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INTRODUCTION AND GENERAL DESCRIPTION OF PLANT

1.1 Introduction

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 361 square miles in the north-central part
of Florida. The University of Florida campus is located approximately
one mile from the center nf the city of Gainesville.

The UFTR is a modified Arqonaut type react:r, a 'ight water and
graphite moderated, graphite reflected, light water cooled reactor.
The UFTR is currently licensed for 100 kw (thermal) 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 thiy Safety Analysis
Report show that the UFTR ¢ n continue to be operated 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 Southwestern
quedrant 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). Enroliment by quar-
ters for the preceding full year has been as follows:

Winter Quarter, 29,384 students
Spring Quarter, 27,997 students
Summer Ouarter, 16,131 students
Fall Quarter, 32,314 students

Expected continued but slow growth wil”™ iake these figures representa-
tive for several years.

The UFTR is located on campus in the immediate vicinity of the build-
ings housing the College of Engineering and the College of Journalism.
The Nuclear Sciences Center, which house 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
pers??nel by keeping the other doors to the re.ctor 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 reaccor facility, access control, and standard procedures are
designed to prevent or minimize injury ir the event of aircraft 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 ~ 4. 87 enriched SPFRT 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 gqraphite blocks
which surround the boxes containing the fuel plates and the water
moderator. The fuel is contained in MTR-type plates assembled in bun-
dles. 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 l-requlating), of the swing-
ing-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 dummy bundles arranged in six water-filled
aluminum boxes, surrounded by reactor grade graphit-.

A1l reactor operations are supported by the following systems:

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

1-2



Secondary cooclant system

Primary water make-up system
Purification system

Reactor vent system

Shield water tunk system
Radiation monito: i* » system
Radioactive waste disposal system

VNS

L

T

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 stancard drop of control blades,
and include:

1. Fast period
2. Exceeding maximum allowable power (125%)
3. A 102 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:

Loss of power to the reactor vent blower system

Loss of power to the reactor vent diluting system

Loss of power to the reactor secondary system deep well
pump when at or above | Kw

Loss of power to the primary coolant pump

Drop of secondary flow below 60 gpm

Drop in shield water tank below set point

Reduction of primary coolant flow below 30 gpm (inlet)
Loss of primary coolant levei (outlet)

High temperature of primary coolant returning from the
reactor.

[ S

O~V &

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:

Personnel monitoring service

Radiatior instrument calibration and maintenance
Radioaciive material handling and safety procedures
Decontamination

Personnel records

Solid and Liquid Radioactive Waste Disposal.

DA E W N -
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Although the Radiation Control Office provides solid radicactive
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 Fiqure 1-2
and include:

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

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

i) Center Vertical Port (CYP) with 2 inch diameter
ii) 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 ? add-
itional thermal column positions with removable stringers
which are infrequently used;

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

6. Six (6) horizontal openings, 4 inches in diameter, located
sywnetrically 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. lenath running east-west across
the reactor. Shield plugs or other shielding appropriate
to experiments in progress are nommally inserted in*o these
ports which are clearly identified in Fiqure 1.2.

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%7 Ak/k
Safety 3 with = 2.2% 2k/k

and the regulating blade has a total worth of 1.0% Ak/k. The maximum

allowable worth of any single unconstrained experiment is 0.67 reac-
tivity. The measured shutdown marain with the most reactive blade out is
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2.9%7 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 Chapter (15), including the effects of a rapid reactivity
insertion, radioactive fission product release and loss of coolant flow
in the case of 100 Kw (thermal) operation of the UFTR.

1.3 Comparison Tables

1.3.1 Comparison with Similar Facility Designs

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

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 Blacksbura,
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 paraqraphs.

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
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opposite side is placed a water shield tank as in the UFTR design.
Completely surrounding the shield water tenk, thermal column, and
core is a concrete shield of external dimer 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-moderated reactors using similar fuel plates such as
the LITR, MTR, BSTF, Borax I, II and ITI, and Argonaut. (5)

1.3.2 Comparison of Final ang 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 ldentification 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 V4. 8% enriched
SPERT fuel rods are being investigated for this purpose.

