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The Commission has prepared an environmental impact appraisal for

the renewal of the Facility Operating License and has concluded that an
environmental impact statement for this particular action is not warranted
because there will be no significant environmental impact attributable

to the action,

For further details with respect to this action, see (1) the
application for amendment dated October 21, 1977, as supplemented by
filings dated December 8, 1980; December 19, 1980C; January 22, 1981;
January 26, 1982; April 23, 1982 and May 5, 1982, (2) Amendment No. 13
to License No. R-56, and (3) the Commission's related Safety Evaluation
Report and Environmental Impact Appraisal. All of these items are
available for public inspection at the Commission's Public Document Room,

1717 H Street, N.W., Washington, D.C.

A copy of items (2) and (3) may be obtained upon request from the
U. S. Nuclear Regulatory Commission, Washington, D.C. 20555, Attention:

Director, Division of Licensing.

Dated at Bethesda, Maryland, this 30th day of August 1982.

FOR THE NUCLEAR REGULATORY COMMISSION

Ceesl D. Oboapsorrer-

Cecil U. Thomas, Acting Chief

Standardization & Special
Projects Branch

Division of Licensing
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Most documents cited in NRC publications will be available from one of the following sources:

1. The NRC Public Document Room, 1717 H Street, N.W.
Washington, DC 20555

2. The NRC/GPO Sales Program, U.S. Nuclear Regulatory Commission,
Washington, DC 20555

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
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Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and internal NRC memoranda; NRC Office of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and
licensee documents and correspondence,

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission Issuances.

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents availabie from public and special technical libraries include all open literature items,
such as books, journal and periodical articles, and transactions. Federal Register notices, federal and
state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses dissertations, foreign reports and translations, and non-NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Sinigle copies of NRC dratt reports are available free upon written request to the Division of Tech
nical Information and Document Control, U.S. Nuclear Regulatory Commission, Washington, DC
20555

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public Codes and standards are usually copyrighted and may be
purchased from the originating organization or, if they are American National Standards, from the
American National Standards Institute, 1430 Broadway, New York, NY 10018.

LGP Printed copy price $5°00
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ABSTRACT

This Safety Evaluation Report for the application filed by the University of
Florida (UF) for a renewal of Operating License R-56 to continue to operate

its Argonaut-type research 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 Florida and is located on the UF campus
in Gainesville, Alachua County, Florida. The staff concludes that the reactor
facility can continue to be operated by UF without endangering the health and
safety of the public.
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INTRODUCTION

The University of Florida (UF) (applicant) submitted a timely application for
renewal of the Class 104 operating license (R-56) for its Argonaut-universal
training reactor (UTR) (reactor or facility) by letter to the U.5 Nuclear
Regulatory Commission (NRC) dated October 21, 1977, as supplemented. The

letter requested renewal of the UF research license to permit continued opera-
tion at power levels up to and including 100 kW until December 31, 1999 The
University of Florida is permitted to operatec the reactor within the conditions
stipulated in past amendments in accordance with Title 10 of the Code of Federal
Regulations (CFR) 2.109 until renewal action is completed -

The renewal application is supported by information submitted i1n four appendices
The application was signed and notarized by the UF Executive Vice President for
the President of the University, who is the UF officer responsible for the
reactor The application was reviewed by the UF Radiation Control Committee
before being submitted to the NRC, Office of Nuclear Reactor Regulation (staff)

The renewal application, as supplemented, contains substantially all the
information regarding the design of the facility included in the applicatior

for the original operating license The application included a Safety Analysis
Report., an Environmental Impact Appraisal, proposed Technical Specifications,
an Operator Requalification Program, a Fiscal Statement, and, under separate
cover, a Physical Security Plan which is protected frcm public disclosure under
10 CFR 2.790-(d)(1) and 10 CFR 9.5(a)(4).*

The staff's technical safety review with respect to issuing a renewal operating
license to the University of Florida has been based on the information contained
in the renewal application and supporting appendices plus responses to requests
for additional information 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) was prepared by James H. Wilson
Manager

, Project

. Division of Licensing, Office of Nuclear Reactor Regulation, Nuclear
Regulatory Commission. Major contributors to the technical review include

the Project Manager and H. Bernard (NRC staff) and J. Koelling, C. Linder, and
J. Giannelli of the Los Alamos National Laboratory under contract to the NRC

The purpose of this SER is to summarize the results of the safety review
University of Florida training reactor (UFTR) and t« delineate the scope
technical details considered in evaluating the radiological safety aspects
continued operation This SER will serve as the basi or renewe | of
license for operation of the UF facility at power levels up to and 1

100 kW The facility was reviewed against the requirements
50, 51, 55, 70 and 73; applicable Regulatory Guides (Divisi

Test Reactor); and appropriate accepted industry standar

tandards Institute/American Nuclear Society (ANSI/ANS 15

ital Impact Appraisal data and Safety Anal
eview documentation, and are referenced
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eries)) Because there are 1 pecific accident-related regulations for
research reactors, the staff has at times compared calculated dose values with
related standards in 10 CFR 20, the standards for protection against radiation
both for employees and the public

The UFTR initially was licensed at 10 kW on December 23, 1959. The reactor was
modified slightly by license amendments issued by the Commission and then a
license amendment authorizing operation at a maximum power level of 100 kW was
issued on January 28, 1964 Since the power increase, license amendments
concerning changes to the Technical Specifications and the Physical Security
Plan were issued on July 22, 1970 and June 2, 1981, respectively.

Summary and Conclusions of Vy)ngipal Safety gonyigerations

staff's evaluation considered the information submitted by the applicant,
past operating history recorded in annual reports submitted to the Commission
by the applicant, and reports by the Commission's Office of Inspection and
Enforcement In addition, as part of its licensing review of Argonaut reactors,
the staff obtained laboratory studies and analyses of several different postulated
accidents for the Argonaut-UTR which also are applicable to other low-power
reactors using materials testing reactor (MIR)-type fuel

The principal matters reviewed and conclusions reached in the SER for the UFTR
were

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

The expected consequences of a broad spectrum of postulated credible
cidents have been considered, emphasizing those likely to cause loss of
egrity of fuel element cladding The staff performed conservative

analyses of most serious hypothetically credible accidents and determined

that the calculated potential radiation doses outside the reactor room

are not likely to exceed 10 CFR 20 doses in unrestricted areas

The applicant's management organization, its conduct of educational and
research activities, and its security measures are adequate to ensure safe
peration of the facility and protection of special nuclear material
The systems provided for the control of radiological effluents can be
operated to ensure that releases of radioactive wastes from the facility
ire within the limits of the Commission's regulations and are as low as
reasonably achievable (ALARA)
int's Technical Specifications, which provide operating limits

| ; operation of the facility, are such that there is a high

degree yssurance that the facility will be operated safely and reliably.

ial data and information provided by the applicant are such that

jetermined that the applicant has sufficient revenues to
ts and eventually to decommission the reactor faciiity
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the UF campus in Aiachua County Figure 2.1 shows the
Alachua County with Gainesville at its center in the
the Florida peninsula Figure 2.2 shows the location
he ty of Gainesville The city of Gainesville 1is
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Maximum temperatur=s in the nineties are common in summer but readings as 'igh
as 100°F have been recorded in only 11 of the last 32 years before 1978.
Frequent afterncon thunderstorms and associated showers provide relief from Lhe
heat in summer. Ffebruary 14 is the everagye date for the last occurrence of
freezing temperatures in the spring, and the average date for the first occur-
rence of freezing temperatures ia the fall is December 6. Precipitation varies
greatly from year to year for ary month, but on the basis of mean monthly
totals, there is a rainy seascn of 4 months (June through September). This
4-month period brings about 54 percent of the annual precipitation, nearly all
of which is in the form of rain. Hail falls occasionally but usually covers
very small localized areas. The only measurable accumulation of snow recorded
at Gainesville was 1.0 in. in February, 1899. On January 18, 1977 there was a
trace of snow recorded in Gainesville. There was a trace of snow or sleet in
December 1971, February 1951, and January 1958. The major portion of the rain
comes from showers that are of relatively short duration ard frequently assoc-
jated with thunderstorms. The greatest precipitation total for any manth
appearing in the records fur this station is 15.78 in. in October 194). The
longest drought without measurable rainfall was 39 days. October 18 through
November 25, 1903. It is not expected that any of these weather extremes would
affect the safe operation of the UFTR facility.

