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) 1. INTRODUCTION AND GENERAL DESCRIPTION OF PLANT

1.1 Introduc tion

The University of Florida Training Reactor (UFTR) is located
on the campus of the University of Florida at Gainesville, in Alachua
County, Florida. Gainesville is approximately in the center of Ala-
chua County, which covers 961 square miles in the north-central part
of Florida. The University of Florida campus is located approximately
one mile from the center of the city of Gainesville.

The UFTR is a modified Argonaut type reactw, a light water and
graphite moderated, graphite reflected, light water cooled reactor.
The UFTR is currently licensed for 100 Kw (themal) steady state power
with a maximum power of 125 Kw (thermal) limited by the protection sys-
tem. The UFTR originally operated from December 1959 under License
Number R-56 at power levels up to the maximum of 10 Kw; in 1964, the
license was amended to allow operation at power levels up to the current
100 Kw rating.(1)

The information and analyses presented in this Safety Analysis
Report show that the UFTR c~ n continue to be coerated at 100 Kw
(thermal) rated power withou: undue risk to the health and safety of
the public.

1.2 General Description
;

The Un versity of Florida campus is located in the Southwestern3

quadrant of the greater Gainesville area which has a_ population of
about 125,000. The population within the city limits in early 1980 is
about 83,000. It is approximately one mile from the center of the city
(University Avenue and Main Street).(2)

The University of Florida was established by an act of the Florida
Legislature in 1905, and has a current enrollment of about 30,500 stu-
dents in the winter quarter of 1980 (March,1980). Enrollment by quar-
ters for the preceding full year has been as follows:

Winter Quarter, 1979....... 29,384 students
Spring Quarter, 1979....... 27,997 students
Summer Guarter, 1979....... 16,131 students
Fall Quarter, 1979....... 32,314 students

Expected continued but slow growth wil' lake these figures representa-
tive for several years.

The UFTR is located on campus in the imediate vicinity of the build-
ings housing the College of Engineering and the College of Journalism.
The Nuclear Sciences Center, which houss the Department of Nuclear
Engineering, is annexed to the reactor building. Normal access to the
reactor building is through the doors leading to the Nuclear Sciences

* Center. Authorized personnel may also enter the reactor building by
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other routes through normally locked doors on a keyed basis only.
Ordinary access by these alternate routes is restricted to approved
personnel by keeping the other doors to the rc60 tor building locked
at all times.

Most of the Gainesville area, including the site of the training
reactor is underlain by a loamy fine-sand type of soil derived from
residual weathering of the " Hawthorne Formation". Except where
buildings and landscaping intervene, the present contour of tha site
rises on a 16 percent slope from west to east; consequently, the reac-
tor is partially buried in the side of a hill. The construction of
the reactor facility, access control, and standard procedures are
designed to prevent or minimize injury in the event of aircraf t crach,
civil disturbance, attempted sabotage and other externally-derived
events. (2)

The UFTR is of the general type known as the Argonaut, with some
modifications to adapt it to a university training program by improv-
ing shielding and minimizing the possibility of accident. The reactor
is heterogeneous in design, currently using 93 percent enriched uranium-
aluminum fuel elements. (Design and safety analyses are currently under-
way to investigate the possibility of using s 4.8% enriched SPERT fuel
rods in the UFTR core. This analysis for the fuel change will be com-
pleted in the near future.) Water is used as the coolant and also as
moderator. The remainder of the moderator consists of graphite blocks
which surround the boxes containing the fuel plates and the water
moderator. The fuel is contained in MTR-type plates assembled in bun-
dies. Each bundle is composed of 11 fuel plates, each of which is a
sandwich of aluminum clad over a uranium-aluminum alloy " meat".
There are four control blades (3-safety and 1-regulating), of the swing-
irg-arm type, consisting of four cadmium vanes protected by magnesium
shrouds which operate by moving in a vertical arc within the spaces be-
tween the fuel boxes. These blades are moved in or out by mechanical
drives or they may be disconnected by means of electromagnetic clutches
and allowed to fall into the reactor. The drives, located outside the
reactor shield for accessibility, are connected to the blades by means
of long shafts. An isometric sketch of the UFTR reactor facility with
shielding removed is presented in Figure 1-1.

The biological shield is made of cast-in-place concrete with sec-
tions of barytes carefully located to reduce the overall shield thick-
ness. Access to the ends and top of the reactor is provided by removal
of ordinary concrete blocks cast to fit openings.

The reactor core has a two slab geometry and is presently composed
of 21 fuel bundles and 3 dumy bundles arranged in six water-filled
aluminum boxes, surrounded by reactor grade graphit?.

All _ reactor operations are supported by the following systems:

1. Reactor instrumentation, protection and control
2. Primary coolant system

1-2
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3. Secondary coolant system
J 4. Primary water make-up system

5. Purification system
6. Reactor vent system
7. Shield water teik system
8. Radiation monitoif y system
9. Radioactive waste disposal system

The primary coolant (demineralized water) is pumped upward around
the fuel plates and then fed by gravity through the side orifices to
the heat exchanger, where the primary coolant transfers the heat from
the reactor. The heat is removed by the secondary coolant system to
the storm sewer. There is no mixing of water between the two systems.

The reactor protection system provides reactor trips that can be
classified into two groups; nuclear instrument and process instrument-
type trips. The nuclear-type trips are full reactor trips, causing the
dumping of '.he primary water besides the standard drop of control blades,
and include: '

l. Fast period
2. Exceeding maximum allowable power (125%)
3. A 10% reduction of high voltage to the neutron chambers.

Process instrument-type trips, also called rod-drop trips, cause the drop
of control blades without dumps of the primary water, and include the
nine (9) items in the following list: .

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 reactor secondary system deep well

pump when at or above 1 Kw
4. Loss of power to the primary coolant pump
5. Drop of secondary flow below 60 gpm
6. Drop in shield water tank below set point
7. Reduction of primary coolant flow below 30 gpm (inlet)
8. Loss of primary coolant level (outlet)
9. High temperature of primary coolant returning from the

reactor.

As usual, manual reactor trip is also available at all times.

The Radiation Control Office is responsible for implementing the
radiation protection program. Aside from this task, the Radiation Control
Office performs the following services for the reactor:

1. Personnel monitoring service
2. Radiation instrument calibration and maintenance
3. Radioactive material handling and safety procedures
4. Decontamination
5. Personnel records

'6. Solid and Liquid Radioactive Waste Disposal.

1-3
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Although the Radiation Control Office provides solid radioactive,

waste disposal service, labeling and bagging of waste is the respon-
sibility of the UFTR personnel. All pertinent information must be pro-
vided to this office by the UFTR personnel. These and any other matters
concerning radiation and safety procedures are covered in detail in the
" Standard Operating Procedures" manual of the UFTR. (3)

The major experimental facilities in the UFTR are illustrated
in the vertical view line drawing of the UFTR shown in Figure 1-2
and include:

i. Sixteen (16) vertical foil slots placed at intervals in
the graphite between the fuel. compartments, each are 3n
in. x 1 in.

2. Three (3) vertical experimental holes located centrally
with respect to the six (6) fuel compartments (boxes):

i) Center Vertical Port (CVP) with 2 inch diameter
11) West Vertical Port with 1 1/4 inch diameter

iii) East Vertical Port with 1 1/2 inch diameter

3. Five (5) vertical square holes filled with 4 inch x 4
inch removable graphite stringers;

4. A horizontal thermal column having six (6) 4 inch x 4
inch removable stringers flanked on each side by 2 add-
itional thermal column positions with removable stringers
which are infrequently- used;

5. A shield tank placed against the west face of the react.or
opposite the fuel boxes and thermal column;

6. Six (6) horizontal openings, 4 inches in diameter, located-
symetrically on the center plane of the reactor and nor-

,

mally filled with shield plugs, only one of which (south)
goes all the way to the core region;

7. A horizontal throughport consisting of a 2.05 inch ID
aluminum tube with 20 ft. length running east-west across

.

the reactor. Shield plugs or other shielding appropriate
,

to experiments in progress are nonnally inserted into -these'

ports which are clearly identified in Fiqure 1.2.

i As quoted in Section 1.3.1, the safety rods have the following cur-
rent experimentally verified reactivity worths as of March 1980:

:

Safety 1 with ~ 1.4% Ak/k
Safety 2 with ~ 1.3% Ak/k'

| Safety 3 with = 2.2% Ak/k

and the regulating blade has a total worth of wl.0% Ak/k. The maximum
allowable worth of any single unconstrained experiment is 0.6% reac-
tivity. The measured shutdown margin with the most reactive blade out is

1-4
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; m 2.9% Ak/k.

The UFTR is a reactor used for instructional and university re-
search activities, therefore it is designed so that safety is maxi-
mized without excessive restraints on the different activities planned.
As quoted in Reference 3, the inherent safety of the UFTR is based
on four design features. First, the amount of excess reactivity in
the reactor is limited to less than 2.3% Ak/k. Second, the reactor

has negative temperature and void coefficients. In addition, the

reactor is provided with sufficient interlocks and safety trips to
make a hazardous incident extremently improbable.

Third, the amount of contained fission products is relatively
small. And fourth, there is an extremely low probability that these
fission products can escape. Nevertheless, because of the high popu-
lation density of the campus, the reactor is housed in a structure
with a minimum number of penetrations sealed against gas leakage.
A negative pressure is maintained in the reactor building such that
all qaseous effluent within the cell is withdrawn by means of the reac-
tor vent system throuh a filter system which is continuously monitorad
for radiation activity.

Possible failures or accident situations have been analyzed and dis-
cussed in Chaoter (15), including the effects of a rapid reactivity
insertion, radioactive fission product release and loss of coolant flow
in the case of 100 Kw (themal) operation of the UFTR.

1.3 Comparison Tables

1.3.1 Comparison with Similar Facility Designs

The UFTR which has been operational since May,1959, is currently
licensed for operation at 100 Kw (themal).

Similar functional, licensed reactors are located at the University
of California, Los Angeles - (UCLA), at the University of Washington in
Seattle, Washington, at the Virginia Polytechnic Institute at Blacksburg,
Virginia and in the United Kingdom. A comparison of the nuclear charac-
teristics of the UFTR to those of the UCLA Nuclear Reactor is shown in
Table 1-1. The UCLA Nuclear Reactor was chosen because of the great
similarity between the UCLA R-1 reactor and the UFTR as briefly described
in the following paragraphs.

The 100 Kw UCLA Argonaut Reactor (UCLA R-1) consists of a core of
six aluminum boxes arranged in two parallel rows of three boxes each,
the rows being separated by and surrounded with graphite. Four fuel
bundles are placed within each box, each bundle consisting of 11 uran-
ium-aluminum alloy fuel plates clad with aluminum. The graphite on one
side of the reactor is extended to provide a thermal column, and on the

i
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opposite side is placed a water shield tank as in the UFTR design.
Completely surrounding the shield water tenk, thermi column, and
core is a concrete shield .of external dimen ions approximately 18
feet in all directions equipped with several beam ports and access
tubes. The UFTR also has such a concrete shield.

The primary coolant of the UCLA Argonaut reactor as with the
UFTR is demineralized water which is pumped upward over the fuel
plates and is then fed by gravity to the system heat exchanger where
it meets the secondary coolant flowing directly from the city water
line. The secondary coolant flows from the heat exchanger to a hold-
up tank with a retention time of approximately 15 minutes before it
is dumped into a municipal storm drain. The coolant system for the
UCLA R-1 Reactor is shown in Figure 1-3 (4); it is very similar to
the UFTR cooling system presented in Chapter 5 of this Safety Analy-
sis Report.

The nuclear characteristics of the UFTR are also similar to those
of other water-mderated reactors using similar fuel plates such as
the LITR, MTR, BSTF, Borax I, II and III, and Argonaut. (5)

1.3.2 Comparison of Final ano Preliminary Information

This Safety Analysis Report is submitted for license renewal with-
out substantive changes from the previously licensed, with approved ,

modifications, UFTR reactor system. As such this current Safety Anal-
ysis Report stands as the FSAR for the UFTR license renewal effort.

1.4 Identification of Agents and Contractors

No modifications are necessary for relicensing the UFTR for 100
Kw operation. Therefore, no agents or contractors need to be identi-
fied at this time. Plans to increase the maximum power of the UFTR to
500 Kw have been considered but are not yet nearing finalization. A
study of the releases associated with the " design basis accident" at-

,

| this higher power operation has been partially completed but the actual
redesign of the core is still in the analysis stage. The s4.8% enriched
SPERT fuel rods are being investigated for this purpose.;

1.5 Requirements fer Further T'chnical Infomation
|

1
This Safety Analysis Report is serving as both Preliminary Safety

Analysis Report (PSAR) and the Final Safety Analysis _ Report for the
UFTR facility because it is not a new design. The UFTR is already li-

, censed and has been operational since May,1959 when it was first li-
censed to operate at 10 Kw (License Number R-56). The current SAR
is submitted to support relicensing of the existing system as currently
operated at a rated power of 100 Kw under License Number R-56 Amendment
Number 8 effective January, 28, 1964. No changes are beir.g proposed in

i
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this SAR. No further technical infonnation should be required
in support of the issuance of the renewed Operating License at
100 Kw (thermal).

!
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Table 1-1
,

Comparison Table
Argonaut Reactor Characteristics ,

UFTR* UCLA R-1**

Type Heterogeneous Thennal Heterogeneous, Thermal

Thermal Power 100 Kw 100 Kw

12 2 12 2
Flux Level (at 100 Kw) lex 10 n/cm sec in center 1.5x10 n/cm sec - Thermal

12 2vertical port 1.8x10 n/cm sec - Epithermal
10 22.0x10 n/cm sec - Fast

Excess reactivity 1.00% Ak/k 1.85% Ak/k

Clean, cold
critical mass 3.07 kg U-235 3194.4 gm U-235 (Ref. 5)

Effective prompt
neutron lifetime 2.8 x 10'4 2 x 10'4sec sec

Uniform water
void coefficient -0.2% Ak/k/% void -0.164% Ak/k/'f. void

Temperature
Coefficient -0.3 x 10'4 Ak/k/ F -0.865 x 10'4 A /k/"Ck

U-235 Mass
coefficient 0.4% Ak/k/% U-235 mass 0.3% Ak/k/% U-235 mass

Startup Source - 25 curies Sb-Be 6.6 millicurie Ra-Be<

1 curie Pu-Be

Reflector Graphite (1.6 gm/cc) ' Graphite-(1.6 om/cc)

Moderator H O and graphite H O and graphite
2 2

* Values for the UFTR system are taken primarily from Reference 4.except for
those based on more current records and detenninacions.

** Values for the UCLA R-1 reactor system are taken from UCLA R-1 reactor
characteristics chart dated April,1978 (6) plus Howard's Thesis on rede--
sign of the UCLA R-1 system (7) where the information was not available
in the characteristics chart of April,-1978.

'

4
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UFTR UCLA R-1

F_ug

Fuel Assembly 24 bundles with 11 24 bundles with 11
plates / bundle pla tes/ bundle

Fuel Material U-Al alloy U-Al alloy

Fuel Enrichment 93% enriched 19 bundles: 93.18% U-235
5 bundles: 93.123% U-235

fuel Loading 3354.61 gm U-235 3356.86 gm U-235,
excluding burnuo

Plate Thickness 0.070 in. 0.070 in.

Thickness U-Al 0.040 in. 0.040 in.

Thickness Clad 0.015 in. 0.015 in.

Plate Width 2.845 in. 2.845 in.

Plate Length 25.625 in. 25.625 in.

Water Channel
Spacing 0.137 in. 0.137 in.

Al to H 02
Volume Ratio 0.49 0.51

" Mea t" compo-
si tion 14.5 wt. % U-Al alloy 13.4 wt. % U-Al alloy

. Coo.l a n_t,

| Type Demineralized H O Demineralized H O
2 2

I Minimum
5 5Resistivity 5 x 10 ohm-cm 5 x 10 ohm-cm

Normal
6 6Resistivity %1 x 10 ohm-cm %1 x 10 ohm-cm

Primary Flow
(at 100 Kw) 40 gpm (scram at 30 gpm) 16.0 gpm

Secondary Flow 200'gpm (nominal) 22.5 gpm

'1-9



UFTR UCLA R-1
;

Coolant (continued)

Primary Equilibrium
Temperature Inlet
(100 Kw) 86 F i 2 F 100*F i 5*F

Primary Equilibrium
Temperature Outlet
(100 Kw) 103*F i 2 F 142"F i 5 F

Secondary Well
Water Equilibrium
Inlet and Outlet
Temperatures
(100 Kw) s73 F/s77 F -

Control Blades

Type Cd, swinging vane, Cd, swinging vane,
gravity fall gravity fall

Number 3 safety, I regulat- 3 safety,1 regulatino
ing

Insertion Time 1.0 sec (maximum) 1.0 sec (maximum) i

Removal Time s100 sec (minimum) s100 sec

Blade Worth,
Safeties Safety #1=1.4% Ak/k Safety #1=1.56% Ak/k.'

Safety #2=l.3% Ak/k Safety #2=1.68% Ak/k
Safety #3=2.2% Ak/k Safety #3=1.60% Ak/k

Blade Worth,
Regulating s1.0% Ak/k 1.01% Ak/k

Minimum Shutdown
Margin (actual) .s2.9% 2. 31 %

Reactivity addi-
tion rate, maximum
allowed 0.06% Ak/k/sec .0772, Ak/k/sec

Shield (concrete)

Sides, center 6 f t. , cast, barytes 6 f t. , cast, magnetite

Sides, ends 6 f t. 9 in. , cast 6 ft. 8 in. cast, magnetite
barytes

i
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UFTR UCLA R-1

Shield (concrete) (continued)

Middle Barytes concrete Cast concrete blocks
blocks

| Top 5 ft. 10 in. 5 ft.10 in, magnetite
'

blocks

End 3 ft. 4 in. 3 f t. 4 in. magnetite
blocks

E perimental Facilities3

Therrial column,
horizontal 60 in x 60 in x 60 in x 52 in x 43 in

56 in high long (removable)

Thermal column,
vertical 2 ft. diameter x

6 ft.; H O or D 0 Provision for installation2 2

Shield test tank 5 ft. x 5 ft. x 5 f t. x 5 f t. x 14 f t.
14 ft. high 6 in. deep

Experimental holes 6 horizontal, 4 2 horizontal, 6 in dia-
in diameter meter
5 vertical, 4 in 4 horizontal, 4 in diameter
x 4 in 3 vertical,17/8 in diameter
3 vertical, 2,1 1/2,

1 1/4 in diameter

Foil Slots 16 vertical, 3/8 in 16 vertical, 3/8 in x 1 in
x 1 in

Horizontal
Throughport 2.05 in. ID x 20 ft -

length

Removable thernal
column dry room 56 in x 56 in x 40 in long-

(east-west)

Shield
Ventilation 250 cfm, room air -

1-11
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1.6 Material Incorporated by Reference I

,

3

The following documents which have been referenced throughout'

this report can be found under Docket Nunber 50-83:
I

1. University of Florida Training Reactor Security Plan
' 2. University of Florida Training Reactor Standard Oper-4

ating Procedures
.

1.7 Electrical, Instrumentation, and Control Drawings

Electrical instrumentation and control (EI&C) d awings for the
UFTR reactor system are taken from Reference presenttd in Figures 1-4

j through 1-9 in this section. For uniformity of nomenclature, abbre-
viations used in the drawings for the UFTR are defined in Table 1-2.

;

:

I

:

|

|

,

I

l

|

|
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TABLE 1-2

f ABBREVIATIONS USED IN UFTR

ELECTRICAL. INSTRUMENTATION AND CONTROL DRAWINGS

AMM AMMLYER

| AMP AMPLIFIER

AUTO AUTOMATIC

B/S BISTABLE

CAL CALIBRATE

CIC COMPENSATED ION |
CHAMBER '

COMPA COMPARATOR

COMPUT COMPUTER

CPS COUNTS PER SECOND

DN DOWN

HV HIGH VOLTAGE

INT'LK INTERLOCK ,

LIN LINEAR

LOG LOGARITHMIC

MAG MAGNETIC CLUTCH

MAN MANUAL

NI NUCLEAR INSTRUMENTATION

P/S POWER SUPPLY

PA POWER AMPLIFIER

PC PRIMARY COOLANT |

PWR POWER |

REG REGULATING R0D

RPI CONTROL BLADE (ROD)
POSITION INDICATION

UIC UNCOMPENSATED ION
CHAMBER

W/D WITHDRAWAL

W/R WIDE RANGE DRAWER (CHANNEL)

1-13
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2. SITE CHARACTERISTICS

2.1 Geography and Demography

2.1.1 Site Location and Description

2.1.1.1 Soecification of LocatW The UFTR is located on the camous
of the UnWersTty of Florida. Aiachua County. Figure 2-1 shows the
geographic location of Alachua County with Gainesville at its center in
the North Central portion of the Florida ceninsula. Finure 2-2 shows

the location of the University of Florida campus within the city of
Gainesville. The city of Gainesville is approximately in the center of
Alachua County, which covers 961 square miles in the north-central cart
of Florida, approximately midway between the Atlantic Ocean and the Gulf
of Mexico. Gainesville is in the Central Highlands of the Flor' *s cenin-
sula. The nearest aoproach of the Gulf of Mexico is about 50 e,i es to
the southwest, and the Atlantic Ocean is aboJt 65 miles to the east. As
shown in Figure 2-2, the University of Florida campus is in the south-
western quadrant of the greater Gainesville area which has a population
of about 125,000. The city proper has a populat:en of about 83,000.
The UF campus is approxinately one mile from the ceter of the city
(University Avenue and Main Street).

The Nuclear Sciences Center is annexed to the reactor building which
is labeled Building No. 557 in Figure 2-3. Concentric circles are shown
with the UFTR as the center, the first circle having a 250 ft. radius and
the rest being at 500 ft. increments from the central reactor buildino
point. The site is 50 ft. south of Reed Laboratory (No.131); the closest
residence hall is East M311 which is approximately 750 ft. due west of
the reactor building. The reactor is located about 600 ft. north of the
J.W. Reitz 3tudent Union, about 100 ft. west of the Journalism Buildina and
250 ft due east of the Materials Building and about 95 ft. due east of
the Westside Chiller Unit (Air Conditioner Cooling Tower). The J. Hillis
Miller Health Center complex is about 3,000 ft. southeast of the UFTR.
Similarly, most of the residence halls, fraternity houses, and Lake Alice,
a small lake within the University of Florida boundaries, are found within
the same range.

2.1.1.2 Site Area Mao. The site map indicated in Fiaure 2-2 shows the
property boundaries of the University of Florida campus. The site boundary
lines are the same as the property lines. The locations of the principal
existing structures on the University of Florida campus including the reactor
building are shown in Figure 2-4.

The exclusion area for this reactor facility (as defined in 10 CFR Part
100) is the reactor building itself since this is a low power training and
research reactor.

2.1.1.3 Boundaries for Establishing Effluent Delease Limits. Under the
regulations of 10 CFR 100, a restricted area is7effidd for the ourpose of
establishing access control to protect individuals from exposure to radiation

-. . .-
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and radioactive materials. For the UFTR, the reactor cell itself
constitutes the boundary lines of the restricted area. For this
facility, a further " protective" zone is defined. This protective
zone is established in the lobby of the reactor cell by locked
doors under the operator's control . A locked door at the top of
the stairs preventsunauthorized entrance from the laboratory and
office facilities upstairs while a locked door downstairs prevents
unauthorized entrance to the reactor cell lobby from the rest of the
downstairs of the reactor building such as the radiochemistry labor-
atory.

For the UFTR, the reactor building itself constitutes the boun-
dary lines of an exclusion area, usually thought of as the restricted
area, in that personnel can be excluded from this building rapidly
during an emergency situation and everyone in the reactor building
is under the control of the UFTR operations staff.

The reactor building has five entrances (exits) but only two
(one upstairs and one downstairs) leading from the Nuclear Sciences
Center, will be in normal use and then only during normal work hours;
the other three exits will be used only for emergency conditions or for
authorized special circumstances such as off-site refueling, and will
be kept secured or under control of a licensed operator at all times.
Access to the exicTusion area including the restricted area and the
protective zone will be controlled according to the facility Security
Plan. Only authorized personnel will be allowed to enter the reactor
cell without the knowledge and permission of the reactor operator.

During non-use periods, the reactor cell will be kept locked. The
construction of the reactor building as a " vault-type room" as defined
in 10 CFR Part 73.2(o) means all doors are capable of being locked and
the entire facility safeguarded from unauthorized access.

2.1. 2 Exclusion Area Authority and Control

2.1.2.1 Authority. The University of Florida 'is located in the city of
Gainesville, at Alachua County, approximately one mile from the center of
the city (University Avenue and Main Street). The University of Florida
was created by an Act of the Florida Legislature in 1905, and has a winter '@
quarter enrollment of about 30,500. The maximum enrollment at about 32,500
occurs during the fall quarter. Direct supervision over the University of
Florida, its policies and affairs, is vested in the Board of Regents. The
Board of Regents is a body composed of nine citizens fmm different regions
of the state who are appointed for nine-year terms by the Governor of Florida.
All University affairs are administered by the President with the advice
and assistance of the Administrative Council. This Council has the auth-
ority to determine all activities, including exclusion and removal of per-
sonnel and property from the area.

2-6
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All land within the boundary lines of the campus and the exclu-
sion area of the reactor building, as described in section 2.1.1.2 is
owned and controlled by the Administrative Council of the University
of florida. The President and/or the Council of the University of
Florida have the authority to determine all activities, including ex-
clusion and renoval of personnel and property from any part of the
campus including the exclusive mineral rights for the entire campus
area.

2.1.2.2 Control of Activities Unrelated to Plant Op9 ration. Since
the exclusion area is identified with the reactor cell, no activities
unrelated to reactor operation will be permitted within the cell.

2.1.2.3 Arrangements for Traffic Control. Since the campus is not
trasersed by any major highway, traffic control arrangements will be

-

limited to camous routes only. All ingress and egress roads to the
campus (Figure 2-4) will be controlled by campus officials. In the
event of difficulties arising from or developed by the reactor, the
radiation warning system will sound the evacuation siren for the reac-
tor building. The staff, faculty and students in the building are ad-
vised to evacuate the building upon hearing the siren. It is estimated
that all uninjured persons can be evacuated from the reactor buildinq

; in less than two (2) minutes. Evacuation routes lead directly away
from the reactor building toward the nearest roads. Evacuation drills
for facility personnel shall be conducted quarterly, at intervals not
to exceed four months, to assure that facility personnel are familiar
with the emergency plan.

2.1.2.4 Abandonment or Relocation of Roads. Since the reactor cell,
which encompasses the reactor room and the control room, is defined as
the exclusion area, there is no need to consider abandonment or reloca-
tion of public roads transversing the exclusion area.

2.1.3 P_opula_ tion Distribution

Population data is based on 1970 census data updated with more re-;

cent estimates as available. (8)

2.1.3.1 Population Within 10 Miles. The only significant large permanent
population grcuping within 10 miles of the reactor site is represented by
the city of Gainesville itself (See Figure 2-5). The total city population
is about 83,000 and as shown in Figure 2-2;most of the population is to the
north and east of the reactor site.

Figure 2-6 illustrates the population density per square mile of the
various entities in the State of Florida. As noted, Alachua County has a
density of 50-249 persons per square mile. Figure 2-7A illustrates the
percentage population change within the years 1960 through 1970 where
Alachua County is found in the 40 to 100% category. Figure 2-7B illustrates

2-7
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the projected population for 1978 with Alachua County fallino in the
100,000 - 500,000 range. Current estimates in early 1980 are that
Alachua County contains about 145,000 residents.

2.1.3.2 Populatio_n Between 10 and 50 Miles. The major oopulation
centers between 10 50 miles from the reactor site are illustrated in
Figure 2-5 where one can find sparsely populated areas with small
population concentrations in the cities of High Springs (2871),
Alachua (3,015), and Newberry (1,580) found within the 10-20 mile
range from the reactor site. These and other less populated urban
areas are found in Figure 2-8. Further detailed population infoma-
tion for this research reactor is not considered necessary due to the
low power operation, low radioactive inventory and low potential for
accidents as compared to a typical power plant.

2.1.3.3 Transient population. Population variations related to the
City of Gainesville are due mainly to the presence of the University
of Florida and Santa Fe Comunity College, both having a great impact
on the population composition of the greater Gainesville area.

I The University of Florida population is mostly transient in its
occupation of the campus buildings denoted in Figure 2-4. Most of the
approximately 42,000 students, faculty and staff populate the campus in
varying numbers primarily Monday through Friday during the hours frasi
7:30 a.m. , to about 10:00 p.m. As noted previously, this number is a
maximum in the fall and diminishes significantly due to reduced enroll-
ment as the academic year progresses. About 6200 persons occupy the
campus donnitories while another 1400 occupy the married housing areas
on the periphery of the campus. The rest including about 11,600 faculty
and staff make up the transient campus population.

The Santa Fe Community College population is completely transient.
The Fall,1979 semester enrollment was 7063 students while the current
enrollment is 7216 students. Because of its location about 6 miles
northwest of the UF campus, no further consideration is given to the
Santa Fe Community College population.

| 2.1.3.4 Low Population Zone. The low population zone, as defined by
I 10 CFR Part 100.3(b), includes the University of Florida campus which
| constitutes a radial distance of approximately 3500 feet from the reactor
I site. The only significant permanent population concentrations in M
l low population zone are the dormitory facilities located on the Untursity 1

campus (See Figure 2-4). The closest residence hall is East Hall (#597), '

shown in Figure 2-3 which is approximately 750 ft. due west of the reac-
tor building. East Hall is part of a series of adjacent buildings referred <

to as the Tolbert area housing approximately 950 students. The reactor
is located about 600 ft. north of the Reitz Union, 100 ft. west of the

| Journalism Building and 250.ft, due east of the Materials Building. The ;

1
l
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Figure 2-6. Florida Population Density by County for 1970.
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J. Hillis Miller Health Center is found approximately 3000 ft. south-
east of the UFTR. Most of the fraternity houses and other residence
halls are found within the 3000 to 4000 f t. range from the UFTR facility
(5). The number of students housed within the campus residence areas,
excludinq the fraternities, is approximately 6,200 as of the fall quarter
of 1979.

The transient population concentration within the low population
zone is due to the staff, faculty and students who do not reside on cam-
pus. As mentioned in Section 2.1.3.3, this number is approximately
36,000.

This low population zone has been selected on the basis of its
small easily evacuated, residential population. All of the people within
the zone can be notified and evacuated in the event that a significant
release of radioactive material occurs at the reactor site.

The dose received by an individual located on the outer boundary of
this low population zone for the duration of the postulated fission pro-
duct release is expected to be well below the preset limits of 25 rem
whole body and 300 rem thyroid exposure as specified in 10 CFR 100.11(a)
(2).

2.1.3.5 .Poyulation Center. The nearest population center as defined by
10 CFR 100.3fa~) is the city of Gainesville. It should be noted that the
boundary of the densely peculated portion of Gainesville is located within
approximately 5 miles to the north and northeast of the UFTR campus as
shown in Figure 2-3. This distance will exceed the required one and one-
third times the distance to the outer boundary of the low population zone
as required by 10 CFR 100.ll(a)(3).

2.1.3.6 Population Density Around the UFTR Site. Since the UFTR is a
small, self-protected reactor presently licensed to operate at 100 Kw
(themal), the usual detailed information on population density out to
a 30-mile distance from the reactor is not considered to be necessary.
Except for the city of Gainesville, High Springs and Alachua, the rest
of Alachua County is found to have a relatively low 50-249 persons per

! square mile (See Figure 2-6). Figure 2-8 shows the pooulation of various
towns around the reactor site, broken down into 5 mile concentric circles.

.

As indicated in Section 2.1.3, the specific population around the
| UFTR used for dose assessment calculations was obtained from the document
[ " Characteristics of Housing Units and Population" by Blocks which consists
| essentially of population data from the 1970 census.(8) This population
! infonnation is used in siting calculations for this SAR while the other in-

formation provided is of a more general and supportive nature. The urban
area of Gainesville extends further than 5 miles from the UFTR, but the
population was conservatively assumed to be concentrated within a 5 mile
radius around the UFTR. Table 2-1 and Figure 2-9 show the population dis-
tribution for each sector of the compass for circles with radii 1 and 5
miles. The most significant changes to the Gainesville area population
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af ter 1970 have occurred in the " suburbs", outside the 5 mile area
and through annexation, although there has been some buildup of ooou-
lation in the S SSW, SW and WSW sectors primarily beyond the 1 mile
radius which will be reported in the 1980 census not yet available.
Since the S SSW, etc. sectors are newly built up, they are expected to
be relatively unimportant in the dose assessment analysis. The 1 and 5
mile radius circles are reported as the basis for establishing the so-
called urban boundary addressed in Chapter 15 of this SAR analyzing
hypothetical radiation doses following the design basis accident.

Table 2 1

Population Distribution Around the UFTR

Sector Population Within Population Within
0-1 miles 1-5 miles

_ _ _ _ _

N 1405 2313
NNE 1757 2978
NE 3668 1050
ENE 1243 1050
E 1207 4016
ESE 2654 5997
SE 574 4628

*
SSE 1654.

* *
S

* *
SSW

* *
SW

* *
WSW

*
W 3643

*
WNW 1303
NW 100 2337
NNW 777 4931

2.2 Nearby Industrial, Transportation, and Military Facilities

A study of the area activities has shown that there are no signifi-
cant industrial activities in the immediate area that could lead to po-
tential accidents having an effect on the UFTR Reactor Building and envi-
rons.

2.2.1 Locations and Routes
'

Gainesville is primarily an education-related, small-business-oriented
ci ty. Large-scale industries are not present to any significant extent; the
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i

areas surrounding the UFTR site and University of Florida campus are
representative of most of Gainesville, consisting primarily of resi-
dential areas, apartment complexes and snall businesses such as res-
taurants, stores, etc. A study of area activities shows that there are
no significant industrial activities in this immediate area that could
lead to potential accidents having an effect on the UFTR Reactor Building.

Transportation routes located close to campus include State Road 26
known as University Avenue which is located approximately 2300 ft. north
of the reactor site, U.S. Highway 441 known as 13th Street located about
3800 ft. east of the reactor site, State Road 121 located about 7000 ft,
west of the reactor site. The location of all of the above are shown
in Figures 2-3 and 2-4. Interstate 75 is located about 31/2 miles south-
west of the reactor site at its closest approach. ,

Since the reactor building is located between the Nuclear Sciences
Center on the south side and the Reed Laboratory buildings on the north,
any explosion of transported materials would first have to exert its ef-
fect on both of these buildings. Although not immediately adjacent, the
same protection is afforded on the east side by the Journalism Buildino
and on the west side by the unoccupied Chiller Unit Facility. The loca-
tion of the UFTR building in relationship with all surrounding buildinqs
and the campus in general, provides for shielding and a protective ef-
fect from the forces of explosion on all sides.

4

The Gainesville Regional Airport is the only airport in the vicinity.
Although the runway system is essentially unchanged, the airport terminal-

is a completely new facility to the south of the main runway opposite
the old terminal on the north side and about a half mile away. The air-

; port is located approximately five (5) miles northeast of the University
of Florida campus as shown in Figure 2-2.

2.".2 Descriptions

Since there are nearly no industrial or military facilities which
are expected to impact upon the safe operation of the UFTR facility, the

| descriptions in this section are limited to major transportation routes
~ hrouoh and around Gainesville and to the only airport in the area, the| t
Gainesville Regional Airport.'

f 2. 2. 2.1 Description of -Transportation Routes. State Roads 26,121, and
j 24, U.S. Highway 441 and Interstate 75 are afl well-traveled, major trans-

portation routes through and/or around Gainesville. The primary usage'

of State Roads 26, 121, 24 and U.S. Highway 441 are for commuter travel
to the University of Florida- and to the center of the city. ; Interstate 75-,

| is primarily used for commuter travel from surrounding cities'and for
j tourist travel to South and Central Florida. Other uses for all of the

-bove roads include shipment of goods and services but shipment of dan-
gerous, toxic or explosive substances would be minimal, particularly for
those roads nearest the UFTR site, i.e. , State Roads 26,121, and 24 and
U.S. Highway 441.

:

!
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2.2.2.2. Description of the Gainesville Airport. The Gainesville
Regional Airport is located on the ncrtheast edge of Gainesville,
Florida, four (4) miles northeast of the centercof the city. Primary
access from the city center is via excellent four lane routes, East
University Avenue and Waldo Road (State Road 24), as seen in Figure
2-2. The former Anny Air Corps Bases which is now Gainesville Regional
Airport was deeded to the city of Gainesville, the present owner, in
1948.

The Gainesvi,lle Regional Airport has a total of 10,650 ft. of
runway (compass headings 240 - 280 ), as seen in Figure 2 10 The
airport provides both air carrier and general aviation facilities for
the Gainesville area. Certified air carrier service is provided by
Eastern Airlines. Scheduled Interstate air carrier service is pmvided
to Gainesville by Air Florida. In Table 2-2, the Air Traffic Volume
Report for the Gainesville Regional Airport for the year 1976 shows
the number of operations during that year and compares it to the pre-
vious year's figures. Table 2 3 represents the same information for
the months of January through June of 1977, also comparing these semi-
annual figures with those of 1976. Tables 2 4, 2 5 and 2 6 similarly
contain the Air Traffic Volume Reports for the single month of January
in 1978,1979 and 1980 respectively. These reports indicate a steady,
relatively fast increase in scheduled air carrier activities and steady
decreases in chartered activities. In general, the airport is becoming
busier with larger volumes of traffic which is the justification for
the new John R. Alison Air Terminal Building opened in January,1979.
Table 2-7 includes the demand allocation for the Gainesville Airport
including the mid-1978 demand with projections into the years 1980,
1985 and 1990. It should be noted that these figures do not include
the additional operations that will be brought about by the addition
of Air Florida Airline passenger services to Gainesville. In spite of

this fact, these projections are still deemed accurate since the figures
were originally considered an overestimate. Of the toal number of land-
ings, it can be assumed conservatively that approximately 25 percent will
cross the University of Florida campus.

Development of the Gainesville Regional Airport, as provided in the
current airport map (Figure 2-10) includes the extension of runway 10/28
to 8,500 ft., the construction of a utility runway parallel to runway
10/28, and the expansion of the general aviation terminal facilities.
Completion of the above has been delayed several times but is expected
by the summer of 1981 ( 9).

Accidents recorded for the period of January through September 1977,'

include three (3) forced landings, while' during the year of 1976, tive (5)
forced landings were recorded; an average of 3 to 4 (minor) accident
occurrences per year can be assumed. There have been no fat 31ities re-
ported. An examination of this accident information indicates that there
is a very small probability of an aircraft accident such as a crash,
affecting the reactor building of the UFTR facility which represents such
a small fraction of the possible crash area around the airport and is about
five miles removed from the airport.
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Table 2-2

Gainesville Regional Airport
3901 N.E. 46th Drive, Gainesville, Florida 32601

AIR TRAFFIC VOLUME REPORT

DECEMBER,1976

--.

PERCENTAGE PERCENTAGE

1976 1975 1976 over 1975 1976 1975 1976 over 1975
INCREASE OR INCREASE OR

(DECREASE) (DECREASE)

PASSENGERS (Number)

Scheduled Air Carrier
Deplaned 10,321 9,399 9.8 111,824 94,879 17.8
Enplaned 11,108 9,672 14.8 111,495 95,550 16.7

Totals 21,429 17 67T 12.4 223,319 190,429 17.3

Comuter/ Air Taxi
l eplaned 58 265 (78.1) 2,050 3,752 45.4

Enplaned 64 306 (79.1) 2 399 3 798 36.8
Totals Ti"! 37T (78.6) MM 41.1

Non-Scheduled (Charter)
Deplaned 325 124 162.1 5,814 4,347 33.7
Enplaned 525 124 323.4 0 091 4 672 30.4

Totals BEF NE 242.7 1M M 32.0

Total (All Types)
Deplaned 10,704 9,788 9.4 119,698 102,978 16.2
Enplaned 11,697 10 102 15.8 120,561 104,020 15.9

Totals 22,401 - Td8W 12.6 240,259 206,998 16.1

TOWER OPERATIONS (Numbers)

Air Carrier 31 4 326 (3.7) 3,870 3,656 5.8

Comuter/ Taxi 17 240 (93.0) 1,382 3,824 (63.8)

General Aviation 7,584 6,232 21.7 90,117 82,146 9.7

Military 43 245 (82.4) 2,269 2,657 (14.6)

Totals 7,958 7,043 13.0 97,638 92,283 5.8

2-19
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Table 2 3_

Gainesville Regional Airport
3901 N.E. 46th Drive, Gainesville, Florida 32601

AIR TRAFFIC VOLUME REPCRT

JUNE, 1977

-

PERCENTAGE PERCENTAGE

1977 1976 1977 over 1976 1977 1976 1977 over 197
INCREASE OR INCREASE OR

(DECREASE) (DECREASE)

PASSENGERS (Number)

Scheduled Air Carrier
Deplaned 11,147 9,428 18.2 60,930 55,048 10.7

60,125 55 9.1
121,0551T0i,098

Enplaned 11,067 9,778 13.2
4T 9.9Totals 22,214 19,206 15.7

Commuter / Air Taxi
Deplaned 136 242 43.8 789 1,585 50.2

-897 1 894 52.6Enplaned 183 252 27.4 1
Totals 3T9 494 35.4 1 @6 '3,477 51 .5

Non-Scheduled (Charter)
Deplaned 88 233 62.2 2,094 2,625 20.2
Enplaned 97 233 53.4 1 79 2 675 29.8

Totals T8T T63 60.3 25.0

_ Total (All Types)
! Deplaried 11,271 9,903 14.8 63,813 59,258 7.7

Enplaned 11,347 10,263 10.6 62,901 59,667 5.4
Totals 22,718 20,166 12.7 126,71T 118,925 6.5

| TOWER OPERATIONS (Numbers)

Air Carrier 297 311 (a.5) 1,851 1,942 (4.7)

Comuter/ Taxi 188 165 13.8 680 1,173 (42.0)

General Aviation 9,088 5,915 53.6 52,842 40,167 31.6

Military 166 99 17.2 946 1,411 (33.0)
'

Totals 9,689 6,490 49.3 56,319 44,693 26.0

,
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Table 2 4

GAINESVILLE REGIONAL AIRPORT
3901 N.E. 46th Drive, Gainesville, Florida 32601

AIR TRAFFIC VOLUME REPORT

JANUARY, 1978

PERCENTAGE

1978 1977 1978 over 1977
INCREASE OR

(DECREASE)

PASSENGERS { Number)
Scheduled /.ir Carrier

Deplaned 12,355 9,579 28.7
11 9 158 30.4
74^93829T1M 29.5

Enplaned
Totals

Comuter/ Air Taxi
Deplaned 198 107 85.0
Enplaned 186 100 86.0

Totals 384 207 85.5
Non-Scheduled (Charter)

Deplaned 254 795 (68.1)
Enplaned 295 520 (43.3)

Totals 549 1,315 (58.3)
T,otal(_All Types)

Deplaned 12,807 10,499 22.0
Enplaned 12,419 9,778 27.0

Totals 25,226 20,277 24.4

CARGO (Pounds)
Air Freight

Deplaned 60,760 49,954 21.6
Enplaned 29,441 22,252 32.3

Totals 90,201 72,206 24.9
Mail

Deplaned 000 000 000
Enplaned 000 000 000

Totals 000 000 000
Air Express

Deplaned 000 000 000
Enplaned 000 000 000

Totals 000 000 000
Total Cargo

Deplaned 60,760 49,954 21.6
Enplaned 29,441 22,252 32.3

Totals '90,201 72,206 24.9

TOWER OPERATIONS (Numbers)
>

Air Carrier 409 322 27.0

Comuter/ Air Taxi 186 15 1140.0

General Aviation 6,890 7,938 (13.2)

Military 37 111 (66.7)

Totals 7,552 8,386 (10.3)
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Table 2 5

GAINESVILLE REGIONAL AIRPORT (New Terminal)
3901 N.E. 46th Avenue, Gainesville, Florida 32601

AIR TRAFFIC VOLUME REPORT

JANUARY, 1979
PERCENTAGE

1979 1978 1979 over 1978
INCREA$f R -

PASSENGERS (Nunber)
Scheduled Air Carrier

Deplaned 14,724 12,355 19.2
Enplaned 14,302 11,938 19,8

Totals 29,026 24,293 19.5
Consnuter/ Air Taxi

Deplaned 233 198 17.7
Enplaned 224 186 20.4

Totals 457 384 19.0
Non-Scheduled (Charter)

Deplaned 50 254 80.3)
Enplaned 70 295 76.3)

Totals Tf6 30 78.1)
Total (All Types)

Deplaned 15,007 12,807 17.2
Enplaned 14,596 12,419 17.5

Totals 29,603 25,226 17.4

CARGO (Pounds)
,

! Air Freight
Deplaned 44,440 60,760 (29.9)
Enplaned 30 263 29,441 2.8

Totals 7M 90,201 (17.2)
Mail

Deplaned MO 000 000
Enplaned 000 000 000

Totals 000 000 000
.

Air Express
Deplaned 000 000 000
Enplaned 000 000 000

Totals 000 000 000 !

Total Carco
Deplanec 44,440 60,760 (26.9)
Enplaned 30 263 29 441 2.8

Totals 7DiTJ F0M (17.2)

Tower Operations (Numbers)

| Air Carrier 454 409 11.0
'

Commuter / Air Taxi 191 186 2.7
General Aviation- 8,906 6,890 29.3
Military 70 37 89.2

,

Totals V 62T 7 572 27.9
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Table 2-6

GAINESVILLE REGIONAL AIRPORT
3400 N.E. 39th Avenue, Gainesville, Florida

AIR TRAFFIC VOLUME REPORT

JANUARY, 1980

PERCENTAGE

1980 1979 1980 over 1979
INCREASE OR

(DECREASE)

PASSENGERS (Number)
Scheduled ATr Carrier

Deplaned 16,080 14,724 9.2
Enplaned 14,893 14 302 4.1

Totals 30,973 79 D02 6.7,

Commuter / Air Taxi
Deplaned - 233 (100.0)
Enplaned 224 (100.0)-

Totals T57 (100.0)-

Non-Scheduled (Charter)
Deplaned 129 50 158.0
Enplaned 128 70 82.9

Totals 237 176 114.2
Total (All Types)

Deplaned 16,106 15,007 7.3
Enplaned 14,927 14,596 2.3

Totals 31,033 29,603 4.8

CARG0 (Pounds)
Air Freight

Deplaned 55,373 44,440 24.6
Enplaned 40,943 30,263 35.3

Totals 96,316 74,703 28.9
Mail

|
7 planed 000 000 000

|
Enplaned 000 000 000

Totals 000 000 000
|
l Air Express

| Deplaned 000 000 000

| Enplaned 000 000 000

Totals 000 000 000
i

| Total Cargo

| Deplaned 55,373 44,440 24.6
Enplaned 40,943 30,263 35.3

Totals 96,316 74,703 28.3

TOWEROPERATIONS(Numbers)

Air Carrier 538 454 18.5
Commuter / Taxi 20 191 (89.5)
General Aviation 7,388 8,906 (17.0)
Military 72 70 2.9

Totals BM Y,62T (16.7)

2-23

. _- _ - _ _ _



Table 2- 7

GAINESVILLE REGIONAL AIRPORT

DEMAND ALLOCATION

COMMERCIAL AND MILITARY

Base Year
Operations 1970 Existing 1980 1985 1990

Cert. Air Carrier NA 2,782 6,200 8,800 12,700
(11,400) (12,800) (14,300)Intra. Air Carrier * NA -

Busy Hour NA 2 7 8 9

Ann. Instrument App. 1,502 219 634 900 1,299
Military - 3,643 3,700 3,700 3,700

Passengers

Enplaned 7.,009** 58,757 200,500 305,200 464,600
Typical Peak Hour NA 153 361 458 51 1

Based Aircraft GENERAL AVIATION

Single-Eng. 49 86 87 119 152 ,

Multi-Eng. 12.5 11 18 20 _26 36

Multi-Eng. 12.5 5 2 - -
-

3 3 5Turboprop 12.5 - -

2 3Turboprop 12.5 - - -

- - 2 4 8Turbojet 12.5
- - 4 6 9Rotor

TOTAL 60 109 118 160 21 3

Operations

Single-Eng. 76,500 91,600 143,700 200,400 271,500
Mul ti-Eng. 5,500 9,500 12,000 16,900 23.800

1,500 600Mul ti-Eng. 12.5 - -
-

- - 5,600 5,900 8,700Turboprop 12.5
1,900 2,900Turboprop 12.5 - - -

2,200 4,200 5,500 10,000Turbojet -

- - 5,200 9,100 13,700Rotor
LOCAL 37,000 35,500 59,400 79,800 109,900
ITINERANT 45,000 68,800 111.900 161,900 220,700

r

| TOTAL 82,000 104,300 171,300 241,700 330,600

| Busy Hour VFR 1 01 102 130 156 196

Busy Hour IFR 24 13 28 40 54

Ann. Instrument App. 856 977 2,238 3,239 4,414

|

|
Passengers

i

Busy Hour Pilots
164 198 249and Passengers --

4

* Included in General Aviation Operations Forecast

**Fy 1970.
2-24
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2.2.2.3 Projections of Industrial Growth. As stated in the Chamber
of Commerce Population Estimation Report (10), the Gainesville metro-
politan area is a center for health and educational services for both
the region and the state. The presence of the University of Florida
and the Santa Fe Community College has had a great impact on both the
population composition and the economic structure of the area.

Residents of the Gainesville area depend heavily on government
institutions, particularly public education institutions, for employ-
ment. Unlike the southern Florida metropolitan areas, Gainesville does
not depend heavily on tourist trade, the citrus industry or the in-mi-
gration of retirees for its economic well-being. The major role
accorded to government employment and the relative stability of its
economy make the Gainesville area similar to other northern Florida
medium-sized metropolitan areas such as Tallahassee and Pensacola.
With the attraction of service and recreation-related companies such
as Nationwide Insurance and Bear Archery, the Gainesville area is
spreading its economic base but not affecting the type of non-polluting,
service and light industry base now in existence.

University of Florida economists had projected an annual in-
crease of 4.5 percent in non-farm jobs during 1977 and 1978. Signi-
ficant employment growth has been realized it. retail trade, in the ser-
vices industries and in contract construction by the end of 1978. The
current building slowdown is affecting Gainesville, but less so than
most parts of the country. In the last two years Bear Archery and
Nationwide Insurance have both located in Gainesville and contributed
to its population growth witn approximately 800 new jobs. These types
of activities do not impact significantly upon the UFTR site.

Although there is significant growth projected for the Gainesville
area, for non-farm jobs in retail trade and services industries, there
are no new significant types of activities or industrial development
currently projected in the UFTR site vicinity in the near future. Con-
sequently, this growth pattern has no direct impact on the UFTR site
suitability.

2.2.3 Evaluation of Potential Accidents

2.2.3.1 Determination of Design Basis Events. The effects of potential
accidents in the vicinity of the reactor site from present and projected
industrial installations and operations are concluded to be insignificant
when compared to the accident potential presented by tornadoes in the
North-Central Florida region. This same conclusion applies for effects
from pctential transportation accidents which are also concluded to have
minor effects.

Based on the low probability of aircraft accidents, the relatively
small areas of aircraft impact, the protected location of the UFTR building
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in reference to other surrounding buildings, and the relatively small
size of most of the aircraft involved, it is concluded that the probab-

ility for tornadoes to affect the UFTR site as well as their potential
impact, is much greater than the probability of an aircraf t crash
affecting the site. (See tornado data in Section 2.3.1.2.2). Therefore,

potential tornado damage is considered the most probable and most severe,
externally-initiated accident possibility. All other effects from poten-
tial accidents in the vicinity -, the site due to industrial or trans-
portation operations are considered negligible compared to the potential
effects of tornadoes.

2.2.3.2 Effects of Design Basis Events. As the external design basis
accident, tornadoes will have no effect on the safety-related components
of the UFTR. Since the reactor building is designed as a vaulted struc-
ture (See Chapter 3), tornadoes are not expected to affect the UFTR
training reactor itself.

2.3 Meteorology

2.3.1 Regional Climatology,

2.3.1.1 General Climate. Quoted from Reference 2, the following infor- i

mation is based on local climatological summaries .for the Gainesville
area prepared by the U.S. Weather Bureau. The proximity of the exten-
sive land mass to the north and northwest gives Gainesville a continental
type climate in winter, but the nearness of the ocean area and the direc-
tion of prevailing winds cause marine climatic characteristics to prevail
in summer. Maximum temperatures in the nineties are comnon in summer but
readings as high as 100 F have been recorded in only eleven of the last
thirty-two years prior to 1978. Frequent afternoon thunderstorms and
associated showers provide relief from heat in summer. February 14th is
the average date for the last occurrence of freezing temperatures in the
spring and the average date for the first occurrence of freezing tempera-
tures in the fall is December 6th. Precipitaion varies greatly from -
year to year for any month but on the basis of mean monthly totals,
there is a rainy season of four months, June through September. This four-
month period brings about 52 percent of the annual total precipitation,
nearly all of which is in the form of rain. Hail falls occasionally but
usually covers very small localized areas. The only measurable accumula-
tions of snow recorded at Gainesville was 1.0 inch 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 1917, February 1951, and
January 1958. The major portion of the rain comes from showers that are
of relatively short duration and frequently associated with thunderstorms.
The greatest precipitation total for any month appearing in the records
for this station is 15.78 inches in October,1941. The longest drought
without measurable rainfall was 39 days, October 18 through November ?5,
1903. It is not expected that any of these weather extremes would affect
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the safe operation of the UFTR facilities.

2.3.1.2 Regional Meteorological Conditions for Design and Operating
Bases.

2.3.1.2.1 Tropical Storms (Hurricanes). As stated in Reference (11),
since 1891 when more complete weather recordkeeping was started, through
1972, a total of 58 tropical stoms or hurricane centers have passed
within approximately 75 miles of the University of Florida site, only one
additional hurricane has come near the UFTR site along the east coast of
Florida but much more than 75 miles away at its nearest center. After
1885, weather records differentiated between tropical storms (winds less
than 73 mph) and hurricanes (winds more than 73 mph). For 1886 through
1972, there have been 46 passages of tropical stoms. Of these a maximum
of 13 hurricanes were experienced with9100 miles from the site. The
most destructive was probably the hurricane of October 19, 1944. However,
relatively few storms have moved inland on Florida's west coast between
Cedar Key (directly west from Gainesville) and Fort Myers in the past 88
years. The most recent hurricane to pass near the UFTR site had its cen-
ter several hundred miles away along the east coast of Florida at its
nearest point as it moved on a northerly course along the coast. 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 northward. As shown in Figure 2 llA,the typical tropical stom takes
one of three routes; either it (1) recurves north and northeast over the
Florida coast, (2) moves northward paralleling the west coast, or (3)
moves on a north-westerly course across the Gulf of Mexico. As illustrated
on the frequency histogram ir ~igure 2-llB,the highest frequency of tropi-
cal storms in the Central Florida area has occurred in September, with
October being the month of the second highest frequency. Nevertheless,
tropical storms are not considered a great hazard at the University of
Florida UFTR site for two reasons. First, the severity of the storm is re-
duced by the overland movement necessary for a stom from the Gulf of Mexico
or the Atlantic Ocean to reach the Gainesville area. Second, tidal flood-
ing is prevented by the inland location of the UFTR site and there are no
bodies of water near the UFTR site.

Experience with the passage of past hurricanes indicates maximum gusts
of approximately 60 miles per hour around the site. It should be noted that
even thunderstorms with accompanying hail, excessive rain, and strong winds,
occasionally develop gustiness of this severity.

2. 3.1. 2. 2 Tornadoes. In the period of 1948 through 1958, more than
50% of the waterspouts reparted throughout the coastal states of the United
States were reported in Florida. Of the 1,264 reported occurrences in
Florida from 1948 through 1972, 575 of these were observed on Florida's
west coast. Waterspouts have occasionally .aused considerable damage to
shipping and have become destructive tornadoes as they crossed from water
to land.(ll)
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Property damage due to tornadoes has been reported in Alachua
County only six (6) times during the last 62 years. In February
1934, tornadoes caused damage in the eastern part of the county re-
sulting in six persons injured and one death. In July 1946, a tor-
nado hit Stengel airfield causing property damage estimated at $21,500.
In June 1957, a small tornado destroyed tobacco barns and caused minor
property damage in the vicinity of Newberry, approximately 15 miles
from Gainesville. In July 15, 1967, a tornado touched in the North
Main Street area of Gainesville injuring two persons and causing exten-
sive damage valued at over $80,000. On May 4,1978, the latest tornado
struck a number of areas in Gainesville spread primarily along a corri-
dor across northwest Gainesville causing considerable property damage
through fallen trees and damaged roof structures and motor vehicles.
In general, serious building damage was limited to the effects of fallen
trees or damaae done to robile homes.

In the period of 1961 through 1972, a total of 776 tornadoes were
reported in the State of Florida. Approximately 81 of these tornadoes
were associated with the passage of tropical storms. As quoted from
Reference 10, statistics compiled by THOM (12) indicate the highest
frequency of tornado occurrence is along Florida's southeast coastline,
and also south of Tampa. As illustrated in Figure 2-12A, the tornado
frequency in Alachua County was between 5 and 9 for the typical period
of 1959 through 1971. Figure 2-128 indicates that June is the month
in which the highest numbers of tornadoes have occurred in the Florida
area.

'

According to statistical methods proposed by THOM, the orobability
of a tornado striking a point within a given area may be estimated using
the fonnula (12):

P=- (21)

where symbols are defined as follows:

P = the mean probability per year of a tornado striking a point
within area A

Z = the geometric mean tornado path area, square miles
T = the mean number of tornadoes per year in the area
A = the area concerned, square miles.

The value of T (mean niTmtier of tornadoes per year) is taken as 7.0
in 12 years for Alachua County in which the UFTR site is located. Based
on data reported by THOM for midwest tornadoes, an average tornado path
area is about 2.82 square miles which is the applicable conservative value*

used for Z. The surface area of Alachua County is approximately 965 square
miles which is the value used for A.

I Weather bureau records indicate that the average path of the few
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tornadoes in Florida that actually reach the ground is about 125 vards
wide and 4 miles long, (0.284 square miles) as compared to a nationwide
average path area measuring 400 yards in width and 16 miles in length.
In other words, Florida tornadoes typically affect about 7.8% of the
area that a tornado affects on the national average

Using the value of A equivalent to the total land area of Alachua
County (965 sguare iniles) in which the UFTR site is located, a value of
P ~ 1.7 x 10-Jyear-l is calculated as the mean probability per year of
a tornado striking within the UFTR site. Of course this probability of
such a tornado striking within the UFTR site (reactor building occupies
less than an acre) is very conservative because the mean tornado path
area in Florida is so much less than the national average used in the
calculation.

The mean recurrence interval, R = 1/P, of a tornado striking a point
anywhere in the 0.024 degree square in which the site is located is,
therefore, about 600 years. However, in the period from 1916 through
1979, only six (6) property-damaging tornadoes have been reported in
Alachua County, Florida where the site is located (equivalent to tne prob-
ability of P = 2.8 x 10-4 ear-1). Since the probability value P isy
greater than 10-7, tornadoes will be considered for the design and operat-
ing basis of the UFTR as the most likely natural disaster to affect the
UFTR site.

2.3.2 Local Meteorology

2.3.2.1 Normal and Extreme Values of Meteorological Parameters. As quoted
from Reference ll, there are two major sets of meteorologically influential
features which interact to determine the climate patterns of Alachua
County and the UFTR site. The first set of influential features includes
the critical surface features of the county as well as its location . relative
tc other significant, climate-influencing geographical properties of the
surrounding r gion. The critical surface features are depicted in Figure
2-13 which shows the generalized topographical map of the State of Florida,
and in Figure 2-14 which shows the generalized topographical map of Alachua
County. The second set of influential features consists of predominant
patterns of zonal atmosphere behavior.

The features which are included in the first set are:

1) latitude,
2) proximity to the Gulf of Mexico and the Atlantic Ocean,
3) presence of inland lakes,
4) strength of surface which depends upon a variety of surface

properties, and,
5) the rate of nocturnal cooling.

The second set of influential geographic features include the followino
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properties:

1) sea breeze convergence,
2) frequency of frontal passage,
3) frequency and strength of hurricanes,
4) frequency and duration of anti-cyclonic subsidies

condition,
5) frequency and intensity of occurrence of tradewind

inversion, and

6) the position and strength of the north atlantic sub-
tropical high.

