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Encompassing Synopsis of the
Condition and Feasible Utility of

Blimp Hangars 2 & 3
(More simply put: Overview of the practical use of Hangars 2

& 3 based on their present condition)

Prepared by Robert Dolci and Team
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Usability of Hangars 2 & 3

Forward and Executive Management Overview

On January 5, 2000, Code JF was assigned the responsibility to coordinate the
necessary actions between the appropriate functional organizations to assess
the conditions of Hangars 2 & 3 and to determine the feasibility of their use.  The
specific issues requiring consideration are as follows:

1. What are the structural and infrastructure issues associated with Hangars
2&3?

2. What are the major safety issues associated with them?
3. What are possible actions that would make them useable for other purposes

once they are vacated?
4. What is the feasibility and possible alternative use for the hangars?
5. What are the regulatory implications and probable costs associated with the

demolition of either Hangar 2 or 3 or both?
6. What is the current schedule for the Air Guard to vacate Hangar 3?  What are

the current plans for construction of the new CANG hangar relative to
location, schedule and design?

This study clearly points out that both Hangars, in their present condition, are
unsuitable for occupancy.  The hangars are considered hazardous and pose
unacceptable risk to occupants and NASA Ames.  The costs to NASA to
remediate the hazards in both hangars would likely be prohibitive. Other than
short-term use in a controlled condition incorporating significant life safety and
fire protection improvements, use of either hangar should be disallowed.  The Air
National Guard is aware of the hazards associated with Hangar 3.  Based on
their current occupancy, they appear willing to accept the risks until such time as
their new hangar is constructed.

Because the hangars are historically significant structures, it is unlikely that the
State Historic Preservation Officer would allow demolition of both structures.  It is
recommended that when the National Guard vacates Hangar 3, one of the
hangars be demolished or made fire safe.  The remaining hangar should not be
occupied until such time as the hazards are adequately addressed.  The cost to
demolish Hangar 2 may exceed $8M.  In order to avoid the cost of demolition,
each hangar can be made reasonably fire safe for as little as $3,000,000 each.
This will not meet occupancy requirements.  This would involve installation of a
partial fire sprinkler system. It will likely prevent the hangars from burning down.
Every effort should be made to preserve at least one of the hangars.
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Alternate uses for the hangars have been considered.  All options investigated
resulted in significant additional costs.

Methodology

Code JF pulled together a team of subject matter experts to help compile the
required data and to help prepare a comprehensive information paper for
consideration by senior management.  Each appropriate functional organization
was involved in the data gathering effort.  Codes FEF, JFP, JP, QE, and QH
provided considerable support.  The Airfield Management Office, the Special
Projects Office, and the Moffett Development Office also contributed to the effort.

Each of the involved organizations performed an independent on-site
assessment of the hangars based on its area of expertise and responsibility.
There was considerable redundancy in findings among the functional groups
relative to health and safety issues. The California Air National Guard also
provided valuable information from a feasibility study comparing the costs
associated with the retrofit and upgrade requirements for Hangar 3 versus the
construction of a new hangar.

Excerpts from and/or whole sections from the documents provided by the
contributing organizations are included in this report.  The Facilities, Logistics,
and Airfield Management Division have on file all the supporting documentation
that was used to prepare this report.

Drafts of this document were provided to each of the contributing organizations
for their review and comment.  All comments that were received prior to the
deadline were considered for inclusion in this document.

Overview of Significant Findings

The Navy Bureau of Yards and Docks built hangars No. 2 and No. 3 at Moffett
Field in 1943 to house blimps that patrolled the Pacific Coast.  These structures
are 171 feet high and enclose a ground floor area of approximately 297,000
(1000’x297’) square feet.  Hangars No. 2 and No. 3 are identical structures,
consisting of arch-shaped wood trusses which clear-span the high bay of the
hangars a distance of 234 feet.  The trusses are spaced 20 feet on center and
are supported at each end by concrete bents.  Within the bent’s spaces and
running the entire length of the hangars on both sides are 2-story office, lab,
shop and other hangar support facilities.  Subsequent to the original construction,
a 2-story, 60 foot wide by 1,000 foot long lean to structure was added to the east
side of hangar No. 3.  This addition was designed for primarily office and shop
space.
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Hangars Pose Unacceptable Risk to Occupants
The comprehensive review clearly points out that in their present condition the
hangars pose considerable risk to occupants relative to health, physical safety,
and fire safety.   For the most part, the hangars are not in compliance with
governing health and safety regulations, the Uniform Building Code (UBC), the
National Electrical Code (NEC), the Uniform Plumbing Code (UPC), the National
Fire Protection Association (NFPA), and OSHA standards.

From a seismic perspective, both hangars have been determined to be highly
hazardous.  In addition to the hangars’ design not meeting seismic code, there is
considerable damage to many of the structural elements. Other than short
duration use, the risk to occupants should be considered unacceptable.

Fire safety conditions are not significantly better than seismic safety conditions.
The timber is old, dry, and untreated (from a fire retardant perspective).  Because
of the condition of the wood and the way the hangar is constructed, flame spread
will be very rapid.  A fire starting near the bents could result in total conflagration
within 30 minutes.  It is highly likely that a significant seismic event will provide
sufficient activation energy, coupled with the highly combustible fuel sources in
the hangars, to cause a fire in one or both of the hangars.  Even without a
seismic event, the hangars pose an unacceptable fire threat.  A large hangar
structure, similar to Hangar 2, was consumed by fire within 20 minutes in 1995 at
a facility in North Carolina.  A similar hangar in Oregon was consumed by fire in
1992.  The fire was so hot and rapid that the structure started to collapse within
10 minutes.

Use by Non-Federal Tenants
Because of the magnitude and accumulative combination of hazards, the risks
should be considered unacceptable.  While other federal agencies may be willing
to accept the risk, they should be made fully aware of the risks.  In their present
condition, it is unadvisable to allow use of the hangars by anyone including
federal organizations.  Short-term use may be considered if certain life safety and
fire protection improvements are completed.  Under no conditions should the
hangars be used for large gatherings without the aforementioned improvements.

If NASA Ames Research Center management decides to make either hangar
available to a nonfederal organization by lease or other agreement, NASA
can handle the liability issues in a variety of ways, all of which we have
used or are now using at Moffett Field for other organizations.  If the
agreement with the nonfederal entity is a truly collaborative one, meaning
that NASA will be working along with the nonfederal entity on a project of
common interest, each party can agree to waive any and all claims against
the other.  Since the endeavor is collaborative, NASA will assume its share
of the third party risk, and the nonfederal entity will assume its share.
If, however, the agreement is one in which NASA really has no interest in
the project (i.e., noncollaborative) but is willing to make the hangars
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available for reimbursement of NASA's costs, NASA can require the
nonfederal entity to do any or all of the following: (1) unilaterally waive
all claims the nonfederal entity may have against the U.S. Government (but
keep open the possibility of NASA claims against the entity); (2)
indemnify, defend, and hold harmless the U.S. government and its officers
and employees (and we can add "resident agencies" and "resident partners")
from all third party claims; and/or (3) obtain insurance covering NASA and
its officers and employees as "additional insureds."  Of course, if NASA
management regards the risk as too great in the first place, it should
decide not to make the hangars available to non-federal users.

