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1.0 SUMMARY AND CONCLUSIONS

The proposed action is intended to support the National Aeronautics and Space Administration's
(NASA) commitment to increase the productivity, reliability, and efficiency of the Langley
Research Center's (LaRC) National Transonic Facility (NTF) in Hampton, Virginia. The NTF is a
research facility providing state-of-the-art cryogenic wind tunnel testing capabilities. The NTF is
the only facility of its kind in the United States providing high Reynolds number testing of high-
performance military and commercial aircraft. The facility requires a number of upgrades and
modifications to meet the projected national demand for its services and to maintain U.S. cryogenic
testing capability at the forefront of research. -

The proposed action requires a number of work items grouped into six enhancement areas. These
include: installing a new liquid nitrogen (LN,) tank to provide additional storage; vent stack
modifications to eliminate potential fogging from cold gaseous nitrogen (GN;) emission,
modifications to the drive system to reduce limitations on the testing capability of the NTF;
integration of control and interlock systems to refine the accuracy and improve efficiency of the
facility; model equipment upgrades that will reduce model preparation and turn around time; and
facility upgrades to increase overall productivity, reliability, and efficiency of the NTF.

NASA LaRC addressed the environmental impacts of all the above actions except the proposed
vent stack modifications in an Environmental Assessment (EA) in 1995. Based on that EA (1995
EA), NASA LaRC published a Finding of No Significant Impact (FONSI) for the action in April
1995. There were no comments from Federal, state, or local agencies or the public for that action.
Several components of that action are currently under construction/implementation. Refined
engineering studies conducted by NASA LaRC, since April 1995, had identified the option for vent
stack modifications at the NTF. Potential environmental impacts of the proposed vent stack
modifications have been evaluated and presented in this revised EA. For completeness, this revised
EA addresses all the components of the proposed action including components under
construction/implementation.

The proposed action, the No-Action Alternative, alternative sites for locating the LN, storage
system, alternatives to vent stack modifications, the drive control systems, and the electrical
substation were considered in this Environmental Assessment (EA). The No-Action Alternative
entails operating the NTF with the current equipment and infrastructure. This alternative would not
provide the needed capabilities for future cryogenic testing at the NTFE.

Alternatives to vent stack modifications, which consisted of non-heat addition concepts, would not
likely eliminate potential fogging from cold GN, emissions. The alternative sites for the LN,
storage tank by Building 1244 and across from Building 1194, the alternate location for the drive
system in Building 1235 and the alternative location for a new substation south of the NTF to meet

the project needs were all considered feasible and environmentally comparable to the proposed
action but would be more costly.

The environmental analysis indicates that the proposed action will not have a significant impact on
local natural, cultural, and socioeconomic resources. Any potential hazardous and toxic wastes

resulting from facility upgrades would be disposed of in accordance with applicable Federal, state,
and local regulations.
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Modifications to the NTF stack would make operations during the late-night third shift feasible.
The current maximum noise levels produced by the NTF occur during venting of GN at a level of
about 68 dBA at the mobile home trailer park area outside NASA LaRC to the south. The existing
stack fans produce a noise level of about 61 dBA and the proposed new fans and heaters would
operate at a slightly higher level of about 64 dBA at the same location. This small increase in fan
noise may increase the maximum level from 68 dBA to about 69 dBA. This Jevel is still less than
the current maximum noise level of 70-71 dBA experienced from operation of the 16-Foot
Transonic Tunnel (16 Ft. TT) at night at the trailer park. If the NTF and the 16-Ft. TT operated at
the same time at their respective maximum noise levels, there would be an increase of about 2 dBA
in the local noise level. Such simultaneous tunnel operations occur currently during daytime and
hence, no significant impact is expected during daytime with the proposed action. The potential
impact from the proposed action would be in the increased frequency of simultaneous operation of
the two tunnels during nighttime. Such simultaneous operations would be infrequent since neither
facility produces maximum noise levels for extended periods of time. Nighttime operation would
not be significant to residences which have acoustical insulation required by the local noise
ordinance. NASA LaRC will review tunnel operations after completion of the proposed project to
determine if any additional noise controls are appropriate.