The behavior of this last feature of atmospheric circulation controls
the local behavior of most of the remainder of the state.

The average year in Alachua County may be divided into two seasons:
The warm, rainy season and a cooler, dry season. The warm, rainy seasca
runs from about the middle of May to the end of September. The cooler,
dry season dominates the remainder of the year. Most of the rain (about
60%) falls during the hot sumer, occurring as af ternoon thunderstorms
generated by strong surface heating, and fed by double sea breeze ccaver-
gence. When high cloud cover inhibits convective development in the after-
noon, permitting only formation of small, cumulous clouds, rain may occur
at night as a result of instability generated by nocturnal radiative cool-
ing from the top of the small clouds. Precipitation during the summer has
a very patchy horizontal distribution for any particular day.

Frontal passage during winter mor.ths is the most severe variable rain-
producing mechanism for the county. Frontal or low occurrences within
Florida averaged 38 for winter, 29 for spring,19 for summer, and 41 for
fall, for the years 1965 through 1967. Shaw's winter and fall are included
in the cooler, dry winter seasons defined above. During the winter months,
the differential, seasonal cooling of land and sea, the occasional oresence

i

of the strengthening high pressure cells, and the formation of low level
inversions by the high rate of nocturnal cooling act to maintain a high
degree of atmospheric stability. A high percentage occurrence of the

,

| tradewinds inversion during these winter months (70% in February) also
contributes to this stability. Under these conditions, convective activity'

is suppressed and the possibility for vertical mixing and ventilation is.
limited. Frontal passages act to disrupt -this stability and generate i:on-
vective activity and vertical mixing. Usually the entire county will re-
ceive rain as a result of a frontal passage. The rain may occur at any

I

| time during the day since frontal storms are not dependent upon local land

|
surface heating.

Following the movement of a cold front across northern Florida, the
lower troposphere will be dominated by colder air with relatively warmer
air (higher potential temperature) alof t. Such a configuration is stable

t

|
and acts as an additional inhibitor of vertical mixing. A decrease in the

|

|
|
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frequency of frontal movement across northern Florida is one orobable cause
of periodic draft occurrences. A reduction of the frequency of frontal
storms will reduce total annual precipitation substantially below annual
values of the evaporation demand as estimated by pan evaporation. Rain
accompanying frontal storms is usually less than that associated with con-
vective activity and will tend to be more effective for the recharge of
soil and surface storage. On the other hand, the intensive rainfall
associated with late afternoon convective storms will tend more to recharge
the limestone aquifer, particularly in the buildup areas where water runs
rapidly off to enter the aquifer through solution sinks. The so-called
Floridian aquifer lies near the surface under most of Alachua County. A
substantial reduction in the number of frontal passages will cause exten-
sive surface drying with concomitant vegetation stress, lowering of lake
levels, and the depletion of the shallow wells.

The ridge extension of the Bermuda High is exceedingly common durina
the sumer months and ordinarily would induce very arid conditions within
the Florida peninsula. Were it not for the intense surface heating and
the presence of large bcdies of water on either side of the peninsula,
Florida would be as arid as the great sub-tropical deserts, such as the
Sahara Desert at the same latitude. The ocean and the gulf provide mois-
ture, and the differential land-sea heating provide a pressure gradient for
the development of sea breeze convergence which powers intense afternoon
convective storms. (11)

The climatological sunnary of the Gainesville station temperature data
for the years 1886-1970 is summarized in Table 2-8. Examination of detailed
climatological data for 1977, 1978 and 1979 contained in Agronomy Research
Reports, AG-79-5,79-4, and 80-5 taken by the University of Florida Institute
of Food and Agricultural Sciences, Agricultural Experiment Stations within
the Agronomy Department show no significant climate changes over the earlier
84 year period; although precipitation does vary greatly from month to month
and year to year. Maximum temperatures in the 90's are common but record-
ings above 100"F are infrequent due to the nearness to ocean areas and
winds which cause marine characteristics to prevail during the summer. Ta-
ble 2-8 includes mean, maximum and minimum monthly temperatures as well as
overall monthly extreme temperatures for the years 1886-1970. The yearly
averages are also included.

The Gainesville station precipitation data for 1886-1970 is also summa-
rized in Table 2-8, on a monthly basis with annual values also included.
Mean, minimum and maximum values are also repceted on a monthly basis.

Gainesville data has shown that the relative humidity averages nearly
88 percent late a; night. Early afternoon averages range from about 48
percent in April and May to about 61 percent in July, August and September.
Heavy fog forms on 30 to 40 days per year, usually forming late at night
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and dissipating soon after sunrise. Most fog occurs during the period
of Nove:aber through March. With the exception of temperatures and to-
tal daily p.ecipitation, no meteorological records are available from
past years for the Gainesville area. The nearest station keeoing micro-
meteorological records is the Naval Air Station near Jacksonville. This
is (.pproximately 70 miles to the northeast but due to its coastal location,
it is unlikely that the Jacksonville data would apply for Gainesville.
Due to the lack of this data, a program was set up in 1956 to collect
this micrometeorological data which was necessary for the licensing of the
UFTR in 1959. Figure 2-15 presents a summary of the wind and orecipitation
data for the University of Florida for the period of July 1957 throuah
June 1958. Wind data were obtained from wind vanes located on the College
of Engineering radar tower at elevations 01 .25 feet and 30 feet above
ground. The wind data are divided into five (5) velocity aroups, calm-1,
calm-2-4, 5-7, 8-12, and 13+ miles per hour. The radial length of direction
lines represented by the wind scale indicates the number of hours for which
winds of the designated velocity groups orevailed from the point indicated.
Shaded areas represent the number of hours in each velocity range durina
which precipitation occurred. The detailed study leading to the above
results is included in Appendix 2A for completeness. This is tne data
used to obtain the original UFTR R-56 operating license. Section 2.3.4
contains updated data and the results of diffusion calculations for the
UFTR. Prevailing wind directions are from the northwest to northeast in
the fall and winter and south to southwest in the spring and summer. Wind
velocities generally range from 10 to 16 miles per hour during the day
and nearly always drop below 10 miles per hour at night. (2)

2.3.2.2 Potential Influence of the UFTR and Its Facilities on Local
Meteorology. Based upon evaluation of the small physical size

of the UFTR and small thermal output even at full power (100 Kw), it is
concluded that there is no potential for UFTR-caused modifications of the
normal or extreme values of meteorological parameters described in Section
2.3.2.1 as a result of the presence and operation of the plant.

2.3.2.3 Local Meteorological Conditions for Design and Operating Bases.
Since the UFTR is a self-protected and isolated low-power system with
negligible environmental interaction, there are no local meteorological
or air quality conditions used for design and operating basis consider-
ations except for those associated with diffusion estimates following
an accidental or normal operational release of radioactivity. Both short-
and-long-term diffusion estimates are presented in Section 2.3.4 Corre-
sponding diffusion estimates applied for the' Design Basis Accident are pre-
sented in Secton 2.3.5.

2.3.3 Onsite Meteorological Measurements Program

Because of the self-limiting, low power operation of the UFTR, no
onsite meteorological measurements program has been conducted following
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the initial acquisition of meteorological site data for the original
UFTR license application. There are meteorological measurement prograns
in effect at both the Deerhaven plant about 8 miles north of the UFTR
site and in a limited way at the Gainesville Regional Airport which is
about 5 miles northeast of the UFTR site. It is not felt that any addi-
tional measurement programs are needed at this time.

2.3.4 Long-and-Short-Term Diffusion Estimates for the UFTR

The methodology and calculations presented in this section were
performed as part of a Master's Thesis project - Reference 14.

2.3.4.1 Objective. This section contains conservativa estimates of long
and short-term atmospheric diffusion coefficients (X/0) for the UFTR site.
The atmospheric diffusion .nodel employed in this study is the constant
mean wind direction model; the version used is the one recommended by thei

U.S. Nuclear Regulatory Comnission in Regulatory Guide 1.111: " Methods
for Estimating Atmospheric Tranroort and Dispersion of Gaseous Effluents
in Routine Releases from Light-Water-Cooled Reactors." The computer code
X0000Q, developed by the NRC, was used for the calculations (16).

The diffusion of radioactive effluents in the atmosphere is a func-
tion of the atmospheric conditions, the topography and the physical and
chemical state of the effluents. In the model used for calculations asso-

'

ciated with this Safety Analysis Report, the atmospheric conditions were
assumed to be defined by the Pasquill stability category as a measure of
the atmcpheric thermal turbulence, the wind speed and wind direction.

2.3.4.2 Methodology of Calculations of Diffusion Coefficients. There are
several equivalent methods to determine the atmospheric thermal turbulence
as described in TID-24190:

(i) The combination of insolation and wind speed
(ii) The standard deviations of the azimuthal and polar angles of

the win:, vector as a function of time as measured by a wird vane with two
degrees of freedom

(iii) The temperature gradient, or the measurement of the variation
of the temperature with height. This method was used for the compilation
of the wind roses used in this study. In practice this variable was de-
termined by measuring the difference in temperatures between two levels of
a meteorological tower and later processing the data to obtain hourly
averages. This latter procedure was also applied for computing average data
for the speed.

One problem sometimes encountered in the acquisition of meteorological
data is the existence of wind speeds which are below the anemometer thres-
hold. X0QD0Q distributes these hours within the lowest speed class, with
weights in accordance with the direction and stability distribution of the

2-39

'

_ _ ._ _



first wind speed class. This distribution was performed for the meteor-
ological data from the Crystal River Nuclear power Station.

The diffusion coefficient, defined as the atmospheric concentration
at a point per unit release, is assumed to follow the pattern of a two
dimensional gaussian in the vertical and horizontal directions, and the
plume is assumed to be transported along the wind direction. The wind
directions considered are the sixteen compass points and the concentra-
tions are averaged within each compass sector by integrating along the
horizontal direction. (18) The annual average diffusion coefficient,
is the magnitude of concern here. It is calculated in each sector by-
multiplying the frequency at which the wind blows into this sector

,

times the hourly diffusion coefficient. The resulting equation for the
atnospheric diffusion coefficient is (16):

2 2
jj (Xu r zj(x)) exp(-he /2ozj (x)) .(2-2)X/0 = 2.03 f j

where the following definitions apply:

i = wind speed class index;
j = stability class index (usually from 1 to 7 corresponding to

Pasquill categories A to G);
f. = annual frequency that the wind blows into a sector (total number

1J of hours the wind blows into a sector in a year divided by the
total number of hours in a year) with speed class "i" and stab-
ility class "j";

x = downwind distance from the release point;

zj(u'). = wind speed corresponding to wind speed class "i"
x = standard vertical plume spread shown in Figure 2-16

he = effective stack height (to be defined later),

E )(x) = effective vertical plume spread which.is given by'

7

zj(*) * (Uzj (x) + 0.5 A ) (2-3)j E T

| where AT is the maximum transverse area of the building from which the
; release takes place (UFTR Reactor Building).

The vertical plume spread is a function of the distance cnd of
the stability class. It increases with distance and with thermal instab-

| ility. The correction factor shown in Eq. 2.3 accounts for' the enhance-
|

ment in turbulence caused by the building wake.

j The effective stack height is given by:

F =h +h -c (2-4)c g p

where the following definitions apply:

;
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he = effective stack height;
| bg = geometri.al stack height;
; hpr = plume rise due to the momentum and buoyancy;

c = correction factor for downwash.

The X0QD00 code contains two kinds of correlat!cns for the plume
rise due to momentum and buoyancy, h , depending upon the stability
class. One correlation applies for ktability in Pasquill classes 1
to 4 and the other for stability classes 5 to 7.

I First, for neutral and unstable conditions ("j" = l-4), the fol-
lowing correlation is used for the plume rise in X0QD0Q:

* 1'44 Ii) ! Ih)! 0 (2-5)hpr

where

wo = stack exit velocity (meters per second);
x = down wind distance (meters);

= wind speed at release height (meters per second);u
D = internal stack diameter (meters).

The wind speeds at the release height are calculated from the wind
speeds at the height which were actually measured, using the following
equation:

h

=([m)au, (2-6)I u p

where
1

| ur = wind speed at the release height;
! hr = height of actual release;

hm = height at which the wind speed was measured;-
m = measured wind speed.u

.

The "a" is an empirical constant whose value depends on the atmospheric
i class as follows:

| a = 0.24 for "j" = 1 to 4;
a = 0.50 for "j" = 5 to 7.

When the stack exit speed is.sFdll Compared with the wind speed
at the instant of emission, there .is a downwash effect, causing the
actual effective height of release to be less than the one calculated
using Lthe geometrical height corrected by the plume. height. The X00000'
code uses the Briggs correction when the ratio of exit velocity to wind
speed is in the range-wa <_ l .5; the downwash correction factor becomes:.

"r

',
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| c=3(1.5-p)0 (2-7)
r

The pluu rise elevation corrected for downwash is then conpared'

with the plune rise due to momentum and buoyancy:

=3hD (2-8)hpr
t

and the smaller value is chosen in the interest of conservatism in the
predicted results,

i

Second, for stable conditions ("j" = 5-7), two additional correla-
tions are used in X00000 to calculate plume rise as follows:

= 263(w 0)II2 II4(g 3 )'II4 (2-9) -

Th pr
i

h = 0.94(w D)2/3(gu /T)~II0 (2-10)opr 3

where

2
g acceleration due to gravity (m/sec ); ,

'
T = ambient air temperature (*K);

30/3 z = vertical potential temperature gradient ( K/m).
I

For stable conditions, the smallest value among the predictions of
Eqs. 2-5,2-6,2-7 and 2-8 is chosen for the plume rise by the XOOD00 code.
This selection again assures conservatism in the predicted results.

In research reactors such as the UFTR, operation frequently takes
! place in short periods of time on the order of several hours as indicated

by UFTR operation log books. X00D00 accounts for these purge releases by!

applying the following three formulas for the applicable diffusion co-
,

t efficient: .

.

x/Q = (u (ro 3,(x)o 3(x) + 0.5A))~I (2-11)j y z

A

yj(x)o,3(x))-I (2-12)X/0 = (3u nog

X/Q = (u na,3(x)o,3(x))"lexp(-(h /0,y(x))2/2) (2-13)g e

;
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The largest diffusion coefficient value predicted in Eqs.(2.11),
(2.12), and (2.13) is chosen for each hour. These latter values are
then ordered with respect to their frequency of occurrence, and a Der-
centile distribution is obtained.

The output of X00000 is intended to be input to a radiation dose
code so each compass section is divided into segments set at different
distances and the iiffusion coefficients are averaged within each sea-
ment. In this fashion the sector-averaged population dase can be cal-
culated nore easily.

2.3.4.3 tieteorological Data for Long and Short-Term Diffusion Estimates.
Two basic ~ data sets were used for the UFTR diffusion calculations; they
are the annual wind rose data obtained from the reinesville Utilities
for the Deerhaven plant and the corresponding wind rose data for the
Crystal River Nuclear Power Station. Both wind rose data are included
in Appendix 28. The data from Gainesville Utilities considers only
five categories with the standard correspondence of 1 to Pasquill cate-
gory A, 2 to Pasquill category B, etc., and finally 5 of which includes
a combination of categories E,F, and G. Cateaory 5 was distributed into
E, F, and G categories, assuming the relative weight corresponding to E,
F, and G were the same as for the Crystal River data. The annual wind
roses for both sets of data, as given by the output Xr0000, are shown in
Tables 2-9 and 2-10.

In order to calculate the possible plume rise, bui'dino wake and
downwash effects, the UFTR release point data contained in Table 2-11
were used.

2.3.4.4 -X0QD00-Calculated Diffusion Coefficients. As indicated in Table
2-9 and 210, the two different computer runs were performed emoloying
the Gainesville and Crystal River wind rose data sets. The annual aver-
age diffusion coefficients for the different compass sectors at different
distances and the sector averaged diffusion coefficients are shown in
Table 2-12 and Table 2-13 for the Gainesville and Crystal River sets of
data respectively. The isopleths corresponding to the Gainesville and
Crystal River sets of data are shown in Figures 2-17 and 2-18. Due to the
small height of the vent (30 feet above mean ground level), the effec-
tive release height for each sector es a function of distance is con-
stantly equal to zero.

2.3.4.5 Interpretation of X00D0Q Results for Diffusion Coefficients.
The wind rose data from Gainesville features a relatively isotropic dis-
tribution versus the corresponding Crystal River data, which clearly
shows the West sector is the one with the worst diffusion characteristics;
that is, the diffusion occurs least in the West sector.

Short term radioactivity releases of 8 hours duration were assumed for
the analysis of the normal UFTR operations case. This operation time is
consistent with normal working periods in the UFTR. The median values for
the corresponding short-term UFTR diffusion coefficients to the Gainesville
data are plotted in -Figure 2-19.
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Table 2-11

UFTR RELEASE POINT SUMMRY DATA

Average vent exit velocity * 0.15 n/sec

Vent inside diameter 0.86 n

Height of the vent release point 8.25 m

Height of the building vent 6.75 m

2Minimum UFTR building cross secticril area 165 m

Building vent air flow 0.087 m/sec

*The average vent exit velocity was obtained by dividino the air
flow by the cross sectional area.
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1

.

The diffusion coefficients were also calculated at special locations,'

intended to represent the highest exposed individuals for the study of
radiation dose in normal operation. A distance of 0.10 miles was selected
as a limit for the model used. See Figure 2-20. The highest diffusion

coefficient was only 7.2 E-05 sec/m3 corresponding to the West sector as
indicated by the results shown in Figure 2-20.

2.3.4.6 Expeeimental Verification of X00D0Q Results. Regarding the excer-
imental verification of the model employed in X0QD0Q for an urban area, a

'

recent diffusion experimental study perfomed at the University of California
;

in Los Angeles gives evidence of conservation in the Gaussian model used
: to calculate diffcsion coefficients for an urban area (18). However, the

mathematical model which was employed in California did not consider the
building wake and the downwash effects. With this simplified model, the
predicted diffusion coefficients were more than ten times above those ex-

,

! perimentally detemined. Although the UCLA and UFTR cases cannot be com-
pared on an absolute basis, a relative comparison should be valid. There-

,

fore, because of the large conservative. discrepancy between predicted diffu-
,

sion coefficients and those actually measured, the calculated results for
' the UFTR shown in Figure 2-19 and Figure 2-20 are also expected to be very

conservative.

|
2.3.5 Diffusion Estimates for the Design Basis Accident

The methodology and calculations presented in this section were per-
formed as part of a Master's Thesis project - Reference 14.

2.3.5.1 Objective. This section contains conservative estimates of atmos-
pheric diffusion coefficients (X/Q) for the UFTR site following a design
basis accident. Since those coefficients are for times following an acci-

,

dent, they represent short-term diffusion estimates for the UFTR. '

2.3,5.2 Methodology for Calculation of Diffusion Coefficients for the De-.

sign Basis Accident. There are two approaches, both conservative, recon-
mended by tne Nuclear Regulatory Comission in Regulatory Guide l.111:
" Methods for Estimating Atmospheric Transport and Dispersion of Gaseous
Effluents in Routine Releases from Light-Water Cooled Reactors." (15) The

i first one uses generic meteorological conditions, and is the more conserva-
tive; the second method alio .; the use of. loc'l meteorological conditions'

and is less conservative since credit for inc. eased diffusion is possiblei

in some regicas. The results of calculations for both methods are presented.

in Section 2.3.5.3.

For generic conservative NRC conditions, the three cases described,
' in the next three sections are considered for different exposure times

ranging from . initiation _of the release up to 30 days.

2.3.5.2.1 Case 1: Exposure Times Less-Than Two Hours. For exoosure
i times of less than two hours, the following equation is used:
:

X/Q = (unE I ) (2-13)_jz
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with

I, = ( o + 0.5 A /") ! (2-14)
T

'

I, = (o + 0.5 A I") ! (2-15)'
g T

where
3

X/Q = diffusion coefficient for the pericd 0 to 2 hours (sec/m )

u = windspeed assumed to be 1 m/sec

= horizontal standard deviation of the plume corresponding too
Y Pasquill category F (m)

= vertical standard deviation of the plume correspondino to Pas-o
quill category F (m) [

~

z

A = the minimum cross section&l area for the vent's buildina (m ).
T

2.3.5.2.2 Case 2: Exposure Times from 2 to 24 Hours. For exposure
times from 2 to 24 hours, the diffusion coefficient corresponds to the
sector-averaged model obtained by integrating along the horizontal
direction, in the same way as was done for the normal operations case.
The following expression is obtained for the diffusion coefficient from
2 to 24 hours.

X/Q = (2-16)

where:

x = downward distance (m)

Again from 2 to 24 hours, Pasquill category F, and a windspeed of 1
meter /second are assumed.

2.3.5.2.3 Case 3: Exposure Times from 1 to 30 Days. For exposure.
times from 1 to 30 days, Eq. (2-16) is still applied; however, in this-
time range the following atmospheric conditions are assumed:

,

Time Atmospheric Condition

1 to 4 days 40% Pasquill Cateaory D, wind
speed of 3 m/sec

60% Pasquill Category'F, wind
speed of 3 m/sec

4 to 30 days 33% Pasquill Category C, wind-
speed of 3 m/sec

,

33% Pasquill- Category D, wind
~ speed of 2 m/sec-
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Figure 2-21 shows the diffusion coefficients for these sets of con-
ditions as presented in NRC Regulatory Guide 1.4 (20).

For the less conservative local meteorological conditions, the NRC-
recomended procedure is to use the 15th percentile value of the hourly
diffusion coefficients and the annual average diffusion coefficient for
each sector. These two values of diffusion coefficients are plotted on a
log-log graph with the times 1 and 8760 hours (s 1 year) as abscissas values.
These two points are then joined by a straight line. The diffusion coeffi-
cient corresponding to any period of duration is then obtained by simply
reading the coefficient from a log-log graph.

2.3.5.3 Calculation of the Site Specific Diffusion Coefficients for
i the Design Basis Accident. Figure 2-21 from Reference 14 shows the

variation of DBA diffusion coefficients with distance from the reactor
vent starting at 100 meters. Several runs of the computer code X00D00
were performed in order to calculate the short-term diffusion coeffi-
cients. The locations were selected at 0.10 mile intervals from the
reactor vent as shown in the UFTR environs diagram in Fiqure 2-22 and
the 16 sectors examined (See Figure 2-9). Note that the distance to
the Shands Teaching Hospital, selected and supported as the urban
boundary in Section 12.4 on dose assessnent, is nearly 0.5 miles from
the UFTR. The releases were assumed to be purges of 2 hours, 6 hours,
16 hours, 3 days and 26 days duration, corresponding to the periods
0-2 hours, 2-8 hours, 8 hours to 1 day,1-4 days, 4-30 days respectively.
The resultant site specific diffusion coefficients for the worst sec-
tor for each time period are shown in Table 2-14 and graphically suninar-
ized in Figure 2-23. In general, the diffusion coefficient for the
worst sector decreases with duration of the interval and with distance
from the release point as expected. The decrease with increasing vent
distance greatly reduces maximum doses for a design basis accident.

Table 2-15 shows the Design Basis Accident diffusion coefficients
obtained using the NRC standard meteorology at 0.1 mile intervals from
the reactor vent. These diffusion coefficients are much larger and
hence more conservative than those coefficients obtained using local
meteorology as presented in Table 2-14.

2.4 Hydrologic Engin ering

2.4.1 Hydrologic Description

2.4.1.1 Site and Facilities. The information in this secton is taken
from Reference 2 (the original UFTR Hazards Summary Report which served
as the SAR for original operation) with some changes to indicate altera-
tions in the site environs and facilities since the first licensing of the
UFTR.

The terrain in the vicinity of Gainesville is gently rolling and the
soil is sandy with the exception of relatively small areas of muckland along
the shorelines of the fresh water lakes and ponds which are numerous to the
east and south of Gainesville.
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Table 2-14

| OESIGN BASIS ACCIDENT DIFFUSION COEFFICIENTS WITH SITE SPECIFIC METEOROLOGY
a

i

! VENT
DISTANCE PERIOD DURATION WORST SECTOR DIFFUSIONCgEFFirIENT

(sec/m )I (miles)

! 0.1 0-2 hours 2 hours S 1.3 E-03
'

O.1 2-24 hours 22 hours S 5.1 E-04
0.1 1-4 days 3 days ESE 3.4 E-04<

|
0.1 4-30 days 26 days ESE 1.6 E-04

j 0.2 0-2 hours 2 hours NNE 4.2 E-04 |
'

'
0.2 2-24 hours 22 hours NNE 1.6 E-04

4

O.2 1-4 days 3 days S 1.0 E-04 ;

i 0.2 4-30 days 26 days ESE 5.2 E-05 4

|l 0.3 0-2 hours 2 hours WSW l.9 E-04
0.3 2-24 hours 22 hours S 7.8 E-05

i 0.3 1-4 days 3 days S 5.0 E-05
) 0.3 4-30 days 26 days ESE 2.6 E-05

0.4 0-2 hours 2 hours S 1.2 E-04
0.4 2-24 hours 22 hours S 4.9 E-05
0.4 1-4 days 3 days ESE 3.2 E-05

; 0.4 4-30 days 26 days ESE 1.6 E-05
.

|

i

) 0.5 0-2 hours 2 hours S 8.4 E-05
O.5 2-24 hours 22 hours S 3.4 E-05'

0.5 1-3 days 3 days ESE 2.2 E-05>

0.5 4-30 days 26 days ESE 1.1 E-05

1

|

1

4

-2-59
|

1

--w, *w- ,,rv n v,-c-,--,-w ,, -v , . , , , - , y s wer,.,,,-,,-, ,-,,,-,-,a-~~e-e.e---,- <rr--v,,.,-vw,rs,~,, ,,rn.,9-,, , e p-, v- ,- ,rn



Table 2-15

DESIGN BASIS ACCIDENT DIFFUSION C0EFFICIENTS WITH NRC STANDARD METEOROLOGY

DISTANCE DIFFUSION COEFFICIEN(S (sec/m )

(miles) 0-8 hours 8-24 hours 1-4 days 4-30 days

0.1 1.0 E-02 3.0 E-03 1.3 E-03 3.5 E-04

0.2 4.5 E-03 1.0 E-03 5.6 E-04 8.5 E-05

0.3 2.2 0-03 6.4 E-04 2.7 E-04 4.4 E-05

0.4 1.4 E-03 4.0 E-04 1.0 E-04 2.5 E-05

0.5 8.0 E-04 2.6 E-04 7.0 E-05 1.6 E-05

2-60
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The site selected for the reactor rises to the east. At the base of
the rise on the west is a small valley running south and terminating in
the vicinity of two sinkholes. Although the valley is mostly landscaped
grass and driveways, the basic land features are still present today.
Thus, the surface drainage of the site would be to the west and then south
to these sinkholes as shown in Figure 2-14 The surface water enters the
underground aquifer through these sinks. Therefore, it is anticipated that
no meteorological extremes that will cause blockage of tne current incress
or egress features will ever be possible.

2. 4.1. 2 Hydrosphere. The University of Florida is located in tha south-
western quadrant of the greater Gainesville area. Gainesville is in the
Central Highlands of Florida in the nortern portion of the Florida peninsula.
The nearest approach of the Gulf of Mexico is about 50 miles to the southwest.
The Atlantic Ocean is about 65 miles to the east.

Figure 2-14, a generalized topographic map of Alachua County, shows that
there are three (3) watersheds in the county. The largest watershed which
drains the Gainesville, Micanopy, Archer and Newberry area is believed to
contribute surface water through sinkholes and solution caverns in the lime-
stone bedrock to the underground aquifer which eventually feeds Hacasassa
River, which flows into the Gulf of Mexico near Cedar Key to the west of
Gainesville. .

While the storm sewer system of the city of Gainesville is not indicated,
it would follow much the same pattern as the existing and oroposed sewage
lines for the University of Florida shown in Figure 2-24. In general, there ,

are two natural drainage zones for the greater Gainesville area. The divid-
ing line between these zones follows very closely the line formerly occupied
by the Seaboard Railway roadbed running diagonally from the southwest to
the northeast. With the exception of a small portion in the northeast corner
of gainesville, the area to the north and west of the former railroad bed,
containing approximately 31.5 square miles, drains toward Hoptown Creek and
its tributaries which flow into Lake Kanapaha located in the southwest corner
of greater Gainesville. The drainage pattern of the zone layinq south and
east of the railey is not as clearly defined as the northwest zone, but, in
general, is east and south. Water falling on the eastern portion drains
eventually into Newnan's Lake and water falling in the southern portion
drains into Sweetwater Creek, Biven's Arm and Payne's Prairie which are shown
in Figure 2-24. Figure 2-25 shows qualitatively the average volume flow of
surface streams in Florida. Since Gainesville is at the headwaters of the
St. Johns, Suwannee and Wacassassa River Systems, it has a very small average
surface stream flow. There are no surface streams of any consequence in the
Gainesville area. During the dry season, which is generally March, April and
Hay, the surface flow of the creeks in the area decreases to nearly zero
although there is still a small subsurface flow. The water table is close
to the surface and the movement of the ground water is very rapid because
of the high porosity and permeability of sandy soil and cavernous limestone .

bedrock. 1

The city of Gainesville and vicinity receives its water supply from the
municipal water treatment plant. All of the water entering the treatment
plant is obtained from seven wells ranging from 367 to 750 ft. in depth.
Spring or surface water is not used for the municipal suoply but several
springs supply water for agriculture and industry.
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Th; inwmidGW M*en rainfall, evapotranspiration, deficit
and percolate is known as the agroisydrologic balance. Figures 2-26A and
2-26B show this interrelationship for Gainesville during 1953 and 1954.
From this relationship it can be observed that the amount of water perco-
lating through the surface soil varies from year to year in a complex manner.
The amount of percolating water will determine the soil water dillution fac-
tor in the event of accidental release of radioactivity from the UF Training
Reactor. It should be noted that the amourit of percolating water in Gaines-
ville is always relatively small and ofter there are months when it drops
to zero, generally in the spring an6 OMiii . (2)

2.4.; | a cok

2.4.2.1 Flood History. Exhaustive studies have indicated no record of any
major flood in the general UFTR site area during the past 100 years.

2.4.2.2 Flood Design Considerations. Because of its inland Dosit4n which
removes the potential for tidal flooding and because of the well-drairied
location of the UFTR site, no special consideration is given to floods in
the UFTR design. At any rate, the self-contained design of the UFTR makes it
more resistant to any hypothetical flood condition. At any rate, emergency
flood procedures are considered in the UFTR Standard Operatinq Procedures so
no further consideration is necessary here (3).

2.4.2.3 Effects of Local Intense Precipitation. As discussed earlier in
,

Section 2.4.2.2, the location of the reactor site in reference to the
drainage system, including the University of Florida storm sewage system
provides sufficient drainage to all runoff water likely to occur due to rain:
therefore, it is virtually impossible for local precipitation, (at most 9.93
inches in one day, see Table 2-8) ever to affect the reactor building.

2.4.3 Probable Maximum Flood (PMF) on Streams and Rivers.

Since the UFTR is an essentially self-contained reactor design requiring
minimal cooling by an ultimate _ heat sink, since no major streams or rivers
run near the site area, and since the location itself is well-drained, it is
felt that the PMF on streams and rivers in North Central Florida has no po-
tential effects on the UFTR facility and its operation. For these same'

reasons, probable maximum precipitation, precipitation losses, runoff and
.

stream course models, probable maximum flood flow, water level determina-
tions due to PMF and coincident wind wave activity need not be considered
further.

2.4.4 Potential Dam Failures, Seismically Induced

There are no dams in the University of Florida - Gainesville area which
could affect the reactor site in case of failure. Therefore, dam failures
and attendant water levels and effects need not be considered further.

2.4.5 Probable Maximum Surge and Seiche Flooding

Because of the UFTR site location, there are no surface bodies of water
close enough to affect the UFTR site via seiche flooding or surges of any kind.
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2.4.6 Probable Maximum Tsunami Flooding

Due to its inland location, approximately 50 miles from the Gulf of
Mexico, tsunami flooding is predicted to have no effect on the UFTR site.
Only one tsunami, or seismic sea wave, has ever been noted alona the
Gulf Cc.>t 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.

2.4.7 Ice Effects

Since the site has no surface water bodies on it and since the cli-
mate makes the formation of significant amounts of ice extremely unlike-
ly, there are no ice effects to be considered for the UFTR site from ice
jam floods, wind-drive ice ridges or other ice-produced effects and for-
ces which could affect safety-related UFTR facilities.

2.4.8 Cooling Water Canals and Reservoirs

Due to low power UFTR operation, there are no cooling water canals or
reservoirs, so this section is not required - not applicable.

2.4.9 Channel Diversions

This section is also not applicable to the UFTR facility.

2.4.10 Flooding Protection Requirements

The self-protected, self-controlling design of the UFTR along with
its location in a flood-free area make additional flood protection require-
ments unnecessary.

2.4.11 Low Water Considerations

This section is also not applicable because low water levels and flow
rates have no effect on the UFTR facility. The system can withstand a
complete loss of cooling water even at full power.

,

2.4.12 Dispersion, Dilution and Travel Times of Accidental Releases of
Liquid Effluents in Surface Waters

This section is not applicable to the UFTR facility because there are
no surface waters on the UFTR site to disperse, dilutt or concentrate 11-
quid releases of radioactive effluents.

2.4.13 Groundwater

Groundwater information for the UFTR site and environs is contained
in Section 2.5.4.

2.4.14 Technical Specifications and Emergency Operations Requirements
t

Detailed procedures designed to minimize the impact of floods, and pro-
tective measures to be taken in case of floods are outlined-in the UFTR S0P
B.4 - Emergency Flood Procedures.
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2.5 Geology, Seisnology and Geothechnical Engineering

2.5.1 Basic Geology and Seismic Information j
;

2.5.1.1 R_ef onal Geology. The regional geology of the Gainesville
area is reprewnted by the Florida Geological Survey data found in
Figure 2-27. Cross Section B-3 of Figure 2-27 shows the general geo-
logy of the Gainesville area. The solid bedrock 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 for-
mation is overlain by other porous limestones and semipermeable sandy
clays (Hawthorne formation). This is cappe.1 by loose surface sands.
In general, all the formations are quite porous and permeable. Locally,
however, the Hawthorne sandy clays confine the ground water in the
underlying porous limestones under artisian pressure (2). Because of
the porous nature of these fonnations and their relation to the hydrologic
description of the region, soce information on the geological description
of this area has been included in Section 2.4.1.2.

2.5.1.2 Si te Geology _. The specific site geology is very similar to that
of the region as a whole. The physical and chemical properties of the
soil, sub-soil and bedrock are such that negligable radioactive decontami-
nation or absoprtion can be expected.

Studies have shown that the soils are sandy and possess very little
ion-exchange capacity. The calcium carbonate (limestone) bedrock has
virtually no capacity for preventing the rapid movenent of radioactive
products toward the ground water table. It would only react chemically
to neutralize acid solutions and precipitate insoluable carbonates. It

has virtually no ion-exchange capacity and is highly porous and penneable
so that any chemical precipitates formed would only slightly retard the
flow of radioactivie liquids through the bedrock.

11ost of the Gainesville area and that part of the campus of the
University of Florida north of Radio Road, including the UFTR site, is
underlain by a loamy fine-sand type of soil. This was derived from resi-
dual 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.(2)
The soil data for all the test borings undertaken on the site are summarized
in Tables 2-16A inrough 2-16D. Additional test boring data was obtained
as a result of construction of the 6 inch water well which is the source of
the secondary water supply of the UFTR cooling system. The following data
is available as a result of test borings: Linestone: 75' depth, Water
Table: 89' depth.

Florida is a relatively inactive area for seismic activity. Due to
its compact size and few auxiliary systems, the UFTR is much less suscept-
ible to earth movement problems than large power reactors or facilities
with systems spread over larger areas. There is no effect on the system
due to geological conditions affecting other situations on the University
of Florida campus. Earthquakes are not a serious threat but data on their
occurrence and other possible effects are presented in Sections 2.5.2 to
2.5.6.
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Table 2-16A

TEST BORING DATA FOR THE UFTR

Boring Record - Project 5111 - EIES

Ho l e No . . . . . l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S h ee t . . . . . . . . . . . . o f . . . . . . . . . . S hee ts

| Loca ti on. . . . Be tyeeg , Rg i d, L ab,a gd, E& J , Bui ] di g g , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , ,

S ta r ted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Compl e ted . . 5f ] Q[5? , , , , , , , , , , , , , , , ,
'

Ground Water Depth... 5 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Hammer Wt. . . . 300, ] bs : . . . . . . . . . . . . . . . . . Drop. . . . l f.' . . . . . . . . . . . . . Sampler Si ze -][2,2

Depth Number Blows Description

5 1 4 Medium soft grey and brown sandy clay-
| 10 2 13 Stiff greyish sandy clay

15 3 28 Stiff blue and grey sandy clay,

20 4 57 Stiff tan sandy clay with rock frag.
25 5' 100& Core Stiff blue rocky clay
30 6 Core Stiff blue clay with sandy layer
35 7 45 Stiff blue rocky - ~ clay -
40 8 Core- Stiff blue rocky clay
45 9 63 Stiff blue rocky clay

(
,

I
t

I

!
i

i
l

|

| Bottom of Hole 45'' No Cavity-
_ _

|
,

I

i
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"Table 2-168

!

'

Hole No... 2................................... Sheet............of.......... Sheets
Loca t io n . . . B. e. t. w. e. e. n. . R. e. .i d. . L. a. b. . a. n. d. . E. &. .I . B. u. i l. d. i n. 9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

. .

S ta r te d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Compl e ted . 5[] pf 5 ? , , , , , , , , , , , , , , , , ,

| G ro u n d Wa t e r De p t h . . 5 | , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , ,

) Hammer Wt. . . 399, ] bs: . . . . . . . . . . . . . . . . . . Drop. . . ] 8',' . . . . . . . . . . . . . . Sampl er Si ze } l22

;

;
i

Depth Number Blows Description

5 1 3 Soft greyish sandy' clay and Phosphate
10 2 8 Medium greyish sandy clay,

15 3 22- Stiff light blue 'and grey sandy clay
20 4 35 Stiff sandy clay and Phosphate,

25 5 57 Stiff grey sandy clay with rock frag.
30 6 47 Stiff blue and grey sandy clay.,

35 7 Core' Stiff blue rocky clay-

i

i

s

Bottom Hole 37' No Cavity

J '
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Table 2-16C

Hole No.. 3.................................... Sheet............of.......... Sheets
Location..Between Reid Lab and E&I Building

.......................................................................

S ta r ted. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Compl e ted . . 5/.10/. 57. .. ..................

Ground Water Depth.. 7............................................................

Hammer Wt. 300 lbs.. . . . . . . . . . . . . . . . . . . . . . . . . . . . D ro p . . . . . . . . . . . . . . . . . . . . Samp l e r S i ze . 2 .1/. 2.

...

Depth Number Blows Description

5 1 8 Medium brown sandy clay
10 2 13 Stiff brown sandy clay
15 3 7 Soft grey sandy clay with pebble
20 4 7 Soft brown and grey sandy silty clay
25 5 20 Stiff grey sandy clay with phosphate
30 6 32 Stiff grey sandy clay with phosphate
35 7 Stiff grey sandy rocky clay
40 8 Core Stiff grey sandy rocky clay

Bottom of Hole 40' No Cavity
._

,

;
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Table 2-16D

,

Hole No.... 4.................................. Sheet............of.......... Sheets
Location....Between Reid Lab and E&.I Building....................... .............................................

S ta r ted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Compl e ted . 5/.13/. 57. .. ...................

Ground Water Depth. . . . . 7.........................................................

Hammer Wt. . . 300 lbs.. . . . . . . . . . . . . . . . . . . . . . . . . . D ro p. . . 18". . . . . . . . . . . . . . S amp l e r S i ze . 2 - 1/. 2-

.. ... .

Depth Number Blows Description;

5 1 8 Medium grey sandy clay with pebble
10 2 6 Medium brown and grey sandy clay and peb.
15 3 27 Stiff greyish sandy clay
20 4 25 Stiff greyish sandy clay
25 5 37- Medium tan silty sandy clay and rock frag.
30 6 20 Stiff grey sandy clay with rock frag.
35 7 15 Stiff blue rocky clay

t

;

j Bottom of Hole 37' No Cavity

1
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2.5.2 Vibratory Ground Motion

As reported in Reference 11, seismic analyses to obtain response
spectra were conducted by lieston Geophysical Research, Inc. for Florida
Power Corporation's Crystal River Site. The Reverend Daniel Linehan,
S.J., Director of Weston Observatory, acted as a consultant on the seis-
mic analysis. The response spectra were completed by Dr. C. Allen
Cornell, Department of Civil Engineering, flassachusetts Institute of Tech-
nology. Although these data are presented for the Crystal River site,
they are very similar to and can relate directly to the UFTR site because
the soil strata conditions are similar and all of Central Florida has a
seismically stable history, relatively free of earthquakes.

The State of Florida is an area which is considered seismically in-
| active; there is no record of a severe earthquake'in Florida. There is ample

evidence that Florida has been remarkably stable and free of earthquakes
for about one million years, and is considered to be one of the most stable
areas in the United States. Only eight (8) earthquakes of Intensity IV
(Modified Hercalli Scale) or greater have had their epicenter within 50
miles of the Crystal River plant site. Only one tsunani, or 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 guage 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 exert its effects inland as far as Gainesville, Florida.which is

over 50 miles inland.

The two strongest earthquakes to have affected the site area in north
central Florida were the northern Florida earthquake of January 12, 1879,
which was listed as Modified llercalli IV, and the Charleston, South Carolina
earthquake of 1885 which had an epicentral Intensity X, Modified Mercalli.
There is no evidence that seismic activity in the southern appalachians or
in the greater Antilles Islands of the West Indies had any effect on the
Crystal River site, and consequently the UFTR site.

An attenuation curve of earthquake intensity with distance is shown in
Figure 2-28 for the Atlantic and Gulf Plains indicates a rather slow atten-
uation of intensity with distance, due apparently to the deep Cutaceous
sediment areas of the Coastal Plain Regions. Based upon this attenuation
information, the Florida earthquake of 1879 would have had an intensity no
higher than V at the Crystal river site.

Based upon the relationship between earthquake intensity and around
acceleration given in Nuclear Reactors and Earthquakes, TID-7024, U.S. Atomic
Energy Comission, the Charleston, South Carolina earthquake would have
resulted in a ground acceleration of about .0259 at the UFTR site. Based
on this data and previous historical data, no special consideration was gi -
ven in the design of the reactor building beyond making it a " vault-type"
building as defined in 10 CFR 73.2(o).

2.5.3 Surface Faulting

There is ample evidence that Florida has been stable and free of earth-
quakes for about one million years, and it is. considered to be one of '
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the most stable areas in the entire United States. (11) There have,
however, been several small earth tremors which has caused slight da-
mage such as small cracks in plaster wall in some areas of the state (2).

2.5.4 Stability of Subsurface flaterials and Foundations

The information defining the conditions of the strata supporting
the reactor building foundations was included in Section 2.5.1.2 - Site
Geology along with the test records and summaries of soil strata composi-
tions. The limerock formations are very stable geologically as indicated
by the relative absence of earth movement activity in Florida over the
past million years.

2.5.5 Stability of Slopes

There are no rock or soil slopes of concern for the UFTR site. .The
general incline toward the west and south eliminates the possibility of
drainage or flooding problems. The test boring data in Section 2.5.1.2
dnd the general site ano area topography have shown that this area is
very stable. There is no danger of landslides since the general slope of
the land is a gradual incline with no sharp co'ntours. The test borings
also indicate there is no concern with sinkholes affecting the topography
of the UFTR site.

2.5.6 Embankments and Dams

This section does not apply to the UFTR site since these facilities.

are not needed for the UFTR facility and are not present in the UFTR site.
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A. ORIGINAL DETERMINATION OF UFTR WIND ROSE DATA

2A.1 Wind Direction and Velocity

Due to the lack of available local data regarding atmospheric
stability, wind direction and velocity, and the relationship of pre-
cipitation and wind, a program was started to collect these micrometeor-
ological data. The infomation as reported in Reference 2 is presented
here for completeness.

A Bendix-Friez aeroune was installed on the radar tower at the'

University of Florida in October,1956. The instrument is located ap-
proximately 125 ft. above ground level (272 ft. above mean sea level) in
an area reasonably free of disturbing structures about 1500 ft. from the
reactor site. From the latter part of October,1956, wind direction and
velocity were recorded continuously for this station. A second aerovane
was installed early in May,1957, on the same tower about 30 ft. above
ground level (177 ft. above mean sea level). Since the elevation of
the reactor stack outlet 164 ft. above mean sea level, data taken at
this second station should be fairly representative of the undisturbed
conditions at the points of gas discharge.

Figure 2A-1 gives an annual comparison of the wind data at the two
elevations for the year from July,1957, through June,1958. More detailed
data are presented as monthly wind roses in Figures 2A-2 and 2A-3. Figure
2A-2 covers the period January,1957, through June,1957, for the upper
and lower elevations for the period July,1957, through June,1958.

In constructing the wind roses, five air velocity groups were used--
cal - 1,2-4, 5-7, 8-12 and 13+ miles per hour. Winds of velocity greater
than 13 m.p.h. occurred so seldom a,d for such short duration that it was
considered unnecessary'to indicate separate groups above 13 m.p.h. The
greatest hourly movement of winds recorded during each month and the time

j of occurrence are given in Table 2A-1.

A wind direction and speed frequency distribution is given in Table
2A-2 for the upper and lower stations for this period, June,1957, through
itay, 1958. The prevailing winds at the upper station fall in the range
of 5 - 12 m.p.h., while those at the lower station fall in the range of
calm to 4 m.p.h. Winds at both elevations show a slight preference for
the quadrant from NE to SE.

The persistance of wind direction at 30-ft. level for the period
June, 1957 through May, 1958, is indicated in Table 2A-3.'

2A.2 Precipitation

An automatic rain gage is located on the University Campus. The data
from this station are available to this project through the U.S. Weather

. Bureau but the hourly precipitation data have been distributed only through
the month of December,1957, at the present time. The daily rainfall for
1957 at Gainesville, Florida is shown in Table 2A '4.

,
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ORIGINAL UFTR WIND AND PRECIPITATION DATA

The following three figures, 2A-1, 2A-2, and 2A-3 sununarize the
wind and precipitation data for the University of Florida as wind roses
for the priod January,1957 through June,1958. Wind data were obtained
from aerocanes located on the College of Engineering radar tower at ele-
vations of 125 feet and 30 feet above ground. The wind data were divided
into five velocity groups, calm-1, 2-4, 5-7, 8-12, and 136 miles per hour.
The radial length of direction lines represented by the windscale indicates
the number of hours for which winds of the designated velocity group pre-
vailed from the point indicated. Shaded areas represent the nurber of hours
in each velocity range during which precipitation occurred.
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Figure 2A-1. Original UFTR Annual Summary of Wind Data Showing
Monthly Totals Averaged Over the Year, Reference 2.
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Table 2A-1

MAXIMUf1 HOURLY AIR MOVEMENT

UF SITE DATA

Date Time Wind Velocity hoh),.

January 10 12 - 1 p.m. W-20

February 19 11 - 12 a.m. W-25

March 26 2 - 3 p.m. W-24

April 5 12 - 1 p.m. SW-22

May 4 12 - 1 p.m. H-22

June 28 2 - 3 p.m. SW-20

July 1 3 - 4 p.m. W-15

August 21 2 - 3 p.m. NE-18
,

Augus'c 22 3 - 4 p.m. NE-la
'

August 23 4 - 5 p.m. NE-18

September 8- 2 - 3 p.m. S-18

October 9 4 - 5 a.m. NE-16

November 11 11 - 12 p.m. NE-20r

November 25 12 - 1 p.m. W-20

December.11 4 - 5 p.m.' NW-21

2A-8
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Table 2A3

WIND DIRECTION AND SPEED
Per cent of total number of hourly
occurrences for eachdirection and
speed group. Wind speedin miles

per hour,

t

125 Ft. Level (June, 1957 - May, 1958) 30 Ft. Level (June, 1957 - May,1958)
C alm (0-1) Calm 2 -4 5-7 8-12 13 + Mis sing Total % Calm 2 -4 5 -7 8-12 13+ Missing Total %

Calm (0-1) 1.1 4.0 5. I 17.0 9. 6 26.6

N 0. 8 1. 7 - 3. 2 0. 5 6. 2 3.4 2.1 0. 8 0. 0 6. 3

$ NE 0. 9 3. 2 7. 6 3. 6 15.3 6. 4 6. 6 2.9 0.2 16.1e
E 1. 2 5. 2 7. 3 1.4 15.1 4.8 3. 7 1.1 0. 0 9. 6

SE 2.2 6.4 5. 4 1. 0 15.0 8. 0 2.4 0.4 0. 0 10.8

3 2.2 3. 9 2.7 0. 7 9. 5 3. 6 1.1 0. 3 0.0 5. 0

-SW 2.1 4. 3 3. 3 2.0 11.7 4.4 2. 6 1. 4 0. 6 9. 0

W. 1.1 3. 5 4. 3 2.0 10.9 3. 9 2.7 3.1 0. 5 10.2

NW l.2 2.4 5. 3 2. 3 11.2 3. 7 2.0 0.7 . 0. 0 6. 4

TOTAL % 1. I 11.7 30.6 39.I 13.5 4.0 100.0 17.0 38.2 23.2 10.7 1. 3 9. 6 100.0
N



.

Table 2A-3

PERSISTENCE OF WIND DIRECTION
June 1957 - May 1958 (30 ft. Level)

Total Total
Hours C alta N NE E SE S SW W NW Missing Frequency Hours

1 122 107 140 135 137 117 136 132 123 5 1154 !!54
2 51 38 63 65 70 63 46 64 30 4 491 988
3 31 25 39 39 49 16 26 26 21 4 276 828
4 23 14 22 28 27 18 19 26 15 0 192 688
5 20 8 16 11 16 5 12 21 9 1 119 595
6 13 5 8 9 18 5 11 7 4 2 82 492
7 17 6 8 6 7 1 3 4 6 1 59 413
8 16 5 3 4 6 3 3 6 4 2 52 416
9 5 1 5 2 2 1 6 3 1 0 26 234

10 16 1 4 2 5 2 3 4 1 0 38 380
11 6 2 5 2 4 4 3 0 6 32 352
12 5 1 5 3 3 2 2 1 0 22 264
13 5 2 1 2 3 5 1 1 1 21 773
14 4 1 1 1 1 2 2 0 12 168
15 2 3 0 0 1 6 90
16 1 1 0 1 2 5 80
17 4 1 1 1 0 7 119
18 1 2 2 0 1 6 108
19 5 1 0 6 114
20 1 1 2 4 80
21 1 2 3 63
22 2 1 3 66
23 0 0 0
24 1 1 2 4 96
25 1 0 1 25
26 1 1 26
27 1 1 0 2 54
28 1 0 l' 28
29 I 1 29.

I 30 1 0 1 30
33 1 1 0 2 66
35 1 1 35
36 1 1 36
40 1 1 40
41 1 1 0 2 82
47 1 1 47-
63 1 0 1 63

138 1 1 138

TOTAL, 8,760

2A-10
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Table 2A-4

DAILY RAINFALL FOR 1957

Gainesville, Florida

Dits Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

1 .01 .85 .06 1.23 1.25
2 .31 .07 .40 .47
3 .04 .20 .03 .54 .08
4 1.91 .06 .12 .60 .26 .01 .15
5 .01 .78 .01 .97 T .09 1.00
6 .09 03 .95 .03 3.07 05
7 .19 .57 .35 .40

8 .13 2.25 .07 .85 .32
9 .03 1.19 . 04 .29 .12 .61

10 .20 . 07 - 1.84 .37
!! .15 .03 .53 .39 14 07
12 .89 .39
13 02 .79 .02
14 T .53 .01 . 62
15 .12 .01 .23 . 12

16 .33 3.00 T .60
17 T .11 .01 1,44 1.45
18 .02 .30 .05 .16 .35
19 .21 .03 .55 .08 1.16 .90 . 14 .24
20 .54 .05 .02 .15
21 .04 .33

:22 .20 1.25 .55
23 .02 .03 .51

' 24 .74 .55 .10
'25 .10 1.14 .01 .19 .15 .02 .49
,26 44 .32 T .04

r?7 .05 .02 .43 . 03-
'2. .57 .07 .42 .07 .33
:29 .68 .25 .03 1.11- .39

30 .45 1.20 .11 .53
, 31 .11 .29
|Totd O.59 2.37 5.35 3.94 6.69 7.51 8.72 10.33 6.50 1.94- 2.12 0.87
|

Total for the Year 56.93

|
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Precipitation data obtained from the Weather Bureau's hourly to-
tals is presented on the monthly wind roses for the upper station for
the period January through December,1957, in Figures 2A-2 and 2A-3.
The shaded areas indicate the nunter of hours in each velocity range
during which precipitaition occurred. Additional months will be analy-
zed as information becomes available from the U.S. Weather Bureau.

An analysis of the frequency of wind direction by velocity groups
during precipitation is given in Table 2A-5.

2A.3 Inversion and Atmospheric Stability

In May 1957, equipment was installed on a 400 ft. radio tower
about two miles west of campus to obtain vertical temperature data.
Three days later this installation was destroyed by liahtning. Continued
attempts to install equipment on this tower met with difficulties, so
another location was selected. This new location on the College of Engi-
neering radar tower has now been instrumented. The installation consists
of shielded thermocouples, exposed at elevations of 130 ft. and 5 f t.
above the ground, connected to a recording potentiometer. Stability con-
ditions of the atmosphere will be determined in this manner and inversion
data computed from the temperature profiles obtained.

Due to the lack of temperature lapse rate data, a study was made to
estimate the relative frequency of turbulent and stable conditions using
the wind speed ratio obtained from readings at the 125 ft. and 30 ft. levels
as the criterion of turbulence.

As discussed in the Sumary Report for the Argonaut Reactor, the
British Chemical Warfare Service has used ratios as a measure of turbulence
very successfully. The same range of n, a parameter related to wind ratio
by the equation

n

U Z
R=g=g (2A-1)

U = wind speed at upper level
Uo = wind speed at lower level

Z = height at upper level

Zo = height at lower level

was used to define the same three classifications of turbulence as used in
the Argonne Report.

It should be recognized that no long-range conclusions can be drawn
from this study regarding turbulent and stable conditions since insufficient
data were available.

The results of this study are presented in Table 2A-6.

*"Sumary Report on the Hazards of the Argonaut Reactor," D.H. Lennox and C.N.
Kelber, ANL 5647,
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Table 2A-5

WIND FREQUENCY DURING PRECIPITATION

University of Florida, Gainesville, Florida

Number of hours, divided into wind direction and velocity
categories, during which precipitation occurred during 1957.

M = missing data

Dir. 2 -4 5-7 8-12 13+ Total 2 -4 5 -7 8-12 13+ Total
N 0 1 1

NE O 1 2 7 6 16

E 5 2 7 1 5 6

SE 1 1 5 7 12

S 0 1 1

SW 4 4 1 1 2

W 1 1 2 1 1 2

NW 0 0

Total 1 9 4 0 14 4 8 21 7 40

January: calm 0,, M. O_ 14 February: calm 0,, M . O, 40

N 1 2 3 1 2 3

NE 1 3 4 8 2 2

E 1 5 6 4 16 2 6 8

SE 1 2 3 2 3 5 3 13

S 1 1 2 1 1

SW l 3 3 7 3 3

W 1 5 6 1 1

NW 0 1 1

Total 2 8 19 16 45 2 8 14 8 32

|
March: calm 1, M . O_ 46 April: calm 1. M. O, 33

N 2 2 1 1 2

NE 1 1 2 3 3

E 4 1 5 1 1 3 5
,

SE 2 5 8 1 16 1- 5 3 9

i S 1 4 5 5 6 10 8 29
SW l' 2 1 4 1 6 5 6 18

W 3 1 4 2 4 6

NW l 1 2 2

Total 6 18 13 2 39 9 22 29 14 74

May: calm 1,, M . O, 40 June: calm 0,, M. O, 74

(connaud)
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icensined)

Dir. 2 -4 5-7 8-12 13 + Total 2 -4 5-7 8-12 13 + Total

N 2 2 0

NE 5 5 2 2 2 6

E I 1 2 1 5 6 1 13

SE 2 11 2 3 18 2 2 2 1 7

S 1 3 2 6 2 1 1 4

SW 7 6 13 1 4 5 1 11

W l 4 5 1 11 2 2 4

NW l 3 4 2 2

Total 5 27 25 4 61 0 16 18 5 47

July: calm O_, M. O, 61 August: calm O_, M. O_ 47

N 1 1 1 1
*

l'NE 2 6 8 1

E 2 4 6 0

SE 3 6 10 19 5 6 11

S 3 4 4 11 0

SW 1 3 2 2 8 2 2

W 2 1 3 1 1 2

NW 4 1 1 6 3 2 5

Total 10 17 29 6 62 10 9 3 22~

September: calm 3,, M.4 69 October: calm 1. M. 3_ 26

N 0 1 1

0
NE 1 1

O
E O

SE 1 1 1 3 0

S 2 4 1 7 1 1 2

SW 1 1 1 3 1 2 2 5

W 2 2 2 3 3 8

NW 2 2 4 1 5

Total 2 5 9 2 18 5 9 7, 0 21

November: calm 0 M . O, 18 December: calm O. M. O, 21
2

N 2 2 9 3 16

NE 3 10 26 13 52

E 4 26 33 5 68

.SE 18 45. 39 10 112

S 11 19 24 14 68
'

SW 7 30 27 16 80

W 9 14 26 21 51

NW 10 10 7 1 28

Total 64 156 191 64 475

Year: calm 7_, M. 7_ 489

2A-14 .
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Table 2A-6_

ESTIMATED FREQUENCY OF TURBULENCE

&mbe r of occurrences of ratio of wind speed at 12 5 i t , to wind speed at 3 0 i t .(R) for ' hreet

general classifications of turbulence grouped according to wind speed at 30 ft. level (June
1957 - May 1958)

Wind Speed (MPH) for 30 ft. level
'

n R 0-1 2-4 5-7 8-12 13+ Total %

Turbulent 1.000-0.268 0.62-1.25 241 245 193 73 7 759 8.7

Noutral 0.279-0.340 1.26-1.34 0 88 135 75 23- 321 3. 7

Non-turbulent 0.346-1.000 1.34-4.17 1239 3041. 1721 789' 88 6858 78.5

Missing Data 9.1

Total 100.0

|

l

.

I

'
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Table 28-1

FLORIDA POWER CORPORATION CRYSTAL RIVER METEOROLOGICAL DATA

frC - CRYSTAL RIVER 33 FT WINDS OfL T 1/1/75 - 12/31/75
TEMP. LAPSE RATE STABILITY CLASS A

WIND SFEED VERSUS DIRECTION (IN NUMBER OF 085.)

WIND WIND SPEED (MPH) AT 10 ETER LEVEL
DIRECTION 1-3 4-7 8-12 13-18 19 24 >24 TOTAL

NNC 1 17 29 1 0 0 48
NE O 30 83 15 0 0 128.
ENE 1 27 84 23 0 0 135
E 3 37 92 8 0 0 140
ESE 0 6 47 3 0 0 56
SE 0 6 19 4 0 0 29
SSE O 4 24 7 1 0 36
5 0 6 27 24 5 0 62
$$W 1 4 47 34 4 0 90
SW 0 10 18 17 1 0 46
WSW I 34 58 7 0 0 100
W J 105 218 7 0 0 333
WW 2 32 171 16 7 0 228
W 2 13 50 16 4 2 87
Nw 2 7 12 0 0 0 21
N 1 23 32 5 0 0 51
TOTAL 17 361 1011 187 22 -2 1600

PER!005 0F CALM (No. OF HOURS) - 0
............................ ..... . . ..

TD 9. LAPSE RATE STABILITY CLASS 8
WIND SPEED VERSUS DIRECTION (IN NUM ER OF O6S.)

WIND WIND SPEE0 (MPH) AT 10 METER LEVEL
O!RECTION 13 4-7 8-12 13-18 19-24 >24 TOTAL

NNE O O 2 0 0 0 2
NE 1 3 12 3 0' 0 19
ENE O 5 10 0 0 0 15
E 1 6 9 0 0 0 - 16
ESE O 1 5 0 0 0 6
SE 1 0 4 2 0 0 7
SSE o 2 7 3 0 0- -12
5 0 6 4 0 0 0 10
SSW 0 3 13 5 1 0 22
SW 0 3 5 3 1 0 - 12 -
WSW I 4 14 .0 0 0 19
W 0 11 8 2 0' 0 21
WNW 0 -6 7 -0 0 0 13 -
NW 0 4 4 3 1 0 12
Nw 1 O 2 2 0 0 5
N O 5 2 0 0 0 7
TOTAL 5 59 108 23 3 0 198

l'EN!005 0F CALM (NO. OF HOURS) - 0

TEMP. LAPSE RATE STABILITY CLASS C'
WIND SPEE0 VERSUS DIRECTION (IN NUM ER OF 085.)