2.3.2 Tropical Storms

From 1841, when more complete weather recordkeeping was started, thhoigh 19/2,
a total of 58 tropical storms or hurricane centers have passed within approxi-
mately 75 mi of the UF site. Since 1972, one additional hurricane has come
near the UFTR site along the east coast of flerida; however, it was more than
75 mi away at its ncarest center. After 1885, weather records differentiated
between tropical stcrms (winds less than 73 mph) and hurricanes (winds more
than 73 mph). From 1886 through 1972, there have been 4C passages of tropical
storms. Of these a maximum of 13 hurricanes were experienced within 100 mi of
the site. Relatively few storms have moved inland on Florida's west coast
between Cedar Key (directly west from Gainesville) and Fort Mvers in the past
100 years. Most tropical storms have a tendency to move on one of three
general courses, which prevents them from having a maximum impact on the UFTR
area as they move nerthward. As shown in Figure 2.5A, the typical tropical
storm takes one of threc routes; either it (1) recurves north and no~theast
over the Florida coast, {2) moves northward paralleling the west coast, or

(3) moves on a north-westerly course acress the Gulf of Mexico. As illustrated
on the frequency histogram in Figure Z2.5B, the highest frequency of tropical
storms in the central Florida area has occurred in September, with Cctober
being the month of the second highest frequency. Nevertheless, tropical storms
are not considered a great hazard at the UFTR site for two reasons: (1) the
severity of the storm is reduced by the overland movement necessary for a storm
from the Gulf of Mexicc or the Atlantic Ocean to reach the Gainesville area,
and (2) tidal flooding is prevented bty the inland lccation of the UFTR site and
there are no large bodies of water near the UFTR site.

Experience with the passage of past hurricanes indicates maximum gusts of
approximately 60 mph around the site. It <hould be noted that even thunder-
storms with accompanying hail, excessive rain, and strong winds occasionally
develop gustiness ~f this severity.
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‘ UFTR

Points of Entry and Direction of
Travel of Al Hurricanes Which
Have Aflected Florida from
1885 to 1965

Figure 2.5A Historical hurricane points of entry for the State of Florida

Frequency of Fiorida Hurricanes
by Months from 1885 to 1965
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Tormado Frequency in
Florida
Number of Tornados Reported in
Each County during Period
1959-1971
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Figure 2.6A Tornado frequency by Florida County for year 19591971
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Figure 2.6B Monthly frequency of tornadoes by month for years 1959-1971
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The amount of percolating water will determine the soi)l water dilution factor
in the event of accidental liquid release of radioactivity from the UFTR. It
should be noted that the amount of percolating water in Gainesville is always
relatively small and often there are month; when it drops to zero, generally in
the spring and summer.

The staff concludes that there are no hydrological characteristics of the site
that render it unacceptable for the location of the UFTR.

2.5 Geology

The bedrock formation in this area is porous and cavernous Ocala limestone
which occurs in a broad truncated dome with its crest in Levy County, southwest
of Gainesville. The Ocala formation is overlain by other porous limestones and
semipermeable sandy clays (Hawthorne formation). This is capped by loose
surface sands. In general, all the formations are relatively porous and per-
meable. Locally, however, the Hawthorne sandy clays confine the ground water
in the underlying porous limestones under artesian pressure.

Most of the Gainesville area and that part of the UF campus north of Radio
Road, including the UFTR site, is underlain by a loamy fine-sand-type soil.
This was derived from residual Hawthorne formation and is characterized by a
typical slope of 2 to 7 percent, light brown or brownish grey surface soil,
light yellowish brown or pale brown subsoil, nearly loose to loose with good
natural drainage.

Studies have shown that these soils are sandy and possess very little ion-
exchange capacity. The calcium carbonate (limestone) bedrock has virtually no
capacity for preventing the rapid movement of radioactive products toward the
ground water table. It would only react chemically to neutralize acid solutions
and precipitate insoluble carbonates. It has virtually no ion-exchange capacity
and is highly porous and permesble so that any chemical precipitates formed
would only slightly retard the flow of radioactive liquids through the bedrock.

The staff concludes that the reactor is founded on competent soil and that
there is no significant geologic hazard associated with this site that would
make it unfit for the continued operation of the UFTR.

2.6 Seismology

The State of Florida is an area that is considered relatively seismically
inactive; there is no record of a severe earthquake in Florida. Florida is
considered to be one of the most seismically stable areas in the United States.
Only eight earthquakes of Intensity IV (Modified Mercalli Scale) or greater

have had their epicenter within 50 mi of the Crystal River nuclear plant site,
which is located on the west coast of Florida about 50 mi from Gainesville.

Only one tsunami, cor seismic sea wave, has ever been noted along the gulf coast
of the United States. This wave was caused by the Puerto Rican earthquake of
October 11, 1918, and was very small as recorded on the tide gauge of Galveston,
Texas. There is no record of a tsunami or seismic sea wave ever having affected
the Crystal River area. It is highly unlikely that if a tsunami did occur, it
would have any effect as far as Gainesville, Florida, which is over 50 mi inland.
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Although the reactor rm!‘v}:w; was constructed with the expectation that tornadoe:

could be expected to occur at the reactor site, the NRC staff has not analyzed
the building structure for tornado loading Because the building is a vault
structure partially embedded in the s of a hill, it is felt that with
1D 1e exceptlior of the roof. 1t woul o y 1ittle '\‘«}"f‘Hd”t <1'1m;n;.-
vent that a tornado were 1t trike . 31te

case, the health and safety of the public do not depend on reactor
g integrity, as demonstrated by the analyses of extreme accidents
ng core crushing in Section 1.4 lhese analyses indicate that even in
ident (of unspecified nature) where the core was to be crushed, the

1ng releases of radioactivity would be well within those specifie

for release to unrestricted area
Water f.mmuo'
xhaustive studies have indi ! ord any major flood in the general

4
i1te area during the j

idings and landsc intervene, the present contour ( he
1 16 percent | st to east; consequently, the reactor
wuried 1n the ¢ 1 B! n well-drained permeabie S0} |
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which remove \ ¢ for Y’(:i‘
well=drained ycatior ’ 1 ! site. no special

floods in the UFTR desii

yurtface bodies of water «
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There are 1 jams in the UF-Gainesville ar )at could affect the reactor

1te 1n » of fallure Therefore, dam 1lures and attendant water leve

and effect 10t considered

Because of ts 1 ind location (approximately 5I from the Gulf of Mexico),
tsunami flooding is predicted to have no effect on the UFTR site

Nevertheless, flooding were to occur, the self-contained design of the UFTR
1akes i or sistant y any hypothetical flood condition Also, detailed
procedures signed to minimize the impact of floods and protective measures
be taken in case of floods are outlined in the UFTR Standard Operating

Procedure B - Emergency Flood Procedures
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full-trip conditions. The second involves breaking the rupture disc, which
occurs when system pressure is 2 psi above normal operating pressure.

4.2.3 Conclusion

The staff has reviewed the information regarding the reactor fuel and reactivity
control systems and found that design and performance capability of the components
is adequate to ensure the safe operation of the reactor during the proposed
licensing period.

4.3 Shielding

Biological shielding is provided around the UFTR to minimize the exposure to
any individual working with the reactor to levels as low as reasonably achiev-
able (ALARA) and as specified by 10 CFR 20. The biological shielding is made
of cast-in-place barytes concrete with 3- to 6-ft-thick sections carefully
located to minimize radiation exposure and a shield tank located adjacent to
the reactor core.

Access to the ends and top of the reactor is provided by removal of ordinary
concrete blocks cast to fit the openings. These blocks, weighing up to 4500 1b
each, may be handled by means of the overhead bridge crane. The arrangement

of these movable blocks is illustrated in the section views of the UFTR shown
in Figures 4.7 through 4.9.

The staff concludes that the shielding of the UFTR is adequate to protect the
public health and safety and the environment.