Based on the evaluation presented in this EA, it does not appear that the potential environmental
impacts associated with the proposed enhancement of the NTF will individually or cumulatively
have a significant impact on the quality of the environment. A Finding of No Significant Impact
(FONSI) is recommended.



2.0 PURPOSE AND NEED
2.1 FACILITY BACKGROUND

NASA LaRC is located in the city of Hampton in southeastern Virginia (Figure 1). LaRC
encompasses approximately 327 hectares (807 acres) and consists of numerous facilities providing
specialty support to acrospace research and testing.

The NTF is located in Building 1236 along State Route 172 just north of the main gate in the
densely developed West Area of LaRC (Figure 2). The NTF provides high Reynolds number
testing for models of high-performance military and commercial aircraft under cryogenic (cold)
conditions. The NTF is a closed-circuit, continuous flow, pressurized, internally insulated wind
tunnel, capable of operating through a Mach number range of 0.2 to 1.2. The NTF became
operational in August 1984.

The NTF uses air and gaseous nitrogen (GN») as the test media. With an air medium, testing is
carried out at temperatures ranging from ambient to 150°F and at pressures between 1 and 5
atmospheres (15 to 80 pounds per square inch, gage); with GN,, testing is carried out at
temperatures between -320°F and less-than-ambient temperatures at similar pressures. For the
elevated-temperature mode of operation, temperature control is effected by means of a water-cooled
heat exchanger. For the cryogenic mode of operation, cooling of the tunnel is achieved by
evaporating liquid nitrogen (LN;) (NASA, 1981).

The NTF is the only facility of its kind in the U.S. This facility is used by NASA, the U.S.
Department of Defense, and private industry (e.g., Grumman, Boeing, General Dynamics) for
aerodynamic testing of scale models of acrospace vehicles and has a high demand for use which
cannot be satisfied due to current productivity limitations. The NTF operates two shifts per day,

Monday through Friday, for a total of approximately 3,600 hours per year. The nominal test run
time is 1.5 hours. Number of personnel currently assigned to the NTF is 35.

2.2 PROJECT PURPOSE

The primary objective of the proposed action is to increase the productivity of the NTF. The U.S.
aircraft manufacturers currently conduct much of their developmental testing in European wind
tunnel facilities because of the shortage of high productivity test facilities in the U.S. The NTF is
basically a research facility and at the time of its construction provided state-of-the-art cryogenic
wind tunnel testing capabilities. In order for the U.S. to be self-sufficient and to competitively
support the need of the aircraft industry, production capability of the NTF, as measured by the
number of test units that can be performed (each unit termed test polar), needs to be increased from
500 to 1,200 test polars, annually. NASA LaRC has identified 17 work items to achieve improved
productivity, reliability and efficiency of the NTF. These work items are grouped into six
enhancement areas consisting of LN, storage system modifications, vent stack modifications, drive
system modifications, controls upgrades, model equipment upgrades and facility upgrades. These
enhancements contribute either directly to increased productivity or indirectly by increased
reliability, efficiency, and capability of operation.
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2.3 PROJECT NEED

The following sections provide an overview of existing components of the NTF (NASA LaRC,
1986) and describe the need for the proposed upgrades, additions, and modifications required to
achieve the project objective. A general layout of the NTF is shown on Figure 3. Components of
the NTF tunnel circuit are shown on Figure 4.

