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I. Executive Summary

A. Purpose

This report establishes a parametric estimating model to determine the level of deferred maintenance within NASA’s inventory of facilities.  Deferred maintenance is used as one indicator of the level of stewardship of Federal facilities.  The NASA Deferred Maintenance Parametric Estimating Guide (Attachment 1) is based on condition assessments of nine primary facility systems, and enables a repeatable, auditable, near 100% survey of NASA real property within a limited timeframe and budget.  The cost to generate a deferred maintenance estimate for NASA’s 44 million square feet of facilities using this parametric model is one and one half order of magnitudes less than other current typical industry estimating methods.  The estimating model produces a deferred maintenance database, the format for which is included as Attachment (2).

B. Background

The Federal Accounting Standards Advisory Board (FASAB) requires NASA to reference deferred maintenance in the Agency Annual Accountability Report.  Historically deferred maintenance has been used to: support the Agency’s Annual Accountability Report; as a functional performance metric trended over time; and as a reference point when reviewing annual maintenance budgets.

In 1997 NASA Code JX completed a Facility Investment Study (FIS) of most of NASA facilities.  The FIS yielded an estimate of NASA’s deferred maintenance and required alterations.  Since 1997, NASA has relied upon this estimate, with annual adjustments for inflation and other factors, in its Accountability Reports.  Auditors reviewing the 2000 Accountability Report concluded that the FIS would not be acceptable as a basis for deferred maintenance estimates in the 2001 Accountability Report due to the age of the study.  The 2000 Accountability Report noted that a new method should be used for the 2001 deferred maintenance estimate.  

This report recommends a new deferred maintenance estimating model.  The proposed model provides a consistent, cost–effective, and auditable approach to estimating deferred maintenance.   The proposed model has been reviewed and found to be reasonable by a nationally recognized audit firm.  The model will provide Center facilities engineers an additional tool to analyze facility maintenance practices.

NASA Centers currently estimate their Backlog of Maintenance and Repair (BMAR) every year.  These estimates are based upon component level inspections supported by engineering estimates for required repairs.  Centers follow the general guidelines for estimating BMAR contained in NASA Policy Guide 8831.2C.  However, there is too 
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much variation in methods used at each Center to produce a consistent, auditable estimate of deferred maintenance suitable for the Agency Annual Accountability Report.  Because Center BMAR estimates serve other local purposes, both BMAR and deferred maintenance estimates will be produced for the foreseeable future.

C. Report Methodology

This report includes research of literature, academia, Federal and state agencies, and professional organizations to determine to what degree other organizations use parametric estimating tools for assessing deferred maintenance.  This report summarizes methods used by other agencies, and comments on the strengths and weaknesses of these methods.

This report outlines the NASA Deferred Maintenance Parametric Estimating Model.  The model uses information from NASA’s Real Property Inventory (Installation, facility number, Current Replacement Value (CRV), square footage, facility age, category code) as source inputs for the NASA Deferred Maintenance Database.  

The NASA Deferred Maintenance Parametric Estimating Model is based upon a rapid visual inspection of every NASA facility.  Each NASA facility is included in one of 25 major facility categories (i.e., R&D & Test facility, Administrative facility).  The inspections will evaluate the condition of nine facility systems (structure, exterior, roofing, HVAC, electrical, interior finishes, plumbing, conveying, and facility equipment systems).  Systems will be evaluated using a 5 to 1 rating scale (5 = like new, 1 = does not support desired functions).  The Model provides a detailed description of the criteria for each rating.  Each system rating will generate a contribution toward the overall facility deferred maintenance estimate.  

The CRV contribution for each facility system varies for each of the 25 facility categories.  For example, in complex laboratory and testing facilities, electrical systems make up a larger percentage of the overall building cost.  For less complex storage facilities, electrical systems are a smaller percentage of CRV.  The Deferred Maintenance Guide lists the facility categories and percentages of CRV for each facility system.  These percentages are from the Parametric Cost Estimating System (PACES) for Federal construction projects, which are derived from an evaluation of more than $40 billion of federal facilities projects.

