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1.Introduction

The NASA Deferred Maintenance Parametric Estimating Model involves a rapid, systematic visual inspection with limited input from local facilities management staff.  The deferred maintenance estimate is based upon condition ratings for nine primary systems in each facility, and the percentage contribution to overall Current Replacement Value (CRV) for each of those systems.  The model does not produce a detailed project level cost estimate.  Its primary purpose is to produce consistent parametric deferred maintenance estimates for each NASA Center and the Agency as a whole.  

Facility specific deferred maintenance estimates may vary from the detailed estimates of Backlog of Maintenance and Repair (BMAR) that are prepared by the Center staff.  BMAR estimates rely on component level inspections and subsequent detailed engineering estimates to correct specific deficiencies.  

This guideline provides the required instructions to allow an independent third party to complete the Agency deferred maintenance assessment within limited budget and time constraints.

II. Deferred Maintenance Database

The foundation for the NASA Deferred Maintenance Parametric Estimating Model is the Deferred Maintenance Database.  The Database uses information directly from the NASA Real Property Inventory (RPI) database, and includes a line entry for each of NASA’s 5,400 facilities.  The Database can be sorted by NASA Center, or any number of other fields.  Individual fields and their descriptions follow:

1. Center.  Describes the NASA Center or site where the facility resides.

2. Facility Number.  The facility number assigned by the NASA Center.  This number does not change, and identifies the specific facility in question.

3. Facility Description.  This field provides a brief description of the facility.

4. Status.  Lists whether the facility is active, mothballed, abandoned, or in some other status.  Awareness of the facility status will assist the inspector in evaluating the time required and expected condition of that facility.

5. 2001 CRV (20 Cities Average).  This amount is taken from the RPI database.  It is the primary cost input for developing the deferred maintenance estimate, and the basis for system CRV percentages used later in the spreadsheet.

6. CRV Exclusion and % Excluded.  Some NASA facilities are no longer actively used.  This inactivity is reflected by an entry in the CRV Exclusion field, taken directly from the NASA RPI database.  The year the facility was removed from inventory, and percentage of the total facility removed (some continue to be partially used), are reflected in the CRV Exclusion fields.  

7. Capacity.  Provides the square footage or other measure of the size of the facility.  Helps the inspector estimate time required to conduct the inspection.

8. 1st Year.  Provides the year the original facility was built.  Provides the inspector a reference point on the age of the facility.

9. Deferred Maintenance Category Code.  NASA lists more than 60 facility “Classes”.  These classes have been grouped into 25 primary facility categories, called Deferred Maintenance Category Codes.  Each Category Code has a separate cost model with specific CRV contributions for each facility system.

10. Class.  The NASA facility category code for the facility from the RPI.

11. Facility Systems.  There are a series of fields to reflect the major systems to be inspected.  For each of the nine systems (Structure, Exterior, Roof, HVAC, Electrical, Plumbing, Conveying, Interior, Facility Equipment), these four sub-fields are provided:

a. System Inspection Rating.  The rating assigned by the inspector, from 5 to 1.  

b. Percent System CRV.  The percentage contribution of this system to the overall facility CRV for this facility category.  The percent system CRVs were developed from the PACES parametric estimating program.  PACES was developed for the Army Corps of Engineers and the Department of Defense, and includes more than $40 billion of Federal facility projects in its empirical database.

c. Percent CRV Condition.  This percent is taken from a table based upon the System Inspection Rating for a given system.  For example, a System Inspection Rating of 4 for an HVAC system produces a 5% CRV Condition contribution, which factors into the facility deferred maintenance estimate.  

d. System Deferred Maintenance.  A formula driven field, which is the product of facility CRV, Percent System CRV, and Percent CRV Condition.  

12. Facility Deferred Maintenance.  This field is the sum of all nine System deferred maintenance fields.  The total of this column for a given Center produces the overall Center deferred maintenance estimate.  The total of all Centers deferred maintenance estimates is the Agency deferred maintenance estimate.

III. Deferred Maintenance Category Code

NASA has more than 60 facility classes.  To simplify the deferred maintenance estimating process, the NASA classes are consolidated into 25 Deferred Maintenance Category Codes.  The Category Codes, their descriptions, and the NASA Classes that map to each Category Code are provided in Table 1.  