WIhD ~ WIND SPEED (MPH) AT 10 f1ETER LEVEL
OIRECTION 1-3 4-7 8-12 13-18 19-24 #24 TOTAL

hie 2 4 4- 0 0 .0 10'

NE 2 8 20 4 r. 0 1 34
EME 4 7 22 4 t 0 37
E O 12 16 1 0 0 29 '
ESE 1 13 . 16 3 0 0 33
SE 1 7 6 1 0 0 15
SSE O 9 9 4 0 0 22~
S :0 1 11- 4 .0 0 22

. 0 'O 33 -SSW 0 4 20 9
SW 3 3 21 5 0 0 37
WSW 1 16 20- 1 'O O 38
W 1 23 - 23 0- 0' .0- 47 i
WNW 1 10 16 1 .1 0 29
NW - 0 5 15 7 1 0 30
NNW 1 5 4 0- 0 0. 10
N 1 6 13 0 0 ' -0 20

'

TOTAL 18 144 236 44 . 4. .0 446'

PER!fct'. OF CAlft (No. OF HOURS) - 0
1

28-1
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. Table 28-1JContinued)

TEMP. LAPSE RATE STABILITY CLASS D
WIND SPEED VERSUS DIRECTION (IN NUMBER OF OBS.)

WIND WIND SPEED (MPH) AT 10 f1ETER LEVIL
DIRECTION 1-3 47 8-12 13-1R 19-24 24 TOTAL

NNE 5 17 50 4 0 0 76
NE 3 41 153 12 1 0 210
ENE 10 36 64 13 0 0 123
E 9 61 38 2 0 0 110
E5E 8 42 22 5 0 0 77
SE 5 48 46 10 0 0 139
%E 5 40 37 9 3 0 94
5 3 29 36 25 7 0 100
ZW 4 43 52 43 9 1 157
SW 10 64 11 7 60 1 0 257
WSW 6 44 85 9 0 0 144
W 7 50 49 15 0 0 171
WNW 8 30 47 18 2 0 105
NW 7 39 46 76 17 0 135
NNW 4 21 2? 10 1 0 58
N 5 56 58 6 0 0 125
TOTAL 99 (61 922 ?67 41 1 1991

PERIOG OF CALM (NO. OF HOURS) - 0
...................................................

TEttP. LAPSE RATE STABILITY CL Ass E
WIND SPEED VERSUS DIRECTIn t (IN N1ftLR of ors.)

WIND WIND SPEED (f1PH) AT 10 f5TfR IEvil
DIRECil0N 13 4-7 8-12 11-1H 19 74 74 70TAL

NNE 11 55 47 1 0 0 114
NE 16 81 149 3 0 0 749
ENE 18 168 117 0 0 n 301
E 31 195 39 ? O O 767
ESE 24 106 45 1 0 0 176
SE 9 142 49 2 0 0 702
SSE 4 42 26 19 0 0 al
5 6 44 53 33 5 t 142
SSW 3 23 39 19 ? I 87
SW 7 20 32 7 0 0 66
WSW 8 36 36 8 0 0 R8
W 8 82 51 3 1 0 145
WNW 5 46 37 3 0 0 91
NW 6 33 28 7 ? O 76
ff4W 16 61 26 12 0 0 115
N 14 82 65 4 1 0 166
TOTAL 18 6 1216 839 124 11 ? 7373

PERIOD OF CAlfi (NO. OF HOURS) - 2
..................................................

TEMP. LAPSE RATE STABILITY CL7.55 f
WIND SPEED VERSUS DIRECTION (IN NUMBER Of 005.)

WIND WIND SPEED (MPH) AT 10 MfTER LEVEL
DIRECTION 13 4-7 8-12 13-18 19-74 '?4 TOTAL

NNE 14 52 22 0 0 0 88
NE 32 46 34 2 0 0 114
ENE 28 172 59 0 0 0 759
E 64 169 5 0 0 0 738
ESE 35 78 13 0 0 0 126
SE 11 85 2 0 0 0 98
SSE 3 18 1 0 0 0 ??
5 2 9 2 ? O O 15
SSW 5 1 2 0 0 0 8
5W .I 1 0 0 0 0 ?
WSW D- 0 0 0 0 0 0
W 0 0 1 0 0 4 i
WtM 4 0 0 0 0 0 4
NW 5 4 0 0 0 0 9
Nf4W 9 17 ,3 2 0 0 31'N la 61 15 0 0 0 44
TOTAL 231 713 159 6 0 0 1109

j

kERIODS OF LApt :%1. OF r0VRS) 4

28-2
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Table 23 .1, (Contjnued)

TLil'. I APSF RATE STABILITY CLASS G
WIN!) VFLD VERSUS DIRECTION (IN NUPCFR OF 035.)

WIND WIND SPEED (MPH) AT 10 METER LEVEL
DIRLCT!0N 1-3 4-7 8-12 13-18 19-24 24 TOTAL

NME 16 20 9 0 0 0 45
NE 18 27 6 0 0 0 51
ENE 18 68 31 0 0 0 117
E 35 72 2 0 0 0 109
ESE 18 34 0 0 0 0 52
SE 8 28 1 0 0 0 37
SSE 2 2 0 0 0 0 4
5 0 2 0 0 0 0 2
55W 0 0 0 0 0 0 0
$W 0 0 0 0 0 0 0
WSW 0 0 0 0- 0 0 0
W 0 0 0 0 0 0 0
WNW 0 0 0 0 0 0 0
NW l 1 0 0 0 0 2
N *d 2 2 1 0 0 0 5
N 8 25 5 0 0 0 38
TOTAL 126 281 55 0 0 0 462

PERIDO OF CALM (NO. OF HOURS) - 2

s

}
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Table 28-2 '

GAINESVILLE UTILITIES - DEERHAVEN PLANT METEOROLOGICAL DATA

METEOROLOGICAL INPUT DATA FOR THE ANNUAL SEASON

HIXING DEPTH = 1450, METERS
AfBIENT TEMPERATURE = 298 DEGREES, KELVIN
AMBIENT PRESSURE = 1000 MILLIBARS

STAlslLITY CLASS 1

WINDSPEED CLASS *

WIND DIRECTION 1 2 3 4 5 6

N 0.0010 0.0021 0.0 0.0 0.0 0.0

NNE 0.0007 0.0034 0.0 0.0 0.0 0.0
NE 0.0007 0.0017 0.0 0.0 0.0 0.0

ENE 0.0003 0.0031 0.0 0.0 0.0 0.0

E 0.0 0.0031 0.0 0.0 0.0 0.0

ESE 0.0 0.0014 0.0 0.0 0.0 0.0

SE 0.0007 0.0017 0.0 0.0 0,0 0.0

SSE 0.0 0.0017 0.0 0.0 0.0 0.0

S 0.0003 0.0010 0.0 0.0 0.0 0.0

SSW 0.0 0.0003 0.0 0.0 0.0 0.0
SW 0.0003 0.0007 0.0 0.0 0.0 0.0

WSW 0.0 0.0021 0.0 0.0 0.0 ~0.0

W 0.0003 0.0024 0.0 0.0 0.0 0.0

WNW 0.0010 0.0038 0.0 0.0 0.0 0.0

NW 0.0007 0.0014 0.0 0.0 0.0 0.0

NNW 0.0 0.0014 0.0 0.0 0.0 0.0

* Wind Speed Class #1 = 1-3 Knots
#2 = 4-6 Knots
#3 = 7-10 Knots
#4 = 11-16 Knots
#5 = 17-21 Knots
#6 = Greater than 21 Knots

(
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Table,_28-L(Co_ntinued)

STAntilTY CLASS 2

WINDSPEED CLASS

WIND DIRECTION 1 2 3 4 5 6

N 0.0014 0.0027 0.0027 0.0 0.0 0.0
NNE 0.0007 0.0007 0.0021 0.0 0.0 0.0
NE 0.0007 0.0041 0.0024 0.0 0.0 0.0
ENE 0.0010 0.0024 0.0034 0.0 0.0 0.0
E 0.0014 0.0045 0.0065 0.0 0.0 0.0
ESE 0.0010 0.0034 0.0051 0.0 0.0 0.0
SE 0.0017 0.0017 0.0041 0.0 0.0 0.0
SSE 0.0014 0.0034 0.0045 0.0 0.0 0.0
5 0.0021 0.0010 0.0021 0.0 0.0 0.0
SSW 0.0003 0.0014 0.0021 0.0 0.0 0.0
SW 0.0017 0.0014 0.0041 0.0 0.0 0.0
WSW 0.0021 0.0017 0.0017 0.0 0.0 0.0
W 0.0017 0.0024 0.0072 0.0 0.0 0.0
WNW 0.0007. 0.0024 0.0041 0.0 0.0 0.0
NW 0.0014 0.0021 0.0055' O.0 0.0 0.0
NNW 0.0017 0.0027 0.0051 0.0 0.0 0.0

STABILITY CLASS 3

WINOSPEED CLASS

WIND DIRECTION 1 2 3 4 5- 6-

N 0.0 0.0003 0.0021 0.0007 0.0 ' O.0
NNE 0.0 0.0010 - 0.0034 0.0017 0.0 0.0
NE 0.0 0.0010 0.0048 0.0031 0.0 0.0
ENE 0.0 0.0007 0.0038 0.0031 0.0 0.0
E 0.0 0.0007 0.0055 :0.0062 0.0 0.0
ESE 0.0 0.0010 0.0068 0.0062 0.0 0.0
SE 0.0 0.0014. 0.0038 0.0031 0.0 0.0
SSE 0.0 0.0014 0.0045 0.0021 0.0 0.0
S 0.0 0.0010 0.0038 0.0027 0.0 . 0.0
SSW 0.0 0.0014 0.0031' O 0021 0.0 0.0
SW 0. 0 - 0.0 0.0027 0.0017' O.0 0.0
WSW 0.0 0.0007 0.0027 0.0024 0.0003 0.0
W 0. 0 . 0.0003 0.0068 0.0058- 0.0003 0.0
WNW 0.0 0.0017 0.0024 0.0065 .0.0 0.0
NW 0.0 -0.0007- 0.0031 0.0017 0.0- 0.0 '

.NNWz ' O.0 . 0.0010 0.0024 0.0010 0.0 0. 0 -

(~
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Table 2B-2(Continued) I

STABILITY CLASS 4

|

WINDSPEED CLASS

l

WIND DIRECTION 1 2 3 4 5 6 i

)N 0.0010 0.0092 0.0082 0.0003 0.0 0.0
NNE 0.0034 0.0092 0.0120 0.0017 0.0 0.0
Nf 0.0038 0.0110 0.0120 0.0072 0.0 0.0 |
ENE 0.0024 0.0082 0.0161 0.0031 0.0 0.0
E 0.0027 0.0158 0.01 68 0.0068 0.0 0.0
ESE 0.0021 0.0123 0.0164 0.0048 0.0003 0.0
SE 0.0038 0.0086 0.0092 0.0055 0.0 0.0
SSE 0.0031 0.0065 0.0075 0.0045 0.0003 0.0
5 0.0041 0.0079 0.0120 0.0065 0.0 0.0
SSW 0.0038 0.0041 0.0075 0.0027 0.0 0.0
SW 0.0021 0.0045 0.0086 0.0051 0.0003 0.0
WSW 0.0034 0.0034 0.0113 0.0079 0.0007 0.0003
W 0.0027 0.0086 0.0236 0.0130 0.0007 0.0
WNW 0.0017 0.0110 0.0072 0.0096 0.0 0.0
NW 0.0034 0.0086 0.0089 0.0041 0.0 0.0
NNW 0.0031 0.0116 0.0120 0.0021 0.0 0.0

STABILITY CLASS 5

WINDSPEED CLASS

WIND OIRECTION 1 2 3 4 5 6

N 0.0096 0.0089 0.0 0.0 0.0 0.0
NNE 0.0079 0.0062 o.0 0.0 0.0 0.0
NE 0.0079 0.0089 0.0 0.0 0.0 0.0
ENE 0.0092 0.0068 0.0 0.0 0.0 0.0
E 0.0096 0.011 0.0 0.0 0.0 0.0
ESE 0.0096 0.0065 0.0 0.0 0.0 0.0
SE 0.0065 0.0058 0.0 0.0 0.0 0.0
SSE 0.0086 0.0031 0.0 0.0 0.0 0.0
S 0.0065 0.0038 0.0 0.0 0.0 0.0
SSW 0.0082 0.0021 0.0 0.0 0.0 0.0
SW 0.0082 0.0024 0.0 0.0 0.0 0.0
WSW 0.0072 0.0021 0.0 0.0 0.0 0.0
W 0.0082 0.0161 0.0 0.0 0.0 0.0
WNW 0.0103 0.0161 0.0 0.0 0.0 0.0
NW 0.0075 0.0082 0.0 0.0 0.0 0.0
NNW 0.0082 0.0089 0.0 0.0 0.0 0.0
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3. DESIGN OF STRUCTURES. COMPONENTS.
EQUIPMENT AND SYSTEMS

This chapter identifies, describes, and discusses the principal archi-
tectural and engineering design features of the UFTR building and integral
structural systems. This presentation is simplified considerably from that
required for the typical power reactor due to the characteristics of the
UFTR which is an unpressurized, compact reactor that is contained within a
single structure. The UFTR reactor building and its integral structural
systems are the only features considered in this chapter, while all the sys-
tems dealing directly with the reactor are covered in Chapter 4.

3.1 Structural Design

The reactor building, pictured in Figure 3-1, is a " vault-type" build-
ing as defined in 10 CRF 73.2(o). The reactor building is divided into two
distinct parts based upon the difference in utilization and their structure.
The overall reactor building measures approximately 60 ft. by 80 f t. inside
as depicted in Figure 3-2. The reactor or cell area is 30 ft. by 60 ft. with
29 ft. of head room, located at the north end of the building. The rest of
the building is used for research laboratories, facalty offices and graduate
student study areas. The current floor plan for both levels of the building
is shown in Figures 3-2 and 3-3 which shows a number of building changes
from the original floor plan primarily aimed at increased security and area
utilization.

The office laboratory section of the building is constructed of concrete
columns and beams with hollow cement block curtain walls and metal sash win-
dows. The exposed cement blocks on the inside are painted with primer and
two coats of semigloss enamel while red brick veneer is used on the outside.
The floors and roof are poured concrete slabs, covered with vinyl or asphalt
tile.

Some relatively minor alterations have been made to the first floor plan
including changes in the West entrance door for Laboratory Room 104 plus re-
moval of the loop, rolling mill, and swager. In addition, administrative
offices have been installed inside the Laboratory Room 104 on the East side
opening into the reactor lobby outside Room 103 only. In addition, a wooden
partition with a permanently locked door and intercom alarm has been in-
stalled to the South of the stairs in the reactor lobby leading to the second
floor. This lock and intercom system limits free access into the area just
outside the control room to approved personnel. A metal door unit with inter-
com at the top of the steps serves the same purpose of limiting free access
to the reactor control room door. This pair of permanently locked doors
under the control of the reactor operator or his designated representative
defines a UFTR " protective zone" outside the reactor control room and reactor
cell which makes up the restricted area for this site and is designated a
limited access area.

Some alterations have also affected the second floor plan of the . A

building. First, the viewing windows (glass) in the lobby area loc'dne n-
to the reactor hall and down into the hot cave area have been closec
with concrete blocks. The east outside entrance to the lobby was mac i
glass with a glass door. This arrangement has been replaced with a c,.,n; e
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block wall faced with bricks similar to the rest of the outside wall con-
struction of the building. The metal access door leading from the outside
is always locked and further reduces access to the building to keyed approved
personnel only and serves to define the reactor building as an exclusion area
for safety analysis purposes.

One other change to the second floor plan is the reduction of lobby
space by the addition of three offices labelled 201 as shown in Figure 3.3.
All secondary walls are of standard wood / wallboard / paneling con. ruction for
dividing and acoustic insulation purpows only. These walls are cosmetic
only and serve no structural purpose. The same type of wall addition was used
in Room 205 to make an office and a receptionist area and in Room 203 to divide
it into two rooms.

None of the changes outlined here has affected the structural integrity
and inherent safety features of the reactor building. These changes have
merely been made to facilitate use of the building under changi'g research
and training patterns of operation.

The reactor room or cell (area 101), while an integral part of the build- <

ing, is isolated from the laboratory-office section by a double-door air lock
exit / entrance or the single entrance door. The protective zone in the hall
outside the cell further serves to isolate the .eactor room. The walls of the
room are constructed of monolithic reinforced concrete, one foot thick, rest-
ing c,a mat footings. The inside walls of areas 101,102 and 103 are coated
with 7 mils-thick vinyl-epon paint. The floor is a concrete slab resting on
undisturbed or compacted earth, as was deemed necessary depending on test bor-
ing results. The floor slab has a minimum thickness of one foot, and is in-
creased under the reactor to 18 in. It is designed for a maximum load of
3,000 lbs. per square ft. at the reactor and at least 1,500 lbs. per square
f t. over the rest of the area. The floor slab is damp proofed with a barrier
of two plies of 15 lbs., felt mopped in place with hot asphalt between the
base slab and top slab. All the slab junctions with vertical surfaces are
provided with sixteen-ounce copper water stops. These junctions are calked
with pre-moulded mastic filler and hot-poured paraplastic seals.

' The roof of the reactor is built-up with a 3 in., precast roof tile
covered with 2 in of rigid fiberglass insulation boarded and sealed with 5-ply
tarred felt and pitch with a slag covering. The roof of the reactor room is
supported on No.166 steel-bar joists spaced 2 ft. on centers.

The reactor rests on a 16 in, high concrete pedestal in order to raise
the beam holes to a convenient 40 in. workino level and to support the reactor.
A concrete service trench, 5 ft, wide by 2 ft, deep, extends from under the
reactor to an equipment pit, measuring 5 ft., 3 in. by 13 ft., 6 in. by 6 ft.
deep, located adjacent to the reactor.

The reactor control area (Space 102), housing the reactor console, is
located in the southeast corner of the reactor room inside the reactor cell.

plate glass wall is provided around the control area to give maximum visi-
bility from the control console to the reactor cell and to isolate this area
from the rest of the reactor cell.

3-5
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The UFTR reactor building has five entrances (exits), but only two--one
upstairs and one downstairs--leading into the reactor building from the
Nuclear Sciences Center, will be in normal use during regular work hours.
The other three entrances (exits) are kept locked at all times. The vehicle /
freight doors on the West side of the reactor cell (area 101) are used only
in special situations such as refueling the UFTR and now have a personnel door '

installed for an emergency exit. This door is monitored on the reactor control
console by the reactor operator on duty. The door on the West side of the
radiochemistry laboratory (area 104) is also oni, used in special situations
such as equipment delivery but is also available for emergency exit from the
building. The final exit is on the second floor on the East side outside
the offices (area 201) and is also kept locked. This entrance (exit) is in
general use for authorized keyed personnel to enter the building at all times.
All doors are steel fire-rated doors.

The main reactor room entrance opens close to and in view of the reactor
operator in the control room (area 102). The entrance door from the control
room to the hall can be easily opened from the inside for use as an emergency
exi t. This door is weather-stripped with neoprene and is equipped with a door
closer. The main reactor room exit (and occasional equipment entrance) (area
103) is equipped with radiation detection / monitoring devices for personnel. This
exit has an air lock set-up and is 8 ft., 4 in. long, 7 f t wide and 8 ft. high.
The air lock also opens in view of the reactor operator in the control room
and both of its doors are metal fire doors. Both of the doors to the air lock
(area 103) are weather stripped with neoprene and have door-closers. These air
lock doors are also monitored on the UFTR reactor control console by the reactor
operator on duty.

The freight doors will be closed at all times during operation of the
reactor and will be opened only during the actual transfer of material or special
maintenance activities. The door is 10 ft. wide by 12 f t. high, four-paneled,
steel-skinned, honeycombed construction, and hinged door. The sill, jambs,
astragals and head have sponge-rubber seals and calking to minimize leakage.
The bottom, right-hand panel of the freight door also serves as an emergency
personnel exit and can be opened by a panic release. It is also supplied with
a door closer.

The reactor is an elongated octagon located in the center of the 30 ft.
dimension of the room,12 ft from the West end. It has an East-West axis of
20 f t. , 4 in. and a North-South axis of 15 ft. , 6 in. The clear floor dimen-
sions around the reactor are summarized in Table 3-1.

An observation window was originally provided between the second floor
hall and the reactor room and was made up of stationary 1/4 in. thick LEXAN
plate, which was a shatter and bullet proof plate, sealed in aluminum frames.
An additional observation window was provided between the second floor hall
and the hot cave area in the radiochemistry laboratory area in Room 104. For
security reasons, these windows were sealed with solid concrete blocks and
painted over on the outside with sealer and latex paint. Subsequently, the
offices referred to earlier have been added in area 201 on the second floor.
These offices are not considered to have any effect on the structural integrity
of the reactor building.
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Table 3-1
;

| REACTOR DIMENSIONS AND CLEARANCE

$ 1. Room Dimensions (Inside)
1

(a) East-West 60 ft. !

'

(b) North-South 30 ft.

(c) Height (Clear) 29 ft.

2. Reactor Dimensions'

(a) East-West 20 ft., 4 in.

(b) North-South 15 ft., 6 in.

(c) Height Above Floor (To Reactor Top) 11 ft. ,10S in.

(d) Height Above Floor (To Top of Water Tank)- 14 ft.,105 in.

3. Clearances
,

(a) West End (Water Tank) 12 ft.s 0 in.

(b) North Side (Pit) 7 ft., 3 in.

(c) East End (Thermal Column) 27 ft.,-8 in.

(d) South Side 7 ft., 3 in.

(e) Corner Beam Tubes 9 ft. to 10 ft.

(f) East End to Control Room 13 ft. , 3 in.
!

(g) Overhead (Crane Hook to Reactor Top) 11 ft., 9 in.

(h) Overhead (Crane Hook to Water Tank) 8 ft., 9 in.

(i) Overhead (Bottom of Bridge Beam to Reactor
-Top) 15 ft., 1-in.,

3-7

I
. . . . _ - . . - . , _ _- .- _.



An air-conditioning equipment platform with 10 f t. by 11 ft, dimensions
is located in the northeast corner of the reactor cell. It is built 10 ft.
above the floor to provide ample head room for equipment and personnel work-
ing under it.

A 3-ton bridge crane is provided for handling shield blocks, lead casks
and other heavy equipment; the hoist travel allows coverage of the entire
area of the reactor room. Adequate clearance is provided to pemit the use
of equipment necessary for fuel transfer operations and for the installation
of any experimental equipment which might be desired. The clearance over
the water tank is sufficient for the lead coffin used to remove irradiated
fuel elements from the reactor. A balcony over the control room serves as a
shield preventing any damage to the control room from the crane book or heavy
objects being moved with the crane. It also serves as a maintenance area for
the crane.

Spent fuel storage is available at the Northwest corner of the reactor,
an area which is accessible to the crane. It consists of twenty-seven, 4 in.
diameter by 4 ft deep, steel-lined storage holes embedded in the concrete
and equipped with locked plugs.

There are convenience outlets (115-v) and a 208-v., single-phase outlet
on the walls of the room. Tap water is available in the vicinity of the
equipment pit shown in Figure 3-2. A utility sink is also located in the
Northwest corner of the reactor cell. Area 105, located outside the North-
west corner of the reactor cell, is a utility room where service equipment
for the building is stored.

__

The pit outside the reactor room East of Area 105 contains the 10,000-
c.f.m. flow rate fan to provide dilution for air coming from the reactor,
and a brick flue to carry the exhaust air above the top of the building.

The number of penetrations through the reactor-room walls, floor and
ceiling has been kept to a minimum. Table 3-2 identifies the significant
penetrations and gives the location of each. All penetrations with the
exception of six items (2, 3,10,13,14,15) are nonmovable installations,
either poured-in-place or sealed with neoprene or mastic gaskets.

The main exit door for personnel (Item 2 in Table 3-2) has an air lock
8 ft., 4 in. long, 7 ft. wide and 8 ft. high. The outer door is kept locked
to entrance from the Limited Access Area as previously indicated. This air
lock opens close to and in plain view of the operator in the control room.
Both doors to the air lock are weather-stripped with neoprene and have door-
closers. The main entrance door (Item 3 h Table 3-2) from the Limited
Access Area to the control room is weather-stripped with neoprene and equipped
with a door closer. It is locked to entrance unless cader supervision of the
reactor operator but can be opened easily from the inside for use as an emer-
gency exit only. It opens directly into the control room and in plain view
of the operators present.

3-8
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fable 3.?

5.lCNlf,1 CANT ff NETRA,7,IM.. !N, U,f TR_P( ACTOR, CF(t

PENilRA'804 IN51|( LOCAf. inn fttyAfinN fuji.s.10..r ACC. [%
- -.

1. l'f su* (haw %nuth wall. cast end 10 ft. (above Northeast corner of lah
control room) (104) above control rnom

2. Intrance dune South well control rnom floor level timited Access Area out-
side control cons

3. [stt door South wall, air lock Floor level tietted Accest Area out-
side control room

ennt nf lab4 Two condults. 3/4 in. South wall 29 ft.

5. Three condufts.
3 I/F in. South well, west end 29 f t. eoof of lab

6. Pipe chase South wall, west end ~ 15 ft. 1M. corner of lab (lu)

7. Pipe chase South wall, west end 10 ft. MM. corner of lab (IM)

8. Conduit.1/2 in. South wall, center 14 ft. tab roof north end behind
brick vencer:

9. Frefght door.
10 f t. s 12 f t,

containing faset
. personnel emit West wall floor leve) Hegt gjde, oftund Ievel

10. Pipe cha w North well. west end 5 ft. Utility rona (l'1%) north
end of buildinn

II. Three condufts. Poof of utility room (105)-
3 1/2 in. North wall, west end 29 ft.

12. Air conditioning North wall, east end 11 ft.-(above niatform) 4.f. corner, nrnund level

13. Reector coolant .

' 1 f t. 4 in, below floor North side of buildinn
,

-

System North wall. equipment pit
in heat eschanne ett

14. Sandfilled trench
to laboratory

(wtII soon be North wall of' feb (164)plugged) Under south wall 18 f t. I ft. below '

from west end

15. Drain (plugged) Southwest corner of pit floor ' 6 ft. below bov1n sewer

16. Reactor vent [quipsont pit. north wall. 3 ft. below 700 of stack
east end

17. Drafn (sanitary) Floor, northwest Corner . floor level . Sanitary sewer

18. Drain vent Roof. northwest corner 30 ft. Roof, reactor room (IM)

19. Two conduit
openings to Annes
building (I res@M.
I pluqqed) North wall, center 70 ft. above Annes Nildinn

20. lio11 pug discharge
3 in..and conduit .
1 in. Northeast Corner 9 ft. above ro und level

21.~ Telephone cabic North wall, east end, 11 f t. above Annar fullding

22. Ide11 puso conduft
pf ping.1 in. South wall, west end 10 fr. above 9adinchemistry lab. .nortA

well

23. Personnel .

. Emergency Esit idest wall. center Floor leve) / r,cound tevel

24. Fire alarm .

14 ft. above. ' tiritteg a cess sre. .
. .

ccondult 3/4 in. . South wall, east side
outside cell entrance
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3.2 Waste Water Ht+1op System

The waste water holdup system for the UFTR is designed for operation
whenever there is a need for liquid waste holdup originating from the UFTR
facility or the lab 7ratories located in the reactor building and the adja-
cent Nuclear Sciences Center Building.

3.2.1 General Description

The waste holdup system consi.,ts of two holdup tanks with a capacity'

of approximately 26,000 gallons each. These are in ground tanks located out-
side cf the reactor building or. the North side of the building. Any liquid
waste from the UFTR is pumped or drained into the reactor sink and subsequently
stored la the waste holdup tanks. Periodic samples of the liquid waste are
taken by the Radiation Control Office and assays are performed to determine
the type and quantity of isotopes present. If the activity levels are below
acceptable levels for release, then the contents of the tank are released in-
to the University of Florida sanitary sewage system where it is diluted by an
average flow of approximately one million gallons per day of sewage. If the
level of activity of the sample is found to be above acceptable limits, the
remaining part of the oriainal sample will be returned to the holdup tank via
the " hot drains" leading to the holdup tank.

If at any time the activity in the storage tank is long-lived and above
the acceptable levels for discharge, these wastes will be placed in appropri-
ate containers properly labelled and suitable for permanent storage. The

| containers will be stored in the NRC-approved storage area for low level waste
located on campus until the activity has decayed sufficiently to permit safe
shipment and until sufficient quantity is accumulated to warrant pickup and
ultimate disposal by an NRC-approved agency. The procedures for this operation
are found in Radiation Control Technique #3 and the UFTR S0P's.

3.3 Utilities and Services

3.3.1 Ventilation (Reference 2)

The reactor room is completely air-conditioned, the air-conditioning
unit has a design capacity of 1500 c.f.m., providing approximately 2 air changes
per hour with a total air delivery of 6050 c.f.m., at 750F, dry bulb, and 50
percent relative humidity, during both summer and winter.

All inlet and circulated air is filtered through a roughing filter. The
inlet air duct is provided with a motor-operated damper to close the duct
whenever the unit fan is not operating.

The room exhaust air, used to ventilate the reactor structure, is passed
through a roughing and an absolute filter to an outside stack where it is
diluted and released to the atmosphere. Monitoring and maintenance of these
filters is covered in the UFTR technical specifications and 50P's.

3.3.2 Fire Protection

Conventional smoke and fire detection equipment is available throughout
the reactor building. Three C0 extinguishers are found in the reactor cell
and the control room. A fire h$se and five (5) extinguishers are found out- \

side the control room in tne ground foyer. Since the construction materials
of the reactor are predominately nonflannable, such as concrete blocks, bricks

-
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and floor tile, a seriods fire is considered to be very unlikely. An auto-
mn. tic fire alarm system, connected through a computerized system to the Campus
Police, provides adequate fire protection capabilities for the entire facility.

3.3.3 Flood Protection

From accumulated experience at the UFTR site, it has been established
that no flooding conditions (water intrusion into the cell) will exist in the
UFTR site from an accumulated precipitation of 8" of rainfall in a 24-houri

period. (3) The most recent heavy rainfall recorded for a 24-hour period
occurred in September,1964, under the effects of Hurricane Dora which caused

,' approximately 11 inches within a 4-day period. Floeding did not occur at the
UFTR site or any other area of the University of Florida campus, while flood-
ing was reported in the Southwest area of greater Gainesville. The drainage
system has been improved since that incident; therefore, it is estimated that
no major flood will occur in the city of Gainesville or anywhere near the
UFTR site. In the unlikely event that the U.S. Weather Bureau gives a signi-
ficant probability of a hurricane or other severe storm to produce an accumu-
lated rainfall of more than 8 inches of rain in a 24-hour period, the UFTR
personnel shall proceed according to the UFTR SOP-B.4, " Emergency Flood Pro-
cedure."(3)
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4. REACTOR

4.1 Summary Description

4.1.1 General Reactor System Description

The UFTR is a research and training reactor of the gene,al type known
as the Argonaut with modifications made by the General Nuclear Engineering
Corporation of Dunedin, Florida, to adapt it to a university program by im-
proving shielding and minimizing the possibility of an accident. The UFTR
has been operational since May, 1959. Originally licensed for operation up
to 10 Kw, the UFTR is currently licensed for operation at 100 Kw (thermal)
under License Number R-56, Amendment 8, effective January 28, 1964. Similar
operating reactors are located at the UniversiMes of Washington and Califor-
nia (UCLA), at Virginia Polytechnic Institute and in the United Kingdom.
Other similar facilities include the MTR, BSTR, Borax I, II, and III. (5)

~

The UFTR is heterogeneous in design, using 93 percent enriched uranium-
aluminum fuel elements. Cutaway longitudinal and transverse sectional views
of the UFTR including shielding are shown in Figures 4-1 and 4-2. A hori-
zontal section of the UFTR at the beam tube level is shown in Figure 4-3.
An isometric of the UFTR with shielding removed is shown in Figure 4-4.
These four figures serve to indicate how the reactor is generally set up
but especially the diverse experimental applications available with the
UFTR. An isometric diagram of UFTR components including control rod drive
system and control rod shrouds, overall fuel box arrangement with covers,
deflectors and shield plugs, coolant lines, graphite stringers, and shield
test tank is presented in Figure 4-5. Figure 4-5 provides an excellent
description of the interconnection of the various basic components that
constitute the UFTR.

As indicated, the thennal power level of the UFTR reactor is currently
limited to 100 Kw (thermal) with water used as a coolant and also as part
of the moderator; the remainder of the moderator consists of graphite blocks
which surround the boxes containing the fuel plates and the water moderator
as indicated in Figures 4-1 through 4-5. The fuel is contained in MTR-type
plates assembled in bundles. Each bundle is composed of 11 fuel plates, each
of which is a sandwich of aluminum clad over a uranium-aluminum alloy " meat."

The reactor core has a two-slab geometry and it is presently composed
of 21 fuel bundles plus three (3) dummy bundles arranged in six water filled
aluminum boxes which are surrounded by reactor grade graphite.

The primary coolant (demineralized water) is pumped upward over the
fuel plates and then fed by gravity through the side orifices to the heat
exchanger where the primary coolant transfers the heat from the reactor.
The heat is removed by the secondary coolant through the heat exchanger to
the stonn sewer.

The reactor is equipped with four control blades (3-safety and 1-regula-
ting) of the swing-arm type consisting of four cadmium vanes protected by
magnesium shrouds as shown in Figure 4-5. The control blades operate by
moving in a vertical arc within the spaces provided between the fuel boxes.
These blades are moved in and out by mechanical drives or they may also be
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disconnected by means of electromagnetic clutches and allowed to fall by
gravity into the reactor. The drives which are connected to the blades by
means of long shaf ts are located outside the reactor shield for accessi-
bility as shown in Figure 4-4.

The maximum reactivity addition rate of the safety and control blades
is limited to 0.06% t.k/k/sec by system design to prevent sudden large re-
activity increases. Such a limitation insures the integrity of the fuel
and other systems; essentially this limit assures that there can be no
chang of prompt critical operation.

The nuclear design of the core will insure that the combined response
of all reactivity coefficients and an increase in reactor power yields a
net decrease in reactivity, as discussed in the safety analysis of Chapter
15.

The operation of the reactor is monitored and controlled from a desk-
type console. The console displays all the pertinent data such as control
blade positions, reactor period, reactor power level, coolant temperature
and other information necessary for safe operation and control of the UFTR.

Reactor instrumentation consists of three .:eutron flux channels, control
blade position indicators, the electriql interlock system, control blade
selector and drive switches, and the reactor scram circuitry. The reactor
instrumentation is discussed in Section 7.1, Instrumentation and Controls.

The experimental facilities in the UFTR include:

1. Sixteen (16) vertical foil slots placed at intervals in the gra-
phite between the fuel compartments, each are 3/8 in. by 1 in.;

2. Three (3) vertical experimental holes of 1-1/2 in. in diameter
located centrally with respect to the six fuel compartments;

3. Five (5) vertical holes 4 in. by 4 in.;

4. A thermal column having 4 in, by 4 in, removable stringers;

5. A shield tank placed against the west face o' the reactor oppo-
site the themal column;

6. Six (6) horizontal openings 4 in. in oNmeter are found on the
center plane of the reactor;

7. - A horizontal throughport which is an approximately 1.88 in. , ID
pipe with 20 ft. length running east-west across the reactor.

Shield plugs are nomally inserted in these facilities except where an
experiment or test requires otherwise.

The core mechanical design is presented in Section 4.2; the core
nuclear design is summarized in Section 4.3; key thermal and hydraulic
design considerations are presented in Section 4.4.4

4-7
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4.1.2 Design and Performance Characteristics

The principal design and performance characteristics for the UFTR reactor
are summarized in Table 4-1. The UFTR self-limits the maximum power and

'

energy release in an accidental nuclear excursion or loss of coolant accident
.

by means of either the negative moderator void coefficient or the negative
temperature coefficient. These inherent nuclear control features are effec-'

tive even if the control rods or the instrumentation which is part of the
reactor protection system fail, or if the operator mistakenly or deliberately j

violates established operating procedures and rules. The worst situation
occurs if a large amount of reactivity is added suddenly. The maximum excess
reactivity for the UFTR is limited with the present fuel loading to approxi-
mately 2.3% Ak/k. Calculations made by Listing (22) have shown that the
necessary reactivity required to raise the temperature of the fuel plates to
the melting point is about 2.4% Ak/k; therefore, there is no danger of fis-
sion product release or damage to the structural integrity of the reactor due
to a large additien of reactivity into the system. Reactivity accidents are
discussed further in Chapter 15.

Reactivity control is provided by the three control blades and one regu-
lating blade described in Table 4-1. Table 4-1 also shows the correspond-
ing reactivity worths for each blade, along with the maximum allowed reacti-
vity addition rate for the UFTR. The shutdown margin available with the most
reactive blade out is approximately 2.7% Ak/k. The control blades are " fail-
safe" in the sense that they will drop into the core by gravity in the event
of a loss of electrical power. The reactor protection system provides a
series of control blade interlocks and reactor scrams preventing the occur-
rence of situations which may endanger the integrity of the reactor system
and assuring its safe operation as discussed in Chapter 7 - Instrumentation
and Control.

Temperature limits are not considered to present any problems during
reactor operation at 100 Kw (thermal). At 100 Kw (thermal), the equilibrium
inlet temperature is found to be 86 20F a..i the equilibrium outlet tem-
perature is 103 i 20F when using the main secondary cooling system and in-
creased by ~40*F when the back-up secondary cooling system is used.4

4.1.3 Shiciding

Biological shielding is provided around the UFTR to minimize i.he expo-
sure to any individual working with the reactor to levels as low as reason-
ably achievable (ALARA) and as specified by 10 CFR 20. The biological
shielding is made of cast-in-place concrete with sections of barytes con-
crete carefully located to reduce the overall shield thickness while assur-
ing its affectiveness. 1s specified in Table 4-1, the shielding consists
of the following:

6 ft cast-in-place barytes concrete found at the center sides;
6 ft. 9 in. cast-in-place barytes concrete at the end sides; in

the middle are barytes concrete blocks;
|

! 5 ft.10 in. barytes concrete blocks at the top; and
3 ft. 4 in. barytes concrete blocks at the end.

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

I up to 4,500 lbs. each, have pick-up plugs so that they may be handled by
! means of the overhead b"idge crane. The arrangement of these movable blocks
I

is illustrated in the section views of the UFTR shown in Figures 4-1 through
' 4-3.

4-8-
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TAB!.E 4-1

PRESENT UFTR CHARACTERISTICS

- . - _ _ -

General Features
Reactor Type..... .. Heterogeneous. Thermal... ... .

Lic enwd Rated Power level . . . . . . . 100 kw
Nainun thermal flum level in center

12nfg ,2 ,cvertkat port at 100 rw... .. 1.8 a 10 g,

i ni ew reac tivi ty (at 72*F). . .- l .171 A k / k. .. ..

tiean, cold crit ical Nss. .. . . . . . . 3.07 kg U 235
4

.

I f fen.tive prompt neutron lifettne. . 2.R n 10 sec
Uniform water void coefficient... . . . . . 0.2% Ak/kf t voids
Tenverature (nef fic. tent. . .-0.3 x 10' % A k /k per ' F..

U-235 man coef ficient. . 0.4% A k/% U.235..

5tartup source. .5b.Be < 25 curies or PuBe <~. .

10 curTes
3Reflector. .. graphite (1.6 gm/cm ).. . .

Moderator. .H 0 and graphite. . .. .. .. y

fuel Plates
fuel........ . 93% enriched. U-Al. . . .

Fuel loading. . 3354.61 gm U.235.

Plate thickness.
. ..

. 0.070 in... ...

Plate width.. . .. 2.845 in..

Plate length.. ... . . 25.625 in.
Water channel width. . . . . . . . . . .0.137 in....

Aluminum to water ratio (volume).. . 0.49.

" Mea t'' compos i t i on . . . . . . . . . 14.05 w/o U. . .

Coolan.t
lyiv............. . 11.,0..

flow (at 100 Fw).....
. .

.40.5 gpm.. . ..........

Iquilibrium inlet Temperature (100 Kw).. .fi6 ' 2" I
tquilibrium Outlet Temperature (100 Kw)..103 ' 2"F

Control Hlades
Type.. . ..Cd. swinging vane, gravity fall. . . . ..

Number.. . 3 safety; I regulating.. ....

insertion tina . ......... 1 I sec. ..

wenoval tie. . 100 sec (minimum)....... .. ..... .

Hlade worth, safetics... . . .. .... .. Safety fl - 1.5% k
... Safety #2 - 1.3% k.... . . ..

. . . . . Sa fe t y # 3 - 2.1 % k. .... . . ..

Ulade worth, regulating.. ... Reg. Rod - 0.91% k... .. ..

Reactivity addition rate, maximum
allowed. . .. 0.06% Ak/k/sec. .. .... .. ..... .

Shield.Jconcre.tc)
Sides. : enter. .. . . 6 f t. . cast, barytes
Sides, ends...

. ... ...

.6 f t. 9 in. . Cast, barytes.. .. . .. . ... ..

Middle. ... ..Barytes concrete blocks. .. ... .. ....
Top. .5 ft. 10 in... . . .. . .... . .....
Lnd. ... . . . ..... . . .. ... 3 ft. 4 in.

Esperimental F,aci, lit t.es_

lhermi column, horitontal . . .. . . . . . . . . . . 60 in. x 60 in. x 56 in. high
Thermal colunei. vertical.. . . . . . . . . . . . . 2 f t. diam. x 5 f t. ; H O or 0 0
Shield test tank.. .... ..... .. .... . 5 ft. x 5 ft. x 14 ft.2high 2
Experina tal holes. .. ... .. 5 vertical. 4 in. x 4 in...... ..

. . .......... 3 vertical. 1 1-1/2 in.. . ..

Foll slots......... .. . . . . . . .16 vertical . 3/8 in. x 10 in.... .

Carra- T-

k
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4.1.4 Experimental Facilities and Conduits

The experimental exposure facilities and instrumentation ports are
described in Table 4-1. The overall physical arrangement of these expo-
sure facilities is shown in Figure 4-3. More detailed sketches of the size
and orientation of these exposure facilities are presented in Figure 4-6
for the center vertical port and horizontal throughport and in Figure 4-7
for the other major experimental exposure facilities.

System vertical foil slots, 3/8 in, by 1 in, are placed at intervals
in the graphite between the fuel compartments and are used for flux mapping.
The foils can be installed by lif ting off the top shield, placing the foil
holders, replacing part of the shield as deemed necessary for irradiation,
and removing it to recover the foils. Shield removal can be accomplished by
the use of the bridge crane.

There are three (3) vertical experimental holes, 2",1-3/4",1-1/2"
in diameter, which are centrally located with respect to the six fuel com-
partments. The maximum neutron flux is available in the vicinity of these
ports; therefore, they may be used for irradiating samples or for install-
ing an oscillator. Mated openings are provided in the upper shield for
convenience in the use of these holes.

A thermal column is provided in the east face of the reactor having
four 4 in, by 4 in, removable stringers. The horizontal thermal column
is 60 in. x 60 in. x 56 in. high; the vertical thennal column comprises an
area 2 f t. in diameter by 6 ft. long, filled with 110 or D 0 as necessary

2 2for 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 thennal column and is shielded on the outer three sides by concrete.
This 5 f t. by 5 ft. x 14 f t. high shield tank can be used to perfonn 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
l the inner wall; it is provided to allow the extraction of a neutron beam
| to the reactor west face. The tube allows the insertion of the east-west
| throughport (EWTP). The EWTP, or horizontal throughport, is a horizontal
| tube ~1.88 in ID x 20 ft. in length. If the shield tank is not needed for

experiments, it can be removed after draining by lifting it out with the'

j crane and other equipment installed in that area. (5)

4.2 Fuel System Design
|

| The reactor core has a two slab geometry; it is presently composed of
21 fuel bundles and three (3) dummy bundles (labeled "D") arranged in six

; (6) water filled aluminum boxes, surrounded by reactor grade graphite as
i shown in Figure 4-8. Room is provided so that up to 24 fuel bundles can be
| inserted into the UFTR reactor core illustrated in Figure 4-8.
|

4-10
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Figure 4-6. UFTR Cross Section Showing Center Vertical Port (CVP) and
East-West Through Port (EWTP) Arrangement with Dimensions.
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Figure 4-8. Vertical Section View of UFTR Core
Illustrating Fuel and Fuel Box
Arrangement.
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The arrangement of the fuel bundles in the fuel boxes is illustrated
in the isometric of the fuel boxes shown in Figure 4-9. The coolant inlet
and outlet positions are also shown in Figure 4-9 along with the positions
of the shield plug and fuel support components for each fuel box.

The fuel elements are fabricated from 93 percent enriched uranium-
aluminum alloy, and each bundle is composed of 11 fuel plates. Each plate
is a sandwich of aluminum cladding over a uranium-aluminum alloy " meat"
as illustrated in Figures 4-10 and 4-11. The UFTR fuel is of the MTR type
with the following characteristics as indicated in the fuel plate descrip-
tion in Figure 4-10.

A sheet of 0.04 in, thick uranium-aluminum alloy sandwich is placed
between the 0.015 in. thick aluminum clad plates. Each plate is 25.625 in.
long, 2.875 in width, having a total thickness of 0.07 with approximately
14.5 grams of U-235. The detailed fuel cell geometry is presented in Figure
4-12.

Each fuel bundle is made up of 11 fuel plates as shown in Figure 4-11.
A 0.137 in, spacing is provided between fuel plates for coolant flow as in-
dicated in the detailed cell geometry shown in Figure 4-12. In order to
achieve a particular desired excess reactivity capability in the core,
dummy aluminum bundles are placed in the configuration as illustrated in
Figure 4-8. The UFTR is presently licensed to have up to 2.3% Ak/k excess
reactivity, which would require approximately a full fuel load with no
dummy elements; the actual available excess reactivity in the present con-
figuration is about 1% Ak/k.

4.3 Nuclear Designs

4.3.1 Flux Distributions

The principal nuclear parameters for the UFTR are listed in Table 4-1
in Section 4.1.2. The experimentally obtained neutron flux distribution
for the UFTR during 100 Kw (thermal) operation is shown in Figure 4-13
which includes both thermal and epithennal fluxes. (5) These flux distri-
butions are currently being updated with new experimental determinations.
This work is not yet complete but will be included as an addendum to this
report when available. It is not expected that the flux distributions will
have changed significantly.

Several studies have been carried out concerning the operation of the
UFTR at 500 Kw (thermal) in anticipation of eventually applying for a license
to increase the licensed power level of the UFTR to 500 Kw. Neutronic
analyses of the UFTR were carried out by Wagner in one of these studies. As
stated by Wagner in calculating the neutron flux distribution in the UFTR,
the fuel, water, and graphite are assumed to be at an average coolant tem-
perature of 1330F, which approximates reactor conditions at prolonged 100 Kw
(thermal) power operation. The thermal expansion of the fuel can be neglec-
ted, and the total assumed fuel loading was 3480 grams U-235. For simpli-
city, all materials other than fuel plates and boxes, water, and graphite
were neglected. The geometry and the critical dimensions for the fuel plate
unit cell and the quarter fuel box assembly are indicated in the core sec-
tion sketches--Figures 4-14A and 4-14B.
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, Thermal and fast group constants for the fuel and graphite regions
! were calculated by the use of computer codes. BRT-1, Battelle-Revised-

Thermos (24) was used to generate thermal neutron spectra and correspond-
ingly weighted themal group constants; PHR0G (25) was used to generate fast
neutron spectra and the corresponding average fast multigroup constants.
These calculations began with the determination of cross section data for
the fuel plate unit cell model comprised of uranium-aluminum fuel, aluminum
clad, and water presented in Figure 4-14A. The results of these calcula-
tions were then used as the microscopic input data needed to calculate the

|

parameters for a quarter fuel box model (see Figure 4-14B) containing 11
fuel plate unit cells and other structural material. After determining
all the necessary parameters, the UFTR core region was represented and

,

modeled as shown in the schematic drawing in Figure 4-15.!

This UFTR model shown in Figure 4-15 was used in a four-group diffusion
theory calculation performed using CORA, a multigroup diffusion theory code
for one dimensional reactor analysis. (26) The flux distributions pre-
sented in Figures 4-16 and 4-17 were obtained by Wagner (23) from these CORA
calculations. Figure 4-16 shows the normalized " flux per watt versus dis-
tance from core centerline" distribution along the North-South UFTR direc-
tion; Figure 4-17 shows the corresponding nomalized distribution along
the East-West UFTR direction. Average flux data for the UFTR was obtained
from these distributions and is summarized in Table 4-2 for the fueled re-
gions as well as for the total reactor. Table 4-2 also contains the peak-to-
average flux ratios for the fueled regions and for the total reactor. The
peak-to-average flux ratio (peaking factor) is less than 1.12 for all groups
in the fueled power-producing regions. It is only over the total reactor
that the peak-to-average flux ratios exceed 2 or more.

4.3.2 Fission Product Poisoning Considerations

The fission product poisoning effects during hypothetical operation of
the UFTR at 500 Kw (thermal) have also been studied by Mr. Otaduy. (27) Al-
though this is five times the currently licensed power level, some points
in this analysis are worthy of inclusion in this section. To perform this
study, several parameters had to be determined using a two-dimensional,

| diffusion theory calculation of the four energy group parameters. (22)
The EXTERMINATOR-2 computer code (28) was used to model the two-dimensional|

| UFTR core shown in Figure 4-18. The required fast and thermal four-group
'

neutronics constants were taken from Wagner's work. (23) Results obtained
from the EXTERMINATOR calculations were comparable with those obtained by
Wagner, with differences attributed to the total mass of U-235 considered in
each model.

!

| The two isotopes Xe-135 and Sm-149 are usually considered the most im-
l portant poisons in thermal reactors since they have very large cross sections

and also characteristically reach a saturation level with reactor operation,
while the bulk of the fission products are non-saturating and build up with
burnup; therefore, these two isotopes were treated separately in the study
by Otaduy. (27) The detailed study of the Xe-135 and Sm-149, as well as the

| gross fission product behavior performed by Otaduy, models the UFTR as a
'

one-group, one-region homogeneous reactor. The homogenized core parameters
and the necessary constants used for Otaduy's analysis are presented in
Table 4-3 and Table 4-4 respe-tively to augment the basic information about
the UFTR nuclear data contained in this report.
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TABLE 4-2 ,

AVERAGE FLUX DATA FOR THE UFTR (23)
_ - - - - _ _- --.

FUELED REGIONS

Average Flux Peak-to-Average
Direction Group Per Watt Flux Ratio

NORTH-SOUTH 1 5.45097 E-06 1.10878
2 6.39734 E-06 1.06056
3 6.33132 E-06 1.08064
4 9.32447 E-06 1.13057

EAST-WEST 1 5.19175 E-06 1.11071
2 5.99736 E-06 1.08844
3 5.87437 E-06 1.07811
4 8.33717 E-06 1.06152

TOTAL REACTOR

NORTH-SOUTH 1 1.92642 E-06 3.13738
2 3.37201 E-06 2.01209
3 4.15711 E-06- 1.75352
4 7.30648 E-06 1.65883

EAST-WEST 1 7.50292 E-05 7.68570
2 1.07666 E-06 6.06296
3 1.32403 E-06 4.78329
4 3.65015 E-06- 2.60856
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TABLE 4-3

SUMMARY OF UFTR HOM0GENIZED AVERAGE PARAMETERS (500 Kwth)*

...

Total 3 U-233 18 3
V = 2.768 m N = 3.0923 x 10 atoms /cm

12 -2 -I
= 18.89 x 10-4 -I i = 4.79 x 10 n cm s 9 500 KW): cm

a

):U-235 = 14.01 x 10-4 -I -4 -I
cm If = 11.7426 x 10 cm

-235 = 379.7 barns-235 = 453b oo

NOTE: The only parameter greatly dependent upon the difference in
power level considered (500 Kwth versus 100 Kwth) is the average
flux. All other parameters are relatively independent of power
level in this range and are considered applicable estimates for
the UFTR at its current 100 Kwth rating.

,

TABLE 4-4

POIS0N PARAMETERS FOR Xe-135 AND Sm-149 ANALYSIS

_

Fractional DecayConytant Absorption Cross
Isotope Fission Yield A(sec-) Section (barns)

Y 03

I-135 0.061 2.89 x 10-5 negligible
-5 6

Xe-135 0.003 -2.09 x 10 2.72 x 10

Pm-149 0.0113 3.56 x 10-6 negligible
~ 6

Sm-149 zero stable 5.0 x 10
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i

At 500 KWth, the Xenon equilibrium concentration, reached as usual
in about 40 hours, is given by:; ;

I

&Ef (Y + Y) 13 3
X = 1.962 x 10 cm (4-1)=
eq

AX + 4a X
a

with a corresponding equilibrium absorption cross section given by:

E =X X = 2.88 x 10-5 -I

} cma eq aeq

4 This value is in good agreement with that read from Figure 4-19A for equi-
librium Xe-135 in a highly enriched reactor. For significant (40-50%)
" step" reductions, the buildup of Xe-135 after' a step reduction in flux,

level from equilibrium conditions reaches a maximum concentration after
~3-4 hours with maximum Xe-135 concentrations about 7% larger than equili-,

brium.

The isotope samarium-149 is found to = reach its equilibrium concentra-
tion in about eight or nine months due to the small fluxes found in the -
UFTR. This behavior is also considered approximately applicable whether
the power level is 100 KWth or 500 KWth. The equilibrium absorption cross-
section in this case is:-

;

b '= 1.327 x 10-5 -I

E,e"q EY cm (4-2)f
,

,

in good agreement with r'ults found on Figure 4-19B which shows approxi.-
mately the behavior of S. ''9 at 500 KWth. The equilibrium absorption

: cross section will be app imately the same for 100 KWth operation;
~

however, .he original _ time i.o reach the equilibrium level is considered to
have taken .somewhat longer since the UFTR 100 KWth curve would fit:Just.

over Curve 6 shown in Figure 4-198. A step reduction in ' flux. levels. from -c

[ equilibrium causes the Sm-149 concentration'to increase to a level given by:

N,=Ny+N$ (4-3)3

At 500 KWth the absorption cross section was calculated to be -1.423 x 'l0-5<

! cm l, a value approximately 7.2% larger than equilibrium. .At the UFTR
-

100 KWth power level, the Sm-149 absorption cross _ section then increases
considerably'less than 7% above the equilibrium level since the _Pm-149 -
level available for decay depends-directly upon the equilibrium power level ~
prior to a step reduction in powertlevel or flux. A plot of the calculated
samarium concentration increase with burnup is presented in Figure 4-20. It

should be noted that the Sm-149 buildup iscreytively flux _ independent when,

|- related to burnup. at the low flux. levels -(al0 ) present in the UFTR.
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For the gross fission product behavior in the presence of the low
UFTR flux levels, the overall microscopic absorption cross section does
not change appreciably with irradiation. Therefore, a constant rate of
poison production is a recommended simplifying assumption. (27) A
constant value of 51.2b is considered reasonable.

4.3.3 Reactivity Time Dependence

Since the fuel is depleted only very slightly in this reactor and
since the fission product poisons are present in very small concentrations,
Otaduy explains that it is reasonable to consider the effective multiplication
factor to be proportional to the thermal utilization factor during the
entire lifetime of the reactor. The beginning thennal utilization factor
is equal to 0.7416. With time, the combined effects of burnup of the fuel
and poisoning due to the fission products other than Xe-135 and Sm-149
start to become noticeable. The altered thermal utilization factor is
given by the following equation:

U-235 U-235g - 6E
f" - (4-4IE - 6E -235 ,gXe ,gSm ,gfp *

U Xwhere E -235 E and E e
the resk vary, with burllup.are considered to remain roughly constant whileThe thermal utilization factor at end of life
(E0L) will then be given by the following relationship:

f" : 1-Ap (4-5)

where An is the excess reactivity available for fuel burnup in the reactor.

Otaduy perfonned calculations concerning the change in reactivity with
burnup for a number of UFTR thermal power levels. Table 4-5 includes these
results for the 100 KWth case of interest here, as well as the 500 KWth
case for comparison. Reactor behavior is clearly demonstrated in Figure
4-21. It should be noted that after the in'ilal reactivity drop due to the

with an approximately constant slope of i0 givity present a linear tendency
rapid buildup of Xe-135, the change in re<c

Ak/k per kwhr due to the com-
bined effect of Sm-g49 buildup and fuel burnup. This slope decreases to a
value of 6.0 x 10- after the Sm-149 reaches equilibrium. The shape of
the curves is also relatively independent of the power level of operation;
therefore, accurate predictions of long-term reactivity changes are possible
based upon knowledge of the total power produced over the time of operation--
regardless of the power level at which the reactor is operated during that
period.

Otaduy also found that since the maximum allowed excess reactivity for
the UFTR is 2.3%, it is the initial linear response that governs the reactor
life at 500 KWth operation. The same dependence should apply for the current
100 KWth rated system. The End of Life (E0L) is reached before Sm-149
reaches its equilibrium concentration. Therefore, E0L in. the UFTR is pri-
marily detennined by Sm-149 buildup and not fuel depletion as it is in poweri

,

reactors. Due to the 2.3% excess reactivity limit on the UFTR, a decrease
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TABLE 4-5

SM-149 AND REACTIVITY VS. BURN'JP FOR 100 AND 500 KW OPERATION (27)

POWER 100 Kw(I) 500 Kw(2)

I,E f" Reactivity Time I f" ReactivityTimeBurnup. a

Kwhr hrs cm %Ak/k hrs cm'I %Ak/k-I

-2 E04 200 6.11 E-7 .7381 .482 40 8.02 E-7 .73016 -1.554

4 E04 400 1.40 E-6 .7377 .534 80 1.43 E-6 .72984 -1.596

t- 1.EOS .1000. 2.26 E-6 .7371 .610 200 2.83 E-6 .72908 -1.699

kt
4 E05 4000 6.71 E-6 .7343 .998 800 7.1 E-6 .72629 -2.076

6 E05 ~6000 8.63 E-6 .7327 -1.204 1200 8.9 E-6 .72482 -2.274

1 E05 10000 1.1 E-5 .7302 -1.528 2000 1.1 E-5 .72244 -2.595

5'E06 .50000 1.327 E-5 .7129 -3.875 10000 1.321 E-5 .70497 -4.951

If*=8.336E-6cm~l
-2 -I

(1) I =.9.5872 E+11 cm -sec ,th

'(2) (h = 4.7936 E+1'2-an sec I = 2.887 E-5 cm-I-2 -I
'

,
a
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of 0.9% in reactivity in the linear part of the curves from Figure 4-21 will
determinegheE0Lofthecore. Since the slope of this curve is approxi-

- %/KWth, the E0L is defined by a burnup of 3.75 MWD or approximatelymately 10
1800 hours at 500 KWth or 9000 hours at 100 KWth. The change in themal
utilization factor or the reactivity change at E0L is calculated to be
-2.515%Ak/k.

Two other methods of analysis were esed to check the validity of this
simplistic model. One model uses first order perturbation theory with a
homogenized fuel region without giving consideration to the space dependence
of burnup, and the last method treats the space dependence of the change of
parameters due to the non-uniformity of the power distribution using pertur-
bation theory also. Table 4-6 includes the results of the reactivity change
with burnup at 500 Kwth as calculated by the first order perturbation theory
analysis and the thermal utilization analysis for comparison purposes. In
analyzing these results obtained by these different methods calculated at
E0L for the UFTR, there is little difference in the results. Therefore, since
all the results are comparable for this low burnup, highly-enriched re-
search reactor, it is considered to be unnecessary and not useful to per-
form a detailed space-dependent calculation to analyze the reactivity time
dependence.