Upon completion of the inspections, NASA will have a complete Deferred Maintenance Database.  The database will report the facility condition index of each facility system and each facility, and will compute deferred maintenance by facility, by Center, and for the overall Agency.  The deferred maintenance database also provides Centers an additional management tool to evaluate facility condition, with focus at the system, facility, or Center level.
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D. Observations

Federal agencies have attempted to use detailed, equipment level facility inspections to generate BMAR estimates.  These inspections typically cost between $0.30 and $1.50 per square foot.  NASA’s annual costs for BMAR estimates are paid by each Center, and are not reported at the Agency level.  Several universities are developing software programs to track maintenance backlogs, but none are directly applicable for measuring BMAR in Federal facilities.  Private companies amortize facility investments over time.  Unprofitable facilities are disposed of or modified; BMAR estimates are not generally used.

No technical organizations contacted have developed parametric estimating methods similar to the proposed NASA parametric model for estimating deferred maintenance.  Organizations contacted include the American Institute of Architects (AIA), the Building Owners and Managers Association (BOMA), and the International Facilities Managers Association (IFMA).
The Washington State Department of Transportation, (WSDOT) assesses facility condition using a method similar to the proposed NASA model.  The WSDOT method prioritizes facility replacement and/or renovation projects.  The WSDOT method relies upon inspections of specific facility systems.  The method stops short of developing a cost estimate for deferred maintenance; it is only a prioritization tool for ranking project requirements.  

E. Recommendation

The NASA Parametric Deferred Maintenance Model will rapidly assess the overall condition of each facility in NASA’s inventory and produce a consistent, repeatable, auditable deferred maintenance estimate.  The proposed model is extremely cost- effective without sacrificing a significant amount on the accuracy of the overall estimate.  The model will meet Agency financial reporting requirements, and enable trending of the relative condition of NASA’s real property assets over time.  The deferred maintenance database also provides Centers an additional management tool.  It can be sorted by facility category, condition rating, system, etc., and should allow Centers to more effectively focus resources to improve the condition of critical assets.  
iii
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I. Introduction  

During the last two fiscal years, the independent auditor of the Agency’s Annual Accountability Report found that NASA Centers were using widely varying methods to generate deferred maintenance estimates.  The auditor concluded the Center-generated data was unacceptable for use in the Agency’s Annual Accountability Report.  Prior to this year, NASA was able to satisfy auditor concerns by generating a deferred maintenance estimate using the 1997 Facility Investment Study, adjusted for inflation as other factors. The auditor opinion in NASA’s Accountability Report for 2000 commented on the need use an improved method in the 2001 Accountability Report.

This report proposes a standardized model to determine and document the level of deferred maintenance in NASA’s facilities.  Deferred Maintenance, as defined in  “Deferred Maintenance/Condition Assessment Discussion Paper” dated April 8, 1999 is: “maintenance that was not performed when it should have been or was scheduled to be and which, therefore, is put off or delayed for a future period”.   

Attachment (1), the NASA Deferred Maintenance Parametric Estimating Guide, is based on condition assessments for facility systems, and is suitable to perform a repeatable, and auditable, assessment of NASA’s 44 million square feet of facilities within a limited timeframe and budget.  Traditional methods for estimating Backlog of Maintenance and Repair (BMAR) cost $0.30 to $1.50 per square foot.  These traditional methods involve detailed inspections at the equipment and component level.  The costs to create an estimate of NASA’s deferred maintenance using the proposed parametric estimating model will be more than one and one half orders of magnitude less than traditional methods.  Attachment (2) provides the format for the Deferred Maintenance Database.

This study included research of literature, academia, Federal and state government agencies, and technical organizations (including the American Institute of Architects, Building Owners and Managers Association, and the International Facilities Managers Association) to determine if other organizations have used parametric estimating tools for assessing deferred maintenance.  The study explains deferred maintenance estimating methods used by other agencies, and comments on the strengths and weaknesses of these methods.

II. Background

All Federal agencies have struggled to find an efficient and effective method to produce accurate deferred maintenance estimates.  In the late 1980’s Congress focused attention on the rising levels of BMAR reported by the Department of Defense (DoD).  Despite a decade of maintenance and repair funding increases to reduce maintenance backlogs, DoD’s BMAR estimate increased in the early 1990’s.  DoD installations reacted to the increased funding by spending more resources on studies and inspections to further increase their BMAR estimates (in hopes that even more funding would be forthcoming).  This result weakened DoD’s credibility with Congress, and has been a source of concern over the last decade.