4.4 Dynamic Design

4.4.1 Characteristics

The principal design and performance characteristics for the UFTR reactor are
summarized in Table 4.1. The UFTR self-1imits the maximum power and energy
release in an accidental nuclear excursion or loss-of-coolant accident (LOCA)
by means of either the negative moderator void coefficient or the negative
temperature coefficient. These inherent nuclear control features are effective
even if the control rods or the instrumentation (both of which are part of

the reactor protection system) fails or if the operator mistakenly or deliberately
violates established operating procedures and rules. The Technical Specifica-
tions limit the maximum excess reactivity for the UFTR with the present fuel
loading to 2.3 percent Ak/k. Calculations have shown that instantaneous
reactivity insertions of this magnitude will not raise the temperature of the
fuel plates to the melting point. Therefore, there is no danger of fission
product release or damage to the structural integrity of the reactor as a
result of a large addition of reactivity into the system. Reactivity

accidents are discussed further in Section 14.

Reactivity control is provided by the three control blades and one regulating

blade described in Section 4.2.2. Table 4.1 shows the corresponding reactivity
worths for each blade, along with the maximum allowed reactivity addition
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this conservatively high temperature rise to the initial operating temperature
of approximately 79°C, the cladding temperature reaches a maximum cof approxi-
mately 467°C. This is almost 200°C below the melting point of the aluminum
cladding and more than 170°C below the melting point of the fuel meat.

The Brookhaven analysis, discussed in detail in Section 14, is consistent with
the above analysis.

Although the Technical Specification limit on total excess reactivity is

2.3 percent Ak/k, the current worth of the UFTR core, which contains the
original 93 percent enriched fuel, is approximately 1.0 percent Ak/k. The
absolute reactivity worth of any single experiment is limited to a maximum of
0.6 percent Ak/k. The total absolute reactivity worth of all experiments is
limited to 2.3 percent Ak/k. The required minimum shutdown margin with the
most reactive control blade (2.1% Ak/k) fully withdrawn is 2 percent Ak/k. The
shutdown margin for the UFTR with the other three blades in place in a core
having the maximum authorized excess reactivity would be approximately 1.4 per-
cent Ak/k (1.5% + 1.3% + 0.9% - 2.3%). Therefore, to comply with the minimum
shutdown margin limit and be able to perform exneriments of positive reactivity
worth, the normal core loading must be less than the maximum authorized. For a
core with approximately 1.0 percent Ak/k excess reactivity, the minimum shut-
down margin would be about 2.79 percent Ak/k.

4.4.3 Conclusion

From the applicant's analysis and a review of the information oblained from the
BORAX/SPEQT tests and the Battelle analysis described above, the staff has
concluded that the limitations on excess reactivity of 2.3 percent Ak/k in the
UFTR core (indicated in the Technical Specifications) provide assurance that
there can be no excess reactivity incident that will pose a threat to the
health and safety of the public. In addition the staff concludes that the

2 percent Ak/k shutdown margin is sufficient to ensure the reactor can be
adequately shut down under all conditions.

University of Florida SER 4-15



5 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

In general, the primary coolant system transfers the heat from the reactor to
the heat exchanger. This heat is removed by the secondary coolant system to
the storm sewer with no mixing of water between the two systems.

5.1 Primary Coolant System

The primary coolant loop and purification system of the UFTR are shown schemat-
ically in Figure 5.1. The UFTR has a reactor core capacity of 33 gal. A 65-gpm
(rated) pump circulates demineralized water at a rate of 40 gpm. Primary
coolant is stored in a 200-gal storage tank, which is 6 times the capacity of
the core. Makeup water is obtained by demineralizing city water.

The primary pump circulates water through the heat exchanger, up and around the
fuel bundles, out an orifice near the top of the fuel boxes and back to the
storage tank. A flow-measuring instrument, which is located on the exit line
from the heat exchanger, transmits a flow indication and a scram signal to the
control console. A reactor trip will occur at a flow rate less than 30 gpm and
in the event of loss of power to the primary coolant pump.

Each of the six fuel box inlet and discharge lines includes a thermocouple
which transmits to a continuous sequential recorder in the control room. The
information from this thermocouple is supplied to the reactor protection system
with an alarm set point at 150°F and a reactor trip at 155°F. This safety
measure prevents reactor operation under conditions such as restriction or
reduction of primary coolant flow, reduction or restriction of secondary
coolant flow, a malfunction of the heat exchanger, excessive reactor power, or
the malfunction of a thermocouple.

One flow switch located in the coolant return line also will actuate a reactor
trip signal in the event of loss of primary coolant flow; this serves as a
backup to the low-flow reactor trip in the fill line previously discussed and
also monitors the integrity of the piping.

The "dump valve" (see Figure 5.2) is a solenoid-operated valve which opens
automatically when a scram signal is generated by the control system, allowing
water in the fuel boxes to drain into the coclant storage tank. Only nuclear-
type scrams open the dump valve (high power, fast period, loss of neutron
chamber high voltage loss of electrical power, console switch OFF). These
scrams are termed full trips.

A sight glass located on the north wali of the reactor room allows visual check
of the reactor core water level. An electric level switch located behind the
sight glass is wired to the reactor protection system actuating a reactor trip
when the water level in the core falls below preset limits.
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Schematic of UFTR primary coolant Joop and purification system

Figure




AJLSJASALUN

40

4

n——
VACUUM AL

BREAKER

SAMPLE AMP LE
CONNECTION CONNECTION

\/_ STORM SEWER

Schematic of UFTR secondary water cooling system




urther protected by a graphite rupture disc set to burst at
above the normal operating pressure Should a power excursion

fiaphragm will rupture causing the water from the core to be
the equipment storage pit, shutting down the reactor

Heat Exchanger

The heat exchanger located in the equipment storage pit is a stainless steel
water-to-water N stamp heat exchanger rated at 1 MW. With from 150 to 250 gpm
of well water through the shell side and 75 gpm of reactor coolant water
through the tube side, the system is capable of removing up to 500 kW thermal
heat load lhe tubes are welded to the tubesheet to minimize leakage

Primary Water Makeup System

The demineralized water makeup system consists of two demineralizers in series
filled with amberlite, H-0OH, nuclear grade resin The unit has a temporary
e connection to the coolant storage tank, supplying makeup cooiant whenever

necessary

Primary Purification System

The primary purification system loop is included in Figure 5 1t 1s supplied

)
+

with a separate pump allowing continuous purification flow ne purification
pump is interlocked with the primary coolant pump 1in a manner that prevents 1ts
operation when the primary cooiant pump 1S running The feed of the primary
coolant pump is sufficient to maintain a flow through the purification loop
when 1t 1s 1n operation

The purity of the primary coolant 1s monit ‘€ by the use of a "Psi*tiv‘t,
11 signals--one before the demin-
eralizer and one after the cerami filter The locati»n of the purification

system and a schematic showing its components as depicted in Figure 5.1 The

lechnical Specifications 1imit the resistivity to a minimum of 400,000 ohms
records indicate that a resistivity of approximately 10° ohms 1is

r normal operation

bridge set up to accept two conductivity

secondary &”*7"x,?z“?%m
vecondary cooling water for the UFTR is required by the Technical Specifica-
tions for operation at power levels above 1 kWt and can be obtained from two
sources A 200-gpm well is used as the principal source, and city water 1s
used as a backup system o or training purposes Seconaary \uuli“g waLer
discharged to the storm
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INSTRUMENTATION AND CONTROLS

Instrumentation Systems for Operation of UFTR

The reactor instrumentation monitors severail reactor parameters and transmits
the appropriate signals to the regu’ating system during normal operation;
during abnormal and accident conditions, it Lrarsmits signais to the reactor
trip and safety systems.