Fuel management studies perfomed by Otaduy have led to several conclu-
sions. (27) First, rearranging the fgel in the core at the time of the
selected E0L for this study s9.0 x 10 kwhr), will not produce a significant
gain in reactivity. The gain associated
is found to be of the order of 3.66 x 10-gith the rotation of the fuel elementsAk/k equivalent to a power pro-
duction of 6840 kwhr or only 14 hours of operation at 500 KWth or 70 hours
at 100 KWth. Second, shuffling the fuel produces a reactivity gain equiva-
lent to 21 hours of operation at 500 KWth. The combination of shuffling
and fuel rotation yields a predicted gain equivalent to 30 hours of operation
at 500 KWth or 150 hours at 100 KWth. Therefore, shuffling and rotation
operations are of little interest. The introduction of fresh fuel in place
of the four (Q most highly burned bundles yields a predicted reactivity gain
of 2.858 x 10 Ak/k, equivalent to 44,000 kwhr, which represents 880 hours
of operation at 500 KWth or 4400 hours at 100 KWth. This gain is approxi-
mately equivalent to 50% of the selected E0L of the reactor core and does
represent a significant gain.

4.4 Thermal and Hydraulic Design

Average inlet and outlet coolant temperatures and the coolant flow
| rate for he UFTR at 100 KWth operation are included in Table 4-1.

Studies have been carried out to evaluate the heat transfer proper-
ties and the corresponding fuel plate temperature distribution of the
associated water channel for the UFTR core.

4.4.1 Fuel Plate Heat Transfer Computational Model

| The temperature distribution of. the " hottest" fuel plate and associ-'

ated water channel was calculated by use of a steady-state heat conduc -
tion, digital computer program (8). This program is designed to describe fi fuel plate heat transfer and temperatures by setting up heat balance

:

