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ABSTRACT

This Safety Evaluation Report for the application filed by the University of
Virginia for a renewal of Operating License R-123 to continue to operate the
CAVALIER (Cooperatively Assembled Virginia Low Intensity Educational Reactor)

has been prepared by the Office of Nuclear Reactor Regulation of the U.S. Nuclear
Regulatory Commission. The facility is owned and operated by the University of
Virginia and is located on the campus in Charlottesville, Virginia. Based on

its technical review, the staff concludes that the reactor facility can continue
to be operated by the university without endangering the health and safety of

the public or the environment.
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ensure that there is an adequate amount nf shutdown margin available so that
even in the unlikely event that the highest worth rod fails to insert when
receiving a scram signal, there is still sufficient capability to shut down

the reactor. The limits on the experiments are such that they preclude any
prompt reactivity excursion caused by accidental experiment malfunction. The
negative temperature and void coefficients provide additional potential shutdown
capability if all the control rods fail to insert. Additionally, the ARIS is a
backup safety feature that will provide enough negative reactivity to overcome
the licensed excess reactivity in the core.

4.7 Functional Design of Reactivity Control System

The CAVALIER is controlled by manipulating four control rods in response to
reactivity changes in the core. The rods can be, and are authorized to be
located in any core position, consistent with Technical Specification limits on
reactivity.

4.7.1 Control Rod Drive

Control rod movement is achieved by electromechanical rack-and-pinion drive
units, Each drive mechanism has a three-position switch activated at the con-
trol console. Rod position indicators also are located on the console. Scram
action of each rod is controlled by a magnetic clutch. Any scram or loss-of-
power condition will deenergize the clutches, causing the rods to insert by
gravity into the core and shut down the reactor. The reactor parameters that
can initiate a scram are

(1) low moderator tank water level
(2) low startup count rate (2 channels)
(3) high reactor power level (CIC)
high reactor power level (UIC)
short reactor period (CIC)
short reactor period (UIC)
high radiation level at tank top

control rod drive system, as well as the scram circuitry and interlock
functions, are discussed in more detail in Section 7.

4.7.2 Assessment

The CAVALIER is equipped with safety and control systems typical of many small
nonpower reactors. There is sufficient redundancy of control rods and diversity
of scram-initiating sensors to give reasonable assurance of a safe shutdown.

On the basis of the above information and the additional details in Section 7,
the staff concludes that the reactivity control systems of the CAVALIER are
designed and will function to ensure acceptable shutdown capabilities for the
CAVALIER.

4.8 Operational Procedures

The CAVALIER is operated by NRC-licensed personnel in accordance with written
procedures approved by the Reactor Safety Committee. These procedures ensure
that the reactor is not operated unless the appropriate safety-related compo-
nents are operable. These procedures include normal operation and shutdown of

CAVALIER SER 4-8




the reactor, as well as procedures that include responses to specific events
(for example, emergencies, malfunctions, and so on).

4.9 Conclusion

On the basis of the above information, the staff concludes that the CAVALIER
was designed and built in accordance with good industrial practices, that the
performance capability of the control and safety instrumentation is acceptable,
and that the operating limits imposed by the Technical Specifications combine

to provide reasonable assurance of the continued safe operation of the CAVALIER.

CAVALIER SER 4-9



5. REACTOR COOLANT SYSTEM

5.1 Reactor Core Cooling System

The CAVALIER core is submerged in approximately 2000 gal (7572 L) of deminer-
alized water in an aluminum tank and is cooled by natural convection of the
bulk coolant. Because of the low power level of the reactor (<100 W), no
significant rise in either the fuel or the coolant/moderator temperature occurs
as a result of reactor operation, so no heat removal provisions other than
evaporation are made. The moderator tank is shown in Figure 4.1.

5.2 Coolant Purification and Makeup Systems

Figure 4.1 also shows the reactor coolant/moderator purification system. A
mixed-bed deionizer using throw-away resins is used to maintain conductivity

of the water in the CAVALIER tank at <5 x 10-°® mhos/cm. The moderator

tank water is pumped continuously through the deionizer at ~5 gal/min (0.18
L/s). Demineralized makeup water to replace evaporation losses is supplied
from the large demineralizer system that serves the UVAR. Discharged resin
from the CAVALIER demineralizer is considered as potentially radioactive and is
monitored to determine if it must be disposed of as contaminated waste.

5.3 Conclusions

The staff concludes that the reactor coolant system is adequate to cool the
core under all anticipated operational conditions. The staff further concludes
that the coolant demineralizer is adequate to preclude significant corrosion
damage to the reactor components during continued reactor operation.

CAVALIER SER |




6 ENGINEERED SAFETY FEATURES

Engineered safety features (ESF) are systems provided to mitigate the conse-
quences of potential radiological accidents. The only ESF system at the
CAVALIER facility is the alternate reactivity insertion system (ARIS).

6.1 Alternate Reactivity Insertion System

In the very unlikely event that reactor systems fail so that all control rods
remain in the fully withdrawn positions, the CAVALIER can be shut down with the
ARIS system, which injects borated water by gravity into the moderator tank.
The system is composed of a 25-gal tank of borated water connected to the
CAVALIER moderator tank with a 2-in. >ipe and normally closed with a manu-

ally operated valve. The ARIS system is illustrated in Figure 6.1. A leak

detection trap in the tank discharge line guards against inadvertent borating
of the reactor coolant.