1.5 Requirements for Further T chnical Information

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 UFIR is already 1i-
censed and has been operational since May, 1959 when it was first 1i-
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 beirg proposed in



this SAR. No further technical information 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
Arqgonaut Reactor Characteristics

UFTR* UCLA R-]**
Type Heterogeneous, Thermal Heteroqeneous, Thermal
Thermal Power 100 Kw 100 Kw
Flux Level (at 100 Kkw) LLxlolzn/cmzsec in center I.leo‘?n/cmzsec - Thermal

vertical port 1.8x10‘?n/cm25ec - Epi therma)

2.0x10‘0n/cmzsec - Fast
Excess reactivity 1.00% aAk/k 1.85% Ak/k
Clean, cold
critical mass 3.07 kg U-235 3194.4 gm U-235 (Ref. 5)
Effective prompt -4 22
neutron lifetime 2.8 x 10 " sec 2 x 10 ° sec
Uniform water
void coefficient -0.2% aAk/k/% void -0.1647 Ak/k/” void
Temperature -4 4
Coefficient <0.3 x 10 ~ Ak/k/°F -0.865 x 10 " Ak/k/"C
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 am/cc)
Moderator HZO and graphite HZO and graphite

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

**yalues 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 availahle
in the characteristics chart of April, 1978,
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Fuel

Fuel Assembly

Fuel Material

Fuel Enrichment

Fuel Loading

Plate Thickness

Thickness U-Al
Thickness Clad
Plate Width
PMlate Length

Witer Channel
Spacing

Al to H20
Volume Ratio

“Meat" compo-
sition

Coolant

Type

Minimum
Resistivity

Normal
Resistivity

Primary Flow
(at 100 Kw)

Secondary Flow

UFTR

24 bundles with 11
plates/bundle

U-Al alloy

93% enriched
3354.61 gm U-235

0.070 in.
0.040 in,
0.015 in.
2.845 in.
25.625 in,

0.137 in.
0.49

14.5 wt. 7 U-Al alloy

Demineralized HZO
5

5 x 107 ohm-cm
6

A1 x 107 ohm-cm

40 gpm (scram at 30 gpm)
200 gpm (nominal)
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UCLA R-1

24 bundles with 11
plates/bundle

U-Al alloy

19 bundles: 93.18% U-235
5 bundles: 93.123% U-235

3356.86 gm U-235,
excluding burnup

0.070 in.
0.040 in.
0.015 in.
2.845 in.
25.625 in.

0.137 in.
0.51

13.4 wt. % U-A1 alloy

Demineralized N20
§ x 10° ohm-cm
% 106 ohm-cm

16.0 gpm
22.5 gqpm



UFTR UCLA R-1
Coolant (continued)

Primary Equilibrium
Temperature Inlet
(100 Kw) B6°F + 2°F 100°F + 5°F

Primary Equilibrium
Temperature Outlet
(100 Kw) 103°F + 2°F 142°F + 5°F

Secondary Well

Wwater Equilibrium

Inlet and Outlet

Temperatures

(100 Kw) VI13°F /77 °F -

Control Blades

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

Number 3 safety, 1 regulat- 3 safety, 1 requlating
ing

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

Removal Time ~ 100 sec (minimum) 2100 sec

Blade Worth,

Safeties Safety #1=1.4% Ak/k Safety #1=1.56% Ak/k
Safety #2=1.3% Ak/k Safety #2=1.68% Ak/k
Safety #3=2.2% Ak/k Safety #3=1.60% Ak/k

Blade Worth,
Regulating “].0% Ak/k 1.01% Ak/k

Minimum Shutdown
Margin (actual) n2.9% 2.31%

Reactivity addi-
tion rate, maximum
allowed 0.06% Ak/k/sec L0774 Ak/k/sec

Shield (concrete)

Sides, center 6 ft., cast, barytes 6 ft., cast, magnetite
Sides, ends 6 ft. 9 in., cast 6 ft. B in. cast, magnetite
barytes



Shield (concrete) (continued)

Middle

Top

End

Experimental Facilities

Thertal column,
horizontal

Thermal column,
vertical

Shield test tank

fxperimental holes

Foil Slots

Horizontal
Throughport

Removable thermal
column dry room

Shieid
Yentilation

UFTR

Barytes concrete
blocks

5 ft. 10 in.