I
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TABLE 4-6

REACTIVITY CHANGE WITH BURNUP (4)

~~~

REACTIVITY CHANGE, %tk/k
OPERATION Sm(olg) 'sdRNUP Perturbation Thernal Utilization
TIME, HRS E,cm KWHR Theory Analysis

40 8.02 E-7 2.0 E+4 -1.570% -1.557%

80 1.43 E-6 4.0 E+4 -1.614% -1.593%

200 2.83 E-6 1.0 E+5 -1.719% -1.696%

800 7.10 E-6 4.0 E+5 -2.099% -2.073%

1200 8.90 E-6 6.0 E+5 -2.298% -2.270%

2000 1.10 E-5 1.0 E+6 -2.616% -2.590%

10000 1.33 E-5 5.0 E+6 -4.809% -4.947%

NOTE: UFTR Operation at 500 Kwth.

!

,
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relatk.nships at nodal points distributed throughout t.ie modeled fuel plate
and water channel as shown in Figure 4-22. The model for which the tem-
perature distribution is detennined includes the following ten assumptions
which are used in setting up heat balances at the nodal points:

1. The plate is 25 inches long.

2. Constant properties are used based on average temperatures for
all materials involved.

3. The heat generation rate and the temperature distribution across
the 2.845 inch side of the plate are constant, thus reducing the
analysis to two dimensions.

4. The heat generation rate in the meat of the fuel (0.04 inches)
is constant--does not vary with thickness position in the plate.

5. The heat generation rate along the length of the plate follows a
sinusoidal distribution.

6. The maximum heat produced per unit volume is assumed to be a
multiple of the average heat production density. This factor
corresponds to the hot-channei factor and is chosen as 1.5 to
best represent the " hottest" fuel plate-in a conservative manner.

7. The heat generation rate and the temperature distribution is sym-
metrical about the midplane of the fuel plate.

8. The top and bottom boundaries or fuel plate endpoints are assumed
to be insulated.

9. The coolant temperature distribution is calculated on the basis
of defined values (i.e., power level, heat flux, coolant flow
rate, and cc.,lant entrance temperature).

,

| 10. The coolant flow is laminar and, for the n~oose of finding the
| appropriate Nusselt number, a constant fue, plate surface tempera-

ture is assumed.

As indicated, these assumptions are used to xt up heat balances at nodal
points distributed throughout the plate and water channel. The length
between nodal points is 1.0 inch and the width between horizontally spaced;

nodal points is 0.005 inches as indicated in the nodal point grid distri-
bution presented in Figure 4-23.

The grid is, therefore, 9 by 26 (234 nodal points). The nodal equa-
tions are than sclved iteratively by the Gauss-Seidel method.

At the 100 KWth power. level, a primary coolant flow rate is assumed
' to be 31.2 gpn; a conservative hot channel factor of 1.5 is also assumed. 1

| Additional calculations were performed at an assumed power level of 500
KWth. At a power level of 500 KWth- the primary coolant flow will be approxi-
mately 65 gpm. The corresponding Reynolds Number is 721. Thus the flow is

| definitely laminar and the above model directly applies. Similarly at
100 KWth the primary coolant flow is nominally only 31.2 gpn so that, at-'
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current rated power conditions the UFTR flow through the core has a Rey-
nolds Number below 400 and is definitely laminar in nature. To better
approximate the " hottest" fuel plate, hov channel factors were also calcu-
lated by Wagner. (23) As presented in Table 4-2, the peak-to-average
thermal flux ratio in the North-South direction for the fueled regions is
1.13 and in the East-West direction 1.06. The conservative assumption that
both effects apply simultaneously is made so that, an overall hot-channel
factor of 1.20 is obtained. On this basis, a conservative value of 1.5
was selected for the calculations. For comparison, hot-channel factors
of I and 3 were also used.

4.4.2 Results of Heat Transfer Calculations

A brief sumary of the computed heat transfer and temperature results
is presented in Table 4-7 for various coolant flow rates, power levels,
hot-channel factors, and coolant inlet temperatures for both comparison
with the 100 KWth results which are also included. The results in Table
4-7 indicate that, even assuming a conservative hot-channel factor of 1.5,
197.80F is the maximum fuel plat; temperature for operation at a power
level of 500 KWth (which is five times the currently rated power fcr
which the report is supporting relicensing and a primary coolant rate of
65 gpm). Similarly, at 100 KWth with an assumed hot-channel factor of 1.5,
the maximum fuel plate temperature is calculated to be 173.80F. Both
maximum temperatures are well within the operating temperatures of the fuel
plate. To check the validity of the model, actual operational data at 100
KWth is compared to computed results using a hot-channel factor of unity.
The computer primary coolant temperature change (AT) is found to under-
estimate the actual operational temperature rise by 8 percent. Assuming
this correlation to hold true for 500 KWth power operation, the primary
coolant AT as predicted by this model will be approximately 530F. In the
same manner, the computed results using a hot-channel factor of 1.5 are
used to predict the coolant outlet temperature of the hottest fuel box.
Actual operational data shows that the model overestimates, as expected,
the hottest fuel box coolant temperature change (AT) by 13 percent. There-
fore, the highest fuel box coolant outlet temperature to be expected for
the hypothetical 500 KWth operation and for a coolant inlet temperature of

0111.70F is considered to be approximately 176 F.

From these results, it is concluded that a hot-channel factor of 1.5

can be expected to yield a relatively good representation of the tempera-
ture distribution of the " hottest" fuel plate and water channel in the UFTR.
Centerline fuel plate (nodal point 9 in Figure 4-22) and bulk water channel
(nodal point 1) axial temperature distributions are shown in Figures 4-23
and 4-24 respectively. Figures 4-23 and 4-24 include the results of calcu-
lations made assuming reactor operation at the current rated UFTR power of
100 KWth and at a hypothetical upgraded power level of 500 KWth as presented
by Wagner. (23) The temperature distribution of the fuel plate cladding
surface (nodal point 2) is considered to be of the same shape as the center-
line distribution. (23) The AT across the fuel plate varies from about

00.13 F to 0.210F for operation at the current UFTR rate" rwer level of
100 KWth; at 500 KWth, the fuel plate AT variation is calculated to be
about 0.130F to 0.370F. In either case, the metallic nature of the fuel

dnd the bonded cladding in conjunction with low power densities prevent
excessive fuel temperatures from being reached in the UFTR when coolant is
present.
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TABLE 4-7

FUEL PLATE HEAT TRANSFER DATA AND RESULTS OF CALCULATIONS

Coolant Power Coolant Inlet * Coolant Outlet Hot Maximum Predicted
. Flow Rate Level Temperature Temperature Channel Fuel Temperature

(gpm) (Ndth) (CF) (OF) Factor (OF)
_ ..-

31.2 100 132.7 153.1 1.0 162.9

65.0 E00 111.7 160.5 1.0 171.5

31.2 1 00 132.7 163.3 1.5 173.8

65.0 500 111.7 185.0 1.5 197.8
'

31.2 100 132.7 193.8 3.0 206.4

65.0 500 111.7 212.0 3.0 238.3
--.

*These values were computed _by primary coolant heat balances assuming equilibriun
0coolant outlet temperatures of 1550F for 100 KW operation and of 165 F for the

hypothetical KW operation.

\
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Investigations of the fuel temperature behavior after a loss of coolant
accident and shutdown of the reactor was also investigated by Wagner. (23)
Using a conservative heat transfer model, it was concluded that the fuel

0plate temperatures will increase only about 30 F under these circumstances.
Further explanation and discussion on this topic are contained in Chapter
15, Accident Analysis.

As a result cf the above studies and the operational experience of the
UFTR since May 1959, first rated at 10 KWth and then at 100 KWth power levels,
it is concluded that the thermal and hydraulic design of the UFTR facility
is safe and considered more than adequate for continued operatiun at the
100 KWth power level. The large safety margin in effect even for operation
at 500 KWth further substantiates the safety of the UFTR from a thermal
hydraulic point of view and supports continued licensing of the UFTR for
operation at the 100 KWth rated power level.

Descriptions and drawings of the UFTR's present primary and secondary
cooling systems are found in Chapter 5, " Reactor Coolant System and Connected
System" The instrumentation necessary for measuring the temperatures and
flows of the reactor fuel and coolant is also shown in the schematic diagrams
of Figure 5-1 showing Primary Cooling System and Figure 5-5 showing the
Secondary Cooling System.

4.5 Reactor Materials

The usual detailed information on control rod system structural materials
is not included here since the control rod systems are previously operated
systems. They have been designed and installed to meet licensing requirements
previously. The basic construction and materials that make up the control
blades has been presented and discussed in previous sections such as Section
4.1.

Information on reactor internals is not considered necessary for the
UFTR since there is no structural integrity problem with the core itself.
Again, the basic arrangement and design of the core internals is-described
in Section 4.1. Further detailed information on reactor system materials is
available from drawings and records maintairf. :+ the UFTR Facility in
accordance with NRC requirements and UFTR Standard Operating Procedures.

4.6 Functional Design of Reactivity Control Syste_m
|

| Reactivity control of the UFTR is provided by four control blades,
(3 safety and i regulating), as previously illustrated with their drive
mechanisms in Figures 4-4 and 4-5. Reactor shutdown can also be accomp-
lished by voiding the moderator /coolt from the core. Two independent

|
means of voiding the moderator /coola from the core are provided:

,

(a) water dump via the Primary Coolant System Dump Valve opening under !

Full Trip conditions, l

| (b). water dump via the rupture disk breaking under pressure conditions
above design value.

| 1
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The control blades are of the swing-arm type consisting of four cadmium
vanes protected by magnesium shrouds; they operate by moving in a vertical
arc within the spaces between the fuel boxes as illustrated in Figure 4-5.
The control blade, regulating blade and shroud configuration are shown in
the isometric diagram of Figure 4-5 while actual dimensions aie presented
on the drawings in Figure 4-25. Current rod calibration (integral rod
worth versus position) curves for the UFTR system are presented in
Figures 4-26 through 4-29.

Blade motion is limited to a removal time of at least 100 sec and the
insertion time trip conditions is measured to be less than 0.4 sec. The
reactor blade withdrawal interlock system prevents blade motion which will
exceed the reactivity addition rate of 0.06%Ak/k per second, as specified
in the UFTR Technical Specifications. The control blade drive system con-
sists of a two phase fractional horsepower motor that operates through a
reduction gear train, and an electrically energized magnetic clutch that
transmits a motor torque through the control blade shaft, allowing motion
of the control blades. The blades are sustained in a raised position by
means of this motor, acting through the electromagnetic clutch. Interrup-
tion of the magnet current results in a decoupling of the motor drive from
the blade drive shaft, causing the blades to fall back into the core. Posi-
tion indicators, mechanically geared to the rod drives transmit rod position
information to the console. Circuitry associated with control blade move-
ment is presented and discussed in Chapter 7. Additional data for the UFTR
core fluxes is presented in Table 4-2.
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5. REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

This chapter describes the UFTR cooling systems and its various com-
ponents. The UFTR is cooled by a primary and secondary coolant system. Due
to the simplicity of design and low power operation of the UFTR argonaut type
reactcr. this chapter is greatly simplified from what is required for a typi-
cal power reactor.

In general, the primary coolant system transfers the heat from the re-
actor to the heat exchanger. This heat is removed by the secondary coolant
systems 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
schematically in Figure 5-1. The UFTR has a reactor core capacity of 33 gal-
lons and a primary coolant flow rate of approximately 40 gpm, with a capa-
bility of 65 gpm flow. (5) The primary coolant is demineralized water with
a low pemissible value of resistivity of 400,000 ohm-cm. The primary coolant
is stored in the coolant storage tank which has a capacity of 200 gallons of
water, approximately six (6) times the capacity of the reactor. Water it made
up to the primary system by demineralizing city water and using a temporary
connection to the primary coolant tank (see Section 5.1.3). The primary ptsnp
(rated at 65 gpm), which draws its suction from the primary storage tank,
circulates the water througF the heat exchanger before delivering it to the
fuel boxes. The water flows up and around the fuel bundles, rises to the top
of the fuel boxes and it is discharged, gravity driven, through the side ori-
fices. Flow from the coolant storage tank is controlled by a ball valve in
the ptsnp discharge line which presently limits the flow rate to 40 gpm. A
flow measuring instrument which is located on the exit line from the heat ex-
changer, transmits a flow indication and a scram signal to the control con-
sole. This scram signal is part of the reactor safety system, preventing
operation when the primary flow is insufficient for heat removal. The normal
flow is 40 gpm with a reactor trip set at 30 gpm. A reactor trip will also
occur in the event of loss of power to the primary coolant pump.

Each of the six fuel box (2" schedule 40) discharge lines has a type "T"
thermocouple (copper constantan) which sends temperature infomation to the
12 point recorder in the control room. The six fuel boxes flow together into
a single 3" schedule 40 pipe which discharges into the primary storage tank.
Located in this primary coolant return line is a type "T" themocouple (No. 8
in Figure 5-1) which monitors the combined coolant bulk temperature, and a
primary coolant flow switch which monitors the flow from the core. The infor-
mation from the themocouple No. 8 is supplied to the reactor protection system
with an alam setpoint at 1500F and a reactor trip at 1550F. This safety
measure prevents reactor operation under conditions such as restriction or
reduction of primary coolant flow, reduction or restriction of secondary cool-
ant flow, a malfunction of the heat exchanger, excessive reactor power or
the malfunction of a thermocouple.

The flow switch in the coolant return line will also 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.

5-1
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The " dump valve" (see Figure 5-1) 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 coolant storage tank.
Only " nuclear type" scrams open the dump valve (high power, fast period,
loss of neutron chamber HV). These scrams are now called Full Trips.

A sight glass located on the north wall 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 pre-
set limits.

The system is further protected by a graphite rupture disc set to
burst at 7 psi, two pounds above the normal operating pressure. Should
a power excursion occur, this diaphragm will rupture causing the water
from the core to be drained into the equipment storage pit, shutting down
the reactor. (2)

The primary reactor cooling system does not contain any valves which
could be inadvertently left in the wrong position and restrict or shut off
the flow of cooling water for the system without activation of the reactor
protection system. (2)

5.1.1 Coolant Storage Tank

The primary coolant is stored in the coolant storage tank (see Figure
5-1) which has a capacity of 200 gallons nf water; approximately six times
the capacity of the reactor. (5)

The storage tank has several features designed to optimize the overall
perfonnance of the reactor cooling system and to eliminate undesirable water
surges in the core. Special storage tank features include the diffuser
illustrated in Figure 5-2 and the baffle illustrated in Figure 5-3. (5)

The diffuser forces the water in the coolant storage tank to diffuse
through the input line to the primary coolant pump; the diffuser eliminates
the formation of vortices inside the storage tank as a result of the pump's
suction. The design specifications of the diffuser are included on the
drawing in Figure 5-2. The second storage tank feature is a diffuser or
aluminum " bucket" baffle shown in Figure 5-3. This baffle is designed to
suppress the splashing of the primary water coming into the coolant storage
tank and to change its direction of flow (see Figure 5-1 for location in
the coolant storage tank). This eliminates air being trapped in the coolant
flowing through the system. (5)

5.1.2 Heat Exchanger

The heat exchanger is a 316 stainless steel water-to-water heat exchanger
designed to circulate from 150 to 250 gpm of well water through the shell
side and 75 gpm of reactor coolant water through the tube side for removal
of up to 500 Kw thermal heat load.

The tubes were seal welded to the tubesheet to minimize leakage. The
heat exchanger complies with ASME code, Section III, Class III on the tube
side (primary water) and with ASME Section VIII standards on the shell side
(secondary water).

5-5
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The design specifications for the heat exchanger are listed in Table
5-1.

,

Table 5-1

UFTR Heat Exchanger Design Specifications i

m_ j

Manufacturer: The Whitlock Manufacturing Company, West
Hartford, Connecticut

Model: Whitlock size 8 - y - 48 Type MAHT-4-B-55

Material: all 316 stainless steel

Shell Side: Well water, or back up city water, I pass
,

Tube side: Primary water, 4 passes

Design Pressure: 100 psi

Test Pressure: 150 psi

Design Temperature: 2000F

_ . . . _ . . . . . . .

5.1.3 Primary Water Makeup _ System

Demineralized water is used as makeup to the primary coolant system.
The makeup system consists of two demineralizers in series filled with amber-
lite, H-0H, nuclear grade resin. The unit has a hose connection to the cool-
ant storage tank, supplying primary coolant whenever necessary. The schema-
tic of the UFTR primary water makeup system is shown in Figure 5-4. The
makeup orifice for the primary system is located on the side of the coolant
storage tank as illustrated in Figure 5-1.

5.1.4 Primary purification System

| The primary purification system loop is included in Figure 5-1; it is
! supplied with a separate pump allowing continuous purification flow. The
| purification pump is interlocked with the primary coolant pump in a manner
| that prevents operation of the purification pump when the primary coolant

pump is running. The feed of the primary coolant pump is sufficient to main-
| tain a flow through the purification loop when it is in. operation.

The purification system is arranged to provide the reactor with con-
tinuous monitoring of the resistivity of the primary water and the function-
ing of the amberlite-nuclear type resin (H-0H; pH-control) in the purifica-
tion system. The in-line, wall-mounted resistivity bridge is set up to
accept two conductivity cell signals--one before the demineralizer and one
after the ceramic filter. The location of the purification system and a
schematic showing its components is depicted in Figure 5-1.
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5.2 Secondary Cooling System

A system schematic diagram of the secondary cooling system of the.UFTR
is shown in Figure 5-5. This figure depicts two sources of water for>this
secondary cooling system: the deep rock well, used during principal opera-
tion; and the city water used as a back-up system during operation above 1
kW(thermal). The well water is pumped by a Goulds, Series UG Submersible
ptop,10 horsepower. The design specifications of this pump are as follows:

Manufacturer: Goulds Pump, Inc.
Pump Series: 220 GPM Series UG66L,10 H.P.
Pump Model: 4 stg. MODEL 2361339000
Capacity Specifications: 218 GPM at TDH, at 0 tank pressure
Operation / Control: pump on-off from the reactor console

The deep well is 238 ft deep with a casing diameter of 3", the static
water level is approximately 87 ft. below grade. The well pump has approxi-
mately 200 gpm pumping capacity for this arrangement. The well water flows
through a basket strainer, with a stainless steel mesh of approximately
1/16". This water flows into the shell side of the heat exchanger and sub-
sequently into the storm sewer as depicted in Figure 5-5.

There is a sample flow valve in the heat exchanger discharge line which
continuously bleeds a small sample flow into the hold-up sample tank. A
second sample valve normally kept closed is used for actual sample collection.

;
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6. ENGINEERED SAFETY FEATURES

|

The UFTR reactor is a self-limiting research and training reactor which
l requires no additional engineered safeguards beyond those designed into the
i reactor core or incorporated into the main cooling, safety, control and radi-

ation monitoring systems. All requisite safety features are described in>

appropriate places in the rest of this Safety Analysis Report.
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7. JNSTRUMENTATION AND CONTROLS _

7.1 Introduction

The reactor i. strumentation monitors several reactor parameters and
transmits the appropriate signals to the regulating system during nonnal
operation, and during abnormal and accident conditions to the reactor trip

Since the UFTR is a low power, self-limiting reactor,and safety systems.
the instrumentation and associated controls are considerably simplified
when compared to instrumentation and control systems of large power reactors.

7.2 Identification of Safety-Related Systems

The safety-related instrumentation and controls for the UFTR include
the control console, the control and safety channels, the facility inter-Tablelock system, control drive switches, and the reactor scram circuitry.
7-1 contains a list of abbreviations used in the UFTR instrumentation and
control diagrams; it is repeated from Chapter 1 for completeness and ease
of reference in this chapter. Figure 7-1 'shows a block diagram of the nuclear
instrumentation and scram logic of the UFTR.

7.2.1 Console

All the functions essential to the operation of the UFTR are controlled
The reactor console isby the operator from a desk-type control console.

conveniently located near the reactor to allow the reactor operator to monitor
activities in the reactor cell during operation. All instrumentation contained
in the console accepts or sends signals from or to the control rod drives,
the reactor interlock system, and various detectors and transducers located
around the reactor core and the reactor coolant system.

The reactor control panel contains the following control and indicating
instrumentation:

1. A console power (POWER ON) switch.
2. A three-position 0FF/0PERATE/ RESET key switch.
3. A set of four control-blade switches for the three safety blades

(1,2, and 3) and the regulating blade. One set of switches for
controlling the secondary system city water valve.

4. Four control blade position digital indicators
5. A M0CE SELECTOR switch (mode switch) for automatic or manual

operation.
6. A REACTOR POWER range switch (range switch).
7. A dual-pen strip-chart recorder.
8. A %-DEMAND control potentiometer.
9. A manual SCRAM bar.

10. A REACTOR PERIOD meter and calibrate / test controls.
11. A set of scram (14) and blade interlock (3) annunciatorlights,

left panel.
12. Safety Channel Meter #1 and test controls.
13. Safety Channel Meter #2 and test controls.
14. Log Power Meter and calibrate controls.

! 15. Reactor cell entrance / exit door monitors.
16. Reactor equipment control switches and annunciatcrlights, right

panel.
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TABLE 7-1

ABBREVIATIONS USED IN UFTR

INSTRUMENTATION AND CONTROLS DIAGRAMS

AMM AMMETER

AMP AMPLIFIER

AUTO AUTOMATIC

B/S BISTABLE

CAL CALIBRATE

CIC COMPENSATED ION
CHAMBER

COMPA COMPARATOR
'

COMPUT COMPUTER

CPS COUNTS PER SECOND

DN DOWN

HV HIGH VOLTAGE

INT'LK INTERLOCK

LIN LINEAR

LOG LOGARITHMIC

MAG MAGNETIC CLUTCH

MAN MANUAL

NI NUCLEAR' INSTRUMENTATION

P/S POWER SUPPLY

PA POWER AMPLIFIER

PC PRIMARY COOLANT;

| PWR POWER

| REG REGULATING R0D

RPI CONTROL BLADE (ROD)'

POSITION INDICATION

UIC UNCOMPENSATED ION
CHAMBER

W/D WITHDRAWAL

W/R WIDE RANGE DRAWER (CHANNEL)

t
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The functions of these control and indicating devices are sumarized
in the following paragraphs.

The console POWER ON switch controls a.c. power to all control and equip- )
ment circuits. The nuclear instrumentation channels receive power from the
circuit breaker on the console rear center door.

Control blade magnet power is controlled through the three-position
OPERATE key switch.

The control blade switches (UP, D0WN, and ON) are provided for the
safety 1, safety 2, safety 3, and regulating blades. The positions of the
control blades relative to their lower limits are indicated on individual
digital blade POSITION indicators mounted on the control panel.

A two-position MODE SELECTOR switch is located in the lower left corner
of the central control panel. The switch is used to select one of two modes
of operation for the reactor: MANUAL-AUTOMATIC.

A REACTOR POWER range switch, with seventeen steady-state positions
(.001 watts to 100 Kw), zero and calibrate, is located in the lower right
corner of the horizontal portion of the control panel. It is used in conjunc-

tion with the linear amplifier. The dual-pen strip-chart recorder is central-
ly located in the upper center portion of the console. The red pen'provides
a linear indication of power as a percentage of the range switch's position
and the purple key provides a 10 decade logarithmic display of reactor power
level.

THE %-DEMAND control in the upper right center section of the console-
is used in conjunction with the steady-state automatic control servo to nmin-
tain the desired power level during operation above 1 watt.

The SCRAM BAR provides a means of manually scramming the reactor. This
is a safety-related provision considered necessary for all licensed reactors.

3A LOG POWER meter ranging from 0.1 to 10 counts /second and a power range
of 10-8 to 125% rated power, is located on the left side of the control panel

. along with the REACTOR PERIOD meter, which provides an indication of the rate
| of power change and ranges from periods of -30 seconds (subcritical) to in-
j finity to +3 seconds (supercritical).

The SAFETY CHANNEL meters #1 and #2 range from 0 to 150% power and are
located on the right side of the control panel. A set of 17 annunciator lights
is located on the left side of the dual pen recorder. These annunciate all,

| scrams and blade interlocks. Three indicators on the right side of the panel
| indicate use of the three possible entrances and/or exits to the reactor cell

and control room.

7.2.2 Nuclear Instrumentation Channels

The two channels of neutron instrumentation shown in Figure 7-1, the,

'

Nuclear Instrumentation and Scram Logic Diagram, provide the UFTR with inde-
pendent, separate neutron monitors of the reactor power level. Figure 7-2 shows
the operating ranges of the detectors used to monitor UFTR power levels. !

|
'

,
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7.2.2.1 Nuclear Instrumentation Channel 1. As indicated in Figure 7-3,
Nuclear Instrumentation Channel 1 monitors the rate of growth of the neutron
flux or power level. Reactor trips which operate on a one-out-of-one logic,
are provided in this channel for any of the following three occurrences:

1. A fast period (3 seconds),
2. UFTR Reactor Overpower (125% rated power /125 Kw),
3. A 10% loss of high voltage to the neutron detection chambers.

These reactor trips are present to insure the safety of the UFTR facility by
preventing the reactor power from exceeding design levels. A 2 cps neutron
interlock assures that a reactor start-up can be made only if neutron source
counts are sufficient and the low level neutrons monitoring channel is proper-
ly functional. The main components of Nuclear Instrumentation Channel 1 and
their functions are described in the following three subsections.

7.2.2.1.1 . Log Power (Wide Range Channel). The log power channel depicted
in Figure 7-3 provides the reactor operator with a continuous display and
record of neutron flux from source level to full power. The circuit consists
of a B-10 proportional counter (for low levels), a pre-amplifier, a log and
period fission chamber, a derivation amplifier, and the purple pen (second)
channel of the dual pen recorder.

7.2.2.1.2 Period Channel. For the period channel shown in Figure 7-3,
the log-n amplifier produces a voltage proportional to the logarithm of neu-
tron flux. A derivative circuit produces a voltage proportional to the in-
verse of the reactor period, which is then amplified and displayed on a con-
trol panel meter that ranges in seconds from -30 to = to + 3 sec. An adjus-
table bi-stable trip activates a scram, currently set at +3 seconds, as
determined by the Technical Specifications.

7.2.2.1.3 Safety Channel #2. The linear channel shown in Figure 7-3 is
applied as a safety channel by using the D.C. component of the signal from
the wide range fission chamber. As shown in the NI Channel 1 diagram of
Figure 7-3, the linear amplifier accepts the linear current signal from the
pre-amplifier. The output signal is then displayed as the power level on a
linear scale ranging from 1 to 150% of rated power. A reactor trip is set
at 125% rated power (125 Kw) resulting from operation of a bi-stable trip.

7.2.2.2 Nuclear Instrumentation Channel 2. As shown in Figure 7-4, Nuclear.

Instrumentation Channel 2 is used to monitor the neutron level or power level
of the UFTR and maintain a steady power level through the reactor steady-state,

; automatic control servo system. The main components of the NI Channel 2 are
| described with their functions in the next two subsections.

7.2.2.2.1 Linear Power Channel. The linear power channel provides power
level indications from just above source level to 100 Kw. As indicated in
Figure 7-4, the linear power circuit consists of a neutron-sensitive compen-
sated ion chamber, a pico-ammeter with a 17 position range switch and the
red pen channel of the 2 pen recorder which reads the power as a percentage -
of where the range switch is set on the recorder. The pico-anineter sends a
signal, which is a function of a linear indication of reactor power, to the
servo amplifier as a part of an automatic reactor control circuit. At the t

1
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servo amplifier, the signal is compared with the signal from the servo flux
control.

7.2.2.2.2 Safety Channel #2. As indicated in Figum 7-4, the safety
channel receives a signal from an uncompensated ion chamber and consists of
the ion chamber (with an independent high voltage supply), an operational
ampilff er, an adjustable bi-stable trip, and a meter ranging from 1% to 150%
rated powar. The Safety Channel #2 system initiates a reactor trip at 125%
power. Safety Channel #2 also initiates a reactor trip whenever the high vol-
tage applied to the chamber drops by 10%. The channel also generates test
signals to check the functioning of the channel.

7.2.3 Non-Nuclear Instrumentation Channels

The UFTR is supplied with several process instrumentation channels to
monitor the normal operation of the various systems; to aid in maintaining a
steady-state power level, and also trip the system whenever an unsafe situa-
tion occurs or an instrument fails. Other channels supply information needed
to safely operate the reactor but do not have protective functions. These
Non-Nuclear Instrumentation Channels are described in the next three sub-
sections.

7.2.3.1 Control-Blade Drive System. The control-blade drive circuit is shown
in Figure'7!5; Tt consists of switches and indicating devices used in operating

~~ -

the four control blade drives. The twelve illuminated push button switches
are arranged in the center of the control panel in four vertical rows, one row
for each control rod. Each row of switches contains a white DOWN switch, a
red UP switch, and a yellow ON (magnet on) switch.

When the ON push buttons are depressed, magnet current is interrupted and
the ON lights extinguished. If the control rod is above its down limit, the
blade will gravity fall back into the core. Turning off the reactor key has
the same effect. In the event of a loss of power, these blades fail safe,
falling into the core by gravity.

7.2.3.2 Control-Blade Withdrawal Inhibit System. The Control Blade Withdrawal
Inhibit Sistem is depicted in Figure 7-5; this Inhibit System is part of the
reactor protection system and functions in the following situations:

1. Test switches are not in operate position to insure the monitoring
of the neutron level increases as the blades are raised.

2. Insufficient neutron source counts to insure the proper function of
the source level instrumentation. A minimum of 2 counts per second
is required by the technical specifications.

3. A multiple blade withdrawal interlock is provided to prevent exceed-
ing 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
i seconds. The automatic controller drives the regulating blade down

until the period is slower than 30 seconds.
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7.2.3.3 Autom_a_ tic _ Control System. The UFTR Automatic Control System is used
to hold reactor power at a steady level during extended runs and may be used
to make minor power changes within the range of the switch setting. A manual
override of the Automatic Control System by operation of the blade drive switches
is not possible while the control mode switch is in AUTOMATIC. The control
mode switch must be placed back to MANUAL before the Automatic Control System
can be overridden; for this prupose, the neutron flux shown in Figure 7-6 con-
troller compares the linear power signal from the pico-ameter with the power
dceand signal and moves the regulating blade in order to reduce any difference,
therefore maintaining a steady power level.

A pr4 cry coolant flow monitor, with a sensor located in the primary cool-
ant fill line, prevents reactor operation or trips the reactor if flow is below
the set point of 30 gpm (nonnal flow 40 gpm).

A coolant flow switch, located in the return line of the primary coolant
to the primary coolant storage tanks, initiates a reactor trip in case of a
loss of return flow. This flow switch serves as a backup for the low flow
reactor trip in the fill line and activates only after the return line has been
drained of water or the flow is reduced to less than about 10 gpm.

A sight glass, attached to the north wall of the reactor room, at the
east side of the primary equipment pit, shows the water level in the core allow-
ing a visual check of the primary coolant level.

An electric switch which i; located behind the sight glass is wired to the
reactor protection systein. It prevents reactor operation, or activates the
reactor trip system, when the water level in the core is below pre-set limits.

Type "T" (copp -constant) thermocouples are located at each of the fuel
box discharge lines to monitor water temperature from each fuel box to the pri-
mary coolant storage tank and 2 thermocouples monitor the temperature of the bulk-
primary water to and from the core. The temperature information is sent to the
12 point recorder in the reactor control room. If any temperature point of

0the recorder exceeds preset levels, an audible alarm is set off at 150 F, and
the reactor trips at 1550F Conditions wh%h may cause this excessive increase
in the primary coolant tecrature incluae:

1. Restriction or reduction of primary coolant flow,
2. Reduction of or restriction of the secondary coolant flow.
3. Malfunction of the primary hcat exchanger,
4. Excessive power level, or
5. Instrument malfunctions or thermocouple failure.

A water level switch in the top of the reactor shield tank will trip the
reactor when the water level drops below a preset value. This prevents reactor
operation because of water loss due to evaporation or leakige.

7.3 Reactor Trip System

The UFTR facility is provided with two types of reactor trips, both ini-
tiating the gravity insertion of all the control blades into the core. These
reactor trips can be classified into two categories:

i
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1. Nuclear Instrumentation Induced Trips, which involve the insertion
of the control blades into the core and the dumping of the primary
water into the storage tank (this type of trip will dump primary
water only if 2 or more control blades are not at bottom position);

2. Process Instrumentation Induced Trips, which involve only the inser-
tion of the control blades into the reactor core (without dumping of
the primary water). Figure 7-7 shows a schematic diagram of the
Protection System provided for the UFTR.

7.3.1 Nuclear Instrumentation Induced Trips (Full Trips)

One of four conditions must exist for the initiation of the Reactor Trip
System with dump of primary water (Nuclear-Type Trip); these four conditions
include:

1. Fast Period (3 seconds or less),
2. High power, safety channel #1 (125%) or safety channel #2 (125%),
3. Reduction of high voltage to the neutron chambers of 10% or more,
4. Turning off the console magnet power switch.

7.3.2 Process Instrumentation Induced Trips (Rod-Drop Trips)

The conditions which must exist for the initiation of the Reactor Trip
System without dump of primary water (process type trips) include:

1. Loss of power to the Reactor Vent Blower System.
2. Loss of power to 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 200 gpm, alarm

at 140 gpm) when operating at or above 1 Kw when using this system
for secondary cooling.

5. Dropping 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 power to primary coolant pump.
8. Reduction of primary coolant flow (normal 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.
| 11. High temperature primary coolant return from the reactor (alarms at

150 F, trips at 155'F).
12. Manual reactor trip button depressed.
13. A.C. power failure (fail-safe criterion).

A set of annunciator lights located on the left side of the control con-
sole indicates all scrams and 3 interlock conditions. In case of high reactor
temperature, an audible alarm is set off at 150*F and the reactor trips at
155'F. The alarm continues to sound until the indicated temperature drops
below 150*F.

7-13
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A red rotating beacon located in the reactor cell together with three
" reactor on" lighted signs located on the outside of the east side of the
Reactor Building on the second floor level, on the entrance hallway leading
to the control room, and on the north outside reactor building wall, are all
energized whenever the console key switch is turned to the "0N" position.

7.4 Engineering Safety Feature System

As explained in Chapter 6, there are no separate Engineered Safety Features
required in the UFTR aside from those built-in into the facility. Therefore,
no instrumentation or control system relative to this system is present.

7.5 Systems Required for Safe Shutdown

The only system required for normal safe shutdown is the safety-control
blades drive instrumentation channels allowing the operator to insert the
blades into the core to shut the UFTR system down. Proper rod movement can
be observed in the display panel where the four rod position indicators are
located. In addition, the nuclear instrument channel read-outs provide
another way for determining proper decrease in power for reactor shutdown.
Nevertheless, the only system really necessary for reactor shutdown is the
control rod drive system. In case of failure of this system on a loss of
power, the control rod system is designated to fail safe; the blades drop by
gravity into the system to shut the reactor down. A semi-annual measurement
is made of blade drop times which must be less than 1 second. Normal times
are about 0.5 second. If the control blades do not function properly and the
core overheats, the negative void and temperature coefficients will cause the
core to go subcritical and shut down even without insertion of the control
blades. Therefore, instrumentation is not an absolute necessity for shutting
the UFTR down because of its inherent safety features. In addition, the reactor
can be made subcritical and power reduced by the operator initiated action of
dumping the primary coolant.

7.6 Safety-Related Display Instrumentation

Readouts from all of the nuclear instrumentation and non-nuclear instru-
mentation channels are displayed on the reactor console as described in
Section 7.1.1.1.

The reactor vent system has a GM detector and preamplifier, which trans-
mits a signal to the control room to monitor the gama activity of the effluent
in the downstream side of the absolute filter, before dilution occurs. If the
activity reaches alarm level preset in the control room, the monitor will
actuate an audible alarm in the control room. The data from this monitor is
centinuously recorded.

The stack monitoring system consists of a GM detector, a log rate meter',
and a strip chart recorder. It also provides a log rate meter with an alarm
setting capability for the different powers of operation, monitoring the gross
activity concentration of radioactive gases in the room effluent air entering
the stack.

A complete area radiation monitoring system consisting of three independent
area monitors with remote detector assemblies and interconnecting cables, and
strip chart recorders and count rate meters are available. The signals from
these detectors are sent-directly to the log count rate meter and recorder, moni-
toring the gama activity in the reactor room. Each detector has an energy com-
pensatea Geiger Counter with built-in Kr-85 check source which can be operated

.-ote
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from the control room. The stack nonitor and 3 area monitor modules in the
control room are equipped with test switches and grren "N0 FAIL" lights
that go out if the modules do not receive signal pulses from the detectors.
Floating battery packs supply power to the units in the event of electrical
power loss.

The air monitoring system is equipped with a flow indicator (LPM), a
strip chart recorder and an audible and visible alarm setting. The monitor
is a lead-shield, compact airborn particulate Geiger Counter.

The portal monitoring system in the airlock leading from the reactor
cell is a Beta-Gamma Portal Monitor Model PCM-4A console and portal frame.
It 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 radia-
tion field limit is exceeded.

7.7 All Other Instrumentation Systems
Required for Safety

There are no other instrumentation systems required for the safe operation
of the UFTR; all the necessary instrumentation has been covered in previous
sections of this chapter.

7.8 Control Systems Not Required for Safety

There are no control systems in the UFTR facility which do not have safety-
related functions as considered in this Safety Analysis Report. Conscquently,
all UFTR control systems have already been des *1 bed in the preceding sections.
Even those controls which do not have a safety operational function do have a
safety function in the sense of providing information on safe UFTR operation
through read-outs supplied by the appropriate monitoring control.

i
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8. ELECTRIC POWER

8.1 Introduction

The UFTR is a research reactor presently licensed to operate at only
100 Kw (thennal), and it does not generate electric power. Since the
UFTR does not generate electrical power, there is no impact on the power
grid. The reactor is designed to withstand any credible accident and is
designed to shut itself down safely through operation of the reactor safety
systems in case of loss of primary coolant.

8.2 Offsite Power System

During operation, the electric power requirements for the UFTR reactor
will be supplied by the regional utilities servicing the University. The
reactor facility requires power of 230v and ll5v-AC at 60 cycles. The
facility requires power of Il5v-AC at 60 cycles for the reactor console and
auxiliary equipment and 230v-AC at 60 cycles for all motors.

Since the system is fail safe, no auxiliary power is needed for the
operation of post-shutdown safety systems. The loss of electrical power
drops out the scram relays and de-energizes the magnetic clutches to trip the
reactor by dropping the control rods under gravity completely into the core.
Therefore, there is no need to consider offsite sources of emergency power.

8.3 Onsite Power System

The electrical supply to the reactor and console is supplied by the
Regional Utility System of Alachua County. This offsite power is supplied
onsite to operate the various non-nuclear reactor safety and monitoring in-
strumentation channels, as presented in Section 7.1.1.3. These channels are
all dependent on the utility system A.C., power for proper operation. However,
they will only be needed during operation to perform monitoring and scram func-
tions. In a " loss of power" situation, the nuclear instrument channels and the
fail-safe nature of the control rod system provides the proper trip and shut-
down of the reactor.

Interruptions in power from the regional utilities system are quite com-
mon. Although such trips associated with loss of power are bothersome from a
training or research stand-point, such a loss of power has no bearing upon the
safe operation of the UFTR system. When power is lost, the reactor automatically
trips. Since these interruptions in power are usually of short duration, there
is no simple remedy for the loss of power problem. Therefore, secondary power
systems are not considered in this report.

8.4 D.C. Power Systems

The radiological area monitors and stack monitors are powered by 24vDC
power supplies backed up with a " floating" battery pack. In the event of loss
of A.C. power, the battery packs will automatically power the monitors with the
ability to maintain operation for at least 12 hours. This provides the system
with an ability to monitor radiation activity in the reactor area at all times.
Emergency lighting is located throughout the reactor building and the reactor
cell. There is a two lamp emergency spotlight within the reactor cell to pro-
vide light in the event of a loss of power. The security system itself is also
equipped with a battery power supply to maintain operation in the event of a loss
of all electrical power.

8-1
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8. 5 Diesel Electrical Power

The UFTR will be connected to an A.C. Diesel Electric Generator located
in the rear of the Reactor Building in the near future. The design of the
switching system and the necessary purchase orders have been made and the work
is expected to be completed by April 1,1981. The Diesel Generator will pro-
vide backup electrical power for all reactor systems, including the radiation
monitoring and physical protection systems, as well as emergency lighting.

No credit is taken for the back-up electrical Diesel Generator for safety
analysis considerations.

For additional information on the Diesel Generator refer to Chapter 9,
Section 9.5.4.
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9. AUXILIARY SYSTEMS

9.1 Fuel Storage and Handling

9.1.1 New Fuel Storage

Unirradiated reactor fuel is nonnally stored in a 5-drawer, fire-
resistant Diebold Safe equipped with a combination lock. Supports are
provided to space the plates in such a manner that no more than 56 plates
can be placed in a drawer. The bottom of each drawer is lined with cad-
mium. The fuel storage safe, which is locked at all times except during
transfer of fuel or inventory is located in the reactor cell. An authorized
person is present at all times when the reactor cell (which comprises the
reactor room and th.e control room) is unlocked. The reactor cell is pro-
tected by a security system which alanns at the University of Florida cam-
pus police headquarters.

Loading and unloading of the fuel into and out of the reactor will
only be performed by qualified reactor operators and staff, and under the
supervision of the reactor supervisor as specified in the UFTR S0P C.1
and C.2.

9.1.2 Spent Fuel Storage

Irradiated fuel is removed from the reactor in a lead transfer cask
using the crane and special handling tools (Section 9.1.2.1); a continuous
radiation survey is made while the fuel is being transferred. Irradiated
fuel assemblies or plates are stored in the spent fuel storage area located
in the concrete floor at the northwest corner of the reactor cell as shown
in Figure 3-2. This storage area is readily accessible to the crane and
contains 27 steel-lined storage pits, each of which is 4" in diameter x
4 f t. deep. These storage pits are arranged so that k
0.8 under optimum conditions of reflection and moderatb.will be less thanPadlocked shield
plugs are provided for these storage pits and are keyed to the University
of Florida Proprietary Keyway, Sargent Grand Master Series. The key is kept
in a safe, available to the Reactor Administration and under established
conditions can be used by qualified reactor operators. Therefore, all re-
actor fuel which is not in the reactor will be locked either in the fuel safe,

or in the fuel storage pits, or in active transfer between these places.

Fuel plates are replaced when necessary. The irradiated fuel can be
shipped to a fuel reprocessing plant after sufficient cooling.

9.1.3 Bridge Crane

A 30-ton bridge crane is'provided for handling shield blocks, lead
casks, and other heavy equipment. The crane travel allows coverage of
the entire area of the reactor cell as shown in Figure 3-2. Maximum clear-
ance of 11 ft., 9 in. can be obtained between the top of the reactor,
which extends 11 ft.,10-1/2 in. above the floor, and the crane hook.
The clearance is reduced to 8 ft., 9 in.-over the water tank which ex-
tends 3 f t. above the top of the reactor. This clearance is adequate for use
of the lead transfer cask to remove irradiated fuel elements from the reactor
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and also for the installation of any experimental equipment which might be
desired over the internal thermal column. A balcony over the control
room serves as a maintenance area for the crane and also as a shield
to prevent damage to the control room from the crane hook or heavy ob-
jects moved with the crane. (See Figure 3-3). (1).

9.1.4 Fuel Handling Systems
;

9.1.4.1 General Precautions. Whenever fuel is loaded into or removed
from the reactor, the following requirements shall be met:

1. All fuel transfer operations shall be supervised by the reactor super-
visor or his duly authorized representative, who shall hold a Senior
Reactor Operator License.

2. All the required logs, diagrams, records, and forms shall be main-
tained as specified by the UFTR SOP-C-1 and S0P C-2.

3. Adherence to the UFTR Technical Specifications criticality safeguards
criteria shall be enforced at all times.

4. Minimum personnel requirements shall be met at all times during fuel
movement-related operations as specified in 50P-C-1.

5. Radiation Control Personnel shall be present to perform periodic chec'ks
to assure the operability of the survey instruments, take swipe surveys,
take air samples and perform radiation field surveys. Records of the
above checking activities shall be maintained and adherence to limits.
set forth in 10 CFR 20 shall be observed as set forth in the UFTR SOP's.
(3)

9.1.4.2 Fuel Loading Initial Conditions. The following initial conditions
shall be observed and assured prior to the beginning of the fuel loading
process:

1. The reactor will be operational with top shield blocks removed.

2. All the requirements specified in the UFTR Technical Specifications
must be satisfied.

3. The pre-nuclear testing program, as defined in SOP-C.2, must be satis-
factorily completed.

4. Neutron source (s) must be installed and a minimum count rate established
on the start-up channel.

5. Visual inspection and clearing of any fuel assembly or dunny assembly
must be performed.before insertion into the core.

6. All operations must be previously approved by the Reactor Supervisor.

7. Only licensed reactor operators shall insert fuel into the reac;or.
1

8. Minimum personnel requirements must be met as specified in S0P-C.2.

9-2
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9.1.4.3 Fuel Loading to Critical and Operating Reactivity. The follow-
ing conditfons apply for fuel loading to critical and operating reacti-
vity:

1. All fuel loading (including dummy assemblies) will be perfonned with
the water out of the core and all the control blades fully inserted.

2. All counts for subcritical multiplication will be taken with the pri-
mary water up, and as specified in 50P-C.2.

3. At no time will the reactor core be loaded with a reactivity in excess
of 2.3% Ak/k.

4. Fuel loading increments must be carefully controlled. Regulations and
limitations for both an unfueled and partially fueled UFTR core must
be followed as outlined in SOP-C.2. These regulations and limitations
are designed to assure' that the amount of fuel loaded in any one step
will not exceed the critical mass for water-up and two safety blades
fully withdrawn.

5. All fuel loading for Step 4 shall be made from the most reactive to
the lea 5t reactive location as a further safety precaution.

6. Full or partial dummy assemblies may be used during fuel loading to
occupy empty positions to support assemblies.

7. Full or partial dummy assemblies must be used to fill any vacant posi-
tion in the core after fuel loading is completed. (3)

9.1.4.4 Fuel Removal and Storage. Before attempting fuel removal opera-
tions, two preliminary precautionary measures must be taken. First, pre-
cautions must be taken to limit the vertical movement of the fuel. The
necessary safety line and its length will be determined using a dunny fuel
element. Second, all necessary monitoring and alarm systems shall be checked
for operability.

The following requirements must be met before actual operations for
removal of fuel from the core are undertaken:

1. The shield tank must be prepared to receive fuel for inspection as speci-
fied in SOP-C.l.

2. Fuel pits must be prepared as necessary to receive the fuel.

3. All neutron and radiation monitoring systems must be in operation.

4. The Reactor Vent System must be in operation.

5. The neutron source must be installed in the reactor to assure the detec-
tion of fission events by the instrumentation.

6. Reactor shielding must be unstacked as necessary to pennit core area
accessibility.

4

7. Reactor primary coolant must be up and the console key must be removed
from the console.
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8. A reactor operator must be at the console.

9. Removal of shield plug and wedging pin from the fuel box shall be per-
formed under direct supervision of the person in charge and radiation
control personnel must be present for surveying at time of shield
plug removal. |

When removing fuel from the fuel pit, the shield tank shall be pre-
pared if inspection of fuel is required. In addition, other fuel pits
shall be prepared if change of fuel locations within the fuel pits is the ;

only required operation.

Detailed descriptions of the procedural steps to be followed during
transfer of fuel to and from the fuel transfer cask and for fuel inspec- !
tion are contained in 50P-C.1 for the UFTR facility.

9.2 Water Systems

9.2.1 Station Service Water System

The cooling of the UFTR is accomplished by two systems: the primary
and secondary cooling systems.

The primary system uses demineralized water from the coolant storage
tank to transfer the heat from the reactor to the heat exchanger. The
storage tank has a capacity of 200 gallons of water which is approximately
six times the capacity of the reactor. Whenever necessary, make-up water
is supplied from the city water line through demineralizers contained in
the UFTR Water Coolant Make-up System sketched in Figure 9-1.

The secondary cooling system has two sources of water as indicated
in the diagram of Figure 9-3:

1. The deep rock well used during normal operation.

2. The city water supply used for back-up operation or for training pur-
poses.

The deep well is 238 ft. deep with a casing diameter of 3", the static
water level is approximately 87 ft. below grade. The well water flows
through a well strainer, which has a stainless steel mesh of approximately
1/16", and then into the shell side of the heat exchanger from where it
goes to the stonn sewer. (5)

9.2.2 Shield Water Tank

The shield water tank is a 5 ft. x 5 ft. x 14 ft. high water tank
placed against the west face of the reactor, opposite the thermal column
(see Figure 1-8). Shield water tank components include:

1. Water level indicator,

2. Pump,
.

3. Ceramic filter,

4. Flow water indicator,

9-4
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5. Demineralizer,

6. Sampling valve. I

This test tank is primarily used for experimental purposes. If necessary,
the tank can be drained and lifted out of the way with the bridge crane.
All water drained from this tank will go directly to the reactor sink and
the holdup tanks where it will be monitored. It will then be released to |

the University of Florida Sanitary Sewage System if, as expected, the acti- |
vity level is below those established by the Radiation Control Office. If 1

activity levels exceed those established by the Radiation Control Office,
then the water will be held up in the reactor sink until activity levels
have decayed sufficiently to allow release. I

9.2.3 Demineralized Water Makeup System

Demineralized water is used as makeup to the primary coolant system.
The makeup system consists of two demineralizers in series that are filled
with Amberlite, nuclear grade resin, as is the demineralizer in the primary
loop. The unit has a hose with a connection that can be made to the pri-
mary tank when water is needed. As indicated, the schematic of the makeup
system is shown in Figure 9-1. The makeup connection for the primary sys-
tem is found on the side of the coolant storage tank, and is located on
the top of what is called the " ice chute."

9.2.4 Purification System

The purification loop is provided with a separate pump in order to main-
tain a continuous purification flow. The purification pump is interlocked
with the primary coolant pump in a manner which shuts off the purification
pump when the primary coolant pump is running.

The arrangement of the purification loop provides the system with con-
tinuous monitoring of the resistivity of the primary water and the function-
ing of the Amberlite nuclear-type resin (H-0H;- H-control) in the purifica-
tion system. The in-line, wall-mounted resistivity bridge is set up to
accept two conductivity cell signals--one before the demineralizer and the
other after the ceramic filter. A schematic diagram of the primary loop
purification system is presented in Figure 9-2, showing the feed and bleed
nature of the system and its various components. (5) '

9.2.5 Potable and Sanitary Water Systems

The UFTR Building does have potable and sanitary water system connections.
Tap water and a utility sink are located in the northwest corner of the reactor
cell. A "back flow preventer," as required by the National Plumbing Code,
is installed in the city water line ahead of any industrial type use of this
water.

9.3 Process Auxiliaries -

9.3.1 Compressed Air System

An air compressor and associated components is located in the Air Condi--

tioner Equipment Room on the north side of the Reactor Building. This system
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supplies compressed air for the laboratories in the Reactor Building, and
for operation of the thermostats and valves of the air conditioning system.

9.3.2 Process Sampling System !
l

The process sampling system for the UFTR consists of several sample
valves found in the primary and secondary coolant loops, and in the purifi-
cation system as labeled in Figure 9-2 showing the Primary Coolant Loop and |

Purification System and in Figure 9-3 showing the Secondary Loop Cooling
System. Process sampling is done routinely on a weekly basis as part of
the Weekly Pre-operational Check (SOP-A.1).

For the primary system, water samples are taken from the sample valve
located in the equipment pit. Two samples are required. One sample is used
in the reactor cell to check the water resistivity; the second sample is taken
to Radiation Control for analysis. For the secondary system, two water samples
are taken to check for primary to secondary coolant leaks. There is one sam-
ple flow valve in the heat exchanger discharge line which continuously bleeds
a small sample flow into the hold-up sample tank. A second sample valve,
which is normally closed, is used for collecting a sample directly from the
heat exchanger, as shown in Figure 9-2. Water samples to check the shield
water resistivity are taken from the sample valve located in the shield tank
system.

9.3.3 Equipment and Floor Drainage System

The reactor building floor drainage system is designed so that all liquid
effluents will go directly to the hold-up tanks. There are no drains lead-
ing directly to the hold-up tanks; therefore, all the water must be pumped
or drained to the reactor sink which drains directly into the hold-up tanks.

9.4 Air Conditioning, Heating, Cooling
and Ventilation Systems

9.4.1 Control Room Area Ventilation System

The reactor cell is completely air conditioned with a recirculating type
system designed to provide an atmosphere suitable for reliable operation of
electronic instruments and for human comfort. The air-conditioning unit has
a design capacity of 1500 c.f.m. (approximately 2 changes 'per hour) with a
total air delivery of 6050 c.f.m. at 75 F, dry bulk temperature, and 50 per-
cent relative humidity, sunmer and winter. All inlet and circulated air is
filtered through a 2 in thick, dry, spun glass, cleanable-type roughing filter
capable of removing particles of 5 microns or larger in size with an efficiency
of 85 percent or better. The inlet air duct is provided with a motor-operated
damper to close the duct whenever the unit fan is not operating.

The room exhaust air is used to ventilate the reactor structure. The
vent flow from the reactor cavity is' adjusted within limits conducive to
minimization of releases of Argon-41 to the environment and exposures to
personnel within the reactor cell. The vent flow is controlled by the opera-
tion of a small blower fan and an electrically actuated damper. This air is
passed through a roughing filter and an absolute filter to an outside stack
where it is diluted with approximately 12,000 c.f.m. of outside air. It is
then discharged through the stack extending from the roof of the building
where a further 200 to 1 atmospheric dilution is effected.
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9.4.2 Core Vent System

As indicated in Section 9.4.1, in order to prevent radioactive gases
,

and particulate matter formed in the reactor from escaping into the reactor |

room, the air surrounding the reactor core structure is withdrawn by the
core vent system and then through a rough and an absolute filter. The
air is then discharged through the stack where it is diluted with about
12,000 c.f.m. of outside air before it is released to the atmosphere.

Vacuum breaker vent lines (1" diameter) connect the tops of the fuel
Jboxes to the coolant storage tank to provide an air-return path allowing

rapid dumping of the water from the boxes. The coolant storage tank vent
connection to the reactor ventilation system is shown in the diagram of
Figure 9-4 giving a vertical section view of the physical arrangement of
the UFTR Core Vent System. The vent lines are positioned between the i

graphite blocks that surround the fuel boxes and the concrete shield tank.
A schematic flow diagram of the core cooling and vent system is presented
in Figure 9-5.

On-line measurement of the vent flow rate is accomplished by a pitot
tube in the outlet line of the core vent. A differential pressure, pro-
portional to the square of the flgrate, is displayed on inclined man-
ometers on the north wall of the r7 actor. The differential pressure across
the rough filter is indicated by another inclined manometer, and the differ-
ential pressure across the absolute filter is indicated by a "Magnehelic"
gauge. These three instruments display differential pressure in inches of
water head.

Gama activity of the gaseous effluent release is monitored by a GM
detector located on the downstream side of the absolute filter after the .

pitot tube (see Figure 9-4) at the base of the stacks before dilution occurs.
An audible alarm will be actuated in the control room, in the event the vent
flow activity reaches a preset level. . The data from this monitor is continu-
ously recorded. In the exhaust duct there is a motor opened, spring-closed
damper valve which automatically closes whenever the fan is not operating.

The Reactor Vent System prevents diffusion of radioactive gases or
particulate matter into the reactor room during reactor operation. Loss
of electrical power to either the reactor vent damperor the dilution fan
motor will result in a reactor trip without dumping primary water. The
vent damperis electrically interlocked with the dilution fan motor control
circuit so that the damper control cannot be opened unless the dilution fan

| is energized. This interlock prevents the discharge of undiluted air effluent
via the stack.

9.5 Other Auxiliary Systems

9.5.1 Fire Protection System

| Since none of the materials of construction of the reactor are inflam-
mable, and since the reactor building is fireproof construction and will
not be used for storage of quantities of inflamable materials, a fire of
any consequence is considered very unlikely.

Conventional fire equipment is located in the reactor cell and through-
out the reactor building. Five CO extinguishers are available in the re-

2actor room itself, and one more is located.in the control room at the control
,
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console. A fire hose and fire extinguisher are also located outside the
control room in the ground floor foyer area referred to as the Limited
Access Area in Chapter 3 of this report.

An automatic fire alarm system monitors the reactor cell continuously
and the reactor building. The system in use is a Simplex, Type 4207, com-
pletely-supervised system with Emergency Battery Back-up. The following
equipment is installed:

1. Two (2) Ionization Detectors

2. Two (2) Thennal (Heat) Detectors

3. Seven (7) Pull Stations

4. Six (6) Horns

This system alanns at the Campus Police Station. Operation of this system
will turn on the emergency light in the reactor room (for illumination).

9.5.2 .Comunications Systems

A full-service telephone is installed within easy reach of the reac-
tor operator at the console. This provides direct coninunication within the
building, on and off-campus including: The Reactor Supervisor, Radiation
Control Office, University of Florida Police Department, Gainesville Fire
Department and Senior Reactor Operator.

An intercom system is set up providing direct comunication from re-
actor console to the Reactor Supervisor, Senior Reactor Operator (not
present in effect) and the Health Physics Office.

In case of a power failure, the telephone will be available for com-
munication within the building as well as on and off-campus.

9.5.3 Lighting System

The reactor building is provided with overhead fluorescent lighting.
Additional supplementary lighting is possible via 115v wall outlets.

In case of a power failure, emergency lighting is provided automati-
cally throughout the building by the emergency diesel generator located
outside the reactor building.

9.5.4 Diesel Generator Fuel Oil Storage and Transfer System

The diesel generator is a Turbo-Charge D-6 Caterpillar type generator
and is available for emergency conditions in case of a power failure. The
system is designed to come on line automatically within 10 seconds after
the power failure, operating 10 to 11 minutes after power recovery, as a
back-up power supply in case of repeated failure within this short period
of time. The automatic starting system provides for three start-up events
within a 90 second period, after which it goes into a manual stand-by condi-
tion with the option of a manual start-up or a reset mechanism for start-up.

Fuel oil storage provisions consist of an underground tank with a capa-
city of approximately 2000 gallons. Fuel oil transfer is accomplished by

9-13
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an electrical motor system with a manually operated hand-pump as a second-
ary backup. Cooling of the system is provided by a radiator assembly.
Inspection of the Diesel Generator System is carried out on a routine weekly
basis by the Plants and Grounds Division of the University of Florida; pre-
ventive maintenance is provided by the Ring Power Company - Ocala Division.
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| 10. STEAM AND POWER CONVERSION SYSTEM
:

The 100 Kw University of Florida Training Reactor operates at low power l
'

levels, low temperatures, and near ambient pressure levels; by design, '

| the Uf1R produces no steam and no electrical power. There is no working
- Iluid cycle. Therefore, since no steam and power conversion system is needed,
; this chapter is not considered necessary.
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11. RADI0 ACTIVE WASTE MANAGEMENT

11.1 Source Terms

The UFTR is designed to minimize leakage of gaseous and particulate
radioactive materials from the core area into the reactor room. A core
vent and exhaust system draws air from the reactor room through the vari-
ous openings and cracks and crevices of the reactor structure, around the
graphite reflector, and into the two vent intake lines. This air is then
passed through a rough and an absolute filter, through an automatic damper
valve, past a pitot tube for flow sensing, and into a plenum chamber at
the base of the stack where it is monitored for radioactivity by a GM
detector. The activity level of the air is indicated and recorded in the
control room, with adjustable audible and visual alann level.

Af ter leaving the chamber, the core vent air is diluted with about
12,000 c.f.m. of outside air which enters the stack above the plenum cham-
ber. As the effluent plume leaves the stack, a further atmospheric dilu-
tion factor of 200 to 1 is applied for ..e purpose of detennining radio-
activity concentrations in the environment.

This ventilation, filtering and dilution process assures a reduced
likelihood of radioactive gases escaping into the reactor room and reduces
the amount of particulate and the concentration of effluent. Because of
the system design and characteristics of the reactor, there is no signifi-
cant danger of fission product release under nonnal (and accident) condi-
tions. Calculations discussed in Chapter 4 show the low power density
provides a large safety margin before fuel or clad temperatures would
produce radioactive releases.

The sources of radiation which are the basis for required radiation
protection during operation are primarily the core neutron and gama ray
fluxes. Sources activated for experimental purposes in the UFTR experi-
mental ports are also a concern but only after reactor shutdown. Previous
radiation exposure measurements indicate that the radiation hazard in the
reactor due to both thermal and fast neutrons is negligible; therefore,
the main concern is the gama exposure. (23)

The only normal isotope of concern is the Ar-41 produced in the UFTR
as a result of neutron activation of the Argon-40 in the air drawn in
through the crevices in the concrete and the graphite reflector. (This
topic is addressed in Section 11.3.) Since Argon-41 production is propor-
tional to thermal power produced by the UFTR, a historical sumary of UFTR
energy generation is presented in Table 11-1. This sumary contains total
energy generated (Kw-HR) and hours at full power for all reporting years
after the UFTR October, 1971.

The natural atmospheric argon is responsible for virtually all of the
neutron-induced radioactivity released to the stack. (30) The other gaseous
components of air are either too rare, have small activation cross sections,
or produce activated products having half-lives too short to be of signifi-
cance. The combination of argon properties shown in Table 11-2 accounts for
the fact that Argon-41 provides essentially all of the radioactivity to be
found in the reactor ventilation air leaving via the building stack from
the Core Vent System. (31)

11-1
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TABLE 11-1

HISTORY OF UFTR ENERGY GENERATION SINCE REACHING THE LICENSED
100 KWth POWER LEVEL FOLLOWING SYSTEM MODIFICATIONS IN 1970*

YEAR KW-HR GENERATED HOURS AT FULL POWER

Sept.1,1971-Aug. 31,1972 29,873.67 Not Abstracted'

Sept.1,1972-Aug. 31,1973 23,039.54 Not Abstracted

Sept.1,1973-Aug. 31,1974 8,904.37 78.8

Sept.1,1974-Aug. 31,1975 43,835.15 425.18

Sept.1,1975-Aug. 31,1976 12,388.62 116.74

Sept.1,1976-Aug. 31,1977 25,388.14 243.67

Sept. 1, 1977-Aug. 31, 1978 26,375.80 248.02-

Sept.1,1978-Aug. 31,1979 9,079.30 84.85

Sept. 1, 1979-Aug.-31, 1980 9,800.14 90.97
. . . . . ~ . . . . . . . . .

*The license amendment to upgrade UFTR rated power to 100 KWth was granted
in 1964. After a number of years operation, system repairs and modifica-
tions were made in 1970. Following these modifications, the UFTR first
reached 100 KWth in October,1971.

TABLE 11-2

SELECTEDPROPERTIESOFARG0N(32)(33)

- . . .

Atmospheric Abundance (By Volume) 0.934%

Isotopic Abundance of Argon-40 99.6%

Argon-40 Activation Cross Section (n,y) 0.53 barns

! Activation Product Argon-41

Product (Argon-41) Half-Life 110 minutes.

Radiation Breakdown s - 2.49 MeV (.8%)j
62 - 1.20 MeV (99%)
y3 - 1.29 MeV (99%)

!
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Two experimental determinations provide sound evidence to support
the contention that the measured activity is due to Argon-41 decay. (31)
first, the photopeak energy of the stack air samples was determined to
be 1.29 MeV using an energy calibrated gama scintillation spectrometer

,

which corresponds to the gama energy associated with Ar-41 decay shown*

in Table 11-2. Second, a half-life detennination was made and the ex-
! perimentally determined decay curve presented in Figure 11-1 verifies that

the sample activities decay with a half-life of about 110 minutes. Since
these values are characteristic of Argon-41 and no other radionuclides are
detectable, the radioactive contribution o' Argon-41 is demonstrated.

Lochamy has performed extensive Ar-41 sampling studies for the UFTR.
(31) Lochamy's samples were drawn at the base of the stack prior to dilu-
tion. Each sample was passed through a drying apparatus made of silica gel

i and spun glass prior to collection in an evacuated flask. The analysis was
performed in a low-background counting room by gama scintillation spec-
trometry. The results of the stack activity experimental measurements
taken at different power levels up to 90 KWth are presented in Figure 11-24

| where each value is the average of several measurements taken at the
different equilibrium UFTR power levels. Analysis of the dependence of'

measured stack activity on UFTR power level resulted in ghe expected linear
fit shown in Figure 11-2 which has a slope of 6.7 pCi/cm -Kw.

The following is a summation of Lochamy's data:

Vent Flow rate: 376 cfm

Exhaust Flow Rate: 13,402 cfm

Average Argon-41 Stack
Activity per Unit

3
Power Level: 6.7 pCi/cm -KW

3At 100 KWth, a stack sample activity value of 670 pCi/cm is extrapolated
from the data presented in Figure 11-2. This value, when the dilution

factors of 35.6:1 for the stack and 200:1 atmospheric dilution guthorized
- pC/mlby the Nuclear Regulatory Commission are used, yields 9.4 x 10

which is a factor of 2.35 above the MPC for releases to an uncontrolled
area at any instant of time at the 100 KWth power level.'

In June gnd July of 1977, the UFTR staff conducted another survey.
Using a 92 cm Navy type gas collection chamber, samples were drawn at dif-
ferent points at the horizontal plane at the stack discharge at the 100 KWth
equilibrium power level . The samples were counted using an Ortec Ge-Li
detector whose signals were processed by a Tracor Northern TN-ll computer
based multichannel analyzer using a spectrum analysis system.

The activity results at the stack discharge at the 100 KWth power level
are as follows:

Average Argon-41 Sample Activity: 2.48 x 10-5 Ci/ml

Activity with Authorized Atmos-
pheric Dilution (200/1): 1.24 x 10~7 uCi/ml

-0
MPC: 4.0 x 10 pCi/ml
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Because of this analysis showing the diluted Ar-41 release concentrations
at 100 KWth to be a factor of 3.1 above the MPC for this activity, certain
restrictions have been placed upon UFTR operations as discussed in Section
11.3.

11.2 Liquid Waste Management

All liquid waste from the UFTR is pumped or drained into the reactor
sink and subsequently stored in the Waste Water Holdup Tanks, sized to hold
80,000 liters of liquid. Periodic samples of the collected liquid waste
are taken by the Radiation Control Office and assayed to determine the total
activity level present. If, as expected, activity levels are within the
acceptable levels for release, then the contents of the tank are released
into the University of Florida Sanitary Sewage System where the released
water is further diluted by an average flow of approximately one million
gallons per day. The liquid wastes do not present any problems during opera-
tion of the UFTR. Acceptable activity levels for release from the waste
water holdup tank have been established by the Radiation Control Office.
Based on an average daily flow of 1,000,000 gallons of sanitary sewage, not
more than 1/1000 of the maximum amount af radioisotopes specified by 10 CFR
20, Appendix B, shall be released to the University of Florida sanitary
sewage system in any one day.

Any liquid waste which must be shipped from the UFTR facility will
be placed in appropriate containers suitable for permanent storage and
will be properly labeled according to Radiation Control Technique #3,
" Instructions for Disposal of Radioactive Waste." As necessary, the con-
tainers will be stored on-site and occasionally in the NRC-approved storage
area for low-level waste, until the activity has decayed sufficiently to
permit safe shipment and until sufficient quantity is accumulated to warrant
pickup and ultimate disposal by an NRC-approved disposal agency.

11.3 Gaseous Waste Management

Precautions are taken to insure that no radioactivity is above estab-
lished tolerance levels when released to the surroundings. Radioactive
Argon-41 and Nitrogen-16 are produced in the UFTR. Argon-41 is produced
as a result of neutron activation of air containing 1% Argon-40 drawn,

' t Unugh crevices in the concrete and graphite shielding while Nitrogen-16
is produced from oxygen-15 activation (0-16 in water). Leakage of these
activated gases into the reactor cell is prevented by drawing air from the
cell, through the reactor and out the exhaust stack by the core vent described
in Chapter 9. Thus, the negative pressure maintained in the shields assures

,

air flow to the Core Vent System from the reactor cell. Air from the core|

| 1s drawn by the core vent and exhaust system passed through a rough and
| absolute filter, and discharged through the 30 foot stack where it is diluted

with approximately 12,000 c.f.m. of outside air before it is released to the
atmosphere. Whenever the reactor vent system is operating, air drawn from
this system is continuously monitored for gross concentration of radioactive
gases and recorded in the control room. Upon failure of the air monitoringi

system,the reactor vent system is isolated. If the activity level reaches'

120% of that found to be nonnal, the monitor will actuate a warning light
and an audible alarm in the r'eactor control room. As part of the reactor
safety system, any loss of power to the reactor vent or dilution system will
cause a reactor trip.
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As indicated in Section 11.1, studies conducted by the UFTR staff
in June and July of 197f showed an average Ar-41 concentration at the stack

- E
dilution became 1.24 x 10 pi/ml which with the authorized 200/1 atmospheric
discharge of 2.48 x 10

pCi/ml which is 3.1 times the MPC governmental
limit. Since the MPC as reconnended by the Florida Divigion o{ Health for
168 hour non-occupational exposure to Ar-41 is 4.0 x 10- pCi/m , the UFTR
is limited to 23,535 Kw-brs energy generation per month in order to comply
with State of Florida regulations. (29) This restriction will be enforced
until changes are made in the Core Vent System and new Ar-41 release data
is obtained and analyzed to show no need of the restriction. As iridicated
by the UFTR energy generation history in Table 11-1, this restriction is
not expected to present any problems. A continuous film badge monitoring
system is maintained by the UFTR in areas adjacent to the UFTR complex.
Since exposures typically indicate less than 10 millirem per month (approx-
imately background), radioactivity releases from the UFTR facility are not
considered to be a problem.

11.4 Solid Waste Management System

Solid wastes are generated from irradiated samples, contaminated gloves,
filter traps on the watte water holdup tank and other similar sources. All
solid wastes are collected in accordance with Radiation Control Technique
#3, " Instructions for Disposal of Radioactive Waste." These wastes are
expected to be low-level and less radioactita than wastes already generated
on campus by research efforts in other disciplines such as the biological
sciences in the Biology Department or the medical sciences at Shands Teach-
ing Hospital. Normally, only solids will be shipped from the UFTR site;
therefore, any liquid waste which must be shipped will be placed in vessels
suitable for permanent storage and sufficient absorbent will be added to
take up the entire volume of the liquid--effectively reducing the waste to
solid fonn.

11.5 Process and Effluent Radiological
Monitoring and Sampling Systems

There are two normal effluents channels connected with operation of
the UFTR: radioactive effluents from the Waste Water Holdup System and
gaseous effluents from the UFTR Core Venting System. Both effluents are
monitored as released; the UFTR Stack Monitoring System is always in
operation and is required for normal reactor operations. In addition to
these two effluents, the secondary coolant discharge is monitored (through
a sample tank) to assure that no primary-to-secondary coolant leaks exist.

11.5.1 Effluent Channel 1 - Waste Water Hcidup Tanks

The first ordinary effluent channel for the UFTR consists of Water
Holdup Tanks thorugh which liquid " waste" is periodically released when
either of the two tanks contains a significant quantity of water. Usually
one or the other of the two tanks is dumped approximately 10-12 times
per year. The UFTR nonnally releases to the holding tanks approximately
1500 milliliters of primary coolant per week due to waste from primary
sampling. For a typical reporting 6 period of Sept.1,1977-Aug. 31,1978,the average activity was 2.1 x 10 pCi/ml.

11-7
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Only liquids meeting the requirements set by the Radiation Control Office
based on acceptable activity levels are released into the University of
Florida Sanitary Sewage System through Channel 1. After negative monitor-
ing, these releases occur at irregularly spaced intervals about ten times
per year.

Periodic samples are taken from the Waste Water Holdup Tanks; the
samples are assayed for type and quantity of isotope present, if any of
the activity in the holdup tanks is long-lived and above acceptable levels
for discharge, the contents are drumed and stored in the NRC-approved
storage area for low-level waste until the activity has decayed sufficiently
to permit safe shipment and until sufficient quantity is accumulated to
warrant pickup and ultimate disposal by an NRC approved disposal agency.
Otherwise, when the samples demonstrate acceptable activity levels for
release, the liquid in the tank in question is released.

A sumary of the liquid waste release from the UFTR Waste Water Holdup
Tanks is presented in Table 11-3 for all reporting periods (years) since
the UFTR first reached full rated power in October,1971, following re-
licensing and system modifications. As noted in Table 11-3, the liquid
effluent discharged into the holding tanks comes from approximately twenty
laboratories within the adjacent Nuclear Sciences Center as well as from
the UFTR building. These sources account for the large volumes recorded
in Table 11-3. The maximum activity in any release for each reporting
period (year) is also recorded in Table 11-3 to demonstrate the low level
of these releases. Following release and combination the usual million
gallons per day sanitary sewage flow, the activity level is several orders
of magnitude below the limits for activity release established by 10 CFR 20,
Appendix B.

11.5.2 - Effluent Channel 2 - UFTR Building Stack

The second ordinary effluent channel consists of the stack leading
from the Core Vent System depicted in Figures 9-4 and 9-5.,

Because the air in the UFTR shield contains the isotope Argon-40
which undergoes neutron absorption to radioactive Argon-41, the Core Vent
System assures that air is pumped one way from the reactor cell through the
shield and then out the UFTR building stack.

Table 11-4 contains a sumary of gaseous Argon-41 effluents released
to the environment from the reactor building stack. This summary is pre-
sented for all reporting years after the UFTR was relicensed and reached
its current rated 100 KWth power level follow'ing ' system modifications as -
abstracted from the UFTR Yearly Activity Reports. Data presented include
yearly releases of Argon-41 (curies) as well as the maximum monthly recorded
Argon-41 concentrations prior to atmospheric dilution (pCi/ml) (Column 3)
and after 200 to 1 atmospheric dilution (pCi/ml) (Column 4). Since the
maximum permissible concentration allowed by810 CFR 20, Appendix B for
release to an uncontrolled area is 4.0 x 10 pCi/ml, the NRC authorized
atmospheric dilution ratio of 200 to 1 is shown to meet this requirements.

1

11.5.3 Monitoring Channel 3 - Secondary Loop Sample Tank

The third possible effluent channel consists of the leakage from the . l
primary loop to the secondary loop. A 100 ml sample of secondary coolant !
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TABLE 11-3

SUPNARY OF LIQUID WASTE RELEASED FROM UFTR/ NUCLEAR SCIENCES COMPLEX *
SINCE REACHING THE LICENSED POWER LEVEL FOLLOWING SYSTEM MODIFICA-

TIONS IN 1970

Volume Discharged
to UF Campus Sani- Maximum Activity
tary Sewage System In Any Release

Reporting Period (liters) (pC1/mlB)
_ . .

Sept.1,1971-Aug. 31,1972 - -

Sept.1,1972-Aug. 31,1973 249,800 1.2 x 10~

Sept.1,1973-Aug. 31,1974 412,600 2.1 x 10~7

