


to be measured; (2) detailed test specification, operating pro­
cedures and check-off lists; (3) detailed handling assembly and
disassembly procedures for the test article; and (4) safety
analysis of the particular experiment. As these plans are
completed, the reactor is being assembled for the tests.

The full-scale tests are performed at the uclear Rocket
Development Station at Jackass Flats, Nevada. This 90,000­
acre site about 90 miles northwest of Las Vegas was established
in February 1962, by agreement between the AEC and NASA,
and includes the part of the AEC's evada Test Site, which
had been used for the ground tests of the Kiwi reactors. Oper­
ations at this site are controlled by the S PO evada Office.

The principal facilities at RDS are'shown in Fig. 5. Test
Cells A and C and the R-MAD (Reactor-Nlaintenance, As­
sembly, and Disassembly) building were developed and are
being used for the Kiwi and RX test programs. The R-MAD
building is used for assembly and remote disassembly of the
reactors. Other facilities shown on the map are the ETS-l
test stand and the E-MAD (Engine-Maintenance, Assembly,
and Disassembly) buildings, which were developed as a part
of the NERVA program. The NERVA engine will be assem­
bled and disassembled in the E- 1AD building and tested in
the down-firing position in ETS-l. This test stand includes
a cooled duct to direct the exhaust gas from the stand. The

5-Principal facilities at the Nuclear Rocket Development Station
are shown here in diagrammatic form. R-MAD and E-MAD build­
ings are for maintenance, assembly, and disassembly of the reactor
and engine, respectively.
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design of this duct represents a complex fluid flow and material
cooling problem.

The NERVA reactor, which is shipped from the Astro­
nuclear Laboratory in Pittsburgh, is assembled with a nozzle
and pressure vessel on a test car (Fig. 7) in an assembly and
disassembly building. The test car is a railroad car modified to
provide a shielded region for the control actuators and elec­
trical equipment. It also contains the coolant, purge and hy­
draulic lines and instrumentation leads required for the test.
The nuclear reactor assembly is mounted with the nozzle
pointing up. Subsequent to these operations, the test assembly
is transported to the test cell, about two miles away.

The RX-A 1 reactor mated to the test cell is' shown in
Fig. 6. Piping and electrical connections are made through the
test cell wall, by means of a shielding plug carried on the end
of the car. This plug is designed to allow remote disconnection
following the reactor test.

The test cell used for the RX testing is Test Cell A,
which has one 100,000-gallon and two 28,000-gallon liquid
hydrogen dewars and 700 instrument channels for data acqui­
sition. The liquid hydrogen is pumped to the reactor by a
facility turbopump, and the turbine is driven by high-pressure
hydrogen gas from the gas storage farm. The test cell includes
a gas manifolding room, a flow control room, and a reactor
hook-up room. An aerial view of the test cell is shown in Fig. 8.

A room adjacent to the cell contains the data acquisition
equipment, which collects instrumentation signals from the
reactor. All reactor test operations are controlled from a Con­
trol Point about two miles from the test cell, thereby eliminat-
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ing direct radiation hazards to control personnel during the
test. Control signals are transmitted to the reactor through an
underground cable. The data is transmitted to the Control
Point by a hard wire FM multiplexing system.

The tests are performed by a joint test organization called
NTO ( evada Test Organization), composed of Aerojet­
General Corporation and Westinghouse personnel. The tests
are under the direction of a Test Director, who has full re­
sponsibility for the conduction of the test. A Test Review
Board representing the technical disciplines, and SNPO, are
present throughout the final days of the preparation for the
run and during the testing to approve any last minute revisions
to the test specification. Starting two days prior to the test,
called R-2 day, each of the operations proceed according to a
prescribed check-off list. Checks are made of the test piping
and valving systems and the controls of each of the operational
units. An end-to-end check is performed on each of the instru­
mentation channels. Inputs are introduced as close to each of
the detectors as possible, and a calibr'ation check is made at
the Control Point two miles away.

These operations continue through R-I day during which
another set of check-offs must be accomplished. On run day,
the final check-offs are accomplished and, at about 0600, the
status of the check-off board at the cell is reviewed. When all
local operations are completed, the cell is evacuated and road
blocks are established about two miles from the cell. Following
this time, no one can enter the evacuated area except the re­
entry team, who must be instructed by the Test Director.

The Control Point check-off begins at about 0730. In
addition to the instruments at the Control Point, complete
television coverage of the test cell and test article is maintained.

The control room personnel consist of about twenty oper­
ators (shown in Fig. 9) under the direction of a Chief Test
Operator (CTO), who receives his direction from the Test
Director. Other key operating personnel present during _,the
test include the data acquisition team, the television and
photographic monitoring team, test-cell monitoring team,
radiation and safety personnel, and sufficient personnel to
repair any malfunction. During the test, a team of design
personnel are observing some one hundred key variables that
are being recorded on strip chart recorders. If any variable
exceeds a red line value, they notify the Test Director.