Risk Analysis
Because of anticipated probability of occurrence and because of the combined
magnitude of the hazards, an in-depth risk analysis was not performed.  The
outcome was obvious, the hangars should be vacated until repairs and upgrades
are made. Current users should be made aware of the risks.

Historic Preservation Issues
It is highly unlikely that the State Historic Preservation Office (SHPO) will allow
both hangars to be demolished.  It is even likely that it would consider the
demolition of even one hangar to be an adverse action.  The Agency may be
able to win approval to have one of the hangars demolished.  There is very little
chance that approval would be granted by the Federal Government to demolish
both hangars.

If neglect of the hangars continue, the State Historic Preservation Officer (SHPO)
may determine that our lack of due care constitutes an adverse action.  If SHPO
so rules, they would be compelled to seek recourse.  In other words, we may be
forced to repair and fire “safe” the hangars.  Requesting authorization to demo
both hangars may be politically unwise.  From the historic preservation
perspective, it might be better to request demolition of one with the
understanding that the money saved from it will be used to help maintain and
repair the other.  Even if NASA choose to ignore SHPO’s ruling, the National
Historic Preservation Act would be applicable.  It is extremely unlikely that NASA
will be allowed to circumvent this law.

Maintenance and Repair
Almost all of the mechanical, electrical, plumbing and structural systems need
some attention.  The structural systems need considerable repair and up-grade.
Many sections of both hangars have seen no maintenance in at least 5 years.

Probable Costs
The costs associated with bringing the hangars up to code are prohibitive.  Total
cost per hangar is likely to exceed $25,000,000.  The costs to make each hangar
reasonably safe would be in the neighborhood of $10,000,000 to $15,000,000.
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If the intent is to protect the hangars from fire, a partial fire suppression system
can be installed along the outer walls.  The system would only need to be
installed in the lower third of the walls.  This would only protect the structure.  It
would not meet any applicable fire code.  Therefore this would not meet the
requirement for occupancy.

The cost to demolish one hangar is estimated to be between $6,000,000 and
$8,000,000 depending on which hangar is demolished and whether or not the
wood has salvage value.  The final cost may be higher if the main structure has
to be treated as low-grade hazardous waste.  If the timber is has to be disposed
of as hazardous waste, the cost to do so may be as much as $2,500,000

The chart below reflects what it would cost to bring each structure up to
applicable code compliance such that they can be used as hangars.

Function Hangar 2 Hangar 3 Total
Maintenance/Repair M.E.&P. $1,250,000 $1,350,000 $2,600,000
Structural/Seismic Upgrades 7,500,000 8,000,000 15,500,000
Fire Protection 14,000,000 15,000,000 29,000,000
Roof Repair 3,000,000 3,500,000 6,500,000
Hazard Remediation 350,000 450,000 800,000
Code Compliance (M&E), OSHA
(occupational Safety), ADA

5,000,000 5,000,000 10,000,000

Total $31,100,000 $33,300,000 $64,400,000
Demolition $8,500,000 $10,500,000 $19,000,000

Estimates show that other use of the hangars such as light manufacturing, may
reduce the fire suppression costs by as much as $8,000,000.  The cost to make
one of the hangars usable for light manufacturing, commercial or other use can
run between $100 and $150 per square foot.  There would be no financial
advantage to constructing a building within a hangar.  Of course, any building or
rooms constructed within the hangar would have to have fire suppression.
Before any new-use upgrade can be made, at least $20,000,000 would have to
be spent per hangar to deal with know code violations, structural problems, and
fire suppression concerns.  The annual maintenance and repair cost for hangars
of this type would be very high.  The costs to maintain the hangar as well as the
facilities it would house would be exorbitant.

Health and Safety Considerations

In general, the preponderance of the findings has some health and/or safety
implications.  This section is intended to provide an overview of all the significant
health and safety issues. The findings are presented as general conditions and
are not provided for specific areas or rooms.  For the majority of issues
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presented the same deficiencies are common throughout each hangar. The
issues presented assume that the hangars will continue to be used as hangars.
Any other use will likely impact the costs of repair and upgrade to an unknown
extent based upon use.

The noted deficiencies were based on the evaluation of existing conditions per
the requirements of the1998 California Building Code.  As Building Code
requirements are dependent on occupancy type, for the purpose of this study the
office portion of the hangars were treated as a type-B (Business) occupancy. The
Hangar spaces were evaluated using the H-5 occupancy criteria.  The following
conditions were common to both hangars.
 
1. At many locations throughout the hangar, lead based paint was found pealing

off walls and chipping off wood trim and windows.  Asbestos pipe lagging was
found in many areas, in some cases labeled and encapsulated, and in other
areas assumed asbestos and non-encapsulated.  Friable material, possibly
asbestos, was noticed on ducts.  Broken and friable transite was found
throughout.  Hydraulic machinery fluid and electrical transformer fluid, which
is most likely hazardous material, was also noted.

2. The nearly 60 years of dust accumulation and bird droppings can pose a
significant health risk if not properly dealt with.

3. Uncapped plumbing drains and sewer lines were found open in some
instances.

 
4. The stairways to the second floor have stair tread which do not meet current

building codes for rise and run, non-compliant handrails, and in some
instances they do not meet minimum exit width requirements.  The guardrails
do not meet minimum standards.

 
5. Exiting requirements are non-compliant generally throughout most of the

building.  Many of the exit stairways and office room/area doors terminate in
the hangar and not at the exterior of the building as required.  Exiting through
a hazardous area, in this case a hangar is not permitted by the Building Code.

 
6. Dead bolts were found on many doors throughout the building.  Any locking

mechanism must be easily visible and operable from the inside of the room.
 
7. The second floor and mezzanines are non-handicap accessible.  Depending

on how the building is used will determine what occupancy requirements
apply.  More than likely this will be an issue.

 
8. The restrooms throughout the facility are non-handicap compliant and are in

poor condition.  They will require significant upgrade.
 
9. The restroom electrical outlets within six feet of the sinks are not GFCI type.
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10. In some second floor offices, windows extend to the floor.  There are no
Safety Glass certifications or markings on the glass.