3 1L % .

60 in x 60 in x
56 in high

2 ft. diameter x
6 ft.; H20 or D20

5 ft. x 5 ft, x
14 ft. high

6 horizontal, 4

in diameter

5 vertical, 4 in

x 4 in

3 vertical, 2,1 1/2,
1 1/4 in diameter

16 vertical, 3/8 in
x 1 in

2.05 in. ID x 20 ft
length

250 cfm, room air

UCLA k-1

Cast concrete blocks
5 ft. 10 in. magnetite
blocks

3 ft. 4 in. magnetite
blocks

60 in % 52 in x 43 in
long (removabie)

Provision for installation

5 ft. x 5 ft. x 14 ft,
6 in. deep

2 horizontal, 6 in dia-

meter

4 horizontal, 4 in diameter

3 vertical, 1 7/8 in diameter

16 vertical, 3/8 in x 1 in

56 in x 56 in x 40 in long
(east-west)




1.6 Material Incorporated by Reference

The following documents which have been referenced throughout
this report can be found under Docket Number 50-83:

1. University of Florida Training Reactor Security Plan
2. University of Florida Training Reactor Standard Oper-
ating Procedures

1.7 Electrical, Instrumentation, and Control Drawings

Electrical instrumentation and control (EIAC) d*iwings for the
UFTR reactor system are taken from Reference presented in Figures 1-4
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.



TABLE 1-2

ABBREVIATIONS USED IN UFTR

ELECTRICAL, INSTRUMENTATION AND CONTROL DRAWINGS

AMM
AMP
AUTO
B/S
CAL
CiC

COMPA
COMPUT
CPS

ON

HV
INT'LK
LIN
LOG
MAG
MAN

NI

P/S

PA

PC

PWR
REG
RPI

vic

W/D
W/R
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AMML VER

AMPLIFIER
AUTOMATIC
BISTABLE
CALIBRATE

COMPENSATED ION
CHAMBER

COMPARATOR
COMPUTER

COUNTS PER SECOND
DOWN

HIGH VOLTAGE
INTERLOCK

LINEAR
LOGARITHMIC
MAGNETIC CLUTCH
MANUAL

NUCLEAR INSTRUMENTATION
POWER SUPPLY
POWER AMPLIFIER
PRIMARY COOLANT
POWER

REGULATING ROD

CONTROL BLADE (ROD)
POSITION INDICATION

IINCOMPENSATED ION
CHAMBER

WITHDRAWAL
WICE RANGE DRAWER (CHANNEL)
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2. SITE CHARACTERISTICS

o

.1 Geography and Demography
2.1.1 Site Location and Description

2.1.1.1 Specificatior of Locati~~ The UFTR is located on the campus
of the Unfversity of Florida, ~1achua County. Figure 2-1 shows the
geographic location of Alachua County with Gainesville at its center in
the North Central portion of the Florida veninsula. Fiaure 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 part
of Florida, approximately midway between the Atlantic Ocean and the Gulf
of Mexico. Gainesvilie is in the Central Highlands of the Flor’ "3 penin-
sula. The nearest approach of the Gulf of 'exico is about 50 n. 25 to
the southwest, and the Atlantic Ocean is abo.t 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 are: which has a pooulation
of about 125,000. The city proper has a populat.on of about 83,000,

The UF campus is approximately one mile from the c.ater of the city
(Unfversity Avenue and Main Street).