The minimum number and types of channels for operation of the reactor are
Channe No. operable

Safety channels

Linear w/auto controller

Log N and period channel

Startup channel

Rod position indicator

Coolant Ylow ndicate

Primary coorént temperature indicator
Secondary cieiant temperatire indicdtar
Corc coolant level

ventilation system

.ore ‘ent annunciatoer

Exhaust fan annunciator

€xbhaust fan rpm

—d

Hp

e Pk Pt Puiligd Pt O Pued

Nuclear Instrumentation
'wo channels of neutiron instrumentaiion prdvide the UFTK with separate, indenen-
dent neutron monitors of reacter powe: level from 10-’ W to 150 percent of
rated power

Nuc lear instrumencation channéi 1| takes the output from a B-10 proportion2)
ceunter and a fission chamber in the reactor core and produces a sigral pro-
portional to the logarithm of ~eactor power, which is displayed and recorder
the derivc.ive of this signal, which is the inverse of the reactor geriod, 15

ylayed ard is the source of t'ie reactor period scram. The fissioh chamber

lso goes through a tinéar amplifier and then to a power level disnlay

on a lingar szale ranging from 1 tc 150 percent of rated power. This linear
output cavses the vcactor trip at 125 percent oY rated power

The output from one ion chamber (compensated) goes through a picoammeter Lo a
linear power recorder This linear power indicator also is used by a servo-
amplifier as a part of the autumatic reactor control circuit used during
steady-state operation The cutput from the other ion chamher (uncompi2nsated)

Nuclear instrumentation channel 2 uses the output from two core ion chambers
t
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goes through a linear amplifier to a power indicator. This amplifier output
also initiates a reactor trip at 125 percent power.

In addition to the power and period scrams, a scram also is initiated when the
high voltage to the nuclear instrumentation channel 1 chamber or the channel 2
ion chambers drop to 10 percent below normal.

7.3 Reactor Reactivity Control

Reactor reactivity control is accomplished by three safety-control blades and a
regulating blade. These blades are raised one at a time by the operator at the
control console, which has blade position indicators. The four control blades
are driven by magnetic couplings. When the reactor is scrammed, power is
interrupted to the magnets and the blades fall by gravity into the core. There
is a control blade inhibit system that prevents blade withdrawal under the
following situations:

(1) Test switches are not in "operate" position to ensure the monitoring of
the neutron level increases as the blades are raised.

(2) There are insufficient neutron source counts to ensure the proper function
of the source level instrumentation. A minimum of 2 counts pe. second is
required by the Technical Specifications.

(3) A multiple blade withdrawal interlock is provided to prevent exceeding the
reactivity addition rate authorized by the UFTR Technical Specifications.

(4) A period of 10 seconds or faster prevents control blade withdrawal.

(5) Power is raised at a period in the automatic mode faster than 30 seconds.
The automatic controller drives the regulating blade down until the period
is slower than 30 seconds.

Another facet of reactor reactivity control is the automatic control system.
When the operator switches to the automatic mode, the output of the nuclear
channel 2 picoammeter is compared with the desired power level and any differ-
ence causes movement of the regulator blade through a servo system.

7.4 Core-Cooling-Related Instrumentaii.n

The instrumentation system that ensures adequate cooling of the reactor core
consists of the following elements:

(1) A primary coolant flow monitor in the fill line trips the reactor
when flow falls beluw 30 gpm.

(2) A flow switch located in the primary coolant return line to the storage
tank serves as a backup to (1) above.

(3) A sight glass in view of the operator indicates core water level. An

electric switch located behind this sight glass causes a reactor scram
when the water level falis below a preset level.

University of Florida SER 7-2






The portal monitoring system outside the air lock leading from the reactor
cell contains eight channels of Geiger tube detectors providing complete
head-to-foot coverage of beta-gamma radiation plus individual alarm lights
for each channel. An audible alarm will be activated any time the preset
radiation field limit is exceeded.

7.6 Types of Reactor Scrams (Trips)

There are two types of reactor scrams. One is induced by the nuclear instru-
mentation whereby all control blades fall into the core and the coolant in the
fuel boxes is dumped into the storage tank. The second type of scram is
induced by process instrumentation. With this type of trip, the control biades
fall into the core, but the primary coolant is not dumped.

The conditions that cause a nuclear instrumentation trip are

(1) Fast peried (3 seconds or less)

(2) High power, safety channel 1 (125 percent) or safety channel 2 (125 percent)
(3) Reduction of high voltage to the neutron chambers of 10 percent or more
(4) Turning off the console magnet power switch

(5) Loss of electrical power

Process instrumentation scrams are caused by

(1) Loss of power to the reactor vent blower system

(2) Loss of power to the reactor vent diluting system

(3) Loss of power to the secondary system deep-well pump when operating at or
above 1 kW and using this system for secondary cooling

(4) Dropping of secondary flow below 60 gpm (normal flow is 200 gpm, alarm at
140 gpm) when operating at or above 1 kW when using the deep well for
secondary cooling

(5) Oropping of secondary flow below 8 gpm when at or above 1 kW when using
city water for secondary cooling

(6) Drop in water level of the shield tank (about 4 in.)
(7) Loss of puwei ta primary coolant pump

(8) Reduction of primary coolant flow (normal flow is 40 gpm, trip at 30 gpm);
flow sensor is located in the fill line

(9) Loss of primary coolant flow (return line)

(10) Reduction of primary coolant level
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(11) High-temperature primary coolant return from the reactor (alarms at 150°F,
trips at 155°F)

(12) Manual reactor trip button depressed
7.7 Conclusion
The staff concludes that the types of instrumentation included in the UFTR

facility, plus the limits and performance requirements of the Technical
Specifications, ensure that the reactor can be operated safely.
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ELECTRI(
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The UFTR a research reactor currently licensed to operate at only 100 kW
(thermal ), and 1t does not generate electric power. Since the UFTR does not
generate electrical power, there i1s no impact on the power grid The reactor
Is designed to shut itself down safely through operation of the reactor safety
systems in case of loss of primary coolant

1te Power System

-

operation, the electric power requirements for the UFTR reactor wili be
upplied by the regional utilities servicing the University The reactor
lity requires power of 115 V ac at 60 cycles for the reactor console and

ary equipment and 230 V ac at 60 cycles for all motors

the system is fail safe, no auxiliary power is neecded for the operation
t-shutdown safety systems The loss of electrical power drops out the
relays and deenergizes the magnetic clutches to trip the reactor by
ng the control rods under gravity completely into the core I

need to consider offsite sources of emergency power

herefore,

1te Power

lectrical supply to the reactor and console is supplied by the Regional
ystem of Alachua County This offsite power is supplied on site to
arious nonnuclear reactor safety and monitering instrumentation
These channels are all dependent on the utility system ac power for
proper operation However, these channels will only be needed during operation
perform monitoring and nuclear instrumentation trip functions In a loss-
power situation, the nuclear instrument channels and the fail-safe nature of
control rod system provide the proper trip and shutdown of the reactor

-
0

power from the regional utilities system are quite common
th
\

sociated with loss of power are bothersome from a train-

1

ndpoint, such a loss of power has no beav:mq upon the safe
R system when power is lost, the reactor automaticall
interruptions in power are usually of short duration, there

remedy for the loss-of-power problem Therefore, secondary power

y

+ onsidered 1n t g "aL;v;y't

stems

area monitors and stack monitors are powered by
yating® battery pack In the event
automatically power the monitors w
least 12 hours This provides the
ictivity in the reactor area at all

Emergen: ‘ Ing 1 ated throughout the reactor building
'

emergency Ssp(« tl] '(_J'WT within the




provide light in the event of a loss of power. The security system itself also
is equipped with a battery power supply to maintain operation in the event of a
loss of all electrical power.

8.4 Diesel Electrical Power

Vital UFTR systems are connected to an ac diesel electric generator located in
the rear of the reactor building. The diesel generator will provide automatic
backup electrical power for all vital reactor systems, including the radiation
monitoring and physical protection systems as well as emergency lighting.

No credit is taken for the backup electrical diesel generator for safety
analysis considerations.