11. Exit illumination (permanently on) is generally not provided in corridors and
stairways.  Emergency lighting is not provided in some areas, estimated to be
lacking in at least 80% of the required areas.

12. Illuminated exit signs with emergency power back-up lighting is not provided.

13. Evacuation devices (audible visual type), and manual pull stations at the main
exit doors, are lacking throughout.

Fire Suppression and Protection

In their present condition, both Hangars 2 and 3 are considered to be a
significant fire hazard.  Sister hangars, which have been destroyed by fire, have
an overhead flame spread of approximately ten minutes. The flame spread was
from one end of the hangar to the other end.  Because the hangars are within
close proximity and because of their tremendous heat load, if one hangar
becomes fully involved it is highly likely that the other will follow.  If a fire starts
within the main structural members it is questionable that even an immediate
response by the fire department could prevent catastrophic loss of the hangars.

Do to the size of the structures, without complete fire sprinkler protection, the
buildings exceed the allowable floor area.  However, under the provisions of CBC
Sec. 8-302.4, with sprinkler protection, Historic Buildings may have unlimited
floor area. NASA’s fire protection standards state that NASA aircraft hangars
shall be constructed and protected in accordance with the appropriate provisions
of NFPA 409.  Even if the hangars do not house NASA aircraft they are still
considered NASA hangars and therefore must meet applicable NASA standards.

According to NFPA 409, hangars shall be protected by one of the following
methods:

(1) Overhead, foam-water deluge systems, utilizing Aqueous Film Forming
Foam (AFFF) and designed in accordance with NFPA 409

(2) Over-head foam-water wet-pipe sprinkler systems and AFFF monitor
nozzles.

Because Hangars 2 and 3 are historical structures, Chapter 34 of the
California Building Code requires full compliance with all fire life safety
requirements.  Specific fire protection issues follow and, for the most part, are
common to both hangars.
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1. The Hangar floors do not have proper fire suppression as required by NFPA
409, Standard on Aircraft Hangars.  A foam water deluge system capable of
extinguishing an aircraft/fuel fire is required.

2. In the limited areas that have sprinklers the systems and heads in some
cases are approaching 50 years old.  NFPA standards require heads be
replaced or representative samples be submitted for testing.  The tests should
be repeated at 10-year intervals.

3. A one-hour fire rated separation is required between the hangar and the
offices.  Doors are required to be 1-hour fire rated.  Windows opening towards
the hangar are required to be fire rated glass and frames.

4. At various locations throughout the office portion of the building, exposed ply-
wood wall finish material most likely exceeds the maximum flame spread and
smoke development ratings allowed by the building code.  CBC Sec. 804.

5. The allowable travel distance to exits for hangars (H-5) is 300 ft for buildings
without sprinklers and 400 ft. for buildings with sprinklers.  Portions of the
hangar exceed the allowable travel distance in either case, however, the
deficiencies would be viewed much less significant in a building with
sprinklers.

6. The mezzanines are presently used for limited storage.  As this is significant
accessible storage space, a future tenant may make extensive use of the
area.  Should this be the case, additional automatic sprinkler protection will be
required.

This section assumes use as hangars.  Use of these structures for other than
what they were designed for is likely to significantly increase the cost of fire
suppression.

Structural Considerations

The main buildings measure 1000 feet long, 297 feet wide, and 171 feet tall. The
main structures consist of wood-trussed parabolic arches spaced at 20 feet on
centers supported on 25-foot tall concrete moment frames. The structures have
wood diagonal bracing between panel points of the lower chords and K-bracing
between the roof purlins and the lower chord panel points. Many of the original
wood X-braces between the concrete frames have been replaced with steel
tubes. The roofs are constructed of corrugated metal over straight wood
sheathing. The door structures at each end of the hangars consist of a wood box
beam at the top, supported by two concrete towers and are isolated from the
hangar by a seismic joint. All structural components of the hangars and doors are
supported on concrete pile foundations.
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Historical Evaluations of Structural Integrity
1946 & 1953
The fabricator of all the superstructure members, Timber Structures, Inc. of
Portland, Oregon, conducted inspections in 1946 and 1953 and recommended
some bolt tightening and some minor repair requirements. There are no records
to show that these repairs were ever made.

1980 & 1981
Neal Engineering Associates conducted inspections of Hangars 2 & 3 in 1980
and 1981 and provided repair recommendations for both the structural frames
and roofing. Most of the damaged structural members were found in Hangar 3.
Repair work was completed in 1981.

1981-1983
Power Engineering Contractors, Inc. of Palo Alto performed a major project
sometime between 1981 and 1983 to check and tighten all truss bolts in both
hangars. Some steel trusses in both hangars were also replaced. The cost of this
work was believed to be about $1.2 million.

June 1985
In 1985 Rutherford and Chekene performed an evaluation for seismic
vulnerability of the main structure of Hangar 2. Because Hangar 2 is identical to
Hangar 3, except for the lean-to-structure, the conclusions were also applied to
Hangar 3. A dynamic modal analysis was performed to apply seismic loads in the
transverse and longitudinal directions. The door structures were checked by
hand calculations. The analysis identified three major deficiencies: (1) the
concrete frames supporting the arches were severely overstressed and
inadequately reinforced for ductile behavior, (2) all the connections of the
longitudinal bracing trusses were overstressed, and (3) the concrete door towers
were overstressed at the top and base. Also the horizontal members of the
longitudinal truss were determined to be inadequate.

A non-structural field survey showed many potential hazards to life safety and to
the essential functions in both Hangar 2 and Hangar 3. These hazards include
falling objects such as light fixtures, suspended heaters, and wood planks.

A structural repair scheme was proposed consisting of in-filling every third
concrete base frame with a concrete shear-wall, constructing a new concrete
diaphragm at the top of the concrete frames, strengthening all the overstressed
bracing connections, and constructing two new concrete bracing struts at each
concrete door tower. The estimated cost for this structural repair scheme was
$2,620,000 for Hangar 2 only (this included an estimated $220,000 for securing
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and bracing nonstructural components). However, the repairs recommended
were never performed.  Equivalent construction costs today would be in excess
of $8,000,000.

1987
In 1987, Power Engineering Contractors, Inc. reattached all the sag braces in
both hangars with screws. The sag braces had originally been nailed in and
some were failing as the nails corroded. The cost of this work was about
$93,000. Apparently, no work has been done to tighten bolts on the exterior
siding.

July 1992
In July 1992, Power Engineering Contractors, Inc. performed a detailed structural
inspection of the wood framing in Hangar 3. This was the first detailed
examination of the hangar since the Loma Prieta earthquake of 1989. Inspectors
climbed every third frame. The frame being climbed was inspected in detail, and
the visible faces of the adjacent frames were checked with field glasses. Bolt
torque readings were taken for every frame at the bottom and catwalk levels, and
for every third frame at the crown level.