Within NASA, BMAR estimates have historically been used: to support the Agency’s Annual Accountability Report; as a functional performance metric trended over time; and as a reference point when reviewing annual maintenance budgets.  The Federal Accounting Standards Advisory Board (FASAB) requires Federal agencies to comment on deferred maintenance in their Annual Accountability Reports.

The most recent Agency level effort to develop a deferred maintenance estimate was the Facility Investment Study (FIS) completed in 1997.  The FIS estimated deferred maintenance and alteration requirements.  Since 1997, the FIS has formed the basis for the Agency’s deferred maintenance estimate referenced in the Annual Accountability Reports.  Auditors of the 2000 Accountability Report indicated that a new, more consistent method for estimating deferred maintenance was required for the 2001 Accountability Report.

The NASA Policy Guide (NPG) 8831.2C, Facilities Maintenance Management, requires periodic condition assessments of Center facilities by completing a 100 percent inspection, or by routine inspections scheduled throughout the prescribed 5‑year cycle.  The inspector is required to complete an inspection form with up to 20 entries for each piece of equipment and/or facility component.  

During Spring 2000, NASA Code JX completed a study of Center methods for developing BMAR estimates.  Despite the NPG guidance, the study found significant variation in BMAR estimating between NASA Centers.  Some Centers have well-established procedures for periodically producing BMAR reports based upon contractor inspections.   Other Centers produce BMAR reports by assembling information from several sources only upon demand from NASA Headquarters.  The costs and effort to assemble the Center BMAR estimates were also found to vary considerably.  Funding from Headquarters is normally not provided to generate each Center’s BMAR estimate.  Due to these variations in estimating methods, Center generated BMAR estimates are not acceptable to satisfy the Agency requirement for estimating deferred maintenance.  Attachment (3) provides the executive summary of the NASA Code JX study.  
The Federal Facilities Council (FFC) Standing Committee On Operations and Maintenance completed a study to identify issues related to the reporting of deferred maintenance for facilities.  The study, “Deferred Maintenance Reporting for Federal Facilities:  Meeting the Requirements of Federal Accounting Standards Advisory Board Standard Number 6, as Amended”, reviewed deferred maintenance reporting requirements as described in the Federal Accounting Standards Advisory Board, FASAB, Standard Number 6.  The study reviewed alternative options for developing credible, consistent, auditable, and cost effective deferred maintenance estimates.  The FFC report can be viewed on line at http://books.nap.edu/catalog/10095.html. 
The FFC study describes a number of methodologies for reporting deferred maintenance.  Most of the methods use condition assessment surveys, life-cycle costs, or a combination of the two.  Statistical approaches involving extrapolation to determine deferred maintenance was also reviewed in the study.

The study concluded that the current methods being used to track and report deferred maintenance are not cost-effective, and described several ongoing efforts to devise new methods that are cost effective, consistent, and accurate.   The FFC study did not advocate any particular method for estimating deferred maintenance, and did not recommend any specific method.  

III. Deferred Maintenance Estimating Methods 

Paragraphs III.A through III.F describe several methods being used to assess levels of deferred maintenance within the facilities management industry.  Only the first method described, which measures levels of deferred maintenance based upon detailed, component level inspections, actually produces a record of facility condition.  The other methods are used more for budgeting purposes, and do not produce an assessment of actual facility condition.

A. Deferred Maintenance Based Upon Detailed Inspections 

The most common method found for estimating deferred maintenance is to perform detailed facility inspections.  These facility condition assessments, normally performed by a team of skilled craftsmen and/or engineering consultants, are costly and time consuming.  Average costs for this method are $0.30 to $1.50 per square foot, depending upon the inspection rigor and detail required.  This method produces a database listing all identified deficiencies and cost estimates for each deficiency (which may or may not be suitable for project development purposes).  Identification of deficiencies and resultant cost estimates are subject to the skill and experience of the facility inspector. Most federal agencies use this method, inspecting each facility every 3 to 5 years, or as funding allows.