2.3.1 Liquid Nitrogen (LLN,) Storage System Modifications

The NTF uses LN to cool the tunnel circuit to facilitate cryogenic testing. LNj is obtained from a
plant owned and operated by PRAXAIR located south of the NTF across from NASA LaRC
property. LN, is transported via a 3-inch vacuum-jacketed, insulated pipeline with a delivery
capacity of 50-55 tons per hour, to an existing 840-ton LN} storage tank at the NTF (Figure 3). The
capacity of the LN; storage tank, as well as the pipeline delivery, is typically utilized in one shift
operation without completing a full test series. Refilling the NTF storage tank from PRAXAIR's
2,700-ton plant storage tank takes about 12 hours. PRAXAIR's LN, generation capacity is 12.5
tons per hour. When the two storage tanks are full, PRAXAIR curtails production of LN;. These
restrictions in LN, supply limit the NTF operations. Increased availability of LN, is essential to
improve NTF's productivity.

232 Vent Stack Modifications

During testing operations, cold gaseous nitrogen (GN:) is exhausted through the facility’s vent
stack. Under certain atmospheric conditions of relatively high humidity and low wind speeds, an
opaque plume of condensation tends to descend to the ground causing a surface fog which could
obscure vision on state route (SR) 172 which is a major local route that runs along NASA LaRC
property line on the southwest. As a safety precaution, operation of the NTF is curtailed during
such weather conditions which occur approximately 20 days annually. Modifications to the vent
stack are needed to eliminate fogging conditions which would result in reducing facility down time.

233 Drive System Modifications

The NTF drive system, which operates the fan and the compressor units, consists of one
synchronous motor and two wound-rotor induction motors. The synchronous motor operates at a
constant, low speed (360 revolutions per minute [rpm]) and is rated at 42,000 horsepower (hp).
The motor cannot deliver power at higher speeds and thus limits operation of the NTF under certain
test conditions. The induction motors operate at two speeds, 360 and 600 rpm, through a gear
box/speed control system and are rated at 23,500 hp each. The induction motors and their speed
control system were built in the 1940s and experience frequent failures. The motors are located in
Building 1236, The speed control system, located in Building 1241 is shared with the 16-Foot
Transonic Tunnel (16-Ft. TT) and limits the NTF's operational flexibility. An independent drive
system is needed for the NTF to improve its reliability and capability. The new drive system would
require an independent electrical power supply system because the existing system, shared with the
16-Ft.TT, precludes simultaneous operation of the two facilities at full capacity.
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234 Controls Upgrades
Controls Integration

Performance of a model is evaluated by testing a series of model angle-of-attack positions. Each
repositioning of the model induces a disturbance in the test medium (air or nitrogen) in the
immediate vicinity of the model. Test measurements cannot be taken until the disturbance is
attenuated and the gas flow past the model is fully re-established. Modifications are needed to the
existing model pitch, angle-of-attack, and roll control systems as well as the mass flow, pressure,
temperature, and speed control systems to reduce the time it takes to re-establish the flow after each
model repositioning.

Interlock System Integration and Programmable Logic Controllers (PLC)

The interlock system consists of automatic features to prevent unsafe operating conditions such as
overheating of equipment, low levels of oxygen, and conditions affecting personnel safety. The
existing (obsolete) interlock control system would need to be upgraded to current technology. The
new interlock system would need to incorporate into its logic, controls for the new LN, storage
tank, changes required for the new drive control system, and eliminate duplication of controls.
Upgrades would also be needed to centralize the operation to reduce time and manpower
requirement for tunnel entries and exits.

2.3.5 Model Equipment Upgrades
Model Filler System Modification

Wind tunnel models must have a smooth aerodynamic surface for testing. Uneven surfaces and
surface depressions are treated with fillers and smoothed prior to testing. The filler materials
should withstand the harsh testing environment and temperature cycles. The model filler system
currently used for the cryogenic models requires the model to be heated for at least one hour prior to
application. The model filler material then requires several hours curing time. Such time
requirements reduce productive testing time and increase LN, requirements to recondition the
tunnel. An improved filler system with ease of application and a short curing time would improve
NTF's productivity.