Major damage, identified as “split cracks” and/or “open cracks” in the beams
were found in the top and lower chord members at the top of the wood-trussed
parabolic arches mostly in frames 11 through 21.  Smaller cracks, splits, and
check cracks were also found throughout the hangar.

August 1992
Rutherford & Checkene performed further review and analysis of Hangar 3 to
determine whether it met life safety performance criteria as defined by the
National Earthquake Hazard Reduction Program (NEHRP) Handbook for Seismic
Evaluation of Existing Buildings.

The study concluded that there were major deficiencies in the lateral force
resisting systems of the hangar and the structure did not satisfy the criteria for
minimum life safety performance as defined by NEHRP. The major areas of
concern were the presence of a soft or weak story in the concrete frames due to
inadequate reinforcing, inadequacy of the connections of the diagonal bracing,
and the complete lack of connection from the diaphragm to the concrete
foundation.

The report also stated that during the field inspection of the hangar, two adjacent
arches were found to have splits in both their top and lower chords at the top of
the arches. The splits at each damaged chord were at least one inch wide and
extended through the entire member from end to end. At those locations, the
chords cannot take any load, and therefore the load path for any load is
completely removed. The report emphasized that the damaged arches are life
safety hazards and must be repaired.
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The effect of the lean-to-structure, mezzanines, and new steel bracing cannot be
defined until a detailed structural analysis is performed on them.

November 1992
EQE Engineering and Design prepared a conceptual design for the repair of
Hangar 3 using the structural inspection report of Hangar 3 dated July, 1992 by
Power Engineering Contractors, Inc. and structural repair drawings dated 1981
by Donald W. Neal, Structural Engineer.  They did not conduct an independent
study to determine the extent of the damage. The strengthening
recommendations include installing pairs of channels over damaged members,
providing new steel gusset plates at joints to connect all new and existing
damaged members, applying epoxy injection to repair cracks and splits for crack
widths of 1/2 inch or less, and adding stitch bolts for members with cracks and
splits with crack widths greater than 1/2 inch. The estimated cost of this
procedure to repair damaged members throughout the hangar was $1,650,000.

January 1993
Neal Engineering Associates conducted a detailed inspection of the damaged
arches of Hangar 3. They concentrated their inspection in the top portions of
frames 11 through 21.  Upon completion they submitted a structural evaluation
report of the damage with recommendations for repairs. The recommended
repairs involved adding glue-laminated bypass members, placed concentrically
on the outside of existing damaged members to strengthen the damaged
portions of the arches. This concept is similar to the one designed by Neal
Engineering in 1980 for the same hangar. The estimated cost for these repairs,
limited to the damaged locations observed in frames 11 through 21, was
$450,000.

Neal Engineering Associates also advised that because the area bounded by the
longitudinal catwalks and frame 11 through frame 21 is in a deteriorated
condition, it is not safe for occupancy by aircraft and personnel until repairs were
completed.

April 1993
In April 1993, Neal Engineering Associates was retained by NASA to provide
detailed structural evaluation of all arches of Hangar 3 and furnish construction
bid documents for the repair of the damaged members in the hangar. Neal
Engineering Associates submitted the final construction bid documents to NASA
in June 1993. The estimated cost for these repairs was $810,000. Three types of
repairs were included in the construction bid documents.

Type A repair is recommended at all locations where a primary chord or web
member is severed or seriously distressed. It consisted of a glue-laminated
bypass repair member that is placed and fastened concentrically to the existing
damaged member.
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Type B repair is designed to realign chord buckling. It consist of placing and
bolting a very stiff strong-back on each side of a buckled chord with solid
blocking in between to straighten and realign the buckled chord.

Type C repair consists of clamps and stitch bolts that are used to close small
separations.

1994-1995
In October 1994, a contract was awarded to Philo & Sons, Inc. to perform
minimal repair work on Hangar 3 using the construction bid documents submitted
by Neal Engineering Associates in June 1993. The repair work was performed,
completed, and was accepted in September 1995 at a cost of about
$398,000.00.

Structural Recommendations
Hangars 2 & 3 are Naval Historic Monuments and are California Historical Civil
Engineering Landmarks which are destined to be preserved and protected as
required, based on DoD directive 4710.01, 36 CFR 60 and 65 (references f and
g). The longer the hangars stand un-repaired, the more likely that further
structural damage will occur to the point where the hangars will no longer be
repairable.

The structural hazards of Hangars 2 & 3 should be a concern to all hangar
occupants/users. Even though the damaged arches of Hangar 3 were repaired,
there is no guarantee that the other undamaged arches or even the repaired
arches will not suffer any damage during an earthquake, a typhoon, or after the
passage of time.  While the buckled members that were repaired in 1981 have
performed well, similar buckling has occurred in many other locations. The
causes of these failures are unknown.

The structures were designed more than fifty-seven years ago for wind loading
conditions. These structures have successfully weathered severe windstorms
since their construction in 1942. However, the code provisions of Seismic Zone 4
lateral loads were not conceived of during the late 1930’s when the hangars were
designed by the U.S. Navy. Therefore, it is likely that more frame damage could
occur during a major seismic event. Hangars 2 & 3 lack adequate seismic
resistance. Furthermore, it is not considered feasible to upgrade the full structure
to meet the current code provisions.

It is strongly recommend that the structural concerns of the hangars be fully
disclosed to the users of Hangars 2 & 3. If Ames intends to allow continued use
of the hangars it should require a review of the structural repair scheme
proposed by Rutherford & Chekene in 1985 for Hangar 2 (which can also be
applied to Hangar 3).  Construction bid documents should be prepared based on
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that report and the required repairs should be made prior to occupying the
facility.

Finally, it is highly recommend that the hangar be inspected periodically by a
structural engineer for signs of new or progressing damage. The inspection
intervals should be semiannual for the first year after a major repair and may be
less often if the results are consistently favorable. Any damage found from these
inspections should be evaluated for level of urgency and repaired as necessary.

Condition of Mechanical/Electrical Systems and Infrastructure

An extensive inspection of the mechanical, plumbing, and electrical systems was
recently completed by Johnson Controls.  While many of the systems are not in
compliance with applicable codes, for the most part they appear to be functioning
reasonably well.  Many of the systems have not been maintained in the last 5 or
more years.  The site infrastructure is adequate for the present use of the
hangars.  There is minimal additional capacity for increased utility loads.

In each hangar the heating from the central plant is grossly undersized and
cannot adequately heat offices and shop areas.

Using infrared thermography the mechanical and electrical systems should be
inspected to determine if the systems are operating at temperatures that exceed
design parameters.  Because of the structures’ susceptibility to fire, it would be
prudent to conduct the tests within the near term.