The Nuclear Sciences Center is annexed to the reactor building which
fs Tabeled Building No. 557 in Fiqure 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 buildine
point. The site is 50 ft. south of Reed Laboratory (No. 131); the closest
resfidence hall is Easi “all which is approximately 750 ft. due west of
the reactor building. The reactor is located about 600 ft. north of the
J.W. Reitz student Union, about 100 ft.west of the Journalism Buildina and
250 ft. due easi 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 Map. 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 itcelf since this is a low power training and
research reactor.

2.1.).3 BRoundaries for Establishing Effiuent "elease Limits. Under the
requiations of 1O CFR 100, a restricted area is defined 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 ton 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.

Fcr 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 exclusion 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(0) means all doors are capable of being locked and
the entire facility safequarded 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 I‘achua County, approximately one mile from the center of

the city (University Avenue and Main Street). The University of [lorida

was created by an Act of the Florida Leaislature in 1905, and has a winter '80
quarter enrol Iment of about 30,500. The maximum enrolIment 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 from different reaions
of the state who are appointed for nine-year terms by the Governor of Florida.
A1l 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.



A1l land within the boundary lines of the campus and the exclu-
s1on 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 Universitv of
Florida have the authority to determine all activities, including ex-
clusion and removal 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 Dperation. 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
traversed by any major highway, traffic control arrangements will be
limited to campus routes only. All ingress and egress roads to the
campus (Figure 2-4) will be controlled bv campus officials. In the
event of difficulties arising from or developed by the reactor, the
radiation warnina syscem will sound the evacuatior s.ren for the reac-
tor building. The staff, faculty and sludents in the building are ad-
vited to evacuate the building upon hearing the siren., It is estimated
that a1l uninjured persons can be evacuated from the reactor building
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 emerqgency 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.

7.1.3 Population 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 greuping within 10 miTes 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
percentace population change within the years 1960 through 1970 where
Alachua County is found in the 40 to 100% cateqory. Figure 2-7B illustrates
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the projected population for 1978 with Alachua County fallina 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 Population Between 10 and 50 Miles. The majsr population
centers between 10 50 miles from the reactor site are illustrated in
Figure 2-5 where ~ne 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 informa-
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 Community College, both having a qreat impact
on the population composition of the greater Gainesville area.

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 fram
7:30 a.m., to about 10:00 p.m. »5 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 dormitories while another 1400 uccupy 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 enrol Iment was 7063 students while the current
enrolIment 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

10 CFR Part 1UU.§(577'TFETGHES the University of Florida campus which
constitutes a radial distance of approximately 3500 feet from the reactor
site. The only significant permanent population concentrations in **:

low population zone are the dormitory facilities located on the Un' ;ersity
campus (See Figure 2-4). The closest residence hall is Fast Hall (#592),
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 buildinas 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
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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 ft. range from the UFTR facility
(5). The number of students housed within the campus residence areas,
excludina 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 Tow population zone has been selected on the basis of its
sma'l easily evacuated, residential population. A1l of the peaple within
the zone can be notified and evacuated in the event that a siagnificant
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 Population Center. The nearest population center as defined by
10 CFR 100.3(a) is the city of Gainesville. It should be noted that the
boundary of the densely pcoulated 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 100.11(a)(3).

2.1.3.6 Population Density Around the UFTR Site. Since the UFTR is a
small, self-protected reactor presently Ticensed to operate at 100 Kw
(thermal), 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
information 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 Fiaure 2-9 show the population dis-
tribution for each sector of the compass for circles with radii 1 and §
miles. The most significant changes to the Gainesville area population
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after 1970 have occurred in the "suburbs", outside the 5 mile area

and through annexation. although there has been some buildup of poou-
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,5SW, 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
PR S i § 0-1 miles 1-5 miles
N 1405 2313
NNE 1757 2978
NF 3668 1050
ENE 1243 1050
¢ 1207 4016
rSE 2654 5997
St 574 4628
SSE 1654 .
S * *
SSW * -
SW * *
WSW * *
W 3643 .
WNW 1303 "
NW 100 2337
NNW 777 4931

A study of the area activities has shown that there are no sianifi-
cant industrial activities in the immediate area that could lead to vo-
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
city. large-scale industries are not present to any significant extent; the
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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 small 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 44) 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 3 1/2 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 Buildina
and on the west side by the unoccupied Chiller Unit Facility. The loca-
tion of the UFTR building in relationship with all surrounding buildings
and the campus in general, provides for shielding and a protective ef-
fect from the forces of explosion on all sides.