B. FacMan Method

Western Washington University, in a joint venture with the University of Washington, developed facilities management software called Facilities Manager (FacMan), to document facility condition.  FacMan uses the Construction Specifications Institute’s UNIFORMAT Assembly breakdown.  FacMan can be tailored to individual user desires, and is capable of handling any level of facility system detail (UNIFORMAT major systems, subsystems, or individual components).  The program is based on expected life-cycle costs, not on condition assessment.  When a cyclic maintenance item is not performed as scheduled it becomes part of the deferred maintenance estimate.  In addition, one-time items can be manually input into the system based on field inspections.  FacMan is used at Western Washington University and the University of Washington, and is also being implemented for state facilities in Wisconsin.  FacMan requires users to know and enter the current age and projected life expectancy for every subsystem.  

C. BUILDER Method

The Army Corps of Engineers Construction Engineering Research Laboratories and The University of Illinois developed a facilities management program called BUILDER.  BUILDER is a computer-based program that inventories, assesses facility condition, predicts future deterioration thru modeling programs, and generates work requests for multi-year planning and budgeting purposes.  Cost estimates are derived from Means, Whitestone, or DoD estimating guides.  Data is used for the annual Installation Summary Report  (ISR).  Field inspections of buildings are used to rate the condition of building systems as green (excellent), amber (some problems), or red (poor condition).

BUILDER is a very detailed program.  For each building system there are a series of 5 to 15 components that are evaluated.  Facility inspectors evaluate these components to determine an overall rating (red/amber/green) for each system.  The BUILDER database generates a cost estimate to bring systems back to the green condition rating.  Adding the costs to convert all building systems back to a green condition produces the equivalent of a deferred maintenance estimate for that facility. 

D. Washington State Department Of Transportation Method  

The Washington State Department of Transportation (WSDOT) developed a system to assess the criticality of its facilities.  The rating produced is a combination of the importance of a particular facility and the current condition of the facility.  This method does not produce a dollar estimate for deferred maintenance.  

The WSDOT method uses a two-page rating format that analyzes each of nine components for each facility.  Each component is inspected and assigned a numerical rating   (1 = excellent to 5 = does not meet standards) based on guideline criteria.  A weighting multiplier is applied based on the criticality of the individual component.  The system produces a condition rating (raw number) for each facility.  Higher numbers indicate more critical facility maintenance issues.  For example, a facility without a fire-protection system would receive a rating of 5 for the “Safety Standards” component.  Each component has a multiplier; the multiplier for the component “Safety Standards” is a 10 because it relates to life safety.  The multiplier ranges from 2 to 10.  The condition rating for this facility for the Safety Standard component would be a 50, (5 x 10).     The total facility scores are the total of all subsystem scores.  Facilities are then ranked by score, with funding priority going to facilities with the highest scores. 

E. Facility Sustainment Model

The Office of the Secretary of Defense (OSD) has developed the Facility Sustainment Model (FSM) to determine annual maintenance funding requirements for Federal facilities.  The FSM estimates the costs to sustain facilities at their current condition level.  It does not assess costs for required repairs to restore facilities to acceptable condition levels.  Inputs for the FSM model are:  total square footage of facilities by facility category; annual cost per square foot for maintenance based upon the DoD Cost Factor Handbook; area cost factors; and inflation.  

F. Facilities Management Institute Method

The Facility Management Institute (FMI), a subsidiary of Herman Miller, Inc., developed a formula to calculate annual maintenance costs for buildings.  Building age and current value are two of the most important factors in determining maintenance costs.  The method does not involve facility inspections.  The deferred maintenance estimate is generated based upon a formula comparing facility age and expected useful life.  As facilities age, and consume increasing percentages of their expected useful life, the deferred maintenance estimate increases.  This method does not account for ongoing maintenance in facilities.  

IV. Proposed NASA Deferred Maintenance Parametric Estimating Model

A. Introduction

The proposed NASA Deferred Maintenance Parametric Estimating Model is based upon rapid visual inspection of major building systems and limited field consultation with facilities management staff.  The inspections produce condition ratings for each major facility system.  Deferred maintenance is estimated based upon condition ratings, and system contribution to overall CRV.  The models primary purpose is to produce a consistently developed assessment of the overall backlog of maintenance and repair for the facility, installation and agency.  The model also can produce the Facility Condition Indexes for Facility Systems, Facilities, Centers and the entire Agency.  As reports are created annually, trends will develop that will prove useful in evaluating the overall effectiveness of the maintenance programs.  The proposed model was developed based upon the ideas contained in the Discussion Paper included as Attachment (4) to this report. 