Not including roofs or structural systems, each hangar has about $2,000,000 in
required repairs.  Most of the existing systems are no longer parts supportable.
This will eventually significantly drive up the annual maintenance and repair
costs.  Currently, the annual maintenance cost for each hangar would be around
$200,000.  Of all the systems, the electrical systems require the greatest
attention.

The large doors for both hangars require extensive repairs to the rail system as
well as the drive motors.  The motors are no longer parts supportable and will
require major overhaul in the near future.

Historic Preservation Issues

The State Historic Preservation Officer (SHPO) will require a compelling
argument if Ames elects to remove one or both of the wooden hangars.  With a
limited number of structures of this type in California it is not likely that the State
would concur with the undertaking to remove both hangars.  From the standpoint
of a state historical asset, the only other examples of wooden hangars in
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California are the Marine Corps hangars at Tustin.  The SHPO is well aware of
the Moffett hangars and has commented on the Tustin blimp hangars in a letter
to the Center’s Historic Preservation Officer on November 10, 1999.  Ames would
have to involve the NASA Administrator, the Advisory Council on Historic
Preservation and the public if it decided to proceed with the undertaking without
SHPO concurrence.

If Ames decided to proceed with the removal of the hangars, it is highly likely that
the strongest position with the SHPO would be to request removal of only one of
the wooden hangars.  The strongest argument would be that the existence of two
hangars of almost identical design and location is not required to interpret the
historical significance of this type of structure.  Also the argument exists that if
one caught fire both would be lost due to their close proximity.

One other consideration that needs to be taken into account is the Historic
Resources Protection Plan document.  The Center is about to submit this to
SHPO for review and comment.  Nowhere in this document is it discussed that
there may be plans to remove one or both of the wooden hangars.

Any proposal to demolish one or both hangars would require an Environmental
Assessment and public review.  This would entail public meetings, mailings, and
response to comments.

If Hangar 2 were removed, reconstruction of a new facility at this location would
also be subject to SHPO review since the land still remains within the original
National Historic District.  New structures, which detract from historic
interpretation of Hangar 3, may not be acceptable to the SHPO.  If the removal of
Hangar 2 were submitted to the SHPO for consideration, disclosure of plans for
replacement structures would most likely be required.  It is questionable that the
SHPO would accept reduction of the Historic District footprint area to eliminate
this condition.

Hangar Utility

Hangar 3 is Best Option
Removal of Hangar 2 would probably be the best choice if one had to be
selected for removal.  At the present time, there is insufficient space between
Hangar 2 and the airfield to provide apron space for aircraft.  If Hangar 2 were
removed, Hangar 3 would have adequate adjacent apron space and would be
more efficient for aircraft use.  Also, Hangar 3 is the "best" hangar from the
standpoint of having shop and service facilities built into the East Side of the
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structure.  It is also in the best condition and it has had more money invested in it
for improvements.

Each hangar can house, by category, approximately the following type and
number of aircraft (not inclusive):

• 747-400 approx. 5
• 747-SP approx. 6
• P-3 size approx. 12-15
• Blimps approx. 12+
• Corporate Jets approx. 20-30, depending on size

The existing 10” thick hangar floor does not have adequate strength to support a
fully fueled and loaded 747-400 or 747-SP.  The concrete floor would require
removal and replacement with 14.5-inch thick reinforced concrete slab.  Also,
portions of the apron areas outside of these hangars would require removal and
replacement with new pavement.

Potential Use Other than Aircraft Hangar
When the hangars’ condition, maintenance and repair needs, and upgrade
requirements are considered it becomes immediately evident that they have very
little practical application.  To change the building occupancy classification would
be extremely cost prohibitive.  If the type of occupancy were changed, the
hangars would require full code compliance based on their new occupancy
classification.

To return a hangar to a condition in which it can be used would cost between $75
and $95 per square foot.  Because the hangars have very little utility other for
which they were designed (Blimps) it would be exceedingly difficult to get a
reasonable return on the investment.  It would not be prudent for NASA to invest
a lot of money in the hangars.  If a hangar were turned over to a developer the
amount that it would have to charge per square foot would be prohibitive.

New hangar construction cost is between $150 and $200 per square foot.  While
this is considerably more per square foot that the $75 to $95 to upgrade the
existing hangars, a new hangar would have far greater utility.  In addition, the
annual recurring maintenance and repair costs are far cheaper for a new hangar.
Floor space in a hangar can be leased for as little as $4 per square foot per year
to as much as $8 per square foot.

For commercial purposes hangars 2 and 3 each have approximately 200,000
square feet of net usable aircraft storage space.  At $6 per square foot per year
each hangar’s revenue could be as much as $1,200,000 per year.  This would
not be sufficient to cover NASA’s costs.  Also, it is unlikely that the present
political climate would allow use of the hangars for commercial aviation.  It is
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important to note that the hangars could be used without a Space Act Agreement
because of their historical significance.

Other potential uses for one or both of the hangars might include:
1. Light Manufacturing Plant
2. Sound Stage
3. Major Event Facility
4. Storage Facility
5. Blimp Construction, Maintenance/Repair, and Upgrades Facility
6. Transportation Museum
7. Sports Complex
8. Hydroponics Facility
9. An Aviary

Example 1
What would it cost to utilize Hangar 2 as a sound stage?  First, it is important to
realize that the hangars have very poor acoustics.   Therefore, a standalone
sound stage would have to be constructed within the hangar.  To make the
required repairs and upgrades to hangar 2 would cost about $75 per square foot.
To construct a sound stage within Hangar 2 could cost as much as $200 per
square foot.  Total cost could be as much as $275 per square foot.  To construct
a sound stage not within a hangar could be as much as $225 per square foot.
The cost per square foot to construct it within hangar 2 would be $50 more per
square foot.  The annual maintenance cost would be at least $3 per square foot
per year more.  Total additional construction cost would be around $15,000,000.
Total annual additional maintenance, repair and infrastructure shared costs could
be as much as $1,000,000 per year.

This example can also be used to evaluate other potential uses for the hangar.
Light manufacturing for example.  The minimum cost of construction for a light
manufacturing facility is in excess of $160 per square foot.  Constructed in the
hangar it may be as little as $120 per square foot.  With the required repairs to
the hangar construction costs would be around $195 per square foot.  This is
assuming that the floors could handle the manufacturing equipment load.