Model Heating System Modifications

Prior to changing a model configuration, models are heated by four heat guns to eliminate moisture
and to prevent frost formation on the model and its instrumentation, and to achieve model and
balance conditioning prior to any work being performed. The current system requires 90 to 180
minutes to complete the heating process. The longer the time for heating, the greater is the amount
of LN, needed to recondition the tunnel circuit for testing. A more-efficient model heating system
would improve the NTF performance.
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Sidewall Model Access System

To make changes on sidewall mounted models during testing, the tunnel must be purged of
nitrogen and warmed to ambient conditions for model access. The tunnel must then be cooled with
LN,. This procedure is time consuming and requires significant amounts of LN; to return the
tunnel to test conditions. A sidewall model access system would allow the tunnel to retain its
nitrogen environment during model changes and increase the tunnel availability for testing.

Model Attitude Measurement System

Currently the model attitude, or the angle of attack, is estimated by measuring the angle of the
model support assembly. This introduces the potential for inaccuracies in the test data. A system to
measure the model attitude directly would improve the accuracy of model analysis.

Cryogenic Test Chamber for Model Preparation Bay 2

The NTF currently has one cryogenic bay and two non-cryogenic bays for model preparation. All
models undergoing cryogenic testing must be prepared in the only available cryogenic model
preparation bay. This limits the number of cryogenic models that can be prepared for testing. A
second bay would facilitate increased model testing at NTF.

236 Facility Upgrades
Arc Sector Upgrades

Upgrades are needed to the current model support system to minimize lateral vibration of the
system during cryogenic testing. Decreased vibration minimizes the influence of the supporting
structure on the model dynamics and will improve the accuracy of test data.

Moisture Control System Modifications

Presence of moisture in the tunnel during cryogenic testing causes water or ice to accumulate on the
model surfaces resulting in erroneous test data and sometimes test failures. The current moisture
control technique requires purging of the tunnel with GN, prior to cooling down the tunnel and
after every change in model test configuration. This results in test delays and increased LN, usage.
Dry air purging is used when testing is carried out at higher temperatures (ambient to 150°F). The
tunnel is kept at a pressure slightly higher than atmospheric pressure during downtime such as
weekends to minimize moisture entry into the tunnel circuit, incurring additional operating costs.
An improved moisture control system would increase operating efficiency of the NTF.

The dry air purge system generates high noise levels (85 to 100 decibels A-weighted scale [dBA]
depending on location in tunnel) for personnel while working in the tunnel during certain operating
conditions. At LaRC, hearing conservation is required for an employee exposed to 80 dBA or
more, as a time-weighted average (NASA LaRC, June 1991). LaRC's standard is more stringent
(by 5 dBA) than the requirements of the Occupational Safety and Health Administration (OSHA)
Occupational Noise Exposure (29 CFR 1910.95). Modification to the purge air system is required
to lower the velocity of the purge air flow and attenuate the noise levels. The dry air purge system
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is a critical part of the operation because maintaining tunnel low dew point levels (less than -40°F)
minimizes frost effects on the model, tunnel components, and model data. Currently the dry air
system is non-operational due to prohibitive noise levels for personnel who are working in the back
leg of the tunnel or in the test section. It is highly desirable to get the noise level below 75 dBA to
allow personnel to work in the tunnel for extended periods of time.

Increased Tunnel Cool-down/Warm-up Rate

During the original facility design, the tunnel performance was mathematically modeled to develop
a tunnel cooling/heating rate to prevent structural damage to the model from rapid temperature
changes. This rate of cooling/heating requires considerable time between testing different
configurations. An increased cooling/heating rate, consistent with structural safety, would reduce
the total time required for each test.

Upstream Drive Housing (Nacelle) Heating Improvement

The upstream housing.of the drive mechanism (termed nacelle) accommodates the drive bearings
and sensitive instrumentation and controls. The housing is exposed to extreme cold from the LN,
spray injectors. The bearings must be kept above a certain temperature to remain functional.
Presently the nacelle has distinct cold spots which affect performance and need to be eliminated.