8.5 Conclusion
The staff concludes that the primary and emergency electrical power provided

to the reactor facility are adequate to ensure safe operation and shutdown of
the reactor.
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AUXILIARY SYSTEMS
fhe auxiliary systems considered significant in the operation of the UFTR
facility are the fuel-handling and storage system, the air conditioning and
ventilation system, and the fire protection system.

| Handl ing and ’;rurnﬁge

rradiated fuel plates, as received from the fuel fabricator, are stored in
]

cadmium=1ined drawers in a fire-resistant combination safe No more than
56 plates can be placed in a drawer

Irradiated fuel is removed from the reactor in a lead transfer cask, using the
facility 3=ton bridge crane, and placed in one of the 27 dry, steel-lined
storage pits in the concrete floor of the reactor room. Padlocked shield plugs
are installed in the pits over the fuel I[f it is necessary to inspect the
irradiated fuel, it is placed in the shield tank for inspection and subse-
quently moved to a fuel storage pit

Heating and Air Conditioning System
I1 is completely air conditioned with a recirculating-type system
atmosphere suitable for reliable operation of electronic instru-
human comfort The air conditioning unit is rated at 6000 cfm
Btu/hr cooling capacity Although the system is designed to use up
cfm of outside air, the louvers are closed to maintain a slightly
pressure in the reactor cell resulting in approximately 200 cfm of
air intake The total conditioned air delivery is 4600 cfm to the
room and approximately 1400 cfm to the control room. This 6000 cfm of
; delivered 1 closed recirculation system at a dry-bulb temperature
F and 50 percent relative humidity, summer and winter.

irculated air is filtered through a 2-in.-thick, dry, spun
eanable-type roughing filter capable of removing particles of 5 microns
r in size with an efficiency of 85 percent or better The inlet air
provided with a motor-operated damper to close the duct whenever the

not operating

vent System
vent system prevents diffusion of radioactive gases or particulate
the reactor room during reactor operation by maintaining a slight
sure in the reactor cavity relative to the reactor cell.

the reactor core structure 1s withdrawn through a rough and
nd directly discharged to the stack where it is diluted

¢

of outside air before being released to the atmosphere
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A thermal column is provided in the east face of the reactor having four 4-in.
by 4-in. removable stringers. The horizontal ther:al column is 60 in. wide by
60 in. long by 56 in. high; the vertical thermal column comprises an area 2 ft
in diameter by 6 ft long, filled with H,0 or D,C as nacessary for experimental
purposes.

Six other horizontal openings, 4 in. in diameter, are located in the center
plane of the reactor as shown in Figure 4.7. These horizontal holes (or ports)
may be fitted with collimators to allow neutron beams to escape, or with other
equipment for the irradiation of special samples.

A water tank is placed against the west face of the reactor opposite the
thermal column and is shielded on the outer three sides by concrete. This
5-ft-wide by 5-ft-long by 14-ft-deep shield tank can be used to perform shield-
ing experiments or for the irradiation of large objects. A horizontal aluminum
pipe passes through the shield tank outer wall and is welded to the inner wall;
it is provided to allow the extraction of a neutron beam tc the reactor west
face. The tube allows the insertion of the east-west throughport (EWTP). The
EWTP, or horizontal throughport, is a horizontal tube 20 ft long with an inside
diameter of about 1.88 in. If the shield tank is not needed for experiments,
it can be removed after draining by 1ifting it out with the crane and other
equipment installed in that area.

10.3 Qonclusiog

The design of the experimental facilities together with the limitations for

experiments de eated in the Technical Specifications ensure proper and safe
experimental programs
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OACTIVE WASTE MANAGEMENT

pal radioactive waste generated by operation of th TR is activated
imarily Ar-41) A limited volume of radioactive soli« as primari

!
'y

5 s generated by reacilor operations, with some additional solid waste

produced by the associated research programs Limited quantities of radio-

A

active liquid waste are generated by normal reactor operations In addition,
small amounts of radioactive liquid waste are also independently generated
other locations within the Nuclear Science Center and transferred to the
waste holdup tank

waste

generated as a result of reactor

res , and filters, potentia

smal | ivated components

y OME reactor-based research results in the generat
y
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.

¢
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The radioactive airborne waste is produced by neutron irradiation of air and
airborne particulate materials as they are drawn through the reactor.

Leakage of these activated gases and particles into the reactor room is prevented
by drawing air from the room, through the reactor, and out the exhaust stack.
This air-handling system is equipped with a filter system that collects more

than 99.9 percent of the particulate matter. Thus, during normal operations no
measurable radioactive particulates will be released into the air effluents

from the UFTR stack. These filters are eventually disposed of as solid radio-
active waste.

A mcnitoring system with readout in the control room measures the flow rate and
the radioactive gaseous concentration in the effluent. This air stream is
diluted with 12,000 cfm of outside air before it is released to the atmosphere.
As part of the reactor safety system, any loss of power to the reactor vent or
dilution system fan will cause a reactor trip.

Analysis of air samples collected from the reactor vent stream indicates a
material having a gamma with an energy of 1.29 MeV and half-life of 110 minutes
These values are characteristic of Ar-41. Further analysis indicates a Ar-41
production rate that results in a concentration of 6.7 x 10-® pCi/cm® per kW of
reactor power. Thus, at full power (100 kW) the actual concentration at the
top of the stack is 1.88 x 10-® uCi/ml. Applying a factor of 200 to account
for dispersion between the release point and the nearest potential receptor
reduces the concentration to 9.4 x 10-® uCi/ml. At tt= ..~ ent concentrations
of Ar-41 emissions, the reactor is permitted by the St te of Florida to operate
235 equivalent full-power hours per month.

This constraint, limiting the number of equivalent full-power hours of operation,
ensures that the UFTR cannot exceed the limits specified in 10 CFR 20, Appen-

dix B, Table 1I, for release to unrestricted areas. It should be noted,

however, that with an average of 172 equivalent full-power hours of operation
per year (over the last 5 years), that the actual total operation for 1 year

is about one-half of that allowed for a single month.

when actual Ar-4]1 releases are averaged over an extended period of time, such
as a year, the Ar-41 concentration then is only a small fraction of the maximum
permissible concentration specified in 10 CFR 20 for unrestricted areas.
Because the natural tendency of gases is to diffuse and decrease in concentra-
tion with distance from the source, combined with the random direction of the
wind, the annual exposure to the public will result in only a few millirems to
any one individual in the vicinity of the reactor effluent plume.

Using the methodology in Regulatory Guide 1.109, the highest dose to population
is considered to be a distance of 0.1 mi from the discharge stack. Using an
annual release of 129.5 Ci, the f-y dose is 3.55 mrems/yr. Whole body dose is
1.8 mrems/yr and the skin dose is 2.61 mrems/yr. These are all less than 1/100
of the allowable limits in 10 CFR 20.

11.4 Conclusion

The staff concludes that the waste management activities of the UFTR facility
have been conducted and are expected to continue to be conducted in a manner
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nt with 10 CFR 20 and with ALARA principles Among other guidance, the
iew followed the methods of ANSI/ANS 15 1}\ 1977, "Rci-ﬁ‘u‘,uz’pﬁd'\
at Research Reactor Facilities

41 is the only potentially significant radionuclide released by the
the environment during normal operations, the stafi has reviewed the
y. current practice, and future expectations The staff concludes that
the doses in unrestricted areas as a result of UFTR actual releases of Ar-4i
have never exceeded or even approached the limits specified in 10 CFR 2C when
averaged over a year Furthermore, the staff's conservative computations of
dose outside the limits of the UFTR give reasonable assurance that potential
to the public as a result of Ar-41 emissions would not be significant
f there were a major change in the operating schedule of the UFTR




12 RADIATION PROTECTION PROGRAM

12.1 Summary

The UF has developed a structured radiation safety program with an adequate
Health Physics staff and appropriate radiation detection equipment to determine,
control, and document occupational radiation exposures at its reactor facility.
In addition, the UFTR monitors liquid and airborne effluents at the points of
release to comply with applicable regulations. The UFTR also has developed an
environmenta, monitoring program to verify that radiation exposures in the
unrestricted areas around the UFTR are well within regulations and guidelines
and to confirm the results of calculations and estimates of environmental
effects resulting from UFTR research programs.

12.2 ALARA Commitment

The UF administration has formally established the policy that all operations

are to be conducted in a manner to keep all radiation exposures as low as
reasonably achievable (ALARA). A1l proposed experiments and procedures at the
UFTR are reviewed for ways to minimize potential exposures of personnel. Al
unanticipated or unusual reactor-related exposures are investigated by both the
Health Physics and the operations staff to develop methods to prevent recurrences.

12.3 Health Physics Program
12.3.1 Health Physics Staffing

Independent of the UFTR line of responsibility, full-time Health Physics staff at
the University of Florida consists of one professional and three technicians.

In addition, the UFTR licensed operators are health physics qualified and

perform radiation protection duties, as assigned. One of the full-time reactor
operators is assigned the health physics responsibilities and performs the
routine surveys of the UFTR.

The onsite staff has sufficient training and experience to direct the radiation
protection program for a research reactor. This Health Physics staff has been
given the responsibility, the authority, and adequate lines of communication to
provide an effective radiation safety program.

