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ABSTRACT

This Safety Evaluation Report for the application filed by Manhattan College
(MC) for a renewal of Operating License R-94 to continue to operate the MC
0.1-W open pool training 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 MC and is located two blocks away from the MC main
campus in the Riverdale area of New York City, New York. The staff concludes
that the reactor facility can continue to be operated by MC without endangering
the health and safety of the public.
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1 -INTR 000CTION

! Manhattan College (MC/ licensee) submitted a timely application for renewal of
j the Class 104 Operating License (OL) R-94 for its open pool zero power reactor
i by letter to the U.S. Nuclear Regulatory Commission (NRC/ staff) dated August 26,
; 1983, as amended. The letter requested renewal of the MC OL to permit continued
' operation at power levels up to and including 0.1 W for a period of 20 years.

MC is permitted to operate the reactor within the conditions stipulated in past
amendments in accordance with Title 10 of the Code of Federal Regulations

j (10 CFR) Paragraph 2.109, until NRC action on the renewal request is completed.

The renewal application, as amended, contains substantially all the information
regarding the design of the facility included in the application for the origi-i

i nal operating license. The application included a Safety Analysis Report, an
j Environmental Report, Technical Specifications, Emergency Plan, an Operator
i Requalification Program, and a Fiscal Statement. A Physical Security Plan,
d which was approved in 1983, is protected from public disclosure under 10 CFR

2.790(d)(1) and 10 CFR 9.5(a)(4).
!
j The staff's safety review with respect to issuing an operating license renewal

to MC was based on the information contained in the renewal application and
i supporting appendices plus responses to requests for additional information,
j- This material is available for review at the Commission's Public Document Room
: at 1717 H Street, N.W., Washington, D.C. This Safety Evaluation Report (SER) '

j was prepared by Angela T. Chu, Project Manager, Division of Licensing, Office
; of Nuclear Reactor Regulation, Nuclear Regulatory Commission. Major contrib-

'
! utors to the technical review include the Project Manager, C.E. Linder, and
] A. Crawford of the Los Alamos National Laboratory under contract to NRC. i

:

The purpose of this SER is to summarize the results of the safety review of
j the Manhattan College Zero Power Reactor (MCZPR) and to delineate the scope of *

the technical details considered in evaluating the radiological safety aspects-

f of continued operation. This SER will serve as the basis for renewal of the
,

r

license for operation of the MC facility at power levels up to and including4

! 0.1 W. The' facility was reviewed against Federal regulations (10 CFR 20, 30,
! 50, 51, 55, 70, and 73), applicable regulatory guides (Division 2 Research
! and Test Reactors), and appropriate accepted industry standards (American
i National Standards Institute /American Nuclear Society (ANSI /ANS) 15 series].
! Because there are no specific accident-related regulations for research reac-
; tors, the staff has at times compared calculated dose values with related
: standards in 10 CFR 20, " Standards for Protection Against Radiation," both for
: employees and the public.
I
!- 1.1 Summary and Conclusions of Principal Safety Considerations

The staff's evaluation considered the information submitted by the licensee,
; past operating history recorded in annual reports submitted to the Commission
| by the licensee, and reports by the Commission's Region I Office. In addition,
! as part of the licensing review of several open pool-type reactors, the staff
j obtained laboratory studies and analyses of several accidents postulated for

|
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the open pool-type training reactor that are applicable to reactors of 250 kW
or less using uranium-aluminum alloy type fuel as does the MCZPR. The staff's
conclusions, based on evaluation and resolution of the principal issues reviewed
for the MCZPR, are as follows:

(1) The design, testing, and performance of the reactor structure and systems
and components important to safety during normal operation are inherently
safe, and safe operation can reasonably be expected to continue.

(2) The expected consequences of potential transients have been considered,
including those of a maximum hypothetical accident (MHA). The staff per-
formed conservative analyses of the more serious potential accidents and

-determined that the calculated potential radiation doses outside the reac-
tor room would not exceed the dose guidelines of 10 CFR 20 in unrestricted
areas.

(3) The licensee's management organization, conduct of ' raining and research
activities, and security measures are adequate to ensure safe operation of
the facility and protection of special nuclear material.

(4) The method used for the control of radiological effluents can ensure that
- releases of radioactive wastes from the facility are within the limits of

the Commission's regulations and are as low as is reasonably achievable
(ALARA).

(5) The licensee's technical specifications, which provide operating limits
controlling operation of the facility, are such that there is a high
degree of assurance that the facility will be operated safely and reliably.

(6) The financial data provided by the licensee are such that the staff has
determined that the licensee has sufficient revenues to cover operating
costs and eventually to decommission the reactor facility.

(7) The licensee's Physical Security Plan, which provides for the physical
protection of the facility and its special nuclear material, complies with
the requirements of 10 CFR 73.

(8) The licensee's plan for operator requalifications provides reasonable
assurance that the reactor facility will be operated competently.

(9) The licensee's Emergency Plan, which is in compliance with the existing
applicable regulations, has been found acceptable.

1.2 Reactor Description

The Manhattan College Nuclear Engineering Facility contains the zero power
reactor (a critical reactor), a graphite-moderated subcritical reactor, and a
light-water-modecated subcritical reactor. The two subtritical reactors are
located in a separate room next to the MCZPR, and they are licensed by
New York City. Their presence and operation have no impact on the safety
of the MCZPR.

MC SER 1-2
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The MCZPR is a heterogeneous pool-type critical reactor, light-water moderated
.and fueled with 92% enriched uranium. The reactor is licensed for a maximum
power level of 0.1 W. The water in the reactor pool has a large heat capacity
relative to the 0.1-W power level and, therefore, no recirculating cooling
system is provided.

The fuel elements are made of concentric uranium-aluminum alloy curved fuel
plates, clad on both sides with aluminum. There are 15 full fuel elements and
1 partial fuel element containing a total of 3,024 grams of 23sU. Each full
fuel element is made up of six concentric cylinders of fuel.

There are two control rods in the reactor: one cadmium-stainless-steel shim |

rod and one stainless-steel regulating rod. The two detecting instruments in !

the reactor are a BF neutron detector and an uncompensated ion chamber. Two
3

Geiger-Mueller counters are used for area radiation monitoring. The control
console is located near the reactor vessel and contains all the necessary control
switches, lights, and instrumentation required to operate the reactor effi-
ciently and safely. Neutron and gamma-ray detectors are suspended in the
reactor pool while control rod drive mechanisms are located on a mounting plate
on the platform above the pool.

,
The MCZPR was manufactured by AMF Atomics of Greenwich, Connecticut. Before
being installed at Manhattan College in 1964, the reactor core had been used'

since 1961 by AMF Atomics in pressurized tube reactor low-critical research
experiments at the Industrial Reactor Laboratory reactor site in Plainsboro,
New Jersey.

1.3 Reactor Location

The Manhattan College campus is located in Riverdale, a residential section of
the Bronx, New York City. The MCZPR is located in the Leo Engineering Building
two blocks from the main campus. It has been in the same building and location
since its installation at Manhattan College in 1964. The location of the
building and its relationship to the surroundings is shown in Figure 1.1.

1.4 Comparison With Similar Facilities

The MCZPR is of a unique design using concentric fuel plates made of 92%
enriched uranium-aluminum alloy clad in aluminum. NRC recently renewed the
operating license of the Westinghouse Electric Corporation Nuclear Training
Reactor that also uses concentric U-Al alloy fuel plates. The MCZPR U-Al
alloy fuel, control systems, and principal components are similar to many other
research reactors licensed by the NRC that have operated safely for many years.

