points (see above); not all AI will have corresponding setpoints since some AI are for monitoring only.

· Smoke Evacuation (or other special mode sequence points if applicable) in similar order, Enable/status, AI's, AO's, overrides, other 

Order of Points for Zones Systems

As indicated above for ACS units, provide a separate "system" screen for zones if there are more than two.  Generally for each zone, the list will be similar to the order used for the ACS units (see above) for the applicable items:  i.e. occ/enable, status, AI's, AO's, Setpoints, other points, zone ALL-PTS.

Order of Points for Pumping Systems

Generally points are to be arranged in the order as described below, with items included or omitted as applicable to the individual systems and control sequences:

· Overall System Occupied Command [main system 'on/off' command or function;  in most cases will not include direct commands such as P1-C/Pump 1 Cmd, since these are intended to be controlled through the enable/disable sequence for most equipment.]

· Overall System statuses

· Status of major equipment (Pumps, etc.) – Multiple statuses for one piece of equipment should be grouped together

· Analog Input points -- listed in Supply then Return order

· Analog output points -- listed in same order as the controlling AI on previous list (not all AI will have corresponding AO, since some  AI are for monitoring only)

· Zones (if applicable) -- for each zone, the list will be similar to the order above for the applicable items:  i.e. occ/enable, status, AI's, AO's, other points, zone ALL-PTS.

· Status -- any other non-urgent or secondary equipment status point

· Val1-AP (All Pts)

· Flows – Meter flows, pressures, temperatures, etc.

· Safeties – Setpoints, Reset values, etc.

Order of Points for Utility/Misc Pts

(Note -- some of these points may also be a duplicate display on the screen for another system where useful; i.e. bldg chilled water flow also may show on bldg secondary water system screen).

· OA Conditions


Temp


Temp – Direction i.e. North, South, etc


Humidity


Enthalpy

· CHW


Supply Temp


Return Temp



Supply Pressure


Return Pressure


Flow

· Steam


Pressure


Flow

· Condensate



Temperature



Pump Status

· Air Compressor 



Pressure



Low Pressure Alarm

· Other Alarms

Sewage Alarm

· Other Meters

Watt Hour Meter

· Miscellaneous Systems

Pumps

Exhaust Fans

· Val1-AP (All Pts)
Order of Points for Building Hardware Summary Screen

Order of points will be in increasing numeric order based on N2 address.

Controller type abbreviations:

	Short
	Expanded
	Description

	AH
	AHU
	AHU controller

	BN
	XBN
	XBN controller

	DCM
	DCM
	DCM controller

	DX
	DX9
	DX9100 controller

	RL
	XRL
	XRL controller

	UN
	UNT
	UNT controller

	VA
	VAV
	VAV controller

	VM
	VMA
	VMA controller

	XT
	XP9
	XP9102 controller


9.5.11. Metasys Alarms, Warnings, and Critical Systems

For clarity, the following terms are defined as used in this section:

Critical Areas, or Critical HVAC Systems:  Some HVAC systems are designated as "critical", if their failure would cause a safety hazard, mission impact, or cost of damage to sensitive equipment.  In addition, the temperature and/or humidity within an individual room or area may be "critical", for instance where conditions outside of a certain range could damage flight hardware.  The designation of critical systems and areas must be mutually agreed by the customer and FMD, in the planning phase for new projects.  (Areas may have other systems or utilities that are critical, but this section addresses Metasys controls for HVAC critical systems only).  Also, note that although critical units are generally also 24-hour operation, not all units that are on 24-hour operating schedules units are critical.  

Alarms:  Alarms within the Metasys system are only to be used for items where an urgent response is needed.   Alarms display as a pop up window on Metasys Operator Workstations (OWS), including the OWS at the emergency console.  Within Metasys, alarms are referred to as "critical" to distinguish from "non-critical" warnings.  Note that this is Metasys related terminology that applies to alarms and warnings on all HVAC systems at GSFC, and should not be confused with whether the system itself is considered a "critical HVAC system" as defined above.  For instance, a fan status alarm for any unit is a "critical alarm" within Metasys, even though the unit may not be a "critical" HVAC system.  If appropriate, text can be associated with the alarm, to include specific instructions (i.e. what to check, who to notify, special conditions).  

Warnings:  These are printed as a report to the OWS in the Climatic Control Section (Shop 52), but will not pop-up or alarm to the Emergency Console OWS, since no urgent response is needed.  The shop would review this report daily, check units when able on a non-urgent basis, or pass information to other shops if applicable.  

Shop 52 will receive warnings on events that are not critical and could be investigated in the normal course of a business day.  Only critical alarms requiring immediate attention will be received at the console, and all console personnel have been given instructions to respond to every Metasys alarm.  Console operator to call on radio, building engineer to respond to unit on urgent basis.  

To avoid an unmanageable amount of alarms on Metasys, and at the Emergency Console, the Mechanical Discipline Group and Shop 52 reviewed the kind of events that require action and established this two-level warning & alarm scheme within Metasys (plus a third level of non-Metasys electrical interlock in some situations).  These are to be arranged to form a first-stage, second-stage, and third-stage response to a condition as it becomes progressively further from its normal operation.  For instance, on a high temperature condition, the warning would be set to activate at a point high enough to indicate a problem but well below any point where damage could occur, so a system which was only gradually drifting above setpoint, or with minor fluctuations then returning to normal, can be detected and investigated on a non-emergency basis.  However if the same system continued to raise the temperature significantly above the warning setpoint, the alarm is activated still below a point where damage could occur, but indicating that the system should be checked immediately.  If the temperature continued to rise significantly above that point, before those responding to the alarm can correct the situation, then the fan shutdown would occur.

The standard for warnings, alarms and interlocks is indicated below.  Except where noted for critical units or critical areas only, the items below are to be implemented for all systems on Metasys.  Setpoints where indicated are considered typical and should be standardized, except where these are inappropriate for some operating characteristic of the specific system, or the system supports specific process requirements.   For critical area systems these recommendations are a general guideline, but each design must evaluate the configuration of the system, the type of protection needed by the type of customer equipment involved, and address appropriately. 
Fan Discharge Temperature

· High temperature WARNING;  typically set at 10 F above highest normal operation fan discharge set-point.  (See note 1).

· High-High temperature ALARM;  typically set at 15 F above highest normal operation fan discharge set-point.  (See note 1).

· Critical area units (only where the unit serves areas with flight hardware, or other such high-value equipment which could be damaged by high temperatures):  Fan discharge extra-high temperature device electrically interlocked to shut down fan; this device to be hard-wired, with manual reset at device, and set above the Metasys high-high setting.  (See Note 2). 

· Units that have a reheat coil in downstream ductwork, which serves a critical area:  designer should consider additional warning/alarm sensor downstream of the reheat.

Room Sensors -- Critical Areas Only  (see Note 3)
· High (or Low) temperature (or humidity) WARNING

· High-High (or Low-Low) temperature (or humidity) ALARM

Preheat Discharge Temperature
· Preheat coil control setpoints to be standardized to 50 F

· Low Temperature WARNING set for 45 F

· Low-Low Temperature ALARM set for 40 F

· Low Temperature Limit (Freezestat), hard-wired electrical device w/ manual reset for FAN SHUTDOWN, set for 35 F (this results in fan status ALARM -- see Note 4)

Fan Status

· Status (sensed by current transducer or flow switch) is compared to the Commanded or Scheduled status; ALARM results if these do not match (i.e. fan is off when it should be on, or on when it should be off).

Control Pressure

· Low Pressure ALARM if pressure drops below 17 psig (see Note 5)

Notes



NOTE 1: For a typical unit operation, the fan discharge would not be over 65 F, so the warning would be at 75 F, the alarm at 80 F.  For units providing heat directly to zone (rather than by zone reheat or other means downstream) the highest design fan discharge temperature might be 95 F to satisfy max heat load, so the warning would be at 105 F and the alarm at 110 F.  The intent is to make alarm/warning set points high enough to avoid nuisance alarms, but as low as otherwise feasible to provide maximum time for response and corrective action before damaging or dangerous high temperature is reached.
NOTE 2: Exact set point for this device must take account of specific customer application, i.e. what is maximum safe temperature for equipment.  Metasys high and high-high should be as appropriate to sequence with this device, so they may vary from those indicated above for typical units.  Where automatic shutdown is needed, it is best to use a separate hard-wired device including a manual reset, as is typical for other 'safety shutdowns' such as smoke detection, firestat or freezestats.  This also will permit manual reset at the device by the responding building engineer if the problem has been corrected, and is considered preferable to adding a shutdown function into the Metasys sequence.  

NOTE 3: Warnings and alarms on room sensors are to be added in limited quantity, and are only for rooms w/ flight hardware, critical operations, etc.   Depending on system configuration, this may require additional sensors, or may just require programming warning/alarm setpoints if Metasys already had appropriate room sensors.  Set points with appropriate warning and alarm limits are TBD per individual facility requirement.

NOTE 4: A separate Metasys input point to provide an alarm for the temperature low limit (freezestat) is not necessary or required.  In the case of a shutdown by this device, Metasys will sense the change in fan status to OFF, while commanded status is still ON, which will result in a Metasys fan status alarm.  

NOTE 5:  Typical for all buildings, a pressure transmitter senses the main control air pressure.  Transmitter is located downstream of the air drier, pressure regulator, and back-up cross connection from the house air compressor.  (Where applicable, transmitter is also upstream of the branch to the summer-winter pressure regulator and switchover valve).  Normal main air pressure 20 psig, will ALARM if below 17 psig (most control loops can still function with main air down to 15 psig).

9.6. PLUMBING AND PROCESS PIPING SYSTEMS

All plumbing designs shall conform to the IPC and ANSI A40, and the requirements contained herein.   Provide an accessible shutoff valve upstream of fixtures or outlets for all piping systems.

9.6.1. Potable Water Piping

Required number of fixtures and flow rates shall be calculated in accordance with the IPC, and pipes sized in accordance with IPC and ASHRAE Handbook of Fundamentals.   Water velocity shall not exceed 2 m/s.  Piping below building slab shall be as indicated for site water piping.

Above ground potable water piping shall be hard copper tubing, Type L.  Only lead-free solder shall be used on potable water piping.   Shock absorbers shall be provided as required.   Non-freeze type wall hydrants shall be provided on the perimeter of buildings, located not more than 60 meters apart.  

Any connection to non-potable systems such as HVAC system make-up water, process cooling water or laboratory water systems, shall be made through an approved backflow prevention device.  Backflow prevention devices are generally not required at the connection to fire protection systems; see Section 9.7 FIRE PROTECTION SYSTEMS for further information.

Cold water piping shall be insulated to prevent condensation under the ambient conditions.  Insulation shall be fiberglass with factory jacket and vapor barrier, or cellular elastomer.  Make-up water lines to other mechanical systems with little flow (such as to a closed hydronic system) generally do not require insulation.   

Hot water piping (including return loops) shall be insulated with fiberglass with factory jacket, or cellular elastomer, to comply with the minimum insulation requirements of 10 CFR 434.   For pipe sizes 100 mm and under the minimum thickness is 25 mm; for pipe sizes over 100 mm the minimum thickness is 40 mm.   Runouts to fixtures or equipment, of pipe sizes 50 mm and less, and not over 4000 mm long, may be insulated with 15 mm minimum thickness cellular elastomer. 

9.6.2. Sanitary Drain and Vent Piping

Drains and vents shall be provided and sized in accordance with the IPC.   Above ground sanitary drains and vents shall be cast iron, PVC or copper DWV pipe.  Joints should be bell and spigot or soldered as applicable.   Piping below building slab shall be as indicated for site sanitary piping.

Provide floor drains in all toilet rooms, shower rooms, kitchens, mechanical equipment rooms and garage or truck lock areas.   

9.6.3. Plumbing Fixtures

Efficiency and Accessibility Requirements
All new water supply fixtures shall comply with the flow limitations, based on the requirements of 10 CFR 434, Executive Order 13123, and related Federal Energy Management Program (FEMP) recommendations.  In most cases, these requirements are more stringent than those included in the 1992 Energy Policy Act, which is therefore no longer referenced.

Fixture type and installation dimensions shall comply with UFAS (FED‑STD 795) requirements for those fixtures required to be accessible.  

The fixture selections and specifications below meet these requirements.
Water Closets  

Vitreous china, elongated bowl type, white color, complying with ANSI/ASME 112.19.2 and the following:

Type and Operation: Syphon jet.

Mounting:   Wall‑mounted where possible.

Flushometer Valve:  Piston operation; lever‑handle actuation with non-hold‑open feature, TOTO model TMT1NNC or approved equal.
Water Consumption: Not to exceed 6 liter per flushing cycle.

Seat:   White solid plastic, open front without cover, heavy-duty classification.

Rim Height (To top of seat, above finished floor): 

Standard fixture:
380 mm

Accessible fixture:
485 mm 

Model/Manufacturer:   "Afwall EL 1.6" and "Afwall ADA Retrofit EL 1.6" by American Standard, or approved equal.

Urinals
Vitreous china, with flushing rim and extended sides, white color, complying with ANSI/ASME 112.19.2 and  the following:

Type and Operation: Siphon jet.

Mounting and Outlet: Wall hanging, back outlet.

Flushometer Valve:  Piston operation; lever‑handle actuation with non-hold‑open feature, TOTO model TMU1NNC or approved equal.
Water Consumption: Not to exceed 3.8 liter maximum per flushing cycle.  

Rim Height (to front of rim, above finished floor):


Standard fixture:
610 mm

Accessible fixture:
430 mm 

Model/Manufacturer:   "Trimbrook 1.0" by American Standard, or approved equal.


Lavatories

For uniformity, all new lavatories (not just those required to be accessible) shall be mounted as required to comply with UFAS



Rim or countertop height:
865 mm above finished floor



Minimum clearance to bottom:
735 mm above finished floor

All new lavatory faucets shall be equipped with infrared battery operated

occupancy-sensor controllers:

Water Consumption: 
not to exceed maximum flow rate of 0.095 l/s;

flow per cycle shall be 0.95 liters;

minimum cycle duration shall be 10 seconds

Model/Manufacturer:   "Aquasense Z6912" (standard) and “Aquasense Z6913” 

(gooseneck) by Zurn, or approved equal.

For new or rehabilitated restrooms, provide at least one lavatory per room with a gooseneck type spout.  It is acceptable to use the gooseneck (Z-6913) faucet as the standard faucet for all applications (in lieu of Z-6912) to simplify future maintenance.


Water Coolers or Fountains

For uniformity, all new water coolers or fountains shall be mounted as required to comply with UFAS



Spout height:


915 mm above finished floor



Minimum clearance to bottom:
685 mm above finished floor


Showers
The maximum flow rate for showerheads other than those in emergency wash stations is 0.14 l/s. 

Sinks  

The maximum flow rate for laboratory, countertop, or service sinks is 0.17 l/s.

9.6.4. Water Heating Equipment

The standard for GSFC is to accomplish potable and process water heating through steam from the central plant, through steam to hot water converters which typically are located in the mechanical equipment room.  Generally, new connections for hot water within an existing facility shall be extended from the existing building system.  Only where the usage is small, and the distance from existing hot water piping would make connection to the building system cost prohibitive, should a local electric or gas water heater be added.  Other exceptions include some minor buildings on the GSFC main campus as well as most remote buildings (Areas 100 to 600) which are not connected to the central plant utilities.

Where steam is not available, the choice of heating energy source, whether  electric or natural gas, and the method of heating the water, shall be determined by the quantity, temperature, and use of the hot water and the availability of the energy source.    Equipment efficiencies and tank insulation shall as a minimum meet the requirements of 10 CFR 434.   Controls shall also comply by being capable of settings down to 320C (900F).    System shall be designed to supply water at 420C (1080F) for general use including showers, lavatories and laboratory sinks.   Higher supply temperatures shall be provided only where needed for process requirements, such as dishwashers, and should be provided from separate water heating equipment, or a booster unit, rather than adjusting the service to the whole building to a higher temperature.

9.6.5. Roof Drains and Rain Leaders

Refer to the current edition of the International Plumbing Code for sizing roof drains and leaders.   The rainfall intensity for both Baltimore and Washington is 3.2 inches per hour (80 mm per hour), which should be used for sizing these systems at Greenbelt.   For other locations, obtain rainfall intensities (for a 100-year storm of 1 hour duration) from the US Weather Bureau. Fittings shall be long radius fittings, except fittings in vent piping may be short radius fittings.  Minimum size piping shall be 50 mm for buried piping and 40 mm for aboveground piping.

Roof drains, with outlets generally not less than 100 mm in diameter, shall be provided at all low points of the roof.  Roof drain bodies and strainers shall be cast iron with factory applied enamel coating.  Maximum spacing between roof drains should not exceed 18 000 mm.   Roof drain leader piping within buildings shall be cast-iron hubless pipe and fittings, CISPI 301 with CISPI 310 couplings.

All horizontal sections of roof drain leaders shall be insulated to prevent condensation.  Vertical roof drain leaders shall be insulated in locations where the temperature of the leader can be expected to be lower than the dew point temperature of the space.   Insulation shall be fiberglass with factory applied jacket and vapor barrier.

Piping below building slab, and up to but not more than 6 inches aboveground or floor slab on grade, shall be cast-iron Hub and Spigot Pipe and Fittings, ASTM A 74 with ASTM C 564 rubber compression gasket joints.

9.6.6. Natural Gas Piping

Natural gas piping within buildings shall be designed and installed in accordance with NFPA 54, WSSC code, and with Army technical manual TM 5-810-6.   This manual presents the basic criteria for the design of low pressure piping systems for various fuel gases; only those applicable to natural gas apply at GSFC.

Gas piping materials and sizing within buildings shall be in accordance with the above references. Plastic piping shall not be used for gas service inside buildings.   

Accessible gas shutoff valve and coupling are required for each piece of gas equipment.   

Final connections to gas equipment shall be made with rigid metallic pipe and fittings, except flexible connectors can be where necessary for serviceability and not vulnerable to physical abuse.

Gas fired appliances of certain types require venting systems for removing the flue gases to the outside atmosphere.    Venting requirements, materials, vent sizes, supports, identification and vent connectors shall conform to NFPA 54.   The lists below are partial, but cover most items likely to be used at GSFC; for further information refer to TM 5-810-6.