The University Health Physics staff provides radiation safety support to the
entire University complex, including a medical school and many radioisotope
laboratories. However, the staff believes that the UFTR Health Physics staff
is adequate for the proper support of the research efforts within this facility.

12.3.2 Procedures
Detailed written procedures have been prepared that address the Health Physics

staff's various activities and the support that it is expected to provide to
the routine operations of the UFTR facility. These procedures identify the
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interactions between the Health Physics staff and the operational experimental
personnel. They also specify numerous administrative limits and action points,
as well as appropriate responses and corrective action, if these limits or
action points are reached or exceeded. Copies of these procedures are readily
available to the operational and research staffs and to the Health Physics and
administrative personnel.

12.3.3 Instrumentation

The UFTR has acquired a variety of detecting and measuring instruments for

monitoring any kind of potentially hazardous ionizing radiation. The instrument
calibration procedures and techniques ensure that any credible type of radiation
and any significant intensities will be promptly detected and correctly measured.

12.3.4 Training

A1l reactor operators are trained in health physics and certified by the
Radiation Control Officer. The training program is designed to identify the
particular hazards of each specific type of work to be undertaken and methods

to mitigate their consequences. Retraining in radiation safety is provided as
well. A1l reactor operators are given an examination on health physics practices
and procedures at least every 2 years. All of the above-mentioned radiation
safety training is provided by the Health Physics staff.

12.4 Radiation Sources

12.4.1 Reactor

Sources of radiation directly related to reactor operations include radiation
from the reactor core, ion-exchange columns, startup sources, spent fuel,
filters in the water and air cleanup systems, and radioactive gases (primarily
Ar-41).

The reactor fuel is contained within aluminum cladding. Radiation exposures
from the reactor core are reduced to acceptable levels by concrete shielding
and a water-filled shield tank.

The ion-exchange resins and filters are routinely changed before high levels of
radioactive materials have accumulated, ther2by minimizing personnel exposure.

Personnel exposure to the radiation from chemically i1nert Ar-41 is limited by
prompt removal of this gas from the reactor and its discharge to the atmosphere
where it diffuses greatly before reaching occupied areas.

12.4.2 Extraneous Sources

Sources of radiation that may be considered as inciaental to the normal reactor
operation but are associated with reactor use include radioactive isotopes
produced for research, activated components of experiments, and activated
samples or specimens.

Personnel exposure to radiation from intentionally produced radioactive material,
as well as from the required manipulation of activated experimental components,
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Table 12.1 UFTR personnel annual exposure history

Number of individuals in each range

wWhole body exposure range (rems) 1977 1978 1979 1980 1981

No measurable exposure 4 8 S 2 6
Measurable exposure 0.1 7 2 3 7 2
0.1 to 0.25 1 0 0 1 2
> 0.25 0 0 0 0 0

12.7 Effluent Monitoring

12.7.1 Airborne Effluent

As discussed in Section 11, airborne effluents from the reactor facility
consist principally of activated gases. The effluent stream is filtered to
remove most particulate material before discharge to the environment through
the UFTR stack. The filter installation consists of a roughing filter to
reduce the loading of the final filters and a high-efficiency particulate air
(HEPA) filter that removes more than 99.9 percent of the soiid matter in the
air stream.

The stack gas monitoring system measures the radioactive gases discharged from
the entire UFTR complex. The only identifiable radioative gas is Ar-41. The
system consists of a detector positioned in the duct on the downstream side of
the filter (before dilution takes place). The instrumentation readout consists
of a meter and strip-chart recorder in the control room. The detector count
rate is proportional to the amount of radioactive gases in the chamber and
hence to the concentration in the air stream. High concentrations and detector
failure activate alarms in the control room. This gaseous monitoring system

is calibrated on a quarterly basis by positioning a Co-60 source in a specified
location near the detector.

12.7.2 Liquid Effluent

The reactor generates very limited radioactive liguid waste during routine
operations. However, leaks in the primary coolant system do have the potential
for being released, and experimental activities associated with reactor usage
also may generate radioactive liquids. A1l potentially contaminated liquids are
collected in holdup tanks. Before release, each tank is sampled and analyzed,
and liquids with low concentration of radioactivity are released directly to

the sanitary sewer in accordance with 10 CFR 20.303. Higher concentrations of
liquid waste may be diluted before release or held for radioactive decay.
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12.8 Environmental Monitoring

The UFTR has developed a program to monitor radiation exposures above natural
backgrourd radiation levels in the surrounding environment from both reactor
operations and the research efforts of the complex

A perimeter monitoring system of about seven stations has been established in
the unrestricted areas around the reactor facility. Film dosimeters provided
by a commercial supplier are used to measure the external radiation exposures.

12.9 Potential Dose Assessments

Natural background radiation levels in the Gainesville area result in an
exposure of about 100 mrems/yr to each individual residing there. At least an
additional 10 percent (approximately 10 mrems/yr) will be received by those

living in a brick or masonry structure. Medical diagnostic exposures may add to
this natural background

Conservative calculations by the NRC staff based on the amount of Ar-41 released
from the UFTR stack predict a maximum annual dose of less than 2 mrems in the
unrestricted areas. The results of the environmental radiation dosimeters

located near the reactor facility have been indistinguishable from the ambient
background.

12.10 Conciusion

The staff considers that radiation protection receives appropriate support from
the administration The staff concludes that (1) the program is properly
staffed and equipped, (2) the UF staff has adequate authority and lines of
communication, and (3) the procedures are correctly integrated into the research
plans

The staff concludes that the effluent and environmental monitoring programs
conducted by UFTR personnel are adequate to promptly identify significant
releases of radioactivity and confirm possible effects on the environment, as
well as to predict maximum exposures to individuals in the unrestricted area.
These predicted maximum levels are well within applicable regulations and
guidelines of 10 CFR 20.

Additionally, the staff concludes that the UFTR radiation protection program is
acceptable because the staff has found no instances of reactor-related exposures
of personnel above applicable regulations and no unidentified significant
releases of radioactivity to the environment. Furthermore, the staff considers
that there is reasonable assurance that the personnel and procedures will
continue to protect the health and safety of the public during the requestec
renewal period
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zation Structure and Qualifications

Q
Organization

Responsibility for the safe operation of the reactor facility lies within the
chain of command shown in Figure 13.1 Management levels, in addition to
having responsibility for the policies and operation of the reactor facility,
ire responsible for safeguarding the public and facility personnel from radia-
tion exposures and for adhering to all requirements of the operating license
and Technical Specificatior

Reactor Staff

facility staff consists of two permanent faculty members, and a

ive-member technical, technician, and secretarial staff

'(\lJ

reviewed the applicant's operator requalification plans and
hat they meet the requirements of 10 CFR 50.34(b)(7) and (8)

Planning

E to 10 CFR 50 require that nonpower reactor applicants/
ubmit Emergency Plans The applicant submitted a plan
developed following the recommended guidance in Regulatory Guide 2.6
r Comment) and guidance in ANS 15.16 (1978 Draft) However, both of
des have been revised (Revision 1 to Regulatory Guide 2.6 was issued
in March 1982; Draft 2 of ANS 15.16 was i1ssued in November 1981.)
int has until November 3, 1982 to revise the Emergency Plan as ncces-

submit 1t for staff review and approval
aind Audit

»afety Review Subcommittee reviews and approves new experiments and

arations to the reactor The subcommittee reviews and audits

5 for safety It 1s composed of the Chairman of Nuclear
neering Sciences, Radiation Control Officer, Reactor Manager, and two other
member expertise in reactor technolog

g 8 4

T he subcommittee review

sts, experimen ., 0 cedures

unreviewed s f question

proposed
,ignificance




LEVEL1

UF President
Dean, College of Engi
neering
Chairman, Nuclear Engi

neering Sciences Dept

Director, Environmental
Health and Safety

Chairman, Radiation
Control Committee

LEVEL 2

Facility Director

Reactor Safety Review
Subcommittee

LEVEL 3

Reactor Manager

Radiation Control
Officer

LEVEL 4

Operating Staf!
Class A and B Operator

Radiation Safety
Specialists
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Tosts and experiments in accordance with Technical Specifications