Improve Test Section Actuator Reliability

Problems arise with the tunnel actuators during certain cryogenic test conditions. When the
temperature is -250°F and the pressure is above 30 pounds per square inch absolute (psia), the
enclosed heated actuators become supercooled and this condition prohibits the mechanisms from
being operated. This condition also depends on Mach number and time of running. The corrective
action is to depressurize the tunnel and wait until the actuator temperature is above 0°F. This
condition results in operational delays from 1 to 8 hours depending on how long the tunnel has been
cold-soaked. Modifications to the mechanical actuators are required to improve actuator reliability.

Kirk Key Changes for Model Changes

LaRC's Standard Operating Procedure (SOP) for model accessibility and tunnel accessibility is a
critical component of the total NTF operation. By procedure, it is required that all components of
the NTF be physically locked to prevent exposure of personnel to such conditions as high pressure
air, mechanical systems, high voltage, low oxygen content, and extreme temperatures. The kirk key
system provides this level of safety and must be performed each time the tunnel is secured for
personnel access to the model and/or internal tunnel space. Currently it takes a skilled technician
knowledgeable of the kirk system to run the key matrices (stations and/or locking positions) over a
physical distance of about one-quarter of a mile. This activity takes up to 30 minutes.
Modifications to the kirk key system and the SOP are required to reduce the length of time to
complete the task.
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Procedural Changes for Model Change

The NTF has developed matrices of SOPs and Integrated Operating Procedures for the safe
operation of the facility. Over the years, these procedures have been modified and refined to
correctly complete a particular task. The procedures for model access are incorporated into the
procedural matrices in a similar manner; however, the criteria for all procedures was for safety and
proper sequence. It is now required that the procedures be modified to include timeliness as criteria
for the improved productivity of the tunnel operation.

2317 Facility Operation

The NTF currently operates a two-shift schedule. A 3rd shift is being planned to enhance the
productivity capabilities of the tunnel.

24 SCOPE OF THE ENVIRONMENTAL ASSESSMENT

NASA LaRC addressed the environmental impacts of all the above actions except the proposed
vent stack modifications in an Environmental Assessment (EA) in 1995. Based on that EA (1995
EA), NASA LaRC published a Finding of No Significant Impact (FONSI) for the action in April
1995. There were no comments from Federal, state, or local agencies or the public for that action.

Refined engineering studies conducted by NASA LaRC, since April 1995, had identified the option
for vent stack modifications at the NTF. Potential environmental impacts of the proposed vent
stack modifications have been evaluated and presented in this revised EA. This revised EA
addresses all the components of the proposed action.

This revised EA was prepared in accordance with the following regulations:

Council on Environmental Quality (CEQ) Regulations for Implementing the Procedural
Provisions of the National Environmental Policy Act (NEPA) (40 CFR Parts 1500-1508);

NASA's regulations implementing the provisions of NEPA (14 CFR Subpart 1216.3) as
addressed in Implementing the Provisions of the National Environmental Policy Act (NHB
8800.11); and

LaRC Environmental Program Manual (LHB 8800.1).
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3.0 DESCRIPTION OF PROPOSED ACTION AND ALTERNATIVES
3.1 PROPOSED ACTION

In order to meet the projected demand for the NTF testing capabilities, NASA LaRC has proposed
several additions and modifications to the facility to improve its productivity. The proposed work
items are described in the following sections (Sverdrup Technologies Inc., 1993).

3.1.1 Liguid Nitrogen (LN,) Storage System Modifications

NASA LaRC proposes to construct a new 3,400 cubic meter (m®) (900,000 gallon) tank to store
approximately 3,000 tons of LN, at the NTF, bringing the total on-site LN, storage to
approximately 3,840 tons. A transfer line between the new tank and the existing tank would deliver
LN, to the NTF at the rate of 260 tons per hour. The two on-site storage tanks will be appropriately
connected to ensure uninterrupted flow of LN, to meet the projected increase in demand for
cryogenic testing. The proposed action will increase the NTF sustained run time from 1.5 to 3.0
hours to provide for uninterrupted testing for a typical test program. The proposed LN, storage will
enable the NTF to use PRAXAIR's full production capacity of 100,000 tons LN, annually and will
permit NASA LaRC to obtain LN, from other sources, if available, on a competitive basis.