Appliances typically requiring venting include steam and hot water boilers, furnaces, water heaters (with inputs over 1465 W), and appliances which are not listed by and do not bear the certification seal of the American Gas Association Laboratories.   

Appliances generally not requiring venting include some listed cooking and laundry appliances, listed water heaters (with inputs not over 1465 W), listed hot plates, and specialized equipment of limited input such as laboratory burners.   However, if these appliances are installed so that the aggregate input rating in a given space exceeds certain limits, venting provisions are required.

When interior gas piping is to be abandoned in a project, capping the piping is allowed by NFPA 54, but if a branch is not anticipated to ever be used again it should be removed.  If removal of the branch line is impractical, the branch line may remain in place if capped at both ends in addition to being physically disconnected from the gas supply.  The designer shall ensure that disconnecting and capping the gas supply does not result in areas where water can collect and corrode the active gas line.

9.6.7. Compressed Air Systems

Design of a compressed air system shall consider the method of compressing the air, the required volume and pressure for storage of the air, the required flow rates, pressures, air quality at the points of use, and the line sizes and arrangement of the distribution system.  Consideration shall also be given to operating and maintenance requirements, reliability, costs, and safety of the system. Whenever it is economically feasible, a central compressed air system will be utilized to serve multiple points of use.

Typical system, equipment and piping design shall be in accordance with the recommendations of the Army technical manual DA TM 5-810-4. This manual covers design of compressed air systems with a maximum design operating pressure of 860 kPa, including piping, compressors, aftercoolers and separators, air receivers, and air dryers.  Methods of sizing piping are included.  The CAGI Compressed Air and Gas Handbook provides additional information.

Multi-purpose compressed air systems shall not be used for breathing air purposes without the approval of environmental health personnel.  If air is to be used for breathing purposes, the air system design shall be governed by the recommendations of the CAGI handbook and by OSHA regulations.

Total air requirement should be based on the sum of the average air consumption of air operated devices.  Average air consumption is based on the load factor (the ratio of actual air consumption to the maximum continuous full-loaded air consumption).  The CAGI handbook explains the procedure for using load factor to determine compressor capacity; 10 percent should be added to the estimated consumption to allow for leakage.

For general use at GSFC, building compressed air systems shall be designed to operate at pressures below 860 kPa, with typical supply pressure to users between 550 kPa to 690 kPa.  Higher pressure systems shall be provided only where essential for process requirements; examples at GSFC are the diesel engine starting systems in Buildings 024 and 031 which supply air at around 1000 kPa.

Compressors and Receivers

New compressors shall be the oil-free type.  The building compressed air system shall be interconnected to the control air system systems, so it can serve as a backup to the control air, through a manual valve downstream of dryer, receiver and filters on both.  This also permits some degree of backup to the building system by the control air system, limited by the control air system capacity which may be less than that of the building system.  For most buildings this is an adequate level of redundancy, and the building system will consist of a single simplex type compressor, receiver, and air dryer.  If a critical process using the building compressed air requires full redundancy, two complete compressed air stations shall be provide, each with its own compressor, receiver and dryer.  Duplex compressors (two compressors typically mounted on a single receiver) shall not be used, since the single receiver precludes true redundant operation.

Compressors and all accessories shall conform to ASME B19.1.   A safety valve must be provided between the compressor discharge valve or other flow restricting device.  Safety valves should be connected directly into the piping at the pressure point it is sensing, without unnecessary additional piping or tubing.  Safety valve discharge should be directed away from personnel areas and traffic lanes.

TM 5-810-4, Table 7-1 provides sizing information for air receivers in common use for various compressor capacities.  Air receivers shall be constructed in accordance with ASME Boiler and Pressure Vessel Code Section VIII.  To avoid problems of tank rupture at weldment points, tank-mounted air compressors are required to be factory-assembled units constructed in accordance with ASME Boiler and Pressure Vessel Code Section VIII.

For general applications, and to permit backup of control air systems, building compressed air shall be filtered and dried to meet ISA-S7.3 requirements.  These include maximum particle size of 3 microns, zero or minimal oil and hydrocarbon content in no case exceeding one part per million, and maximum dew point for typical interior applications of 2 degrees Celsius.  For exterior applications, or where any portion of the system is subject to freezing, maximum dew point should be at least 10 degrees Celsius below the minim ambient temperature.

A prefilter upstream of the air dryer may be required to remove oil and particles prior to the air entering the air dryer, to extend air dryer life and reduce maintenance.  An afterfilter downstream of the air dryer should be provided to protect the piping and equipment from impurities.  Air dryer manufacturers can provide recommendations and selection of prefilters and afterfilters.   Compressed air piped into cleanrooms should have HEPA filters in addition to those noted above.  Other specific air quality requirements may apply to customer process equipment; these must be coordinated with the customer, and the customer organization generally will be responsible for operation and maintenance on any additional equipment required to treat the air for their process equipment.

Compressed Air Piping

Steel compressed air piping shall be black steel or stainless steel if required for high purity air (i.e. HEPA filtered air for a cleanroom).   Pipe shall be Schedule 80 for sizes 50 mm and smaller, and Schedule 40 for sizes over 50 mm.  

Copper Type K or Type L (Type A or B metric) piping or tubing may be used for compressed air branches and runouts to equipment, of 25 mm pipe size and smaller.  Dielectric couplings shall be provided at any connection between steel and copper lines.   When copper pipe or tubing is used, brazed joints shall be used, with brazing filler metals having melting temperatures between 540 degrees C and 870 degrees C.  Soldered joints shall not be used.   

Thermoplastic or FRP piping shall not be used for compressed air systems.

9.6.8. Laboratory or Process Gas Systems

Laboratory gas systems shall be designed in accordance with the CAGI handbook.  Pipe and fittings shall conform to the applicable requirements of ANSI B31.1.   All gas valves must be accessible from inside a room or accessible chase.

9.6.9. Liquid Nitrogen Distribution

Design shall adhere to standards of NASA NHB 1700.1(V1-B) on cryogenics, ASME standard for pressure vessels, ANSI B31.3 and the Compressed Gas Association. 

Piping shall be vacuum-jacketed (VJ) factory sealed piping system, where feasible.  It is acceptable to use Type L copper with silver solder, or type 316L stainless steel for high purity applications.  Where not vacuum jacketed, insulation shall be urethane system specifically for cryogenic application.   Valves shall be specified for cryogenic use, brass or stainless steel, with extended bonnets as necessary to accommodate insulation and to avoid icing.   Quick connects shall be bayonet type for cryogenic use.  

All sections of piping which can be isolated shall have relief valves, with the exhaust vented to the outside.   Expansion joints and gas eliminators shall be provided as required in long runs of piping. Oxygen monitoring with emergency solenoid shutoff should be considered, depending on application, and may be required if an accidental release of large amounts of nitrogen into the occupied space could occur.

9.6.10. Process Vacuum Systems

Vacuum systems for laboratories or other process requirements should be designed with sufficient volume and necessary system pressure for all required uses throughout the system.  Vacuum pumps should be designed for the highest design required degree of vacuum in the system.  Lower vacuum requirements should be obtained by vacuum regulators.  Pump capacity should be based on the total calculated peak demand of the system and the pump should meet this demand when operating continuously.  Standby pumps should not be provided unless justified by mission criticality. The pump should be sized to prevent frequent cycling.

9.6.11. Deionized or High Purity Water Systems

Deionized or High Purity water is required for certain laboratory or process uses.   The equipment required to produce this water from the standard domestic water supply will depend on the customer’s specific process water purity requirements. 

These types of water are generally very corrosive and only plastic piping and valves should be used in these systems, generally PVC, or CPVC if needed for higher temperatures.   Steel or copper piping shall not be used with these systems. 

All water-supply connections to these systems shall be made from the building domestic water through an approved backflow prevention device.

9.6.12. Process Cooling Water

Domestic water wasted-to-drain arrangements shall not be used for cooling laboratory or other process equipment, except as an emergency back-up provision for critical equipment cooling.   Equipment requiring cooling water shall be served either directly by chilled water, or by a secondary process-cooling loop with a chilled water heat exchanger.  

All water connections to these systems (whether for emergency cooling or for makeup water to a process cooling system) shall be made from the building domestic water through an approved backflow prevention device.

9.6.13. Central Vacuum Cleaning Systems

These systems are provided in certain facilities at GSFC, generally for process-related rather than general housekeeping requirements.   Tubing is typically plastic or thin wall galvanized, with long sweep fittings.  Any inlets to be added to an existing system must match the same hose connections as the existing ones.   For equipment and pipe sizing, and other technical information, the best source is the system manufacturer. 

9.7. FIRE PROTECTION SYSTEMS

Water shall be supplied to fire protection systems from the domestic water mains as described in Section 9.2.3, Fire Protection.   Sprinkler systems and standpipe systems shall be interconnected, and one or more fire department connections shall be provided which can supply both simultaneously.

At GSFC, backflow prevention devices are not generally required for the connection from the Domestic Water system to the Fire Protection System (other than the alarm-check valve provided as part of the Fire Protection equipment).

As defined in the FURBCHR "Manual of Cross-Connection Control", the GSFC Systems are generally Class 1 or 2, meaning they are supplied only form the water mains.  For these systems backflow prevention devices are not required.  They should be avoided due to their higher-pressure drop, which could adversely affect the performance of the fire protection system, especially in existing facilities that were hydraulically designed based on only the pressure drop through a single check valve.

[The FURBCHR Manual is consistent with recommendations of AWWA and AFSA.  Other Classes of fire protection systems are defined in the manual but are generally not present at GSFC.  They may involve connections from non-potable sources, antifreeze or additives in the system, or other special conditions; for these the manual should be consulted for recommendations.  WSSC requires backflow preventers at connections from their mains to fire protection systems.  The connections from the WSSC main into the GSFC system are equipped with these devices, so connections internal to the GSFC system are not a WSSC code issue.  For any other locations, the piping arrangement should be evaluated along with any applicable local codes, and designed accordingly.

9.7.1. Sprinkler Systems

Sprinkler System Design Criteria
Automatic sprinkler protection shall be provided for all NASA Goddard Space Flight Center facilities.  Sprinklers shall be designed in accordance with NFPA 13, 13D, 13E, 13R, 24, and 25.  All sprinkler systems shall also comply with 29 CFR 1910.159 and NASA-STD-8719.11.  All sprinkler systems shall be designed to meet the following conditions.

Any new sprinkler system or extensive modifications to an existing system shall be hydraulically designed in accordance with NFPA 13.   The engineer shall ensure that existing distribution system pressure/flow data required for hydraulic calculations is included in the design drawings for new buildings.   Code 250 has test data on file for some locations, or can arrange for a new flow test if required.   Any modification of 5 heads or less to an existing sprinkler system can be designed using the NFPA 13 pipe schedule.

Sprinkler systems shall be wet-pipe where possible.  If the occupancy is not heated, dry pipe systems shall be used.

Water supply density requirements shall be as indicated by NFPA 13 for the occupancy classification, except that in accordance with NASA-STD-8719.11, a Light Hazard NASA Facility shall use the NFPA 13 water supply density for Ordinary Hazard (Group 1), and an Ordinary Hazard (Group 1) NASA Facility shall use the NFPA 13 water supply density for Ordinary Hazard (Group 2).  These water supply demand requirements are minimum design requirements; the 

SESO (Code 250) shall determine if there is a need for increased water supply requirements to provide for occupancy flexibility in a particular facility.

Sprinkler heads in areas with a suspended ceiling shall be recessed pendent type.  Heads in areas with no suspended ceiling shall be upright or pendent (with a head guard where necessary to protect against damage).  Concealed sprinkler heads shall be used only in areas with high visibility, i.e. building lobbies or atriums spaces.  All sprinkler piping shall be Schedule 10 or 40 black steel.

Sprinkler System Connections to Fire Alarms
Each zone of the sprinkler system shall be provided with a flow switch connected directly to the building’s fire alarm system.  On alarm of this flow switch, the building evacuation signal shall sound.

Each valve of the sprinkler system shall be provided with a tamper switch that sends a trouble signal to the building’s fire alarm system.  Exceptions: Standpipe valve outlets, drain valves, inspector’s test valves, underground valves that can be secured with the use of a substantial lock.

Sprinkler System Construction

Almost all of the facilities at GSFC are provided with fire sprinkler systems, for life safety and building protection.  Also, providing sprinklers throughout a facility allows the designers to take advantage of certain exceptions to NFPA 101, the Life Safety Code.  Some of these exceptions include: decreased number of exits, longer common paths of travel, longer travel distance, and increased discharge through the level of exit discharge.  These exceptions have been used in the past, and should continue to be used, but all future sprinkler outages need to comply with the requirements stated in NFPA 101. 
Specifically, for any outage lasting more than four hours in any one 24-hour period, the code requires an approved fire watch for the entire duration of the outage.   There are some alternatives to a fire watch, which have been determined by FMD and the Safety and Environmental Division (Code 250) to be equivalent, and these measures can be specified instead of a fire watch where appropriate.   Due to the time required to drain, refill and test systems, it is not expected that any construction outage could be sure to finish within four hours, therefore the specifications will require the fire watch or equivalent provisions for all sprinkler outages.

Drawings for modifications in existing areas shall indicate the location of existing isolation valves, and the extent of the affected areas.   For information on sprinkler system zones, see Bill Koch  for Mechanical Shop information showing inspector test, drain, and zone valve locations (not necessarily showing the affected area); this information is not currently in the CADD database.

The engineer shall consult with Code 250 during design to establish the best approach to any required sprinkler outages.   The engineer shall consider means of minimizing the cost and schedule impact of these requirements, by indicating on the drawings construction phasing which reduces the length of time an area is unprotected, and by minimizing the size of affected areas with temporary caps or valves if appropriate.   

The contractor shall be required to provide a fire watch, a fire-rated separation and smoke detection, or an alternative proposed by the contractor subject to approval by the Government.   It is the responsibility of the designer to provide sufficient information on the drawings to permit the contractor to evaluate and properly bid alternatives.  Drawings must also clearly show the location of isolation valves, zone valves, and areas protected by each sprinkler zone, and the approximate drain/refill time for the building or zone.   If temporary valves or caps, or temporary area separations and detectors are to be installed to minimize the unprotected area during the outage, then the drawings shall show the required locations and any other necessary details.  From past experience the shop estimates the following times to drain the entire building; time to refill is similar.   (For individual zones allow 1 hour; or less only if specific information is available to confirm):

Buildings 3, 5, 7, 13, 14, 16W, 23, 32:

2 hours

Buildings 8, 10, 11, 21, 22, 25, 28, 29, 31:
1 1/2 hours

Other Buildings:




1 hour

NOTE:   The standard specifications for a fire watch will require the contractor to monitor the unprotected areas at an interval of one hour.   The engineer shall consult with the customer and Code 250 during design to establish if any areas affected by the outages are Mission Critical or contain special hazards.   If it is determined that such areas require a fire watch interval of less than one hour, to ensure the safety of the operation and occupants, the engineer shall ensure that the fire watch requirements of the specifications are edited accordingly (or that the requirement is stated in drawing notes for on-site contractor delivery orders), and that these areas are clearly indicated on the drawings.  Drawings shall also indicate any special hazards in the area.

Further information on sprinkler outage procedures, fire watch requirements, and equivalent fire protection measures, is found in the GSFC SPECSINTACT local 01411, "General Safety Requirements.

Sprinkler System Testing

Any work on existing sprinkler systems involving more than five heads shall be hydrostatically tested upon completion of work.  The hydrostatic test shall be in accordance with NFPA 13.   For work involving five heads or less, no hydrostatic test is required but the contractor shall conduct a visual inspection of the work once re-pressurized.

9.7.2. Standpipe System

Standpipes shall be installed in all areas required by NASA-STD-8719.11.  All standpipe systems shall be designed in accordance with NFPA 14, 14A, 25, 29 CFR 1910.158, NASA-STD-8719.11, and any local government codes (i.e. Prince George’s County Codes).  All standpipes shall be equipped for Class I service.

Hose valves shall be provided with 65 mm outlets and 65 mm to 40 mm adapters with 40 mm caps.  Hose cabinets may be installed but no hoses shall be installed (the use of fire hoses by untrained building occupants shall not be encouraged).

9.7.3. Special Fire Suppression Systems

Halon Systems
New halon systems shall not be installed as a viable suppression system.  Where practical, all existing halon systems should be removed and replaced with an environmentally friendly suppression system.

Chemical Extinguishing Systems
Chemical extinguishing systems shall be installed in all areas required by.  All chemical extinguishing systems shall be designed and installed in accordance with NFPA 17, 17A, 29 CFR 1910.161, and NASA-STD-8719.11.

Carbon Dioxide Systems
Carbon Dioxide extinguishing systems shall be designed and installed in accordance with NFPA 12, 29 CFR 1910.163, and NASA-STD-8719.11.

Foam Systems
Foam extinguishing systems shall be installed in areas as required by NASA-STD-8719.11.   Foam extinguishing systems shall be designed and installed in accordance with NFPA 11, 11A, 16, 409, 29 CFR 1910.163, and NASA-STD-8719.11.

Water Spray Systems
Water spray suppression systems shall be installed in areas as required by NASA-STD-8719.11.  Water spray systems shall be designed and installed in accordance with NFPA 15, 29 CFR 1910.163, and NASA-STD-8719.11.

9.7.4. Smoke Control Systems

Smoke control systems shall be designed in accordance with NFPA 92A, 92B, 101, 204M, and NASA-STD-8719.11.   There shall be separate fan and duct systems for each fire/smoke system.   There shall be provisions of dampers and ducts for direct discharge of contaminated air to the outside.   There shall be provisions for separate manual controls for fire department use.  Air movement shall be between 3 and 6 air changes per hour.

9.7.5. Fire Pumps and Controllers

Fire pumps shall be designed in accordance with NFPA 20, 25, 70, and NASA-STD-8719.11.   Only electric motors shall be installed.  No diesel engines shall be used.   Due to the limited hours of operation expected, electrical motors for fire pumps are excluded from the energy efficiency requirements which apply to motors for most other mechanical systems.