1. 5 Design and Facility Modifications

A number of NRC-approved minor modifications have been made to-the MCZPR
facility since its startup in March 1964.

In June 1964, the middle sections of the hollow aluminum shafts for all 16
holddown rods were replaced by solid lucite shafts to eliminate the possibility
of the reactor going prompt critical. In April 1968, the holes were plugged in

MC SER 1-3
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the fuel element positioning cylinders to validate the reactor power excursion
accident analysis, which was based on the assumption that the excursion energy
was adiabatically transferred to the fuel elements. In August 1968, the boron
solution, used for emergency shutdown purposes, was replaced by a rod containing
BC4 powder.

1.6 Nuclear Waste Policy Act of 1982

Section 302(b)(1)(B) of the Nuclear Waste Policy Act of 1982 provides that the
NRC may require, as a precondition to issuing or renewing an operating license
for a research or test reactor, that the applicant shall have entered into an
agreement with the Department of Energy (DOE) for the disposal of high-level
radioactive wastes and spent nuclear fuel. DOE (R. L. Morgan) has informed the
NRC (H. R. Denton) by letter dated May 3, 1983, that it has determined that
universities and other government agencies operating nonpower reactors have
entered into contracts with DOE that provide for DOE to retain title to the fuel
and to take the spent fuel and/or high-level waste for storage or reprocessing.
Because Manhattan College is included in this category, it is in conformance
with the Nuclear Waste Policy Act of 1982.
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2 SITE CHARACTERISTICS

2.1 Geography and Demography *

Manhattan College is situated along Manhattan College Parkway on the heights
above Van Cortlandt Park, in the Riverdale section of the Bronx, New York City,
just a few blocks south of the Yonkers City line.

The demographic patterns and land use in the vicinity of the reactor building,
including the Manhattan College campus buildings and local residences and
businesses, are shown in Figure 2.1. The estimated population is about 5,000
students and faculty on campus and about 20,000 within a 1-mi radius of the
campus.

2.2 Nearby Industrial, Transportation, and Military Facilities

Therearenoheavyindustriesormilitaryestablishmentsinthevicinityofthe
MC campus. The nearest airport, La Guardia, is about 10 mi away. There are
three passenger railroad lines: two Penn Central lines, one about 1 mi west
and another about 1,000 ft east of MC, and an elevated subway line. The
storage / maintenance yards for the New York subway system are located two '

blocks from the site. The area within 1 mi of the site includes a number of
local streets and two limited-access highways--Interstate 87 on the east and the
Henry Hudson Parkway on the west. No heavy trucks traverse the campus except
when making deliveries. These transportation facilities and routes do not pose
a threat to the safe operation of the reactor.

2.3 Meteorology

New York City has a predominantly continental climate, but the oceanic influence
normally delays the advent of winter snows until late December. The average
annual precipitation is 42 in. (of which 26 in. is in the form of snow).
Northwest winds prevail from November to April. From May to October, south or
southwest winds are dominant. Light-to gentle winds prevail much of the time
during the warm months and on many days in the winter season, and winds of gale
force are seldom experienced. Occasionally, during the months of August and
September, tropical storms of hurricane force are felt in the city. At these
times high winds in excess of 50 mph are experienced.

Because the facility produces negligible gaseous effluents, the frequent
temperature inversions in the area present no radiological hazard to the public
from the facility.

2.4 Geology

The MC campus is situated on the Fordham gneiss; the reactor site, which is
located about two city blocks south of the main campus, is atop alluvial fill
over Inwood marble. The immediate area is seismically inactive; the nearest
fault is the Dyckman Street fault located about 2 mi from the site. This fault

MC SER 2-1
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has been inactive within recent geological timeframes (over 15-20 million years).
There are no active faults within 5 mi of the site (Schuberth, 1968).

2.5 Hydrology

No wells have been drilled on the MC campus nor in its vicinity. The water
supply of the college is part of the New York City water system supplied
principally through Croton Reservoir in Westchester County.

Surface runoff water is collected in concrete-lined storm drains that empty
into the New York City sewage disposal system. This drainage system has been
adequate to prevent any flooding of the campus by heavy rains.

2.6 Seismology

New York City lies in a general area of low to moderate seismicity. The
probability of damaging earthquakes is very low, and minor earthquakes, which
occur in southeastern New York and northern New Jersey, pose no significant
threat to the safety of the MCZPR.

In the event of a rupture of the reactor vessel, loss of water will reduce
moderation and cause the reactor to scram. The water in the vessel would then
be contained within an independent overflow area in the basement of the reactor
facility and would not result in any radiological hazard to the public.

2.7 Conclusion

The staff has evaluated the MC site for man-made as well as natural hazards and
concludes that there are no significant hazards associated with this site that
would render it unfit for continued operation of the MCZPR.

MC SER 2-3
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3 DESIGN OF STRUCTURES, SYSTEMS, AND COMP 0NENTS

3.1 Description of Reactor Building

The Leo Engineering Building contains the MCZPR and two subcritical reactors,
which are located in a separate room and are licensed by New York City. The
physical layout of the MCZPR facility includes a separate room on the first
floor containing the top of the reactor tank and the control console and a
basement containing the bottom of the reactor tank and auxiliary equipment.

The Leo Engineering Building is a three-story brick building. The floor plans
for the first and second floors of the building are shown in Figures 3.1 and 3.2,
respectively, with the MCZPR area shaded.

Several concrete piers were added to the first floor of the structure to
strengthen it. There are concrete walls on three sides of the room. The base
of the fourth wall consists of a concrete curb, 1 ft 10 in. high, sufficient
to permit the room to contain the entire contents of the reactor tank. The
remainder of the fourth wall consists of a metal partition to separate the
reactor room from the ventilation equipment room for the Leo Engineering
Building. The south wall of the reactor room is an outside wall that is
reinforced and protected by a sloping slab of concrete 6 ft wide. A window,
4 f t 3 in. by 4 f t 3 in. , is located on the south wall 8 f t above the floor.
This window is protected by wire mesh and is secured with lock and key.

3.2 Wind Damage

The Leo Engineering Building is designed to withstand wind loads for wind
velocities reaching 100 mph. The MCZPR is in a protected location in this
building as described in Section 3.1. The maximum recorded wind velocity
during the past 20 years in New York City was 62 mph during a 1965 hurricane.
Such events are infrequent in the New York City area. On the basis of the
construction of the building and the location of the reactor, the staff concludes
that wind damage to the MCZPR is unlikely.

3.3 Water Damage

The MCZPR is located in the basement and the first floor of the Leo Engineering
Building. The first floor is approximately at sea level. Although the Hudson
River and East River are about 1 mi from the reactor site, there has been no
history of river flooding in this area, and the drainage system of the reactor
site has been adequate to prevent any flooding by heavy rains or ground water
for the past 20 years. Therefore, the staff concludes that flooding of tha
reactor facility is unlikely. Even if flooding conditions did occur, there
would be no impact on the ability to shut down the reactor manually or auto-
matically or to maintain it in a safe shutdowon condition.
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3.4 Seismic-Induced Reactor Damage

Seismology of the region is discussed-in Section 2.6 of this report. Because
the reactor is constructed with features as described in Section 3.1 and the
seismic activities are minor and infrequent, the staff concludes that seismic-
induced damage to the reactor is unlikely.