	DM Cat. Code
	NASA BUILDINGS
	NASA Facility Category Codes

	1
	R&D and Test Buildings
	310

	2
	R&D Structures and Facilities
	320, 390

	3
	Wind Tunnels
	330, 331

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

	5
	Administrative Buildings
	610, 141-20

	6
	Training Buildings
	171, 179

	7
	Trailers
	630

	8
	Storage Buildings
	153

	9
	Storage Facilities
	421, 432, 442, 452, 471

	10
	Fuel Storage Tanks
	411, 461

	11
	Magazines
	422, 423, 424

	12
	Communication and Tracking Buildings
	131, 140

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

	14
	Mission Control Operations Buildings
	381

	15
	Lighting
	136, 812

	16
	Electrical Distribution System
	811

	17
	Heating & Air Conditioning Systems
	821, 822, 823, 824, 890

	18
	Waste Water System
	831, 832, 871

	19
	Potable Water System
	841, 842, 843

	20
	Launch Pads
	382

	21
	Pavement
	111, 112, 113, 141-10, 851, 852

	22
	Rail
	860

	23
	Maintenance Facilities and PW Shops
	212, 219, 220 

	24
	Other Buildings
	510, 711, 730, 740

	25
	Other Facilities
	121, 123, 126, 152, 154, 163, 164, 690, 750, 833, 872, 880


               Table 1, Deferred Maintenance Category Codes

IV. Deferred Maintenance Inspection Procedures

At least two weeks prior to the site visit, the Inspection Team leader assigned to a given Center should make contact with the designated Center Point of Contact.  During this initial discussion the Inspection Team Leader should clearly articulate any information required upon arrival on site by the Team.  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 in-brief will include introductions, 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, schedules and receipt and review of any pertinent information from the Center to assist in the inspection.

During the inspection walk through, Center facility maintenance staff will be asked to provide short, notional facility history information for HVAC, electrical, plumbing, conveying and test equipment systems for each facility.  This same information is also required 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.  Fire protection systems are evaluated with the “electrical” and “plumbing” systems.  Center fire departments may have a summary of fire department inspections including both the alarm and plumbing systems.  If available, inspectors may consider them in their evaluations, if appropriate.

To ensure the Parametric Deferred Estimating Model is applied consistently at each Center, inspection procedures are provided in Appendix 1.  Appendix 2, a facility check sheet, will be created for each NASA facility.  The facility check sheet constitutes the record of inspection.  The check sheet provides the rating definitions for each system and guides the inspector to ensure all the salient features of each facility system are reviewed. The inspection team will review any Center provided data and transfer facility details (i.e., size, age, facility number) to the facility check sheet prior to arriving at the facility.  During the facility inspection, inspectors will note the system condition ratings for each system on the facility check sheet shall, and make any amplifying notes appropriate to document the basis for their condition ratings.  At the end of each day the facility system ratings will be transferred from the check sheets to the Deferred Maintenance Database.   

Facility inspections will be augmented with digital photos of selected facilities or systems.  Photos should be taken where feasible for systems rated as 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 error 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 any inspections required, and note any discrepancies, which will be resolved by NASA Code JX after review of the facts surrounding the discrepancy.

V. System Inspection Rating

The systems will be given a rating from 5 to 1. These ratings are based upon the rapid visual inspections of the systems and the limited input from Center facilities staffs.  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 basic definitions of the 5 to 1 rating are as follows:   

· 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.

The specific rating definitions for each system and those areas included in the system are shown in Table 2.

	A
	STRUCTURE
	Foundations, super structure, slab, basement walls, floors, exterior stairway, loading docks, sidewalks, parking lots

	5
	Excellent
	Only normal preventive maintenance required.

	4
	Good
	Some minor repairs could be required.  Does not effect structural integrity or intended use.

	3
	Fair
	Cracking, crazing, and/or visual defects.  Could affect structural integrity or intended use.

	2
	Poor
	Visible settlement, structural defects, significant repairs required.

	1
	Bad
	Unrepairable, replacement required.

	B
	EXTERIOR
	Exterior walls, windows, doors, 

	5
	Excellent
	Only normal preventive maintenance required.

	4
	Good
	Some minor repairs could be required.  Sound and weatherproof.

	3
	Fair
	More minor repairs required.  Wear and tear visually noticeable.  Not completely sound and/or weatherproof.

	2
	Poor
	Significant repairs required.  Not sound and/or weatherproof.

	1
	Bad
	Unrepairable, replacement required.

	C
	ROOF
	Roof covering, roof openings, gutters, flashing

	5
	Excellent
	Only normal preventive maintenance required.

	4
	Good
	Some minor repairs could be required.  Watertight, sound flashing and penetrations, positive drainage.

	3
	Fair
	More minor repairs required.  Mostly watertight.

	2
	Poor
	Significant repairs required.  Not waterproof.  Obvious evidence of leaking from interior inspection.

	1
	Bad
	Significant leaking, deteriorated, requires entire re-roof.

	D
	HVAC
	Heating, Ventilation & Cooling systems, including controls, testing & balancing

	5
	Excellent
	Only normal preventive maintenance required.  Equipment room clean and neat.

	4
	Good
	Some minor repairs could be required. 

	3
	Fair
	More minor repairs required.  Some signs of corrosion, leaking, alarms indicators and poor housekeeping are obvious.