9.7.6. Trailer Fire Protection

Fire Protection shall be provided for trailers in accordance with GPR 8715.5.   That document defines the requirements for both “mobile” (temporary) trailers and “permanent” (on pads) trailers.

9.8. MECHANICAL REFERENCES


ACGIH Industrial Ventilation Manual - A Manual of Recommend Practice


ANSI A13.1 - Scheme for the Identifications of Piping Systems


ANSI A40 - Safety Requirements for Plumbing


ANSI/ASME B19.1 - Safety Standard for Air Compressor Systems


ANSI/ASME B31.1 - Power Piping


ANSI/ASME B31.3 - Chemical Plant and Petroleum Refinery Piping


ANSI/AWWA C105/A21.5 - Polyethylene Encasement for Ductile-Iron Pipe Systems


ANSI/AWWA C110/A21.10 - Ductile-Iron and Gray-Iron Fittings 3 In. through 48 In. (75 mm through 1200 mm), for Water and Other Liquids


ANSI/AWWA C115/A21.15 - Flanged Ductile-Iron Pipe With Ductile-Iron or Gray-Iron Threaded Flanges


ANSI/AWWA C151/A21.51 - Ductile-Iron Pipe, Centrifugally Cast, for Water and Other Liquids


ANSI/AWWA C153/A21.53 - Ductile-Iron Compact Fittings, 3 In. through 24 In. (76 mm through     610 mm) and 54 In. through 64 In. (1400 mm through 1600 mm), for Water Service


ASHRAE Handbook, Fundamentals


ASHRAE 62 - Ventilation for Acceptable Indoor Air Quality


ASHRAE/IES "Standard 90.1 User's Manual"


ASHRAE/IES Standard 90.1-1989 - Energy Efficient Design of New Buildings Except low-Rise 
 
 Residential Buildings


ASHRAE/IESNA 90.1–1999 – Energy Standard for Buildings Except Low-Rise Residential  Buildings


ASME A112.19.2M - Vitreous China Plumbing Fixtures


ASME Boiler and Pressure Vessel Code


ASTM A53 - Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc Coated Welded and Seamless


ASTM A106 - Standard Specification for Seamless Carbon Steel Pipe for High-Temperature Service


ASTM D 2513, "Standard Specification for Thermoplastic Gas Pressure Pipe, Tubing and              Fittings


ASTM D 2774, "Standard Recommended Practice for Underground Installation of Thermoplastic 
 
  Pressure Piping."


AWWA C500 -  Metal -Seated Gate Valves for Water Supply Service, (includes addendum   C500a-95)


AWWA C509 - Resilient-Seated Gate Valves for Water Supply Service


AWWA C550 - Protective Epoxy Interior Coatings for Valves and Hydrants


CAGI Compressed Air and Gas Handbook


CEGS 02695 Corp of Engineers Guide Spec - Pre-approved Underground Heat Distribution System


CEGS 02699 Corp of Engineers Guide Spec - Valve Manholes and Piping and Equipment in Valve Manholes


10 CFR 434 – Energy Code For New Federal Commercial And Multi-Family High Rise Residential Buildings


29 CFR 1910 - OSHA Occupational Safety and Health Standards:



Subpart L: Section 158, Standpipe and Hose Systems



                   Section 159, Automatic Sprinkler Systems



                   Section 161, Carbon Dioxide Extinguishing Systems



                   Section 163, Local Fire Alarm Signaling Systems



Subpart M: Section 169, Air Receivers


CISPI 301 - Hubless Cast Iron Soil Pipe and Fittings for Sanitary and Storm Drain, Waste, and Vent Piping Applications


CISPI 310 - Couplings for use in connection with Hubless Cast Iron Soil Pipe and Fittings for Sanitary and Storm Drain, Waste, and Vent Piping Applications


FURBCHR - Manual of Cross-Connection Control and Hydraulic Research


FED-STD 795 - Uniform Federal Accessibility Standards


FMD Energy Conservation Design Guidelines


FMD Utilities Master Plan - Main Campus Fire Protection/Domestic Water Supply System (February 12, 1998)


FMD Master Plan - Restoration of Chilled Water System, July 1995 


FMD Utilities Master Plan - Restoration of Steam Distribution System (currently being developed)


GMI 1710.3D - Trailer Fire Protection and Safety, December 6, 1990


MICA National Commercial & Insulation Standards


NFPA 11 - Low-Expansion Foam


NFPA 11A - Medium- and High-Expansion Foam Systems


NFPA 12 - Carbon Dioxide Extinguishing Systems


NFPA 13 - Installation of Sprinkler Systems


NFPA 13D - Installation of Sprinkler Systems in One- and Two-Family Dwellings & Manufactured Homes


NFPA 13E - Fire Department Operations in Properties Protected by Sprinkler and Standpipe Systems


NFPA 13R - Installation of Sprinkler Systems in Residential Occupancies Up to and Including Four Stories in Height


NFPA 14 - Installation of Standpipe and Hose Systems


NFPA 14A - Inspection, Testing, and Maintenance of Standpipe and Hose Systems


NFPA 15 - Water Spray fixed Systems for Fire Protection


NFPA 16 - Deluge Foam-Water Sprinkler Spray Systems


NFPA 17 - Dry Chemical Extinguishing Systems


NFPA 17A - Wet Chemical Extinguishing Systems


NFPA 20 - Installation of Centrifugal Fire Pumps


NFPA 24 - Private Fire Service Mains and Their Appurtenances


NFPA 25 - Water-Based Extinguishing Systems


NFPA 54 - National Fuel Gas Code


NFPA 70 - National Electric Code


NFPA 90A - Installation of Air Conditioning and Ventilating Systems


NFPA 90B - Installation of Warm Air Heating and Air Conditioning Systems


NFPA 92A - Smoke Control Systems


NFPA 92B - Smoke Control Systems in Atria, Covered Malls, and Large Areas


NFPA 204M - Smoke and Heat Venting


NFPA 409 - Aircraft Hangers


NASA-STD-8719.11, Safety Standard for Fire Protection


NPR 8715.3 NASA Safety Manual


Operating and Maintenance Manuals for Central Power Plants, (6 volumes: B24 Boiler Plant (2   vol.), B24 Chiller Plant, B24C Diesel Plant, B31 Chiller Plant, and B 31 Diesel Plant)


International Plumbing Code


SMACNA HVAC Duct Construction Standard, Metal and Flexible


TM 5-810-4 Army Technical Manual - Mechanical Design; Compressed Air, on CCB disks


TM 5-810-6 Army Technical Manual - Non-Industrial Gas Systems, on CCB disks


WSSC Plumbing and Gas Fitting Regulations


89GRJZ - Specifications and Point Lists for Modifications to Utility Control System

10. ENERGY MANAGEMENT CRITERIA

10.1. ENERGY MANAGER


The Energy Manager (Barry Green) position in FMD is somewhat unique in that this person is the Division’s primary contact with NASA Headquarters Code JE for reporting GSFC energy consumption data as well as participating on NASA’s Energy Management Working Group.

The Energy Manager responsibilities include:

· Serving as chairperson of GSFC Energy Management Committee,

· Helping to develop and review energy conservation projects,

· Advocating for funding for energy saving projects,

· Tracking energy consumption at GSFC,

· Evaluating energy conservation products, and

· Educating GSFC employees concerning energy conservation.


The Energy Manager is also the primary contact for the U.S. Environmental Protection Agency's Green Lights program.  This program focuses on the installation of energy efficient lighting products.

10.2. ENERGY MANAGEMENT COMMITTEE

The Energy Management Committee is chaired by the Energy Manager, and includes representatives from C,O, & M Branch, and the Architectural, Mechanical, and Electrical disciplines.  The committee provides coordination and guidance to the Division regarding initiatives to conserve both energy and water in accordance with Executive Orders and other Federal requirements. The committee’s other goal is to reduce utility cost, so funds can be directed to programs and infrastructure.  It supports education and awareness of architects and engineers within the Division on related matters, review of the SRD and other documents to include requirements and standards related to energy and water consumption.  It also supports education and awareness of the GSFC community via support activities such as Energy Awareness Month and Earth Day.  It develops projects to modify existing facilities to reduce energy consumption, which are implemented through ESPC/ESA contracts or through CF and CoF processes.

10.3. FMD ENERGY CONSERVATION DESIGN GUIDELINES


The "FMD Energy Conservation Design Guidelines" were developed based on the Code of Federal Regulation (CFR) - 10 CFR Part 435 titled "Energy Conservation Voluntary Performance Standards for New Buildings; Mandatory for Federal Buildings".  This part of the CFR was recently superseded by a slightly revised version, “Energy Code For New Federal Commercial and Multi-Family High Rise Residential Buildings” (10 CFR 434).  The general description of the CFR in the Guidelines is still valid for the new standard, although some of the detailed requirements have changed. The purpose of the guideline is two-fold.  First, it is mandatory that all new facilities meet the performance standards outlined in the CFR.  Second, it will assist in meeting energy reduction mandates established by the Energy Policy Act of 1992 and Executive Order 12902.  The Energy Policy Act of 1992 requires a reduction in energy consumption in Federal buildings of 10 percent per gross square foot (GSF) in 1995 (as compared to a 1985 energy baseline) and of 20 percent by the year 2000).  In addition, Executive Order 13123 sets a goal of a 30 percent reduction by 2005 and a 35 percent reduction by 2010, again relative to 1985.


[Note: the 1989 version of ASHRAE 90.1 has been superseded by a 1999 version.  However, 10 CFR 434 is not based on the new ASHRAE standard, but still parallels the 1989 ASHRAE standard.  Until DOE decides whether to adopt the new standard or to issue a version of it as a new federal standard, 10 CFR 434 is still the mandatory requirement for Federal construction projects.  However, the 1999 version of ASHRAE 90.1 is required to be used as part of the LEED rating system for Sustainable Design (“Green Buildings”) being promoted by NASA and other agencies in pilot projects.  A copy of ASHRAE 90.1-1999 is available in the FMD Library.  ASHRAE 90.1-2001 is the same as the 1999 edition, but with various addenda incorporated.  Electronic (.pdf) copies of ASHRAE 90.1-2001, and of the User’s Guide for 90.1-2001 are available at P:\Mech Group\References\Documents]


A copy of the FMD Energy Conservation Design Guidelines is available from Sam Chuppetta (x6-8590).

For all projects with potential energy savings, the design shall include an estimate of the annual energy savings due to the modifications of the project, compared to the existing systems.  These estimates shall be forwarded to the FMD Energy Manager (Barry Green) for inclusion in his periodic reports on the GSFC energy conservation efforts.
10.4. ENERGY SAVINGS PERFORMANCE CONTRACTING (ESPC)/ENERGY SAVINGS AGREEMENT (ESA)

10.4.1. ESPC


Energy Savings Performance Contracting (ESPC) is an alternative method of financing energy efficiency improvement projects, where the contractor incurs the cost of implementing energy conservation measures (ECM's).  This includes performing the energy audit, the project design, purchasing and installing the equipment, and operating and maintaining the equipment over the duration of the contract.  Per the Energy Policy Act of 1992, agencies are allowed to enter into contract periods of up to 25 years.  After the contract period has expired, the Government retains all the energy efficient equipment and retains all the associated energy cost savings.


Some examples of ECMs include Interior/Exterior Lighting Retrofit (or Replacement), Lighting Control Improvements including Occupancy Sensors, LED Exit Signs, High Efficiency Motors, Variable Frequency Drives, Solar Window Treatments, and Renewable Energy Technologies.


The contractor receives payment of direct costs, profit, and financing through the energy cost savings that result from the implementation of an ECM.  With ESPC, the Government never pays more than what the utility bill would have been had no ESPC contract been awarded.


Goddard  selected two (2) Energy Services Companies (ESCO) for an ESPC contract - EMR and Lord & Company.  The contract award date was 5/20/98.  The solicitation resulted in a fixed price, indefinite quantity contract under Section 8(a) of the Small Business Act.  The period of performance is 5 years (for ordering) with a maximum dollar amount of $5.0 M (per contract awarded).  Individual delivery orders (DO) for ECMs will be issued. 


Please note that these ESPC contracts are no longer available for executing new projects as they expired on 5/20/03. Any ECM’s that need to be implemented will use the PEPCO ESA. See Paragraph 10.4.2 PEPCO ESA.

10.4.2. PEPCO ESA


The PEPCO ESA is also an alternative contract vehicle that enables the Government to implement ECMs at no initial cost.  Some examples of ECMs include Interior/Exterior Lighting Retrofit (or Replacement), Lighting Control Improvements including Occupancy Sensors, LED Exit Signs, High Efficiency Motors, Variable Frequency Drives, Solar Window Treatments, and Renewable Energy Technologies.  In addition, Water Conservation Projects can be implemented using the ESA contract vehicle.


The ESA is an attachment to the existing PEPCO/GSA Area Wide Public Utility Contract, which was signed on 4/19/00 and is valid for a 10-year term.  The ESA between GSFC and PEPCO was signed on 7/23/04 and will expire on the same day as the PEPCO/GSA Area Wide Contract.

Energy Conservation Projects (ECPs) are competitively bid and can be financed by the utility company.  Annual payments are based on the ECP energy cost savings.  The contract term shall not exceed 20 years or 80% of the estimated useful life of the ECP.  Simple paybacks should not exceed 10 years.  ESA payments can be made with either a separate invoice or as a line item on the utility bill.


The primary differences between an ESPC and a PEPCO ESA are as follows:

· The Government takes ownership of the new equipment following the construction phase of an ESA project.  With ESPC, the contractor owns the equipment until the end of the contract term.

· The PEPCO ESA does not guarantee the energy savings of an ECP project.

· Water conservation projects can be implemented under a PEPCO ESA


The steps for implementing an ESA are as follows:

A. Step 1 - Preliminary Survey: A Preliminary Survey Request Form must be submitted to PEPCO.  PEPCO will perform a preliminary survey of a facility or system specified by the Government to determine the potential energy savings and simple payback.  The preliminary survey is at no cost to the Government.


NOTE: Based on the results of the preliminary survey, if the Government wishes to proceed with an ECP, a PEPCO Authorization for Energy Management Service contract must be signed for each subsequent step.

B. Step 2 - Detailed Feasibility Study: If the Government wishes to proceed with an ECP, an Agreement for Detailed Feasibility Study, Schedule A, must be completed and included as an attachment to the contract.  Information included on Schedule A includes the Statement of Work, completion date, and a negotiated cost for the Detailed Feasibility Study.  Please note that the Government is required to allocate funding for the Detailed Feasibility Study, in the event that the EPM/CM project is not constructed.

C. Step 3 - Engineering and Design Order: If the Detailed Feasibility Study is acceptable, a contract for the Engineering and Design Order can be executed.  An Engineering and Design Order form, Schedule B, must be completed and included as an attachment to the contract.  Information included on Schedule B includes the Statement of Work, specifications, a negotiated cost for the Engineering and Design Order, and a design schedule.  As with Step 2, the Government is required to allocate funding for the Engineering and Design Order in the event that the project is not constructed.

D. Step 4 - Construction and Installation Order: If the Government elects to implement the ECP, a contract for the Construction and Installation Order can be executed.  A Construction and Installation Order form, Schedule C, must be completed and included as an attachment to the contract.  Information included on Schedule C includes the following: the Statement of Work, specifications, a project schedule, and a negotiated price for the Construction and Installation Phase.  If this step is implemented, the Government has the option to combine all payments from steps 2, 3 and 4 into one charge at project completion.

E. Step 5 - Operations and Maintenance, Training, and Emergency Response Order: This is a separately negotiated contract for O&M services.  The Government would pay a monthly fee for this service.  A Schedule D, Operations & Maintenance Training and Emergency Response Services Order, must be completed and included as an attachment to the PEPCO Authorization for Energy Management Service contract.

10.5. MANDATORY EQUIPMENT EFFICIENCIES FOR FEDERAL PROJECTS
Executive Order 13123, directs federal agencies to select ENERGY STAR labeled products or, for product groups where ENERGY STAR programs do not yet exist, "products that are in the upper 25 percent of energy efficiency as designated by FEMP."   This requirement applies to a wide range of mechanical and electrical equipment.  The Federal Energy Management Program (FEMP) issues a series of Product Energy Efficiency Recommendations that identify "recommended" efficiency levels for energy-using products—i.e., levels that meet the criteria of the Executive Order.  These recommendations are available on-line at the FEMP website.

10.6. ENERGY REFERENCES & ACRONYMS


10 CFR Part 434 - Energy Code for New Federal Commercial and Multi-Family High Rise Residential Buildings


ASHRAE/IES 90.1-1989, Energy Efficient Design of New Buildings Except New Low-Rise Residential Buildings


ASHRAE/IESNA 90.1-1999, Energy Efficient Design of New Buildings Except Low-Rise Residential Buildings


NPG 8570.1 Energy Efficiency and Water Conservation Technologies and Practices


Executive Order 13123 – Greening the Government Through Efficient Energy Management

ACRONYMS

	ESPC 

	Energy Savings Performance Contract

	ESA
	Energy Services Agreement

	ESCO
	Energy Services Company

	ECM
	Energy Conservation Measure

	ECP
	Energy Conservation Project

	FEMP
	Federal Energy Management Program


11. ELECTRICAL ENGINEERING CRITERIA

11.1. INTRODUCTION

This chapter contains electrical engineering design criteria for all CF and CoF projects at GSFC's Greenbelt Facility.  The electrical system includes the commercial power source, power generation, transmission, distribution, grounding and lightning protection, lighting, control, security, communications, and fire alarm.

11.2. GENERAL

11.2.1. Codes and Standards


The design and installation of electrical power systems shall comply with the current editions of the NEC (NFPA 70), NFPA 101, 29 CFR 1910, 29 CFR 1926, and NASA and GSFC (local) Master Specification Sections (SPECSINTACT).

11.2.2. Operation and Maintenance


The design of the electrical power and distribution systems shall consider the anticipated operation and maintenance requirements.  The engineer/designer shall coordinate Requirement Documents, Preliminary Engineering Reports (PER's), and project design reviews (for each submission) with the Construction, Operations and Maintenance (C, O &M) Branch (Code 227).