3.5 Mechanical Systems and Components

The mechanical systems of importance to safety are the neutron-absorbing
control rods suspended from the control rod drive mechanisms, which are bolted
to a 1-in.-thick steel plate on top of the reactor platform. The control rod
drives are operated from the control console in the reactor room on the first
floor. The motors, gear boxes, electromagnets, switches, and wiring are
above the water level in the reactor tank. Because the MCZPR facility is
housed in a building that could withstand potential wind damage, water damage,
or minor earthquakes, and its mechanical systems are bolted securely to the
facility structure and are located about ground level, the staff concludes that
the MCZPR mechanical systems and components are well protected from potential
wind damage, water damage, and seismic-induced damage.

3.6 Conclusion

From the above description and evaluation of the reactor facility, the staff
concludes that the MCZPR facility is adequate to withstand potential wind
damage, water damage, and potential minor earthquake activity without any
significant damage that would increase the risk to the public.

'

MC SER 3-4



>
, ..

.,

% .

~

4 REACTOR

The'MCZPR is'a heterogeneous, light-water-moderated, pool-type reactor fueled
with highly enriched (92%) U-Al alloy fuel. It.is licensed to operate at power

levels not to exceed 0.1 W. The MCZPR is used primarily for class instruction,
student experiments, and reactor operator training. It is located on the base-"

ment and first floor in the southeast corner of the Leo Engineering Building

_(Figure 4.1). The discussion in this section is based on information obtained
from the licensee's Safety Analysis Report and during discussions with licensee
'ersonnel. The design and performance characteristics of the MCZPR are summa-p
rized in Table 4.1.

4.1 Reactor Core.

The reactor core is a lattice of vertically arranged cylindrical fuel elements
~

' immersed in an open tank of demineralized water that serves as both moderator
and reflector. Although the grid plate can accommodate 31 fuel elements, the
current core consists of 15 full fuel elements,1 partial fuel element, and 2
control rods as shown in Figure 4.2.

4.1.1 Fuel Elements

The full fue1' elements consist of 6 concentric cylinders formed by mechanically
joining and positioning 18 curved. fuel plates within the grooves of 3 aluminum
spacer webs that are located within an aluminum support cylinder as shown in
Figure 4.3. Three lugs are attached to the inside of the support cylinder _at
each end. At one end, these lugs position the fuel element on the grid plate;
at the other end, the lugs are used to connect with a fuel-handling tool.
Except for the fact that it contains only 3 fuel plates, the partially loaded
fuel element is identical to the fully loaded fuel elements.

' _4.1.2_ Control Rods

The? reactor is controlled by vertical movement of control rods positioned
within the core lattice. There are two control rods in the core: one cadmium-
stainless-steel shim rod and one stainless-steel regulating rod. Each control-

-rod is Y shaped and operates between fuel assemblies. The control rods are
constructed as shown in Figure 4.4. An aluminum-clad emergency shutdown rod,

with a reactivity worth of 3% Ak/k, is mounted on the wallc'ontainiing BC4
abov'e the reactor. 'If both the shim rod and the regulating rod are disabled
in the out position, the reactor can be shut down by manually inserting the
emergency shutdown rod into the core. There has never been a need to use this
-rod.

~

-4.2 Reactor Tank

All core components are located in a s4,000 gal-capacity aluminum tank that
is 10 ft in diameter by 8 ft deep by 1/4 in. thick. The reactor tank is

-
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Table 4.1 Current MCZPR design and performance characteristics

Item Characteristics

General Features

Reactor type Heterogeneous pool type
Licensed rated power level 0.1 W
Maximum thermal neutron flux 1.7 x 177 n/cm2/s
Maximum excess reactivity 0.44% Ak/k
Shutdown margin 0.46% Ak/k
Effective prompt neutron lifetime 1.0 x 10 4 s
Effective delayed neutron fraction 0.84% Ak/k
Temperature coefficient, minimum 1.5 x 10-2% Ak/k/*C

absolute value (8.3 x 10 3% Ak/k/*F)
Void coefficient, minimum absolute value

Center of core 8.8 x 10 4% Ak/k/cm3
Edge of core 2.2 x 10 4% Ak/k/cm3

Moderator / coolant / reflector HO2
Startup source 1 Ci Pu-Be

Fuel Elements
I

Maximum number of fuel elements 16 (15 full, 1 partial)
Maximum number of fuel plates per element 18
Enrichment 92% 2ssU
Nominal 23s0 per element 200 g
Weight % 23su per fuel element 4.45%

Control Rods and Reactivity Effects

Type
Shim 1 (cadmium-stainless steel)
Regulating 1 (stainless steel)
Emergency shutdown rod * 1 (BC )4

Maximum withdrawal speed
Shim and Regulating 0.2 in./s (0.51 cm/s)

Rod worth
Shim 2.5% Ak/k
Regulating 0.9% Ak/k
Emergency shutdown 3.0% Ak/k

Maximum reactivity insertion rate 0.1% Ak/k/s
Maximum allowed rod drop time 1s

*The emergency shutdown rod is mounted on the wall above the reactor platform.

|

|

,
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held in place by five aluminum brackets that are bolted to the concrete floor i

and welded to the sides of the. tank near the bottom. The only tank wall pene- I
tration is'a 3/4-in.-diameter coupling leading to the inlet of the demineral- !
-izer. The reactor tank extends upward through the ceiling of the basement with
-a platform located'26.5 in. above the top of the tank.

J4.3 iSupport Structure

( -The core support structure consists of a grid plate stand, a grid plate, and
I fuel element holddown rods. The grid plate stand is welded to the bottom of
| the reactor tank and the grid plate is bolted to the grid plate stand. The-

|
fuel element holddown rods are threaded into the grid plate but can be removed
if' required by an approved experiment.

!
i- 4.4 Reactor Instrumentation
i

The reactor instrumentation is similar to that found at other research reactor <

installations. The nuclear instrumentation provides the operator with the !

information necessary to manipulate the controls properly. The instrument
: channels are discussed in Sections 4.7 and 7.
..

'

4.5 Biological Shield

' The water in the reactor tank is the biological shield for the. reactor. Because
the MCZPR is permitted to operate only at power levels of 0.1 W or less, the
staff concludes that this shielding is adequate.

.

! 4.6 Dynamic Design Evaluation
! . .

.

The safe operation of the MCZPR is accomplished by a reactivity control system
j that includes changes in position of poison-bearing control rods. The reactor

instrumentation monitors and displays changes in reactor parameters such as
neutron flux (power) and water level, thereby providing information for appro-i

priate operator response. In addition, interlocks prevent _ inadvertent reactivityj- addition, and a scram system initiates rapid, automatic shutdown when safety
settings are reached.

The'hCZPR has-a calculated negative moderator void coefficient and a calculated
j negative' temperature coefficient with minimum absolute values at the center of
|

the core of 8.8 x 10 4% Ak/k/cm3 and.1.5 x 10-2% Ak/k/*C, respectively. These
' inherent nuclear control features enhance stability and safety'and are effective'

|
even if the control rods or the instrumentation (all of which are part of.the

! reactor protection system) fails, or if the operator mistakenly or deliberately
. violates established operating procedures.

4.6.1 Excess Reactivity'and Shutdown Margin
<

l The MCZPR technical specifications limit the maximum excess reactivity.to
| 0.44% Ak/k. In addition, the reactivity insertion rate is limited to~

|
<0.1% Ak/k/s. - The total worth of the two control rods is 3.'4% Ak/k,: and full'

i
. withdrawal of the more reactive rod is worth 2.5% Ak/k. Therefore,-the shutdown

|
margin with one rod stuck out is 0.46% Ak/k (3.4 2.5 - 0.44).