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 0old 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 Fiqure 2-2.

2.7.2 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
throuah and around Gainesville and to the only airport in the area, the
Gainesville Reqgional Airport.

2.2.2.1 Description of Transportation Routes. State Roads 26, 121, and
24, U.S. Highway 441 and Interstate 75 are all 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
tourist trave! 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 2?4 and
U.S. Highway 441.




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 center of the city. Primary
access from the city center is via excellent four lane routes, East
Unfversity Avenue and Waldo Road (State Road 24), as seen in Figure
?-2. The former Army Air Corps Bases which is now Gainesville Reqgional
Airport was deeded to the city of Gainesville, the present owner, in

1548,

Tn> Gainesville 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
Fastern Airlines. Scheduled Interstate air carrier service is provided
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 1s 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 serv.ces to Gainesville. In spite of
this fact, these projections are still deemed accurate since the figures
were originaily 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 fatilities 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 possibie 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
(DECREASE) (DECREASE )
PASSENGERS (Number)
ScheduTed Afr 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 7323 19,07 12.4 377,313 130,429 17.3
Commuter/Air Taxi
ﬁéETZEéa““‘*‘”“ 58 265 §78.l; 2,050 3,752 (32.4)
Enplaned 64 306 79.1 2,399 3,798 s .s;
Totals P2 72 1 (78.6) I 750 a1
Non-Scheduled (Charter)
“Deplaned 325 124 162.1 5,814 4.3;; gg.:
Enplaned 525 124 323.4 7,091 4,6 .
Totals B0 2% 242.7 B A o) 32.0
Total (A11 Types)
plane: 10,704 9,788 9.4 119,698 }(82,978 }Gg
Enplaned 11,697 10,102 15.8 120, 561 020 5,
Totals 72807 T9.890 12.6 740,259 706,998 16.1
TOWER OPERATIONS (Numbers)
&{r Carrier 314 326 (3.7) 3,870 3,656 5.8
Commuter/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
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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 19
TINCREASE OR
(DECREASE) (DECREASE
PASSENGERS (Number)
Scheduled Air Carrier
" Deplaned 11,147 9,428 18.2 60,930 gs.oaa 10.7
Enplaned 11,067 9,778 13.2 60,125 55,098 g.1
Totals 77218 19.20 15.7 127.055 170,146 9.9
Commuter/Air Taxi
" Deplaned 136 242 (43.8§ 789 1,585 50.2
Enplaned 183 252 (27.4 897 1,894 52.6
Totals 319 494 (35.4) 17686 T.479 51.5
Non-Scheduled (Charter)
planed 88 233 isz.zi g.ggg g.ggg igg.g;
Enplaned 7 233 53.4 3
Totals T85 466  (60.3 1973 5,300 (25.0
Total (A1l Types)
Deplaned 11,271 9,903 14.8 6;,3]? gg,ggg ;z
Enplaned 11,347 10,263 10.6 62,90 "
Totals 37,718 20,166 12.7 126.714 18,375 6.5
TOWER OPERATIONS (Numbers)
Alr Carrier 297 M (a.5) 1,851 1,942 (4.7)
Commuter/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
S LA " INCREASF OR
(DECREASE)
PASSENGERS | Number)
Scheduled 2ir Carrier
“Deplaned 12,355 9,579 28.7
Enplaned 11,938 9,158 30.4
Totals '7Tf?§§ 18,755 29.5
Commuter/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 543 1,315 (58.3)
Total (A1l Types)
“Deplane 12,807 10,499 22.0
Enplaned 12,419 9,778 27.0
Totals 25,226 ?5?777 24.4
CARGO ’Pounds)
r Fraight
Deplaned 60,760 49,954 2;.3
Enplaned 29,441 22,252 32.
Totals 90,207 72,208 24.9
Mail
~ “Deplaned 000 000 000
Enplaned 000 000 000
Totals 000 000 000
Air Fxpress
Dep)an 000 000 000
Enplaned 000 000 000
Totals 000 000 000
Total Cargo
" Deplaned 60,760 49,954 g;.g
Enplaned 29,441 22,252 .
Totals 90,201 72,206 24.9
TOWER OPERATIONS (Numbers)
Air Carrier 409 322 27.0
Commuter/Air Taxi 186 15 1140.0
General Aviation 6,890 7,938 (13.2)
Military 37 m (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
" INCREASE OR
(DECREASE)
PASSENGERS (Number)
Scheduled Air Carrier
‘Bepganed 14,724 12,355 19.2
Enplaned 14,302 11,938 1.8
Totals 29,026 24,293 19.5
fommuter/Air Taxi
“Deplaned 233 198 17.7
Enplaned 224 186 20.4
Totals 457 384 19.0
Non-Scheduled (Charter)
" DepTaned 50 254 30.3;
Enplaned 70 295 76.3
Totals T20 547 78.1)
Total (A11 Types)
_'bip}aned }5.007 12.8?7 17.2
Enplaned 4,596 12,419 17."
Totals 29,603 75,276 17.4
CARGO éPounds)
r Freight
DepTaned 44,440 60,760 (2;.9)
Enplaned 30,263 29,441 .8
L lTotzns 77,703 30,201 (17.2)
i
Deplaned (%0 000 000
Enplaned 000 000 000
Totals 000 000 000
Air Express
Biplanga 000 000 000
Enplaned 000 000 000
Totals 000 000 000
Total Cargo
.E-Td-p a 44,440 60,760 (22.:)
Enplaned 30,263 29,44) &
Totals 74,703 §§f?UT (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 3,621 7,522 27.9