All electrical equipment shall be labeled on drawings and field tagged, in accordance with the GOMARS process.  Information on the GOMARS process, acronyms, and format is located at p:\techpol\srd\gomars\gomars.xls.

During the design phase, once the type and quantity of new equipment has been determined (generally this should be no later than the 60% milestone), the engineer shall contact Eugene Mszar (6-1082) via email (Eugene Mszar), who will assign new equipment numbers. The engineer shall give this information to the outside A-E designer (if applicable) and ensure that it is used to identify the equipment in the calculations, drawings and equipment schedules.   During construction, the engineer shall verify that the equipment submittals and O&M manuals include the GOMARS numbers.   The inspector shall check that equipment tags installed by the construction contractor use the same GOMARS numbers.  

11.2.3. Metric Units for Electrical

The metric units most commonly used in electrical designs are:

meter (m)

second (s)

candela (cd)

ampere (A)

coulomb (C)

volt (V)

farad (F)

henry (H)

ohm (ohm)

watt (W)

hertz (Hz)

lumen (lm)

lux (lx)

Rules for Electrical Engineering
The candela (cd) is the unit for luminous intensity and is already in common use, it replaces candle and candlepower.

The lux (lx) is the unit for luminance and replaces lumen per square foot and foot-candle.

Luminance is expressed in candela per square meter (cd/m sq) and replaces candela per square foot, footlambert and lambert.

Electrical Products

Recessed lighting fixtures shall be specified as Imperial size, soft converted, i.e. 610 mm x 610 mm, or 610 mm x 1219 mm.  The contractor is allowed to substitute hard metric lighting fixtures if they choose.  Final approval would be contingent upon project considerations.
Electrical Engineering Conversion Factors:

	Quantity
	From Inch-Pound Units
	To Metric Units
	Multiply By

	Power, radiant flux
	W
	W
	1 (same unit)

	Frequency
	Hz
	Hz
	1

	Electric current
	A
	A
	1

	Electric charge
	A• hr
	C
	3600

	Electric potential
	V
	v
	1

	Capacitance
	F
	F
	1

	Inductance
	H
	H
	1

	Resistance
	ohm
	ohm
	1

	Luminous intensity
	cd
	cd
	1

	Luminance
	lambert
	kcd/m sq
	3.183 01



	
	cd/ft sq

	cd/m sq
	10.763 9

	
	footlambert
	cd/m sq
	3.426 26

	Luminous flux
	lm
	lm
	1

	Illuminance
	footcandle
	lx
	10.763 9


11.3. ELECTRICAL DISTRIBUTION SYSTEM

11.3.1. Utility Power Source


Electrical service to the GSFC's Greenbelt Facility is provided by the Potomac Electric Power Company (PEPCO).  PEPCO provides three (3) 34.5 kilovolt (kV) feeders to Greenbelt that originates from their Lanham, Maryland substation.  Each feeder is served from a different switchgear bus at the Lanham substation.  The PEPCO feeder designations are 34026, 34027, and 34028.


Two (2) of the 34.5 kV feeders (34026 and 34027) from Lanham to the GSFC are run underground approximately one-third of the way and overhead the remaining distance to the Center.  The overhead feeders are run along separate "right of ways" for enhanced reliability.  The new third PEPCO feeder, 34028, is primarily an underground feeder.


Feeders 34026 and 34027 transition from overhead to underground at the southwest corner of the GSFC Main Campus.  These two feeders as well as feeder 34028 run underground in a ductbank (approximately 450 meters) along the west boundary of the Main Campus prior to turning east to the Central Substation.  Each feeder terminates at a 34.5 kV vacuum circuit breaker (VCB) upon entering the Central Substation.  Dual manholes are utilized to prevent a failure of one feeder from damaging the remaining feeders, thus avoiding a complete power outage to the Center (two of the feeders are routed through one manhole and the third is routed in the second manhole).


The three 34.5 kV feeders are tapped on the load side of the 34.5 kV VCBs at the Central Substation and are routed via an underground ductbank to the East Switchyard.  A dual manhole system is also used to enhance power reliability to the East Campus.


The calculated back-up impedance’s and fault currents to the incoming pothead location have been determined by PEPCO.  This information is provided as enclosure (to be inserted).  Also included are the relay settings for the 35 kV feeders at PEPCO's substation and at the customer pothead.

11.3.2. Electrical Substations


Power is distributed to the various buildings at the GSFC from two substations - the Central Substation and the East Switchyard.  The Central Substation serves all facilities west of Soil Conservation Service (SCS) Road.  The East Switchyard serves all facilities east of SCS Road including the remote sites -– Areas 100, 200, 300, and 400.


The Central Substation distributes power to the Main Campus via a 13.8 kV substation and a 4.16 kV substation.  The 4.16 kV substation primarily serves the Building 3/13/14 complex, which supports the majority of mission critical operations on the Main Campus.  The 13.8 kV substation serves the remaining 27 major buildings on the Main Campus.  The East Switchyard distributes power to all facilities on the East Campus via a 13.8 kV substation.


In order to maintain a balanced load on the three PEPCO feeders as well as enhance power system reliability, each substation consists of three (3) step down transformers that serve separate switchgear line-ups.  Tie circuit breakers interconnect the three switchgear line-ups and operate in a normally closed configuration.


Each substation transformer utilizes automatic Load tap changing (LTC) equipment on the transformer secondary to ensure adequate voltage regulation.

11.3.3. Building Power Distribution


Main Campus

Major buildings located on the west site are Buildings 1, 2, 3/13/14 complex, 4, 5, 6, 7/10/15/29 complex, 8, 11, 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 26, 28 and 30.


The 13.8 kV or 4.16 kV primary feeders are routed from the Central Substation to the various buildings via an underground power ductbank and manhole system.  The majority of buildings at GSFC are served by dual primary feeders and double-ended secondary unit substations, which transform the primary voltage to utilization voltages of 120/208 volts and/or 277/480 volts to serve various technical and utility loads.


The majority of major buildings on the Main Campus utilize both 277/480 volt and 120/208 volt double-ended load centers.  The 480-volt double-ended load center serves primarily utility and lighting loads and the 208-volt double-ended load center serves primarily technical loads and general purpose 120-volt loads.  The design of new buildings at GSFC shall incorporate this design criterion.


Double-ended secondary unit substations, to be referred to as double-ended load centers throughout this document, utilize a main-tie-main breaker configuration.  The GSFC standard is to operate the double-ended load center with the tie breaker open (see paragraph 11.4.5).


There are some exceptions to this distribution scheme.  Building 10 has one load center that is single-ended and Building 15 is also single-ended.  However, these load centers are fed from manually operated, dual feeder, selector switches for primary feeder redundancy.


East Campus

Major buildings located on the east site are Buildings 25, 27, 31, 32, and 33.


The 13.8 kV primary feeders are routed from the East Switchyard to Buildings 25 and 27 via an underground power ductbank and manhole system.  13.8 kV primary feeders are routed to Buildings 31, 32 and 33 via a utility tunnel, which also supports the chilled water, steam, domestic water and telecommunication systems.  With the exception of Building 27, each building is served by dual primary feeders and double-ended load centers, which transform the primary voltage to utilization voltages of 120/208 volts and/or 277/480 volts to serve various technical and utility loads.  Building 27 is currently a single ended facility.


The major buildings on the East Campus utilize both 277/480 volt and 120/208 volt double-ended load centers.  The 480 volt double-ended load center serves primarily utility and lighting loads and the 208 volt double-ended load center serves primarily technical loads and general purpose 120 volt loads.  The design of new buildings at GSFC shall incorporate this design criterion.


Double-ended load centers utilize a main-tie-main breaker configuration.  The GSFC standard is to operate the double-ended load center with the tie breaker open (see paragraph 11.4.5).  


Remote Sites

Electrical service to GSFC's remote sites is provided by an underground, direct buried, loop feed distribution system.  Areas 100/200 are served by feeder 54 and Areas 300/400 are served by feeder 80.  The feeders originate at the East Switchyard.  The two feeders terminate in an exterior switching station located at Area 200, thus completing the loop feed.  The loop feed distribution system enhances reliability to the remote areas by allowing for the isolation of failed cable/equipment and manually backfeeding the area(s) impacted by the failure.  The loop feed is operated in a normally open configuration.


One Line Diagrams

One line diagrams have been developed which show both the 13.8 kV and 4.16 kV electrical distribution systems.  The one line diagram for the 4.16 kV distribution system is shown on Drawing GF-SITE-90028; the one line diagram for the West Campus 13.8 kV distribution system is shown on Drawing GF-SITE-90036; and the one line diagram for the East Campus 13.8 kV distribution system is shown on Drawing GF-SITE-90074.

11.3.4. Emergency Power System


Emergency back-up power furnished by diesel engine generators currently support mission critical operations in Buildings 3, 13, 14, 25, and 32.  Select utility loads in Buildings 24 and 31, which are required to support these mission critical facilities, are also served from the emergency power system.  Goddard maintains and operates the emergency power plants -- the Main Campus plant located in Building 24C and the East Campus plant in Building 31. 

Individual permanent, stand-alone, diesel engine generator sets support select critical loads in Buildings 7, 10, and 16. 


Portable diesel engine generators are also utilized at Goddard to support specific critical operations in other buildings.  Portable emergency power is currently utilized at Buildings 1 and 9. 


Main Campus Emergency Power Plant, Building 24C

Building 24C houses three (3) – 500 kW, 4.16 kV diesel engine generators and five (5) – 1000 kW, 4.16 kV diesel engine generators as well as the associated generator switchgear and control cubicles.  The diesel engines operate using No. 2 fuel oil, which is stored in above ground storage tanks located adjacent to the north side of Building 24C.


The emergency power plant in Building 24C supports critical loads in the Building 3/13/14 complex.  It also supports select utility loads in Building 24 that provide chilled water and steam to the Building 3/13/14 complex.


East Campus Emergency Power Plant, Building 31

Building 31 houses five (5) - 1450 kW, 13.8 kV diesel engine generators and associated generator switchgear and control cubicles.  The diesel engines operate using No. 2 fuel oil which is stored in above ground storage tanks located adjacent to the west side of Building 31.

To accommodate growth of the emergency power system, the Building 31 addition has room for a sixth diesel engine generator and the generator switchgear is in place to support the unit.  The Building 31 addition was also designed for expansion that would allow for the addition of six future diesel engine generators.


The emergency power plant supports critical loads in Buildings 25 and 32.  It also supports select utility loads in Building 31 that provide chilled water to Building 32.


Modes of Operation

The emergency power plants normally operate in an automatic, stand-by mode.  The plants will automatically start in the event of either a total or partial utility failure, which are described below.  The plant was also designed to operate in parallel with the utility company during load curtailment.

Total Utility Failure - In the event of a partial utility outage, the diesel engine generators will automatically start, connect to the generator switchgear bus, and pick up the critical emergency loads.  Critical utility and technical loads will be placed back in service in a pre-determined, sequential order via the diesel system Programmable Logic controller (PLC).  When power is available to two of the three PEPCO feeders, the Building 31 emergency power system will atomically parallels with utility and transition back to the commercial source.  The Building 24C plant operates in a similar manner except that the system requires the plant operator to initiate the automatic paralleling and retransfer sequence.

Partial Utility Failure - In the event of a partial utility outage, i.e., when any two of the three PEPCO feeders are out-of-service, the diesel engine generators will automatically start, parallel with the remaining commercial feeder, pick-up the critical loads, and open the utility breaker which serves the emergency switchgear.  All critical loads will be served via the emergency power plant.  All remaining loads at GSFC will continue to be served by the remaining commercial feeder.  When power is available to two of the three PEPCO feeders, the Building 31 emergency power system will automatically parallel with utility and transition back to the commercial source.  The Building 24C plant will automatically parallel and retransfer to the commercial source when initiated by the plant operator.


Load Curtailment - Both diesel plants have the ability to operate in parallel with the utility company in order to curtail utility loads.  Load curtailment is initiated via a key switch.  The diesel engine generators will start and parallel with the commercial source.  The diesel system will operate in parallel with the commercial source until the plant is manually switched back to the normal stand-by mode.  This mode of operation can be used when participating in a utility company’s load curtailment program.

Load Test – Load test enables the diesel plant to serve all critical loads when commercial power is available, i.e., two or three commercial feeders are supporting Goddard.  Load test mode is initiated via a key switch.  The diesel engine generators will start, parallel with the commercial source, pick-up the critical loads, and open the utility breaker which serves the emergency switchgear.  All critical loads will be served via the emergency power plant.  This mode of operation can be used by the Power Plant to exercise the diesel system, to shed load as part of an energy conservation plan, to isolate critical loads in the event of a severe weather event, or to reduce load as part of a utility company’s load curtailment program.  

11.4. POWER SYSTEM CONSTRUCTION


The electrical distribution system at GSFC (Greenbelt) is underground construction which consists of electrical cables installed in concrete encased ducts, direct buried in duct, or directly buried in the earth.  All of the medium voltage feeders at the Center that serve the major buildings utilize concrete encased ductbanks.  The only exception is the 15 kV feeders from the East Switchyard to Buildings 31, 32 and 33, which are installed in cable tray in the utility tunnel.


The 15 kV feeder that extends from the East Switchyard to Areas 100/200 is a direct buried cable.  A 3-conductor cable with interlocked armor cable and PVC outer jacket is utilized and is buried approximately 1524 mm to 1830 mm in the earth.  Cable warning tape was installed approximately 305 mm above the cable.  This same cable and installation procedure was used to complete the loop feed from Area 400 to Area 200.


The 15 kV feeder that extends from the East Switchyard to Areas 300/400 is also a direct buried cable.  Three individual 15 kV cables are utilized and are buried approximately 914 mm in the earth.  Where the cables are installed in fields utilized by the Beltsville Agricultural Research Center, the cables are buried approximately 1524 mm below grade.  The cables are spaced approximately 178 mm apart (horizontally) and are installed in sand (minimum of 152 mm above and below the cable) to protect the cable.  Cable warning tape was installed approximately 305 mm above the cable.

11.4.1. Direct Burial Cable


Direct burial cable shall be installed in sand or selected graded fill free of stones or other debris, at a depth providing protection against normal shallow excavations, but not less than 610 mm.  The route of direct burial cable shall be identified at grade level by cable markers at each change of direction and at frequent intervals in straight runs. Cable warning tape shall be installed.

11.4.2. Power Ductbanks


Existing ductbanks at GSFC are approximately 30 to 35 years old.  Ductbanks are concrete encased, are not reinforced, and utilize 101 mm diameter Orangeburg ducts.  This was the standard ductbank configuration used for installing 5 kV and 15 kV primary distribution feeders.  


Recent projects that replaced existing primary distribution feeders found that many of the "spare" ducts were collapsed.  The Orangeburg ducts were found to be deteriorated following years of being immersed in water.  In many cases, new ductbanks had to be constructed in order to install new feeders.  A site plan drawing (see drawing GX-SITE-96004) is available which shows the power and communication ductbank layout for the Center.  Also shown on this drawing is the power/communication manhole layout.


New ductbank construction shall consist of thinwall PVC (or Schedule 40 PVC) pipe that is concrete encased, and reinforced with re-bar to prevent shearing.  The re-bar size typically used is #4 and the spacing for re-bar is 305 mm separation adjusted with 76 mm from the edge of the concrete and 457 mm between stirrups depending on the application.  The diameter of the duct will vary depending on the application; however, a 127 mm minimum duct shall be used for 5 kV or 15 kV feeder installations.  The quantity of ducts shall also vary depending on application with a 2-way ductbank being the minimum.  Duct spacing shall conform to the NEC, Appendix B.  A 4/0 bare copper ground wire shall be embedded in the ductbank and shall be grounded to a ground rod at each manhole.


The top of the ductbank shall be a minimum of 915 mm below grade.


All ductbanks shall drain to manholes with a minimum slope of 76 mm per 30 480 mm. Ducts shall be thoroughly cleaned prior to the installation of cable.  A spare capacity of 25 percent should be provided in all concrete encased ductbanks and in no circumstances should less than one spare duct be provided.


A ductbank profile, which shows coordination with all existing utility systems, shall be provided on the construction drawings.  Information on the existing utilities can be obtained from the underground utilities drawings as well as individual as-built drawings.


Excavation and backfill shall meet all Occupational Safety and Health Administration (OSHA) standards.  A standard drawing, GF-SITE-21112, has been developed for trenching for ductbank construction.


Note that Code 290, the Information Services Division, shall mark all existing utilities prior the start of any underground work.  Contact Fred Meader at extension 6-5572.

11.4.3. Power Manholes


New power manholes, as well as communication manholes, shall comply with NEC and OSHA requirements.  Manhole cover openings shall be 915 mm in diameter.  See detail (to be inserted) for a standard manhole detail.


Manholes shall be equipped with cable racks, pulling irons, sumps, and sump pumps as required. Where practical, manholes shall be continuously drained.  Ducts shall terminate in end bells and shall be no closer than 305 mm to the bottom or top of a vertical face.  Each manhole shall contain at least one ground rod located in one corner of the manhole.  Spacing of manholes in straight runs shall be not less than approximately 120 m and shall not exceed 180 m.  Spacing of manholes in curved runs shall not exceed 90 m.  The above distances may be modified to avoid conflicts with other utilities, or where necessary for connections to buildings or at road intersections.  Cables in manholes shall be provided with adequate slack or a loop to facilitate future reconfiguration or cable repair.  


Pre-cast concrete manholes may be considered and requires approval from the PM.


Due to the level of the water table in the local area, the majority of manholes are full of water.  Most of the existing manholes do not utilize sump pumps.  However, sump pumps are recommended for all new manholes and shall meet the following requirements:

· Where feasible, a dedicated circuit shall be provided for each manhole sump pump. The power source shall be from the nearest building's power distribution panel.

· The submersible pump shall utilize an industrial type motor and shall be sized based on the depth of the manhole as well as the projected volume of water to be pumped. 

· A float-switch, automatic level control mechanism shall be specified.

· A non-fusible safety disconnect switch in a National Electrical Manufacturers Association (NEMA) 4X enclosure, shall be mounted below the rim of the manhole in order to provide a local disconnecting means.