,

p
;
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4.6.2 Assessment

The MCZPR technical specifications require that either one of the control rods
be capable of bringing the reactor subcritical. This ensures adequate shutdown
margin and provides sufficient redundancy in the unlikely event of a control
rod malfunction. Limiting the reactivity insertion rate to values less than
0.1% Ak/k/s provides that, in the unlikely event of an unexpected and unabated
reactivity insertion, the reactor operator and/or automatic scram signal will
have adequate time to shut the reactor down safely. In the event that both the
shim rod and the regulating rod are disabled in the out position, the reactor
can be shut down by inserting the emergency shutdown rod.

On the' basis of the above considerations, the staff concludes that adequate
shutdown capability is provided to ensure-safely controlled operation of the
MCZPR.

4.7 Functional Design of Reactivity Control System
,

Reactivity changes may be made in the MCZPR by manipulating the control rod'

assemblies.

4.7.1 Control Rod Drives

Primary reactor control is achieved with the two control rods that are posi-
tioned vertically within.the fuel-lattice by remotely operated electro-mechanical<

drive units, which are reversible electric motors with a rack-and pinion drive
mechanism that raises or lowers an electromagnet. The drive mechanisms are
activated by switches from the control console as shown in Figure 4.5.

Under normal operating conditions, power to the magnetic clutch secures each
control rod to its drive unit. Any scram condition or loss of power will
deenergize and release the clutches, causing both control rods to drop by
gravity into the core, thereby shutting down the reactor. The MCZPR technical
specifications require that the total control rod drop time from the fully
withdrawn to fully inserted position shall be less than 1.0 s, as measured
from the generation of the scram signal.

The control rods are operated remotely by switches located on the reactor
control console. The control rod position is determined by a potentiometer
located in each rod drive mechanism. Coarse and fine readouts accurate to 2%
and 0.1% of the rod position, respectively, are displayed on the console.
Full-in and full-out limit indications also are'shown at the. console.

4.7.2 Scram-Logic Circuitry and Interlocks

The MCZPR is equipped with a scram-logic safety system that receives signals
from core instrumentation and other reactor parameters to initiate a scram by
removing electrical power from the control rod assembly magnets. The safety
system is discussed in more detail in Section 7.

MC SER 4-8
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4.7.3 -Assessment'

'

The MCZPR is equipped with a safety and control system typical of most nonpower
reactors. There is a sufficient redundancy of control rods and sensors that
can initiate a scram to ensure a safe shutdown, even if the most reactive rod
fails;to insert on receiving a scram signal.

In addition to the electromechanical safety controls for normal. and off-normal
operation, the negative temperature coefficient and the negative void coeffi-:

cient provide an inherent backup safety feature.
'

In accordance with the above and the details presented in Section 7, the staff,

'

concludes that the reactivity control systems of the MCZPR are designed and
function adequately to ensure safe operation and safe shutdown of the reactor;'

under all normal and off-normal operating conditions. ,

!

I' 4.8 Operating Procedures

The MCZPR has implemented a preventive maintenance program that is supplemented.
4

by a detailed preoperational checklist to ensure that the reactor is not operated
at power unless the appropriate safety-related components are operable. The
reactor .is operated by NRC-licensed personnel in accordance with explicit opera-'

ting procedures, which include specified responses to any reactor control signal.
All proposed experiments are reviewed by the Reactor Operations Committee, before
installation in the reactor, for potential effects on the reactivity of the core
or damage to it, as well as for possible effects.on the health and safety of the
staff, students, and the general public.

.

4.9 Conclusions -
i

* IOn the basis of the information presented above,.the staff concludes that the
' MCZPR is designed and built according to good industrial practices. It is

'

;

-further concluded that the design and performance capability of the components
are acceptable to ensure the continued safe operation of;the reactor.

The staff review of the MCZPR has included studying the specific design and
installation, its controls and safety instrumentation, and its operational

l~ limitations as identified in its technical specifications. On the basis of
i .its review of the MCZPR, the' staff concludes that there is reasonable assur-
'

ance that the'MCZPR is capable of continued safe operation as limited by its
technical specifications.'

,

,
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5 REACTOR COOLANT SYSTEM

5.1 Reactor Core Cooling System

The reactor core is submerged in $4,000 gal of demineralized water in a
cylindrical aluminum tank and cooled by natural convection. Because of the
very low power level of the reactor (0.1 W), no measurable rise in the coolant
temperature occurs as a result of normal reactor operation. The normal pool*

water temperature is about 70 F (21 C); however, the steam-supplied heat
exchanger in the coolant purification loop allows the pool water to be heated
above. ambient temperature for certain experiments and measurements, when
necessary.

5.2 Coolant Purification System

Figure 5.1 is a schematic diagram of the reactor coolant purification system.
The system pump draws 5 to 20 gal / min of coolant water from the reactor tank
and pumps the water through a heat exchanger, a filter, and a resin-bed de-
mineralizer and then back into the tank. The demineralizer controls the water
purity to limit cooling system component corrosion. When the heat exchanger
is operated to raise the coolant temperature, the demineralizer may be bypassed
temporarily.

Any debris that accumulates on the bottom of the tank is removed by a pool
vacuum head connected to the suction side of the purification system pump by
a flexible hose. In this cleaning mode, the demineralizer and filter are by-
passed, and the water is pumped back into the pool through a filter bag that
catches the debris.

5.3 Makeup Water System

Water lost from the reactor tank by evaporation is replenished by city water.
| Water from the city system flows through a check valve (which ensures that
: reactor coolant cannot flow back into the city system), through a dedicated
I demineralizer and a flowmeter, and into the reactor tank through a short
| flexible hose. When not in use, the hose is removed as an additional pre-

caution against reactor coolant entering the city system. The total depth of
the water in the tank is maintained at about 7 ft.

5.4 Conclusions

| The staff concludes that the reactor coolant system is adequate to cool the
' core under all operational and accident conditions. The staff further concludes

that the coolant demineralizer is adequate to prevent corrosion damage of the
reactor facility components during continued reactor operation.

|
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6 ENGINEERED SAFETY FEATURES

Engineered safety features (ESFs) are systems provided to mitigate the radio-
logical consequences of design-basis accidents. No ESF systems are provided
at the MCZPR facility.

'Because the MCZPR reactor operates at a maximum power level of 0.1 W, the
fission product inventory is very low. In addition, the analyses of accidents

'in Section 14, including the maximum hypothetical accident, indicate that
there will be no radiological releases.

Therefore, the staff concludes that the operation of the MCZPR reactor without
any ESF systems does not pose a radiological hazard to the public or to the
environment in the event of an accident.

4
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7 CONTROL AND INSTRUMENTATION |

.The control and instrumentation systems for the MCZPR are similar to those
used on other small research reactors licensed by the NRC. The nuclear fission
process is controlled by using two control rods. The control and instru-,

mentation systems are interlocked to provide automatic and manual shutdown'

,

capabilities in case of reactor malfunction.

j 7.1 Nuclear Control System
.

The reactor power level is controlled by a cadmium-stainless-steel shim rod
and a stainless-steel regulating rod. Each. rod is connected to its drive
mechanism by an electromagnet. When the electrical power is interrupted to ;

either of the electromagnets, the associated control rod falls into the core i-

by gravity. Any scram signal simultaneously interrupts the power to both
'

electromagnets.

7.1.1 Control Rod Drive System

The control rod drive system consists of toggle switches and indicating devices-
used in operating the two control rods. Six indicator lights are arranged in*

the center of the control panel in two vertical rows. Each row contains a
green DOWN light, an amber UP light, and a white ON (on magnet) light. Push-

,

buttons make it possible to separately release either of the control rods and
i a SCRAM button makes it possible to simultaneously release both control rods.
; Turning off the reactor-on key has the same effect as pressing the SCRAM

-button. -
,

| 7.1.2 Reactor Trip System

: The MCZPR is provided with two types of reactor trips: scram trips and reverse
L circuit trips.