The borated water contains boric acid and Borax in a concentration that provides
17.24 g/L of boron. If an operator opens the ARIS stop valve, sufficient
solution would flow into the moderator tank in less than 1 min (~1/2 of the
total) to overcome the 1.6% Ak/k maximum excess reactivity authorized to be
loaded in the reactor core. Conditions that would lead to the use of ARIS also

are identified in Section 14.

6.2 Conclusion

On the basis of its review, the staff concludes that the ARIS would control
the total authorized reactivity of the CAVALIER even in the unlikely event

hypothesized.

CAVALIER SER 6-1
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7 CONTROL AND INSTRUMENTATION SYSTEMS

7.1 Systems Summary

The CAVALIER uses control and instrumentation systems similar in design to
those on other small NRC-licensed, nonpower reactors. The operator interface
components of the CAVALIER control and instrumentation systems, which include
annunciators, rod controls, meters, and recorders, are located in the control
console.

7.2 Reactor Control Rod Drive System

The reactor power level is controlled by four boron stainless-steel control
rods connected to individual drive mechanisms. Each electromechanical control
rod-drive system consists of a motor, a magnetic clutch assembly, a position-
indicating device, a rack-and-pinon-drive system, and a hydraulic shock absorber.
The control rod drives are activated at the reactor console by individual
switches (key switch, scram switch, scram reset switch). When a scram signal
is received, the electrical power to the magnetic clutch is interrupted and

the rod drive units release the control rods, which insert into the core by
gravity. The control rods also fall into the core and shut down the reactor in
a safe manner on loss of electrical power. All four control rods may not be
withdrawn simultaneously. Administrative procedures allow no more than two
contro)l rods to be simultaneously withdrawn to 10 in. (25.4 cm). Beyond this,
they must be withdrawn individually.

7.3 Scram System and Interlocks

The reactor safety system provides for initiating scrams, controlling rod
withdrawal, initiating interlock functions, and supplying signals to the

console and annunciator panels. Figure 7.1 shows a block diagram of the

CAVALIER safety system.

Scram signals from reactor instrumentation supply signals to two relay systems,
each capable of scramming two control rods with a cross-connect circuit that
scrams the remaining two control rods. Thus, the failure of a single component
downstream of the mixer-driver will not prevent a reactor shutdown (two rods
will still insert). A manual scram deenergizes all four magnetic clutches.

For the CAVALIER, any two control rods will add sufficient negative reactivity
to make the reactor subcritical.

The safety system is designed to initiate a reactor scram under the following
conditions:

(1) high rate of change of power (perfod <10 s) source range BF, chambers
(2) high radiation at safety channels (power level)

(a) Compensated ion chamber (log-N)
(b) Gamma-ray ion chamber (log=G, linear power)

(3) high rate of change of power (period <10 s) log-N and log-G
CAVALIER SER 7-1
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(4) high radiation level at tank top (GM tube)

(5) low water level (float switch)

(6) loss of electrical power

(7) key switch off

(8) manual initiation

(9) finitiation of evacuation alarm (from any of the following locations)

(a) UVAR control room

(b) first floor hallway

(c) CAVALIER control room

(d) UVAR experimental area
(10) initiation of fire alarm system

A rod withdrawal interlock circuit prevents reactor startup if the source
strength signal is insufficient (<2 counts/s).

7.4 Instrumentation System

The reactor instrumentation system is fully integrated with the reactor safety
system (rod control and scrams) to comprise a single integrated system. Both
nuclear and nonnuclear parameters are measured and monitored by the system. The
CAVALIER Technical Specifications require a minimum number of safety channels
(listed in Table 7.1) for reactor operation. The CAVALIER inst~umentation is
designed to operate over two ranges of reactor power, source rage and power
range. Figure 7.2 provides a block diagram of the reactor safety system
instrumentation.

Table 7.1 Minimum reactor safety channels

Operating Mode

Measuring Minimum No. in Which Required
Channel Operable Function to be Operable
Tank water level monitor 1 Scram All modes
Tank top radiation 1 Scram All modes
monitor
Startup count rates 2 To prevent Reactor startup
control rod
withdrawal
when channels
read <2 counts/s
Reactor power level 1 Scram All mode.
log=N (CIC)
Reactor power level 1 Scram All modes
linear gamma-ray (IC)
Reactor period 1 Scram at less All modes
log=N (CIC) than 5-s period
CAVALIER SER 7-3
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Because the health and safety of the staff and public are protected adequately,
and because the facility has operated and is expected to continue to operate
within the guidelines of 10 CFR 20 and is committed to the ALARA philosophy,
the staff concludes that the radiation protection program is acceptable
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13.6 Conclusion
On the basis of the above d ;

liscussions, the staff concludes that tle¢ licensee
has sufficient experience, management structure, and procedures )

reasonable assurance that the CAVALIEF 11 be managed in a way

no significant risk to the health and saf of the public
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