Table 2-6

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

AIR TRAFFIC VOLUME RIPORT
JANUARY, 1980

PERCENTAGE
1980 1979 1980 over 1979
S S “INCREASE OR
(DECREASE)
PASSENGERS (Number )
Scheduled Afr Carrier
Deplaned 16,080 14.72: z.%
Enplaned 14,893 14, 30¢ .
Totals 30,973 75:5?3 6.7
Commuter/Air Taxi
" DepTaned - 233 (100.0)
Enplaned - 224 2100.0;
Totals - 57 100.0
Non-Scheduled (Charter)
Deplaned 129 50 158.0
Enplaned 128 70 82.9
Totals 257 120 114.2
Total (A1l ngesz
plan 16,106 15,007 ;.g
Enplaned 14,927 14,596 ’
Totals N.053 79,603 4.8
CARGO (Pounds
“Kir Freic Tl
" Deplane 55,373 44,440 34.6
Enplaned 40,943 30,263 5.3
Totals 3,316 77,703 28.9
Mail
Deplaned 000 000 000
Enplaned 000 000 000
4 Tutals 000 000 000
ir Express
Deplaned 000 000 000
Enplaned 000 000 000
Totals 000 000 000
Total Car
Deplane 55,373 44,440 24.6
Enplaned 40,943 30,263 35.3
Totals §3f§T3 74,703 28.3
TOWER OPERATIONS (Numbers)
Air Carrier 538 454 18.5
Commuter/Taxi 20 191 89.5
General Aviation 7,388 8,906 17 0
Military 72 70
Totals 8,018 9,621 (15 7)
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Table 2-7
GAINESVILLE REGIONAL ATRPORT
DEMAND ALLOCATION
COMMERCIAL AND MILITARY