I
' 7.1.2.1. Scram Trips
.

A scram system is provided that will interrupt the magnet current to the
electromagnets if a scram trip point is reached. The control rods then fall- '

i

into the reactor core under the force of gravity. Conditions that will initiate!

- ~a scram trip are as follows:
,

(1) High neutron flux / count rate channel. Electronic trip set for 1125% of
full power. (Full power is equal to 0.1 W.)'

(2) High neutron flux / linear channel. Electronic trip set for $125% of full
_

power.
J

-(3) High canna activity /hich level signal from either of the two camma channels.|
! Electronically set for <10 mR/h.

_

;

.(4) Manual scram. Operates when the manual scram button on the console is

| actuated.

|MCSER 7-1
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(5) Low water level. Operates if the tank water drops 1 ft below the normal
level.

(6) Reactor-on key switch off. Operates when the " REACTOR ON" switch is
turned to the off position.

Following any scram, the electromagnets are driven in automatically to make
contact with the control rods.

7.1.2.2 Reverse Circuit Trips

A reverse circuit system is provided that will cause both control rod drives
to drive the control rods into the reactor if a reverse trip point is reached.
The reverse action overrides any rod selection made by the operator and persists
as long as a reverse trip level is exceeded. A reverse circuit trip occurs
for any of the following conditions:

(1) Count rate recorder off.

(2) Count rate recorder down scale occurs, if the recorder indicates <2
counts /s.

(3) Count rate recorder up scale occurs, if the recorder indicates >50,000
counts /s.

(4) Linear recorder off.
l

(5) Linear recorder down scale occurs when the linear recorder is <5% of full
scale.

(6) Linear recorder up scale occurs when the linear recorder is >95% of full
scale.

(7) Gamma recorder off.

(8) Gamma recorder down scale occurs if the recorder indicates <0.2 mR/h.

A manual run-in trip occurs when the "Run-In" switch on the control console is
actuated.

7.1.3 Control Rod Withdrawal Inhibit System

Another portion of the reactor protection system is the control rod withdrawal
inhibit system. The following conditions will prevent control rod withdrawal:

(1) Instrumentation switches are not in the proper position to monitor the
neutron level increase as the rods are raised.

(2) Insufficient neutron source counts are available to ensure the proper
function of the source level instrumentation. A minimum of 2 counts /s is
required by the technical specifications.

(3) The water level reading drops more than 1 ft below the normal tank level.

MC SER 7-2
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(4) The gamma channel intensity recorded on the strip chart recorder is
<0.2 mR/h and the bypass switch has not been turned on.

7.2 Instrumentation System

The instrumentation system is composed of both nuclear and process instrumen-
tation circuits.

7.2.1 Nuclear Instrumentation

The nuclear instrumentation provides the operator with the information neces-
sary to manipulate the nuclear controls properly. The log count rate channel
consists of a BF3 proportional counter, a preamplifier, a high-voltage power
supply, scales, a log count rate meter, a log count rate recorder, a period
detector,'and a period indicator. The log count rate channel detector is
suspended from the reactor platform in the vicinity of the core so that a
count rate of at least 2 counts /s is indicated as a result of subcritical
multiplication with both control rods fully inserted; thus, this instrument
also checks startup source flux. The linear channel consists of an uncompen-
sated ion chamber, a high-voltage power supply, a picoammeter, and a linear
recorder. The linear channel detector is suspended in the vicinity of the |
reactor core so that a current 75% of full scale, as indicated on the recorder
with the most sensitive scale selected on the amplifier, will result with both
rods fully inserted (again, also checking startup source flux). The highest
scale setting on the picoammeter is set physically so that 100% of full scale
is no more than 0.2 W.

Two radiation monitoring channels are provided to measure gamma intensity.
These channels also are used to monitor reactor operations and are used in the
reactor safety system. A strip chart recorder is provided with a selector
switch for recording the output of either channel. The gamma detectors are
sealed units containing a Geiger-Mueller tube, a transistorized count rate
amplifier, and a check source. The output from the detectors is logarithmic
with respect to the radiation level. The check source is exposed to the
detectors by a solenoid that is actuated by a pushbutton on the control chassis.
One of the detectors (Gamma 1) is located on the reactor platform directly
over the reactor core, and the other detector (Gamma 2) is mounted on the side
of the reactor tank. The gamma indicators are panel-mounted logarithmic rate
meters with adjustable alarm set points. The alarms are set to give audible
annunciation if the radiation level exceeds 6 mR/h for Gamma 1 or 10 mR/h for
Gamma 2.

7.2.2 Process Instrumentation

The nonnuclear process instrumentation at the MCZPR facility consists of a
vapor-actuated thermometer measuring pool water temperature and a float-type
pool water level sensor.

7.3 Conclusions

The MCZPR control and instrumentation system is simple and reliable. The
entire system is maintained adequately and is interlocked to scram the reactor
under a variety of conditions. The technology and philosophy of the system
are time proven and are representative of those used at other low power research
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reactors licensed by the NRC. The system component specifications are documented
adequately..

'

.The staff concludes that the control and instrumentation system at the MCZPR
is acceptable for_ normal operation and for safe shutdown of the reactor under
abnormal conditions.

.

i

i
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~8 ELECTRIC POWER

8.1- Offsite Power

During operation, the electric power requirements for the MCZPR are supplied |
by the Consolidated Edison Company of New York, which services Manhattan '

College. The reactor facility requires 110-V ac power.

8. 2 Emergency Power

No emergency power is provided for the MCZPR reactor operation. Because the
reactor will scram in case of a power interruption and the decay heat generated
in the core after scram is negligible, no emergency power is necessary.

8.3 Conclusion

The electrical power system at the MCZPR is a standard electrical supply system
designed and constructed to specifications similar to those at other low power
research reactor facilities. This, coupled with the fact that the reactor
will scram in the event of a power failure, supports the staff's conclusion
that the electrical power system is acceptable for continued safe operation of
the MCZPR.

|
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9 AUXILIARY SYSTEMS

9.1 Fuel-Handling and Storage Systems

There_is no provision for new fuel storage at the MCZPR facility. Because of
the extremely low reactor power (0.1 W), periodic fuel replacement is unneces-
sary. There are three unused fuel plates stored in a locked container that is
attached permanently to the floor of the basement of the reactor room. |

If fuel elements need to be removed from the core for any reason, they will be i

stored in their original shipping containers on the first floor of the MCZPR !
facility. ;

9.2 Fire Protection System

A conventional fire protection system is located in the Leo Engineering Building.
In addition, carbon dioxide fire extinguishers are available on both floors of
the MCZPR facility.

9.3 Communications System

A full-service telephone is installed at the reactor console within easy reach
of the operator. This provides direct communication within the Leo Engineering
Building and outside the building to other telephones (on and off campus) and
provides access to the Reactor Supervisor, Reactor Administrator, Health
Physicist, and Radiation Safety Officer.

9.4 Ventilation System

The MCZPR facility is equipped with a forced-circulation ventilation system
consisting of a blower and associated duct work that are designed so as not to
return air from the laboratory back into the ventilation system of the Leo
Engineering Building. A separate blower, controlled by a switch located on
the west wall of the MCZPR room, exhausts air to the atmosphere.