Example 2
Consider using a hangar as a major event facility.  As a minimum NASA would
have to spend $20,000,000 on Hangar 2 to reasonably meet code requirements
such that it could be safely used for major events with minimal risks to the
Agency.  Cost to maintain the facility would likely exceed $1,000,000 per year.  If
Ames was able to charge $50,000 each time it was used it would require 20 uses
per year just to cover the cost of annual maintenance and repair.  Of course this
would not cover the Center’s operating costs nor would it cover the $20,000,000
investment cost.
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California Air National Guard Hangar Status

The construction of the Guard’s 62,000 square foot hangar is scheduled to start
in October 2000.  It is anticipated that the project will be completed by February
2002.  The Guard will vacate Hangar 3 by September 2002.  The new hangar will
be located in the southeast corner of the airfield.  The design is essentially
complete and the procurement process is underway.
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We the under signed respectfully submit this document to the Director of Center
Operations for consideration and further submission to the Deputy Director of
Ames Research Center.

________________________________
Robert J. Dolci, Chief, JF

________________________________
Joe Gippetti, Fire Marshal, JP

________________________________
Trish Morrissey, Chief, FEF

________________________________
Sandy Olliges, Chief, QE

________________________________
David King, Chief, QH
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1.0 Overview

The purpose of this Hangars Two and Three Hazard Notice and Disclosure
Report (Disclosure) is to summarize known deficiencies with respect to current
building, fire and safety codes. This disclosure includes information from field
reports and results of previous studies from the Facilities Engineering Branch;
Plant Engineering Branch; Environmental Services Division; Safety, Health, and
Medical Services Division; and Protective Services Office.

NASA Ames hereby provides notice and disclosure of certain existing conditions
of the Hangars as known to NASA Ames Research Center. NASA Ames makes
no warranty or representation that this disclosure provides a listing of all
potentially hazardous conditions. The disclosures in this document are made only
to further the user's due diligence and shall in no way relieve or diminish the
user's obligation to conduct its own due diligence assessment of the Hangar.

2.0 Health and Safety Considerations

This section is intended to provide an overview of previously identified health and
safety issues. It is likely that users will need to mitigate hazards found in their
areas of use. The findings are presented as general conditions and are not
provided for specific areas or rooms. For the majority of issues presented the
same deficiencies are common throughout each hangar.

The noted deficiencies were based on the evaluation of existing conditions per
OSHA and the requirements of California Department of Health Services and
the1998 California Building Code. As Building Code requirements are dependent
on occupancy type, for the purpose of this report the office portion of the hangars
were treated as a type-B (Business) occupancy. The Hangar spaces were
evaluated using the H-5 occupancy criteria. Other uses may have different
Building Code requirements. The following conditions were common to both
hangars.

 
1. At many locations throughout the hangar, lead-based paint was found peeling

off walls and chipping off wood trim and windows. Asbestos pipe lagging was
found in many areas, in some cases labeled and encapsulated, and in other
areas assumed asbestos and non-encapsulated. Friable material, possibly
asbestos, was noticed on ducts. Broken and friable transite was found
throughout. Hydraulic machinery fluid and electrical transformer fluid, which is
most likely hazardous material, was also noted.

2. The nearly 60 years of dust accumulation and bird droppings can pose a
significant health risk if not properly remediated.

3. Uncapped plumbing drains and sewer lines were found open in some areas.
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4. The stairways to the second floor have stair tread which do not meet current
building codes for rise and run, non-compliant handrails, and in some
instances they do not meet minimum exit width requirements. The guardrails
do not meet minimum standards.

5. Exiting requirements are non-compliant generally throughout most of the
building. Many of the exit stairways and office room/area doors terminate in
the hangar and not at the exterior of the building as required. Exiting through
a hazardous area, in this case a hangar is not permitted by the Building Code.

6. Dead bolts were found on many doors throughout the building. Any locking
mechanism must be easily visible and operable from the inside of the room.

7. The second floor and mezzanines are non-handicap accessible. Occupancy
requirements will be dependent upon the specific use of the hangar space.

8. The restrooms throughout the facility are not handicap-compliant and are in
poor condition.

9. The restroom electrical outlets within six feet of the sinks are not GFCI type.

10. In some second floor offices, windows extend to the floor. There are no
Safety Glass certifications or markings on the glass.

11. Exit illumination (permanently on) is generally not provided in corridors and
stairways. Emergency lighting is not provided in some areas and is estimated
to be lacking in at least 80% of the required areas.

12. Illuminated exit signs with emergency power back-up lighting is not provided.

13. Evacuation devices (audible visual type) and manual pull stations at the main
exit doors are lacking throughout.

3.0 Fire Suppression and Protection Considerations

In their present condition, both Hangars 2 and 3 are considered to be a
significant fire hazard. Blimp hangars of similar construction and vintage, which
have been destroyed by fire, had an overhead flame spread of approximately ten
minutes. The flame spread was from one end of the hangar to the other end.
Because the hangars are within close proximity and because of their tremendous
heat load, if one hangar becomes fully involved it is highly likely that the other will
follow. If a fire starts within the main structural members it is questionable that
even an immediate response by the fire department could prevent catastrophic
loss of the hangars.

3.1 Due to the size of the structures, without complete fire sprinkler protection
the buildings exceed the allowable floor area. However, under the
provisions of CBC Sec. 8-302.4, with sprinkler protection, Historic
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Buildings may have unlimited floor area. NASA’s fire protection standards
state that NASA aircraft hangars shall be constructed and protected in
accordance with the appropriate provisions of NFPA 409. According to
NFPA 409, hangars shall be protected by one of the following methods:

(1) Overhead, foam-water deluge systems, utilizing Aqueous Film
Forming Foam (AFFF) and designed in accordance with NFPA 409

(2) Over-head foam-water wet-pipe sprinkler systems and AFFF
monitor nozzles.

3.2 Because Hangars 2 and 3 are historical structures, Chapter 34 of the
California Building Code requires full compliance with all fire life-safety
requirements specific fire protection issues follow and, for the most part,
are common to both hangars.

3.2.1 The Hangar floors do not have proper fire suppression as required by
NFPA 409, Standard on Aircraft Hangars. A foam water deluge system
capable of extinguishing an aircraft/fuel fire is required.

3.2.2 In the limited areas that have sprinklers the systems and heads in some
cases are approaching 50 years old. NFPA standards require heads be
replaced or representative samples be submitted for testing. The tests
should be repeated at 10-year intervals.

3.2.3 A one-hour fire rated separation is required between the hangar and the
offices. Doors are required to be 1-hour fire rated. Windows opening
towards the hangar are required to be fire rated glass and frames.

3.2.4 At various locations throughout the office portion of the building, exposed
plywood wall finish material most likely exceeds the maximum flame
spread and smoke development ratings allowed by the building code.
(CBC Sec. 804)

3.2.5 The allowable travel distance to exits for hangars (H-5) is 300 ft for
buildings without sprinklers and 400 ft. for buildings with sprinklers.
Portions of the hangar exceed the allowable travel distance in either case,
however, the deficiencies would be viewed much less significant in a
building with sprinklers.