The model is developed for and intended to provide accurate deferred maintenance estimates for its intended purpose, that being the large population of facilities across the entire Agency.  Use of these estimates generated for a single or small group of facilities may produce misleading results, and likely will not match Backlog of Maintenance and Repair (BMAR) estimates generated by other means.

B. Deferred Maintenance Category Codes

Appropriate fields from the NASA Real Property Inventory (RPI) database, including facility number, description, CRV, capacity, first year and facility category code were used as the basis for the NASA Deferred Maintenance Database.  Additional columns were added to complete the database, including, Category Code and Ratings and % CRV contributions for each of the nine facility systems.  

The more than 60 NASA facility category codes were grouped into 25 Deferred Maintenance Category Codes, as shown in Table 1.  The Category Codes were determined based on facility similarity.  Separate Category Codes are created for similar facility types.  For example, deferred maintenance Category Code 12, Communication and Tracking Buildings, includes NASA Facility Category Codes 131 and 140.  These are facilities that function more like traditional buildings.  Category Code 13, Communications and Tracking Facilities, includes NASA Facility Category Codes 132 and 141.  These facilities are not traditional buildings, and may include antennas, fueling stations, or other structures that have correspondingly different cost models for purposes of estimating deferred maintenance. 

	DM Cat. Code
	NASA BUILDINGS
	Description
	NASA Facility Category Codes

	1
	R&D and Test Buildings
	Buildings for R&D and Testing
	310

	2
	R&D Structures and Facilities
	Structures and Facilities used for R&D
	320, 390

	3
	Wind Tunnels
	All wind tunnels
	330, 331

	4
	Engine/Vehicle Static Test Facilities
	Engine/Vehicle Static Test Facilities
	340, 345, 350, 355

	5
	Administrative Buildings
	Administrative Buildings
	610, 141-20

	6
	Training Buildings
	Training Buildings
	171, 179

	7
	Trailers
	Trailers and Pre-fabricated Buildings
	630

	8
	Storage Buildings
	Cargo Handling
	153

	9
	Storage Facilities
	Storage facilities, warehouses, open storage
	421, 432, 442, 452, 471

	10
	Fuel Storage Tanks
	Gasoline, oil and Cryogenic storage
	411, 461

	11
	Magazines
	Explosive storage, liquid fuel, helium, inert
	422, 423, 424

	12
	Communication and Tracking Buildings
	Communication Center, Tracking Buildings
	131, 140

	13
	Communication and Tracking Facilities 
	Antenna
	132, 141-30/40/50/90

	14
	Mission Control Operations Buildings
	Mission Control
	381

	15
	Lighting
	Airfield lighting , street lighting
	136, 812

	16
	Electrical Distribution System
	Power plant, substations
	811

	17
	Heating & Air Conditioning Systems
	Heating, steam & Chilled water plants, gas
	821, 822, 823, 824, 890

	18
	Waste Water System
	Sewage treatment plant, sewers, storm sewer system
	831, 832, 871

	19
	Potable Water System
	Water treatment plant, water storage, fire protection
	841, 842, 843

	20
	Launch Pads
	Launch pads and complex
	382

	21
	Pavement
	Runways, Aprons, parking, sidewalks
	111, 112, 113, 141-10, 851, 852

	22
	Rail
	Railroad trackage
	860

	23
	Maintenance Facilities and PW Shops
	Maintenance Facilities and PW Shops, Mission Maintenance
	212, 219, 220 

	24
	Other Buildings
	Hospital, housing, fire & police station, gate house, post office, theater, bowling alley
	510, 711, 730, 740

	25
	Other Facilities
	Fueling stations, waterfront facilities, flagpoles, monuments, playing fields, incinerator, security facilities, fire alarm system
	121, 123, 126, 152, 154, 163, 164, 690, 750, 833, 872, 880