I 9. 5 Conclusion

The staff concludes that the auxiliary systems at the MCZPR facility are;

designed and maintained adequately and are capable of performing their intended
;

i functions to help ensure the safe operation of the facility.
!

;

l
:

|

:
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10 EXPERIMENTAL PROGRAMS

The MCZPR is used almost exclusively as a teaching tool by the Mechanical
Engineering Department at Manhattan College. Reactor physics parameters are
determined experimentally by students under the direct supervision of knowledge-
able and NRC-licensed facility personnel. Current usage is about 60 h of
operation per year, including about 40 startups.

10.1 Experimental Features

There are no experimental features such as beam ports at the MCZPR facility.
The experimental program involves installing foils and other reactor flux
measuring devices in and around the reactor core. Insertion and removal of
foils and other measuring devices are facilitated by limiting the power level,
thereby avoiding handling problems arising from the buildup of fission products
in the fuel and activation of structural members. A heater in the purification
loop is used to make temperature coefficient and excess reactivity measurements
at elevated temperatures. Experiment activation analysis is done in the
counting laboratory.

10.2 Experimental Review

Although the MCZPR is used only for proven, step-by-step, student experimental
studies, these activitics are audited by the Reactor Operations Committee to
ensure that the reactor facility is operated and used within the limitations
of the technical specifications and is consistent with protecting the health
and safety of the public and of personnel within the facility.

10.3 Conclusion

The staff concludes that the design of the experimental features, combined
with the detailed procedures applied to all experimental studies, is adequate
to ensure that experiments are unlikely to release significant quantities of
radioactive materials to the environment and are unlikely to cause damage to
the reactor systems.

1

|

| ,

i

|

|
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11 RADI0 ACTIVE WASTE MANAGEMENT
.

The MCZPR produces essentially no radioactive waste during normal use because-

- of =the-low power level and limited operating schedule.

:11.1 Waste Generation
4

11.1.1 Solid Waste

Neutron flux density distributions are measured by activation of high purity
metal foils. The relatively short-lived radioactivity'is allowed to decay,
and the foils are used repetitively for additional measurements. There is no,

2

solid radioactive waste generated as a result of this procedure.

The.demineralizer resins remove impurities from the primary coolant system and
.potentially would collect radioactive ions that are in this water. .To date,4

no radioactive materials have been detected on these resins. However, this
material could be packaged easily and shipped to an authorized disposal site
in accordance with appropriate regulations, if necessary.4

11.1.2 Liquid Waste+

If analysis of pool water indicates the presence of low concentrations of short-
lived radioactive material, the activity would be allowed to decay on site and
would not constitute disposable liquid radioactive waste. There is no other;~
radioactive liquid produced at the MCZPR that must be disposed of as waste.

I

11.1.3 Airborne Waste
i

! Because of the low power level, any radioactive' gases, including M1Ar, that
I might be generated and become airborne in the reactor room, will be below

detectable concentrations. Because the concentrations within the reactor room
have not been and will not be'significant, concentrations in any unrestricted

| " area will be negligible.

11.2 Conclusion

On the basis of the above considerations, the staff. concludes that no signifi-
cant wastes are generated as a result of normal reactor. operation. .However,
.should any waste ever be generated, acceptable provisions for radioactive waste
management activities:at the MCZPR have been adopted and are expected to con-
tinue to ensure consistency with the guidelines of 10 CFR 20 and the as-low-as-
is-reasonably-achievable (ALARA) principle.

|

i
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12 RADIATION PROTECTION PROGRAM

Manhattan College has a structured radiation safety program and a staff
equipped with radiation detection instrumentation to determine,-control, and
document occupational radiation exposures at its reactor facility.

.-

12.1- ALARA Commitment
4

The College President has instructed the Reactor Operations Committee to
,

. establish formally the policy that operations are to be conducted in a manner"

to keep all radiation' exposures ALARA. All proposed experiments and procedures
,

j at the reactor are reviewed for ways to minimize the potential exposures of
personnel. All unanticipated or unusual reactor-related exposures will bei

i investigated by both the Radiation Safety Office and the operations staff to
] develop methods to prevent recurrences.

12.2 Health Physics Program
i: |

.12.2.1 I!ealth Physics Staffing ;

The. routine health physics-type activities at the reactor are performed by the
operations staff. The Radiation Safety Office staff is available for consulta-'

tion in matters concerning radiological safety.'

The staff believes that the radiation safety support is adequate for the-

research efforts within this facility.

. 12.2.2 Procedures

Detailed written procedures have been prepared that address the radiation
safety support that is expected to be provided to the routine operations of
the MCZPR. These procedures identify the interactions between the operational
and experimental personnel. They also specify numerous administrative limits
and action points, as well as appropriate responses and corrective actions, if
these limits or action points are reached or exceeded. Copies of these proce-
dures are'readily available to the operational and research staffs and admin-

| istrative personnel. ,

'

i

12.2.3 Instrumentation

- Manhattan College has a variety of detecting and measuring instruments available
- for monitoring potentially hazardous ionizing radiation. The instrument cali-
bration procedures and techniquas ensure that any credible type of radiation
and any significant intensities will be detected promptly and measured correctly.

12.2.4 Training

All reactor-related personnel are given an indoctrination in radiation safety
before they assume their work responsibilities. Additional radiation safety

MC SER 12-1
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instructions are provided to those who will be working directly with radiation
or radioactive materials. The training program is designed to identify the
particular hazards of each specific type of work to be undertaken and the
methods to mitigate their consequences. Retraining in radiation safety is
provided as well. As an example, all reactor operators are given an examina-
tion on health physics practices and procedures at least every 2 years. The
level of retraining given is determined by the examination results. This

diation safety training appears appropriate for the apparent level of hazard..ra

12.3 Radiation Sources

12.3.1 Reactor

The only source of radiation directly related to reactor operations is the
radiation from the reactor core.

The fission products are contained in the aluminum cladding of the fuel.
Radiation exposure from the reactor core is reduced to acceptable levels by
water and concrete shielding.

12.3.2 Extraneous Sources

Sources of radiation that may be considered as incidental to the normal reactor
operation but associated with reactor use include activated foils or samples.
Personnel exposure to radiation from intentionally produced radioactive material,
as well as from the required manipulation of activated experimental components,
is controlled by rigidly developed and reviewed operating procedures that use
the normal protective measures of time, distance, and shielding.'

# 12.4 Routine Monitoring

12.4.1 Fixed-Position Monitors

The MCZPR has one fixed position radiation monitor on the reactor deck and
another on the side of the reactor vessel at about the height of the reactor
core. Both monitors have adjustable alarm set points and read out at the
control console.

12.4.2 Experimental Support

The campus health physicist participates in experiment planning by reviewing all
i proposed procedures for methods of minimizing personnel exposures and limiting

the generation of radioactive waste. Approved procedures specify the type and
degree of radiation safety support required by each activity.

12.5 Occupational Radiation Exposures

12.5.1 Personnel Monitoring Program

The MCZPR personnel monitoring program is described in its Radiation Safety
Manual. To summarize the program, personnel exposures are measured by the use

i.
of film badges assigned to individuals who might be exposed to radiation. In
addition, instrument dose rate and time measurements may be used to administra-
tively keep occupational exposures below the applicable limits in 10 CFR 20.

MC SER 12-2
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12.5.2 Personnel Exposures

The MCZPR reactor personnel annual exposure history for the last 5 years is
given in Table 12.1.