3ase Year

Operations 1970 Existing 1980 1985 1990
Cert. Air Carrier NA 2,782 6,200 8,800 12,700
Intra. Air Carrier* NA - (11,400) (12,800) (14,300)
Busy Hour NA 2 7 8 9
Ann. Instrument App. 1,502 219 634 900 1,299
Ailitary - 3,643 3,700 3,700 3,700
Passengers

Enplaned 7.,009%* 58,757 200,500 305,200 464,600
Typical Peak Hour NA 153 361 458 511
Based Afrcraft GENERM. AVIATION

Single-Eng. 49 86 87 119 152
Multi-Eng. 12.5 n 18 20 26 36
Multi-Eng. 12.5 - 8 2 - -
Turboprop 12.5 - - 3 3 5
Turboprop 12.5 - - - 2 3
Turbojet 12.5 - - 2 a B
Rotor - - 4 6 9
TOTAL 60 109 118 160 213
Operations

Single-Eng. 76,50C 91,600 143,700 200,400 271,500
Multi-Eng. 5,500 9,500 12,000 16,900 23,800
Multi-Eng. 12.5 - 1,500 600 - -
Turboprop 12.5 - - 5,600 5,900 8,700
Turboprop 12.5 - - - 1,900 2,900
Turbojet - 2,200 4,200 5,500 10,000
Rotor - - 5,200 9,100 13,700
LOCAL 37,000 35,500 59,400 79,800 109,900
ITINERANT 45,000 68,800 111,900 161,900 220,700
TOTAL 82,000 104,300 171,300 241,700 330,600
Busy Hour VFR 101 102 130 156 196
Busy Hour IFR 24 13 28 40 L)
Ann. Instrument App. 856 977 2,238 3,238 4.414
Passengers
Busy Hour Pilots

and Passengers - - 164 198 249

*Included in General Aviation Operations Forecast

**Fy 1970,
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£.2.2.3 Rrogections of Industrial Growth. As stated in the Chamber
of Commerce Pepulation 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 i1 retail trade, in the ser-
vices industries and in contract construction by the end of 1978. The
current building slowdown is affe (ing 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 arowth 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
suftability.

2.2.3 Evaluation of Potential Accidents

2.2.3.1 Determination of Design Basis Events. The effects of potential
accidents Tn 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 relativelv
small areas of aircraft impact, the protected location of the UFTR building
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in reference to other surrounding buildings, 2nd the relatively small
size of most of the aircraft involved, it is concluded that the oprobab-
ility for tornadoes to affect the UFTR site as well as their potential
impact, is much greater than the probability of an aircraft 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. A1l 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 desian 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. Ouoted from Reference 2, the following infor-
mation is based on Jocal 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 causc marine climatic characteristics to prevail
in summer. Maximum temperatures in the nineties are common in summer but
readings as high as 100°F have heen 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,
near'y 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 drouaht
without measurable rainfall was 39 days, October 18 through November 25,
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 storms or hurricane centers have passed
within approximately 75 miles of the University of Florida site, only one
aaditional 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 storms. Of these a maximum
of 13 hurricanes were experienced with"1 100 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 2-11A,the typical tropical storm 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 {llustrated
on the frequency histogram ir {gure 2-11B,the highest frequency of trupi-
cal storms in the Central Flo. ida 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 storm 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 qusts
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 qustiness of this severity.

2.3.1.2.2 Tornadoes. In the period of 1948 through 1958, more than
50% of the waterspouts rep~rted throughout the coastal states of the Unfted
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
Shippinq(an? have become destructive tornadoes as they crossed from water
to land. ()1
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Figure 2-11A. HiocOrical Hurricane Points of
Entry for the State of Florida.
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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 causina 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 cver $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 causiig 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 damace 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, Fiqure 2-12B 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 protability
of a tornado striking a point within a given area may be estimaced using
the formula (12):

p = A (2.1)
where symbols are defined as follows:

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

7 = 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 (mearm number 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.