Table 1, Deferred Maintenance Category Codes

C. Facility Systems

The NASA Deferred Maintenance Parametric Estimating Model is based on a composite evaluation of systems for each facility.  From an assessment of other deferred maintenance estimating methods that use building systems, and the ASTM UNIFORMAT II Classification for Building Elements, the following nine systems were selected for the NASA Deferred Maintenance Parametric Estimating Model:

· Structure: Foundations, superstructure, slabs and floors 

· Exterior: Exterior walls, windows, and doors

· Roofing: Roof coverings, roof openings, gutters and flashing

· HVAC: Heat, ventilating and cooling systems including controls, balancing

· Electrical: Electrical service and distribution, lighting, communications, security and fire protection wiring and controls

· Plumbing: Water, sewer and fire protection piping, and bathrooms

· Conveying: Elevators, escalators and other lifts 

· Interior: Stairs, doors and interior finishes (floors, walls, ceilings)

· Facility Equipment: Test, research and specialty equipment (installed real property, vs. personal property associated with laboratory or testing operations)

D. Current Replacement Value

The NASA Real Property Inventory (RPI) system includes the Current Replacement Value (CRV) for each NASA facility.  For each deferred maintenance Category Code, the NASA Parametric Estimating Model determines the percent contribution to total CRV for each of the nine systems described in the previous paragraph.  These estimates were developed based upon the Parametric Cost Estimating System (PACES).  The PACES system was developed for the Army Corps of Engineers and Department of Defense, and now includes more than$40 billion worth of federal facilities projects in it’s empirical database.  Table 2 provides the estimated system CRV percentages for the nine systems for all 25 NASA deferred maintenance categories.   

	DM Cat. Code
	NASA BUILDINGS
	Structure
	Exterior
	Roof
	HVAC
	Electrical
	Plumbing
	Conveying
	Interior Finishes
	Facility Equip.