· The motor cable shall terminate either in the safety disconnect switch or in a NEMA 4X junction box mounted on the wall inside the manhole.  The preferred method would be to terminate the motor cable in the safety disconnect switch.

· The sump pump shall discharge into the stormwater system.  The sump pump piping shall include a check valve to avoid water backfeed into the manhole.

Sump pumps will be installed in existing manholes as part of a phased, multi-year program.

11.4.4. Medium Voltage Cables (5 kV, 15 kV, and 35 kV)


Single conductor medium voltage cable installed in conduit or underground ductbank shall be 350 kcmil, ethylene propylene rubber (EPR), shielded power cables with 133 percent insulation level.


Multiple conductor medium voltage cable for use in cable tray shall be 3 conductor, 350 kcmil, EPR, shielded power cables with 133 percent insulation level.  Cable shall have interlocked armor cable (IAC) with a flame-retardant PVC jacket over the armor.


Cable splices and terminations shall be made, in strict accordance with manufacturer's instructions, by cable splicers with a minimum of 5 years experience.  Cable splices and terminations shall be field fabricated from kits and shall include built-up or prefabricated cold shrink type.  Each length of cable having a continuous shield shall have the shield grounded at all splice and termination locations. 

11.4.5. Secondary Unit Substations


Secondary unit substations referred to herein as double-ended load centers, are utilized in the majority of facilities at GSFC.  Double-ended load centers are basically two single-end load centers (primary switch (5 kV or 15 kV), step-down transformer (5 kV or 15 kV primary to 120/208 or 277/480 volt secondary), main secondary circuit breaker, and distribution section), which are interconnected with a tie circuit breaker between the two distribution sections.


All double-ended load centers furnished shall meet the requirements of GSFC local specification Section 16366, Secondary Unit Substation, and Section 16286, Overcurrent Protective Devices.


In most cases at GSFC, double-ended load centers operate with the main breakers closed and the tie circuit breaker open.  Also, most buildings are served by multiple double-ended load centers with utilization voltages of both 208 and 480 volts.


Short circuit calculations shall be based on a closed tie configuration when the main breakers and the tie breaker are closed simultaneously.  This condition will occur during closed transition transfers (make-before-break) when the double-ended load center is momentarily operating in parallel.


Standard Load center Designations
Load centers shall be identified with a GOMARS number.  Since double-ended load centers consist of two single-ended load centers that are interconnected with a tie circuit breaker, each half of a double-ended load center will have its own GOMARS number.

Load centers shall be identified with the GOMARS acronym “LCR”.  A sample load center GOMARS number is 025-LCR003, where 025 is the building number, LCR is the load center acronym, and 003 is the load center equipment number.

In addition to the GOMARS number, a load center designation number shall be provided.  Each half of a double-ended load center will have its own designation number.  A sample designation number is LC-55-25-3, where

· LC designates Load center,

· the first number (55) identifies the primary feeder which serves the loadcenter (Note that the primary feeder number can also be alphanumeric, i.e., feeder B7, which is a 5 kV feeder from the Central Substation.  Only the 5 kV feeders are identified alphanumerically);

· the second number (25) identifies the building; and 

· the third number (3) identifies the individual loadcenter equipment number.  Note that the loadcenter equipment numbers for both the GOMARS and loadcenter designation are the same.

Design drawings and one-line diagrams shall include both the GOMARS number and the loadcenter designation number.


Operation

A standard secondary unit substation control diagram (see drawing GX-STD-92037) has been developed for double-ended loadcenters.  This drawing also provides a description of the transfer scheme in both the manual and automatic modes of operation.


Each side of the double-ended loadcenter is served from a different power source (primary feeder).  Under normal conditions (automatic mode of operation), both secondary main circuit breakers will be closed with the tie breaker in the open position.  If a power disturbance or interruption should occur to one power source, i.e. loss of voltage, low voltage, single phasing, etc., the loadcenter would automatically transfer to the other power source by opening the main breaker (for the failed feeder) and closing the tie circuit breaker.  When power is restored, the load center reverts back to its normal configuration via a closed transition transfer, i.e., the secondary main breaker will close and the tie circuit breaker will open.  This is referred to as “automatic transfer – automatic retransfer” operation.


An exception to this control scheme includes double-ended load centers in Buildings 3/13/14, 31, and 32 that are supported by the emergency power plants.  These load centers operate in an “automatic transfer – manual retransfer” mode.  Upon loss of commercial power, the load center automatically transfers to the diesel source (when diesel power is available).  However, upon restoration of commercial power, the HV Shop must manually restore the load center to its normal double-ended configuration.


Primary Switch

The 5 kV or 15 kV primary switches shall be manually and electrically operated.  The rear cover of the primary switch shall be bolted to the frame and shall be removable for installation and for inspection and maintenance.  Surge arrestors shall be installed on the load side of the primary switch.


Transformers

Transformers shall be of the ventilated, dry type design.  Transformer windings shall be copper.  Recommended maximum transformer ratings for use at GSFC shall be 1000 kVA for secondary voltages of 208 volts and 2000 kVA for secondary voltages of 480 volts.


Double-ended load center transformers shall be sized based on one transformer serving the entire load center, i.e., one main breaker open and the tie breaker closed.


In addition to the ambient air (AA) rating, transformers shall be forced air (FA) rated or shall have provisions to install cooling fans to attain a "future forced air (FFA)" rating.  The switchgear bus shall be sized based on the FA or FFA rating of the transformers.


Transformers shall use 220 degree C insulation and shall have a 115-degree C temperature rise above a 40 degree C ambient temperature.


K-rated transformers shall be specified based on the loads to be served by the electrical system.


Switchgear Assemblies (Distribution Section)

Double-ended load centers shall be of switchgear type construction conforming to IEEE C37.20.1. Draw out type power circuit breakers shall be used for the main circuit breakers, tie breaker, and distribution circuit breakers.  The minimum breaker frame size shall be 400 amperes.  Main and tie circuit breakers shall be electrically operated, and feeder breakers shall be manually operated.


Switchgear shall be furnished with a breaker lifting mechanism.  Either a portable transfer truck or a switchgear rail system shall be provided to lift/remove power circuit breakers.


Utility grade solid state (or electromechanical) relays and devices are acceptable for load center use.  Programmable Logic Controller's are not acceptable.  Ground fault protection for distribution breakers shall be provided only when required to meet the NEC.


Power Monitoring System

A Square D Powerlogic Power Monitoring System is utilized at the Goddard Space Flight Center.  Powerlogic meters have been installed on the 35 kV VCBs, all 5 kV and 15 kV circuit breakers (main breakers, feeder beakers, and tie breakers) at the Central Substation and East Switchyard, the generator switchgear at Buildings 24C and 31, and the secondary main circuit breakers for each building's load center.


Projects that install or replace double-ended load centers shall utilize the Square D Powerlogic meter (Model number 3350 with display module) and all required accessories.  Where load centers containing Square D Powerlogic meters are replaced, meters shall be removed from the switchgear and turned over to the government.  Coordinate with the Power Monitoring Project Manager, Todd Sanders (6-9199) for additional information.

11.4.6. Safety Switches

Enclosed safety switches shall be of the heavy duty type for use as a disconnecting means for electrical equipment which is located not in sight of its primary disconnecting means, i.e., panelboard, motor controller, etc.  Generally, safety switches shall be non-fused and capable of being locked in the off position.  The type of enclosure shall be specified for the particular condition encountered, i.e., NEMA 1 for indoor use, NEMA 3R or NEMA 4X for damp/wet locations, etc. Fused safety switches shall be used where applicable.

11.4.7. Transfer Switches

Transfer switches may be required for automatically switching from a preferred power source to an alternate power source.  Switches shall be electrically operated, mechanically held, with operating power taken from the source to which transfer will be made.  Bypass isolation type switches shall be used where additional reliability is required and conditions warrant.

Transfer switches shall be provided in accordance with specification section 16435.

Static transfer switches shall be considered when a “no break” transfer is a requirement for critical loads.

11.4.8. Panelboards


Panelboards shall be of the bolt-on type, copper bus, and with door-in-door construction. Circuit breaker types that are used on multi-pole circuits must be common trip breakers. Spare circuits (equaling 20 percent spare capacity) shall be provided in each panelboard.  Fault currents at the panelboard shall not exceed the interrupting capacity of the circuit breakers.  A main circuit breaker or shunt trip main circuit breaker shall be provided when specified.


Power for technical equipment shall be kept separate from utility power requirements.  Panelboards serving technical loads shall be equipped with a 200 percent neutral bus.  Technical panelboards shall not serve general purpose receptacles or non-technical loads.

Panelboards shall be provided in accordance with specification section 16446.


The format for panelboard designations, both interior and exterior, is described in the GOMARS spreadsheet under the “PB FORMAT” tab.

11.4.9. Motor Controllers

Motors shall be provided with either an across-the-line type or current limiting motor controller, as appropriate.  Motor controllers and disconnects shall be installed in accordance with the NEC.

Controllers shall be equipped with HOA switches, red and green pilot lights, and separate control power transformers.  Short circuit / ground fault protection shall be provided via a thermal magnetic circuit breaker.

Motor Control Centers and freestanding motor starters, for equipment to be controlled by the UCS, shall have transformers as necessary to provide a control voltage of 120 V for use by the Metasys UCS system.  The control voltage shall not come from any other source, since this can create the impression that the control power is dead when in fact there is still live voltage, which creates a safety hazard.

Individual Motor Controller

In areas where few motors are required and when the motors are not interrelated, individual motor controllers shall be utilized.  (The term interrelated, as it is applied here, is defined as various motors which support a mechanical system or process.)  The combination motor disconnect/controller for each motor shall be either wall mounted or freestanding near its associated motor.  Disconnect devices shall be configured to be locked in the off position.

Motor Control Centers


Motor Control Centers (MCC's) shall be totally enclosed, dead front, free standing assemblies.  The main (horizontal) bus shall extend the entire length of the MCC and shall be either silver or tin plated copper.  The vertical bus shall be silver plated copper.

MCC’s should be used where a number of motors are required in an area or when several motors are an interrelated part of a single function.


MCC's shall be provided in accordance with specification section 16345.

11.4.10. Building Compressed Air Systems


For all building compressed air systems feeding building HVAC systems or mission critical processes, a fully redundant system shall be provided.  


The mechanical system shall include two complete compressed air stations, each with its own compressor, receiver, and dryer (see Section 9.6.7 for mechanical requirements).  Duplex compressor systems are not acceptable.


The electrical system shall provide a dedicated circuit to each compressor.  Power requirements shall be as follows:

· For buildings that utilize double-ended load centers, circuits shall originate from panelboards or MCC’s that are fed from feeder breakers on opposite sides of the tie-breaker.

· For buildings that utilize single-ended load centers, circuits shall originate from panelboards or MCC’s that are fed from different load center feeder breakers.

11.4.11. Conductors


Conductors No. 10 AWG and smaller shall be solid copper except where stranding is required for flexibility.  Conductors No. 8 AWG and larger shall be stranded.  Conductors shall not be less than No. 12 AWG, unless there is a special application.  Control wiring shall be No. 14 AWG stranded copper where indicated.  No aluminum wiring is allowed. Conductors installed in conduit shall be copper, 600-volt, type THHN or THWN insulation.


Conductor color-coding shall be as follows:


CONDUCTOR

120/208 V AC

277/480 V AC





COLOR


COLOR


Phase A

Black


Brown


Phase B

Red


Orange


Phase C

Blue


Yellow


Neutral


White


White


Equip. Grounds

Green


Green


Conductors up to and including AWG No. 10 shall be manufactured with colored insulating materials.  Conductors larger than AWG No. 10 shall have ends identified with colored plastic tape in outlet, pull, or junction boxes and where the conductors are terminated.  MC cable shall also maintain the color-coding specified above.


A ground wire is required in all conduits for all power/communication applications. 


Conductor sizes shall conform to NEC requirements for continuous current carrying capacity and for voltage drop.  In addition to voltage drop calculations meeting NEC requirements, designers must also ensure that the voltage applied to equipment is within its proper operating limits.


A maximum of three (3) single-phase circuits are permitted in a conduit.  A separate neutral shall be provided for single-phase circuits.  Sharing of a common neutral between single-phase circuits is not permitted.   Please note that for system furniture installations, branch circuit wiring shall match the furniture wiring configuration.

11.4.12. Conduit/Raceways


Minimum conduit size for use at GSFC is 20 mm.


Electrical metallic tubing (EMT) shall be used for normal indoor applications in lieu of rigid steel conduit except where it is installed in concrete or subject to severe physical damage.  Couplings and connectors for conduit 65 mm and smaller shall utilize compression fittings.


Rigid steel conduit shall be used outdoors or indoors (where conduit could be subjected to severe physical damage) in accordance with the NEC.

Rigid PVC conduit shall not be lighter than Schedule 40 except for use in concrete encased ductbank where thinwall PVC conduit is acceptable.

Flexible metal conduit may be used for light fixture whips, and for connections to electrical equipment subject to periodic removal or vibration, e.g., transformers, motors, etc.

Liquid‑tight flexible metal conduit in any length shall be used under raised floor areas in accordance with the NEC.  In areas where it is used to serve electrical equipment subject to periodic removal or vibration, the length shall not exceed 1830 mm. 

Flexible metal conduit, armored cable, MC cable, and type SO cable shall not be used under raised floor areas.


MC cable can be utilized for branch circuits where specified and when approved by the Project Manager.  MC cable shall not be run horizontally in concealed wall cavities.  MC cable shall not be supported from T-bar ceiling grids/supports.  MC cable can be used for fixture whips.

Underfloor duct systems are not recommended for use at GSFC.  This is due to the continual change in customer requirements that result in facility modifications.  Where underfloor ducts systems are required, separate independent channels for power, telephone, and other signal and communication systems shall be provided.

Surface metal raceways shall not be specified in new construction projects except when numerous receptacles for equipment or tools are required.  Areas where this may apply include laboratories and test areas.  Minimum raceway size shall be 700 wiremold.

Conduits and raceways shall be provided in accordance with specification section 16145.

11.4.13. Motor Efficiencies


Motors specified shall be 120 V, 208 V, 277 V, or 480 V, +/- ten percent.  Operation of 230 V motors on 208 V systems shall not be permitted.  Dual rated motors may be specified when suitable.  Motors shall be of adequate horsepower for the driven load under all conditions of operation.  Motors shall be sized to operate at full load.


Motors of Open Drip-Proof (ODP) or Totally Enclosed Fan-Cooled (TEFC) type, and with speeds of 1200, 1800, or 3600 rpm, shall have a minimum acceptable nominal full-load motor efficiency no less than that shown in the table below.   Motor types other than ODP and TEFC are exempted from these minimum efficiency requirements.  







   NOMINAL EFFICIENCY IN PERCENT 1 

	Motor Size
	Open Drip-Proof (ODP)
	Totally Enclosed Fan-Cooled (TEFC)

	HP
	kW
	1200 RPM
	1800 RPM
	3600 RPM
	1200 RPM
	1800 RPM
	3600 RPM

	1
	0.75
	82.5
	85.5
	77.0
	82.5
	85.5
	77.0

	1.5
	1.2
	86.5
	86.5
	84.0
	87.5
	86.5
	84.0

	2
	1.5
	87.5
	86.5
	85.5
	88.5
	86.5
	85.5

	3
	2.2
	88.5
	89.5
	85.5
	89.5
	89.5
	86.5

	5
	3.7
	89.5
	89.5
	86.5
	89.5
	89.5
	88.5

	7.5
	5.6
	90.2
	91.0
	88.5
	91.0
	91.7
	89.5

	10
	7.5
	91.7
	91.7
	89.5
	91.0
	91.7
	90.2

	15
	11
	91.7
	93.0
	90.2
	91.7
	92.4
	91.0

	20
	15
	92.4
	93.0
	91.0
	91.7
	93.0
	91.0

	25
	19
	93.0
	93.6
	91.7
	93.0
	93.6
	91.7

	30
	22
	93.6
	94.1
	91.7
	93.0
	93.6
	91.7

	40
	30
	94.1
	94.1
	92.4
	94.1
	94.1
	92.4

	50
	37
	94.1
	94.5
	93.0
	94.1
	94.5
	93.0

	60
	45
	94.5
	95.0
	93.6
	94.5
	95.0
	93.6

	75
	56
	94.5
	95.0
	93.6
	94.5
	95.4
	93.6

	100
	75
	95.0
	95.4
	93.6
	95.0
	95.4
	94.1

	125
	93
	95.4
	95.4
	94.1
	95.0
	95.4
	95.0

	150
	112
	95.4
	95.8
	94.1
	95.8
	95.8
	95.0

	200
	150
	95.4
	95.8
	95.0
	95.8
	96.2
	95.4

	250
	190
	95.4
	95.8
	95.0
	95.8
	96.2
	95.8

	300
	220
	95.4
	95.8
	95.4
	95.8
	96.2
	95.8

	350
	260
	94.5
	95.8
	95.4
	95.8
	96.2
	95.8

	400
	300
	95.8
	95.8
	95.8
	95.8
	96.2
	95.8

	450
	340
	96.2
	96.2
	95.8
	95.8
	96.2
	95.8

	500
	370
	96.2
	96.2
	94.8
	95.8
	96.2
	95.8



1  Nominal Efficiencies shown are the recommended efficiencies from the Federal Energy Management Program (FEMP) tables, which are the minimum efficiencies required to comply with Executive Order 13123.  Additional information can be found on-line at Motor Efficiency Recommendations.  Note that these required efficiencies are more stringent than those indicated in the Energy Policy Act of 1992, NASA SPECSINTACT Section 16405, and also meet or exceed the requirements in 10 CFR Part 434, and ASHRAE 90.1-99.


Standard efficiency motors shall be used for equipment designated for emergency use only, such as fire pumps, or fans that function only for smoke evacuation or pressurization.  Motor types other than ODP and TEFC are exempted from the above minimum efficiency requirements.  For other equipment high efficiency motors shall be specified, where available, and where applicable when evaluated on the basis of life cycle costs.


Note that energy efficient motors usually have higher inrush current than equivalent standard efficiency motors.  When high efficiency motors are used, verify that existing motor circuits and protective equipment are adequate to handle higher inrush currents.