Sept. 1, 1974-Aug. II, 1975 639,000 2.1 x 10~7

Sept. 1, 1975-Aug. 31, 1976 605,000 1.3 x 10-7

Sept. 1, 1976-Aug. 31, 1977 279,200 7 x 10-8

Sept.1,1977-Aug. 31,1978 340,000 2 x 10-8

Sept. 1, 1978-Aug. 31, 1979 645,000 S.5 x 10-8

Sept. 1, 1979-Aug. 31, 1980 618,000 1.7 x 10-8

*The liquid effluent discharged into the holding tanks comes from
approximately twenty laboratories within the adjacent Nuclear
Sciences Center as well as from the UFTR building complex.
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TABLE 11-4

SUMMARY OF ROUTINE UFTR Ar-41 RELEASES
SINCE LICENSING T0 100 KWTH

Maximum
Maximum Concentration

Ar-41 Monthly of Monthly
Released Concentration * Releases **

Reporting Period Ci pCi/ml pCi/ml

Sept.1,1971-Aug. 31,1972 - - -

Sept.1,1972-Aug. 31,1973 9.6 8.3 x 10~7 4.15 x 159

-7 -9Sept.1,1973-Aug. 31,1974 3.7 2.8 x 10 1.4 x 10

Sept. 1, 1974-Aug. 31, 1975 18.0 4.1 x 10-7 2.0 x 10-9

Sept.1,1975-Aug. 31,1976 5.03 1.7 x 10~7 8.5 x 10-10

Sept.1,1976-Aug. 31,1977 113.2 1.52 x 10-6 7.58 x 10-9

Sept.1,1977-Aug. 31,1978 129.53 1.97 x 10-6 9.84 x 10~9
-7Sept.1,1978-Aug. 31,1979 40.46 5.4 ,x 10 2.7 x 10-9

Sept.1,1979-Aug. 31,1980 51.87 7.0 x 10 2.0 x 10~9~7'

*MPC for an uncontrolled area is 4.0 x 10-8 Ci/ml.
** Reflects the Authorized Atmospheric Dilution Ratio of 200 to 1.
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is taken weekly from a sample tank that collects a representative amount
of the secondary coolant discharge (3 gallons per 40 hour week). These
samples are dehydrated and counted for detectable a and S contamination.
Excess samples are poured into the Waste Water Holdup Tanks and planchetts
used for holding the dehydrated samples are disposed of in contaminated
waste if necessary. No leakage has been indicated to the present, and
based on the safety limits imposed on the UFTR design, none is expected.
Therefore, although this secondary loop is a monitored effluent channel,
there is essentially no release above background through this channel.

,
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12. RADIATION PROTECTION

12.1 Ensuring That Occupational Radiation Exposures
Are As Low As Reasonably Achievable (ALARA)

The UFTR is operated by the Department of Nuclear Engineering of the
University of Florida for the purpose of instruction and research. With
the increased utilization of ionizing radiation at the University of Florida,
the administration established a University-wide Radiation Control Program
on September 23, 1960. The Radiation Control Program establishes a Radia-
tion Control Comittee and a Radiation Control Officer which, together,
ensure that occupational radiation exposures are maintained as low as
reasonably achievable (ALARA). Line responsibility for the University of
Florida Radiation Control Office derives from the President and resides
primarily with the Radiation Control Officer as indicated by the flow dia-
gram presented in Figure 12-1. The primary purpose of the program is to
assure radiological safety to all University personnel and the surrounding
comunity, and to make certain that sources of ionizing radiations are
procured, utilized and stored in accordance with Federal and State regula-
tions. The Radiation Control Comittee is responsible for advising the
President of the University on all matters related to radiation safety,
for reviewing and approving all proposed procurement and use of radio-
isotopes and machines generating ionizing radiation including the UFTR.
The specific responsibilities of the Radiation Control Comittee ere enu-
merated below as set forth in a memorandum from the Office of the President
of the University of Florida dated September 23, 1950 and updated and re-
vised in the latest January,1979 issue of the University of Florida
Radiation Control Guide. (34)

1. Review and grant permission for or disapprove the use of radio-
active isotopes or other sources of ionizing radiation within
the institution from the standpoint of radiation safety.

2. Prescribe special conditions and requirements which may be neces-
sary to assure radiation safety (for example, physical examinations,
additional training, designation of limited areas or locations of
use, disposal methods, etc.).

3. Prepare and disseminate infonnation on radiological safety includ-
ing University, State, and Federal regulations governing ionizing
radiation for use and guidance of students and staff.

4. Pass judgment on the adequacy of safety measures for safeguarding
University research workers. Comittee approval of Iealth and
safety measures must be obtained before initial use of radioisotopes
or other ionizing radiation is undertaken or before substantially
different uses from those originally approved by the Comittee are
undertaken. After the issuance of a restraining order by the
Comittee, the staff member concerned would have a final recourse
to the President after approval for such action by the staff
member's Dean or Director.

5. Keep records of the actions taken in approving the use of radio-
isotopes and other sources of ionizing radiation and other trans-
actions, comunications, and reports involved in the work of the
Committee.
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6. Delegate to the Radiation Control Officer the authority to act
for the Comittee between meetings. (Actions of the Radiation
Control Officer are reported to the Comittee for review at appro-
priate intervals.).

7. Review plans for all new buildings and modifications of exist-
ing structures where ionizing radiation is to be used.

9. Periodically review actions of the following subcomittees of
the Radiation Control Comittee:

(a) Training Reactor (UFTR Subcomittee)
(b) Subcritical Subcomittee

10. Review, at least annually, the activities of the Comittee on
Human use of Isotopes from a radiation safety standpoint.

As set forth in the above-mentioned Presidential Memorandum and re-
vised and updated in the January,1979 issue of the University of Florida
Radiation Control Guide, the duties and responsibilities of the Radiation
Control Officer include: (24)

1. Administer and be responsible for the overall day-to-day programs
of the University's P,adiation Control Office.

2. Approve all University procedures which might conceivably involve
radiation exposure and all changes in such procedures.

3. Act in a supervisory capacity in all aspects of the University
radiation measurement and protection activities, such as personnel
monitoring, maintenance of exposure records, survey methods, waste
disposal, and radiation safety practices.

4. Consult with all potential radionuclide users and advise on radia-
tion safety practices.

5. Suspend any operation causing excessive radiation hazards as rapid-
ly and safely as possible. (In carrying out this duty, the Radia-
tion Control Officer reports directly to the President.).

6. Maintain a list of all employees who may be exposed to ionizing
radiction.

7. Prescribe routine radiation survey and personnel monitoring as
deemed _ necessary.

8. Establish standardized procedures for the procurement of radio-
active materials.

9. Serve as an ex-officio member of all radiation safety comittees
constituted at the departmental, college, experiment station, or
University levels.

i
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Administrative Affairs Memorandum No. 22 of May 24,1974, f.tructures
a Radiation Control and Radiological Services (RC&RS) Department, headed
by the Radiation Control Officer, under the Environmental Health and Safety
Division.

The Radiation Control Officer is specifically responsible for imple-
menting and enforcing the radiological safety program at the UFTR facility.
The actual minimizing of occupational radiation exposures to meet the ALARA
objective is the direct concern of the staff and faculty associated with
the UFTR facility.

12.1.1 Design Considerations

The UFTR has been designed and is controlled to minimize and achieve
"as low as reasonably achievable" radiation exposures during normal opera-
t.lon. This level of safety is a result of several basic design principles:

1. Radiation shielding of a type, quantity and sequence to pennit
maximum experimental irradiation with a minimum of radiation ex-
posure to faculty, students and personnel involved with experimen-
tal activities.

2. Complete containment of fuel and fission products within the core
and associated auxiliary equipment.

'

3. Simplicity of the design and operation of the reactor to assure high
system reliabdity.

4. Conservative design demonstrated in a low poser density to assure
large safety margins in all operating conditions.

Past operating experience with the UFTR facility rated at 100 KWth
demonstrates that the system design is compatible with and adequate for
minimizing occupational exposures during operation. Further experience
with the operation of the similar argonaut-type UCLA training reactor in
Los Angeles, California at both 100 KWth and 500 KWth rated power levels
further demonstrate that the design features of this UFTR do ensure not
only that occupational exposures are kept far below 10 CFR 20 limits but
also that occupational exposures meet the ALARA criterion.

12.1.2 Operational Considerations

The UFTR is essentially a minimum release facility excluding the Ar-41
releases; by proper operation, minimal radiation levels are encountered
during nonnal operation. In general, the operating philosophy for maintain-
ing occupational radiation exposures as low as reasonably achievable for-
the UFTR facility, will follow the guidelines put forth in NRC Regulatory
Guide 8.10. However, the management of the t!FTR facility is strongly com-
mitted to maintaining exposures as low as is reasonably achievable. All
facility personnel are made aware of this goal and are required to follow
and abide by the procedures and preset limits set forth in the UFTR standard
Operating Procedures, Technical Specifications and other documents related
to assuring the ALARA criterion is met. .

Since the primary purpose of the reactor is to train students, it is
necessary to emphasize to the students t.t the outset the danger.of care-
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lessness around the reactor and the need to keep exposures to a minimum.
The Radiation Control Officer or the facility personnel instruct students
regarding hazards and safety practices during their first session at the
reactor.

Radioactive samples are removed from the reactor only under careful
supervision of a qualified staff member according to the 50P's and with
approval of a qualified reactor operator. When necessary, shielding is
used to reduce radiation levels to safe values and conclusive radiation
surveys are taken during the transfer of radioactive samples or other
materials. All persons handling radioactive materials are instructed in
correct procedures, use of survey instruments, and allowable radiation
levels. In addition, students and faculty using the facility are kept
informed on the subject of radiation protection through the Office of
Radiation Control. The Radiation Control Office distributes University
of Florida Radiological Control Guides and requires proven training and
expertise in the handling and control of radioactive substances before
issuing permits for possession of radioisotopes. UFTR personnel release
radioactive materials to approved users, as determined by Radiation Con-
trol. Facility personnel are trained and yearly qualified on radiation
control through the UFTR Training and Requalification Programs.

Detailed specifications, procedures to be followed, and records to be
kept in order to assure that ALARA exposures are met and documented during
UFTR operations found in the UFTR Standard Operating Procedures. 50P D.1,
"UFTR Radiation Protection and Control" describes the general requirements and
limits which must be observed to assure the ALARA radiation exposures. Speci-
fic procedures to be followed during maintenance operations are included in
the E-series of 50P's from E.1 through E.5. Specific procedures and radiation
limits related to refueling operations are included in 50P C.1 and 50P C.2.
Procedures concerning radioactive waste handling are found in the Radiation
Control and Radiological Services - Operating Instructions, Appendix II.

The UFTR subcommittee of the UF Radiation Control Comittee performs for-
mal audits periodically to determine ways by which to reduce exposures to in-
dividuals based on exposure records and recommendations from the UFTR facility
operating personnel. Radiation protection respunsibilities at the UFTR facil-
ity are assigned as described in Chapter 13 to provide effective radiation
pro tection. These responsibilities of the operating organization at the UFTR
facility are defined in detail in Section 13.1.1.

In general, the Radiation Control Officer is given authority to enforce
safe plant operation for radiation protection as shown in Technical Organi-
zation in Section 13.1.2 Any modifications in facility operating and main-
tenance procedures which have the potential to reduce exposures are considered
for implementation by the UFTR Subcommittee. In general, the Radiation Con-
trol Officer and all facility personnel are familiar with sources of radia-
tion exposure and will always try to reduce exposures to a minimum by all means
available. The UFTR Subcomittee is a subcommittee of the Radiation Control

- Committee and functions as the UFTR Safety Comittee.

12.2 Radiation Sources

12.2.1 Contained Sources,

The sources of radiation which are the basis for the radiation protec-
tion during reactor operation are due mainly to the core-produced neutron

12-5



i

flux and the gamma ray fluxes originating from the core and from activated
sources (mainly, the activation of the biological shield).

Sources activated for experimental purposes in the UFTR experimental
ports are a concern after reactor shutdown. Radiation surveys of the
reactor cell and adjacent areas at different power levels have shown an
essentially linear relationship between radiation levels and operating
power levels as shown in Figure 12-2. This linear relationship is to be
expected. Radiation survey data taken around the reactor cell and adjacent
areas with no external shielding is presented on the UFTR cell floor plan
of Figure 12-3.

From previous radiation exposure measurements it is known that both
thermal and fast neutron contributior.s to the radiation field in the reactor
cell are negligible and thus the main concern is the ganma exposure. (23)

The UFTR is provided with two startup sources--an Sb-Be source of
less than 25 curies fully charged and a one curie Pu-Ba source. As sources
of exposure, these startup sources can be neglected when compared to the
other radiation sources mentioned above.

12.2.2 Airborne Radioactive Material Sources

The UFTR is designed to be a minimum leakage facility. Fission products
are contained within the fuel elements and credible escape mechanisms of
these fission products during normal or abnonnal reactor operation are not
available since the integrity of the fuel is not affected at any time dur-
ing reactor operation.

The only isotope nonnally considered is the Ar-41 produced in the UFTR
as a result of activated Ar-40 produced from air leaking through cracks in
the concrete and graphite shielding, as discussed in Chapter 11. Leakage of
these activated gases into the reactor cell is prevented by drawing air from
the cell, through the reactor and out the exhaust stack with the Ar-41 con-
stituting the only radioisotope of concern. Rough and absolute filters in
the Reactor Vent System minimize the discharge of air particulate to the
environment.

12.3 Radiation Protection Design Features

The simplified design and low radiation levels associated with the UFTR
facility greatly reduce the presentation requirements of this section.

12.3.1 Facility Design Features

The UFTR facility is of the modified Argonaut type, designed to mini-
mize radiation exposure to all individuals. Since the reactor is used as
a teaching tool and for researcn operations, a more stringent safety program
has been developed to insure radiation exposures meet the ALARA criterion;
all the UFTR S0P's are designed to facilitate the minimization of exposure
rates and to insure the health and safety of the people in and around the
facility.

To ensure occupational radiation exposures are ALARA, the control
console is located at an adequate distance from the reactor and isolated
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from the rest of the reactor cell by a plate-glass wall enclosure which
allows good visibility of the reactor cell during operations. No exposure
facilitios (beam ports) face in the direction of the console. Samples
can be changed easily in the beam ports with the reactor shut down. When-
ever experimental requirements necessitate operation of the reactor with a
shield plug removed, for example, to extract a bee or insert some apparatus,
strict health physics supervision is required. All such experiments are
approved in advance by the UFTR Subconinittee of the Radiation Control Com-
mittee; in addition, adequate shielding must be provided as specified in
the UFTR S0P A.5, " Experiments," to assure that the ALARA criterion and
safety considerations are satisfied.

Whenever a proposed experiment indicates the need for extraction of a
beam from an open port, the associated radiation levels are estimated prior
to conducting the experiment. Adequate shielding is then constructed and
placed in position while radiation monitoring is required for the experiment
i tsel f. These areas around such experiments may also be roped off and
posted whenever deemed necessary to minimize the radiation exposure of all
personnel in the facility.

All samples activated in the reactor are removed according to the UFTR
S0P D.6 entitled, " Removing Irradiated Samples from UFTR Experimental Ports."
Additional shielding in the form of lead bricks and concrete blocks is avall-
able for any activated sources removed from the exposure facilities. In
addition, a hot cave with remote handling facilities is available in the
radiochemistry laboratory outside the reactor cell on the first floor of
the UFTR building in the event it is needed.

12.3.2 Shielding

During normal operation at the 100 KWth rated power levet, the shield-
ing supplied by the present system is adequate for all the " core" and acti-
vation (biological shield) sources of radiation discussed in Section 12.2.1.
Additional shielding is available in the form of cast concrete blocks which
can be used as special shielding during experiments, around activated
sources, or during high power operations. In order to reduce the radiation
exposure from experiments to ALARA levels, radiation surveys are conducted
for all except routine experiments to detennine whether special shielding
configurations are needed. When necessary for the ALARA criterion, such
special shielding configurations are installed.

12.3.2.1 Radiation Surveys. Studies have been conducted in the reactor
cell and adjacent areas to evaluate the ability of the UFTR's biological
shield to provide adequate radiation protection at the rates 100 KWth
power level. Previous exposure measurements have indicated that both
thermal and fast neutron contributions to the radiation hazard in the re-
actor cell are negligible; therefore, only ganina radiation exposures are
considered in this report as recorded by Wagner. (23) Results obtained
from radiation surveys around the reactor structure during operation at
the 100 KWth power level are indicated on the sketch of the reactor cell
layout presented in Figure 12-3 discussed in Section 12.2.1. It is impor-
tant to note that this radiation survey data represents the reactor with
no external shielding. Additional temporary shielding is available and
used during nonnal high power operation. This additional shielding con-t
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sists of lead bricks at the base of the reactor on the north and south
faces and a large cast concrete block on the west side.

All gama exposure rates were recorded with a vibrating-reed Victorcen
Survey Meter (Model-440, Serial-440) which was calibrated with a Cobalt-60
source. Additional survey results for various areas within the reactor
cell are given in Figures 12-4 through 12-7. Figures 12-4 and 12-5 indi-
cate that a strong source of radiation existed below the reactor resulting
from a large void (approximately 3.5' x 0.56' x 8.0') below the fuel box
support structure. Following filling of this void with sand, the results
of later measurements of gama exposure rates shown by smaller nunbers in
figure 12-5 indisate that the strong source of radiation from the void is
essentially eliminated from concern. High levels of radiation are also in-
dicated on the north and south sides of the shield tank as indicated in
Figures 12-6 and 12-7. The radiation level above the shield tank is reduced
from about 150 mR/hr to 15 mR/hr by the shield block cover. Area monitors
which are located on the upper part of the north, east, and south walls of
the reactor cell indicate readings of 1.0,1.5, and 0.4 mR/hr respectively,
and show little dependence upon whether or not the shield block is over
the shield tank. Additional' surveys in this series indicate the following
radiation levels for certain special areas at 100 KWth operation:

1. Radiation levels of 4.4 mr/hr are recorded at the console in
the reactor control room.

2. An average exposure rate of S0.9 mr/hr is recorded in the area
directly outside the emergency exit doors to the West of the
Reactor.

3. A radiation level of s0.2 mr/hr is recorded at the surface of the
wooden door leading to the workshop to the north of the reactor
building which houses the dilution fan for Argon-41 stack releases.
Exposure rates are below 0.05 mr/hr outside the concrete barrier
surrounding the fan.

The most complete recer.t survey of UFTR cell radiation levels during
100 Kw operation is summarized in Appendix 12A at the end of this chapter.

12.3.2.2 Shielding Calculations. Several approximate calculations with
results performed to estimate the relative importance of prompt, delayed, and
capture gammas for the 100 KWth UFTR power level are presented in this
Section. All the required information to perform these calculations and the
corresponding results obtained are included in Table 12-1. (23) The prompt
fission gama-rays are considered first. The prompt source spectrum used
for these calculations is presented in Table 12-1. To compute the fraction
of these gamas which escape the fuel box region of the UFTR core, both
fuel slabs are considered as one homogenized slab at the center of the core.
Volume-weighted, energy-dependent, energy absorption coefficients (34) are
then used in conjunction with results of Case (35) to determine fuel slab
escape probabilities calculated using the chord method. These probabilitle.
are also presented in Table 12-1. The fraction of prompt gamas escaping
the fuel for each energy group is then separately treated as a point source;
this treatment is a good approximation since the source width is much less

1

than the attenuation distance. The resultant UFTR reactor shielding medel
|shown in Figure 12-8 allows simple exposure calculations to be performed
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TABLE 12-1

SUPNARY.0F SHIELDING CALCULATIONS FOR 100 KWTH OPERATION (23)

Data for Equation (12-1)
2

Effective Prompt Fuel Slab Buildup Factor for k(MeV/cm sec
Energy Gamas Escape Barytes Concrete /mR/hr)

(MeV) (MeV/sec)(36) Probability (35) (37) (34)

1 1.07 E+16 0.3386 37.0 548

2 9.56 E+15 0.3775 18.0 651

4 3.21 E+15 0.4310 11.0 819
6 7.94 E+14 0.4552 10.3 928

Calculated Shielding Results at North
or South Face of Barytes Concrete

.,

N

h Effective Prompt Prompt Gama Barytes Concrete Barytes Concrete
Energ Gansna O Capture Gama Capture Gama

AT P( * b b
AT P with addition AT P AT P

of 6" Poly-B-Pb with addition of
6" Poly-B-Pb

1 0.51 0.05
2 3.16 0.53
4 1.26 0.63
6 0.26 0.26

Total = 5.T9 Total - T 47 Total = 7.9 negligible

NOTE: 0 = exposure rate (in mR/hr) at point P.
AT P
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for the north and south faces of the concrete through use of Equation (12-1):

u
0 = BSe (12-1)2

A+ 4nr g

P

where 6 exposure rate at point P(mR/hr);=

A+
P

i{1
b= ptjj

=

pg= energy absorption coefficient for gama rays in
group 1 in the shield material (cm-l);

t= shield thickness (cm);

n= number of energy groups--four here;

5= strength of point source (MeV/sec);

r= distance from Source to Point P (cm).

B= buildup factor
2K= conversion factor (MeV/cm -sec to mR/hr).

Equation (12-1) is applied for each ganina energy group to obtain the results
outlined in Table 12-1. Buildup is considered only for the barytes concrete
sections since it is heavier and larger than the preceding shielding material.
(38)

Application of the same calculational method shows that the. delayed
gamas resulting from fission product decay make a negligible contribution
to the exposure rate at point P. This is true for the UFTR since its equili-
brium fission product buildup corresponds to an average operating history of
no nore than one KWth.

A possible method to reduce the prompt core gama exposure at point P
in the event UFTR licensing to higher powers is approved is to add about
six inches of polyethylene shielding containing 1 percent boron and 80
percent lead (Poly-B-Pb) in the air gap depicted in Figure 12-8. The re-
sultant exposure rates calculated using Equation (12-1) are significantly
reduced as indicated in Table 12-1.

Capture gama rays produced within shielding materials can represent
a significant portion of the radiation hazard for a reactor. For the UFTR
this problem arises mainly from thermal neutron capture in the barytes
concrete, since capture gamas from the graphite are negligible. (39) To
evaluate the exposure rate at point P due to this effect, Equation (12-2)
is used: (39)
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I,E&gexp(p T/2)
exp(- A-p /2)T E {{ pT-pA) (1 - - e/2)A+(p.

e
D )}=

e j
PA+ 2KIA+(p /2)I

e
P

(T-c)
- exp(-A+p /2) E {pT-px)

x=0 (12-2)e j

where 6 exposure rate at point P (mR/hr) ;=

A+
P

E
concrete = 0.0197 cm-gtion cross section in barytes |thermal neutron absor=

8
(37)

E= energy of capture gama rays = 7.2 MeV

& thennal neutron flug density at inner face of barytes=

concrete = 2.9 x 10'0 n/cm2 sec

p* = energy deposition coefficient of gama rays in barytes
concrete = 0.0857 cm-l (37)

p= energy deposition coefficient of gamas in water =
0.046 cm-8 (39)

T= thickness of barytes = 182.88 cm

2K= conversion factor = 946 MeV/cm sec/mR/hr (34)
A= attenuation factor gr thennal neutron flux in barytes

concrete = 0.125 cm (37)
eE(y)= dxj

incremental value > 0; required to keep E (y) finite.c= j

Equation (12-2) assges the attenuation of neutrons in the barytes is repre--

sented by & = &e with an energy buildup factor. 4 is found from the
neutron flux comSuter calculations discussed in Chapter,4 of this Safety
Analysis Report (23) and represents the total neutron flux in r.cr:;y group
4. The assumption E = 7.2 MeV is a conservative approximation to the cap-
ture Using (T-c) = 0.9T and the fact that
E (-y)gama <nectrum for concrete. (39)= -E (y) (39), where these values are tabulated in Reference 40, thej 4

exposure rate at P due to capture gama-rays in the barytes concrete is found
to be 7.9 mR/hr. The accuracy of the approximations used in Equation (12-2)
is difficult to evaluate; therefore, it is assumed that this value represents
an upper limit for the capture gama radiation level. Again, the effect of
adding six inches of Poly-B-Pb between the core graphite and the barytes is
evaluged. Since the attenuation of the thermal flux would be of the order
of 10 , with low energy (0.42 MeV) gama-rays being associated with the neu-
tron capture process (41), it is expected that capture gama radiation at'
point P would be negligible.

Radiation measurements at the north and south faces of the reactor
show that the actual exposure level. is approximately 3 mR/hr ~ for 100 KWth-
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operation, well below that predicted by the above calculations. The poor
agreement is probably due to the simplicity of the calculational approach
especially with the approximations involved in using Equation 12-2. The con-
servatism of this analysis is demonstrated, since these calculated exposure
results are larger than the actual measured radiation levels.

The east and west faces do not lend themselves as easily to shielding
modifications because of the geometry associated with the shield tank and
thermal coltan. Calculations were not perfomed for these directions.

12.3.3 Ventilation

As presented in Section 3.1 and Section 9.4.1, the Reactor Cell is

completely air conditioned. The airconditioning unit has a design capacity
of 1500 c.f.m. , with a total air delivery of 6050 c.f.m. , at 750F, dry
bulb, and 50 percent relative humidity, sumer and winter. All inlet and
circulated air is filtered through a 2-in thick, dry, spun glass, cleanable-
type roughing filter capable of removing particles of 5 microns or larger
in size with an efficiency of 85 percent or better. The inlet air duct is
provided with a motor-operated damper to close the duct whenever the unit
fan is not operating.

The room exhaust air is used to ventilate the reactor structure. This
air is exhausted by pulling 1 to 400 c.f.m. of room air from inside the
shield. This air is passed through a roughing filter and an absolute filter
to an outside stack where it is diluted with approximately 10,000 c.f.m. of
outside air. It is then discharged through the stack extending above the
roof of the UFTR building as discussed in Chapter 11.

12.3.4 Area Radiation and Airborne Radioactivity Monitoring Instrumentation

12.3.4.1 Area and Equipment Monitor Detector Assemblies. There are three
(3) radiation monitoring systems installed in the reactor cell. Thes::
systems are located in the following positions:

1. South side of the reactor cell, ~15 feet above the exit airlock.

2. East side of the reactor cell, centered ~15 feet above the floor.

3. North wall of the reactor cell, centered ~15 feet above the floor.

Each monitoring system includes a detector, a log count rate meter, and a
strip chart recorder.

The detector assemblies are of the RT-2 type. The detector is a halo-
gen-quenched G-M detector with a life expectancy virtually unaffected by

The sensitivity of the deteCr is approximately 14 cps per mr/hr,use.
with an energy dependence compensated to 20% between 80 Kev and 2.5 MeV.

The log count rate meter is of the RS-2 type. The meter is adjusted
for a four to five decade span for use with the G-M detector in the range
of 0.2 to 20,000 counts per second. With the model RT-2 detector assembly,
the RS-2 count rate meter is calibrated for readings in the range from
10-4 to 1 r/hr.

The strip chart recorder is a Gulton Rustrak D.C. Recorder. This
D'arsonval meter instrument records signals from the RS-2 log count rate
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meter for permanent record. All three radiation monitoring systems are
calibrated quartery with the assistance of the Radiation Control Office.

12.3.4.2 The Stack Monitoring System. The Stack Monitor System, consist-
ing of a G-M detector, a log rate meter and a strip chart recorder, is
equivalent to the area monitoring system. In addition to these, it also
includes a log rate meter with an alarm setting capability for different
operating power levels, with the information obtained from the RS-2 log
count rate meter. The G-M detector is located on the downstream side of
the absolute filter, before dilution takes place.

12.3.4.3 Air Monitoring System. A continuous air monitor (CAM) is designed
to detect any airborne particulate activity. The Model AIM-3BL monitor
manufactured by Eberline Instrument Corporation, is equipped with a flow
indicator (LPM), a strip chart recorder and audible as well as visual alarm
settings. The monitor is a lead-shielded, compact airborne particulate
Geiger counter which may be used in an occupational environment or in con-
fined spaces. The air is drawn through a filter paper by a constant volume
pump; the activity is detected by the Geiger counter near the filter and
recorded on the strip chart recorder. An alarm is activated whenever a high
activity level is detected. There are two settings; one is the X-1 scale
with a 3000 cpm full scale setting; the second setting is the X-10 scale
with a 30,000 cpm full scale setting.

In the event of a loss of power, all radiation monitors opercte on
installed battery packs (rated to 8 hours) to insure their availability
at all times.

12.3.4.4 Radiation Monitoring. Operators and other personnel working in
the reactor wear film badges at all timas. If indicated by the type of
work, a direct-reading pocket dosimeter, or other dosimeter is worn as speci-
fied by the Standard Operating Procedures for the UFTR in S0P D.3 entitled
" Personnel Monitoring."

,

Portable survey meters are also available to be used whenever it is
deemed necessary and/or required by the SOP's.

Surveys performed on a weekly basis include swipe surveys, water samples
and beta-gamma radiation field surveys. Surface contamination in the room
is determined by means of portable instruments and smear tests. Particular
attention is given to the equipment pit, experimental areas and the irradiates
fuel storage pits during each survey. Periodic surveys by health physics
personnel are performed to check for leakage around beam plugs and through
the stacked-block reactor shield, providing a check on the proper functioning
of the continuous air monitoring (CAM) system. The coolant is checked by
evaporating a sample to dryness and counting with a gas flow counter.

As indicated previously, there is an on-going program by the Radiation
Control Office and the UFTR facility staff to monitor radiation levels
outside the UFTR building in the nearby vicinity. Monitoring is perfonned
by placing film badges at seven (7) locations outside the UFTR building
as marked on the sketch of the UFTR building and immediate vicinity presented
in Figure 12-9. These film badges are collected by the UFTR staff for Radia f
tion Control and evaluated monthly at R.S. Landauer, Jr., and Co. in Glenwood
Illinois.
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Typically these detection devices show no indications above background
(s 10 mrem / month) for the UFTR site. Therefore, Ar-41 discharges from the
UFTR stack are not considered to present a danger to the general public.

12.4 Dose Assessment

As discussed in Section 12.1, surveys have shown that exposure levels
associated with UFTR operation at the rated 100 KWth level are within
the required limits. As indicated in Section 12.2, the radiation levels
encountered during normal operation of the UFTR are low.

Radioactive effluents, excluding the Ar-41 problem, are essentially
nonexistent at the 100 KWth rated power levels. Preliminary calculations
indicate that the same situation would hold for operation at levels even
up to 500 KWth. The Ar-41 problem has been discussed in Section 11.3.

In general, the determination of dose levels expected to be received
by the UFTR personnel, faculty and students working with the facility, and
to the general public depends on the location of the person in question
and the length of time the person spends in the area of the reactor. Radia-
tion levels measured around the reactor at 100 KWth are indicated on the
UFTR reactor cell sketch presented in Figure 12-2.

12.4.1 Dose Model for Gaseous Effluents,

The Dose Model used for this Safety Analysis Report follows the approach
outlined in Regulatory Guide 1.109 entitled, " Calculation of Annual Doses
to Man from Routine Releases of Reactor Effluents for the Purpose of Evaluat-
ing Compliance with 10 CFR 50 Appendix I."(3) Since the only significant
gaseous release from the UFTR during normal operations is Argon-41, the
GASPAR code was used to calculate the doses from the routine releases assum-
ing Ar-41 to be the only radioisotope released. Two different kinds of
calculations were performed:

1. Dose to the hypothetically most exposed individual including highest
gamma and beta air dose, and

2. Dose to the population.

12.4.1. 1 Methodology for Calculating Maximum Individual and Air Doses. For
dose calculations from a ground release, which is practicalTy"th~e'haiIi fora

the 30 foot UFTR stack, the semi-infinite cloud model is utilized. The
applicable equation is derived based on the assumption that the energy
generated from the decay of the radioisotopes in the air per unit mass is
equal to the energy absorbed per unit mass (absorbed dose). To make the
geometrical correction for the fact that a person standing on the ground is
irradiated only from the air in 2n geometry, the expression is multiplied by
0.5 for the gama dose.

The radioactive concentration of a vent-released radionuclide at a
point x in pCi/m3 according to the definition of the diffusion coefficient
is:

X41(X) = K *041 * X/Q(x) '(12-3)
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where

4r = units conversion factor (3.17 x 10 pCi-yr/Ci-sec)
3

x4j(x) = concentration of Ar-41 at position x (pCi/m )

Q4j = annual release of Ar-41 (Ci)
3x/Q(x) = diffusion coefficient at distance x (sec/m )

x = downwind distance from release point (m)

The corresponding annual gamma and beta air doses as a function of
downwind distance are then given by the following two equations:

04j(x) = DF41 X j(x) (12-4)4

0 0
D4j(x) = DF4j X j(x) (12-5)4

where

3

DF"j = yr) a dose conversion factor for Ar-41 (9.30 x 10-34
gam mrad-m /pci-

(18)

DFfy = beta dose conversion factor for Ar-41 (2.69 x 10-3 mrad-:n3/pci-yr)(18)

Dfj(x) = annual gama air dose from Ar-41 (mrad /yr)

Dfj(x) = annual beta air dose from Ar-41 (mrad /yr)

The annual total body dose and the annual skin dose to an individual
in the vicinity of the UFTR during normal operations in then calculated by
using the following equations:

Dfj(x)=Sp X j(x) DFB (12-6)4 4j,

|j(x) = 1.11S X )(x) . DF"j + X )(x) . DFS ) (12-7)mD
F 4 4 4

where

T
D )(x) = annual total body dose from Ar-41 (mrem /yr)4

S = shielding factor due to the walls of the house where the
F individual lives; 0.7 is assumed based on recomendations

from Reference 18.

DFB ). = dose conversion faq/pci-yr)4
tor for total body dose from Ar-41

(8.84 x 10 Smrem-m3

Djj(x)=AnnualskindosefromAr-41(mrem /yr)
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DFS ) = beta skin dose conversion for Ar-41 (2.69 x 10-34 mrem-m3/pCi-yr)

12.4.1.2 Population Dose Methodoloqy. For the population dose calcula-
tions, the surrounding area of the reactor is divided into subregions.
The average dose to an individual present in each subregion is calculated
for each of the organs, using the average diffusion coefficient for that
subregion. The average dose to an individual is then multiplied by the
total population living in the subregion. The total population dose is
calculated by adding the population dose in every subregion. The resulting
equation for the total population dose to an organ is given by:

Dj=0.00l}PDjd

where

DP = total population dose to organ "j" (manrem/yr)
j

P = population in subregion, d
d

D = dose to organ "j" of an individual living in the center ofjd subregion d (mrem /yr) .

12.4.2 Analysis of Past Effluent Releases from the UFTR.

As indicated in Section 11.3 and 11.5.2, the only radioisotope
released in significant amounts from the UFTR is Ar-41. Since it is
generated by activation of Ar-40 contained in the air used in ventilation
of the Reactor Cell and dissolved in the primary coolant, the release is
approximately proportional to the annual total energy generated. The to-
tal generated energy (N-Hrs) from September 1,1972 up to August 31, 1978
as presented in Table 11-1 and the corresponding measured Ar-41 releases
during the yearly reporting periods as presented in Table 11-4 are listed
in Table 12-2. During the six year period summarized by Table 12-2, the
total energy generated by the UFTR was 139.92 Mw-ilr, and the average
energy generated per year was 23.32 N-Hr.

Completely reliable data for Ar-41 releases is available only for
the last two years indicated in Table 12-2. In addition, the releases
recorded in this two year period are relatively high compared to the
other reporting periods. For this two year period from September,1976 to
August,1978, the yearly average release was 121.4 Ci. The average re-
lease per unit energy generated was 4.69 Ci/N-hr based on the last two
years of release data. Since the facility design was not altered substan-
tially during the six-year period of interest here, this average release
per energy generated (4.69 Ci/N-Hr) was extrapolated to apply for all six
years listed in Table 12-2. This value along with the average energy gen-
erated per year were conbined to yield a very conservative value of 109.4
Ci/yr as the average yearly release of Ar-41 for the period September.1977
to August,1978. This value is very conservative versus the 40.46 Ci
and 51.87 Ci of Ar-41 released for the two reporting years since August,197j
as reported in Table 11-4. This value of 109.4 Ci/yr is the release selectr,
for subsequent dose calculations.
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TABLE 12-2

INTEGRATED HISTORY OF UFTR ARGON-41 RELEASES

... .._ ....

Total Energy Ar-41
Genera ted Released

Reporting Period Mw-Hr Ci

Sep t.1, 1972- Aug. 31, 1973 23.04 9.5

Sept.1, 1973-Aug.31, 1974 8.90 3.7

Sept.1, 1974-Aug.31, 1975 43.83 18.0

Sept.1, 1975-Aug.31, 1976 12.39 5.03

Sept.1, 1976-Aug.31, 1977 25.39 113.2

Sept.1, 1977-Au g. 31, 1978 26.37 129.53

Sept.1, 1972-Aug.31, 1978 139.92 279.06

12.4.3 Population Distribution Around the UFTR.

As indicated in Section 2.13.6 of this Safety Analysis Report,
the population distribution around the UFTR for these dose calculations
was obtained from " Characteristics of Housing Units and Population by-
Blocks," which consists essentially of population data from the 1970
census. (8) The urban area of Gainesville extends further than 5 miles
from the UFTR, but the population was conservatively assumed to be concen-
trated within a 5 mile radius around the UFTR. Table 2-1 and Figure 2-9
show the population distribution for each sector of the compass for circles
with radii at 1 and 5 miles. The most significant changes to the Gainesville
c"a population after 1980 have occurred in the " suburbs", outside the 5
mile area. Figure 2-9 is repeated here as Figure 12-10 for convenience.

12.4.4 Results of Dose Calculations.
,

12.4.4.1 Individual Dose Results. Two computer calculations were performed
using the releases corresponding to the total 1978 release and the average
yearly release for the period from September 1972 to August 1978. The
points selected in both cases correspond to the two locations with the
highest diffusion coefficients as noted from Figure 2-17 showing the annual
average isopleths around the UFTR with Gainesville data repeated here as
Figure 12-llfor convenience, and from Figure 2-20 showing the annual
average X/Q values at special locations around the UFTR with Gainesville
data repeated here as Figu're 12-12 for convenience.
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TABLE 12-3

RESULTS OF INDIVIDUAL DOSE CALCULATIONS AROUND THE UFTR

1

- X/Q Ar-41 BETA AIR GAMMA AIR WHOLE BODY SKIN
3CASE * (sec/m ) RELEASE DOSE DOSE .

(mrem /yr) (mrem /yr)
DOSE DOSE

(Ci) (mrad /yr) (mrad /yr),

CASE'IA: 1978 Release 7.2 E-05- 129.5 0.931 2.64 1.76 2.81

-CASE IB: 1978 Release 7.1 E-05 129.5 0.917 2.60 1.73 2.77
,

CASE IIA: 1972-1978
Annual Release 7.2 E-05 -109.4 0.786 2.23 1.48 2.37_.,

N

' k '. |CASEIIB: 1972-1978
Annual Release 7.1 E-05 109.4 0.775 2.20 1.47 2.34

,

* Cases I and IIA correspond to a point 0.10 miles West from UFTR, Cases IB and IIB correspond to a point -

0.10 miles East from UFTR.

,
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The results calculated for the beta and gamma air doses, the
whole body doses and the skin doses for both locations and both releases
are presented in Table 12-3.

12.4.4.2 _ Population Dose Results. In calculating the population dose
during normal operations of the UFTR, two cases were again considered.
Case I corresponds to the total 1978 release and Case II corresponds
to the calculated conservative average yearly release from September,
1972 to August 31, 1978. Because Argon is a noble gas, the only path-
way which results in significant doses is direct irradiation. The re-
sults for the integrated yearly population dose for the UFTR are shown
in Table 12-4.

TABLE 12-4

INTEGRATED YEARLY POPULATION DOSE FOR THE UFTR

CASE A-41 RELEASE TOTAL BODY DOSE TOTAL SKIN DOSE
(Ci) (manrem) (manrem)

I* 129.5 0.861 1.53

II** 109.4 0.727 1.29
- . . - -

* Corresponds to the total release for the September,1977 - August,1978
reporting year.

** Corresponds to conservatively averaged yearly release from September 1,
1972 to August 31, 1978.

12.4.5 Assessment of Dose Results for Nomal UFTR Operation.

Appendix I to 10 CFR '50 and the Regulatory Guides 1.109 and 1.111
(References 18 and 15)are intended to state, clarify, and quantify the de-
sign objectives for comercial Nuclear power Stations from the standpoint
of their radiological impact in nomal operations. In the evaluation of
Appendix I for these stations, the highest exposed individual is assumed
to be located outside the site boundary. The site boundary of the Nuclear
Power Stations varies with each plant, but a value of 0.5 miles can *e
considered typical. This distance is five times the chosen distance from
the UFTR vent to the hypothetically most exposed individual.

Because of the difference in site boundaries between the UFTR and
typical power reactors, the conditions assumed for the evaluation of the
radiological impact in normal operations for commercial Nuclear Power
Stations are very different from the assumptions used in.this wnrk. Ilow-
ever, in the absence of any applicable regulation for the radiological im-
pact in normal operations for Test and Research Reactors, the comparison
of the Appendix I Design Objectives for Gaseous Effluents with the actual
doses calculated for the UFTR in normal operations from the Ar-41 releases
for the highest exposed individual, is shown in Table 12.5. In general,
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the doses for the most exposed individual around the UFTR are much
below those for a typical power reactor.

The population dose results for the UFTR are comparable to the
dose resulting from comercial Nuclear Power Stations because, although
the average individual doses are much smaller for the UFTR, the popula-
tion concentration around the reactor is much larger than for a typical
comercial Nuclear Power Station (Reference 42).

TABLE 12-5

DOSE COMPARIS0N BETWEEN APPENDIX I DESIGN OB.ECTIVES AND CALCULATED
'

UFTR RESULTS FOR THE MOST EXPOSED INDIVIDUA1. AND HIGHEST AIR DOSES

APPENDIX I UFTR HIGHEST
DESIGN OBJECTIVE CALCULATION

Gama Dose in Air 10 mrad /yr 2.64 mrad /yr

Beta Dose in Air 20 mrad /yr 0.931 mead /yr

Whole Body Dose 5 mrem /yr 1.76 mrem /yr

Skin Dose 15 mrem /yr 2.8 mrem /yr

12.5 Health Physics Program (34)

As indicated in Section 12.1, the increased utilization of ionizing
radiation at the University of Florida led the administration to establish
a University-wide Radiation Control Program in 1960. The primary purposes
of this program are to assure the radiological safety of all University
personnel and to make certain that ionizing radiation sources will be pro-
cured, used and stored in accordance with Federal and State regulations.
To assume these ends, the Office of Administrative Affairs established
the Radiation Control and Radiological Services Department under the
Division of Environmental Health and Safety and headed by the Radiation
Control Officer.

.,

The Radiation Control Program provides a Radiation Control Committee
and a Radiation Control Officer to carry out the responsibilities and
necessary steps to insure radiological safety for the Ur.1versity and
surrounding community. The Radiation Control Comittee has designed pro-
cedures and policies in the form of a document entitled " Radiation Control
Guide," (34) in an effort to provide investigators using ionizing radia-
tions with guidelines necessary to maintain their facilities in a manner
that assures radiological safety. These regulations and procedures are
consistent with regulations of the Nuclear Regulatory Commission and the
Florida State Board of Health; they are applicable to all facilities under
the administration of the University of Florida including the UFTR facility.
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The UFTR Reactor Safety Review (RSR) Subcommittee, a Subcommittee of
the University Radiation Control Committee, reviews and. audits reactor

1 operations for safety, ie suring radiological safety at the facility 'as'

determined by the Radiation Control Program. The Radiation Control .0fficer,!

an ex-officio member of the UFTR RSR Subcommittee ensures that the Radiation
Control Progran. objectives, guidelines and limitations are carried out at
the UFTR facility by supervising the actions of the UFTR RSR Subcommittee.,

.The Radiation Centrol Committee is corprised of representatives from
all departments involved in the use of ionizing radiations. The Radiation ;

Control Officer is a qualified health physicist appointed by the Director4

of Environmental Health and Safety Division of the University of Florida.
The delegation of. responsibilities and duties of the Radiation Control
Committee, and tne Radiation Control Officer have been discussed in Sec-'

tion 12.1. The delegation of responsibilities and duties of the UFTR RSR
Subcommittee are discussed in Section 13.1. The basic philosophy of the
Health Physics Program is to assure ti.e health and safety of all univer-
sity personnel directly related to the UFTR. This basic ALARA philosophy
is reflected in the UFTR Standard Operating Procedures and Technical Spec-
i fica tions.

.
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APPENDIX 12A

UFTR CEL' RADIATION LEVELS
MEASURED AT 100 KWth



12A.1 UFTR Cell Radiation Levels
Measured at 100 Kwth

Table 12A-1 contains measured UFTR reactor cell radiation levels measured
at 100 Kwth steady-state power levels. The data on radiation levels in this
survey was taken using the instruments indicated in Table 12A-1: Cutie Pie
740. Victoreen-440 and the Bonnerball. The position numbers in Table 12A-1
correlate with the survey instrument locations shtwn on the Reactor Cell Floor
Plan presented in Figure 12A-1. Data was taken with all shielding poperly
emplaced. In general, this survey data shows that the radiation levels
in the UFTR cell during full power operation are very low. Such low radiation
levels are sufficiently low to assure that occupational radiation exposures
are as low as reasonably achievable for all personnel exposed to the radiation
environment around the UFTR shields during full power operation.
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TABLE 12A-1

UFTR Reactor Cell Radiation Levels Measured
at 100 KWth Steady-State Power Level

on October 9, 1980

Position Number * Cutie Pie 740 Victoreen-440 Bonnerball
(mrem /hr) (mrem /hr) (mrem /hr)

'- 1 1.4 0.8 1.0
2 1.4 0.7 0.8
3 1.5 1.2 0.7
4 1.5 1.2 0.7
5 2.0 1.5 1.0
6 3.0 2.3 0.7
7 2.5 2.1 0.5
8 4.0 1.9 0. 5 '
9 1.5 1.0- 0.3

10 2.7 2.2 ' 0. 6,

11 <0.5 0.3 0.3

12 15/70 15/80 80/x80tmo r ks
i 13 5 -5 2.6
'

14 Top / Bottom 58/25' 65/x - 25/x
15 0.5 0.5 1.0
16 1.0 '0.6 0.6
17 18 18 1.0
18 23 20 0.5
19 6 5 10
20 40 60 25
21 6 5' 15
22 40 40- 0.8
23 40 42 0.5
24 20 21 0.5
25 0.5 0.5- <1

i

Numbers correlate to positions shown on the Reactor. Cell Floor Plan ir[' * ~

Figure 12A-1.

Il0TE: The X on positions 112 and'14 indicates that the instrument would nott-
fit in that location.
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13. CONDUCT OF OPERATIONS

13.1 Organizational Structure of the Applicant

13.1.1 Management and Technical Support Organization

The UFTR is operated by the Department of Nuclear Engineering Sciences
of the University of Florida for the purpose of instruction and research.
The President of the University, the Dean of the College of Engineering,
the Chairman of the Department of Nuclear Engineering Sciences, the Director
of Nuclear Facilities and the Reactor Manager all have line responsibility
for the administrative control of the reactor facility, for safeguarding
the general public and facility personnel from radiation exposure and ad-
hering to all requirements of the Facility License and the Technical Speci-
fications. Line responsibility for administrative control of the UFTR is
depicted in the flow diagram of Figure 13-1.

Direct supervision over the University of Florida, its policies and
affairs, is vested with the Board of Regents. All University affairs are
administered by the President with the advice and assistance of the Admini-
strative Council. The Department of Naclear Engineering is part of the
College of Engineering and is under the supervision of the Dean of the Col-
lege of Engineering.

There is no further need to consider the design and construction of
the UFTR because this reactor has been safely operated at the University
of Florida for over 20 years and basic UFTR design and construction is
addressed in other Chapters of this report.

13.1.2 Operating Organization

13.1.2.1 Director of Nuclear Facilities and Reactor Manager. The Director
of Nuclear Facilities and the Reactor Manager are in complete charge of the
reactor facility. They are respor:sible for the safe operation of the reactor,
the physical. protection of the facility, the scheduling and supervision of
experiments using the reactor, the control of the reactor fuel, the keeping
of logs and records, and the maintenance of the physical condition of the
facility. They are also responsible for liaison with the NRC and other
regulatory bodies, and for coordinating the teaching and research programs
within the facility.

The Director of Nuclear Facilities has line responsibility over the
Reactor Manager and is directly responsible for the conduct of operations
of the reactor facility. The Reactor Manager reports to the Director of
Nuclear Facilities and has direct supervision over the operations, main-
tenance and record keeping of the UFTR. The Director of Nuclear Facilities
and the Reactor Manager select operator-technicians and supervise their
training. The Reactor Manager enforces operating procedures and regula-
tions and has the power to authorize operations or experiments in accord-
ance with facility regulations.

The Reactor Manager can make changes which do not alter the original
intent of a procedure and/or establish new procedures that do not have

13-1
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safety significance, and submit these changes or procedures to the UFTR
Reactor Safety Review Subcommittee for routine review. The Reactor Manager
can also authorize repetitions of experiments previously approved by the
UFTR Safety Review Subcomittee discussed in Section 13.1.2.2, and routine
tests or operations which are necessary under nomal operations and/or
operations with no unreviewed safety implications. The Reactor Manager

| is advised by the Director of Nuclear Facilities, the UFTR Reactor Safety
Review Subcomittee, the Radiation Control Office and the University Radi-
ation Control Comittee. The Reactor Manager is appointed by the Director
of Nuclear Facilities and the Chairman of the Department of Nuclear En-
gineering Sciences,is formally a member of the Nuclear Engineering Sciences

; faculty, is well qualified in experimental reactor physics and has qualifying
experience in reactor operations.

13.1.2.2 UFTR Safety Review Subcomittee. The UFTR Reactor Safety Review
Subcomittee is referred to in abbreviated form as the RSR Subcomittee or
the RSRS. This Subcomittee is a part of, and answers to, the University
Radiation Control Comittee, which is referred to in abbreviated form as the
URCC and provides its recomendations to the Director of Environmental Health
inTSa fety. The Director of Nuclear Facilities and/or the Reactor Manager
report any safety-related problems concerning the reactor to the UFTR RSR
Subcomi ttee. After major modifications or repairs to the Safety or Control
System approval of the RSRS is obtained prior to resuming operation of the
UFTR facility. The RSR Subcomittee reports directly to the Chairman of
the URCC. The purpose, rules and membership of the RSRS along with its
basic purpose of reviewing and auditing UFTR operations for safety, are de-
lineated in the following five paragraphs as presented in the Charter of'

the RSR Subcommittee included as Appendix 13A to this SAR. (43)

13.1.2.2.1 Purpose of the RSR Subcomittee. The purpose of the UFTR
RSR Subcomittee is to provide an independent review and audit function
of the safety aspects of reactor facility operations for the University of
Florida Training Reactor.

13.1.2.2.2 Charter and Rules of the RSR Subcommittee. To assure the
safety of reactor operations, the review and audit functions of the RSR
Subcommittee are conducted in accordance with an established charter or
directive with written rules of procedure for Subcomittee operation in-

t cluding provisions outlined as follows:

1. The UFTR RSR Subcomittee meets not less than once per calendar
quarter, at intervals not to exceed 4 months, and more frequently
as circumstances warrant, consistent with effective monitoring
of facility activities. Records are kept of these meetings.

2. A quorum for RSR Subcomittee meetinos consists of at least three
members and at least three members m0st agree when voting, regard-
less of the number present.

3. Minutes are disseminated, reviewed, and approved in a timely manner.

13-3
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13.1.2.2.3 Membership on the RSR Subcomittee. Membership requirements
for the UFTR RSR Subcomittee are outlined below:

1. The UFTR RSR Subcomittee consists of five members including the
Chairman of the Department of Nuclear Engineering Sciences, the
Radiation Control Officer, the Reactor Manager, and two Technical
Personnel (at least one from an outside department) familiar with
the operation of reactors and with the design of the UFTR. These
two persons are recomended for appointment to the Chairman of the
URCC by the Chairman of the Department of Nuclear Engineering Sciences,
Any member may designate a duly qualified representative to act in
his absence.

2. The Executive Comittee consists of the Reactor Manager, the Radi-
ation Control Officer, and the Chairman of the RSR Subcomittee.

3. The Chairman of the UFTR Subcomittee is a member of the URCC and
is selected by the Chainnan of the URCC.

4. Appointed members to the Subcomittee are reviewed and new appoint-
ments made by October 1 of each year. I

13.1.2.2.4 Review Function of the RSR Subcomittee. To meet the re-
quirements of its review function, the UFTR RSR Subcomittee reviews the
items outlined in the following paragraphs:

1. Proposed changes in equipment, systems, test, experiments, or.
procedures;

2. All new procedures and major revisions thereto having safety signi-
ficance, proposed changes in reactor facility equipment, or sys-
tems having safety significance; '

3. All new experiments or classes of experiments that could affect
the safety of the reactor or result in the release of radio-

| activity; -

|

| 4. Proposed changes in UFTR technical specifications, UFTR license
'

or RSR Subcomittee charter;

5. Violations of UFTR technical specifications, UFTR license or RSR
Subcomittee charter and violations of internal procedures or
instructions having safety significance;

! 6. Deficiencies having safety significance; recomendations are
made for corrective actions;

t

| 7. Reportable occurrences; the RSR Subcomittee recommends correc-
| tive actions;
|

j 8. Audit reports. <

~

13.1.2.2.5 Audit Function of the RSR Subcommittee. The audit function
( of the RSR Subcomittee includes selective (but comprehensive)' examination
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of operating records, logs, and othar documents. Where necessary, discus-
sions with cognizant personnel also take place. The individual imediately
responsible for an area does not perform the audit in that area. The fol-
lowing paragraphs describe items that are audited:

1. Facility operations are audited for conformance to the technical
specifications and applicable license or charter conditions, at
least once per calendar year (interval between audits not to ex-
ceed 15 months).

2. The retraining and requalification program for the operating staff
is audited at least once every other calendar year (interval be-
tween audits not to exceed 30 months).

3. The results of actions taken to correct those deficiencies that
may occur in the reactor facility equipment, systems, structures,
or methods of operations that affect reactor safety are reviewed
at least once per calendar year (interval between audits not to
exceed 15 months).

.

4. The reactor facility Emergency Plan and the implementing procedures
are reviewed at least once every other calendar year (interval
between audits not to exceed 30 months).

Deficiencies uncovered that affect reactor safety are imediately reported
to the Chairman of the University Radiation Control Committee. A written
report of the findings of the audit is submitted to the reactor management
and the review and audit group members prior to March 1 of the year follow-
ing the calendar year under review.

13.1.2.3 Radiation Safety Organization. The radiation safety organization
dt the University of Florida is directed and overseen by the University
Radiation Control Committee (URCC). The Comittee is appointed by the
President and includes, at present, professors from the Departments of
Biological Sciences, Radiological Health, Nuclear Engineering Sciences and
Environmental Engineering Sciences, as well as the Radiation Control Officer
(ex-officio member); the members of this comittee indicated in the approved
January,1979 issue of the Radiation Control Guide are listed with their

affiliations on Table 13-1 to demonstrate the breadth of interests and ex-
pertise represented on this comittee. The URC Comittee is responsible
for advising the President on all matters related to radiation safety. The
primary purpose of the Comittee is to review and grant pennission for,
or disapprove and refuse permission for, the use of radioactive isotopes or
any other sources of _ ionizing radiation at the University of Florida and
to insure the health and safety of reactor personnel and the general public.

13.2 Training

13.2.1 Plant Staff Training Program

Training of reactor operators at the UFTR is done on an individual
basis to fit the trainees' needs; schedules are arranged in a flexible
manner in order to maximize the availability of the reactor as a research
and teaching tool. Training procedures and requirements are determined-
by the Director of Nuclear Facilities / Reactor Manager and are supervised
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| TABLE 13-1

UNIVERSITY OF FLORIDA
RADIATION CONTROL COMMITTEE MEMBERSHIP *

Member - Affiliation

Dr. Charles E. Roessler, Chairman Environmental Engineering Sciences

Dr. David S. Anthony Botany Laboratory

Dr. William K. Collett Dentistry

Dr. G. Ronald Dalton Nuclear Engineering Sciences

Dr. F. Eugene Dunnam Physics
'

Dr. Robert J. Hanrahan Chemistry (Nuclear)

Dr. Walter Mauderli Radiology

Dr. Richard Shaara Director, Student Health Services

Dr. Crispin P. Spencer Veterinary- Medicine

Mr. Thomas Bauer Radiation Control Officer
.----....---.... ...

* Membership as of September 29, 1980.
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by a licensed reactor operator at all times. The trainee will receive
academic and operational training, to be adequately prepared for the
written and practical examinations planned by the Director of Nuclear Facili-
ties / Reactor Manager and by the NRC. These examinations are designed to
fulfill the requirements established by the NRC in compliance with 10 CFR 50
and 10 CFR 55.

13.2.2 Replacement and Ret aining

In the academic environment of the UFTR, reactor startups, shutdowns,
normal and abnonnal operations are routinely encountered by licensed senior
reactor operators and reactor operators. The reactor staff routinely meets
every week and discusses the reactor status quo, maintenance and tests per-
fonned or to be perfonned, as well as any other technical or administrative
subjects considered to be pertinent to the safe operation of the UFTR.
Written monthly reports suninarize the reactor operations, maintenance, tests
and calibration. Every licensed operator or senior operator reviews this
monthly report and it is discussed in staff meetings. Changes in proce-
dures, technical specifications and regulations are reviewed and discussed
before implementation. The reactor staff participates as instructors and/or
students in formal university courses involving the training of students or
reactor operator training conducted for the UFTR or other facilities. A
training program for the periodic requalification of UFTR operators is
conducted in accordance with NRC requirements as delineated in the UFTR
" Operator Requalification and Recertification Plan for July 1979 through
June 1981." The requalification for the UFTR personnel meets or exceeds
the requirements established by 10 CFR 55 Appendix A and draft ANSI /ANS-15.4
standards dated June,1977 entitled " Standards for Selection and Training
of Personnel for Research Reactors."

Responsibility for the administration of the program rests with the
Director of Nuclear Facilities of the Department of Nuclear Engineering
Sciences and his designated representative.

All licensed operators are required to participate in all phases of
this program except where specifically exempted. Persons in training for
an operator's license also participate in the requalification program. An
operator receiving a license during a requalification period is required
to complete only those portions occurring after the effective date of the
license received.

The requalification training program in force at the UFTR consists of
eight (8) component areas described in the following sections. The require-
ments that must be met in order to complete the requalification program
successfully are delineated in these sections.

13.2.2.1 Requalification Schedule. The UFTR requalification program is
conducted over a period not to exceed two years and is then followed by
successive two-year programs. To assure that the program is most effective,~

the various requirements are executed according to the time schedules out-
lined in this guide.

13.2.2.2 Lectures, Reviews and Examinations. The requalification program
is divided into the group of topics listed in Table 13-2 for which pre-
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planned training or preparation is scheduled. The schedule is set up so
that the entire program covering the topics listed in Table 13-2 is com-
pleted over the two year period.

TABLE 13-2

TOPICS FOR UFTR REQUALIFICATION TRAINING

I. Nuclear Theory and Principles of Operation
II. Design and Operating Characteristics

III. Instrumentation and Control Systems

IV. Reactor Protection System

V. Normal, Abnonnal and Emergency Procedures (one per year
minimum, independent of emergency drills)

VI. Radiation Control and Safety
VII. Technical Specifications and Applicable Portions of Title

10, Code of Federal Regulations
- . - - . .

An examination is administered at the end of each segment listed in
Table 13-2, no later than two weeks af ter the lecture or review session.

For designated cases, a final examination covering all topics is substituted
for individual examinations. Results of the certified individual's evalua-
tion from the examinations and from the on-the-job training described under
Section 13.2.2.6 is used to determine the operator's proficiency, weakness
or deficiency.

A special training session is held prior to any refueling operation
and/or fuel handling operation. The required operations are discussed /
practiced and procedures are reviewed to assure proficiency of all personnel
involved. Emergency actions are also reviewed. *

Any changes in procedures, technical specifications, regulations,
as well as any change with safety significance to the facility are reviewed
by every licensed operator. Furthermore, activities in the reactor, includ-
ing modification, maintenance, results of calibrations _and tests, as well
as any procedural changes, are summarized in a written report which is
distributed to all licensed reactor operators and discussed as needed.

Various documents, letters and memos are maintained in the Required
Reading List prior to permanent filing. Each operator is responsible for
reviewing the list periodically in a timely manner to remain current with the
information contained in the Required Reading List.

A yearly review of facility operations, maintenance, modifications,
etc., is conducted by the Director of Nuclear Facilities or the Reactor
Manager with the operating staff using the UFTR Annual Report as a base
for the review.

13.2.2.3 Requ211fication Operations and Checkouts. Over the two year re-
qualification period, each certified individual perfonns at least ten

13-8 |

|

1

-,



reactivity control manipulations in any combination of reactor startups,
sh'utIdowns, or significant reactivity changes. To insure operator profi-

~-

ciency over a range of ordinary operations, the following schedule of
operations and checkouts is maintained by all licensed operators when the
reactor is operable.

1. Each licensed operator perfoms at least one reactor startup
quarterly at intervals not to exceed four months.

2. Each licensed operator performs at least one daily checkout
quarterly at intervals not to exceed four months.

3. Each licensed operator performs at least one weekly checkout
semi-annually at intervals not to exceed eight months.

It is the responsibility of each operator to insure that these requirements
on performance of reactivity control manipulations are met and logged in
the operator's Requalification folder. Each operator also logs monthly
operating hours in the same folder.

13.2.2.4 Emergency Drills. Emergency drills are held quarterly. At least
once per year these drills involve the participation of the University Police
Department, the Gainesville Fire Department, and other emergency assistance
teams as appropriate for the drill in question. Each operator is required
to participate in two emergency drills per year at intervals not to exceed
eight months. A review of the drill and applicable emergency procedures
is performed with all certified individuals within seven days after comple-
tion of the drill.

13.2.2.5 Absence from Authorized Activities. An operator who has not been
actively performing certified functions for a period in excess of four months
is required to demonstrate to the Reactor Manager or duly authorized
representative that the knowledge and understanding of the operation and
administration of the facility are satisfactory before returning the operator
to certified duties. An individual is required to demonstrate satisfactory
knowledge and understanding of the facility operation and administration
through an interview and evaluation or a written, oral or operational exami-
nation or a suitable combination thereof. Any deficiencies uncovered are

-

corrected before the individual resumes authorized fcnctions.
-

13.2.2.6. Evaluation of Operators.

13.2.2.6.1 Biennial Evaluation. An in-depth evaluation of the operat-
ing performance of each licensed operator is performed and documented bi-
ennially and/or prior to their recertification anniversary to insure
that they have the knowledge, competence, and dexterity to operate the reactor
safely and to take appropriate actions in response to abnormal situations
that may arise.

The evaluation includes results from the examinations, the annual on-
the-job evaluation of operational proficiency '(as delineated under Paragraph-
2 of this section)and any other available indications of the operator's capa-
bility to discharge the duties in a safe and competent manner.
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13.2.2.6.2 Annual On-the-Job Training. Each licensed Reactor Operator
and Senior Reactor Operator is required to demonstrate satisfactory under-
standing of the operation of the facility systems, operating procedures and
facility procedure license changes during an annual walk-through examina-
tion administered by a designated Senior Reactor Operator.

13.2.2.6.3. Grade Requirements. All operators are required to com-
1

' plete each examination satisfactorily according to the following require-
ments:

1. A grade higher than 80% requires no additional training.

2. A grade in the range of 65% to 79% requires additional training in
those areas or topics where weaknesses or deficiencies are indi-
cated. This training is required to be completed within 60 days
from the date the examination was administered.

Additional appropriate training requirements in the form of formal lectures,
tutoring, self-study or on-the-job training are based on the results of the
examinations conducted.

3. With a grade of less than 65% the individual is placed in an-
accelerated retraining program in those areas where weaknesses or deficien-
cies are indicated.

13.2.2.6.4. Accelerated Training. Accelerated training programs are
completed within four months following the grading of the examination.
Furthermore, within one month af ter the grading of the examination, an evalu-
ation is made by the Reactor Manager or a designated representative to
determine if the deficiencies uncovered warrant withdrawal of the indivi-
dual's certification pending completion of the accelerated training pro-'

gram. The evaluation considers the individual's past performance record,
the supervisor's evaluation and 'past test scores as well as current defi -
ciencies. An oral exam may also be given to aid in the evaluation. Regard-
less of the score, if the individual's test indicates a deficiency in a
critical area that affects safety, a training program shall be administered

j to promptly correct the deficiency.
.

13.2.2.6.5. Additional Training Requirements and Evaluations. Addi-
tional training is provided whenever needed to correct weaknesses or defi-

| ciencies uncovered. Such additional training is completed prior to the
conclusions of the specific requalification program or application for re-'

| newal of operator's license, whichever occurs first.

| An evaluation is made of an operator any any time his/her physical or
mental condition appears impaired in a manner that his/her performance of'

duties as an operator appear to be affected. Any exemplary performances
or additional duties performed by an operator are noted in his/her Requali-
fication folder to aid later evaluations.

13.2.2.7. ' Requalification Records. Records are kept to assure that all
the requirements of the UFTR_" Operator Requalification and Recertification"
Plan are met.

Each operator has an individual folder containing signature blocks for
lectures attended, prepared or assigned self-study. sessions, reactivity

| 13-10
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manipulations performed, weekly and daily checkouts performed, and quarterly
drills p3rticipated in by the operator. The folder also contains copies of
written examinations administered, the answers given by the operator, re-
sults of any evaluations and documentation of any additional training
administered in areas in which an operator has exhibited deficiencies. The

performance of, or participation in, special activities such as fuel hand-
ling by the individual operator, is also logged in the Requalification folder.

Pertinent documents and records pertaining to the Requalification
program are maintained at the UFTR as part of the facility records for a
period of five years.

13.2.2.8 .RerLualification Document Review. The individual Requalification
folders are reviewed on a semi-annual basis by a designated Senior Reactor
Operator as noted by the inclusion of the SR0s dated signature. Any defi-
ciencies noted during the review are brought to the attention of the Director
of Nuclear Facilities or the Reactor Manager who then insures that appro-
priate corrective action is taken.

13.3 Emergency Planning

13.3.1 Emergency Organization

The Site Emergency Plan for the UFTR facility is described in the
" Emergency Planning for the UFTR" guidelines and in the facility Standard
Operating Procedures which detail the responsibilities, procedures, and
actions to be taken by all personnel in the event of emergency conditions
which could endanger the health and safety of the facility personnel and/
or the general public.

The Director of Nuclear Facilities (or his duly authorized representa-
tive such as the Reactor Manager) has overall responsibility for the handl-
ing of emergency situations, including coordination with Law Enforcement,
Disaster Preparedness, Local and State Health Agencies and the Nuclear
Regulatory Commission. The Radiation Control Officer assists the Director
of Nuclear Facilities and/or the Reactor Manager in all matters which
concern the health and safety of the public during any emergency.

The UFTR Emergency Planning is being submitted as a separate document-
from the SAR to comply with all the requirements specified in the November 6,
1980 ruling amending 10 CFR 50 and 70 in connection with upgrading emergency .
preparriness regulations. The UFTR Emergency Planning will follow Regula-
tory Guide 2.6 as guidance for compliance with 10 CFR 50.54(q) and
10 LFR 50 Appendix E.

The documents outlining the UFTR Emergency Planning include all
applicable procedures to effectively conduct the activities required by
the plan.
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13.4 Review and Audit

Review and audit functions for the UFTR facility operations are conducted
to determine if the facility is being operated safely and within the terms of
the license. The review and audit functions are performed by the UFTR Reactor
Safety Review Subcommittee. An intensive in-depth review of facility opera-
tions is made at least annually. One of the specific concerns addressed
in such reviews is the emergency planning in effect at the UFTR facility.

Review and audit of radiological safety procedures and other emergency
related procedures are also performed by the University Radiation Control'

Committee (UKCC) and the Radiation Control Officer, an ex-officio member of
the UFTR Reactor Safety Review Sbucomittee.

13.4.1 Authorization of Experiments and Operations

All experiments and operations of the UFTR, including maintenance and
repairs, are required to have the prior approval of the Director of Nuclear
Facilities, the Reactor Manager or an authorized representative of either.

All experiments proposed for the reactor are classified into one of
four categories designated by Class 1 through Class 4. The basis'for the
classification of experiments is the degree of novelty and potential for
presenting a hazard to UFTR personnel, the public or the reactor.

Class 1 experiments include routine experiments such as gold foil
irradiation. Class 1 experiments are readily approved by the Reactor
Manager and the Radiation Control Offic'er.*

Class 2 experiments include relatively rouuine experiments which need
to be documented for each new group of experimenters performing them or
whenever the experiment has not been carried out for one calendar year or .
more by the original experimenter, and which pose no hazard to the reactor,
the UFTR personnel or the public. Class 2 experiments are also approved
by the Reactor Manager and the Radiation Control Officer.

Class 3 experiments consist of those which pose significant questions
| regarding the safety of the reactor, the UFTR personnel or the public.
| These experiments are approved by the UFTR Reactor Safety Review Subcommittee,

which recommends procedures and/or devices to minimize hazards.

Class-4 experiments comprise all experiments which have a significant
potential for hazard to personnel, the public or.the reactor. These experi-
ments are approved by the UFTR Reuctor Safety. Review Subcomittee for per-
formance under the direct supervision of the Reactor Manager or a duly.
authorized representative. A detailed description of the expected behavior
of the facility during the proposed experiment along with accompanying
emergency procedures specific to the experiment are required to be approved
by the UFTR Reactor Safety Review Subcommittee before permission to perform
the experiment is granted. Experimental procedures, criteria for evaluation
and required documentation are specified in UFTR S0P-A-5. Experimental
limitations are included in the Technical Specifications for the UFTR.
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Startup of the UFTR after non-routine maintenance, or after repairs,
an accident, or a real scram (as distinguished from operator mistake, or
a scram from electrical noise or power interruption) is not permitted until
first authorized by the Reactor Manager or his authorized representative.

13.5 Plant Procedures

This section describes the procedures pertinent to normal operation and
administration of the UFTR facility including the performance of experiments
and modifications, repairs, and tests. The Reactor Manager is responsible
for ensuring compliance with the established controls.

The Reactor Manager is responsible for the preparation of detailed
written procedures for normal and emergency operations. These procedures
are approved by the UFTR Reactor Safety Review Subcommittee before imple-
mentation for any procedure with safety significance, and after implemen-
tation for minor changes in established procedures (that do not change the
original' intent) or new procedures with no safety significance (which are
approved and implemented by the Reactor Manager). Pronadures include a
startup check list, shutdown check list, operating nr aual, procedures
and check lists for special operations such as fuel transfers, procedures
for requesting irradiations, and procedures for transfer of irradiated
materials.

13.5.1 Administrative Procedures

13.5.1.1 Access and Key Control. Outside doors of the reactor facility are
normally locked. The rear freight-door exit is only used for emergencies,
refueling and other unusual situations. The Operator-in-Charge at the UFTR
controls _ entry to the reactor area and can forbid entry at any time. The
Operator-in-Charge requires personnel entering the Reactor Cell for work-
related duties to either wear a personal dosimeter, or be escorted by a
responsible person wearing a dosimeter. Visitors are escorted and must sign
in and out in the log book provided. If a person dose is estimated to be
less than 1/10 of the allowed occupational exposure, no badging is necessary.

When the reactor is not operating, unsupervised access is permitted only
to persons holding authorization from the Reactor Administration. Entry
requirements are covered under the Physical Security Plan of.the Facility.
Emergency instructions require that a senior member of the reactor staff or
the Radiation Control Office is contacted prior to entry by police or fire
personnel in case of an accident.

Key control for the Reactor Cell is suninarized as follows:
~

1. Console keys are in the custody of a Licensed Reactor Operator.

2. Special keys -are used to lock :the shield plugs, the reactor crane
switch and other reactor devices. These keys are kept in the
Reactor Key Cabinet, which is in the Reactor Security Area and-
access to which is restricted to Licensed Reactor Operators.
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3. Facility door keys and Security System keys are issued to persons
designated by the Reactor Manager and/or the Director of Nuclear
Facilities. Further details on key control are not included in
this Safety Analysis Report. A detailed description of the UFTR
facility key control measures are contained in the Security Plan
for the UFTR submitted separately and withheld from public dis-
closure pursuant to 10 CFR 2.790(d).

13.5.2 Operating and Maintenance Procedures

13.5.2.1 Routine Operation and Records. Manipulation of the UFTR reactor
controls is permitted by a UFTR-Licensed Reactor Operator or by a non-
licensed person under the direct observation and supervision of a licensed
Reactor Operator. A Senior Reactor Operator is on call at all times that
the facility is operating and a second person, duly qualified as such, is
present either in the Reactor Cell or within the UFTR facility Complex.
An Operator-in-Charge is designated for each reactor operation. The
Operator-in-Charge (0IC) is responsible for ensuring that the following
requirements are met during the reactor operation.

1. The OIC is in a position to operate the controls of the reactor.
This requirement means that the OIC cannot leave the Reactor Cell,
and is normally at or within sight of the controls and instruments
at the console.

2. The correct startup check and shutdown check procedures are followed~
and log sheets are filled out for all operations.

3. Any proposed experiment is correctly _ authorized and any requirenents
noted have been complied with.

4. The experimenter's proposed procedure conforms to University Radi-
ation Control Committee reconinended practice and the experimenter
has a valid radioisotope license if the transfer of radioisotopes
is outside the control of the Radiation Control Office.

5. All samples removed .from the reactor are monitored, their activity -
levels recorded, and any necessary temporary access barriers or
shielding are erected.

6. The experimenter and the Reactor Manager are informed in case of
any unusual or unexpected occurrence, apparent equipment or instru-
ment failure or other malfunction.

7. The Radiation Protection Specialists save been notified if any~
expe'riment predicted to involve high radiation levels-is to be per-
formed to assure that the Health Physicist is present as necessary.

The Operator-in-Charge normally satisfied requirements (3),~-(4) and
(7) directly by ensuring that the Reactor Manager has correctly approved the
proposed experiment and associated schedule. All members of the reactor
staff are expected to be familiar with basic radiation safety procedures
so that adequate safety is ensured even in the absence of Radiation Control
Specialists.
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The Reactor Startup Procedure (UFTR S0P-A.2) ensures that the reactor
and experimental configuration are correct, and removable shielding is in
place or personnel otherwise protected, the instruments are calibrated
dnd functioning, the scram and interlock circuits are functioning and scram
points properly set, and the facility is otherwise in proper condition for
operation.

A daily log of UFTR operations with information related to pre-operational
checks and facility usage is maintained in a bound notebook in the Reactor
Control Room. The log includes the name of the operator-in-charge, the ex-
perimental configuration, special instructions, periodic readings of instru-
ments and control rod positions, results of tests and inspections, maintenance -
dnd change records, methods and reasons for shutdown, and any other notations
the Reactor Operator deems appropriate. The log book, checklists, and other
pertinent records are filed and audited annually by the UFTR RSR Subcommittee.

The Operating Manual includes standard operating procedures, experimental
procedures and limitations, requirements for periodic checks and maintenance,
radiological safety procedures, emergency procedures, technical specifications
and license limitations.

13.5.2.2 Routine Tests, Maintenance, and Monitoring. The Reactor Manager