	1
	R&D and Test Buildings
	0.18
	0.19
	0.04
	0.15
	0.18
	0.02
	0.01
	0.15
	0.08

	2
	R&D Structures and Facilities
	0.32
	0.15
	0.01
	0.12
	0.20
	0.02
	0.03
	0.05
	0.10

	3
	Wind Tunnels
	0.30
	0.05
	0.01
	0.01
	0.15
	0.01
	0.01
	0.01
	0.45

	4
	Engine/Vehicle Static Test Facilities
	0.34
	0.03
	0.01
	0.04
	0.26
	0.01
	0.07
	0.02
	0.22

	5
	Administrative Buildings
	0.18
	0.17
	0.05
	0.16
	0.18
	0.05
	0.06
	0.15
	0.00

	6
	Training Buildings
	0.18
	0.17
	0.05
	0.16
	0.18
	0.05
	0.06
	0.15
	0.00

	7
	Trailers
	0.18
	0.17
	0.05
	0.16
	0.18
	0.05
	0.06
	0.15
	0.00

	8
	Storage Buildings
	0.60
	0.15
	0.07
	0.06
	0.06
	0.01
	0.01
	0.04
	0.00

	9
	Storage Facilities
	0.55
	0.17
	0.08
	0.07
	0.06
	0.01
	0.00
	0.06
	0.00

	10
	Fuel Storage Tanks
	0.70
	0.05
	0.02
	0.00
	0.23
	0.00
	0.00
	0.00
	0.00

	11
	Magazines
	0.22
	0.23
	0.05
	0.16
	0.25
	0.00
	0.00
	0.09
	0.00

	12
	Communication and Tracking Buildings
	0.18
	0.17
	0.05
	0.16
	0.18
	0.05
	0.06
	0.15
	0.00

	13
	Communication and Tracking Facilities 
	0.45
	0.20
	0.05
	0.05
	0.20
	0.00
	0.00
	0.05
	0.00

	14
	Mission Control Operations Buildings
	0.22
	0.13
	0.05
	0.15
	0.20
	0.04
	0.02
	0.10
	0.09

	15
	Lighting
	0.10
	0.05
	0.02
	0.00
	0.83
	0.00
	0.00
	0.00
	0.00

	16
	Electrical Distribution System
	0.35
	0.10
	0.04
	0.10
	0.33
	0.01
	0.02
	0.05
	0.00

	17
	Heating & Air Conditioning Systems
	0.38
	0.10
	0.04
	0.10
	0.33
	0.01
	0.02
	0.02
	0.00

	18
	Waste Water System
	0.38
	0.10
	0.05
	0.10
	0.33
	0.01
	0.02
	0.01
	0.00

	19
	Potable Water System
	0.38
	0.10
	0.05
	0.10
	0.33
	0.01
	0.02
	0.01
	0.00

	20
	Launch Pads
	0.28
	0.14
	0.06
	0.13
	0.25
	0.04
	0.02
	0.08
	0.00

	21
	Pavement
	0.75
	0.00
	0.00
	0.00
	0.25
	0.00
	0.00
	0.00
	0.00

	22
	Rail
	0.95
	0.00
	0.00
	0.00
	0.05
	0.00
	0.00
	0.00
	0.00

	23
	Maintenance Facilities and PW Shops
	0.28
	0.14
	0.06
	0.13
	0.25
	0.04
	0.02
	0.08
	0.00

	24
	Other Buildings
	0.20
	0.15
	0.05
	0.19
	0.18
	0.04
	0.04
	0.15
	0.00

	25
	Other Facilities
	0.45
	0.17
	0.02
	0.15
	0.16
	0.01
	0.01
	0.03
	0.00


Table 2, CRV Percentages

E. Condition Assessments

Inspectors assign a condition rating from 5 to 1 for each facility system based on a systematic visual inspection and limited Center inputs.  The ratings are not strictly age dependent, as some new equipment may actually have a significant amount of deferred maintenance, while older, well maintained equipment may have little or no deferred maintenance. The NASA Deferred Maintenance Parametric Estimating Guide includes specific definitions for the 5 to 1 ratings for each system.  The primary definitions are:

· 5: Excellent.  Only normal scheduled maintenance required.

· 4: Good.  Some minor repairs needed.  System normally functions as intended.

· 3: Fair.  More minor repairs and some infrequent larger repair required.  System occasionally unable to function as intended.

· 2: Poor.  Significant repairs required.  Excessive wear and tear clearly visible.  Obsolete.  System not fully functional as intended.  Repair parts not easily obtainable.  Does not meet all codes.

· 1: Bad.  Major repair or replacement required to restore function.  Unsafe to use.

F. System Condition CRV Percentage

Each condition rating produces a corresponding System Condition CRV Percentage.  These percentages vary by system type, and are provided in Table 3.   

	
	5
	4
	3
	2
	1

	A. Structure
	0%
	5%
	10%
	20%
	50%

	B. Exterior
	0%
	5%
	15%
	30%
	60%

	C. Roof
	0%
	5%
	15%
	40%
	75%

	D. HVAC
	0%
	5%
	15%
	40%
	75%

	E. Electrical
	0%
	5%
	15%
	40%
	75%

	F. Plumbing
	0%
	5%
	15%
	40%
	75%

	G. Conveying
	0%
	5%
	15%
	50%
	75%

	H. Interior
	0%
	5%
	20%
	50%
	75%

	I. Facility Equipment
	0%
	5%
	15%
	50%
	75%


Table 3, System Condition CRV Percentages
The system condition CRV percentages were developed based upon review of typical costs for major and minor repair projects for the given systems, and upon engineering judgment.  These percentages may need to be adjusted over time if results indicate deferred maintenance contributions that are inconsistent with known costs for expected repairs.  

G. Sample Deferred Maintenance Estimate

The Facility Deferred Maintenance estimate is determined by adding the nine system’s deferred maintenance estimates of the nine systems.  Table 4 provides a sample deferred maintenance estimate for an administrative facility, deferred maintenance category 5, with a CRV of $10 million.

	 
	System
	System %
	System CRV %
	System Rating
	System Condition CRV %
	Deferred Maintenance

	A
	Structure
	0.18
	1,800,000
	5
	0.00
	0

	B
	Exterior Enclosure
	0.17
	1,700,000
	4
	0.05
	85,000

	C
	Roof
	0.05
	500,000
	4
	0.05
	25,000

	D
	HVAC
	0.16
	1,600,000
	3
	0.15
	240,000

	E
	Electrical
	0.18
	1,800,000
	4
	0.05
	90,000

	F
	Plumbing
	0.05
	500,000
	3
	0.15
	75,000

	G
	Conveying
	0.06
	600,000
	5
	0.00
	0

	H
	Interior Finishes
	0.15
	1,500,000
	3
	0.20
	300,000

	I
	Facility Equipment
	0.00
	0
	0
	0.00
	0

	 
	 