Proposed changes in Techinical Specifications or license

Violations of Technical Specifications, license, nr procedures or instruc-
tions having safety significance, and remedial actions to ascertain that
the violations do not recur

Operating abnormalities having safety significance and audit reports
Reportable occurrences listed in the Technical Specifications
Audit functions

The subcommittee audit functions include selective (but comprehensive) examina-
tion of operating records, logs, and other documents

Facility Procedures
A .

applicant has committed to the development of those procedures that are
opriate for continued safe operation (Application V/6-5) The current

edures are documented and maintained in the control room for ready access
reactor operations personnel

"l"tii thuvvﬂl

The applicant, in accordance with 10 73, submitted a Physical Security
Plan, which was approved in June The plan has Leen reviewed and a site
visit was made to verify measures with the applicant. Based on its review and
site visit, the staff finds that the applicant's Physical Security Plan is
acceptable

L(‘(’}H)YY_“\ and Records

Annual reports are submitted The items included are reactor operating
experience; unscheduled shutdowns and corrective actions that have safety
significance; changes to facilities, procedures, or experiments or tests that
were carried out without prior NRC approval; amounts and nature of radioactive
1ischarges to the environment; and any significant personnel exposures

Special reports will be submitted as required by the Technical Specifications

The staff's review of past UFTR violations, as described in the Investigation
and Enforcement reports, indicated that none of the violations were safety
related; they were all violations of procedural rules, guidelines, or Technical
Specifications

Lonciusion
Based on the above descrig ons ] ytati nd 1at pplicant’ s management

structure an yrocedures are si ] nti ] loped 0 | | reasonable

assurance of s » operatior

!_}r\\\.pv‘\‘ 1 t\




14 ACCIDENT ANALYSIS

As part of its evaluation of several pending license renewal applications for
Argonaut research reactors, the staff requested three scientific laboratories
to anaiyze the effects of accidents at those facilities with Argonaut reactors.
The analyces included the effects on the core and on public health and safety
that resulted from these hypothetical accidents. In addition, the staff
considered the accident analyses presented by the applicant which were
essentially identical to those presented in the original SAR. The reviews of
those original hypothetical events were considered by the Atomic Energy
Commission during the evaluation for the original construction and operating
licenses.

Among all the accidents considered, the one postulated accident with the
greatest effect cn the environment and the unrestricted area outside the

UFTR building is the dropping of a shield block onto the core resulting in
severe mechanical damage to the fuel. For purposes of classification, the
staff will call this the "core-crushing accident." In this event, it is
assumed that the integrity of the cladding is compietely lost from 11 irradiated
fuel plates. A less severe accident of a similar nature is the "fuel-handling
accident" in which the equivalent of one fuel plate completely loses its
cladding. None of the other accidents analyzed posed a significant risk of
clad failure. Thus, only the two accidents discussed above could result in the
release of the noble gas and iodine fission products into the environment.

As discussed in more detail below, the core-crushing accident will be 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 from any
other credible event. Thus, 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 consequences are described.

The staff requested Los Alamos National Laboratory to provide a thermodynamic
analysis and evaluation of an Argonaut-UTR core that was assumed to be severely
damaged (NUREG/CR-2198, Appendix B). The postulated damage might be the result
of an earthquake or, as in this case, the dropping of a shield block onto the
core. In additiun, the NRC requested Pacific Northwest Laboratory (Battelle)
to conduct an analysis and evaluation of various postulated accidents that

could be considered credible for Argonaut-UTR reactors (NUREG/CR-2079, Appendix C).

Tnese postulated accidents, which will be discussed in more detail below, are

(1) Insertion of excess reactivity
(2) Explosive chemical reaction
(3) Graphite fire

(4) Fuel-handling accident

14.1 Excess Reactivity Insertion

The maximum rise in the fuel temperature following a reactivity insertion
depends on the total energy released during the event and the heat transfer
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characteristics cf the fuel. The maximum power level and, consequently, the
total energy released are a function of the reactor period produced by the
insertion. In turn, the period is determined by the amount of reactivity
inserted and the proiot neutron lifetime.

The applicant's analysis indicates that an instantaneous reactivity insertion
greater than 2.4 percent Ak/k could raise the fuel temperature high enough to
cause concern for fuel melting.

The Battelle study considered the instantaneous reactivity insertion of 2.6 per-
cent Ak/k ($3.90) into the core. This accounts for all the excess reactivity
authorized by the license (2.3 percent Ak/k) plus an increase of 0.3 percent Ak/k
for the conservative assumption that the coolant/moderator is at 4°C, the
temperature of maximum density for water. With an assumed prompt neutron
lifetime of 0.14 ms, a pulse of 12 MW seconds was determined to be produced
based on the SPERT I data. The calculated average fuel temperature wa: 500°C,
and the maximum temperature of the hottest fuel plate was 590°C for the most
conservative case. In this case, all of the energy released from the pulse was
assumed to heat the fuel plates. It can be seen that these temperatures are
well°b§low the melting point of the fuel meat (640°C) and the aluminum cladding
(660°C).

Brookhaven National Laboraiory also analyzed a reactivity insertion accident.
The RETRAN-01 computer code, which was benchmarked against the SPERT I data,

was used. Starting with the slightly less conservative assumptions of a
0.188-ms prompt neutron lifetime and a 1.95 percent Ak/k ($3.00) ramp reactivity
insertion (0.25 second), a peak fuel temperature of 400°C was calculated. This
is in good agreement with the Battelle results, allowing for the differences in
initial assumptions.

Inasmuch as the UFTR has a prompt neutron lifetime of 0.28 ms and a permissible
excess reactivity of 2.3 percent Ak/k and the coolant is unlikely to reach 4°C
in a Florida reactsr, the fuel and cladding temperatures would be less than
those indicated sbove.

Based on the above considerations, and the limitations in the Technical Specifi-
cations for excess reactivity not to exceed 2.3 percent Ak/k, the staff concludes
that there is no credible nuclear excursion possible with the UFTR that could
lead to fuel melting or cladding failure resulting from high temperature.
Therefore, there is no mechanism for fission product activity to be released

from the fuel to the environment as a result of a reactivity insertion accident.

14.2 Metal-Water Reaction

The only chemical reaction that can theoretically produce an explosion in the
core at this reactor is the metal-water reaction between the aiuminum in the
fuel and the coolant water and the subsequent potential explosion of any
generaied hydrogen gas. For this reaction to occur fast enough to produce an
explosion, the aluminum would have to be heated to very high temperatures
(above the melting point) and/or be in the form of aluminum filings. As there
is no mechanism to produce these high temperatures or this degree of abrasion,
this situation cannot occur in this reactor.
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Based on the above considerations, the staff concludes that there is reasonable
assurance that rapid metal-water reactions will not occur in the UFTR.

14.3 Graphite Fire

A self-sustaining graphite fire requires oxygen, high temperature, and an
ignition source to initiate combustion. The Battelle report postulated two
scenarios that might involve a chain of events satisfying these three conditions.

The first scenaric involves the failure of an experimental apparatus. It would
be required that the experiment have a continuous flow of gas highly enriched
in oxygen, be placed in the center graphite island of the core, and have
components made of borosilicate glass. It is then supposed that the glass
heats up sufficiently, because of the nuclear reaction within the glass

('°B (n,a)-"Li, Q = 2.8 MeV), to soften, release the oxygen supply, and ignite
the graphite.

The second scenario involves a building fire. It requires that the concrete
shield blocks be removed from around the core exposing the graphite, that
considerable quantities of flammable material be in tne reactor celi, that the
reactor is left in this condition for several days, and that a building fire
starts over the weekend when the reactor is unattended.

As the enclosed reactor allows only small volumes of air into the core, it is
highly unlikely that the requisite of enriched air would be available to
support combustion.

Given all the events that must occur before a graphite fire can be started and
the magnitude and duration of a fire that would be needed to damage the fuel,
the occurrence of a serious graphite fire seems unlikely. It is evident that
in order for these scenarios to develop fully, they would have to be the

result of deliberate actions and, thus, should not be considered as accidents.
Therefore, based on the information above, the staff considers these scenarios
to be such remote possibilities that they pose virtually no risk tc the UFTR or
the health and safety of the public.