11.4.14. Specialty Transformers

Specialty transformers shall be used to provide electrical service (120/240 volts, 120/208 volts, or 277/480 volts) to equipment when either the required voltage is not available or when electrical isolation is required.  Transformer insulation system shall be 220 degree C insulation and shall have an 80-degree C temperature rise above a 40 degree C ambient temperature.

The transformer, including the transformer sound level, shall be in accordance with specification section 16275. 

The transformer K-rating shall be specified based on the loads to be served by the electrical system.

11.4.15. Power Distribution Units (PDU)


FMD provides customer support for specifying and installing PDU’s.  The customer provides the funding required to purchase, design, install, and maintain the equipment.


PDU’s shall be used in computer rooms to provide power distribution, computer-grade grounding, isolation, and power monitoring.  The package design shall accommodate load expansion or relocation.  The complete system shall be UL and CSA listed.  The single unit package design shall contain a main input circuit breaker, secondary distribution panelboard(s), built-in metering, local alarm annunciation with communication via an RS-232 interface to a centralized monitor, an isolation transformer, and computer-grade grounding.


PDU's shall contain a main input circuit breaker for overcurrent protection and a means of disconnecting all power to the unit.  The main circuit breaker shall include a shunt trip mechanism to interface with unit controls, Emergency Power Off (EPO) push-buttons, and other remote controls.


PDU's shall contain a specified number of secondary panelboards for distribution to the intended loads.  Panelboards shall be provided in accordance with SRD paragraph 11.4.8.


PDU's shall contain a microprocessor-based system monitor panel for metering and digital display using true RMS metering.  Monitored parameters shall include input and output voltages; output, neutral, and ground currents; output power; power factor; percent load; and frequency.  Annunciated alarm conditions shall include: output over-voltage and under-voltages; output overload; neutral and ground overcurrents; transformer overtemperature; frequency deviation; phase sequence error; and phase loss.


PDU's shall contain an electrostatically shielded, isolation transformer.  The transformer shall be a three phase, dry type, K-factor transformer conforming to NEMA ST20.  The primary winding shall be delta connected and the secondary winding shall be wye (4-wire) connected.  Voltage rating shall be either 480 – 208/120 volts or 208 – 208/120 volts, as required.  Transformer windings shall be copper. 


The shielded isolation transformer provides for a computer-grade, single point ground in accordance with computer manufacturer’s recommendations, Federal Information Processing Standards Publication 94 (FIPS PUB 94), and the requirements of the NEC.  The transformer output neutral shall be solidly grounded in accordance with NEC, Article 250-30.


PDU's shall contain a local EPO switch which, when activated, shall immediately shut down the unit by activating the shunt trip of the main input circuit breaker.  As part of the EPO circuit, an interface shall be provided to connect one or more normally-open or normally-closed remote EPO switches to the EPO circuit.  The EPO circuits within computer or ADP areas shall utilize maintained contact pushbuttons with clear lexan covers located adjacent to each computer room exit.  The EPO system shall be coordinated to shut down all HVAC equipment in the affected areas.


11.4.16.

Uninterruptible Power Supply (UPS) Systems


FMD provides customer support for specifying, designing, installing, and maintaining new UPS systems.  The customer has the option to either provide the funding required to design and install the UPS system or to compete the UPS system with other projects in Goddard’s CF program.  Following the installation of the UPS system, FMD is responsible for operation and maintenance of the UPS.


GSFC typically employs stand alone, non-redundant, dual conversion UPS systems rated from 50 kVA to 500 kVA.  Some large, critical applications utilize multi-module, parallel redundant UPS systems. 


New UPS systems shall be 3-phase units.  The input voltage to the UPS shall typically be 277/480 volts.  An input voltage of 120/208 volts can be utilized where 277/480 volt power is not available.  The output of the UPS shall be 120/208 volts or 277/480 volts, depending on the customer’s technical load distribution requirements.


An input filter shall be provided to reduce input current distortion to less than 5 percent Total Harmonic Distortion (THD) at full load.


UPS systems shall contain a microprocessor-based control panel for remote monitoring and control.  The panel shall include built-in electronic metering and local alarm annunciation.  The alarm annunciation shall provide communication via an RS-232 interface to a centralized monitor.  Remote monitoring and annunciation panels shall be located within the effected areas.


Most UPS systems are designed to provide 15 to 30 minutes of uninterrupted operating time at rated capacity.  However, the battery system operating time shall be based on the customer’s need and application.  Vented (flooded) lead acid storage batteries are preferred, however, valve regulated lead acid (VRLA) batteries may be used if conditions warrant (computer room application).  Multiple string battery plants are recommended when VRLA batteries are used for enhanced maintainability and reliability.  Multiple string battery line-ups facilitate maintenance by enabling one string to support the critical load while performing preventive maintenance on the second string.


The UPS system provides the customer with:

· power conditioning and voltage sag/surge ride-through;

· an opportunity to perform an orderly shutdown of computer systems which protects expensive computer hardware and software as well as data integrity;

· time to make critical decisions; and

· the option to load shed less critical loads in order to extend the battery operating time.


If diesel power is available, the UPS system provides “no-break” power to mission critical loads from the time that commercial power is lost until the generators are on-line.


The UPS system design shall include a static by-pass source to maintain power to the critical load should a failure occur to the UPS equipment.

The UPS input and by-pass shall be fed from separate circuits. 


UPS system designs shall include a separate, external wrap around maintenance by-pass switch to completely isolate the UPS system during maintenance or repair operations.  The transfer to the maintenance by‑pass configuration shall be executed without interrupting power to the critical load (make-before-break operation).


Receptacles served by UPS systems shall be color-coded red.  This will help ensure that only essential mission critical loads are connected to the UPS system.

11.4.17. Variable Frequency Drives


Variable Frequency Drives (VFD’s) shall be used, where applicable, to control induction motors.  VFD’s offer both energy and energy cost savings that are significant when compared to mechanical-type adjustable devices.  VFD’s shall be provided in accordance with specification section 16261.


VFD’s shall include Hand/Off/Auto switches and a manual bypass switch to provide for operation of the fan or pump while isolating the inverter for service or repair.  VFD’s shall also include Local/Remote speed control where Local is manually adjusted and Remote is control from a 4 - 20 mA input signal. (If the control system is not DDC and a pneumatic signal is required, then the VFD should be specified to have both 20-100 kPa (3-15 psig) and 4-20 mA input capabilities).  The VFD design shall permit safety devices such as freezestats and smoke detectors to function in both the inverter and bypass mode of operation. 


VFD’s for equipment to be controlled by the UCS shall have transformers as necessary to provide a control voltage of 120 V for use by the Metasys UCS system.  The control voltage shall not come from any other source, since this can create the impression that the control power is dead when in fact there is still live voltage, which creates a safety hazard. 


Drawings for VFD’s shall indicate the minimum speed to be set, which must be greater than zero to avoid control problems; actual minimum speed applicable for a given fan or pump should be determined by the Mechanical Engineer based on the system and equipment characteristics, and shown on the electrical drawings to ensure that the VFD manufacturer’s set-up includes this adjustment.

11.5. INTERIOR LIGHTING SYSTEMS

11.5.17. Design Lighting Levels


Design illumination levels for indoor areas shall be as follows:


(Note: 1 lux = .093 footcandles)

	Task Area
	Design Illumination
	Acceptable Range

	Non-Working Areas

Corridors, Lobbies & Service Areas
	215 lux (20 FC)
	161-323 lux (15-30 FC)

	Circulation & Minimum Reading Areas
	323 lux (30 FC)
	259-388 lux (25-35 FC)

	Work Stations, Computer Rooms, General Office Areas 
	538 lux (50 FC)
	484-646 lux (45-60 FC)



When circumstances dictate that illumination levels exceed 538 lux, lighting for the individual task area, rather than the entire area, should be considered.

11.5.18. Lighting Conservation Measures


Installing energy efficient lighting systems is essential in order to reduce energy consumption at GSFC.  It is also a key element in meeting the Executive Order 13123 to reduce energy consumption 30 percent by the year 2005 and 35 percent by 2010, as compared to a 1985 baseline.


Lighting systems shall be designed to comply with CFR Part 434.

11.5.19. Energy Efficient Fixtures


Fluorescent Fixtures

All fluorescent fixtures shall contain an electronic ballast which will operate up to (4) 32 watt fluorescent lamps.  Fluorescent lamps shall be type F32T8 cool white with a 4100K color temperature.


Fox 2 X 2 light fixtures, F17T8 lamps shall be utilized.  U-tube lamps are not acceptable.


In areas where glare control is not a requirement, fixtures shall have standard clear prismatic acrylic lenses.  When glare control is a requirement, parabolic louvers shall be utilized.


Incandescent Fixtures

The use of standard incandescent lamps shall be limited to minor areas, as a standby source or for decorative or rough duty functions, since they are not a good choice due to their short life and poor efficacy (lumens per watt).


In those instances where an incandescent type fixture is desired, compact fluorescent should be considered since they provide a good color rendition and have a considerably higher efficacy. 


LED Exit Signs

Exit signs shall be of the Light Emitting Diode (LED) type with white housing, white stencil faceplate, and red letters.  The signs shall have knock-out chevron arrows. Where exit signs with battery backup are required, nickel-cadmium type batteries shall be provided.  The exit sign must have a push to test switch and be wired so that the unit is always on.  Specify the most energy efficient fixture available.  Signs must be UL listed under the 924 Standard, and meet the requirements of NEC and NFPA 101.  Exit signs shall be in accordance with GSFC Local specification Section 16536.


HID Lighting Fixtures

The use of High Intensity Discharge (HID) lighting should be limited to floodlighting, high bay, and roadway applications.   However, HID fixtures may be considered for indoor applications in those areas where efficacy and lowest lighting system operating costs are the primary factors affecting system choice.  Where color rendition is important, metal halide lamps should be utilized.  Other system considerations should be switching requirements, warm-up and restrike time and fixture ballast factor.

11.5.20. Emergency Lighting System


Emergency lighting requirements, as a minimum, shall adhere to the guidelines as specified by the NFPA 101, Section 5-9, and Article 700 of the NEC.  Provided below are basic guidelines regarding illumination.


Illumination

Emergency illumination shall be provided for a minimum period of 1-1/2 hours in the event of failure of normal lighting.  Emergency lighting facilities shall be arranged to provide initial illumination that is no less than an average of 10 lux and at a minimum at any point of 1 lux measured along the path of egress at floor level.  Illumination levels may decline to 6 lux and a minimum at any point of 0.6 lux at the end of the emergency lighting time duration.  Emergency illumination shall be provided for restrooms.  Emergency illumination for small office areas is not required provided that proper egress lighting exists in the corridor.


Power Supply

Where emergency light fixtures (battery powered) are utilized, they shall be dual head incandescent type mounted either on the battery pack enclosure or remotely mounted and wired to the battery pack.  Batteries shall be maintenance free lead acid or nickel-cadmium type.  Emergency lighting fixtures shall be in accordance with GSFC Local specification Section 16535.


Emergency lighting inverters or UPS systems are currently being utilized in Buildings 14, 32 and 33.

11.5.21. Lighting Control


Occupancy Sensors

The use of motion sensors should be evaluated and installed in all applicable offices, open office spaces, labs, restrooms, and hallways.  There are three technologies available - Passive Infrared, Ultrasonic, and Dual Technology.


Occupancy Sensors shall be provided in accordance with specification section 16145.


Rooms that utilize ceiling mounted occupancy sensors shall also be provided with a wall mounted toggle switch for manual lighting control.


Time Clocks

Time clocks can be used for the control of interior and exterior lighting systems, where applicable, and can be set to meet the hours of building/area occupancy, with a manual override for late hour or weekend usage.


Dimmers

Dimmers should be used only in special applications such as auditoriums, conference rooms, etc. Coordinate with the customer to determine and/or confirm the need for dimming control.


Dimmers controllers shall be equipped with a separate OFF switch.


Daylight Controls

Two types of daylight controls are available.  The first type is designed to turn off a fixture if the natural light levels are above a pre-determined level.  The second type uses the ballast to dim the fixture to meet the required light levels.  A Building Life Cycle Cost (BLCC) analysis shall be performed on a case by case basis to determine if daylight controls are cost effective.  The decision to use this type of lighting control should be coordinated with the FMD Energy Manager.


Dual Switching

Dual switching fluorescent light fixtures (inboard/outboard lamp switching) is not recommended for most applications at GSFC.  However, it could be considered in some lab spaces that require higher light levels for some applications.  Dual switching can provide the higher light levels when required and allows the users to reduce the light level (switching off either the inboard or outboard lamps) when not required.


Zone Control

When designing lighting control systems for large areas, consideration should be given to zone switching, i.e., fixtures controlled and grouped by areas.

11.6. EXTERIOR LIGHTING SYSTEMS


Street light and parking lot lighting shall utilize 250 watt high pressure sodium lamps.  Fixture type shall be Lithonia KVS1-250S-R5-480-RP09-DDB or approved equal.  Lighting control for street lights and parking lot lights shall be via a lighting contactor controlled by a photocell.  Individual fixture photocell control, although used for Buildings 32 and 33, shall not be utilized.


Poles shall be one piece, 9145 mm in length, round, tapered aluminum.  Color shall be dark bronze, Lithonia catalog number RTA-30-8E-DM__-DDB or approved equal.


All underground lighting circuits shall be installed in a direct buried, 50 mm PVC conduit.  A separate junction box shall be provided for each pole to allow for cable termination (circuit in, circuit out, and street/parking lot light fixture connection).  Junction box shall be 254 mm x 432 mm (inside dimensions) x 305 mm deep high strength PVC box with gasketed, bolt‑on, skid resistant cover (Quazite composite - "PC" style gasketed box or approved equal).


Installation shall be in accordance with Detail (to be inserted).

11.7. GROUNDING SYSTEMS


Building grounding systems shall meet the requirements of the National Electrical Code (NEC).  For specialized applications such as computer rooms, the FIPS PUB 94 shall be consulted.


For STDN facilities, STDN Spec 7 titled "GSFC Specification Grounding System Requirements" shall be consulted.


All building grounding systems shall be bonded at a single point in accordance with the NEC.

11.8. LIGHTNING PROTECTION SYSTEMS


Lightning protection systems for buildings and structures shall be designed and constructed in accordance with NFPA 780 and the NEC.


Buildings over 15 240 mm high, chimneys, towers, water tanks, and similar tall structures should be provided with lightning protection in accordance with the above standards.  The need for lightning protection is dependent upon the frequency of electrical storms and the height of the structure in relation to its surroundings.  The building power system ground and lightning protection ground shall be bonded together.

11.9. SMOKE, FIRE DETECTION, AND ALARM SYSTEMS


All fire alarms systems shall be designed in accordance with NFPA 13, 70, 72, 72E, 101 and 29 CFR 1910.165.  


Major buildings at GSFC utilize either a hardwired (non-multiplexed) Pyrotronics System 3 fire alarm system or a Pyrotronics MXL (addressable) fire alarm system.


Buildings 4, 11, 12, 22, 25, 25F, 26, 27, 28, 31, 32, 33, 76, 83,  90, Lot 7G, and Area 300 utilize a fully addressable, Pyrotronics MXL fire alarm system.  Fire alarm system modifications/alterations and additions in the above buildings shall be made by expanding the existing MXL system.  A design is in progress to install the MXL system for Area 200.


The remaining major buildings utilize a Pyrotronics System 3 fire alarm system.  New Pyrotronics MXL fire alarm control panels have been installed in these buildings to monitor the existing Pyrotronics System 3 FACP and interface with an Operator Work Station (OWS) in Building 24.  The Pyrotronics MXL system monitors the status of Form C relay contacts in the existing FACP and transmits the status of these points to the OWS.  The MXL system is capable of initiating an evacuation signal in each building through an output relay interfaced to the existing FACP.  Fire alarm system modifications/alterations and additions shall be made in these buildings by either expanding the MXL system or the Pyrotronics System 3.


All building fire alarm systems shall report any change of status to the Operator Workstation located in Building 24.  The Operator Workstation shall also have to ability to remotely evacuate the building.  


All components of the fire alarm system shall be UL listed or FM approved. The fire alarm systems may include, but not be limited to the following items:



Fire Alarm Control Panel



Manual Fire Alarm (Pull) Station



Water Flow Switches in the Sprinkler System



Tamper Switches on Sprinkler System Valves


Smoke Detectors - including ionization type, photoelectric type, duct detectors, beam detectors, and air sampling systems.


Heat Detectors - including fixed temperature, rate-of-rise, rate compensated, and line type detectors.


Flame Detectors - including Ultraviolet (UV) detectors, Infrared (IR) detectors, and UV/IR detectors.



Bells, Horns, and Strobes - compliant with the Uniform Federal Accessibility Standard.



Fire Pumps Signals - including loss of power, phase reversal, and pump running.



Signals from Special Extinguishing Systems


Annunciators - including a main annunciator at the main entrance to the building, and local annunciators as necessary.



Connection to the Operator Workstation located in Building 24.



Zone maps located adjacent to the main and local annunciator panels.


Zone maps shall be provided for each local annunciator panel.  Zone maps shall clearly identify the zone(s) that report to the local annunciator panel as well as the location of all initiating devices connected to the annunciator panel.  Zone maps shall consist of a detailed floor plan that includes all room numbers, fire alarm zones, fire alarm initiating devices and locations, and a “You Are Here” indication.  The initiating device identification number or address (Pyrotronics MXL system) shall also be included on the map.


A new (revised) zone map shall be provided when initiating devices are either added to or deleted from a zone, when an initiating device(s) is relocated, or when room partitions are added or modified.


Zone maps shall be mounted in a metal frame with a clear, Plexiglas cover, and shall be installed adjacent to each annunciator panel.  Zone maps shall be approved by the Government and shall be installed prior to acceptance (or reacceptance) testing.  Copies of zone maps shall be included in the Operation and Maintenance manuals.