has set up a program for regular testing of all safety equipment, procedures
and certain reactor components.

In addition to the sta.c tup checks of instruments, scrams and interlocks,
periodic checks and maintenance are performed on a daily, weekly, quarterly,
semi-annual and annual schedule.

Weekly and Daily Pre-Operational checks are required by UFTR S0P-A.1,
" Pre-0perationsi Checks." The pre-operational checks are required by UFTR
SOP-A.1 are divided into two (2) parts as described in this paragraph.
Part addresses Weekly Pre-Operational Checks, and Part II addresses
Dialy Pre-Operational Checks and associated checklists. The Pre-0perational
Checks are performed by a licensed reactor operator or trainees under his
direct supervision. The results of Part I and Part II checks are filed
at the UFTR Facility.

Any malfunction of the safety-related system for the UFTR is suffi-
cient cause for stopping reactor operation until the malfunction is cor-
rected. Written instructions for calibrations, tests and maintenance or
repairs for the Reactor Safety and Control Systems are available for the
UFTR as part of the S0P's. The results of all of the~above periodic tests,
checks, maintenance and monitoring are recorded in the Maintenance Log,
the Operation Log and the Maintenance card file.

The University Radiation Control Connittee performs routine announced
and unannounced surveys of the reactor and the reactor area, especially
during reactor operation, to check radiation levels. The results of such
monitoring are recorded and raaintained in the log book. The detection of
any significant or abnormal radiation outside the reactor facility requires
immediate investigation and subsequent corrective action including procedural
changes, addition of shielding, or other action as deemed necessary to
alleviate the problem.
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A film badge service is provided as part of the personnel monitoring I
;

program. These are supplemented in the reactor area by pocket dosimeters ;

which are also used for occasional visitors. The Radiation Control Officeris in charge of badging and associated records.

13.5.2.2.1 Daily Pre-Operational Checks. The Daily Pre-0perational
Checks are started and satisfactorily completed within 6 hours prior to
reactor startup or if the reactor has been shut down less than 6 hours
and no known condition exists that would prevent successful completion of

|a daily check. For these purposes, reactor shutdown means that the reactor '

had been critical with proper functioning of all instruments and components'
and that a shutdown had been effected under normal corditions. The scope
and detail of the Daily Pre-Operational checks required by UFTR S0P-A.1,
Part II, " Daily Pre-Operational Checks" is indicated in the Daily Pre-Opera- '

tional Checklist presented in Figure 13-2. The requirements of the Daily
Pre-Operational Checks are summarized below: )

|

1. The console and equipment power supply are checked to insure all
items in the annunciator light panel, the radiation monitoring
console, the auxiliary alarm panel, the recorders, and other sys-
tems related to all the operational equipment, are functioning
correctly.

2. The proper functioning of the shield tank recirculating system,
the air particulate detector, portal monitor, and primary resis-
tivity bridge is checked.

3. The c' . ion of all the nuclear instrumentation is checked.
4. The _ proper functioning of the control blade interlock system and

the fast period interlock system is checked.

5. The proper functioning of the reactor safety system including the
reactor trip systems and the annunciator alanns systems are
checked.

13.5.2.2.2 Weekly Pre-0perational Checks. The Weekly Pre-Operational
Checks are routinely performed on the first day of the working week when
the reactor is operable. During extended shutdown periods for administra-
tive purposes, maintenance or modifications, the weekly Pre-Operational
Checks are performed each week on the operable systems. _ UFTR-SOP-A.I -
Part I " Weekly Pre-Operational Checks," is required to have been completed
satisfactorily within seven (7) days prior to reactor startup. The scope
and details of the Weekly Pre-Operational Check are sumarized in the Weekly

_

Pre-Operational Checklist presented in Figure 13-3 while the general require-
ments of the Weekly Pre-Operational Checks are sumarized below:

1. The operability of the area radiation monitors and continuous air
particulate radioactivity monitor is checked and they are internally
calibrated; the high-level alanns are tested with all personnel in
the vicinity notified before the alarms are tested.
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Figure 13-2. UFTR Daily Pre-Operational Checklist
from UFTR SOP-A.1, Part II.
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UFTR-50P-A.1 WEEKLY PRE-OPERATIONAL CHECKLIST Part I l-
i

,

| TIME START: R. Check _ manual evacuation
alarm (oper).................

' A. S. top. Ven t , D il ute. . . . . . . . . .
S. Reset A/C....................

B. Ch_eik Dilute.................
T. SW System: Resistivity....... MD-cm

C. Check RDM 011................
U. Core vent filters d/P

inD. Inclined Manometers (d/p=2) . . . .,__,,, rough..............._ _ inabs.................
vent................~~~~1 n

|
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Rev.11. 9/78
, ._.

Figure 13-3.- UFTR Weekly Pre-Operational Checklist
from UFTR SOP-A.1, Part I.
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2. Shutdown and operation of core vent and diluting fan are tested.

3. The oil level of the control rod drive mechanisms is checked.

4. The portal monitor is source checked.

5. The Shield Tank water resistivity is checked.

6. The equipment in the reactor pit is checked for proper operation,
radiation levels and detennination of any possible leaks in the
primary cooling system.

7. The primary and secondary coolant resistivity is checked.

8. Control blade withdrawal times are checked and recorded.

9. The operation of " Reactor On" exterior lights is checked.

13.5.2.2.3 Quarterly Checks. Checks, tests and maintenance performed
at the UFTR facility on a quarterly basis are summarized below:

1. The radiation monitors including the area monitors and the Reactor
Vent System monitors are calibrated.

2. Evacuation drills are conducted for facility personnel, insuring
their familiarity with the emergency plan.

3. The safety system operability tests are performed to check reactor
scram functions in the event of:

a. Loss of primary coolant pump power.
b. l.oss of primary coolant level,
c. Loss of Shield Tank water level.
d. Loss of power to ventilation and dilution fans

Loss of secondary coolant flow, at power levels greater thane.
1 Kw.

f. Loss of electrical power to the console.
g. Loss of chamber high voltage.
h. High average outlet temperatures.

13.5.2.2.4 Semi-annual Checks. Checks, tests and maintenance per-
formed at the UFTR facility on a semi-annual basis are sununarized below.

1. Verification is made to assure the minimum shutdown margin, wit'h
the most reactive blade withdrawn, is 2% Ak/k.

2. Verifications are performed to assure that the reactivity insertion
rate for any single control blade does not exceed 0.06% Ak/k
second, when detennined as an average over any 10 seconds of blade
travel time from the characteristic experimental differential blade
reactivity worth curve.

13-19

,



- ~ . ._ _ _ _ -.

-

'

3. The control blade drop time is checked from the fully withdrawnposition.

4. The control blade reactivity worth is checked.

13.5.2.2.5 Annual Checks. Routine tests, maintenance and monitoring
operations carried out on an annual basis include:

1. Calibration of the log N-period channel, power level safety channel,
and linear power level channel.

1

2. Performance of an intensive, in-depth review of UFTR facility opera-tions.

13.6 Industrial Security

The plans for physical protection of the UFTR facility are described in
the Physical Security Plan for the UFTR, already submitted to the NRC under
separate cover and withheld from public disclosure pursuant to 10 CFR 2.790(d).

,

i
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Reactor Safety Review Subcomittee

CHARTER

I. DESIGNATION

The name of the Subcomittee is: Reactor Safety Review Subcomittee.
The Subcommittee may be referred to in abbreviated form as the RSRS.

11. ACCOUNTABILITY

The RSRS is a Subcomittee of and reports to the Un.iversity Radiation
Control Comittee, which may be referred to in abbreviated form as the
URCC. The URCC provides radiological safety recomendations to the Direc-
tor of Environmental Health and Safety.

III. SCOPE

The RSRS shall be responsible for the review of safety-related issues per-
taining to the University of Florida Training Reactor, which may be referred
to in abbreviated form as the UFTR.

IV. PURPOSE

The purpose of the RSRS is to assure the safe operation of the UFTR through-
the discharge of the Subcomittee review and audit functions.

V. REVIEW FUNCTION

The following items shall be reviewed:

1. Determination that proposed changes in equipment, systems, test, experi-
ments, or procedures do not involve an unreviewed safety question,

2. All new procedures and major revisions thereto having safety significance,
proposed changes in reactor facility equipment, or systems having safety
significance,

3. All new experiments or classes of experiments that could affect reacti-
vity or result in the release of radioactivity,

4. Proposed changes in technical specifications, license or charter,

5. Violations of technical specifications, license or charter. Violations
of internal procedures or instructions having safety significance,

6. Operating abnormalities having safety significance,'

7. Reportable occurrences,

8. Audit reports and annual facility reports.

A written report or minutes of the findings and recomendations of the review

13A-1
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group shall be submitted to RSRS members in a timely manner af ter the
review has been completed and to the Chairman of the Radiation Control
Committee whenever a finding is deemed to require review by upper level
University of Florida administration.

VI. AUDIT FUNCTION

The audit function shall include selective (but comprehensive) examina-
tion of operating records, logs and other documents. Where necessary,
discussions with cognizant personnel shall take place. In no case shall
the individual immediately responsible for the area, audit in that area.
The following items shall be audited:

1. Facility operations for conformance to the technical specifications
and applicable license or charter conditions, at least once per calen-
dar year (interval between audits not to exceed 15 months),

2. The retraining and requalification program for the operating staff,
at least once every other calendar year (interval between audits not
to exceed 30 months),

3. The results of actions taken to correct those deficiencies that may
occur in the reactor facility equipment, systems, structures, or nethods '
of operations that affect reactor safety, at least once per calendar
year (interval between audits not to exceed 15 months),

4. The reactor facility emergency plan, and implementing procedures at leas 0
once ever other calendar year (interval between audits not to exceed
30 months .

VII. MEMBERSHIP

1. The RSRS shall consist of at least five members. _ Membership will in-
clude the Chairman of the Nuclear Engineering Sciences Department,
University Radiation Control Officer, Reactor Manager and two technical
personnel familiar with the operation of reactors and with the design
of the UFTR and radiological safety, at least one of whom is from out-
side the Department of Nuclear Engineering Sciences. Any member may
designate a duly qualified representative to act in his absence from a
standing URCC approved list.

2. An Executive RSRS Committee will consist of the Reactor Manager, Uni-
versity Radiation Control Officer and Chairman of the RSRS.

3. The Chairman of the RSRS will be appointed by the Chairman of the URCC.
The Chairman of the RSRS is an ex-officio voting member of the URCC
and will serve as liason between the RSRS and the URCC.

4. Members appointed to the Subcomittee shall be reviewed, and as appro-
priate, new appointments made by October 1 of each calendar year.

VIII. MEETINGS

1. Meeting frequency shall be quarterly at intervals not to exceed 4 months <
1
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Meeting may be held more frequently as circumstances warrant, con-
sistent with the effective monitoring of facility operations as de-
termined by the RSRS Chairman

2. Review of draft minutes will be completed prior to subsequent meet-
ings, at which time they will be submitted for approval. Responsibi-
lity to assure that this is done falls upon the RSRS Chairman. The
RSRS Chairman is charged with the responsibility to assure that the
minutes are submitted for approval in a timely manner.

3. A quorum shall consist of at least three members and at.least three
members must agree when voting, regardless of the number present.

|

|
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14. INITIAL TEST PROGRAM

14.1 Specific Information to be Included in
Preliminary Safety Analysis Reports

Thi; section is not considered since this document is presented as
a FSAR in support of renewal of an existinq license for the already
operating UFTR facility.

i

14.2 Specific Information to be Included in
Final Safety Analysis Report

There is currently no initial test progran considered for the UFTR
facili ty. Since the UFTR is an already operating facility as presented
for license renewal, an initial test program is not appropriate. A test'

program will be developed and included in this safety analysis report at
any time that significant physical or operational safety-related changes
are proposed for the UFTR reactor facility.
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15. ACCIDENT ANALYSIS

This chapter addresses the evaluation of safety of the UFTR facil-
ity to include analyses of the response of the facility to postulated
disturbances in process variables and to postulated malfunctions or
failures equipment.

The UFTR structures, systems and components important to safety
have been presented and evaluated for their susceptibility to malfunc-
tions and failures in previous chapters. In this chapter, the effects
of anticipated process disturbances and postulated component failures
are examined to determine their consequences and to evaluate the cap-
ability built into the UFTR facility to control or accommodate such
failures and situations and/or to identify the limitations of expected
perfo rmance.

The situations analyzed and results presented in Sections 15.1,
15.2 and 15.3 along with the Appendices to this Chapter are similar to
those presented in the original UFTR Hazards Summary (2) addressing
generic safety-related issues for Argonaut-type reactors and are re-
peated here with few but appropriate changes to account for the UFTR
facility as it currently exists. This chapter concludes with Section
15.4 which contains an assessment of radiation doses applicable for a
Maximum Hypothetical Accident which has an assumed fission product
release whose potential hazards are not near to being exceeded by those
from any accident considered credible for the Argonaut- type UFTR reac-
tor facility. (14)

15.1 Introduction

The effect.s of anticipated transients, accidents and postulated
component failures are presented in this chapter. The predicted con-
sequences of such events are determined and the capability of the UFTR
facility to control or accommodate such failures and related situations
is evaluated. As a result of this accident analysis, the system per-
formance characteristics and limitations are identifed for the UFTR
facility.

Several accident categories are considered in this analysis to in-
clude nuclear excursions during UFTR operation, loss of coolant accident
during full power operation, safety control rod system malfunctions and
possible release of fission products associated with reactor malfunc-
tion. This analysis presented in Sections 15.1, 15.2 and 15.3 is based
primarily upon the contents of the original UFTR Safety Analysis Report
(Hazards Summary).(2) There are no substantive changes in these chap-
ters from the original Hazards Summary Report. Finally, the predicted
dose associated with analysis of a so-called Maximum Hypothetical Acci-
dent, resulting in large scale release of radioactivity is presented in
Section 15.4. This last analysis is based upon more recent data and
calculations.

15-1
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15.1.1 Nuclear Excursions

15.1.1.1 Nuclear Excursions During Operation. It is difficult to visu- -

alize any circumstances which would result in a reactivity increase of a I4

magnitude sufficient to cause serious degradation of the UFTR core. The
design of the tooling system insures that the temperature of the reactor
cannot be changed suddenly by the introduction of cold water. The
maximum excursion which could occur with the normal fuel loading would
result from the suddent insertion of all the available excess reactivity;
with the present fuel loading, the UFTR has a total excess reactivity of
=1.0% ok/k available. A maximum of 2.3% excess Ak/k can be loaded. |
Only two (2) methods are considered possible for loading such an excess '

reactivity. First, the maximum excess reactivity could be reached by
having the reactor temperature lowered to the freezing point of water;
second, the maximum excess reactivity could be reached by having the
reactor temperature lowered to the freezing point of water; second, the
maximum excess reactivity could be reached by violation of the standard
operating procedures.

The first method for insertion of maximum excess reactiv;ty by
reduction of reactor temperatures to the freezing point is not consid-
ered feasible or plausible, not only because of the buticing and climate
involved but also because of the time element that would be r1guired
during which some abnormalities would be noted. As explaineo in the
original UFTR Hazards Summary Report, the second method for insertion of )

maximum excess reactivity violation of the standard operating procedures
is a possibility.(2)

The Hazards Summary addresses two possible violations of SOPS by
which the maximum excess reactivity in the UFTR could be achieved. The
first violation involves luading a sample into the reactor with suf-
ficient absorption properties to prevent startup or reaching criticality

I regardless of the amount of control blade withdrawal. If the control
! blades were fully withdrawn in this situation and criticality were not

achieved, the maximum reactivity could ue added if the sample were then
removed without reinserting the controi blades.

The other possible, although extremely difficult, manner by which
| the maximum excess reactivity can be inserted would be by purposely and

wantonly bypassing the Reactor Control and Safety System interlocks and
trips and subsequently withdr6 wing the blades, in violation of the
Technical Specifications and the Standard Operating Procedures.

If all the circuits of the Reactor Protection System were to fail
or be incapacitated, the power level would continue to rise until the
available excess reactivity were overcome by the temperature and void
coefficients characteristic of the present reactor configuration.

1

As a result of studies made for the original Hazards Summary Report
(2) concerning the effects of a large reactivity addition in the UFTR
during 100 KWth operation, it was also determined that the required

I power excursion in order to raise the temperature of the fuel plates to
| the melting point of aluminum (1220*F) ' involves an energy generation of
| 32 MW-sec, as explained in' Appendix 15A (22). The corresponding exponen-

tial period for this excursion is 8.2 milliseconds; therefore, the UFTR
will tolerate a power excursion with a period at least as short as 8.3
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milliseconds without melting any part of any fuel plate. The excess
reactivity corresponding to such a period is 2.4% Ak/k; however, the
UFTR has a licensed excess reactivity of only 2.3% Ak/k available.
Because of strict control of all fuel not in the reactor, and the load-
ing controls, it is considered very unlikely that any significantly
larger amount of reactivity would ever be available. All fuel plate
spaces provided in the reactor are filled with fuel plates or dummy
aluminum plates. Therefore, a major increase of fuel loading would
require either the disassembly and reassembly of the fuel bundles or the
presence of a large supply of enriched uranium in some other form.
Neither possibility is considered credible.

A further comparison of the effects of a rapid reactivity insertion
in research reactors versus the UFTR is contained in Appendix ISB based
upon analysis in the original UFTR Hazards Summary Report (2).

15.1.1.2 Nuclear Excursions During Fuel Loading. A nuclear excursion
during fuel loading is not considered credible. Fuel loading at the UFTR
is required very infrequently, usually when the loss of reactivity from
burnup makes it necessary to add additional plates. At such times,
dummy fuel plates or old fuel plates in the chosen fuel bundle can be
replaced. During fuel loading and unloading operations only qualified
reactor operators and personnel are involved under the supervision of
the Reactor Manager. The limitations and procedures to be followed are
explained in detail in the UFTR SOP-C " Fuel Handling Procedures". The
excess reactivity will be limited to 2.3% Ak/k by adjustment of the core
loading. Any additional fuel plates are kept in a locked safe as de-
scribed in Chapter 9 of this SAR and in the UFTR Security Plan submitted
separately.

Additional fuel plates can be forced down into the fuel boxes
between the fuel bundles due to the existing clearances necessary for
the removal of fuel bundles and manufacturing tolerances. However, all
fuel plates not required for the reactor loading are locked in the safe
which is accessible only to the Director of Nuclear Facilities and/or
the Reactor Manager. The probability of misloading the reactor by
forcing extra plates into these spaces is considered to be extremely
small.(2) Therefore it is concluded that a nuclear excursion during fuel
loading is not very likely to occur.

15.1.2 Safety-Control Blade System Malfunctions

The UFTR control blade drive system consists of a two phase frac-
tional horsepower motor that operates through a reduction gear train,
and an electrically energized magnetic clutch that transmits a motor
torque through the control blade shaft, allowing motion of the control
blades. The blades are sustained in a raised position by means of this
motor, acting through the electromagnetic clutch. Interruption of the

magnet current results in a decoupling of the motor drive from the blade
drive shaft, causing the blades to fall back into the core in a failsafe
arrangement. In case of a loss of power, a manual scram, or any scram
signal from the instrumentation system, the electromagnets are de-ener-
gized and the system fails safe by gravity dropping of the blaces into
the core.

15-3

i



The blade withdrawal inhibit system is part of the Reactor Protec-
tion System. The multiple blade withdrawal interlock prevents exceeding
the reactivity addition rate of 0.06% Ak/k per second, as specified in
the UFTR Technical Specifications. The fast period blade withdrawal
interlock prevents establishing a period shorter than 10 seconds by
blade withdrawal.

The safety blades each control from about 1.3% to 2.3% Ak/k in
reactivity. The only way in which the rods could fail to fall into the
reactor during a reactor scram would be through either failure of the
circuits to de-energize the electromagnetic coupling, or the jamming of
the blades in their shrouds. The operator can manually scram the reac-
tor or turn off the power in the case of circuit malfunction. In the
event of blade jamming, or combined circuit and operator failure, the
reactor is shut down by the inherent shutdown mechanisms described in
Chapter 4 and by the water dump trip acting as a back-up shutdown mech-
anism. Additonal back-up for reactor shutdown is provided by the dumping
of moderator / coolant via the rupture disk.

Since the twc power nuclear channels are completely independent,
failure of all scram circuitry is very unlikely. A short period scram
is provided on the log channel and high power level trips are provided
in both channels. The UFTR SOPS and Technical Specifications require *

the testing of the instruments and scrams every operating day to insure
their proper operation prior to reactor startup. The reactor key is
available only to UFTR licensed reactor operators. The reactor key is
used to turn the console power on and energize the magnets for control
blade motion.

In the event of a mu1 function in the control drive system, the
operator can initiate a reactor scram; even if the operator fails to
recognize a malfunction, a scram occurs automatically whenever a power
level increase above the preset limits is caused by the malfunction.
This response is described in Chapter 7 and specified in the Technical
Specifications. No single failure or malfunction related to the mag-
nets, limit switches, gear reducers, motors, or instrumentation could-
prevent all of the blades from dropping into the core after de-energiz-
ing the magnets.

15.2 Loss of Coolant Accident

The UFTR Reactor Protection System is discussed in Chapter 7 and
provides a series of interlocks and trips preventing operation in the
case of primary and/or secondary cooling systems malfunction. Inter-

locks are provided to prevent operation when the coolant is not cir-
culating or when the level is outside the preset limits. Reactor rod-
drop trips are provided for the primary coolant pump power and flow.
Redundancy is provided through the reactor core water level trip. In-
herent protection is provided by the negative moderator temperature and
void coefficients of reactivity. No credible circumstances are en'/ision-
ed where mishandling of the cooling system can give rise to a power
excursion. Studies have been performed by Wagner to analyze the effects
of a Loss of Coolant Accident (LOCA) at various hypothetical power i

levels up to 625 KWth as addressed in Appendix 15C.(23) It should be |
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noted that the UFTR will shut itself down due to the negative moderator
void coefficient; therefore, insertion of the control blades is not a
physical requirement for reactor shutdown. Wagner investigated the
ircrease in fuel temperature following a loss of coolant and shutdown of
the reactor either by the negative void coefficient of reactivity or by
the insertion of the control blades into the reactor. Wagner's work
summarized in Appendix 15C shows that the fuel temperature will increase
about 30 F following a dump trip event. Figure 15-1 shows the calculated
fuel temperature as a function of time after reactor shutdown due to
decay heating effects following dump scram from equilibrium UFTR opera-
tion at 625 KWth power level.

This analysis demonstrates that even if the calculations described
by Wagner are in error by as much as 200%, the maximum fuel plate temper-
ature rise will not approach temperatures of half the melting point of
aluminum for power levels much larger than present UFTR operation;
therefore a LOCA is not considered to represent a hazard to the UFTR
core fuel or structural integrity.

Experimental verification of the decay heat equation governing
decay heat generation in the UFTR following reactor shutdown is provided
in Appendix 150, also taken from Wagner's work. (23)

15.3 Fission Products Release and Dose Assessment

The UFTR is designed to operate at a rated power of 100 KWth. The
analysis discussed in Section 15.1 indicates the very low probability of
fuel melting in case of an excursion resulting from the suddent inser-
tion of as much as 2.4% ak/k along with failure of the reactor control
and protection systems. Therefore significant releases of fission
products are not considered plausible because of the inherent self-limit-
ing characteristics of the UFTR. If a reactivity accident is assumed to
occur and to cause the fuel plates to melt, a release of fission prod-
ucts may take place in this regard, some exposure studies were presented
in the original UFTR Hazards Summary Report (2). Later analysis by
Listing (22) also assumed a release of 10% of the volatile fission
products from the reactor fuel plates into the building air in agreement
with the Hazards Summary as indicated in Appendix 15 E.

15.4 Radiation Doses for the Maximum Hypothetical Accident

15.4.1 Methodology

The analytical methods used to predict radiation doses following a
Maximum Hypothetical Accident at the UFTR facility are summarized in
this section. The methodology presented includes basic equations and
theory as well as basic input data and information for the calculations
such as the equilibrium radioactive monitocing diffusion coefficients,
release fractions from the fuel and hypothetical transport of the re-
leased nuclides.

15.4.1.1 Introduction to Basic Dose Calculations. The radioisotopes of
greatest significance in case of an accident and consequently the only
ones specifically addressed in the Nuclear Regulatory Commission Regula-

_
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tory Guides, are the noble gases and the radiciodines. The noble gases
contribute solely by means of the immersion dose, and the radioiodines
contribu'e primarily to the thyroid dose through inhalation. The appli-
cable equations used to calculate the whole body dose and the thyroid
dose are presented below:

WHOLE BODY DOSE

D = x/Q-({ Q, DFg) (15-1)

THYROID DOSE

T=X/QBR-(gQ)DFT)) (15-2)D

where symbols utilized in these equations are defined as follows:

Dj = whole body dose (rem);
3x/Q = atmospheric diffusion coefficient (sec/m );

Q = release to atmosphere of noble gas type "i" (Ci);
i

DF '.= dose conversion factor for whole body dose from noble gas3Y type "i" (rem-m /Ci-sec);
D =dosetothethyrojd(rem);r
BR = breathing rate (m /sec);
Q. = release to atmosphere from radiciodine type "j" (Ci);

IDtT.= thyroid dose conversion factor for radiolodine type "j"
3 (rem /Ci).

15.4.1.2 Fquilibrium UFTR Radioactive Inventory. The computer code
RIBD (Radio Isotope Buildup and Decay, Reference 45) was applied to
calculate the isotopic concentration from a fission source, taking into
consideratiei the beta decay, the isomeric transitions, and the (n, y)
reactions. (he fission source in this case is the UFTR core operated
full power to equilibrium radioactive inventory.

The input for RIBD consists of the average thermal flux in the
fuel, the operation history in selected time steps of constant power,
the energy released per fission and the desired times after shutdown at
which the activities of the different isotopes are calculated. The
output includes the activities at shutdown and at the specified times
afterward for various isotopes. The primary radioisotopes of interest
for this safety analysis are the iodines (especially I-131), and the
noble gases represented by various krypton and xenon radioisotopes.

For the equilibrium UFTR inventory calculations at 100 KWth power
with 93% enriched fuel, input to the RIBD code consisted of the average

2thermal neutron flux in the fuel (1.0 x 10:2 n/cm /sec), full rated UFTR
power !evel (100 KWth) and total irradiation time (30 days). The aver-
age thermal flux in the fuel was obtained based upon the highly enriched
fuel during full power operation at 100 KWth. (5) The equilibrium
inventories calculated using the RIBD code for important radioisotopes
for equilibrium operation of the 93% enriched fuel in the UFTR at 100
KWth are presented in Table 15-1.
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Table 15-1

CALCULATED UFTR RADIONUCLIDE INVENTORY
FOLLOWING EQUILIBRIUM OPERATION AT 100 KWTH

RADI0 ACTIVE ACTIVITY OF 93%
ISOTOPES ENRICHED UFTR FUEL

(curies)

10 DINES

I 131 2.207 E03
I 132 3.577 E03
I 133 5.726 E03
I 134 6.438 E03
I 135 5.356 E03
I 136M 1.682 E034

KRYPTONS

Kr 83 M 4.482 E03
Kr 85 M 1.106 E03
Kr 87 2.146 E03
Kr 88 3.032 E03

i Kr 89 3.946 E03

XENONS

i Xe 131 M 1.025 E01
Xe 133 M 8.031 E02
Xe 133 5.579 E03
Xe 135 5.571 E03
Xe 135 M 9.235 E02

i Xe 138 5.274 E03

I
.

!

!

!
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RIBD calculations were also run to verify that equilibrium radio-
isotope inventories are practically reached in a period of thirty days.
However, the UFTR usually operates continuously for periods of only a
few hours, generally due to its use for training purposes and for per-
forming experiments with short irradiation times. Because of this
limited operation, several runs of RIBD were performed using cycles
defined as 8 hours of full power operation followed by 16 hours of
shutdown to verify that the " equilibrium" UFTR radioactive inventory is
reduced for such cyclic operation. For such cyclic operation, smaller
values of radioactive inventories are expected. The expected reduced
inventories arise because there is not as large a contribution from the
precursors; the inventory for the cyclic operation has decayed during
the shutdown period. For example, the I-131 inventory for a 4 cycle run
of 8 hours on and 16 hours off is 94% of the " equivalent" continuous
case, while the inventory of I-133 is only about 60% of the " equivalent"
continuous case. These two iodine isotopes constitute the most impor-
tant radionuclides of concern here for dose assessment and the inventory
W uction associated with cyclic operation is significant.

15.4.1.3' Diffusion Coefficients for the Design Basis Accident. As
presented in Chapter 2 of this Safety Analysis Report, two conservative
approaches are recommended by the NRC in Regulatory Guide 1.111 for
determining diffusion coefficients.(15) The more conservative model
uses generic (NRC) meteorological conditions; the other method uses
local meteorological conditions and is less conservative since credit
for increased diffusion is possible in some regions. Both methods were
used to compute diffusion coefficients for input to radiation dose
calculations performed Maximum Hypothetical Accidents in the UFTR.

15.4.1.4 Fuel Release Fractions for the UFTR. In this study, it was
conservatively assumed that 25% of the radiciodines and 100% of the
noble gases were released from the failed fuel into the reactor cell as
recommended by the NRC through the ANSI /ANS-15.7 Standard (46) and
Regulatory Guide 1.111(15L The percentage of failed fuel was assumed
to be 100% for the dose calculations considered here. This 100% failure
is the common assumptian used by the NRC in the evaluation of the miia-
tion doses for the loss of Coolant Accident associated with commercial
Light Water Reactors as proposed in Regulatory Guide 1.4(20) and claimed
in the Palo Verde PSAR(47). However, this 100% failure assumption is
not made explicitly in the standard (ANSI /ANS-15.7) applicable to Test
and Research Reactors for which smaller percentages are allc.wed. In
this respect, it is worthwhile to point out, that the original "Univer-
sity of Florida Training Reactor Hazards Summary Report" submitted to
the Atomic Energy Commission assumed a 10% release of all volatile
radionuclides to the reactor cell atmosphere.(2)

15.4.1.5 Transport Model for Released Radionuclides. Assuming that the
reactor cell ventilation stops after the accident has occurred, the
transport model for radionuclides consists of two compartments: the
reactor cell and the environs. The reactor cell radioisotope inventory,
N (t), is lost by decay and by leakage to the environs; the environs ing

turn lose radioisotopes only by decay. The initial number of atoms of
radioisotope "i" present in the reactor cell is represented by:

15-9
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Ngg = fI (15-3)g go

where:

Igg = initial inventory of nuclide atoms of type "i"
f = fraction of type "i" atoms released from the fuel.

4

Given the two compartment model presented above, the total number of
atoms of the nuclide "i" present in the reactor cell is governed by
the following differential equation:

dN (t)g

~(A + L)N (t) (15-4)*
dt i g

where

A = radioactive decay constant for nuclide "i'' (1/sec);
9

N (t)= number of atoms of nuclide "i" in the cell at time t;g

L = fractional leak rate from the cell (1/sec).

The solution of Equation (15-4) is a simple exponential as follows:

N (t) = f I exp[-(A + L)t] (15-5)g j gg g

so the number of atoms which escape to the environs per unit time, E (t),
gis given by a similar exponential as follows:

E (t) = Lf I exp[-(A + L)t] (15-64g g gg 9

The total number of atoms which have escaped in the time interval running
from t = T to t = T is then given by the following time-integrated ex-y 2pression:

Lf I I
| E (t) = [exp(-(A +L)T ] - exp[-(A +L)T ] (15-7)j g y g 2

IFrom this expression for the release of nuclide "i", the activity (Cl)
released in the time interval between T, and T is then given by A E (t)7 4 gso that the activity released for nuclide "i" Ts directly related to thei

: initial inventory of the radioactive nuclide "i" as expected. The total i
I| activity released can i. hen be determined by adding up the corresponding

contributions for radionuclides of interest.
|

|

|
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15.4.2 Dose Calculation Model Code

The computer code, DORA, was written following the methodology of
Section 15.4.1 and then used to calculate the radiation doses for the
Maximum Hypothetical Accident based upon the model presented in Section
15.4.1.(14) DORA can be used to evaluate such doses for each time
period and for each radioisotope; DORA adds all the individual contri-
butions giving as an output the whole body dose and the thyroid dose for
different time periods. The input for DORA consists of the leak rate
from the reactor cell, the Design Basis Accident diffusion coefficients
corresponding to four time periods, 0-2 hours, 2 hour-1 day, 1-4 days,
and 4-30 days as presented in Chapter 2 of this SAR, and the core inven-
tory of radioactive iodines and noble gases. The thyroid dose conver-
sion factors for the radioioJines and the whole body dose conversion
factors for the noble gases obtained from References 47 and 48. Both
types of dose conversion factors along with the radionuclide decay con-
stants used in DORA are presented in Table 15-2. The DORA library also
contains decay constants for the various radionuclides of interest as
well as the breathing rates applicable during each period; the applic-
able breathing rates by period following such a Maximum Hypothetical
Accident for the UFTR are presented in Table 15-3.

15.4.3 Results of the Maximum Hypothetical Accident Dose Calculations

A sensitivity analysis was performed for the whole body and the
thyroid doses, for the periods of 2 hours, 1 day and 30 days. The
distance from the vent to the receptor as well as the leak rate were
varied for the UFTR operating at 100 KWth full rated power. Cases were
examined corresponding to all the possible combinations among the four
different parameters listed in Table 15-4: receptor distance, time
period, reactor building leak rate and type of meteorological condi-
tions. The results calculated for these various site parameters are
presented graphically in Figure 15-2 through Figure 15-11 as labeled.

The range for the leak rates from the Reactor Cell varies from the
upper value of 20%/hr, which was the value used in the original UFTR
Hazards Summary Report (2) to the lowest value of 0.1%/hr which is about
24 times higher than the design value for typical LWR containment leak
rates. A wide body of standards and regulations exist concerning the
determination of the containment leak rates for Power Reactors in the
course of an accident. Usually the value incorporated in the Technical
Specifications for Power Reactors depends upon the calculated contain-
ment peak pressure during the accident and has to be determined in the
Preoperational Tests, in accordance with Appendix J to 10 CFR 50.
Although no equivalent method has been applied for Test and Researca
Reactors, it is felt that the UFTR reactor building leak rate following
a Maximum Hypothetical Accident should certainly be bounded by these
extremes and likely will be on the lower end of this range.

15.4.4 Dose Assessment for the Maximum Hypothetical Accident

It can first be concluded that the doses calculated with the local
Gainesville meteorology are almost a factor of 8 smaller than those
obtained using the standard meteorological conditions recommended by the

15-11
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Table 15-2

RADIONUCLIDE DECAY CONSTANTS AND DOSE CONVERSION FACTORS

RADIONUCLIDE 9ECAY CONSTANT THYROID DOSE WHOLE BODY DOSE

(1/sec) CONVERSION FACTOR CONVERSj0NFACTOR
(rem / inhaled curie) (rem-m /Ci-sec)

I-131 9.975 E-07 1.48 E06 NA

I-132 8.424 E-05 5.35 E04 NA

I-133 9.255 E-06 4.00 EOS NA

I-134 2.196 E-04 2.50 E04 NA

I-136M 1.444 E-02 1.24 E05 NA'
.

Kr-83M 1.035 E-04 NA 1.045 E-02

Kr-85M 4.297 E-05 NA 3.775 E-02

Kr-87 1.520 E-04 NA 3.437 E-02

Kr-88 9.358 E-07 NA 4.357 E-01
'

Kr-89 3.655 E-03 NA 5.156 E-01

Xe-131M 6.689 E-07 NA 4.189 E-02

Xe-133M 3.597 E-06 NA 8.250 E-03

Xe-133 1.512 E-06 NA 7.500 E-03

Xe-135 2.099 E-CL NA 6.150 E-02

Xe-135M 7.549 E-04 NA 1.055 E-01

Xe-138 8.133 E-04 NA 7.075 E-01

s
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Table 15-3

APPLICABLE BREATHING RATES FOR THYROID DOSE CALCULATIONS

3
PERIOD BREATHING RATE (m /sec)

0-2 hours 3.30 E-04
2-24 hours 2.58 E-04

.

1-30 days 2.64 E-04

Table 15-4

PARAMETRIC CASES EXAMINED FOR DOSE ASSESSMENT OF MAXIMUM HYPOTHETICAL ACCIDENT *

RECEPT 0R TIME PERIODS REACTOR BUILDING METER 0 LOGICAL

DISTANCE LEAK RATES CONDITIONS

0.1 mi. 0-2 hrs. 20%/hr Local Conditions

0.2 mi. I day 2%/hr NCR Standard Conditions

0.3 mi. 30 days 0.2%/hr

0.4 mi. 0.1%/hr

0.5 mi.

*These cases all correspond to the equilibrium UFTR inventory for the
current design using 93% enriched fuel at 100 KWth.

4
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NRC (20) which is easily demonstrated by comparing Figure 5-4 with
Figure 5-7. This difference is expected since the NRC Standard Condi-
tions are extremely conservative.

The second conclusion drawn from the MHA dose calculation is that
there is a considerable reduction, about a factor of 15, when the dis-
tance from the receptor to the reactor vent varies from 0.1 to 0.5
miles. Therefore, from this basis, the urban boundary distance placed
at 0.5 miles is reasonable.

Finally, analysis of the computer output results used to produce
the final dose results shows that I-131 is the critical radioisotope
which contributes most to the thyroid dose through inhalation. The
relative significance of the I-131 contribution increases with time due
to its longer half life. As shown in the figures for the MHA dose
results, when the leak rate decreases, the time period at which the
highest dose is received moves from the first period to later periods.
For example, for a 20%/hr leak rate, the highest thyroid dose is re-
ceived during the first period from 0-2 hours; for a 2%/hr leak rate the
highest thyroid dose is received during the second period from 2 hours
to 1 day; finally, for a 0.2% leak rate, the highest thyroid dose is
received from 1 to 4 days. Therefore, for more likely leak rates,
longer periods are required for peak doses and evacuatiors would be very

Ipossible for such longer periods.

15.4.5 Selection of Site Parameters Based on MHA Dose Results

In regard to Research Reactor Site Evaluation, the ANSI /ANS 15.7-
1977 standard presents the following definitions: (46)

a) " Site boundary. The site boundary is that boundary, not neces-
sarily having restrictive barriers, surrounding the operations
boundary wherein the reactor administrator may directly initi-
ate emergency activities. The area within the site boundary
may be frequented by people unacquainted with the reactor
operation."

i b) " Urban boundary. The urban boundary means the nearest bound-
ary of a densely populated area or neighborhood containing
population of such number or in such a location that a com-
plete rapid evacuation is difficult or cannot be accomplished
within two hours using available resources."

The dose commitment for the " site boundary" is 5 rem to the whole
body or 15 rem to any other organ for a two hour period. The dose com-
mitment for the " urban boundary" is 0.5 rem to the whole body or 1.5 reui
to any other organ for a one day period. For the UFTR case, the dose
results represented in Figures 15-2 to 15-11 indicate that the thyroid
dose limit is the critical dose as expected. The distances which would
comply with the above dose limits for the site and urban boundaries, as
a function of the assumed reactor cell leak rate for the UFTR operated
at 100 KWth are presented in Table 15-5.
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Due to actual site conditions for the UFTR, the urban boundary dis-
tance, according to its definition, can be estimated to be about 0.5
miles which is approximately the distance from the reactor building to

i Shands Teaching Hospital as indicated on the map presented in Chapter 5
of this SAR, Figure 5-1. This hospital is also the closest facility
whose evacuation would be time-consuming in the event of a major radio-
log cal emergency at the UFTR. For this urban boundary to meet the dosei

limits specified in ANSI /ANS 15.7 would require a reactor cell leak rate
of 0.5%/hr for UFTR equilibrium operation at 100 KWth. These leak rate
are based on

Table 15-5

CALCUL ATED SITE AND URBAN BOUNDARY DISTANCES TO COMPLY
WITH ANSI /ANS 15.7 - 1977 DOSE LIMITS FOR UFTR OPERATION AT 100 KWTH

HYPOTHETICAL REACTOR SITE BOUNDARY DISTANCE URBAN BOUNDARD DISTANCE
CELL LEAK RATE (%/hr) REQUIRED BY ANSI /ANS 15.7 REQUIRED BY ANSI /ANS 15.7

(MILES) (MILES)

20 0. 5 >0.5

2 0.15 >0.5

0. 5 - =0.5

0.2 <0.1 0.35

0.1 <0.1 0.18

the assumption of total fuel meltdown with the associated assumed frac-
tional release of radioiodines and noble gases to the reactor cell
atmosphere indicated in Section 15.4.1.4. However, the assumption of
total fuel meltdown is unrealistic for the UFTR under any credible
accident conditions with current safety requirements. In addition, the
UFTR is not likely to operate to equilibrium radionuclide concentrations
at 100 KWth power levels. As previously discussed, calculations with
the RIBD code indicate that, if the operation is assumed to run in
cycles with 8 hours of operation followed by 16 hours of shutdown in
each cycle, the equilibrium I-131 inventory is reduced to less than 50%
of the equilibrium inventory for continuous operation. Therefore, it is
concluded that the high doses resulting from the calculations presented
here are extremely conservative and unlikely to occur under any circum-
stances; and specifying the distance to Shands Hospital complex as the
urban boundary is therefore considered both reasonable and very conser-
vative.

,
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15A. ENERGETIC EFFECTS OF A LARGE REACTIVITY ADDITION (2)

In Appendix ISB of the UFTR Hazards Summary Report, a comparision
between the Boral I and Borax II reactors and the UFTR with respect to
the effects of a rapid reactivity insertion is studied. The character-
istics of the UFTR which determine its behavior during power transients

,

resulting from large reactivity additions are similar to, but not identi-I
cal with, those of the Borax I reactor.

In the Burax I experiment, it was found that a 41 MW-sec power
excursion due to a rapid reactivity insertion was required to raise the
temperature of the fuel plates to the melting point of aluminum, 1220
F. The characteristics of the reactor which determine the maximum

tolerable reactivity insertion rate before fuel melting occurs is shown
to be:

1. The coolant channel thickness.

2. The void coefficient of reactivity.

A comparision between coolant channel thickness and void coeffi-
cients for the UFTR and the Borax I reactor is made, resulting in a
conservative estimate of the limiting non-melting power excursion. ate
of 35 MW-sec for the UFTR. This would be an accurate estimate rif ts
maximum excursion rate for the UFTR if the fuel plate thickness fe oath
reactors was the same. The fuel plates in the UFTR are thicker @idt
allows for more energy storage during a transient, however. The 1.1-
creased ability to absorb energy depends on the following ratio:

[HeatFlux\
AT jc-s UFTR = 0.82 (15A-1)

(Heat Flux'
I

( AT c-s/ Borax

is the temperature difference between the center and surface
whereat @iplate. The ratio of peak to average flux for the two reactorsof the f

/Peakh

(Avg [ Borax=1.82 = 1.12 (15A-2)
/ Max) 1.63
Avg l

j UFTR

is also taken into consideration when calculating the permissible excur-
sion rate for the UFTR as 35 W-sec x 0.82 x 1.12 = 32 MW-sec. The
corresponding exponential period for a 32 MW-sec excursion is 8.3 milli-
seconds. It is therefore concluded that the UFTR will tolerate a power

excursion of period at least as short as 8.3 millisec, without the
melting of any part of any fuel plate. The excess reactivity correspond-
ing to this period is 2.4% ak/k. However, the UFTR has a total, excess
reactivity of only 2.3% ak/k available.

'
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ISB. ESTIMATION OF EFFECTS OF ASSUMED LARGE REACTIVITY ADDITIONS (2)

158.1 Introduction

It has been demonstrated repeatedly in the Borax and SPERT reactors
that water-cooled, water-moderated reactors of suitable design may have

! a very substantial self protection against the effects of reactivity
accidents, even in the absence of corrective action by the reactor con-i

l trol system. This self protection is provided by the negative steam-
void coefficient of reactivity and the corresponding negative reductions
in reactivity as the reactor power rises. The UFTR has been designed
with a high degree of self protection of this negative reactivity feed-
back type. In this appendix estimates are presented of the behavior of
the UFTR under vart os hypothetical conditions of excess reactivity
addition with no arrective action by the control sytem.

The characteristics of the UFTR which determine its behavior during
power transients resulting from large reactivity additions are quite
similar to, but not identical with, those of he Borax I reactor. UFTR
behavior is predicted most reliably by utilizing the Borax I data with
simple correction factort to convert them to the UFTR conditions.

The significant quantitative characteristics of the UFTR and the
Borax 1 reactor are compared in Table 15B-1.

The U-238 in the 93 percent enriched fuel of the UFTR introduces a
small negative 0 ppler coefficient of reactivity estimated to be of the

9
order of 4 x 10 Ak/k/, equivalent to .004 percent reduction in k per
100 C rise in fuel temperature. Although the Doppler coefficient acts
nearly instantaneously to assure shutdown of the reactor in case of a
reactivity accident, its shutdown effect is not expected to be important
because expulsion of the water moderator terminates an excursion before
the fuel temperature has risen appreciably. Mostly, the water will be
ejected though the rupture disk in the primary coolant dumpline.

In addition to the quantitative differences, the UFTR differs from
Borax 1 in that the maximum coolant water level is only a few inches
above the upper ends of the fuel plates (instead of about 4 ft) and the
coolant water, once it has been ejected forcibly from the core by a
power excursion, cannot fall or flow back into the core.

15B.2 Effect of 0.6 Percent Excess Reactivity

An excess reactivity of 0.6% Ak/k may possibly be inserted in the
UFTR reactor through removal of a non-secured or movable experiment.
The addition of this reactivity would cause the reactor to operate at a
power such that the reactivity losses associated with the temperature
increase and the voids formed will equal the excess reactivity. If the
reactivity is added slowly, after the reactor is critical, the power
approaches such an equilibrium level slowly as the reactivity is added.
If the reactivity is added suddenly when the reactor is initially sub-
critical or at very low power, the power will at first rise exponen-
tially with a period not shorter than 0.8 sec which is the asymptotic
period corresponding to the full excess reactivity of 0.6% Ak/k. Many

-
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Table 158-1

COMPARISION OF UFTR AND BORAX 1 CHARACTERISTICS

! Characteristic UFTR Borax 1

Fuel plate " meat" 46 w/o U-Al alloy -18 w/o U-Al alloy
(93 percent (fully-enriched)

enriched)

Fuel plate cladding 1100 aluminum 1100 aluminum

" Meat" thickness 0.040 in. 0.020 in.

Cladding thickness 0.015 in. 0.020 in.

Coolant-channel. thickness 0.137 in. 0.117 in. ,

I
Core volume (approx.) 71 liters 106 liters

Void coefficient of -0.21% ak/k/% -0.24% ak/k/%
reactivity (calculated) coolant void coolant void

Temperature coefficient -0.01% ak/k/ C -0.01 %ak/k/ *C
of reactivity (rocm (estimated)
temperature)

-4 -4Effective prompt-neutron 1.4 x 10 sec 0.65 x 10 sec
lifetime (calculated)

Power Peaking Factor 1.63 1.82
in core
(maximum / average)

i
1

|
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experiments with the Borax reactors have demonstrated that for periods
of this order of magnitude, the transition from the exponential power
rise to the equilibrium power level (in which excess reactivity is

} balanced by temperature and steam void coefficients) is a smooth one
involving little or no power overshoot. On the basis of this exper-'

ience, it is concluded tha the magnitude of the power excursion which
would result from the 0.6 percent reactivity addition, as related to
experiments, does not depend greatly on whether the reactivity is &dded
suddenly or relatively slowly in neither case will it approach a level
which can cause a fuel plate to burn out or melt.

In order to compute the power level at which the reactor will
operate after the addition of the 0.6 percent excess reactivity dis-
cussed in the foregoing, it is necessary to know the water-temperature
coefficient of reactivity. The relative importance of the two modera-
tors, graphite and water, in determining the effective neutron tempera-
ture introduces uncertainties in the theoretical computation of this

coefficient. The coefficient cannot, however, have an absolute magni-
tude less than that of the water-density coefficent of reactivity refer-
red to a temperature scale, i.e., the coefficient computed on the assump-
tion that:

dk 6k
eff eff 6p (15B-1)= ,

dT 6p 6T

where p is the water density and T is the temperature and 6p/6T is the
negative of the void coefficient of reactivity. On the assumption that
this minimum value is correct, a rise of water temperature from near 0 C
to 80*C would reduce reactivity by 0.6% ak/k.

The capacity of the reactor-coolant system is such that if the
outside air temperature were O C and the average water temperature in
the reactor were 80*C, energy would be removed at the rate of 365,000
BTU /hr or 107 VWth. Under these conditions the reactor water-inlet
temperature would be 60 C and the exit temperature coincidentally,
would be 100 C. It is, therefore, concluded that if the full available
excess reactivity of 0.6% Ak/k were added to the reactor on a cold day
with the coolant system operating, the reactor could operate in the
absence of protective actions at an equilibrium power level about 10
times higher than its normal maximum with little or no net steam produc-
tion. Before reaching the equilibrum power, when the water in the
ccolant system would be heated to the equilibrium value, the reactor
would operate at a somewhat higher power level and some net steam pro-
duction might occur. If the coolant were not flowing during the time of
excess reactivity addition, the equilibrium power level would be quite
low and equal to the heat losses. In no case would the power level
approach a value high enough to justify any fear of fuel plate burnout.

15B.3 Maximum Tolerable Sudden Reactivity Addition

In order to assess the safety factor which exists between the
normal excess reactivity available in the reactor and the excess reac-
tivity necessary for a serious power excursion, it is useful to estimate

15B-3
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the value of excess reactivity which, if suddenly inserted and not
removed by the control system, would raise the maximum temperature in
the hottest fuel plate to the melting point. Such an excursion would
damage the reactor core but would not result in any substantial release
of fission products.

The first step in the procedure is the estimation of the exponen-
tial period corresponding to the excess reactivity which would have
characterized a power excursion of similar effect in Berax I. The
estimate requires that (1) a relationship be establi5hed between the
maximum temperature of the fuel plate and the energy release of the
excursion and (2) the energy release be related to the period of the
excursion.

For the case of power excursions of short period, with reactor
water at saturation temperature, it is shown in the original Hazards
Summary that the maximum fuel plate temperature rise is, within exper-
imental error, proportional was determined to be constant 24.4 F per
MW-sec. Listing's measurements of the same type with cold reactor water
(the case directly applicaJle to the UFTR) showed a similar relationship |
but with a proportionality constant of only about 10 F per MW-sec. (22) '

The difference is not an unreasonable one since the subcooled water
represents a more effective heat sink than the saturated water. How-
ever, the experiments with the saturated water were carried to short
periods in the range of interest whereas the subcooled experiments were
limited to longer periods. Therefore, more conservative saturated water
data will be used. To raise the maximum temperature of the fuel plate
from the temperature of boiling water to the melting point of aluminum,
a temperature change of approximately 1000*F, would require a power
excursion with a total energy release of 10000 *F/24.4*F/MW-sec or 41
MW-sec.

reciprocalperiod150sec{sdata,a"subcooled"powerexcursionof
According to Listing

would give an energy release of 41 MW-sec in
addition to the energy necessary to raise the fuel plate temperature to
the saturation temperature of water. (22) It is therefore concluded
that a power excursion of period at least as short as 1/150 sec (6.7
millisec) could have been tolerated by Borax I with subcooled water
without melting at the hottest point in the fuel plates. Actually, the
energy data of the original Hazard's Summary Report were revised in
Reference 49 because of later and better calibrations of the instru-
mentation. The numbers above are taken from the later (more conser-
vative) data.

Experiments of the Borax and SPERT types have not been made with
reactors having widely different neutron lifetimes. The general evi-
dence of the experiments however supports the supposition that of the
three related variables--neutron lifetime, excess reactivity, and expon-
ential period--which characterize the neutron physics of a power excur-
sion, it is the exponential period which determines the total energy
release and the temperatures attained. The excess reactivity and neu-
tron lifetime have large effects only as the jointly determine the
period. This supposition is consistent, for example, with the obser-
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vations that the total energy transferred to the coolant water during a
power excursion is many times the amount which would vaporize enough
water to compensate for the excess reactivity, and that the actual
reactivity reduction which occurs during the excursion is much larger
than the initial excess reactivity. The extension of the Borax results
to the UFTR is made on the basis of this evidence.

It is convenient, first, to treat only the effects of the slightly
greater fuel plate spacing and the slightly lower void coefficient of
reactivity of the UFTR relative to the Borax I. Information wil also
be drawn from the Borax II experiments. The Borax II reactor differed
from Borax I in that the coolant channel thickness was greater in the

26 n;=2.26andthatthecalculatedvoidcoefficientofratio
n

reactivity was lower by the following ratio:

0.10% k /% void
OA16 (BB-2)=

0.24% k /% void
eff

Both of these differences would be expected to cause a higher energy
release per fuel plate in Borax II than in Borax I for a power excursion
of given period. The measurements made with subcooled water at periods
down to 23 millisec showed that the energy release per fuel plate in
Borax II was between 1.7 and 2.0 times that of Borax I, with the smaller

ratio applying to the shorter periods.(49) Therefore, it seems quite
conservative to assume, in the case of any two reactors, (1) and (2), of
the Borax type having a ratio of fuel plate spacings, S /S,, and a ratio

3of void coefficients of reactivity, C /C , that the ratTo bf energy
releaseperfuelplateforasubcoolebp$werexcursionofgivenperiod

For the UFTR and Bohax I thd rati$s kre gkve$ whichever is
will be no greater than E /E = S /S r E /E = C /C

2 2 as follows:larger.

UF 0 Bo = 24 = 1.14 (15B-3)0$1 = 1.17 and=
21

Bp UF

It is concluded, therefore, that a Borax reactor having a coolant-chan-
nel thickness and a void coefficient of reactivity equal to those of the
UFTR would release not more than 1.17 times as much energy per fuel
plate as Borax I. The limiting nonmelting period for such a reactor
would be that which in Borax I gave an energy release of 41/1.17=35
MW-sec. The period obtained from Figure 15B-1, corresponding to a total
energy release of 35 MW-sec, is 7.7 millisec.

The remaining difference between Borax I and the UFTR is in the
composition of the fuel plates. The UFTR plates are thicker; their
uranium-aluminum alloy has a somewhat lower conductivity because of the
higher uranium concentration, and their aluminum cladding is thinner.

In comparing the behavior of different fuel plates, it must be
recognized that the total energy release of the power excursion can no
longer be considered as a definitive variable because a large fraction
of the total energy released is stored in the fuel plate during the

1SB-6
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important stage of the reactor shutdown. For example, a reactor com-
posed of fuel plates of high heat capacity undoubtedly will experience a
larger total energy release, but not necessarily a higher maximum temper-
ature, during a power excursion of given period, than a reactor having
plates of low heat capacity.

1

From examination of the Borax results, it seems clear that two dis-
'

tinct phases of the reactor shutdown process occur consecutively and
that both may be important in determining the maximum center temperature
of a fuel plate. The first phase covers the interval before an impor-
tant amount of boiling occurs at the fuel plate surface. During this
interval the heat loss to the water is small and the important consid-
eration is evidently the ratio of fuel plate surface temperature (which
determines the start of boiling) to center temperature. For periods in
the range under consideration, this temperature ratio is theoretically
not far from unity (0.76 minimum for a 10-millisec period in Borax I).
Experimentally the temperature ratio was unity for periods down to 5
millisec in the Borax I measurements. Since the total effect is small
and the temperature ratio for Borax and UFTR fuel plates should not be
much different, the thinner cladding will tend to balance the effect of
the poorer " meat" conductivity. It is concluded, thereforet that there
will be no important difference in fuel plate performance during this

j initial phase of the excursion.

The second phase of the power excursion begins when a significant
rate of boiling is established at the plate surface. Reactivity and
consequently generation are reduced at a rate which must be a function
of the rate at which heat can be transferred into the boiling water. At

the same time the transfer of heat into the water removes heat from the
fuel plate and limits its temperature rise. The important characteris-
tic of the plate during this phase of the excursion is the heat flux
which it can supply to the water for a given temperatere difference
between theplate center and surface. A figure assumed to be roughly
indicative of the relative performance or merit of fuel plates during
this phase is the ratio of heat flux to temperature difference under
stead-state conditions. This ratio (figure of merit) will overemphasize
the difference between fuel plates since the temperature distribution in
the plate will be more peaked during a steady-state conduction than
during conduction when the general temperature level is rising. The
ratio of these figures of merit for Borax I and the tFTR is

(Heat FluxT
AT

c-s UFTR = 0.82 (15B4)

(HeatFlux)ATc-s Borax

A conservative procedure would be to apply the above factor to the per-
missible total energy of excursion on the Borax I curve. At the same
time, however, the difference in gross maximum to average power ratio
for the two reactors should be taken into account since it is the tem-
perature of the hottest point in the hottest fuel plate which is being
considered. The power ratio for the two reactors is

15B-8
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AvgBorax 1.82
/ = = 1.12 (158-5)1.63
(AvgjuFTR

The combination of these two factors reduces the permissible equiv-
alent energy of the Borax-type excursion to 32 MW-sec based upon multi-
plicative combination of these factors: 35 x 0.82 x 1.12 = 32 MW-sec.
The corresponding exponential period from Figure 15B-1 is 8.3 millisec.
It is, therefore, concluded that the UFTR will tolerate a power excur-
sion of period at least as short as 8.3 millisec without the melting of
any part of any fuel plate. The excess reactivity corresponding to this
period is 2.4% ak/k.

15B.4 Successive Power Excursions

'It is typical of the Borax and SPERT reactors that, unless the
excess reactivity is removed by external means, an initial power excur- fsion which terminates itself by expelling water from the reactor core
will be followed by subsequent excursions as the water falls and flows
back into the core. An exception to this behavior occurs when the
initial excursion is violent enough to cause a permanent loss of reac- /
tivity by throwing a large amount of water completely out of the reactor
tank. In the UFTR the total quantity of water in the core.is small, the
submergence of the core is small, and the water will be forcefully
expelled from the core through the rupture disk in the dumpline. Con-
sequently, even a relatively mild power excursion (e.g., one having an
exponential period of from 20 to 30 millisec) in the UFTR should result
in permanent self- induced shutdown of the reactor. By this same design
feature, the possibility of large successive power excursions, such as
those studied in the SPERT project, resulting from the ramp addition of
excess reactivity, is eliminated. It can be anticipated that the UFTR
is safe against quite large ramp additions (larger than 2.4% ak/k)
provided only that the ramp rate is not so rapid as to add an excess
reactivity of more than 2.4%.ak/k before the reactor power reaches a
high level. To exceed this limit'the ramp rate would need to be of the
order of 1.0% Ak/k per second or larger. Applicable references from the
original Hazards Summary are 50, 51 and 52.
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15C. LOSS OF COOLANT ACCIDENT (22)

An increase in the UFTR operating power necessitates an investiga-
tion of fuel temperatures following a loss of coolant and shut-down of
the reactor either by the negative void coefficient of reactivity or by
mechanical insertion of the blades. It should be emphasized here that
insertion of the control blades is not necessary, and the reactor will ,

shut itself down simply due to the moderator void effect. |

Wagner (Appendix 150) has investigated the problem described above l
using a rather pessimistic heat transfer model and has concluded that '

fuel plate temperatures will increase only about 30 F following a dump
scram event. (23)

To represent the decay heat generation following a reactor shut-
down, the em,nirical Equation (15C-1) of Shure and Dudziak is used as
follows: (53)

-h3- 7 = 0.005 [a t~ 2-a(t*I )c 2] (15C-1)
~

yc 1

where

irradiation time,r =

power after decay time, Ic=p
reactor operating power after irradiation and a and aP. =

areconstantswhicharegivenintheoriginalUkTRHaz$rdsirr.

Summary.

Wagner (23) further assumed a heat transfer model which ignored
i radiative and convective heat transfer mechanisms, the only heat loss

mechanism being conduction by partial contact of the fuel plates with
! the fuel box wall. Figure 15-1 shows the fuel plate temperature as a
l function of time after reactor shutdown due to decay heating effects.

Even if the calculation described here is in error by 100 or 200%, which
is unlikely considering the conservative approach, the fuel plate tem-
perature rise will not approach temperatures of even half the melting
point of alumnium. It must be concluded then, that a loss of cooling
flow accident in no way represents a hazard to core structural integrity
of the UFTR.
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15D. DECAY HEAT EFFECTS (23)

i 150.1 Experimental Verification of the Decay Heat Equation

To represent the decay heat level, P, following a reactor shutdown,
the empirical equation of Shure and Dudziak is used, and is given by
Equation (150-1):(53)

p y c) - a (t + Tc)'2] (150-1)= 0.005 [a (t y
irr

where

T = irradiation time,

T = decay time following shutdown,
c

P = power after decay time, I
Pirr = reactor opearting power d6 ring irradiation,
a,a = experimentally determined empirical constants.y 2

The applicability of Equation (15D-1) to the UFTR problem was
checked by the following experimental procedure. The reactor was

TABLE 150-1

CONSTANTS FOR TOTAL FISSION
PRODUCT ENERGY RELEASE (53)

Maximum Maximum
Applicable Time a a Positive Negativey 2
Interval (Sec) Deviation Deviation

(%) (%)

0.0 to 10 12.05 0.0639 4 3

10.0 to 150 15.31 0.1807 3 1

150.0 to 8x10s 27.43 0.2962 5 6

operated at 100 KWth for 13 hours and then shutdown, with the secondary
coolant water shut off. The primary coolant AT across the core was
then observed and compared to the AT calculate 6 from a primary coolant
heat balance, using the decay heat s8urce given in Equation (150-1) and
also including the heat added by the primary coolant pumps. Results
indicate that, at approximately 600 seconds after shutdown, the primary
coolant inlet and outlet temperatures are stablized at 130.1 F and
130.5 F respectively, corresponding to AT =0.4*F. Assuming 90 percent
ofthe0.72KWelectricalpowerappliedt8theprimarypumpisdissipat-
ed as heat to the primary coolant, and considering the decay heat as
given by Equation (15D-1) with I = 43.800 seconds and T = 600 seconds,
the primary coolant aT is computed to be AT = 0.48*F.c This result for
the temperature rise aEross the core agrees felatively well with the
experimentally measured values of AT despite possible recording errors
in the coolant temperature readings,cand provides some degree of verifi-
cation for the applicability of Equation (15D-1) to this situation.

150-1
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15D.2 Simulation of Heat Flow Following a Dump Trip

An increase in the UFTR operating power necessitates an investiga-
tion of decay heating of the fuel following a loss of coolant, that is,
a dump-scram situation. The magnitude of such an effect is estimated by
using a conservative model which assumes that the UFTR has been operated
to equilibrium at 625 KWth (over 6 times rated power) and then an instan-
taneous dump-trip occurs. The fuel plate temperature as a function of
time after the dump-scram is then calculated by simulating the heat flow
in the core region.

Equation (15D-1) gives the rate of emission of beta and gamma
energy; however, not all gamma rays are absorbed in the fuel boxes. The
fraction of gamma rays absorbed in a fuel box (a center fuel box of
dimensions: 5%" x 6h" x 48", and weighing 13.9 lb., is considered for
all calculations) is arrived at by treating the box as a homogenized
cylinder, allowing volume weighted mass absorption coefficients for
seven gamma energy groups to be determined. Using equations 6.4 -32 and
6.4 -30 of Reference 34 (p. 382), the gamma fluxes are respectively
calculated at the center of.the cylindricized fuel box and at the ex-
terior midplane point on the side of the box. With these values and the
equilibrium fission product decay gamma spectrum as given by Reference
54, 63.6% of the gamma energy is found to be absorbed in the center fuel
box. Since about 53 percent of the total decay energy is in the form of
gamma rays (55), and estimating the radiation from the adjacent two fuel
boxes, 88.1% of the total fission product decay energy is computed to be
absorbed in the center fuel box.

Within each fuel box the fuel plates are aligned along the east-west
direction. A center pin is forced in the center of the four fuel bundles
which pushes the fuel plates in contact with the east and west side of
the fuel box. The center fuel box itself touches graphite which lies on
the north and south sides. Thus the heat produced within a fuel plate
flows through its edges (25.625" x 0.07" side) to the fuel box (QPLAT)
and from the box to graphite (QBOX), which is assumed at a constant
temperature. Convective and radiative heat losses are negligible. The
center pin which forces the fuel plates to the sides of the fuel box is
applied only at the top of the bundles; therefore, contact at points
towards the bottom of the fuel box may be small and possibly nonexist-
ent. The thermal resistance for QPLAT is thus determined by assuming 50%
Al-Al contact and 50% separation by a 1/32" thick air wall. The average
unit thermal conductance for an Al-Al contact at a contact pressure of
14.223 psi is 634.25 Btu /hr- F (56) which gives,

QPLAT = 1.109 x 10-3 (TPLAT - TBOX) Btu /sec- F (150-2)

where

TPLAT = temperature of the fuel plate ( F), and
TBOX= temperature of the fuel' box ( F).

The thermal resistance for QB0X is determined by also considering a
1/32" thick wall separating the fuel box and the graphite, with 50% of
the area comprised of air and 50% of graphite. This gives,

150-2
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QBOX = 1.799 x 101 (TBOX - TGRAP) Btu /sec - F (150-3)

where TGRAP = temperature of the graphite ( F)

There are a total of 230 fuel plates in the UFTR, each " ideally"
weighing 0.52771 lb. This simulation conservatively assumes that each
of the 44 fuel plates in the center fuel box was operating at a hot-
channel factor of 1.5 which gives a power output of 3.864 Btu /sec/ plate
for a 625 KWth power level. Using equations (15D-1) and (150-3), the
heat production rate within a plate and the heat flow rates in the core
can be found, allowing the determination of the fuel plate and fuel box
temperatures.

The fuel plate temperature versus time after dump-trip, following
infinite reactor operation at 625 KWth is shown in Figure 15-1. The
fuel plate temperature rise is 26 F and occurs 2800 seconds after the
dump-trip initiation. It can be seen that decay heating of the fuel is
minimal. The 26 F tempeature rise represents an upper bound for the
decay heat effects due to the conservatism of the model.

The actual extent of this conservatism is difficult to establish
since experimental support cannot be obtained from the UFTR due to a
lack of temperature detection devices on the fuel plates. Thermocouples
do exist, however, on the coolant outlet pipes of each fuel box. Mea-
surements at these locations would thus reflect the temperature of the
fuel box, rather than the fuel plate, and would be quite low because of
heat conduction losses of the box to the graphite. This problem does
not exist for the UCLA Argonaut reactor. A short duration, high power
dump- trip experiment was investigated for this reactor.(7) It was
found that the surface temperature rise of the midpoint of the hottest
fuel plate following a dump-trip at 500 KWth was only 14*F. Since the
maximum temperature was achieved within one minute after the dump-scram
and since prior steady reactor operation at this power level occurred
for only 8 minutes, it is assumed that decay heating for this case is
negligible. The temperature rise is mainly due to the thermocouple on
the surface of the fuel plate climbing to the actual fuel plate tempera-
ture rather than remaining at the " average" temperature of the fuel and
coolant water. As predicted by the heat flow model, a fuel temperature
rise of about 0.04*F, due to decay heating, would result for the UCLA
experiment where it is assumed that TPLAT = 197 F, TGRAP = TBOX = 190 F,
and I = 600 seconds.

15D-3
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RADIATION RELEASES RESULTING FROM
RELEASE OF FISSION PRODUCTS INTO THE

ATMOSPHERE
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15E. RADIATION RELEASES RESULTING FROM
RELEASE OF FISSION PRODUCTS INTO THE

ATMOSPHERE (2)

Although a significant fission product release is not considered
plausible because of the inherent self-limiting characteristics of the
UFTR, it is informative to calculate exposure rates due to the release
of fission products following a fuel meltdown. Calculations in the UFTR(
Hazards Report (See Appendix 15F) are based on reactor operation at 10
KWth long enough to have attained equilibrium concentrations of the
relatively short-lived fission products, i.e., the iodine, bromine, and
krypton isotopes. The incident is assumed to result in the transfer of
10% of the volatile fission products from the reactor fuel plates to the
building air. It is assumed further that none of the non-volatile
fission products are transferred to the building air although they may
be released to the reactor coolant water and retained within the reactor
building. The major avenues of leakage of fission products from the
reactor room are through the doors.

Three arbitrary exposures were calculated and presented in the
original Hazards Report as follows:

1) The I-131 dose to the thyroid of a person standing at a dis-
tance of 61 meters downwind of the leak for 8 hours resulting
in a total integrated dose of 155 rem.

2) The external Beta-dose from the I-131 isotope for a person
standing at a distance of 61 meters downwind of the leak for 8
hours resulting in a total integrated dose of 19 mr.

3) The total gama dose to a person standing 61 meters downwind
of the leak for 8 hours resulting in a total integrated dose
of 19.2 mr.

Since the exposures calculated are proportional to activity of the
fission products, and the concentration of fission products is propor-
tional to reactor flux, the total integrated dose in each case for 100
KWth operation would simply be 10 times the dose at 10 KWth.

,
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15F. RADIATION DOSES RESULTING FROM
RELEASE OF FISSION PRODUCTS INTO THE ATMOSPHERE (2)

Estimates have been made of the radiation doses which would be
received by persons outside the reactor building should there be a
release of reactor fission products into the reactor building and leak-
age of the building air to the outside. The radiation exposures con-
sidered here are those which would result from the passage of the air-
borne cloud of radioactive contaminants over the ground. These include
the external beta and gamma radiation exposures and the internal ex-
posure of critical body organs resulting f rom inhalation of the air-
borne contaminants. The most important of the internal exposures are
the iodine dose to the thyroid and the strontium dose to the bones.

The radiation exposure received by a person standing a given dis-
tance from the reactor building obviously depends on such factors as (a)

{ curies of fission products stored within the core at the time of release,
(b) fraction of the core fission products escaping into the building
air, (c) building out-leakage rate, and (d) atmospheric dispersive
properties. Hence, in the analysis, certain basic assumptions are re-
quired as to the circumstances surrounding the release of the fission
products, as to atmospheric conditions and, as to the tightness of the
buiding at the time of release. The results obtained here are based on
assumptions which, except for the arbitrary one that & release has
occurred, are considered reasonable for the reactor and building design.
The calculation method is described and illustrated in sufficient detail
that additional calculations based on other assumptions can be made if
desired as shown in th original UFTR Hazards Summary.(2)

The material presented in the Hazard's Summary is divided into
three sections. The first section describes the model assumed for for
the release and spread of radioactivity and gives the necessary refer-
ences and formulae used in calculating the radiation doses. The second
section illustrates the calculational procedure. The third section pre-
sents the results obtained for the radiation exposure hazards with the
assumed model. The details on the original dose calculations can be

'

found on pages 114-119 of the original Hazards Summary while the results
of the radiation exposure calculations are summarized in Table 15F-1.

x

15F-1
1
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Table 15F-1
~

{ TOTAL INTEGRATED D)SE (rep) FROM AN 8-HR EXPOSURE
AT VARIOUS-DISTANCES D0h'lWIND FROM REACTOR BUILDING LEAK (2)

Severe Inversion

External Gamma Thyroid Bone
x, meters Beta Dose Dose Dose Dose

7

15 14 .080 1800 .006

61 1.6 .019 220 .0007-

152 .4 .010 59 .0002

305 .15 .005 20 ---

Mild Lapse
:

15 2.2 .040 290 .001

61 .19 .007 26- .0001

152 .04 .004 6
'

----
,

4

305 .012 .002 2 ----

I

!.

1

1

!

i

i

i

,

I
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16. TECHNICAL SPECIFICATIONS

Section ;0.36 of 10 CFR Part 50 requires that each operating license issued by
I the Nuclear Regulatory Comission contain Technical Specifications that set

forth the limits, operating conditions, and other requirements imposed on faci-
lity operation for the protection of the health and safety of the public and
other reasons. The UFTR established Technical Specifications on July 22, 1970,
according to Amendment 10 to Facility License R-56.

The new Technical Specifications (TS)' for the UFTR included in this FSAR are an
upgrading of the first set of TS to better satisfy NRC requirements, the ANS-15.1
Standard for the Development of Technical Specifications for Research Reactors and
to better describe and establish limits for the facility safety-related and overall
capabilities.

Many of the design bases for setpoints and trip-points are historical for the UFTR
and other Argonauts. Revisions of these specifications have been made to match
and upgrade previous modifications and present capabilities of the UFTR systems.
For example, the primary coolant flow trip-point has been historically set at 18
gpm and proven sufficiently conservative safety-wise; however, the new UFTR set-
point for primary coolant flow has been 30 gom for the past five years (after im-
provements to the reactor coolant system) and is therefore established as the pro-
posed TS for coolant flow.

The selection of the UFTR trip-points follows a conservative and practical approach
to the operational safety of the UFTR, often without the liberalization of margin /
setpoints resulting from detailed analysis and measurements. Operating experience
demonstrates that the historical and uparaded setpoints will maintain fuel and coolant
temperatures well within stringent safety limits.

The definition of 1.1.5 of Abnormal Occurrences in the new TS deserves an explanation.
This definition is intended to address specifically those occurrences which have
safety significance, or could lead the reactor to be oper'ted in violation of a limit-
ing Safety System Setting or in violation of a Limiting Condition for Operation. In
this regard, occurrences affecting the reactivity of the reactor which are due to the
expected and proper functioning of the Control and Safety System are not considered
to be "an uncontrolled er unanticipated change in reactivity." Therefore, the follow-
ing situations are accepted as normal regarding reactivity insertions:

Reactor trips caused by loss of power to the reactor console or to any com-
ponent of the Control and Safety System when the systems respond as
specified.

Reactor trips caused by operator or student operator-in-training or induced
by fail-safe components when the Reactor Safety System is performing its in-
tended function.

The controlling actions of an cperator or student operator-in-training and
occurrences whicF do not result in Safety System actuation and do not vio-
late Limiting Conditions for Operation.

The new UFTR Technical Specifications are improved in the areas of Limiting Conditions
for Operation, surveillance and reporting requirements.

i
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TECHNICAL SPECIFICIATIONS FOR THE UNIVERSITY OF FLORIDA TRAINING REACTOR

i.0 DEFINITIONS

The word "shall" is used to denote a requirement; the word "should" to denote
a recomendation; and the word "may" to denote permission, neither a require-
ment nor a recomendation.

1.1 Abnonnal Occurrences--An abnormal occurrence is any one of the following:

1.1.1 Operating the reactor with a safety system setting less conservative
than specified in the Limiting Safety System Setting's section of
the Technical Specifications.

! 1.1.2 Operating the reactor in violation of a Limiting Condition for Oper-
ation.

1.1.3 A malfunction of a Safety System component or other component or sys-
tem malfunction which could, or threaten to, render the system incap-
able of performing its intended safety function.

1.1.4 A release of fission products from the reactor fuel of a magnitude
to indicate a failure of the fuel cladding.

1.1.5 An uncontrolled or unanticipated change in reactivity greater
than one dollar. Reactor trips resulting from a known cause are
excluded.

1.1.6 An observed inacequacy in the implementation of either administrative
or procedural controls, such that the inadequacy could have caused
the existence or development of an unsafe condition in connection with
the operation of the reactor.

1.1.7 An uncontrolled or unanticipated release of radioactivity to the en-
vironment.

i

Channel Calibration--A channel calibration is an adjustment of the channel
| 1.2

components such that its output responds, within specified range and accu-Cali-racy, to known values of the parameter which the channel r.easures.!

bration shall encompass the entire channel, including readouts, alarm or trip.,

Channel Check--A channel check is a qualitative verification of acceptableThis verification shall1.3
performance by observation of channel behavior.
include comparison of the channel with other independent channels or
methods of measuring the same variable.

Channel Test--A channel test is the introdt.ttion of an input signal into!
1.4 the channel to verify that it is operable.

|

!
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l.5 Independent Experiments--Experiments not connected by a mechanical, chemical
or electrical link.

1.6 Inhibit--An inhibit is a device which prevents the withdrawal of control
blades under a potentially unsafe condition.

l.7 Measured Value--The measured value of a parameter is the value as it appears
at the output of a measuring channel.

1.8 Measuring Channel--A measuring chanal is the combination of sensor, lines,
amplifiers and output devices which are connected for the purpose of measur-