	2
	Poor
	Significant repairs required.  Not functioning as intended. Obvious poor housekeeping and maintenance practices due to excessive corrosion, leaking, or alarm indicators.  Does not meet all codes.

	1
	Bad
	Nonfunctional, system unrepairable, complete replacement required.  System unsafe and does not meet codes.

	E
	ELECTRICAL
	Electrical service & distribution, lighting, branch wiring, communications, security, fire protection

	5
	Excellent
	Only normal preventive maintenance required.

	4
	Good
	Some minor repairs could be required.  Meets code.

	3
	Fair
	More minor repairs required.  Mostly functional.  

	2
	Poor
	Significant repairs required.  System not fully functional for buildings intended use.  Systems obsolete.  Does not meet all codes.

	1
	Bad
	Unrepairable, replacement required.  Repair parts not available.  Systems do not meet code and are unsafe.

	F
	PLUMBING
	Water systems, sanitary sewer, bathrooms, fire protection plumbing

	5
	Excellent
	Only normal preventive maintenance required.

	4
	Good
	Some minor repairs could be required.  Good fixture and piping appearance, no leaks.

	3
	Fair
	More minor repairs required.  Wear and tear noticeable.  

	2
	Poor
	Significant repairs required.  Fixtures and plumbing are obsolete.  Many leaks and obvious corrosion in piping systems.  

	1
	Bad
	Nonfunctional, system unrepairable, complete replacement required.

	G
	CONVEYING
	Elevators, escalators, other lifts.

	5
	Excellent
	Only normal preventive maintenance required.

	4
	Good
	Some minor repairs could be required.

	3
	Fair
	More repairs required, overall conveying system generally functional

	2
	Poor
	Significant repairs required.  Does not meet all codes.

	1
	Bad
	Existing system not operational and unrepairable, replacement required.  Unsafe to use.

	H
	INTERIOR
	Interior wall finishes, floor coverings, ceilings, doors and stairs

	5
	Excellent
	Only normal preventive maintenance required.

	4
	Good
	Some minor repairs could be required.  Slight evidence of marring, discoloration, fading or cracking.

	3
	Fair
	More minor repairs required.  Wear and tear noticeable.  Mismatched and or broken/damaged flooring, wall coverings or ceilings.

	2
	Poor
	Significant repairs required.  Broken elements.  Wear and tear excessive.

	1
	Bad
	Replacement required.

	I
	FACILITY EQUIPMENT
	Test and research equipment

	1
	Excellent
	Normal preventive maintenance required.

	2
	Good
	Some minor repairs could be required.  Safe to use, meets all codes.  

	3
	Fair
	More minor repairs required.  Wear and tear noticeable.  Meets most codes.  

	4
	Poor
	Significant repairs required.  Broken elements.  Wear and tear excessive.

	5
	Bad
	Replacement required.  Unsafe to use.


Table 2, Deferred Maintenance System Condition Ratings

VI. 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.

	System
	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.  

VII. System and Facility Deferred Maintenance Estimates

The System deferred maintenance contribution is computed automatically in the Database, which multiplies the Facility CRV, the Percent System CRV and the Percent CRV Condition.  Table 4 on the next page shows the Percent System CRV for each Deferred Maintenance Category Code.  
	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
	0.1
	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


Table 4, CRV Percentages
The Facility Deferred Maintenance estimate is determined by adding the deferred maintenance estimates of the nine systems.  Table 5 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 5, Sample Deferred Maintenance Calculation

System Deferred Maintenance = Facility CRV x System % x System Condition CRV %.

Roof Deferred Maintenance Sample Facility = $10,000,000 x (.05) x (.05) = $25,000

VIII. Summary

The NASA Deferred Maintenance Parametric Estimating Model is based upon rapid condition assessments of facility systems using visual inspections and limited consultations with local facility management staff.  The facility Current Replacement Value (CRV), Percent System CRV and Percent CRV Condition are used to create the parametric estimate.  The models used to generate the Percent System CRV are based upon an evaluation of more than $40 billion worth of Federal facility construction projects.  The Percent CRV Condition models are based upon engineering judgment and analysis of typical repair projects on Federal facilities.  This simplified, efficient, auditable and repeatable model provides a cost-effective way to quickly assess deferred maintenance for NASA.
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