3.2.6 The mezzanines are presently used for limited storage. As this is
significant accessible storage space, a future tenant may choose to make
extensive use of the area. Should this be the case, additional automatic
sprinkler protection will be required.
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4.0 Structural Conditions and Deficiencies

The main buildings measure 1000 feet long, 297 feet wide, and 171 feet tall. The
main structures consist of wood-trussed parabolic arches spaced at 20 feet on
centers supported on 25-foot tall concrete moment frames. The structures have
wood diagonal bracing between panel points of the lower chords and K-bracing
between the roof purlins and the lower chord panel points. Many of the original
wood X-braces between the concrete frames have been replaced with steel
tubes. The roofs are constructed of corrugated metal over straight wood
sheathing. The door structures at each end of the hangars consist of a wood box
beam at the top, supported by two concrete towers and are isolated from the
hangar by a seismic joint. All structural components of the hangars and doors are
supported on concrete pile foundations.  Specific structural conditions and
deficiencies follow.

4.1 In 1985, a dynamic modal analysis was performed to determine the
structural stability of Hangars 2 & 3. The analysis identified three major
deficiencies: (1) the concrete frames supporting the arches were severely
overstressed and inadequately reinforced for ductile behavior, (2) all the
connections of the longitudinal bracing trusses were overstressed, and (3)
the concrete door towers were overstressed at the top and base. Also the
horizontal members of the longitudinal truss were determined to be
inadequate.

A non-structural field survey showed many potential hazards to life safety
and to the essential functions in both Hangar 2 and Hangar 3. These
hazards include falling objects such as light fixtures, suspended heaters,
and wood planks.

4.2 In July 1992, a detailed structural inspection of the wood framing in
Hangar 3 was performed. This was the first detailed examination of the
hangar since the 1989 Loma Prieta Earthquake. Inspectors climbed every
third frame. The frame being climbed was inspected in detail, and the
visible faces of the adjacent frames were checked with field glasses. Bolt
torque readings were taken for every frame at the bottom and catwalk
levels, and for every third frame at the crown level.

Major damage, identified as “split cracks” and/or “open cracks” in the
beams were found in the upper and lower chord members at the top of the
wood-trussed parabolic arches mostly in frames 11 through 21. Smaller
cracks, splits, and check cracks were also found throughout the hangar.

4.3 In 1992, further review and analysis of Hangar 3 was performed to
determine whether it met life safety performance criteria as defined by the
National Earthquake Hazard Reduction Program (NEHRP) Handbook for
Seismic Evaluation of Existing Buildings.
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The study concluded that there were major deficiencies in the lateral force
resisting systems of the hangar and the structure did not satisfy the criteria
for minimum life safety performance as defined by NEHRP. The major
areas of concern were the presence of a soft or weak story in the concrete
frames due to inadequate reinforcing, inadequacy of the connections of
the diagonal bracing, and the complete lack of connection from the
diaphragm to the concrete foundation.

The study also determined that during the field inspection of the hangar,
two adjacent arches were found to have splits in both their upper and
lower chords at the top of the arches. The splits at each damaged chord
were at least one inch wide and extended through the entire member from
end to end. At those locations, the chords could not take any load, and
therefore the load path for any load was completely removed. The study
emphasized that the damaged arches are life safety hazards and must be
repaired.

4.4 The long-term safety of the Hangars will continue to be a concern in spite
of the repairs performed on the arches. Even though the buckled
members that were repaired in 1981 have performed well, similar buckling
has occurred in many other locations in addition to the severely split arch
members. The most severe splits were repaired in 1994 in Hangar 3 and
other minor repairs have been performed over the years in both hangars.
But at present, we do not understand the cause of these failures. Due to
the extensive damage, some truss members are very likely stressed
beyond their allowed capacity. The unknown redistribution of stress
throughout the hangar makes an accurate estimate of the structure's
reserve capacity very difficult. It is likely that even after the existing
damaged members are repaired, damage will appear in other members
due to wind or seismic loads.

5.0 Condition of Mechanical/Electrical Systems and Infrastructure

An extensive inspection of the mechanical, plumbing, and electrical systems
show that while many of the systems are not in compliance with applicable
codes, for the most part they appear to be functioning reasonably well. In each
hangar the heating from the central plant is grossly undersized and cannot
adequately heat offices and shop areas.

5.1 Prior to tenancy of a hangar, the potential user may be required to
participate in an infrared thermography check of the mechanical and
electrical systems to determine if the systems are operating at
temperatures that exceed design parameters. The infrared thermography
is required because of the structures’ susceptibility to fire.
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5.2 The large doors for both hangars require extensive repairs to the rail
system as well as the drive motors. The motors are no longer parts-
supportable and they are not reliable.

Summary
Based on the information contained in this “Disclosure Report” it is evident that
Hangars 2 and 3 potentially pose a wide variety of hazards that must be carefully
reviewed by your organization.   Some hazards are clear and identifiable, while
some pose unknown potential and yet other hazards may still not be known and
identified.   In addition, some hazards could potentially expose your organization
regulatory violations depending on the area and conditions in which you use the
hangar space.

NASA strongly recommends that any organization that intends on using space
within Hangars 2 and 3 thoroughly reviews and evaluates their use of the
hangar(s) with professionals knowledgeable in hazard identification and risk
assessment.  Risks involving employee safety, cost, schedule, property,
regulatory compliance or any other factors important to your organization should
be considered before signing occupancy agreements or using hangar space.























































































































Reuse Guidelines  Hangar 3 
  Moffett Field, California 

 
August 30, 2006  Page & Turnbull, Inc. 
 
 

SECRETARY OF INTERIOR STANDARDS FOR THE TREATMENT OF HISTORIC PROPERTIES, 
STANDARDS FOR PRESERVATION  
 

1. A property will be used as it was historically, or be given a new use that maximizes the 
retention of distinctive materials, features, spaces, and spatial relationships. Where a 
treatment and use have not been identified, a property will be protected and, if necessary, 
stabilized until additional work may be undertaken.  

 
2. The historic character of a property will be retained and preserved. The replacement of 

intact or repairable historic materials or alteration of features, spaces, and spatial 
relationships that characterize a property will be avoided.  

 
3. Each property will be recognized as a physical record of its time, place, and use. Work 

needed to stabilize, consolidate, and conserve existing historic materials and features will be 
physically and visually compatible, identifiable upon close inspection, and properly 
documented for future research.  

 
4. Changes to a property that have acquired historic significance in their own right will be 

retained and preserved. 
 

5. Distinctive materials, features, finishes, and construction techniques or examples of 
craftsmanship that characterize a property will be preserved.  