The bell/strobe shall be the standard evacuation signal.  Horns shall only be used in high ambient noise areas and as a trouble signal on all panels.  Warning and Evacuation alarms are defined as follows:

Warning:  Warning is a continuous horn or buzzer that indicates the need for local investigation - used to provide warning of an urgent situation that has not yet become an emergency.  Examples are smoke detector activation in sprinklered facilities or toxic gas release warnings that are within non-hazardous concentrations.

Evacuation:  Evacuation is a march-time bell indicating the need to evacuate the building or geographical area - used to alert occupants to an imminent hazard that requires immediate evacuation and response of emergency personnel such as fire, dangerous levels of toxic gas, etc.

Fire alarm systems shall be in accordance with specification section 13851, Fire Alarm Systems (Low Voltage Non-Addressable Systems), and section 13852, Fire Alarm Systems (Addressable Systems).

11.10. SECURITY SYSTEM


Cardkey requirements for security systems shall be provided per the "Cardkey Access System Guidelines" dated 5/25/93.  The guidelines include a general overview of a typical installation, rough-in requirements, and standard details.  Contact Sam Chuppetta at 301-286-8590 to obtain a copy of this document.


Security requirements shall be coordinated through the Security Division, Code 240, (Jack Forsythe) 301-286-7233.

11.11. TELECOMMUNICATION SYSTEM

11.11.17.  Telephone Outlets


FMD's policy is to provide a telephone outlet box (100 mm square with plaster ring, 40 mm deep) on each wall (every 9.3 square meters of wall area), except on the door entry wall.  If the door entry wall width equals or exceeds the depth of the room, then a phone outlet box is required on this wall also.


Outlet boxes shall be mounted 457 mm AFF.  A 20 mm empty metallic conduit shall be provided from the outlet box to 152 mm above the ceiling.  A nylon pull wire shall be installed in the empty conduit.


The designer shall coordinate with Code 291/NASA Communications Branch, and the customer for special requirements.

11.11.18. Data/LAN Outlets


Locations of Data/LAN outlet boxes (100 mm square with plaster ring, 40 mm deep) shall be shall be coordinated with the customer.


Outlet boxes shall be mounted 457 mm AFF.  A 20 mm empty metallic conduit shall be provided from the outlet box to 152 mm above the ceiling.  A nylon pull wire shall be installed in the empty conduit.

11.11.19. Telecommunication/LAN Rooms


Requirements for telecommunication/LAN rooms or closets shall include dedicated circuit(s) (120 volts) obtained from the nearest panelboard, and an isolated ground.  Lighting shall be either incandescent or fluorescent with RFI filters.  For new, multi-story, construction projects, telecommunication/LAN rooms or closets shall be stacked with sleeved openings between floors to interconnect the various rooms/closets.  Coordinate the requirements for the telecommunication/LAN rooms, including the number and size of the sleeved openings, with Code 291/NASA Communications Branch.

11.12. COMPUTER ROOM DESIGN GUIDELINES

Computer rooms shall be designed in accordance with the following guidelines:

a. Computer rooms that support mission critical programs should be served via an Uninterruptible Power Supply (UPS) system.  UPS systems with a voltage rating of 480-volts are recommended.  UPS systems shall be provided in accordance with SRD paragraph 11.4.16.

b. Power Distribution Units (PDU’s) shall be used to distribute power in a computer room.  PDU’s shall be provided in accordance with SRD paragraph 11.4.15.  Wall mounted distribution panelboards are not recommended.

c. If the customer requires redundant power for their equipment, each source shall utilize a separate UPS system and PDU.  For enhanced reliability and maintainability, the UPS systems shall be fed from either separate loadcenters (if available) or from opposite sides of a double-ended loadcenters’ tie breaker.

d. Liquid-tight flexible metal conduit shall be used for branch circuits under raised floors.  If space is a consideration when terminating branch circuits in PDU’s and when approved by the PM, ½ inch liquid-tight conduit can be used.

e. Flexible metal conduit, armored cable, MC cable, and type SO cable shall not be used under raised floor areas.

f. Twist lock receptacles are recommended.

g. Receptacles installed under raised floors shall be tied to the floor stanchions a minimum of 6 inches above the finished floor.  Receptacles are not permitted to be installed directly on the finished floor.

h. Junction boxes that contain splices or terminal blocks shall be mounted a minimum of 6 inches above the finished floor.

i. Computer and HVAC loads required to be shut down in the event of an emergency shall be connected to a computer room Emergency Power Off (EPO) system via an EPO relay panel.  The EPO system design shall include the following:

· EPO pushbuttons shall be installed at each computer room exit.

· Either a single EPO pushbutton that shuts down both computer and associated HVAC loads or individual EPO pushbuttons (one for computer loads and one for HVAC loads) shall be provided.

· Provide a clear cover for the EPO pushbuttons, Carlon type E9U2CRN (double-gang clear plastic hinged cover) or approved equal.

· EPO relay panel design shall accommodate the installation of future computer and HVAC equipment (spare relay contacts).

j. Computer room grounding shall be in accordance with the Federal Information Processing Standards Publication 94 (FIPS PUB 94) and the requirements of the NEC.
11.13. SHORT CIRCUIT / PROTECTIVE DEVICE COORDINATION STUDIES AND ARC FLASH HAZARD ANALYSIS
A short circuit and protective device coordination study is required for projects involving the following:

· Construction of a new building

· Construction of a new building addition

· Replacing a buildings double-ended loadcenter

· Replacing or installing new transformers

· Upgrading a buildings electrical distribution system, e.g., panelboard replacements, MCC replacements, etc.

· As directed by the Project Manager

The scope of the short circuit and protective device coordination study (full or partial study) shall be defined by the Project Manager.

An arc flash hazard analysis shall be performed for all electrical equipment, e.g., double-ended loadcenters, panelboards, motor control centers, PDU’s, UPS systems, etc., in accordance with IEEE 1584.  The analysis shall determine the incident energy level, the flash protection boundary, and the hazard risk category.  The hazard risk category determines the type of personal protective equipment (PPE) that is required to work on or near energized equipment.  

All short circuit and protective device coordination studies shall include an arc flash hazard analysis.

To determine the arc flash hazard, the available short circuit current (3-phase bolted fault current) must be determined.  The existing short circuit current can be obtained either from an existing short circuit study (if available) or it can be calculated using a basic point-to-point short circuit calculation (infinite bus). 

New equipment shall be purchased with an arc flash hazard warning label.  Existing equipment shall be labeled as part of the project or preventive maintenance activity.  The arc flash warning label shall include the incident energy level, the flash protection boundary, the hazard risk category, and the date of the analysis.

Short circuit / protective device coordination studies and arc flash hazard analysis calculations shall be submitted to the Project Manager for review and approval.
11.14. ELECTRICAL REFERENCES & ACRONYMS


29 CFR 1910 - OSHA Occupational Safety and Health Standards


29 CFR 1926 - OSHA Safety and Health Regulations for Construction


FIPS PUB 94 - Guidelines on Electrical Power for ADP Installations


IEEE C37.20.1 - IEEE Standard for Metal Enclosed Low-Voltage Power Circuit Breaker 


 Switchgear


NFPA 70 - National Electrical Code


NFPA 101 - Life Safety Code


NFPA 780 - Lightning Protection Code

ACRONYMS

	kVA

	Kilovolt ampere

	KW
	Kilowatt

	KV
	Kilovolt

	LAN
	Local Area Network

	NEC
	National Electrical Code

	PDU
	Power Distribution Unit

	PLC
	Programmable Logic Controller

	RFI
	Radio Frequency Interference

	UPS
	Uninterruptible Power Supply

	V
	Volt

	VFD
	Variable Frequency Drive

	W
	Watt


12. ENVIRONMENTAL ENGINEERING CRITERIA

12.4. GENERAL DESIGN CONSIDERATIONS

12.4.17. Environmental Engineer


The 224.1/Section Head, Mark Daly, also serves as the Division's expert in environmental technical aspects. He can provide guidance to PM’s in this area on a case by case basis.


In general, FMD takes take the lead in obtaining environmental permits and approvals associated with specific construction projects.  Code 250 is the lead in environmental operations.


FMD Planners & Project Managers must take the initiative to determine environmental requirements on their projects by completing FMD-100 Environmental Checklist form.  Mr. Daly, as an Environmental Engineer is available for consultation, particularly in the project's early stages to determine environmental requirements.  

 Submissions by FMD 


All submissions of plans, reports, studies, etc. to environmental regulatory agencies shall be made by the Facilities Management Division's PM’s with appropriate coordination with the Planning Office and S&ED.  This includes in-house as well as contractor designed projects.  Some of the environmental regulatory agencies will accept plans, reports and calculations done using the SI system and some will not.  Furthermore, some of the required computer programs are not available in SI.  Therefore, the calculations contained in these documents shall be given in imperial units with the concluding values given in both imperial and SI units.  Some examples are: a stormwater management report would consist of calculations in imperial units with the concluding runoff discharge rates and pond surface elevations given in both systems; figures given on a sediment control plan such as trap sizes and volumes would be presented in both unit systems; figures contained in a NEPA Report shall be given in both systems.


It is important to make the design submission to the regulatory agencies as early as possible (60% plans), as the review and approval process is often lengthy and could potentially delay a project.
12.4.18. Safety and Environmental Checklist


A copy of the FMD-100 Environmental checklist is found in (p:\techpol\forms\FMD-100).  All CoF projects shall complete the form.  Any other projects that involve new construction or modification to existing facilities, equipment, or processes and for which any of the questions on the form apply, shall complete the form.  Any project which anticipates encountering asbestos, lead paint, PCB's or any other harmful substance should be coordinated with the Safety and Environmental Division, Code 250.   

12.5. NEPA COMPLIANCE

12.5.17. NEPA Requirements


The National Environmental Policy Act is implemented at NASA through the handbook NPR 8580.1.. All actions, or projects, should consider the procedures and requirements set forth in this document.  The NEPA requirements should be administered when the project is early in the planning phase.  One of three courses of action is pursued: 1) a REC (Record of Environmental Consideration) is produced which either designates the project as Categorically Excluded (Cat Ex) and/or declares that no significant environmental impacts will result, or 2) an Environmental Assessment (EA) is prepared, or 3) an Environmental Impact Statement (EIS) is prepared.  With a Cat Ex, considerations in making the determination are recorded and no further action is required.  An EA can conclude with a Finding of No Significant Impact (FONSI) or the need for an EIS to be prepared.  An EIS is required for projects that the EA determines will have a significant impact on the environment. 

12.5.18. Environmental Resources Document


The GSFC Environmental Resources Document can be used to help determine the correct NEPA course of action and also in preparing required reports.  It contains GSFC information such as natural resources present, waste management programs, and a description of the social and economic characteristics of the region.  

12.6. STORMWATER MANAGEMENT AND EROSION & SEDIMENT CONTROL

12.6.17. Regulatory Authority


Review and approval authority lies with the Maryland Department of the Environment (MDE)


All submissions to:




Maryland Department of the Environment




Water Management Administration




Non-point Source Program



1800 Washington Blvd., 

Baltimore Maryland 21230




Attn: Chief, Plan Review Division


A single approval is granted by MDE when the stormwater management plan/analysis and the erosion & sediment control plan is determined to be acceptable.  


Projects that will create a soil disturbance of 0.4 hectares (1Ac ) or greater are also required to get an NPDES (National Pollutant Discharge Elimination System) Permit for Construction Activity.  This permit is issued by MDE when the stormwater management and erosion & sediment control plan is approved and a Notice of Intent (NOI) form is submitted.  The FMD Environmental Engineer will submit the required documents to MDE for the NPDES Permit.

12.6.18. Stormwater Management (SWM) - Regulations under COMAR 26.17.02


The "Stormwater Management Guidelines for State and Federal Projects" by MDE contains information regarding what projects require approval, conditions for waivers, and a detailed description of what is required in a stormwater management submittal.  All projects that disturb over 450 m2 of land surface require approval.  The 2000 Stormwater Management Design Manual by MDE shall be followed for all designs.

12.6.19. Submission to MDE


The SWM submission to MDE shall consist of the relevant plan sheets and construction specifications, and the stormwater management analysis.  The plan sheets shall include the following:  title sheet, grading and drainage sheets, storm drain profiles, and any stormwater management detail sheets.  The stormwater management analysis will usually be in a report format except for small projects that do not alter the runoff characteristics (i.e. no change in land use/cover).


As stipulated in MDE Guidelines, all hydrologic analyses shall use the Soil Conservation Service (SCS) TR-55 methodology.  If flow attenuation routing is necessary, then TR-20 shall be used.


Stormwater management reports shall be developed using imperial units until such time as SCS hydrologic programs are developed using SI units.  SWM designs on the construction plans shall be in SI units with imperial units given in parentheses.  

12.6.20. Stormwater Management Master Plan


A Stormwater Management Master Plan has been developed for GSFC.  It is based on pre-1980 and post-1980 hydrology.  Stormwater quality management is required for all new projects which convert pervious (grass and forest) land cover to impervious (paving and rooftop), as well as some redevelopment areas.  Some areas drain to existing "regional ponds" which provide water quality enhancement for existing and future impervious areas, and therefore no additional water quality management is required.  However, new developments which do not drain to existing ponds must provide quality management with the project.  The stormwater quantity management analysis for new projects makes use of the pre and post 1980 hydrology.  All drainage areas (point of study at the GSFC property line) which maintain less than a 10% increase above the 1980 2-year peak discharge are not required to provide quantity control.  For any new projects in which the 10% threshold is breached for that drainage area, quantity management is required.  The FMD Environmental Engineer maintains a current land use database for GSFC, and a hydrologic model that depicts the various watersheds located on the Center.  As new areas are developed, the changes in land use curve number are made and updated storm runoff discharges are calculated.


Stormwater Management Design shall follow the 2000 Maryland Stormwater Design Manual.

12.6.21. Erosion and Sediment Control (ESC) - Regulations under COMAR 26.09.01


The "Erosion and Sediment Control Guidelines for State and Federal Projects" by MDE lists the information which is required in an erosion and sediment control submittal.  All projects that disturb over 450 m2 of soil or have an excavation quantity greater than 76 m3, require approval.


All ESC plans shall be designed in accordance with the "1994 Standards and Specifications for Soil Erosion and Sediment Control".  ESC plans shall be developed in SI units with imperial units given in parentheses.

12.6.22. Submission to MDE


The submittal shall consist of plan sheets which show proposed sediment controls and which contain the required sediment control details, notes, certifications, construction sequences, and stabilization specifications.  The MDE Guidelines contain a checklist of items of which the relevant items must be included.

12.6.23. Plan Development


In most cases, the sediment controls should be shown on a separate sediment control plan, for clarity.  Only on small projects where the grading sheet(s) has very little detail can the controls be shown on that sheet, to avoid clutter.


On smaller projects with little grading and only minor changes in drainage patterns from the existing to the final condition, a single-phase plan may be used.  This plan would show sediment controls as installed at the start of the project and that would function as designed throughout construction and for the final grading scheme.  On projects in which the final drainage patterns differ from existing, a two-phase plan is required.  The initial and final phase plans are based on the existing and proposed contours respectively.  For clarity, the two phases shall be shown on separate sheets.


An MDE required standard sediment control sheet is available for all projects in the CADD library.  The sheet contains all required notes, certifications etc, and also the basic sediment control details (silt fence, inlet protection, straw bale dike) which is sufficient for most smaller projects.  The larger sites need only to add additional details such as sediment traps, dikes, etc., which are also in the CADD library. 

12.6.24. Dewatering


All dewatering (pumping) from soil excavations should be done through a filter bag, in an effort to contain sediment.  This applies to dewatering by construction contractors and by Operations & Maintenance Personnel.
12.7.  FOREST CONSERVATION

12.7.17.  Regulatory Authority


Review and Approval Authority lies with the Maryland Department of Natural Resources (DNR)


All submissions to:




Maryland Department of Natural resources




Forestry Office




P.O. Box 116




W. Bowie, Maryland 20719




Attn: Regional Coordinator

12.7.18. Regulations under COMAR 08.19


All projects that have limits of disturbance encompassing more than 3600 m2 and involve any tree cutting at all must be submitted to the DNR Forestry Office for approval.  Field work, plans and calculations shall be done in accordance with the latest edition of "Forest Conservation Manual" by DNR, and shall be done in imperial units.


In general, only as much existing forest as is needed to construct the project should be cleared.  Even projects that don't require DNR approval should clear only those trees necessary to construct the project.


Any areas identified as conservation areas on the approved Forest Conservation Plan must be protected during and after construction.  Forest areas to be held in conservation as a requirement of the Regulations shall be coordinated with Code 250 and the FMD Planning Office.  A tree protection fence detail is in the CADD library.

12.7.19. Roadside Tree Regulations under COMAR 08.07.02


Any cutting or maintenance of trees that grow within the right-of-way of a public road (MD 193, Soil Conservation Rd., Good Luck Road, B-W Parkway, Beaverdam Rd., Springfield Rd.) shall first obtain a permit from the Department of Natural Resources, Forestry Office.  This includes: cutting, uprooting, planting, application of pesticides, etc.  There is an exemption from this requirement for any part of a tree that is in immediate danger of falling on utility lines or endangering the safety of a person.

12.7.20. Cutting of Specimen Trees


Specimen trees are trees that were planted and are growing at GSFC for landscaping purposes.  These are the individual trees growing on building lawns or in parking islands.  Cutting of specimen trees is to be avoided if possible, however when necessary, the removal of any of these trees for project purposes shall include planting of replacement trees.  


Replacement trees shall be carefully located so as not to interfere with future building or underground utility work.  Specifically, trees shall be located so there will be no underground utilities within the dripline of the tree at mature size.

12.8. WETLAND PERMIT / WATER QUALITY CERTIFICATION

12.8.17. Regulatory Authority


Permitting authority lies with the U.S. Army Corps of Engineers and the Maryland Department of the Environment


All initial submissions of the Joint Application to:




Maryland Department of the Environment




Regulatory Services Coordination Center




Washington Blvd., Baltimore Maryland 21230



12.8.18. Regulations


MDE authority under Sections 8-1201 through 8-1211 of the Natural Resources Article of the Annotated Code of Maryland; COE authority under Section 404 of the Clean Water Act; MDE authority under Section 401 of the Clean water Act and COMAR 26.08.02.