The new LN, storage tank will be a 16.5 meter (m) (54 foot [ft]) diameter, 26.3 m (85 ft) high, flat-
bottomed, cylindrical, double-walled, double-domed, insulated shell with a stainless steel inner
vessel and a carbon steel outer vessel, and will be constructed on a pile foundation. The new
storage tank will tie into the existing fill lines, vent stack, and control systems of the existing on-site
LN; storage tank. The new tank will be provided with safety features and controls to contain any
accidental spill. The proposed location for the new LN, storage tank is a grassy area immediately
south of the existing NTF vent stack (see Figure 5).

3.1.2 Vent Stack Modifications

The proposed vent stack modifications consist of installing 4 separate fan/burner systems to heat
the cold GN; discharge above ambient temperature to prevent a fog touchdown. The fans will have
the capacity to draw 240,000 cubic feet per minute (CFM) of atmospheric air. The burners with a
total capacity of 200 million British thermal units (BTU) per hour will be capable of raising the air
temperature from 60°F to 750°F and will use natural gas as fuel. Natural gas supply to the burners
will be made from existing facility connection. The local natural gas supplier to NASA LaRC has
sufficient capacity to meet the NTF requirements; hence, no gas storage facilities will be
constructed. Figure 6 shows a conceptual arrangement of the fan burner system. Based on an
analysis of historical operations and atmospheric conditions, it is anticipated that the burners will
operate approximately for 60 hours per year. The fans, however, will run whenever the NTF is
operational.
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3.1.3 Drive System Modifications

NASA LaRC proposes to replace the existing three-motor system with a single 135,000 hp moter.
A new independent drive control system will be provided for the new motor to allow full-power
operation of the NTF independent of the 16-Ft.TT operation. The new drive system will be located
in Building 1236 in an area currently occupied by two liquid rheostats which are scheduled for
disposal. The existing drive control system located in Building 1241 will continue to provide
controls for the 16-Ft.TT.

A new independent electrical power distribution system will be provided for the NTF as part of the
drive system modifications. A new 130 mega voltampere (MVA) transformer will be added at the
existing Yorktown Road substation (Building 1243) (Figure 5). A new duct bank and 115 kilovolt
(kV) cables will be provided to connect the new transformer with the existing 115 kV Stratton
substation (Building 1233). Preliminary routing of the cables is shown on Figure 7. Increased NTF
power requirements will be within the capability of existing supply from Virginia Power, which
supplies electrical power to NASA LaRC.

3.14 Controls Upgrades

Controls Integration

The existing NTF controls system will be modified to facilitate quicker flow stabilization around
the model after each model repositioning for testing. The proposed action would consist of:
installation of new instruments software, cables, and support equipment; modification to existing
instruments and control panels; and miscellaneous minor hardware changes. This work will be
carried out inside existing buildings.

Interlock System Integration and Programmable Logic Controllers (PLC)

Additions and modifications will be made to the existing system safety control and interlock
systems to incorporate drive modifications and the new LN, storage system. This work item would
include installation of alarms and sensors and development of procedures to incorporate the
operation of new equipment.

3.1.5 Model Equipment Upgrades

Model Filler System Modification

NASA LaRC is testing several commercially available filler materials for use in cryogenic testing to
meet its criteria for material finishing, adhesion to the model, thermal cycling capability, and
matching thermal expansion coefficient to parent (model) material. A key parameter for selection
of the appropriate filler material or a group of filler materials will be the curing time and
temperature. While studies are on-going, NASA LaRC does not anticipate use of materials
significantly different from currently used materials or use of materials which are hazardous or
toxic. No facility modifications are anticipated for this work element.
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