 
6. The existing condition of historic features will be evaluated to determine the appropriate 

level of intervention needed. Where the severity of deterioration requires repair or limited 
replacement of a distinctive feature, the new material will match the old in composition, 
design, color, and texture.  

 
7. Chemical or physical treatments, if appropriate, will be undertaken using the gentlest means 

possible. Treatments that cause damage to historic materials will not be used.  
 

8. Archeological resources will be protected and preserved in place. If such resources must be 
disturbed, mitigation measures will be undertaken.  

 
This information has been taken from the taken from Code of Federal Regulations, Title 36, Parks, Forests, and Public 
Property, Chapter I, ("National Park Service, Department of the Interior"), Parts 1 to 99, Revised as of July 1, 1998, p. 329, it 
states: PART 68--The Secretary of the Interior's Standards for the Treatment of Historic Properties. 
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SECRETARY OF INTERIOR STANDARDS FOR THE TREATMENT OF HISTORIC PROPERTIES:  
STANDARDS FOR REHABILITATION 
 

1. A property will be used as it was historically or be given a new use that requires minimal 
change to its distinctive materials, features, spaces, and spatial relationships.  

 
2. The historic character of a property will be retained and preserved. The removal of 

distinctive materials or alteration of features, spaces, and spatial relationships that 
characterize a property will be avoided.  

 
3. Each property will be recognized as a physical record of its time, place, and use. Changes 

that create a false sense of historical development, such as adding conjectural features or 
elements from other historic properties, will not be undertaken.  

 
4. Changes to a property that have acquired historic significance in their own right will be 

retained and preserved.  
 

5. Distinctive materials, features, finishes, and construction techniques or examples of 
craftsmanship that characterize a property will be preserved.  

 
6. Deteriorated historic features will be repaired rather than replaced. Where the severity of 

deterioration requires replacement of a distinctive feature, the new feature will match the old 
in design, color, texture, and, where possible, materials. Replacement of missing features will 
be substantiated by documentary and physical evidence.  

 
7. Chemical or physical treatments, if appropriate, will be undertaken using the gentlest means 

possible. Treatments that cause damage to historic materials will not be used.  
 

8. Archeological resources will be protected and preserved in place. If such resources must be 
disturbed, mitigation measures will be undertaken.  

 
9. New additions, exterior alterations, or related new construction will not destroy historic 

materials, features, and spatial relationships that characterize the property. The new work 
shall be differentiated from the old and will be compatible with the historic materials, 
features, size, scale and proportion, and massing to protect the integrity of the property and 
its environment.  

 
10. New additions and adjacent or related new construction will be undertaken in such a manner 

that, if removed in the future, the essential form and integrity of the historic property and its 
environment would be unimpaired.  

 
This information has been taken from the taken from Code of Federal Regulations, Title 36, Parks, Forests, and Public 
Property, Chapter I, ("National Park Service, Department of the Interior"), Parts 1 to 99, Revised as of July 1, 1998, p. 329, it 
states: PART 68--The Secretary of the Interior's Standards for the Treatment of Historic Properties.  
 
 
 
SECRETARY OF INTERIOR STANDARDS FOR THE TREATMENT OF HISTORIC PROPERTIES:  
STANDARDS FOR RESTORATION 
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1. A property will be used as it was historically or be given a new use which reflects the 
property's restoration period.  

 
2. Materials and features from the restoration period will be retained and preserved. The 

removal of materials or alteration of features, spaces, and spatial relationships that 
characterize the period will not be undertaken.  

 
3. Each property will be recognized as a physical record of its time, place, and use. Work 

needed to stabilize, consolidate and conserve materials and features from the restoration 
period will be physically and visually compatible, identifiable upon close inspection, and 
properly documented for future research.  

 
4. Materials, features, spaces, and finishes that characterize other historical periods will be 

documented prior to their alteration or removal.  
 

5. Distinctive materials, features, finishes, and construction techniques or examples of 
craftsmanship that characterize the restoration period will be preserved.  

 
6. Deteriorated features from the restoration period will be repaired rather than replaced. 

Where the severity of deterioration requires replacement of a distinctive feature, the new 
feature will match the old in design, color, texture, and, where possible, materials.  

 
7. Replacement of missing features from the restoration period will be substantiated by 

documentary and physical evidence. A false sense of history will not be created by adding 
conjectural features, features from other properties, or by combining features that never 
existed together historically.  

 
8. Chemical or physical treatments, if appropriate, will be undertaken using the gentlest means 

possible. Treatments that cause damage to historic materials will not be used.  
 

9. Archeological resources affected by a project will be protected and preserved in place. If 
such resources must be disturbed, mitigation measures will be undertaken.  

 
10. Designs that were never executed historically will not be constructed.  

 
This information has been taken from the taken from Code of Federal Regulations, Title 36, Parks, Forests, and Public 
Property, Chapter I, ("National Park Service, Department of the Interior"), Parts 1 to 99, Revised as of July 1, 1998, p. 329, it 
states: PART 68--The Secretary of the Interior's Standards for the Treatment of Historic Properties. 



Reuse Guidelines  Hangar 3 
  Moffett Field, California 

 
August 30, 2006  Page & Turnbull, Inc. 
 
 

SECRETARY OF INTERIOR STANDARDS FOR THE TREATMENT OF HISTORIC PROPERTIES:  
STANDARDS FOR RECONSTRUCTION 
 

1. Reconstruction will be used to depict vanished or non-surviving portions of a property when 
documentary and physical evidence is available to permit accurate reconstruction with 
minimal conjecture, and such reconstruction is essential to the public understanding of the 
property. 

 
2. Reconstruction of a landscape, building, structure, or object in its historic location will be 

preceded by a thorough archeological investigation to identify and evaluate those features 
and artifacts, which are essential to an accurate reconstruction. If such resources must be 
disturbed, mitigation measures will be undertaken.  

 
3. Reconstruction will include measures to preserve any remaining historic materials, features, 

and spatial relationships.  
 

4. Reconstruction will be based on the accurate duplication of historic features and elements 
substantiated by documentary or physical evidence rather than on conjectural designs or the 
availability of different features from other historic properties. A reconstructed property will 
re-create the appearance of the non-surviving historic property in materials, design, color, 
and texture.  

 
5. A reconstruction will be clearly identified as a contemporary re-creation.  
 
6. Designs that were never executed historically will not be constructed. 

 
This information has been taken from the taken from Code of Federal Regulations, Title 36, Parks, Forests, and Public 
Property, Chapter I, ("National Park Service, Department of the Interior"), Parts 1 to 99, Revised as of July 1, 1998, p. 329, it 
states: PART 68--The Secretary of the Interior's Standards for the Treatment of Historic Properties. 
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