Table 12.1 Number of individuals in exposure interval |

Number of individuals in each range

Whole-body exposure range (rem) 1980 1981 1982 1983 1984

i - No measurable exposure 1 1 0 1 0

Measurable exposure <0.1 3 3 4 3 4

0.1 to 0.25 0 0 0 0 0

0.25 to 0.5 0 0 0 0 0

>0.5 0 0 0 0 0

Number of individuals monitored 4 4 4 4 4

12.6 Potential Dose Assessments

Natural background radiation levels in the New York City area result in an
i exposure of about 100 mrems/ year to each individual residing there. At least '

an additional 8% (s8 mrems/ year) will be received by those living in a brick,

or masonry structure. Any medical diagnosis X-ray examinations will add to
these natural background radiations, increasing the total cumulative annual

,

exposure..

4

Exposures from potential airborne or liquid releases from the MCZPR are con-
sidered to be negligible.

: 12.7 Conclusions

The staff concludes that radiation protection receives appropriate support from
i

the Manhattan College administration. The staff further concludes that (1) the
program is staffed and equipped properly, (2) the reactor radiation safety-
related staff has adequate authority and lines of communication, (3) the proce-
dures are integrated correctly into the research plans, and (4) surveys verify'

that operations and procedures achieve-ALARA principles.

Additionally, the staff concludes that the MCZPR radiation protection program
'

is acceptable because there have been no instances of reactor-related exposures
of personnel above applicable guideline values and no significant releases of
radioactivity to the environment have been identified. There is reasonable
assurance that the personnel and procedures will continue to protect the health
and safety of the public during routine reactor operations.

1

:
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13 CONDUCT OF OPERATIONS
!

13.'1 Organizational Structure and Qualifications

13.1.1 Overall Organization*

| Responsibility for the safe operation of the reactor facility lies within the '

chain of command shown in Figure 13.1. Individuals at the various management
levels, in addition to having responsibility for policies and operation of the
facility, are responsible for safeguarding the public and facility personnel'

: from. undue radiation exposures and for adhering to all requirements of the
; operating license and technical specifications.
,

i Responsibilities at one level generally may be assumed by designated alternates
or_ by personnel at higher levels, _ conditional on appropriate qualifications

; and with prior approval of the Reactor Operations Committee.
;

j 13.1.2 Reactor Staff
t

! Except when the reactor is secured, the minimum staffing inc1'udes an NRC-licensed
; reactor operator at the control console, a licensed senior reactor operator

present in the Engineering Building, and a health physics qualified individual;

[ available on call.

h 13.2 -Selection and Training of Personnel
i

The operators and senior operators for the MCZPR are trained in house by the- |
; facility staff and licensed by NRC. The licensee's Operator Requalification >

Program has been reviewed, and the NRC staff has concluded that it meets the<

applicable regulations of 10 CFR 50.54(1-1) and Appendix A of 10 CFR 55 and is
consistent with the guidance of ANS 15.4.

7

13.3 Emergency Planning

| In accordance with 10 CFR 50.54(q) and (r) requirements, the licensee submitted
L an updated Emergency Plan on August 26, 1983. The Plan was' reviewed against
! the requirements of Appendix E to 10 CFR 50. In addition, the review extended-

_

I to ascertaining the degree of conformance with the guidance criteria set forth
I in Revision 1 to Regulatory Guide 2.6 and ANSI /ANS'15.16-1982, " Emergency
. Planning for Research Reactors."' On the basis that the Emergency Plan provides
! reasonable assurance that protective actions can and will be taken in response
; to radiological emergencies occurring at the MCZPR, the staff concludes that
[ the MCZPR. Emergency Plan meets established requirements and is acceptable.
; <

13.4 Operational Review and Audit
,

:

!. The Reactor Operations Committee performs the independent review and audit of
| the safety aspects of reactor facility operations. The Committee is composed

of the Reactor Administrator, a radiation health physicist, and at least three;

other members having expertise in reactor technology.
t

t-
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Figure 13.1 Organizational structure
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The Reactor Operations Committee reviews the following:

.(1) determinations that proposed changes in equipment, systems, tests,1

experiments, or. procedures do not involve unreviewed safety questions*

(2) all new procedures and major revisions thereto having' safety significance
and proposed changes in reactor facility equipment or systems having
safety significance

(3) all new experiments or classes of experiments that could affect reactivity
;

or result in the release of radioactivity

(4) . proposed changes to the technical specifications or the operating license,

(5) reports of external auditors
:

13.5 Facility Procedures

.The facility is operated and maintained in accordance with approved written
procedures. All procedures and changes are reviewed and approved by the;

{ Reactor Operations Committee before becoming effective.
^

13.6 Physical Security

j Manhattan College has established and maintained a program designed to protect
the reactor and its fuel and to ensure its security. The staff has reviewed
the Physical Security Plan to compare it with'the requirements of 10 CFR 73.67 1

for facilities with special nuclear material of moderate strategic significance.
The' staff has concluded that the licensee's Physical Security Plan, submitted

1

by letter of-August 19, 1981, and as amended, meets the requirements of the
i. regulations and.is incorporated as a condition of the operating license.

The Physical Security Plan and the staff's evaluation are withheld from public.

| disclosure under 10 CFR 2.790(d)(1) and 10 CFR 9.5(a)(4).

13.7 Review of Operational History

The staff has reviewed available annual reports and inspection reports for the
past several years of MCZPR operation. The staff also has-discussed the
licensee's. performance with NRC Region I inspection personnel specifically with
respect to overall management of the facility and conformance with the provi- ,

sions of the license. The information obtained from these sources indicates
that the MCZPR has been operated and managed in a competent and responsible-
manner.

13.8 Conclusion

On.the basis of'the above considerations, the staff concludes that the. licensee
has sufficient experience, management structure, and procedures.to provide

~

-reasonable assurance that the reactor will be managed in a way that will not
cause a significant risk to the environment or to the health and safety of the
public.

|

-
I
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14- ACCIDENT ANALYSIS

The consequences of potential accidents in the MCZPR are minimized by the low
power level.(0.1 W) at which the reactor is operated. The low power levels
and low use of the MCZPR result in a very small accumulation of- fission products-

-during normal operations and a correspondingly low level of decay heat and
radioactivity stored in the fuel elements. Therefore, some accidents normally
postulated for nonpower reactors, such as loss of tank water and handling of -

,

irradiated fuel, do not constitute a hazard in the MCZPR. To pose a significant
hazard, an MCZPR accident must generate and release a significant amount of

:
. fission products.

.

s The licensee and staff evaluated the potential accident consequences resulting
from (1) reactivity insertion (nuclear excursion), (2) natural phenomena, and .;
(3) mechanical rearrangement of fuel. In no case is a release of fission

4 products to the MCZPR room or the environment credible.- !

!

As discussed in more detail below, the reactivity insertion (nuclear excursion)
is designated as the maximum hypothetical accident (MHA). An MHA is defined
as an accident for which the risk to the public health and safety is greater |
than that from any other credible or postulated event. The staff assumes that'

| the accident occurs but does not try to describe or evaluate the mechanical
details of the accident or the probability of its occurrence. Only the conse-;

quences are described.'

14.1 Reactivity Insertion (Nuclear Excursion)

In the MHA, it is assumed initially that the reactivity excursion might cause
abnormally high power levels and a resultant abnormally large inventory of
fission products with respect to normal operating' conditions. Therefore, loss
of fuel integrity might lead to release of sufficient radioactivity and cause
significant offsite radiological consequences.