14.4 Fuel-Handling Accident

This potential accident assumes that one fuel element is dropped during a core
reload or other fuel-handling operation. The reactor would be shut down and

drained during th..se operations so any fission product release would be directly
to air.

For this event it has further been assumed that the reactor has been operating
at 100-kW steady-state power for 20 days. The fuel transfer operations begin
immediately following shutdown of the reactor and the actual fuel transfer
accident results in such severe mechanical damage to the fuel element that it
exposes fuel surface areas equivalent to stripping the cladding from one plate
of an element and exposing its entire surface area.

The applicant has calculated the equilibrium fission product inventory for the
core using the radio isotope buildup and decay (RIBD) computer code. It is
assumed that 100 percent of the gaseous activity produced within the recoil
range of the particles (1.37 x 10-2 cm) or 2.7 percent of the total gaseous

University of Floiida SER 14-3
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Table 14.1 Activity and dose equivalents from maximum
credible fuei-handling accident

Plume
Curies concentration,
Nuclide released” (Ci/m3™)

Dose
equivalent,
(rem)

131] 2.42 2 x 10-¢
132] 0.68 9 x 10

133 1.09 .0 x 10-°
134] 1.23 x 10-
138 1.92 .8 x 10-°

Total thyroid dose equivalent
from radioiodines

83My, 0.854 37

Kr ). 211 85

85Ky ). 047 .31

87Ky 0.409 14

88K 0.578

89Ky ). 752 09

131 My 0.00195 .42

133Mye  0.153 .25 x 10-7
133y 06 2.95

135Mye 0,176 89 x 10-7

g eM

135Xe 06 2.95 10-°
137xe 01 2. 81 10-%
138)e 1.G0 2.79 x 10-©

Total whole body dose equivalent
from noble gases

_5,16
. 43
51 to thyroid
). 11

0.44

to whole

t)()d"j

da "
Assumes no decay after shutdown and 2.7% release from a
single fuel element containing 0.7% of the core inventory

following operation for 72 MW-hours

b . -l =
“Assumes l-hour release time and x/Q = 0.01.
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Table 14.2 Calculated fuel temperatures following
an assumed compaction of the core

Core condition

Core air flow Uncrushed Crushed? CrushadB
Natural convection 123°C 205°C 137°C
No airflow 358°C 254°C 187°C

3Coolant gap between fuel plates reduced to one-half
nominal value (void fraction = 75% of nominal).

bCoolant gap reduced to 25 percent of nominal (void

fraction = 50% of nominal).

Note: The melting temperature of the fuel meat is
640°C and that of the cladding is 660°C.

The staff assumed the damage to the core would be sufficient to expose fuel
surface areas equivalent to stripping tte aluminum cladding from 11 fuel plates
(an entire fuel element). As was acsum=* in the fuel-handling accident,

100 percent of the gaseous activity pr Aithin the recoil range of the
particles was immediately relzased frc wamaged plates. The breathing rate
and x/Q values again were assumed to be 3.47 x 10-* m®/s and 10-2 s/m3,
respectively.

Because 11 fuel plates are now assumed to be damaged, the activity released
and, therefore the doses, are 11 times higher than in the fuel-handling acci-
dent. The doses <alculated by the staff to a person standing at the reactor
building wall vuuld now be 0.36 rem whole body dcse from the noble gases and
47.8 rems to the thyroid from the iodine gases.

Factors that make the above analysis conservative are:

(1) As mentioned above, the reactor would not attain the 100-kW equilibrium
fission product inventory. Therefore, the actual decay heat and activity
available for release would be smaller than that assumed.

(2) A high degree of structural damage was postulated with subsequent elimina-
tion of convection cooling. 1in all probabiiity the core would not be
uniformly crushed, so 100 percent of all channels will not be blocked to
convect.'ve airflow. In this case the core temperatures would be even less
than those calculated.

(3) The analysis assumes that the coolant in the core and plenums would drain
in 1 second. Any delay in draining the core and any evaporation of water
remaining in the cure (either co!lected in crevices or clinging to the
fuel or structure by surface tension, and so on) will provide additional
heat sinks and further reduce temperatures below those calculated.

University of Florida SER 14-6
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15 TECHNICAL SPECIFICATIONS

The applicant'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
ircluded in the renewal 'icense as Appendix A. Formats and contents acceptable
to the NRC have been used in ihe development of these Technical Specifications,
and the staff has reviewed them using the Draft Standard ANS 15.1 (September
1981) as a guide.

Based on its review, the staff concludes that normal plant operation within

the limits of the Technical 5Specifications 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 offnormal or accident events.
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16 FINANCIAL QUALIFICATIONS

In support of the license renewal application, the UF supplied financial
information which described sources of funds necessary to cover the estimated
cost of operation plus the estimated costs of permanently shutting down the
facility and maintaining it 1n a safe condition The staff reviewed the
financial information in the application and concluded that the UF possesses
can obtain the necessary funds to meet the requirements of 10 CFR 50.33(f).

Therefore, the applicant is considered financially qualified to operate the
reactor for the time period requested

University

(

4







¢ , the re circulating system would be noted in the

leanup systen tor ect 4 of the Technical Specifications stipu-

iates a rate of testing and calibration that will ensure the operability,
validity, and reliability of the equipment or instrument between testing and
calibration intervals

Moreover, the Technical Specifications, besides indicating intervals of testing
ind calibration, reflect the performance requirement of the equipment or
instrumentation [f the performance of the reactor safety components do not
meet the requirements in che Technical Specifications, the reactor is not
permitted to operate or the reactor is shut down

The combination of primary coolant water purity, testing frequency, instrumen:a-
tion, purification equipment, and performance requirements in the Technical
pecifications precludes corrosion products becoming a safety factor or detri-
mentally affecting performance of the reactor.

17.3 Multiple or Sequential Failures of Safety Components

Of the many accidents hypothesized for the UFTR, none produce consequences more
evere than the postulated accident wherein the core is crushed and fission

ts are releasec into the reactor room The only multiple mode failure

possible would be al: the rods stuck out of the core and the dump valve stuck
losed This would merely cause the water in the fuel boxes to boil and

evaporate and, thus, reduce the reactivity until fission stops Accordingly,

other multiple or sequential accidents were not analyzed
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18 CONCLUSIONS

Based on its evaluation of the application as set forth above, the staff has
determined that

(1) The application for renewal of Operating License R-56 for its research
reactor filed by the University of Florida, dated October 21, 1977, as
amended, complies with the requirements of the Atomic Energy Act of 1954,

as amended (the Act), and the regulations of the Commission set forth in
10 CFR, Chapter 1.

The facility will operate in conformity with the application as amended,
the provisions of the Act, and the rules and regulations of the Commission

There is reasonable assurance (a) that the activities authorized by the
Operating License can be conducted without endangering the health and
safety of the public and (b) that such activities will be conducted 1in

compliance with the regulations of the Commission set forth in 10 CFR,
Chapter 1

The applicant 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 1

The renewa! of this license will not be inimical to the common defense and
security or to the health and safety of the public
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19 REFERENCES AND INDUSTRY STANDARDS

American National Standards Institutes/American Nuclear Society (ANSI/ANS),

15 series

(ANSI/ANS), 5.11, "Radiological Control at Research Reactor Facilities,”
1( 4
i 377

America. Nuclear Society, (ANS) 15.1, "Standard for the Development of
lechnical Specifications for Research Reactors," Sepetember 1981
15.16, "Standard for Emergency Planning for Research Reactors,"” Draft
1978 and Draft 2. November 1981

Nuclear Regulatory Commission, NUREG/CR-2079, "Analysis of Credible
Accidents for Argonaut Reactors," S. C. Hawley, et al., Pacific Northwest
Labor 1!«,5‘15-'\_ A;J' 1 ] lu}ll

NUREG/CR-2198, "Predication of Temperatures in an Argonaut Reactor Following
y Hypothetical DBA," G. E. Cort, Los Alamos National Laboratory, dated

February 11, 1981

Regulatory Guide 2.6, "Emergency Planning for Research Reactors,” 1979,

For Comment. and Rev. 1, March 1982

’

Regulatory Guide 1.109, "Calculation of Annual Doses to Man from Routine
Releases of Reactor Effiuents for the Purpose of Evaluating Compliance

1

with 10 CFR 50, Appendix I."
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