ing the value of a process variable.

1.9 Movable Experiment--A movable experiment is one where it is intended that
the entire experiment may be moved in or near the core or into and out of
the reactor while the reactor is operating, or have moving in-core compo-
nents during operation.

1.10 Non-secured Experiments--Experiments where it is intended that the experi-
ment should not move while the reactor is operating, but is held in place
with less restraint than a secured experiment.

1.11 Operable--A system or component is operable when it is capable of perform-
ing its intended function in a normal manner.

1.12 Operating--A system or component is operating when it is performing its in-
tended function in a normal manner.

1.13 Reactor Operating--The reactor is considered to be operating whenever it
is not secured or shut down. -

1.14 Reactor Safety System--The Reactor Safety ' System is that combination of mea-
suring channels and associated circuitry which forms the automatic protec-
tive action to be initiated or provides information which requires the
initiation of manual protective action.

1.15 Reactor Secured--The reactor is secure when:

1.15.1 It contains sufficient fissile material or moderator present in the
reactor, adjacent experiments or control rods, to attain criticality
under optimum available conditions of moderation and reflection.

0.r

1.15.2 A. The reactor is shutdown,and
B. Electrical power to the control blade circuits is switched off-

and switch key is in propoer custody, and . .

No work is;in progress involving core fuel, core structure, in kC.
stalled control rods or control rod drives unless they are phys
cally decoupled from the control rods, and

D. No experiments are being moved or servicad that have, on movenen
a reactivity werth exceeding the maximum value allowed for a sin.
gle experiment or one dollar whichever is smaller.

2
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1.16 Reactor Startup--A series of operator manipulations of reactor controls - -

in accordance with approved procedures - intended to bring the reactor to
a keff of 0.99 or greater. It does not include control blade manipulations
made for purposes of testing equipment or component operability within a
keff of 0.99 or less.

1.17 Reactor Shutdown--The reactor is shutdown when all control blades are
inserted and the reactor is subcritical by a margin greater than 2%
Ak/k. When calculating the subctitical margin, no credit shall be taken
for experiments, temperature effects or xenon poisoning.

1.18 Reactor Trip--A reactor trip is deemed to occur whenever one of the two
following actions take place:

1.18.1 Rod-Drop Trip: a gravity drop of all control blades into the
reactor core as a result of terminating electrical power to the
binde drive magnetic clutches.

1.18.2 Full Trip: the water is dumped from the reactor core by the
safety-actuation of the dump valve in addition to the Rod Drop
Trip.

1.19 Reportable Occurrence--A reportable occurrence is any of the conditions
described in Section 6.5.2 of this specification.

1.20 Research Reactor--A device designed to support a self-sustaining neutron
chain reaction to supply neutrons or ionizing radiation for research, de-
velopmental, educational, training or experimental purposes, and which may
have provisions for the production of non-fissile radioisotopes.

1.21 Rod Drop Time--Rod Drop Time is the elapsed time between the instant a
limiting safety system set point is reached or a manual scram is initiated
and the instant that '.he rod is fully inserted.

1.22 Safety Channel--A safety channel is a measuring channel in the reactor
safety system.

1.23 Secured Experiment--A secured experiment is a stationary experiment held g
firmly in place by a mechanical device secured to the reactor structure or
by gravity providing that the weight of the experiment is such that i' can-
not be moved by a force of less than sixty (60) pounds.

P

1.24 Secured Experiment with Movable Parts--A secured experiment with movable
parts is one that contains parts that are intended to be moved while the
reactor is operating.

1.25 Shutdown Margin--The minimum shutdown reactivity necessary to provide con-
fidence that the system can be made subcritical by means of the control
and safety systems, starting from any permissible operating condition, and
that the reactor will remain subcritical, without further operator action.

1.26 Unscheduled Shutdown--An unscheduled shutdown is any unplanned shutdown of
the reactor, after startup has been initiated.

3



2.0 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

2.1 Safety Limits

Safety Limits for nuclear reactors are limits upon important process vari-
ables whcih are found to be necesscry to reasonably protect the integrity
of certain of the physical barriers which guard against the uncontrolled
rMease of radioactivity. The principle physical barrier shall be the fuel
ciadding.

2.'.1 Applicability _

These specifications apply to the variables that affect thermal,
hydraulic and materials performance of the core.

2.1.2 Objectives

To assure fuel cladding integrity.

2.1.3 Specifications *

A. The steady state power level shall not exceed 100 KWth.
B. The primary coolant flow rate shall be greater than 18 gpm at all

power levels greater than one (1) watt.
C. The primary coolant outlet temperature from any fuel box shall

not exceed 200*F.
D. The specific resistivity of the primary coolant water shall not

be less than 0.4 megohm-cm for periods of reactor operations over
four (4) hours.

2.1.4 Bases

Operating experiences and detailed calculations at Argonaut reactors
have demonstrated that Specifications A and B suffice to maintain
the maximum fuel temperature below 200 F, which is well below the
temperature where fuel degradation would occur. For the readily
available flow rate of up to 65 gpm, it has been sho;*n that the fuel
temperature will be well below 200*F for steady state power operation
of up to 500 KWth. No fuel damage is known to occur from transient
operation up to 500% full power at the present 40 gpm primary flow
rate. Specification C is included to prevent boiling of the primary
coolant at any fuel box. Specification D suffices to maintain ade-
quate water quality conditions to prevent deterioration of the fuel
cladding and still allow for exoected _ transient changes in the water
resistivity.

2.2 Limiting Safety System Settings

Limiting Safety System Settings for nuclear reactors are settings for auto-
matic protective devices related to those variables having significant
safety functions.

2.2.1 Applicability

These specifications are applicable to the Reactor Safety System
setpoints.

4
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2.2.2 Objectives

To insure that automatic protective actior, is initiated prior to
exceeding a Safety Limit or prior to creating a radioactive hazard
which is not considered u ider Safety Limits.

-

2.2.3 Specifications

The Limiting Safety System Settings shall be as follows:

A. Pm 'evel at any flow rate shall not exceed 125 KW,
B. The primary coolant flow rate shall be greater than 30 gpm at

all power levels greater than one watt,
C. The average primary coolant outlet temperature shall not exceed

155 F when measured at any fuel box outlet,
D. The reactor period shall not be faster than 3 seconds,
E. The high voltage applied to Safety Channels 1 and 2 neutron cham-

bers shall be 90% or more of the established normal value;
F. The primary coolant pump shall be energized during reactor oper-

ations,

G. The primary coolant flow rate shall be monitored at the return
line,

H. The primary coolant core level shall be at least 2" above the
fuel boxes,

I. The secondary coolant flow shall satisfy the following conditions
when the reactor is being operated at power levels equal to or
larger than 1 KW:

5

(a) Power shall be provided to the well pump and the well water
flow rate shall be larger than 60 gpm when using the Well
System for secondary cooling

9E

(b) The water flow rate shall be larger than 8 gpm when using
the City Water System for secondary cooling,

J. The reactor shall be shutdown when the Main Alternating Current
(A.C.) power is not operating,

K. The Reactor Vent System shall be operating during reactor oper-
ations,

L. The water levei in the Shield Tank shall not be reduced 6" bc-
low the established normal level.

2.2.4 Bases

The UFTR Limiting Safety System Settings (LSSS) arise from operating
experience and safety considerations. -The LSSS 2.2.3 A through J
are established for the protection of the fuel, the fuel cladding
and the reactor core integrity. The primary and secondary bulk coolant
temperatures as well as the outlet temperatures for the six fuel boxes
are monitored and recorded in the Cor. trol Room. LSSS 2.2.3 K is es-
tablished for the protection of reactor personnel in relation to accu-
mulation of Argon-41 in the Reac.or Cell and for the control of radio-
active gaseous effluents from the Cell. LSSS 2.2.3 L is established

5
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for the protection of reactor personnel from potential external
radiation hazards caused by loss of biological shielding.
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3.0 LIMITING CONDITIONS FOR OPERATION

Lioiting conditions for operation are the lowest function capability or performance
levels of equipment required for safe operation of the facility.

3.1 Ryctivity Limitations

3.1.1 Shutdown Margin--The minimum shutdown margin, with the most reactive
control blade fully withdrawn shall not be less than 2% Ak/k.

3.1.2 Excess Reactivity--The core excess reactivity at cold critical, with-
out xenon poisoning, shall not exceed 2.3% Ak/k.

3.1. 3 Coefficients of Reactivity--The primary coolant void and temperature
coefficients of reactivity shall be negative.

3.1.4 Maximum Single Blade Reactivity Insertion Rate--The reactivity inser-
tion rate for a single control blade shall not exceed 0.06% Ak/k/sec,
when determined as an average over any ten seconds of blade travel
time from the characteristic experimental integral blade reactivity
worth curve.

3.1. 5 Experimental Limitations--The reactivity limitations associated with
experiments are specified in 3.5 below.

3.1.6 Bases

These specifications are provided to limit the amount of excess resc-
tivity to within limits known to be within the self-protection capa-
bilities of the fuel; to assure that a reactor shutdown can be estab-
lished with the most reactive blade out of the core; to assure a

negative overall coefficient of reactivity and to limit the reacti-
vity insertion rate to levels comensurable with efficient and
safe reactor operaticr..

3.2 Reactor Control and Safety Systems

3.2.1 Reactor Control System
,

A. Four cadmium-tipped, semaphore-type blades shall be used for reac-
tor control. The control blades shall be protected by shrouds
to assure freedom of motion.

B. Only one control blade can t,e raised by the manual reactor con--
trols at any one time. The Safety Blades shall.not be used to
raise reactor power simultaneously with the Regulating Blade
when the Reactor Control System is in the Automatic Mode of Oper-
ation.

C. The re:ctor shall not be started unless the Reactor Control Sys-
tem is operable.

D. The Control Blade drop time shall not exceed 1 second from ini-
tiation of blade drop to full insertion (rod drop-time), as de-
termined according to Surveillance Requirements.

E. The following Control Blade Withdrawal Inhibit Interlocks shall

)
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be operable for reactor operation for the following conditions:

(a) a source (startup) count rate of less than 2 cps (as measuref
by the Wide Range Drawer operating on Extended Range),

(b) a reactor period less than 10 seconds,
(c) Safety Channel #1 and #2, and Wide Range Drawer Calibra-

tion Switches not in "0PERATE" condition.
(d) attempt to raise any two or more blades simultanecusly

when the reactor is in Manual Mode, or two or more Safety
Blades simultaneous.; when the reactor is in Automatic

.

Mode,
(e) power is raised in the Automatic Mode at a period faster

than 30 seconds. The Automatic Controller action is to
inhibit further Regulating Blade withdrawal or drive the
Regulating Blade down until the period is > 76 seconds.

F. Following maintenance or modification to the Reactor Control
System, an operability test and calibration of the affected ;

portion of the system, including verification of control blade '

drive speed, shall be performed before the system is considered
operable.

3.2.2 Reactor Safety System

A. The reactor shall not be started unless the Reactor Safety Sys-
tem is operable in accordance with Table I.>

B. Tests for operabGity shall be made in accordance with Table II.

3.2.3 Reactor Control and Safety Systems Measuring Channels

The minimum number and type of measuring channels operable and pro-
viding information to the control room operator required for reactor
operation are given as follows:

Channel No. Operable

Safety 1(a)and 2 Power Channel 2

Linear with Auto Control 19r)
1

Log N and Period (aiChannelta 1

Startup Channel 1

Rod Position Indicator 4
Coolant Flow Indicator 1

Coolant Temperature Indicator
Primary. 6
Secondary 1

Core Level 1

Ventilation System
Core Vent Annunciator 1

Exhaust Fan Annunciator 1

Exhaust Fan rpm 1

(a) Subsystems of the Wide Range Drawer

8
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Table I

SPECIFICATIONS FOR REACTOR SAFETY SYSTEM TRIPS

Automatic Trips

Specification Type of Safety System Trip

Pcriod less than 3 seconds FULL

Power at 125% of full power FULL

Loss of Chamber High Voltage FULL

(2 10%)

Loss of Electrical Power to Control Console FULL.

Primary Cooling System Rod-Drop
Loss of pum;, power
Low water level in core (<42.5"),

| No outlet flow
| Low inlet water flow (< 30 gpm)

Secondary Cooling System (at power levels above 1 kw) Rod-Drop
Loss of flow (well . water < 60 gpm, city water'

' 8 gpm)
Loss of pump power

,

High Primary Coolant Average Outlet Temperature Rod-Drop

(2 155 F)
; Shield Tank Rod-Drop

Low water level

Ventilation System Rod-Drop
Loss of power to dilution fan
Loss of power to Core Vent System

i
'

Manual Trips

i Manual Scram Bar Rod-Drop

Console Key-Switch 0FF (two blades off bottom) FULL

|

i
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f

Table II

SAFETY SYSTEM OPERABILITY TESTS

Component or Scram Function Frequency

Log-N Period Channel Prior to each reactor start-up
Power Leve' Safety Channels following a shutdown in excess of

6 hours, and after repair g
de-energization caused by a power
outage

10% RedJction of Safety Channels 4/ year (4 month maximum interval)
High VGitage

i.oss of Electrical Power to Console 4/ year (4 month maximum interval)

Loss of Primary Coolant Pump Power 4/ year (4 month maximum interval)

Loss of Primary Coolant Level 4/ year (4 month maximum intervall

Loss of Primary Coolant Flow With Daily Checkout

High Average Primary Coolant Outlet With Daily Checkout
Temperature

Loss of Secondary Coolant Flow (at With Daily Checkout
power levels above 1 kw)

Loss of Secondary Coolant Well Pump 4/ year (4 month maximum intervall
Power

loss of Shield Tank Water Level 4/ year (4 month maximum intervall

Loss of Power to Vent System and 4/ year (4 month maximum intervall
Oiluticn Fan

Ma sal Scram With Daily Checkout

,

'
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3.2.4 Bases
1

The Reactor Control System provides the operator with reactivity con-
trol devices to control the reactor within the specified range of
reactivity insertion rate and power level. The operator has avati-
able digital blade position indicatorsfor the three Safety Blades
and the Regulating Blades. The three Safety Blades can only be mani-
pulated by the UP-DOWN Blade Switches (manual); the Regulating Blade
can be manually controlled or placed under Automatic Control, which
use- the Linear Channel as the measuring channel, and a % power
setting control. The two independent Reactor Safety Channels pro-
vide redundant protection and information on reactor power in the
range 1% - 150% of full power. The Linear Power Channel is the most
accurate neutron instrumentation channel, and provides a signal for
reactor control in Automatic Mode. The % power information is dis-
played by the linear channel 2 pen recorder. It does not provide a
protective function. The log Wide Range Drawer provides a series of
information, inhibit and protection function from extended source
range to full power. The Safety Channel 1 signal and the Period
Protection signal are derived from the Wide Range Drawer. The Wide
Range Drawer provides protection during startup through the Source
Count Rate Interlock (2 cps),10 second period inhibit and the 3 second
period trip. The primary and secondary coolant flow rate, tempera-

_

ture and level sensing instrumentation providesinformation and protec- )
tion over the entire range of reactor operations and is proven to '|
be conservative from a safety viewpoint. The key switch prevents
unauthorized operation of the reactor and is an additional full trip
(nanual scram) control available to the operator. The core level
trip provides redundant protection to the primary flow trip. The
level trip acts as an inhibit during startup until the minimum core
water level is reached.

3.3 Reactor Vent System

These specifications apply to the equipment required for coa. trolled release
of gneouc radiurctive effluent to the environment via the stack or its con-
finement within the reactor cell.

3.3.1 Specification

A. The Reactor Vent System shall be capable of maintaining an air
flow rate between 1 and 400 cfm from the reactor cavity whenever
the reactor is operating and as specified in these Technical
Specifications. The reactor air cavity flow shall be periodi-
cally calibrated to minimize Argon-41 releases to the environment
while maintaining a negative pressure within the reactor cavity
to minimize radioactive hazards to reactor personnel.

B. The' diluting fan shall be operated whenever the reactor is in
operation and as otherwise specified in these Technical Specifi-
cations, at an exhaurt flow rate larger than 10,000 cfm.

C. The Reactor Vent System is interlocked to shut off automatically
when the Air Conditioning / Ventilation System is sMt-off. The
AC/ Ventilation System is automatically shut-off whenever the
reactor building evacuation alarm is automatically or manually

11
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1

actuated.
D. All doors to the Reactor Cell shall normally be closed while

the reactor is operating. Transit is not prohibited through
Air Lock and Control Room doors.

3.3.2 Bases

Under normal conditions, to effect controlled release of gaseous
activity through the Reactor Vent System, a negative cell pressure
is required so that any building leakage will be inward. Under emer-
gency conditions, the Reactor Vent System will be shut down and the
damper closed, thus minimizing leakage of radioactivity from the Reac-
tor Cell.

3.4 Radiation Monitoring Systems and Radioactive Effluents

3.4.1 The reactor cell shall be monitored by at least three area radiation
monitors, two of which shall be capable of aut oly warning personnel
of high radiation levels. The outpot of at least two of the monitors
shall be indicated and recorded in the Control Room. The setpoints
for the radiation monitors shall be in accordance with Table Ill.

I

3.4.2 Argon-41 Discharge

The following operational limits are specified for the discharge of )
Argon-41 to the environment:

A. The concentration of Argon-41 in the gaseous effluent discharge
of the UFTR is detennined by averaging it over a consecutive 30

~

day period.
B. The dilution resulting from the operation of the Stack Dilution

Fan (flow rate of 10,000 cfm or more) and atmospheric dilution
of the stack plume (a factor of 200) may be taken into account
when calculating this concentration.

C. When calculated as above, dischgrge concentration of Argon-41
shall not exceed MPC (4.0 x 10-opc/ml). Operation of the UFTR
shall be such that this maximum permissible concentration (aver-
aged over a month) is not exceeded.

3.4.3 The Reactor Vent System shall be operated at all times during reac-
tor operation. In addition, the Vent System shall be operated until
the stack monitor indicates less than 10 counts per second. Whenever
the Reactor Vent System is operating, air drawn through the Reactor
Vent System shall be continuously monitored for gross concentration
of radioactive gases. The output of the monitor shall be indicated
and recorded in the Control Room. The Reactor Vent System shall be ,

immediately secured upon detection of: a failure in the monitoring
system, a failure of the absolute filter or an unanticipated high
stack count rate.

3.4.4 The Reactor Cell environment shall be monitored by at least one Air
Par'.iculate Monitor, capable of audibly warning personnel of radio-
active particulate airborne contamination in the Cell atmosphere.

12
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Table III

7 .
RADIATION MONITORING SYSTEM SETTINGS

Type No.of Required Operable Functions Alarm (s) Setting Purpose

| Area Radiation 3 detecting 5 mr/hr low level Detect / alarm / record
Monitors 2 audio alarming 25 mr/hr high level low and high level

2 recording external radiation

Air Particulate- 1 detecting Adjusted according Detect /alarr./ record
'lonitors 1 audio alarming to APD type (fixed airborne radioactivity

13 1 recording or movable filter type) in the red.ctor cell

Stack' Radiation 1 detecting 1) Fixed alarm at Detect / alarm / record
Monitor 1 audio alarming 4000 cps release of gaseous

1 recording 2) Adjustable alarm radioactive nffluents
- as per power in the reactor vent duct

level
. to the environs.

NOTE: For maintenance or repair, the required radiation monitors may be replaced by suitable portable instru-
ments provided the intended function is being accomplished.

Service, calibration and testing interruptions for brief period are permissible when the reactor is not
in operation.

i
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3.4.5 Liquid Effluents Discharge
_

A. The liquid waste from the radioactive liquid waste holding
tanks shall be sampled and the activity measured before release
to the sanitary sewage system.

B. Releases of radioactive liquid waste from the holding tanks /
campus sanitary sewage system shall be in compliance with the
limits specified in 10 CFR 20 Appendix B, Table 1, Colur 2, as

specified in 10 CFR 20.303.

3.4.6 Solid Radioactive Waste Disposal

Solid radioactive waste disposal shall be accomplished in compliance
with applicable regulations and under the control of the Radiation
Control Office of the University _of Florida.

3.5 Limitations on Experiments

3.5.1 Applicability

These specifications apply to all those experiments or experimental. '
devices installed in the reactor core or its experimental facilities.

3.5.2 Objective

The objective is to maintain operational safety and prevent damage to
the reactor facility, reactor fuel, reactor core and associated
equipment; to prevent exceeding the Reactor Safety Limits; and to
minimize potential hazards from experimental devices.

3.5.3 Specifications

A. General

The Reactor Manager and the Radiation Control Officer (or their
duly appointed representative) shall review and approve in
writing all prop.osed experiments prior _to their performance. The
Reactor Manager shall~ refer to the Reactor . Safety Review Subcommi-
ttee (RSRS) the evaluation of the' safety aspects _of new'experimen
and all changes to the facility which may be necess pated by the
requirements of the experiments and which may have safety signifi.:
cance. When experiments contain: substances which irradiation in
the reactor can convert .into a material with significant poten-
tial hazards, a~ determination will be made of the acceptable
reactor power level and length of irradiation, taking.into accoun.

.such factors as: isotope identity and chemical and physical form
and containment, toxicity, potential for contamination of facilit

.or environment, problems in removal or handling after irradiation
including' containment, transfer and eventual _ disposition. Gu'idant
should be~ obtained from' the~ ANS 15.1 Standard. . Experiment.il al pai

ratus, material or equipment to be . inserted -in the reactor . hall'
be reviewed to insure non-interference :with. the safe operatinn /of
the reactor.

14 q
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B. Classification of Experiments

Class I--Routine experiments, such as gold foil irradiation.
This class shall be approved by the Reactor Manager; the Radia-
tion Control Officer may be informed if deemed necessary.

Class II--Relatively routine experiments which need to be docu-
mented for each new group of experimenters carrying them out
or whenever the experiment has not been carried out for one
calendar year or more by the original experimenter, and which
pose no hazard to the reactor, the personnel or the public.
This class shall be approved by the Reactor Manager and the Radia-
tion Control Officer.

.C_ lass III--Experiments which pose significant questions regard-
ing the safety of the reactor, the personnel, or the public.
This class shall be approved by the Reactor Manager and the
Radiation Control Officer, af ter. review and approval by the Peac-
tor Safety Review Subcomittee (RSRS).

i
' Class IV--Experiments which have a significant potential for ha-

zard to the reactor, the personnel or the public. This class
shall be approved by the Reactor Manager and Radiation Control
Officer after review and approval by the RSRS and specific Emer-
gency Operating Instructions shall be established for conducting
the experiments.

C. Reactivity Limitations on Experiments'-

(a) The absolute reactivity worth of any single movable or non- L

secured experiment shall not exceed 0.6% Ak/k.
(b) The total absolute reactivity worth of all experiments shall "

not exceed 2.3% Ak/k.
(c) When determining the absolute reactivity worth of an exper-

iment, no credit shall be taken for temperature effects.
(d) An experiment shall not be inserted or removed unless all

the control blades are fully inserted or its ' absolute
reactivity worth is less than that which would cause a posi-
tive 20 second stable period.

D. Explosive Materials

Explosive materials shall not ' e irradiatedv

E. Thermal-Hydraulic Effects

The experiment shall be designed such that during normal opera-
tion, or failure, the thermal hydraulic parameters of the core
do not exceed the Safety Limits.

F. Chemical Effects

i The experiment shall be designed such that during normal opera-
tion, or failure, the physical barrier described in paragraph

- 2.1 will not be compromised by either ' chemical or blast effects
! from the experiment.

15
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G. Fueled Experiments

A limit should be established on the inventory of fission
products in experiments containing fissile material, according
to its potential hazard and as detennined by the RSRS

H. Radioactive Releases from Experiments

Class III and Class IV experiments shall be evaluated for their
potential release of airborne radioactivity and limits shall be
established for the permissible concentration of radioisotopes
in the experiments, according to the 10 CFR 20 limitations for
exposure of individuals in restricted and unrestricted areas.

3.5.4 Bases

The general specifications assure that an adequate review process is
followed to determine the safety, conditions and procedures for all
experiments. The classification of experiments clearly delineates
the responsibility for approving experiments according to their
potential hazards; to assure that potentially hazardous experiments ,

are analyzed for their safety implications; and that appropriate
procedures are established for their execution. The reactivity
limitations on experiments are established to prevent prompt critical
ity by limiting the worth # movable or non-secured experiments; to
prevent a reactivity insertion larger than the stipulated maximum
step reactivity insertion in the Ilccident Analysis, and to-allow for
reactivity control of experiments within the Reactor Control System
capabilities (20 second positive period limitation). These specifi-
cations prohibit the-irradiation of explosive materials and limit the
amount of fissile materials that can be irradiated in the reactor.
according to its potential hazard and the reactor system's capability
to handle a potential release to the cell environment. Explosive
materials are defined as those materials. normally' used to produce ex-
plosive or detonating effects, materials which can chemically combine
to produce explosion or detonations or any materials which can under-
go explosive decomposition under influence of neutron, ganina or heat
flux of the reactor or as defined by applicable standards.

3.6 Reactor Building Evacuation Alarm

These specifications apply to the ' equipment required for the evacuation of
the Reactor Cell and the Reactor Building (including the Reactor Annex).

3.6.1 Specification

The Reactor Cell and the Reactor Buil "1g shall be evacuated when
any of the following conditions exist:

A. The Evacuation Alarm is actuated automatically when two area
radiation monitors alarm high (~> 25 mrem /hr) in coincidence.

B. The Evacuation Alarm is actuated manually when an Air Particu-
late Monitor is-in a valid alarm condition.

C. The Evacuation Alarm is actuated manually when a reactor opera-
tor detects a' potentially hazardous radiological condition and

16
<

,



-

|
' preventive actions are required to protect the health and

safety of operating personnel and the general public.

3.6.2 Bases

To provide early and orderly evacuation of the Reactor Cell and
the Reactor Building and to minimize radioactive hazards to the op-
erating personnel and reactor building occupants.

3.7 Fuel and Fuel Handling

3.7.1 Applicability

These specifications cpply to the arrangement of fuel elements in
core and in storage, as well as the handling of fuel elements.

3.7.2 Objective

| To establish the maximum core loading for reactivity control pur-
poses, to establish the fuel storage conditions, and to establish
fuel performance and fuel handling specifications with regard to
radiological safety considerations.

' 3.7.3 Sp_ecifica tions

i A. The maximum fuel loading shall consist of 24 full fuel elements con-
sisting of 11 plates each containing enriched uranium and cladded
with high purity aluminum.

B. Fuel element loading and distribution in the core shall comply
with the fuel handling procedures.'

C. Fuel elements exhibiting release of fission products due to
cladding rupture shall, upon positive identification, be removed
from the core. Fission product contamination of the primary
water shall be treated as evidence of fuel element failure.

-D. The reactor shall not be operated if there is-evidence of fuel
element failure.

E. All fuel shall be moved and handled in accordance with approved
procedures.

F. Fuel elements or fueled devices shall be stored and handledtout
of core in a geometry such that the keff is less than 0.8 under
optimum conditions of moderation and reflection.

G. Irradiated fuel elements or fueled devices shall be stored so
that temperatures do not exceed design values.

3.7.4 Bases

The fuel loading is based on the present fuel configuraton. The
reactor systems do not have adequate engineering safeguards to con-
tinue operating with a detectable release of fission produts into the
primary coolant. The fuel-is to be . stored in a safe configuration
and shall be handled according to approved written p'rocedures for
radiological safety. purposes.

;

i
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3.8 Primary Water Quality

3.8.1 Applicability

These specifications apply to primary cooling system water in contact
with fuel elements.

3.8.2 Objective

To minimize corrosion of the aluminum cladding of fuel plates and
activation of dissolved materials.

.

3.8.3 Specifications

A. Primary water temperature shall not exceed 155 F.
B. Primary water shall be demineralized light water with a specific

resistivity of not less than 0.5 megohm-cm after the reactor is
-operated for more than six (6) hours.

C. Primary water shall be sampled, evaporatively concentrated and
the gross radioactivity of the residue measured with an adequate
measuring channel. This specification prccedure shall prevail: j

|

(a, During the Weekly Checkout, )
(b) Upon the appearance of any unusual radioactivity in the pri- J,

mary water or the primary water demineralizers and,
(c) Prior to the reles2e of any prinary water from the site.

D. Primary Equipment Pit water level sensor shall alarm in the Con-
trol Room whenever a detectable amount of water (l" above floor
level) exists in the equipment pit.

3.8.4 Bases

Specification 3.8.3 A and 3.8.3 B are designed to protect the fuel
element integrity and are based upon operating experience. At the
specified quality, the activation products-(of trace minerals) do
not exceed acceptable litits. Specification 3.8.3'C is designed to
detect and identify fission products resulting from fuel failure -
and to fulfill reportability requirements pertaining to liquid-
wastes. Specification 3.8.3 D is designed to alert the operator to
potential loss of primary coolant, to prevent reactor operations
with a reduced water inventory and to minimize the possibility of-
an uncontrolled release of| primary coolant to the environs.'

3.9 Radiological Environmental Monitoring Program

3.9.1 General

The UFTR Ra'iological Environmental Monitoring Program is conductedd
to assure that the radiological environmental 1 impact of reactor op-
erations is as low as reasonably achievable; it is conducted in addi-,

tion to the radiation monitoring and effluents control specified
under Section 3.8 of_ these Technical. Specifications.

i
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|

|

I
1

The Radiological Environmental Monitoring Program shall be conducted
as specified below and under the supervision of the Radiation Con-
trol Office.

3.9.2 Radiological Environmental Monitoring

A. Monthly environmental radioactivity surveillance outside the
restricted area shall be conducted by measuring the gama doses
at selected fixed locations surrounding the UFTR complex with
acceptable personnel monitoring devices. A minimum of six (6)
independent locations shall be used. A review of potential
causes shall be conducted ahnever a measured dose of.over 40
cren/moni.h at two or more locations is determined and a report
shall be submitted to the RSRS for review.

B. Radioactivity surveillance of the restricted area (Reactor Cell)
shall be conducted as follows:

(a) Surface contamination in the restrie.ted area shall be mea-
sured by taking random swipes in the Reactor Cell during_
the Weekly Checkout. Measured surface contamination greater

2than 100 dpm/cm2 _ Beta-Gama or greater than 50 dpm/100cm
Alpha are limiting conditions for operation requiring re-

,

j

view and possible radiological safety control actions.
.

| (b)- Airborne particulate contamination shall be measured using
| a high volume air sampler. Measured radioactive airborne

contamination 25% above mean normal levels are limiting
conditions for operation requiring review and possible |

radiological safety control actions.
'

|
1

!C. Radioactivity Surveys
H

The followiny radioactivity surveys, using portable radiation
monitors are. limiting conditions for operation:j

(a) Surveys measuring the' radiation doses in the restricted area
shall be conducted ~ quarterly, at intervals not to exceed
four (4) months, and at any time a change in the normal radia- ,

tion levels is noticed or expected. Radiation exposures 1'

shall- be within'10 CFR 20 limits for radiation workers.'

!' (b) Surveys measuring the radiation levels in the unrestricted
; areas surrounding the UFTR complex shall be conducted
! quarterly, at intervals not to exceed four (4) months, and

at any time a change-in the nonnal' radiation levels is' no-
ticed or expected. Doses shall be within 10 CFR 20 limits
for the general-public.*

:
'

3.9.3''. es

ine bases for establishing the.Radialogical Environmental Surveillance
,
~ Program are the established 1imits for-internal and external radia-

tion exposure'and requirements that radiation doses be maintained
,

i "as-low-as-reasonably-achievable" (ALARA).

i
t

.
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4.0 SURVEILLANCE REQUIREMENTS

Surveillance requirements relate to testing, calibration or inspection to
assure that the necessary quality of systems and components is maintained; that
facility operation will be within safety limits; and that the limiting conditions
for operation will be met. Tests not performed within the specified frequency
because of physical or administrative limitations shall be performed prior to
resuming normal operations.

4.1 Surveillance Pertaining to Safety Limits and Limiting Safety Settings

4.1.1 Whenever an unscheduled shutdown occurs, an evaluation shall be con-
ducted to determine whether a safety limit was exceeded.

4.1.2 Safety System operability tests shall be performed in accordance
with Table II.

4.2 Surveillance Pertaining to Limiting Conditions for Operation

4.2.1 Reactivity Surveillance

A. The reactivity north and reactivity insertion rate of each con-
trol blade, the shutdown reactivity and excess reactivity shall
be measured annually (at intervals less than 14 months) or when-
ever physical or operational changes create a condition requiring
re-evaluation of core physics parameters.

B. The temperature coefficient of reactivity shall be measured
annually at intervals not to exceed 14 months.

C. The void coefficient of reactivity shall be (hecked biennially
to assure that it is negative, at intervals not to exceed 30
months.

4.2.2 Reactor Control and Safety System Surveillance

A. The control blades drop time, from the fully withdrawn position,
shall be measured semi-annually but at intervals not.to exceed
8 months. If maintenance is performed on a blade, the drive
mechanism or associated electronics, the rod drop time shall be
measured before the system is considered operable.

B. The control blade full withdrawal and controlled insertion time
shall'be measured semi-annually, at intervals not to exceed 8
months.

C. Tests, limits, and frequencies of tests for the Control Blade
Withdrawal Inhibit Interlocks operability tests shall be per--
formed as listed in Table IV.

D. The mechanical integrity of the control blades and drive system
shall be inspected during each in-core-inspection but shall be
fully checked at least once every 5 years.

E. Following maintenance' or modification to the control blade sys-
tem, an operability test and calibration of the affected portion-
of the system, including verification of control blade drive
speed, shall be performed before the system is to be considered
operable.

20
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Table IV

CONTROL BLADE WITHDRAWAL INHIBIT INTERLOCKS OPERABILITY TESTS

Inhibit Limit Frequency

Reactor Period <10 sec Daily Checkout

Safety Channels and Wide - Daily Checkout
Range Drawer not in OPERATE
Position

! Multiple Blade Withdrawal Any 2 or more blades Daily Checkout
simultaneously 'in
Manual4

Any 2 safeties in Daily Checkout
Automatic- .

4

)

Source Count Rate <2 cps Verification only'

when count rate
<2 cps.during Daily,

Checkout
;

i

!

|

:

!

,

!-

21
,

I



F. The reactor shall not be started unless:

(a) The Weekly Checkout has been satisfactorily completed with-
in 7 days prior to startup and,

(b) A Daily Checkout is satisfactorily completed within 8 hours
prior to startup and,

(c) No known condition exists that would prevent successful com-
pletion of a Weekly or Daily Check.

G. The limitations established under Paragraph 4.2.2 F (a) and (b)
can be deleted if a reactor startup is made within 6 hours of a
normal reactor shutdown on any one calendar day.

H. The following channels shall be calibrated annually, at intervals
not to exceed 13 months, and any time a significant change in
channel performance is noted:

(a) log N - period channel
(b) power level safety channels (2)
(c) linear power level channel
(d) primary coolant flow measuring system
(e) primary coolant temperature measuring system

I. Following maintenance or modification to the reactor safety sys-
tem, a channel test and calibration of the affected channel shall

,

be performed before the reactor safety system is considered oper- a
able.

4.2.3 Reactor Vent System Surveillance

A. The Reactor Vent System flow rates shall be measured annually at
intervals not to exceed 14 months,as follows:

(a) Reactor Cavity Exhaust Duct flow (1 cfm < flow rate ( 400 cfm
(b) Stack flow rate > 10000 cfm.

B. The following interlocks shall be tested quarterly at intervals
not to exceed 8 months:

(a) Core Vent System damper closed if Diluting fan is not oper-
ating,

(b) Reactor Vent System shut off when the Air Conditioning Sys-
tem is shut off due to actuation of the evacuation alarm.

4.2.4 Radiation Monitoring Systems and Radioactive Effluents Surveillance

A. The Area Radiation Monitor Channels, the Stack Monitor and the
Air Particulate Monitor shall be verified to be operable prior
to each reactor startup, as required by the Daily Checkout. Cal-
ibration of radiation monitoring channels shall be performed
quarterly but at intervals not to exceed 4 months.

B. The Ar-41 concentration in the stack effluents shall be meat.ured
semi-annually at intervals not to exceed 8 months.

C. Releases of radioactive liquid waste from the holdup tanks e. hall
be monitored before discharging to the sanitary sewage system to
assure compliance with 10 CFR 20 regulations.

22
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| D. The reactor shall be placed in a Reactor Shutdown condition
whenever Specification 4.2.4 A is not met.

E. The Reactor Vent System shall be imediately secured upon de-
tection of failure of the Stack Monitoring System.

4.2.5 Surveillance of Experimental Limits

A. Surveillance to assure that experiments meet the requirements of
Section 3.5 shall be conducted prior to inserting each experi-
ment into the reactor.

B. The reactivity worth of an experiment shall be determined at ap-
proximately 1 watt power level or as appropriate within limiting
conditions for operation, before continuing reactor operation
with said experiment.

4.2.6 Reactor Building Evacuation Alarm Surveillance

A. The coincidence automatic actuation of the two area monitors and
the manual actuation of the Evacuatimi Alarm shall be tested as
part of the Weekly Checkout

I B. The automatic shutoff of the Air Conditioning System and the-
Reactor Vent System shall be tested as part of the Weekly Checkout.

C. Evacuation drills for facility personnel shall be conducted quarter-
ly, at intefvals not to exceed four (4) months, to assure that
facility personnel are familiar with the emergency plan.

4.2.7 . Surveillance Pertaining to Fuel

A. The in-core reactor fuel elements shall te inspected biennially !
at intervals not to exceed 30 months, in a randomly chosen

'

pattern, as deemed necessary. At least two (2) elements will be
inspected.

B. Fuel handling tools and procedures shall be reviewed for ' adequacy
prior to fuel loading operations. The assignment of responsi-

, bilities and training of the fuel handling crew shall be performed "

' according to written procedures.

4.2.8 Pringry_and Secondary, Water Quali_ty, Surveillancej

A. The primary water resistivity shall be determined as follow.:

(a) Primary water resistivity shall be measured during the
Weekly Checkout by a portable Solu Bridge usinq approved

_

procedures. The measured value shall be larger than 0.4
megohn..

(b) Primary water resistivity-shall be measured during the'
Daily Checkout at both the inlet and outlet of the demin-
eralizers (DM). The measured value, determined by an on-
line Solu Bridge alarming in the Control Room, shall be
larger than 0.5 megohm-cm at the outlet of the DM.

( B. The primary water radioactivity shall be measured during the
Weekly _ Checkout for. gross 8-y and gross a activity.-

~(a) The measured a activity shall not exceed 50 dpm above back-;

ground level.

L
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(b) The measured 8-y activity shall not exceed 25% above mean
normal activity level.

(c) The secondary water system shall be tested for radioactive
contamination during the Weekly Checkout according to
written procedures.

24
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5.0 DESIGN FEATURES

Design features are specified in order to assure that items important to safety
are not changed without appropriate review. The items of concern are design
f eatures and parameters which were considered as limiting values (or significant
inr the protection of the reactor personnel and the general public) for the pur-
pose of establishinq Safety Limits, limiting Safety System Settings, or Limiting
Conditions for Operation.

5.1 S_i_te

5.1.1 The UFTR is located on the University of Florida campus, at Gainesville
Florida in the immediate vicinity of the buildings housing the College
of Engineering and the College of Journalism. The Nuclear Sciences
Center, which houses the Department of Nuclear Engineering, is annexed
to the Reactor Building.

5.2 Reactor Cell

5.2.1 The reactor shall be housed in a reinforced concrete cell in the Reac-
tor Building. The Reactor Building is a " vault-type" building as
defined in 10 CFR 73.2(o). The Reactor Building is divided into two
distinct parts based upon the difference in utilization and their struc-i

ture. The overall Reactor Building measures approximately 60 f t. by
80 ft. inside. The Reactor Cell area is 30 ft. by 60 ft. with 29 ft.
of head room, located at the north end of the building. The rest of4

the building is used for research laboratories, faculty offices and
graduate study areas.

5.2.2 The Reactor Cell shall have an independent ventilation and air-con-
ditioning system. The Reactor-Vent effluents shall be discharged
through the Reactor Stack, some 30 ft. above ground level.

5.2.3 All gases which may cause a hazard through neutron activation shall be
| exhausted from the Reactor Cell, Reactor Cavity, experiments or

experimental facilities installed in or adjacent to the core or surround-t

ing graphite and discharged to the environment via the Reactor Vent Sys-
.

tem and appropriately monitored for radioactivity,as specified under
| Chapter 3 of these Technical Specifications.
,

5.2.4 The 3-ton bridge crane shall not be used during reactor operation in-
a manner that could damage the control system and prevent it from per-
forming its intended function. No load above 500 pounds shall be
lif ted over the control blade drive units unless the control blades
are fully inserted. The crane shall be operated durinq reactor oper-
ations only by a licensed ra ctor operator.

5.2.5 Doors penetrating the Reactor Cell are the following:
i

A. An airlock passageway from the cell to the UFTR building lower
hallway,

B. A door from the Control Room to the UFTR building lower hallway.
C. A freight door (10' x 12') leading to the er;wons. A panel in

the freight door serves as an emergency personnel exit from the
.

Reactor Cell. _The freight door and panel ~ shall be locked to
|
<
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prevent entrance during reactor operation. The freight door-

or its personnel door shall not be used for general access to or
egress from the Reactor Cell. This is not meant to preclude use
of these doors in connection with authorized activities when the
reactor is not in operation.

5.3 Reactor Fuel

5.3.1 Fuel elements shall be of the general MTR type, with thin fuel plates
clad with aluminum and containing uranium fuel enriched to no more
than about 93% U-235. The fuel matrix may be fabricated by alloying
high purity aluminum-uranium alloy or by the powder metallurgy method
where the starting ingredients (uranium-aluminum) are in fine powder
form. The fuel matrix may also be fabricated from uranium oxide-alu-
minum (U 0g-Al) using the powder metallurgy process. There shall be3
nominally T4.5 grams of U-235 per fuel plate.

; 5.3.2 The UFTR Facility license authorizes the receiving, possession and use
of:1

A. Up to 4.82 kilograms of contained Uranium-235,
B. A 1 curie sealed plutonium-beryllium neutron source,

i

C. An up to 25 curie antimony-beryllium neutron source, |

D. Other neutron and gamma sources may be utilized if their use does
not constitute an unreviewed safety question pursuant to 10 CFR
50.59 and the sources meet the criteria established by the . Tech-
nical Specifications.

5.4 Reactor Core

5.4.1 The core shall contain up to 24 fuel assemblies of 11 plates each. Up:
to six (6) of these assemblies may be replaced with pairs of partial
assemblies. Each partial assembly shall be composed of either all
dummy or all fueled plates. A full assembly shall be replaced with no
fewer than ten plates in a pair of partial assemblies.

5.4.2 Fuel elements shall conform to these nominal specifications:

A. Overall size (bundle): 2.845 in. x 2.14 in. x 25.625 in.
B. Clad thickness: 0 915 in.
C. Plate thickness: 0.070 in.
D. Water channel width: 0.137 in.
E. No. of plates: standard full element - 11 fueled plates

partial element - 5 fueled plates
F. Plate attachment: bolted with spacers
G. Fuel content per plate: 14.5 g U-235 nominal

5.4.3 The reactor core shall be loaded so that all fuel assembly positions
are occupied.

5.4.4 The fuel assemblies are contained in six (6) aluminum boxes arranged
in two parallel rows of three boxes each, separated by about 30 cen-
timeters of graphite. The fuel boxes are surrounded by a 5'x5'x5'
reactor grade graphite assembly.

5.4.5 The top of the fuel boxes are covered during operations at power'above-
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1 KW, by the use of the shield plugs and/or gasketed eiuminum covers
secured to the top of the fuel boxes. The devices function to pre-
vent physical damage to the fuel, to minimize evaporation / leakage of
water from the top of the fuel boxes and to minimize entrapment of
Argon in the coolant water for radiological protection purposes.

5.5 Reactor Control and Safety Systems

Design feature of the components of the Reactor Control and Safety Systems that
are important to safety, as specified under Section 3.2 of these Technical
Specifications, are given below.

5.5.1 Reactor Control System

Reactivity control of the UFTR is provided by four (4) control blades,
three (3) Safety and one (1) Regulating Blade. The control blades
are of the swing-arm type consisting of four (4) aluminum vanes tipped
with aluminum, protected by magnesium shrouds. They operate in a ver-

,| tical arc within the spaces between the fuel boxes. Blade motion is
! limited to a removal time of at least 100 sec and the insertion time
i under trip conditions is stipulated to be less than 1 sec. The reactor

| blade withdrawal interlock system prevents blade motion which will
exceed the reactivity addition rate of 0.06 nk/k per second, as spec-
ified in these Technical Specifications. The control blade drive sys-
tem consists of a two phase fractional horsepower motor that operates
through a reduction gear train, and an electrically energized magnetic
clutch that transmits a motor torque through the control blade shaft,'

allowing motion of the control blades. The blades are sustained in a
raised position by means of this motor, acting through the electromagn-
etic clutch. Interruption of the magnet current results in a decoupling
of the motor drive from the blade drive shaft, causing the blades to
fall back into the core. Position indicators, mechanically geared to
the rod drives. transmit rod position information to the operator control
console. Reactor shutdown can also be accomplished by voiding the
moderator / coolant from the core. Two independent means of voiding the
moderator / coolant from the core are provided:

A. Water dump via the Primary Coolant System Dump Valve opening under
Full Trip conditions,

B. Water dump via the rupture disk breaking under pressure conditions
above design value.

The integral worths of the individual safety blades vary from about
' l.3 to 2.3 2k/k depending on position in the core and individual

characteristics. . The Regulating Blade worth is about l#k/k. The
rod worths, drive speeds and drop-time values are sufficiently con-
servative to ensure compliance with the specified reactiv Cy limita-
tions. Additional reactivity arJ power related features are obtained
from the Control Blade Withdrawal Inhibits. The Regulating Blade
may be engaged by a servo-mechanism controlled by the Linear Channel
for automatic reactor power control.

5.5.2 Reactor Safety System

A. Power Level Channels
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Two independent measuring channels are provided for power level
limits; both are required for the reactor to be operable. Each
channel covers reliably the range from about 1% to 150% of full
power (of 100 KW). One channel (Safety 1) is part of the Wide
Range Drawer, and receives its main signal from a fission chamber.
The Safety 2 channel uses an uncompensated ion chamber for neutron
detection. Each channel drops all control rods and the moderator
coolant from the core by actuating bi-stable trips in the Safety
System in a one-out-of-one trip layic. Visual indication of the
power measured by each chamber, as # ell as annunciator of channel
status is available to the operator in the Control Room.

B. Wide Range Logarithmic Power Level and Period Channel

The Logarithmic Power Channel covers the wide range from reactor
startup to full power in 10 decades. It uses a fission chamber
for this entire range and uses a B10 proportional counter only in
the startup (source) range.' Signals from the fission chamber ar:,
the B10 counter are amplified by a preamplifier before going to the -
Log Channel. The preamplifier also processes tet,t signals from
the console controls and de-energizes the B10 proportional counter
at about 400 cps. Power level information is displayed cn a noter
and on a 2 pen recorder. The channel provides the following blade
withdrawal inhibits or blade trips: minimum source count inhibit
of 2 cps, fast period inhibit of 10 seconds, fast period trip of ~
3 seconds, and inhibit limiting power escalation in the automatic
mode to no faster than 30 seconds, and a trip at or above 1% power
when secondary coolant flow is below the trip setting. Because '

this is a wide range channel, a separate startup channel is not
used. These control or limiting actions prevent startup or opera-
tion of the reactor unless it is properly monitored or if opera-
tional restrictions are not met. Period is displayed on a meter
and is effective for control over the entire range of operation.

C. Startup (Neutron) Source (s)

A permanent, regenerable, Antimony-Beryllium source of up to 25
curies and/or a removable Plutonium-Beryllium source of I curie
may be used for reactor startup to monitor the approach to criti-
cality. The use of a neutron source insures that behavior of the
reactor is being monitored by the reactor instrumentation during
subcritical control blade manipulations.

D. Linear Neutron Channel and Automatic Flux Control Systeai

The Linear Channel is required to be operable when the reactor is
to be operated in the Automatic Mode. The Linear Channel uses a
compensated ion chamber for neutron detection; its . signal is transs
mitted by a multirange pico-ammeter. The pico-anmeter sends a sig-
nal to one channel of the.2 pen recorder to display power 1cvel
from source level to full power. It also sends a signal to the
automatic flux controller wt ch,-in comparison with a signal from
a % power setting control ac.-s to establish and/or hold power
level at a desired value. - Tye rate of power increase' is controlled
by the action of a limiter is the Linear Channel / Automatic Control

. System which maintains the reactor period at or slower than 30 secs

.
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5.6 Cooling Systems

5.6.1 Primary Cooling System

The primary coolant is demineralized light water, which is normally
circulated in a closed loop. The flow is from the 200 gallon storage
(dump) tank to the primary coolant pump; water is then pumped through
the primary side of the heat exchanger and to the bottom of the fuel
boxes, upward past the fuel plates to overflow pipes located about
six (6) inches above the fuel, and into a header for return to the
storage tank. A purification loop is used to maintain primary water
quality. The purification loop pump circulates about 1 gpm of pri-
mary water, drawn from the discharge side of the heat exchanger,
through mixed bed ion-exchange resins and a ceramic filter. The
purification loop pump automatically %uts off when the primary
coolant pump is operating since flow t.. cough the purification sys-
tem is maintained. Primary Coolant may be dumped from the reactor
fuel boxes by opening an electrically operated solenoid dump valve,
which routes the water to the dump tank. A pressure sur ge of about
2 pounds above normal in the system will also result in a vater dump

,

i by breaking a graphite rupture disk in the dump line. This drains the
j water to the. primary equipment pit floor actuating an alarm in the
| Control Room. The Primary Coolant System is instrumented as follows:

A. Thermocouples at each fuel box and the main inlet and outlet
header (8 total), alarming and recording in the Control Room,

B. A flow sensing device in main inlet line, alarming and displayed
in the Control Room,

C. A flow sensing device (no flow condition) in the outlet line,
alarming in the Control Rcom,

D. Resistivity probes monitoring the inlet and outlet reactor coolant
flow, alarming and displayed in the Control Room,

E. An equipment pit water level monitor, alarming in the Control Room.

The reactor power is calibrated annually by the use of the coolant
flow and temperature measuring channels.;

5.6.2 Secondary Cooling System

Two secondary cooling systems are normally operable in the UFTR: a
Well Secondary Cooling System and a City Water Secondary Cooling ~Sys-
tem. The Well Secondary Cooling System is the main system used for
removal of reactor generated heat to the environment. A deep well
furnishes about 200 gallons per minute of cooling water to the shell
side of the heat exchanger, r(moving primary heat and rejecting it
to the storm sewer. Weekly samples monitor the activity of this water.
Flow indications in the Control Room are 140 gpm as a warning and 60-
gpm to initiate a trip at or above 1 KW after a 10 second warning.
The City Water Secondary Cooling System can be used for back-up cool-
ing or for specific operations requiring reactor coolant temperatures
hotter than those obtained with the Well Cooling System. The second-
ary flow by the City Water System is about 40 gpm, with a reactor
trip set at 8 gpm (as measured by a flow switch) for power. levels
at or above 1 KW. A Back Flow Preventer in the city water line in-
sures compliance with the requirements of the National Plumbing Code
to prevent contamination of a Potable Water Supply. The secondary
coolant system inlet and outlet; temperatures are monitored by
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thermocouples, with alarm and record functions in th6 Control Room.

5.7 _ Radiological Safety Design Features

5.7.1 P_hysical Features

The containment structure consists of the Reactor Cell, with a free

air volume of about 1600 mJ. This building houses the reactor, reac-
tor control room, the prinary cooling system (ir.cluding the dump tank
heat ex; hanger and purification loop), secondary coolant piping and
Reactor Vent System. Access to the Reactor Cell, which is the design-
ated rettricted and security area, is controlled by the specifications
established by the Physical Security Plan of the UFTR (WITHHELD FROM
PUBLIC DISCLOSURE PURSUANT TO 10 CFR 2.790(d)). Ventilation is through
the independent Air Conditioning Ventilation and Reactor Vent System.
The Reactor Vent System can be secured to prevent uncontrolled discharg
of radioactivity to the environmer.t or releases in excess of pennissib''l
levels (per 10 CFR 20). Rough and absolute filters are used to climin-
ate or minimize radioactive air particulate contamination from the
exhaust air. The electrically actuated damper in the core exhaust
line is fail-safe and closes upon de-energization. '

5.7.2 Monitoring System
-

Area and Stack Monitors are emd for radioactivity monitoring, as de-
lineated in Sections 3.3, 3.4 'and 3.6 of these Technical Specification!:

The cell air is monitored by an Air Particulate Detector. Exhaust air'

drawing from the reactor cavity, reactor cell or experiments is cont-
inously monitored for gross concentrationsof radioaCsive gases.

5.7.3 Evacuation Sequence

The emergency evacuation sequence is initiated either automatically by
two area monitors alarming high in coincidence or mamily by the con-
sole operator. The sequence is that the reactor room AC Ventilation

~

System and-the Reactor Vent System are shut down and the core vent
damper is closed.

,

5.8 Fuel Storage

5.8.1 New fuel

Unirradiated new fuel elements are stored in a ' vault-type room securig
area equipped with intrusion alarms in accordance with the Security
Plan. Elements are stored in a steel, fireproof safe in which a cad-
mium plate separates each layer 'of bundles' to assure subcriticality ,
under optimum conditions of moderation' and reflection.

5.8.2' Irradiated Fuel.

Irradiated fuel is stored upright in dry storage' pits within the' rsac '
tor building in criticality-safe holes.
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6.0 AI)MINISTRATIVE CONTROLS !

6.1 Definitions )s

6.1.1 Certif ied Operators--An Mdividual authorized by the Nuclear
Regulatory Comission to carry out the duties and responsibilities
associated wit" ? position requiring the certification.

6.1.2 Class A Reactor Operator--Any individual who is certified to direct
the activities of Class B reactor operators; such an individual
is also a reactor operator. Such an individual is commonly referred
to as a Senior Reactor Operator.

Class B Reactor _0 erator--Any individual who is certified to manipulate6.1.3 f
the controls of the reactor. Such an individual is comonly referred
to as Reactor Operator.

6.7 OrSanization

6.2.1 Structure
1

! The organization for the management and operation of the reactor faci- |

lity shall include the structure indicated in Figure 1. Job titles
are shown for illustration and may vary. Four levels of authority
are provided, as follows:

A. Level 1 - Individuals responsible for the reactor facility's
licenses, charter and site administration.

B. Level 2 - Individual responsible for reactor facility management. ,

C. Level 3 - Individual responsible for reactor operations and super- '

vision of day-to-day facility activities.
D. Level 4 - Reactor Operating Staff (Class A and B Reactor Operators

and trainees).
E. The Reactor Safety Review Subcomittee is appointed by, and shall

report to,the Chairman of the Radiation Control Comittee. The
Chairman of the Radiation Control Comittee reports to the Direc-

,

tor of Environmental Health and Safety, who reports to the Vice- i

President for Administrative Affairs. Radiation-safety personnel
shall report to Level 2 or higher.

6.2.2 Responsibility |
|

Responsibility for the safe operation of the reactor facility shall
be with the chain of comand established in F'igure 1. Individuals
at various management levels,' in addition to havino responsibility
for the polities and operation of the reactor facility, shall be-res-
ponsible for safeguarding the public and facility personnel from undue
radiation exposures and for adhering to all requirements of the oper-
ating license, charter and technical specifications. In all instances,.

responsibilities of one level may be assumed by designated alternates ;

or by higher levels, conditional upon appropriate qualificatiors. |

6.2.3 Staffing

A. The minimum staffing when the reactor is not secured shall be:

(a) A certified reactor operator in the' Control Room.

31

.. - . . - - . _ - - .. -. , . -



-
_ _ _ _ _ _ _ _ _ _ _

(b) A second person present a'. the facility complex able to
carry out prescribed written instructions including instruc-
tions to initiate the first stages of the emergency plan,
including evacuation and initial notification procedures.
Unexpected absence for two hours i.s acceptable provide'd ime-
diate action is taken to obtain a replacement.

(c) A designated Class A Reactor Operator shall be readily avail-
able on call. "Readily Available on Call" means an individual
who (1) has been specifically designated and the designation
known to the opt..;.<r on duty, (2) keeps the operator on duty
informed of where he may ' ' nidly contacted and the phone
ntmber or other means of comunication available, and (3) is
ca # 1e of getting to the reactor facility within a reasonable~

time under normal conditions (e.g. 30 minutes or within a 15
mile radius)

B. A list of reactor facility personnel by name and telephone number
shall be readily available in the Control Room for use by the
operator. The list shall include:

'

(a) Management personnel,
(b) Radiation safety personnel,
(c) Other operations personnel.

C. Events requiring the direction of Class A Reactor Operator:

(a) All fuel or control-rod relocations within the reactor core-

region,
(b) Relocation of any in-core experiment with a reactivity worth

'

greater than one dollar,
(c) Recovery from unplanned or unscheduled shutdown (in this insta(

documented verbal concurrence from Class A Operator is requirel

6.2.4 Selection and Training of Personnel
6 The selection, training ar.i requalification of operations personnel

shall meet or exceed the requirements of A.nerican National Standard for
Selection and Training of Personnel for f.esearch Reactors, ANSI /ANS-
15.4-1977, Sections 4-6.

6.2.5 Review and Audit

A method for the independent review and audit of z the safety aspects of
recctor facility. operations shall be established to.' advise arkinagement.
The review and audit functions of the UFTR. operations are_ conducted by
the Reactor Safety Review Subcomittee. (RSRS).

A. Composition and Qualifications

The RSRS shall be composed of a' minimum of five members, including
the Reactor Manager and Radiation Control Officer (both ex-officio
voting members), the Chairman'of.the Nuclear Engineering Science?.
Department and two other members having expertise in reactor tech-
nology and/or'' radiological safety.

. .
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Figure 1

UFTR ORGAllIZATION CHART
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B. Charter and Rules

The review and audit functions shall be conducted in accordance
with the following established charttr:

(a) Designation - The name of the Subcommittee is: Reactor Safety'
Review Subcomittee. The Subcommittee may be referred to in
abbreviated form as the RSRS.

(b) Accnuntability - The RSRS is a Subconmittee o,f and reports to
the University Radiation Control Conmittee, which may be re-
ferred to in abbreviated form as the URCC. The URCC provides
radiological safety recomendations to the Director of Environ
mental Health and Safety.

(c) Scope - the HSR5 shall be responsible for the review of safety
related issues pertianing to the University of Florida Train-
ing Reactor, which may be referred to in abbreviated form as
the UFTR.

(d) Purpose - The purpose of the RSRS is to assure the safe opera <
tion of the UFTR through the discharge of the Subcomittee
review and audit functions 0

.

(e) Membership -

MemberN(1) The RSRS shall consist of at least five members.
ship will include the Chairman of the Nuclear Engineerin

'

Sciences Department, University Radiation Control Office
Reactor Manager and two technical personnel familiar wit
the operation of reactors and with the design of the UfT
and radiological safety, at least one of whom is from ou
side the Department of Nuclear Engineering Sciences. ' Th
two technical personnel will be recomended to the Chair
man of the URCC by the Chairman of the Department of Nu-
clear Engineering Sciences. Any member may designate a
duly qualified representative to act in his absence from
standing URCC approved list.

(2)' An Executive RSRS Comittee will consist of the Reactor.
Manager, University Radiation Control Officer and Chairnt
of the RSRS.

(3) The Chairman of the RSRS will be appointed by-the Chaint
of the URCC. The Chairman of the RSRS is an ex-officio
voting member of the URCC and will serve as.liason betwe
the RSRS and the URCC.

(4) Members appointed to the Subcomittee shall be reviewed,
and as appropriate, new appointments nude by October i
of each calendar year.

(f) Meetings -

.(1) Meeting frequency shall be quarterly at intervals not to
exceed 4 months'. Meetings may be held.more frequently
as circumstances warrant, consistent with the effective
monitoring of facility operations as determined by the
RSRS Chairman.

(2) Review of draft minutes will be completed prior to sub
sequent meetings at which time they will be submitted 9
approval. Responsibility'to assure that this is done ft
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upon the RSRS Chairman. The RSRS Chairman is charged
with the responsibility to assure that the minutes are
submitted for approval in a timely manner.

(3) A quorum shall consist of at least three members and at
least three members must agree when voting, regardless
of the number present.

C. Review Function

The following items shall be reviewed:

(a) Determination that proposed changes in equipment, systems,
test, experiments, or procedures do not involve an unreviewed
safety question,

(b) All new procedures and major revisions thereto having safety
significance, proposed changes in reactor facility equipment,
or systems having safety significance,

(c) All new experiments or classes of experiments that could affect
reactivity or result in the release of radioactivity.

(d) Proposed changes in technical specifications, license or charter.
(e) Violations of technical specifications, license or charter,

Violations of internal procedures or instructions having safety
significance,

(f) Operating abnormalities having safety significance,
(g) Reportable occurrences,
(h) Audit reports and annual facility reports.

A written report or minutes of the findings and reconrnendations of
the review group shall be submitted to RSRS members in a timely man-
ner after the review has been completed and to the Chairman of the
Radiation Control Con.r.ittee whenever a finding is deemed to re-
quire review by Level 1.

D. Audit Function

The audit function shall include selective (but comprehensive)
examination of operating records, logs and other documents. Where
necessary, discussions with cognizant personnel shall take place.
In no case shall the individual immediately reponsible for the
area, audit in that area. The following items.shall be audited:

(a) Facility operations for conformance to the tech.iical specifi-
cations and applicable license or charter conditions, at least
once per calendar year (interval between audits not to exceed
15 months).

(b) The retraining and requalification program for the operating
staff, at least once every other calendar year (interval be-
tween audits not to exced 30 months).

(c) The results of action taken to correct thnse deficiencites
that may occur in the reactor facility equipment, systems,
structures, or methods of operations that affect reactor
safety, at least once per calendar year (interval between
audits not to exceed 15 months)

(d) The reactor. facility _ emergency plan,- and implementing procedures
at least once every other calendar year (interval between
audits not to exceed 30 months).
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Deficiencies uncovered that affect reactor safety shall innediately
be reported to the Radiation Control Comm:ttet and the Dean of the
College of Engineering. A written report of tee findings of the
audit shall be submitted to the Cean of the College and the review
audit group members within 3 months af ter the audit has been com-
pleted.

6.3 Procedures

The facility shall be operated and maintained in accordance with approved writ >
procedures. All procedures and najor revisions thereto shall be reviewed and
approved by the Director of Nuclear Facilities prior to being effective.

6.3.1 The following types of written procedures shall be maintained:

A. Normal startup, operation and shutdown procedures for the reactor.
These procedures shall include applicable checkoff lists and instr (
tions,

B. Fuel loading, unloading and movement within the reactor,
C. Procedures for handling irradiated and unirradiated fuel elements,
D. Routine maintenance of major components of systems that could have

an effect on reactor safety.

E. Surveillance tests and calibrations required by the technical spec '
ifications or those that may have effect on reactor safety.

F. Personnel radiation protection, consistent with applicable requia-
tions,

G. Administrative controls for operations and maintenance and for the
conduct of irradiations and experiments that could affect reactor
safety or core reactivity,

H. Implementation of the Emergency Plan,
I. Procedures which delineate the operator action required in the

event of specific malfunctions and emergencies,
J. Procedures for flooding conditions in the reactor facility, in-

cluding guidance as to when the procedure is to be initiated and
guidance on reactivity control .

6.3.2 Substantive changes to the above procedures shall be made effective
only after documented review by the RSRS and approval by the Facility
Director (Level 2) or designated alternatives. Minor modifications
to the original procedures which do not change their original intent
may be made by the Reactor Manager (Level 3) or higher but modifica-
tions must be approved by Level 2 or designated alternates within 14
days. Temporary deviations from the procedrues may be made by the
senior operating individual present, in order to deal with special or
unusual circumstances or conditions. Such deviations shall be documen
and reported to Level 2 or designated alternates.

6.4 Experipents._ Review and Approva_1

6.4.1 Experiments review and approval shall be conducted a', pecified under
Section 3.5 - Limitations on Experiments - of these Technical Specifi-
cations.

6.4.2 The experiments review and approve shall assure compliance with the
requirements of the license, technical specifications, and applicable
regulations and shall be documented.
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6.4.3 Substantive changes to previously appr ved experiments with safety
significance shall be made only after review by the RSRS, approval
in writing by Level 2 or designated alternates. Minor changes that
do not significantly alter the experiment may be approved by I.evel
3 or higher.

6.4.4 Approved experiments shall be carried out in accordance with 'estab-
lished approved procedures.

6.5 Required Acti,ons

6.5.1 Action to be Taken in Case of Safety Limit Violation

A. The reactor shall be shut down, and reactor operations shall not
be resumed until authorized by the Nuclear Resulatory Comission.

B. The safety limit violation shall ba promptly reported to Level 2
or designated alternates.

C. The safety limit viclation shall be reported to the Nuclear Regu-
latory Comission.

D. A safety limit violation report shall be prepared. The report shall
describe the following:

(a) Applicable circumstances leading to the violation including
when known the cause and contributing factors,

(b) Effect of the violation upon reactor facility components, sys-
tems, or structures and on the health and safety of personnel
and the public,

(c) Corrective action to be taken to prevent recurrence.

The report shall be reviewed by the RSRS and any follow-up report shall
be submitted to the Comission when authorization is sought to resume
operation of the reactor.

6.5.2 Action to be Taken in the Event of an Occurrence of the Type Identified
in Section 6.6.2

A. Reactor conditions shall be returned to normal or the reactor shall
be shutdown. If f c is necessary to shutdown the reactor to correct
the occurrence, perations shall not be resumed unless authorized
by Level 2 or designated alternates.

B. Occurrence shall be reported to Level 2 or designated alternates
and to the Comission as required.

C. Occurrence shall be reviewed by the review group at their next
scheduled meeting.

6.6 Reports

In addition to the requirements of applicable regulations, reports shall be
made to the Comission as follows:

6.6.1 Operating Reports

Routine annual reports covering the activities of the reactor facility
during the previous calendar year shall be submitted to the Comission
within three months following the end of each prescribed year. The
prescribed year ends August 31 for the UFTR. Each annual operating
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report shall include the following information:

A. A narrative sumary of reactor operating experience including the
energy produced by the reactorand the hours the reactor was criti-
cal,

B. The unscheduled shutdowns including, where applicable, corrective
action taken to preclude recurrence,

C. Tabulation of major preventive and corrective maintenance operatior
having safety sionificance,

D. Tabulation of major chang ,o the reactor facility and procedures,
and tabulation of new tests or experiments, that are significantly
different from those perfonned previously and are not described
in the Safety Analysis Report, including conclusions that no un-
reviewed safety questions were involved,

E. A surrnary of the nature and amount of radioactive effluents releast
or discharged to the environs beyond the effective control of the
facility operators as determined at or before the point of uch
release or discharge. The sumary shall include to the er .at
practicable an estimate of individual odionuclides present in the
effluent. If the estimated average relecse after dilution or difft
sion is less than 25% of the concentratiot, allowed, a statement ,

to this effect is sufficient,

F. A sumarized result of environmental surveys performed outside the
facili ty,

G. A sumary of exposures received by facility persannel and visitors
where such exposures are greater than 25% of that allowed.

The annual report shall be submitted to the Director, Division

of Licensing, U.S. NRC, Washington, DC 205% and to the Director,
NRC Region II, Inspeion and Enforcement Office, Atlanta, Georgia.

6.6.2 Special R ports

A. There shall be a report not later than the following working day
by telephone and confirmed in writing by telegraph or similas
conveyance to the Comission,to be followed by a written report
that describes the circumstances of the event within 14 days of
any of the following:

(a) Release of radioactivity from the site above allowed limits,
(b) Violation of safety limits (see 6.5.1),
(c) Any of the following:

(1) Operation with actual safety-system settings for requiret
systems less conservative than the limiting safety-systen
settings specified in the technical specifications,

(2) Operation in violation of limiting conditions for operali
established in the technical specifications unless prompt
remedial action is taken,

(3) A reactor safety system component malfunction which rende
the reactor safety syrtem incapable of perfonning it'.
intended safety function unless the malfunction or rondil
is discovered during maintenance tests or period', of re.u
shutdowns. (Note: Where components or systems are pro-
vided in a- ' +ico * 1 those required by the technical spec
ifications. ere of the extra components or syster
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is not considered reportable provided that the minimum
number of components or systems specified or required
perform their intended reactor safety function.),

(4) An unanticipated or uncontrolled change in reactivity
greater than one dollar. Reactor trips resulting from
a known cause are excluded.

(5) Abnonnal and significant degradation in reactor fuel, or
cladding, or both, coolant boundary, or containment
boundary (excluding minor leaks) where applicable which
could result in ex;e? ding prescribed radiation exposure
limits of personnel or environment or both,

(6) An observed inadequacy in the implementation of administra-
tive or procedural controls sich that the inadequacy causes
or could have caused the existence or development of an
unsafe condition with regard to reactor operations,

(7) A violation of the Technical Specifications or the fr. ility
license.

6.7 Rec _o.rds

Records of the following activities shall be maintained and retained for the
periods specified below. The records may be in the form of logs, data sheets,
or other suitable forms. The required information may be contained in single,
or multiple records, or a combination thereof. Recorder charts showing
operating parameters of the reactor (i.e., power level' temperature, etc.) for,

unscheduled shutdown and significant unplanned transients shall be maintained
for a minimum period of two years.

6.7.1 _Reco,rds To Be Retained for a Period of at least Five Years

A. Normal reactor facility operation (supporting documents such as
checklists, log sheets, etc. shall be maintained for a period of
at least one year).

B. Principal maintenance operations.
C. Reportable occurrences.
D. Surveillance activities required by the Technical Specifications.
E. Reactor facility radiation and contamination surveys where required

by applicable regulations.
F. Experiments performed with the reactor.
G. Fuel inventories, receipts, and shipments.
H. Approved changes in operating procedures.
I. Records of meeting and audit reports of the RSRS.

6.7.2 Records To Be Retained for at least One Training Cycle

A. Retraining and requalification of certified operations personnel.
Records of the most recent complete cycle shall be maintained at
all times the individual is employed.

:

6.7.3 Records To Be Retained for the Lifetime of the Reactor Facility

(Note: Applicable annual reports, if they contain all of the required
information, may be used as records in this section.)

A. Gaseous and liquid radioactive effluents released to the _ environs.
B. Off-site environmental monitoring surveys required by the Technical

Specifications.
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C. Radiation exposure for all personnel rnonitored.
D. Updated drawings of the reactor facility.

39
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7.0 _AL_AR_A (10 CFR 50.36a)
i

The principal routine emission from the UFTR facility complex is Argen-41 dis-
charged by the Reactor Vent System. There is no known biological uptake of
Argon-41 and exposure limits are based upon external, total body irradiation.

The concentration of Argon-41 in the stack effluent is continuously monitored when
the reactor is operating, and is normally less than 1 x 10-5 uCi/ml af ter several
hours of full power operation. The annual release is related to the number of
equivalent hours of 100 KW operation (KWh per year). Reactor operations are limited

,

by prior agreement, and by these Technical Specif t:ations, to the limit the Argon-41 ;
discharges to MPC when averaged over a month and using the established atmospheric '

|ilution factor of 200.

The off-site environmental radioactive surveillance program has proven that expo-
sure to the general public from the reactor radioactive effluents approaches con-
sistently the non-detectable level and certainly are always well below the 500

,

mrem / year federal limit.

The ALARA program at the UFTR minimizes unnecessary production of radioactive ;

effluents by selectivity of operations. The potential reduction of Argon-41 releases '
is frequently reviewed, and is a major item of consideration during the upcoming
reviews to upgrade facility operations to 500 KWth. A reduction of the vent flow

i as well as of the Argon dissolving in the primary coolant are being proposed as
' well as the possibility of utilizing storage tanks. ;

,

Radioactive liquid effluents and personnel radioactive exposure are well within
ALARA guidelines.

,

<
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17. QUALITY ASSURANCE

Paragraph (a) (7) of Part 50.34 " Contents of Applications; Technical
Information" of 10 CFR Part 50, " Licensing of Production and Utilization
Facilities," requires that each applicant for a construction pennit to build
a utilization facility include in its Preliminary Safety Analysis Report a
description of the Quality Assurance Program to be applied to the design and
construction of the structures, systems, and components of the facility. !

Since the UFTR is an already operating facility presented for license renewal,
these preliminary requirements are not applicable here.

At the time of construction and installation of the UFTR facility, and
at other points whenever significant physical modifications were made to the
UFTR reactor facility as documented in license amendments and other records
of system changes, the necessary assurances of quality in the design, pro-
curement, construction, installation and operation of the facility were
obtained and records kept and stored by those responsible for assuring UFTR
sa fety. At any future time that significant physical modifications are con-

| sidered for the UFTR, established quality assurances are required. Since
! the UFTR is a small installation, there is no separate QA program division.
! However, the various requirements for QA programs are and will continue to

be met by an active and effective system of overviews. In addition, adequate
records to assure UFTR quality have been kept.

'

Regulatory Guide 2.5, Revision 0-12, May 1977 describes a method con-
sidered acceptable by the NRC staff for complying with the Comission's regu-
lations with regard to overall quality assurance program requirements for
research reactors. In effect, this Regulatory Guide references and supports
the standard ANSI N402-1976, " Quality Assurance Program Requirements for
Research Reactors" which describes a quality assurance program for use in:

| research reactor facilities. Since the general requirements for establishing
and executing a quality assurance program for the design, construction, test-
ing, modification, and maintenance of research reactors that are included in
ANSI N402-1976 provide a method acceptable to the NRC for complying with the
Program requirements of 10 CFR 50.34, this standard will be used as a guide
for all future design, construction, and testing connected with significant
modifications to the UFTR. Testing and maintenance of the existing UFTR
facilities continue to have their quality assured as in the past; maintenance
and testing quality, assurance records are kept in accordance with previously
established procedures which have been found acceptable by the NRC.

Paragraph (b)(6)(ii) of Part 50.34 requires that each applicant for a
license to operate a facility include in the Final Safety Analysis Report a
description of the managerial and administrative controls to be used to assure
safe operation. The required descriotion of the managerial and administrative
controls used to assure safe UFTR operations are contained in Chapter 13,
" Conduct of Operations," and in certain sections of Chapter 12, " Radiation
Protection" of this Safety Analysis Report. This managerial and administrative,

organization is considered adequate to continue to assure the safety of opera-
tions at the UFTR facility from the design stages of any proposed modifications
through associated testing and maintenance as well as continued oneration of.

the UFTR in its present capacity or in any altered capacity or arragement
are approved by the NRC.

|
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