-The first question to be answered is whether a credible nuclear excursion ,

would be likely to result in fuel damage. If not, the fission products are
contained in.the fuel, and no further analysis is required to assess radio-
logical risks to the public. For the MHA, the licensee hypothesized the

,

' inadvertent addition of the maximum excess reactivity with the reactor at a '

power of 0.1 W and the water temperature at 110'F.(43.3'C) and with the con-
current failure of the reactor protection system. The 110*F (43.3*C) initial
water temperature is the most conservative condition with respect to the
temperature coefficient of reactivity. The initial temperature could be this

-high if the water was heated by the heat exchanger in the water purification
loop as part of an experiment. The postulated reactivity addition produces an
exponential power increase with an initial 23-s period. After 0.5 s into the
accident,-the power peaks at 34 MW with a fuel temperature of 68*F (154*C).

-The power then returns-to zero at a fuel temperature of 94*F (203*C) as the
negative temperature coefficient reduces the excess. reactivity. -Because the

'

fuel temperature is much less than_ the melting point of aluminum, no damage
to the fuel is expected.
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14.2 Natural Phenomena

The licensee considered the potential effects of fires, windstorms, floods,
and earthquakes on the MCZPR and concluded that the hazards from such phenomena
are not significant. The staff agrees with the licensee that these hazards
are not significant.

14.3 Mechanical Rearrangement of the Fuel

This type 'ofiaccident would involve some externally originated event that
causes rearrangement of the fuel to a supercritical configuration. Merely
dispersing the fuel or breaching the cladding would not constitute a signifi-
cant hazard because of the low fission product inventory accumulated in the
fuel elements.

The fuel elements are positioned in the grid plate, constrained by fuel element
holddownsreds, and protected from above by the platform containing the control
rod drives. As there is no overhead crane for fuel handling that may drop a
heavy chject into the core and as there are no seismological events that could
cause r'earrangement of the core, the staff concludes that there is no credible
event that could cause accidental mechanical rearrangement of the fuel that would
lead to more severe consequences than those already analyzed in Section 14.1.

14.4 Conclusion

The staff has reviewed the credible potential accidents for the MCZPR. On the
basis of this review, none of the postulated accidents were found to release
fission products to the environment. Therefore, the staff concludes that
there is reasonable assurance that any accident resulting from continued
operation of the MCZPR would not pose a significant risk to the health and
safety of the public.

.
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15 TECHNICAL SPECIFICATIONS

The licensee's technical specifications, evaluated in this licensing action,
define certain features, characteristics, and conditions governing the continued
operation of this facility. These technical specifications are explicitly
included in the amended license as Appendix A. Formats and contents acceptable
to the NRC have been used in the development of these technical specifications,
and the staff has reviewed them using the Standard ANSI /ANS 15.1-1982 as a
guide.

On the basis of its review, the staff concludes that normal reactor operation
within the limits of the technical specifications will not result in offsite
radiation exposures in excess of 10 CFR 20 limits. Furthermore, the limiting

| conditions for operation, surveillance requirements, and engineered safety
features will limit the likelihood of malfunctions and mitigate the consequences
to the public of off-normal or accident events.

|

,

!

!

!
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16 FINANCIALQUALIFICATIONS

In support of the license renewal application, MC supplied financial informa-
tion that described sources of funds from endowments, investments, grants,
appropriations, and gifts necessary to cover the estimated cost of operation
plus the estimated costs of permanently shutting down the facility and main-
taining it in a safe condition. -The staff reviewed the financial information
supplied by the licensee and concluded that MC possesses or can obtain the
necessary funds to meet the requirements of 10 CFR 50.33(f). Therefore, the
staff concludes that the licensee is financially qualified to continue to'

operate the reactor.

|

,

i

1

|

|
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17 OTHER LICENSE CONSIDERATIONS

17.1 Prior Reactor Utilization

Previous sections of this SER concluded that because of the low-level operating
power (0.1 W), normal operation of the reactor causes insignificant risk of
radiation exposure to the public. Even a maximum hypothetical accident (defined
as one that is worse than can be mechanistically justified) would not result
in a significant fuel temperature increase. Therefore, fuel damage is not
likely and fission products are contained in the fuel.

In this section, the staff reviews the impact of prior operation of the facility
on the risk of radiation exposure to the public. The two parameters involved
are the likelihood of an accident and the consequences if an accident occurred.

Because the staff has concluded that the reactor was initially designed and
constructed to be inherently safe, the staff also must consider whether prior
operation might have caused significant degradation. Furthermore, the staff
has considered mechanisms that could increase the likelihood of fuel failure.
Possible mechanisms are (1) radiation degradation of cladding strength; (2) high
internal pressure caused by high temperature, leading to exceeding the elastic'

limits of the cladding; (3) corrosion or erosion of the cladding, leading to
thinning or other weakening; (4) mechanical damage as a result of handling or
experimental use; and (5) degradation of safety components or systems.

The staff's conclusions regarding these parameters follow in the order in
which they were identified above:

(1) The fuel in the core has been subjected to significantly less than 1%
burnup of 23s0. This U-Al fuel form has been in use at many other reactors
and has experienced much greater burnup, with no observable degradation
of cladding as a result of radiation.

(2) Because the reactor operates at a maximum power level of 0.1 W, the
temperature of the fuel or cladding does not exceed 50 C during normal
operation. This is more than 600 C less than the melting point of the
cladding.

(3) Water flow through the core is obtained by natural thermal convection,
so that erosion effects as a result of high flow velocity are negligible.
High primary water purity is maintained by continuous passage through
the filter and demineralizer system. With resistivity below about
1 x 105 ohm-cm, as limited by the technical specifications, corrosion
of the aluminum cladding is expected to be negligible.

(4) The fuel is handled as infrequently as possible, consistent with periodic
surveillance. Any indications of possible damage or degradation are
investigated immediately. Therefore, the staff concludes that loss of
integrity of cladding through damage does not constitute a significant
risk to the public.
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(5) The MCZPR staff performs regular preventive and corrective maintenance
and calibrations of safety-related components and replaces components, as
necessary. Nevertheless, there have been some malfunctions of equipment.
However, the staff review indicates that most of these malfunctions have
been random one-of-a-kind incidents, typical of even good quality electro-
mechanical instrumentation. The staff further concludes that the preven-
tive maintenance program would lead to adequate identification and
replacement before significant degradation occurred.

17.2 conclusion

On the basis of the above discussion, the staff concludes that there has been
no apparent significant degradation of safety equipment and, because there is
strong evidence that any future degradation will lead to prompt remedial
action by MCZPR personnel, there is reasonable assurance that there will be no
significant increase in the likelihood of occurrence of a reactor accident as
a result of component malfunction due to prior reactor operation.
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18 . CONCLUSIONS

'On the basis of its evaluation of the application as set forth in this SER, the
' staff has determined that

! -(1) The application for renewal of Operating License R-94 for its research-

' reactor. filed by Manhattan College, dated August 26, 1983, as amended,
complies with the requirements of the Atomic Energy Act of 1954, as*

amended (the Act), and the Commission's regulations set forth in 10 CFR |

-Chapter I. l

. I
(2) The facility will operate in conformity with the application as amended, j

the provisions of the Act, and the rules and-regulations of the |

Commission. i

I
(3) There is reasonable assurance that (a) the activities authorized by the i

-operating license can be conducted without endangering the health and |
safety of the public and (b) such activities will be conducted in 1'

~ Icompliance with the regulations of the Commission set forth in 10 CFR
Chapter I. |

(4) The licensee is technically and financially qualified to engage in the
activities authorized by the license in accordance with the regulations +

|. of the Commission set forth in 10 CFR Chapter I.

(5) The' renewal of this license will not be inimical to the common defense
and security or to the health and safety of the public.

.

|

|

1
s
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