A data review team is available to review the quick-look
data immediately following the run. Final safety approval to

6-The NRX-Al reactor mated to the test cell. Piping and electrical
connections are made through the test cell wall.
7-NERVA reactor is assembled with a nozzle and pressure vessel
on a test car, a railroad car modified to provide a shielded region for
the control actuators and electrical equipment.
8-Aerial view of the test cell used for NRX testing. The cell has
one 100,000-gallon and two 28,000-gallon liquid hydrogen dewars,
and 700 instrument channels for data acquisition.
9-Control room personnel number about 20 operators. Other
key operating personnel include a data acquisition team, television
and photographic team, and other specialized groups.
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run is obtained from SNPO-Nevada, who analyze weather
conditions with relation to any possible malfunction.

When all the various checks are completed, the run phase
of the test is started. The complete test profile, which includes
power level, flow rate and temperature, is controlled by an
automatic programmer. The Chief Test Operator has the abil­
ity to stop the test cycle and to override certain control param­
eters if unusual operating conditions exist. In practice, the
operating sequences occur so rapidly that only a few trimming
corrections on reactor power or temperature are possible dur­
ing a run. No change in plan is possible at this time. The suc­
cess achieved in the few minutes of testing is primarily the
result of the months and years of planning that preceded the
order to run.

The NRX-A 1 test, run in the spring of 1964, was the first
full-scale test conducted as a part of the NERVA Project. It
was a nonnuclear test, used to prove out the structural and
stability conditions within the reactor under the high-flow and
vibratory conditions of engine operation.

A series of tests were performed to check the integrity of
the system, starting with nitrogen flows and followed by gas­
eous and liquid hydrogen.

Flow rates representing a substantial fraction of full-flow
conditions were passed through the reactor, and observations
were made for any structural damage or any vibratory condi­
tion. Approximately 525 channels of instrumentation were
used during the test. No major damage or unusual condition
was observed, and the test was rated an unqualified success.

Following a test, the test car is returned to the R-MAD
building. For NRX-Al, which was not a nuclear test, dis­
assembly was not performed by remote operation, but for the
"hot" NRX-A2 test, the reactor has been brought into a large
disassembly bay, and operations performed remotely.

In July 1964, the second NRX reactor (NRX-A2) was
delivered to Nevada and was installed on the test car. It was
mated to the test cell, and on August 12 the first criticality was
achieved on the reactor. Tests continued through the month of
August and early September in preparation for achieving the
first powered run in the NERVA program.

On September 24, the hot test of the NRX-A2 reactor
was conducted. All of the test objectives were achieved, and
the operating time and power level exceeded expectations.
The reactor operated for slightly over six minutes at power
levels above 50 percent of the full power rating. During the
latter part of the run, full power conditions were attained. A
photograph of the NRX-A2 test assembly during the firing is
shown on p. 75. The proper functioning of the majority of the
experimental instrumentation allowed significant amounts of
data to be accumulated. A second test run was conducted on
October 15 when the reactor was operated at low powers for a
period of 20 minutes. Significant information was obtained on
reactor stability with dense hydrogen and two-phase hydrogen
entering the core. At present, extensive efforts are underway
to analyze all this information; also pending are observations
to be made during the remote disassembly of the reactor.



74

The Future

The future course of the nuclear-rocket program involves test­
ing more reactors, until the design is qualified for engine tests,
and the simultaneous development of the other engine com­
ponents such as the nozzle and turbopump. At that point, a
complete engine will be mounted in an NRDS test stand,
ETS-l. The stand includes a run tank containing 70,000 gal­
lons of liquid hydrogen, installed in the superstructure above
the engine firing positions. The engine will be tested with the
jet firing downward into an altitude chamber approximating
expected startup conditions of temperature and vacuum.

Following the series of NRX and engine system tests, the
nuclear engine will be ready for flight operation. Its high spe­
cific impulse makes the nuclear rocket engine an attractive
choice for deep solar system probes, for manned trips to nearby
planets, or for ferrying substantial equipment to the moon
and beyond.

For example, the substitution of a nuclear stage using the
NERVA engine for the chemical third stage of the Saturn V
configuration would result in 40 to 75 percent more payload
landed on the moon than with the chemical Apollo mission. 2

For planetary missions, the advantages of nuclear rock­
etry are even more impressive. For example, while the orbital
relations for a Mars mission are favorable for a brief period
every two years, the energy required varies greatly over a 17­
year cycle. These energy requirements determine the total
vehicle weight that must be launched into earth orbit. For
these long-range manned Mars missions, Fig. 10 compares the
launch weight of an all chemical vehicle to that for a nuclear­
powered vehicle for beyond-orbital operation. 3 The compari­
son of the required launch weight is shown for each year up to
1987. The difference is noteworthy for the near optimum
years, but is several factors for the nonoptimum ones.

With these performance capabilities, it is certain that the
nuclear rocket engine will find a significant place in the spec­
trum of space propulsion power sources. For long-range space
missions, there is no doubt that the nuclear rocket has an in­
herent superiority over any chemical rocket; in deep-space
probes, nuclear-powered vehicles appear to be the only
practical approach in the foreseeable Westinghouse ENGINEER
future. May 1965
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10-A comparison of launch weights of an all-chemical vehicle
and a nuclear-powered vehicle for beyond-orbital operation, in this
case for a Mars mission.
l1-Firing of the NRX-A2 is shown here. During these tests the
reactor operated for slightly over six minutes at power levels above
50 percent offull-power ratings, and during the latter part of the run,
full-power conditions were attained.
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