	1.00
	10,000,000
	 
	 
	                      $815,000

	
	
	
	
	
	
	


Table 4, Sample Deferred Maintenance Calculation
V. Deferred Maintenance Inspection Procedures

At least two weeks prior to the site visit, the inspection team leader assigned should make contact with the designated Center point of contact.  During this initial discussion the team leader should clearly articulate any information required upon arrival on site by the team (which should be minimal).  The inspection in-brief should be scheduled, and requirements for escorts, access and other Center support should be discussed.    

The inspection team and Center facilities maintenance staff will participate in a short in-brief the morning of the first day of the inspection.  The Centers will present an overview of the Center, and any significant current events concerning facilities by the Center staff.  The inspection team leader will describe the inspection process and intended work plans for the visit.  The inspection team and Center staff should agree on requirements for access, escorts and schedules.  The minimal information requested during the initial phone contact should be provided to the inspection team during this in-brief. 

During the inspection walk through, Center facility maintenance staff will be asked to provide brief verbal facility history information for HVAC, electrical, plumbing, conveying and test equipment systems during the inspection for each facility.  Similar facility history information should be provided for facilities that cannot be visually inspected (i.e., underground utilities).

Inspectors may not be able to access clean rooms or other sensitive operational or research areas.  If there are significant facility condition problems in these areas Centers should arrange for access sometime during the inspector’s visit.

To ensure the Parametric Deferred Estimating Model is applied consistently at each Center, inspection procedures are provided in Appendix 1 to Attachment (1).  Appendix 2 to Attachment 1 provides a facility check sheet that will be created for each NASA facility.  The facility check sheet will form the record of inspection.  The facility check sheet provides the rating definitions for each system.

Facility inspections will be augmented with digital photos of selected facilities or systems.  Photos should be taken where feasible for systems rated as condition code        1 or 2, and for other facilities or systems where visual evidence may help support the ratings assigned.  The digital photos will become an appendix to the overall NASA Deferred Maintenance Report, and must be labeled to identify the inspector, date, location, facility and system included in the photo.  

Inspectors may identify any obvious errors in the NASA database (for example, a facility listed may have been demolished, or another facility at the Center may not be entered into the database).  In these cases, the inspector should complete the required inspection, and note any discrepancies, which will be resolved by NASA Code JX after review of the facts surrounding the discrepancy.

Inspectors performing the NASA Deferred Maintenance Parametric Estimate must be qualified in facilities maintenance and operation practices.  Ideally, the team inspecting each facility will include:  

1. A professional engineer with at adequate experience in facility design, construction or maintenance and operations.  The engineer should have competency to effectively evaluate the condition of structural, roof, exterior and interior systems.

2. A facilities maintenance technician with adequate experience in facilities maintenance and operation of mechanical and electrical building systems.  The technician should have competency to effectively evaluate the condition of HVAC, electrical, plumbing, conveying and facility equipment systems.

VI. Small, Low Value, Remote Facilities

Although the intent of the NASA Deferred Maintenance Parametric Estimating Model is to inspect every NASA facility, attaining that goal is not practical within the time and budget constraints imposed.  A fair number of NASA facilities, such as concrete slabs supporting temporary antennas or satellite dishes, are composed of only structural components whose condition does not change significantly from one year to the next.  In addition, the remote locations of many of these facilities makes it cost prohibitive to conduct a separate condition assessment.  These facilities typically have low dollar values, and their exclusion from the deferred maintenance estimate would be insignificant.  Prior to the first inspection, the facilities that don’t require and on site inspection will be noted in the Deferred Maintenance Database. 

VII. Conclusion

NASA is seeking a simplified, efficient, repeatable method for assessing the Agency deferred maintenance.  The method must be affordable, consistent, auditable and easy to apply.  Research conducted for this and previous NASA studies reveals no other agency or organization has developed a method which meets these criteria.  The NASA Deferred Maintenance Parametric Estimating Model described in this report will meet NASA’s need.  Attachment 6 is a copy of the independent auditors assessment of the reasonableness of the proposed method for its intended purpose.