Projects which impact designated wetlands or their buffers require a Corps Wetland Permit and MDE authorization, and may require MDE certification of the Corps permit.


If there is the possibility that wetlands exist on the project site, a field identification/delineation shall be done.  The Federal Manual for Identifying and Delineating Jurisdictional Wetlands should be used in the determination.  All wetlands are surrounded by a state regulated 25 foot buffer.  In some rare cases, wetlands of special state concern are bordered by a 100-foot buffer.  If wetlands are identified, impacts to them and their buffer should be avoided if possible; if not, impacts should be minimized.  If the final site plan has impacts (filling, changing hydrology, etc.) a mitigation plan will likely be required.


Drawings and computations submitted with the Joint Application as well as mitigation plans shall be developed in imperial units.

12.9. AIR QUALITY PERMITTING

12.9.17. Regulatory Authority


Permitting Authority lies with the Maryland Department of the Environment


All submissions to:




Maryland Department of the Environment




Air and Radiation Management Administration




 Washington Blvd., Baltimore Maryland 21230
12.9.18. MDE Authority Under COMAR 26.11.01 - 26.11.24




Any projects which could alter the air emissions from GSFC as defined by COMAR 26.11.02 could be subject to "Permits to Construct".  The FMD-100 Environmental Checklist contains an environmental checklist that helps in determining if the project will affect air emissions.


GSFC is located in a designated serious non-attainment area for ozone and is determined to be a major source of Nitrogen Oxides.  As such, the state regulations put special requirements on GSFC when the installation of a new piece of NOx emitting equipment is proposed.  These requirements can take the form of limiting the annual operating hours or the energy input to the installation (equipment).  Installation of equipment which may emit significant amounts of Nitrogen Oxides or Volatile Organic Compounds (e.g. boiler, generator) may be subject to New Source Review (COMAR 26.11.17) and require the purchase of pollution credits and the installation of expensive air pollution control equipment.  Equipment which can potentially emit significant amounts of Toxic Air Pollutants will require air quality modeling as part of the permitting process.


Computations and drawings associated with applications for Permits to Construct, annual emission reports, quarterly fuel reports, and any emission testing reports shall be developed in imperial units.


Generators with engines 500 hp and greater must be permitted.  Emergency generators with engines less than 1000 hp are exempt from Permit to Construct requirements.  Boilers 1 Million Btu/hr and greater must be permitted.  Of these, boilers between 1 Million and 10 Million Btu/hr can get coverage under the “Small Fuel Burning Equipment” permit (effective upon submission of application and fee).  Boilers greater than 10 Million Btu/hr require and individual permit with a notice for public hearing.  This permitting process takes a minimum of 3 months.  Generators do not go through the public notice process which may save some time.

12.10. OIL TANK PERMITTING

12.10.17. Regulatory Authority


Permitting Authority lies with the Maryland Department of the Environment



All submissions to:




Maryland Department of the Environment





Waste Management Administration




 Washington Blvd., Baltimore Maryland 21230



Attn: Oil Control Program

12.10.18. Regulations


MDE Authority Under COMAR 26.10.01.12 for Aboveground Tanks, and Under COMAR 26.10.03.01 for Underground Tanks

12.10.19. Closure of Existing Underground Storage Tanks


MDE authority under COMAR 26.10.10.02


Notification of MDE is required along with the approved removal or filling in of UST's.

12.10.20. Criteria for Installation of New Tanks


MDE maintains a record of fuel storage tanks at GSFC, which gets revised as older tanks are removed and new ones installed.  When a new tank is proposed, the plans must be submitted to MDE for review and approval and the permit held by GSFC gets updated.


There are some design criteria for aboveground tanks which must be adhered to, such as: venting, secondary containment and pressure testing.  Underground tanks have more rigorous criteria such as: corrosion protection, leak detection, and spill & overfill protection.


Drawings and computations to be submitted to the MDE Oil Control Program shall be developed in SI units with imperial units shown in parentheses. 

12.11. ASBESTOS REMOVAL

12.11.17. Regulatory Authority


Regulatory authority lies with the Maryland Department of the Environment under COMAR Section 10.18.23.  Occupational Safety and Health Administration under 29 CFR 1910 and 29 CFR 1926.  Environmental Protection Agency under 40 CFR 61.

12.11.18. Coordination with Code 250.


Any work with asbestos including removal or encapsulation shall be coordinated with the code 250 Safety and Environmental Office.


Asbestos cannot be identified visually.  It must be tested before a work request for removal is written.  Code 250 should be called on 6-4613 to arrange for testing.  If a great deal of testing is required, for example as part of a building survey, then a contractor should be used rather than the Code 250 industrial hygienists.

If testing confirms the presence of asbestos and if it is friable and exposed in an occupied room then it is an Emergency Cleanup.  The On-Site Asbestos Removal Contractor or the FaCETS Contractor (Parsons have asbestos removal capability in their contract) should be directed to remove the asbestos within 48 hours. 

The credentials of the abatement contractor must be reviewed by Code 250 before commencing the work.


Code 250 should be contacted at 6-4613 before beginning any abatement work as they may be required to do air monitoring for the protection of GSFC personnel.  The contractor is only required to monitor for his own workers.


If any MDE compliance inspectors come on-site, they must be escorted by a code 250 representative.

12.8.3
GSFC Asbestos Abatement Requirements for Occupied Areas

In addition to adhering to all applicable state and federal regulations relative to asbestos abatement, including Class 1 through Class 4 work, contractors working in GSFC buildings where abatement will occur at, adjacent or near occupied areas shall:

· Submit an Asbestos Abatement Plan to the Safety and Environmental Office at least five (5) working days prior to commencing asbestos abatement for approval.  The following is a list of point of contacts (this list applies to all submissions/approvals/etc.):

· Primary: Lixa Rodriguez-Ramon x6-4613

· Secondary: Shawn Boesen x6-9959

· Alternate: Steve Paskal x6-6669

· Notify all building occupants at least three (3) days prior to commencing asbestos abatement.  Notification shall include dates and hours of abatement; what is to be abated; potential concerns; and point of contacts.

· When personal and/or area monitoring is not required by the contractor (i.e., when contractor submits a negative exposure assessment), GSFC requires the contractor to conduct area monitoring outside the perimeter of the work area, no more than twenty feet from the entry/exit points or decontamination entry/exit points.  The number of samples and locations shall be addressed on the Asbestos Abatement Plan for approval by the Safety and Environmental Office.  

· Post all monitoring results daily in a Central, designated location or outside the entrance of the Building.  Designated location shall be coordinated with both the Building Manager and the Facility Operations Manager.

· The contractor shall not remove any decontamination chamber, poly sheets, etc. before final clearance results have been reviewed and accepted by the Safety and Environmental Office (when working during normal working hours). 
· Where solvents are used for mastic removal, the work area shall be ventilated to the outside for the duration of the job and at least 24 hours after completion of the abatement. Ventilation shall be to the outdoors through means that prevent reentry of odorous air into the building and the space; therefore, ventilation shall remain at a negative pressure with respect to other occupied spaces. HEPA filters are not necessary once asbestos clearance is obtained.  

The contractor shall take all other reasonable actions to ensure that asbestos removal operations do not result in exposure of non-abatement personnel to elevated levels of fibrous dust, solvent vapors, or other abatement-related exposures.


When the abatement work is complete, 250 must be submitted the required paperwork regarding notifications to the state, air monitoring done by the contractor, waste manifests from the contractor, etc.  

12.12. NOISE CONTROL

12.12.17. On-Center Noise


NHS/IH 1845.4 Hearing Conservation Standard, gives the safety and health maximum noise levels that employees should be exposed to as well as the proper noise measurement techniques.  It also covers the responsibilities of facilities engineers and managers as follows:


1. Select building equipment with the lowest noise emissions, where feasible.


2. Notify environmental health personnel of noisy areas/operations.


3. Design and apply engineering controls necessary to reduce noise exposures to acceptable limits or to the maximum extent feasible.


4. Give necessary consideration to acoustics in the design and modification of buildings.


5. Provide copies of applicable engineering drawings and operational plans to environmental health personnel for review and assessment of the adequacy of precautions planned to limit noise emissions and control noise exposures.


6. Maintain noise producing equipment and controls to preclude noise increases.  Vibrations, worn gears, bad bearings, unbalanced fans, corroded mufflers, non-lubricated fittings, and vibrating pipes can all contribute to high noise levels.

12.12.18. Noise Conveyed Off-Center


Section 19-147.7 of the Prince Georges County Regulations exempts the Federal Government from the requirements under "Noise In a Residential Area".


State Regulations under COMAR 26.02.03 entitled "Control of Noise Pollution" does apply to the Federal Government.  The noise output from an industrial center such as GSFC should not exceed 70 dBa.  GSFC should not emit noise pollution that exceeds the following levels at the following zoned receiving areas.




Commercial
Residential



Day
   67dba
     65dba



Night
   62dba
     55dba


There are however, the following relevant exemptions from this rule: emergency warning systems, lawn care and snow removal equipment (daytime), blasting operations for construction/demolition, emergency operations, pile driving, and all construction and repair work on public property.

12.13. INDUSTRIAL WASTE WATER


Industrial wastewater or process water shall not be discharged to the storm sewer or surface waters without first obtaining a NPDES Industrial Discharge Permit.  In general, it will be discharged to the sanitary sewer but only if it meets the following WSSC discharge limit criteria:


Cadmium

1.3 mg/l


Chromium

7.0 mg/l


Copper


4.5 mg/l


Cyanide

1.3 mg/l


Lead


0.7 mg/l


Nickel


4.1 mg/l


Silver


1.2 mg/l


Zinc


4.2 mg/l


Total Toxic Organics
2.13 mg/l


Dissolved Solids
1500 mg/l


Suspended Solids
400 mg/l


Total Solids

1900 mg/l


BOD (5 day, 200C)
300 mg/l


COD


500 mg/l


Fats,Oil,Grease

100 mg/l


pH


6-10


Temperature

1500F


Additionally, the following are prohibited discharges to the sanitary sewer:


a.  Any liquids or vapors having a temperature greater than 1500F.


b.  Any liquids, solids, or gases that by reason of their nature or quantity are, or may be, either alone or by interaction with other substances, sufficient to cause fire or explosion or be deleterious in any other way to the Publicly Owned Treatment Works (POTW), its processes, or any components of the collection system.  At no time shall an Industrial Discharger discharge any substance which results in a reading of greater than 5% of the Lower Explosive Limit for that substance, whether at the point of discharge or at any point in the system.  Prohibited materials shall include but shall not be limited to gasoline, kerosene, naphtha, benzene, toluene, xylene, esters, alcohols, ketones, aldehydes, peroxides, chlorates, perchlorates, bromates, carbides, hydrides, sulfides, or any other substance that the WSSC, or the state or federal Environmental Protection Agency (EPA), deems to be a fire hazard or hazard to the system.


c.  Any liquid that has a flash point below 1000F.


d.  Any noxious or malodorous gases or substances that, either singly or by interaction with other wastes, are capable of creating a public nuisance, or a hazard to public health or the environment.


e.  Any liquids, solids or gases not amenable to treatment or reduction by the sewage treatment processes employed, or amenable to treatment only to such a degree that the wastewater treatment plant violates its NPDES permit.


f.  Any liquids, solids, or gases that singly or by interaction with other material, cause excessive coloration; including but not limited to dye waste, ink and vegetable based tanning solutions.


g.  Any garbage other than that which has been properly shredded.


h.  Any ashes, cinders, sand, mud, straw, shavings, metals, glass, bones, wood, plastics, stone dusts, rugs, or anything else that may obstruct the sewer.


i.  Any unusual volume of flow exceeding more than 5 times the average rate for any period of duration longer than 15 minutes.


j.  Any radioactive wastes or isotopes of such half-life or concentration to exceed limits established by applicable regulations.


k.  Any liquids, solids, or gases that viable pathogenic or parasitic organisms including but not limited to viruses, bacteria, algae, protozoa and amoebas that may pose a health hazard or interfere with the system operation.


l.  Any stormwater, surface water, ground water, roof runoff, subsurface drainage, atmospheric condensation drains, or other non-metered waters.


m.  Any substances that may solidify or become highly viscous at temperatures between 400F and 1500F or any wastes containing oil or grease of petroleum origin.


n.  Any water added for the purpose of diluting wastes that would otherwise exceed applicable concentration limits.


If a waste stream cannot meet all of the criteria then it may be necessary to include a pretreatment system which will bring the waste stream into compliance with the given limits.  Plans for pretreatment systems shall be approved by the WSSC.  Where vat dumping is employed or large quantities are discharged intermittently, the rate of discharge to the collection system and treatment plant shall be controlled by using holding tanks if necessary.  The minimum, average, and maximum quantities of industrial wastes shall be determined by the flow measurements and analysis of waste strengths and characteristics for existing facilities, and estimated for proposed installations.  Design and construction shall ensure that the proper pipe materials are used which are resistant to chemicals and that no leaks exist in the system.

12.14. SOLID WASTE


All solid waste at GSFC is collected and disposed of by contract off-site.  FMD contracts for the removal of non-hazardous waste while the S&ED contracts for the removal of hazardous waste from the Center.  Any questions as to whether a waste is hazardous or not should be directed to the S&ED (250).  Additionally much of the non-hazardous waste is collected by a recycling contractor.


Building 27A is the GSFC hazardous waste collection site.  Any modifications to this facility or construction of a similar facility should be coordinated with the S&ED to ensure compliance with Resource Conservation and Recovery Act (RCRA) and other requirements.

12.15. ENVIRONMENTAL REFERENCES & ACRONYMS


1994 Standards and Specifications for Soil Erosion and Sediment Control (12.3.5)


Code of Federal Regulations (12.8.1)


Erosion and Sediment Control Guidelines for State and Federal Projects (12.3.5)


Federal Manual for Identifying & Delineating Jurisdictional Wetlands (12.5.2)


Forest Conservation Manual (12.4.2)

NPG 8580.1, NASA Procedures and Guidelines for Implementing the National Environmental Policy   Act and Executive Order 12114  (12.2.1), 


Stormwater Management Guidelines for State and Federal Projects (12.3.2)

ACRONYMS

13. STANDARDS FOR SPECIFIC FACILITIES


(Not used at this time).

14. APPENDIX

14.4. REFERENCES


Code of Maryland Regulations - COMAR

HQ Code OJX Memorandums:

Delegation of Project Approval Authority for Routine Facilities Projects, dated May 5, 1999

FY1997 Construction of Facilities (CoF) Process Changes, dated October 9, 1996

Redelegation of Construction of Facilities (CoF) Minor Program Approval Authority/Facilities Engineering Division-Code OJX, dated October 20, 1995


14.4.17. NPD’s, NPG’s, NPR’s, STD’s, GPD’s, GPG’s

NASA Online Directory Information System (NODIS) & Goddard Directives Management System (GDMS)
The NODIS is the starting Internet location where all of the NASA Directives and Guidelines are stored.  Start at this location and follow the hyperlinks to arrive at the document needed.


NPD - NASA Policy Directives, which replace the NASA Management Instructions (NMI)

NPR – NASA Procedural Requirements, which replace the NASA Procedures and Guidelines (NPG’s).  NPG’s were converted to NPR’s on 12/05/03, however classification numbers were not changed.  Prior to that, most NPG’s had been NASA Handbooks (NHB’s) with the same classification numbers.  If you are looking for an NPG or NHB, please refer to the corresponding NPR.

Below is a summary listing of the relevant documents with regards to Facilities Management Division:


NPD 7120.4C Program/Project Management

NPR 7120.5B NASA Program and Project Management Processes and Requirements


NPD 7330.1G Approval Authority for Facilities Projects

NPD 8010.2D Use of the Metric System of Measurement in NASA Programs
NPD 8070.6B Technical Standards (http://nodis.gsfc.nasa.gov/library/displayDir.cfm?Internal_ID=N_PD_8070_006B_&page_name=main)
NPR 8530.1A Affirmative Procurement Program and Plan for Environmentally Preferable Products
NPR 8570.1 Energy Efficiency and Water Conservation 
NPR 8580.1 Implementing The National Environmental Policy Act and Executive Order 12114
NASA-STD 8719.7 Facility System Safety Guidebook

NPD 8720.1B NASA Reliability and Maintainability (R&M) Program Policy

NPD 8800.14C Policy for Real Property Management

NPR 8800.15A Real Estate Management Program Implementation Manual

NPD 8810.2 Master Planning for Real Property


NPD 8820.2A – Design and Construction of Facilities

NPR 8820.2E Facilities Project Implementation Guide

NPD 8820.3 Facility Sustainable Design
NPD 8831.1D Maintenance of Institutional and Program Facilities and Related Equipment


NPR 8831.2D Facilities Maintenance Management 

EO 13123 – Greening the Government Through Efficient Energy Management
Energy Policy Act of 1992 P.L. 102-486



Other documents of facilities interest listed in the Goddard Directives Management Systems (GDMS) are:
GMI 1152.9 – Facilities Utilization Review Board
GHB 1600.1A Security Manual  


200-PG-8715.1.1  Hot Work Permits
GPR 7320.1A Facilities System Safety
GPR 8710.3A  Certification and Recertification of Ground-Based Pressure Vessels and Pressurized Systems



GPR 8715.5 Fire Protection

GPR 8719.1Certification and Recertification of Lifting Devices and Equipment

GMI 7234.1B Facilities Utilization Program

GMI 7234.2 Facility Operations Managers
14.4.18. Facilities Budget Call Handbook


The Facilities Budget Call Handbook was developed and is maintained by the Planning Office.  The handbook is designed as a reference document to assist customers in developing projects for the annual Facilities Budget Call for both the Construction of Facilities (CoF) and Center Funded (CF) facilities programs.

14.4.19. GSFC Relocation Guidebook


The GSFC Relocation Guidebook was developed and is maintained by the Customer Service Office.  The handbook was developed to facilitate moving Center personnel in various moves associated with the “EOS Backfill”.  Streamlined policies, which are only applicable to Backfill moves, are also included in the handbook.
14.5. FORMS

A directory of forms is located at FORMS.  Some of these forms are used, some are in process of being replaced by capabilities within the Expedition software.
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