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.”84 square miles) as compared to a nationwide
average path area measuring 400 yards in width and 16 miles in lenath.
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 square miles) in which the UFTR site is located, a value of
P~ 1.7 x 10-3year-! is calculated as the mean probability per vear of
a tornadc striking within the UFTR site. Of course this probability of
such a tornado striking within the UFTR site (reactor building accupies
less than an acre) is very conservative because the mean tornado path
area in Florida ‘s so much less than the national average used in the
calculation,

The mean recurrence interval, R = 1/P, of a tornado strikina 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 10-4year-1). Since the probability value P is
greater than 10-7, tornadoes will be considered for the design and operat-
129 basis of the UFTR as the most 1ikely natural disaster to affect the
UFTR site.

2.3.2 Local Meteoroloqgy

2.3.2.1 Normal and Extreme Values of Meteorological Parameters. As quoted
from Reference 11, 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 qeographical 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 gereralized topoaraphical 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,

23 proximity to the Gulf of Mexico and the Atlantic Ocean,

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 followina
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properties:

sea breeze convergence,

frequency of frontal passage,

frequency and strength of hurricanes,

frequency and duration of anti-cyclonic subsidies
condition,

frequency and intensity of occurrence of tradewind
inversion, and

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

B T
e e Sl Nt
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—

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 seasc-
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 summer,occurring as afternoon thunderstorms
generated by strong surface heating, and fed by double sea breeze cu-ver-
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 morths 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 presence
of the strengthening high pressure cells, and the formation of low level
inversions by the high rate of nocturnal cvoling 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 con-
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
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) aloft. Such a configuration is stable
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 probable 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, Towering ¢f lake
levels, and the depletion of the shallow weils.

The ridge extension of the Bermuda High is exceedingly common durina
the summer 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 qulf provide mois-
ture, and the differential land-sea heating provide a pressure aradient for
the development of sea breeze convergence which powers intense afternoon
convective storms. (11)

The climatological summary 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 ‘rom 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 durina 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 rep.-ted 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 ind May to about 61 percent in July, August and September.
Heavy fog forms un 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 Novewber through March. With the exception of temperatures and to-

tal daily precipitation, 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 wpproximately 70 miles to the northeast but due to its coastal locaticn,
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 precipitation
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 o1 .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
1ines represented by the wind scale indicates the number of hours for which
winds of the designated velocity groups prevailed 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 ine 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

MeteoroTogy. 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.

2.2,2.3 Local Meteorological Conditions for Design and Operating Bases.
Since the UFTR is a self-protected and 1solated low-power system with
neqligible 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 Accicdent are pre-
sented in Secton Z2.3.5.

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 programs
in effect at both the Deerhaven plant about 8 miles north of the UFTR
site and in a limited way at the Gainesville Regfonal 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 conservative estimates of lona
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 the
U.S. Nuclear Regulatory Commission in Regulatory Guide 1.111: "Methods
for Estimating Atmospheric Trancnort and Dispersion ot Gaseous Effiluents
in Routine Releases from Light-Water-Cooled Reactors.” The computer code
X0QD0Q, 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 atmc” .heric 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 insolationand 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 wini vane with two
degrees of freedom

(ii1) The temperature gradient, or the neasurement 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 meteornlogical tower and later processing the data to obtain hourly
averages. This latter procedure was also applied for computing averaae 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. X0QDOQ distributes these hours within the lowest speed class, with
weights in accordance with the direction and stability distribution of the
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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
piume 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
atmospheric diffusion coefficient is (16):

X/Q = 20328 14y g2 ,100) exn(-he?/205 (%)) (2-2)

where the following definitions apply:

i
J

wind speed class index;

stability class index (usually from 1 to 7 corresponding to
Pasquill categories A to G),

.. = annual frequency that the wind blows into a sector(total number
'J' of hours the wind blows into a sector in a year divided by the
total number of hours in a year) with speed class "{" and stab-
ility class "j";

n n

1

x = downwind distance from the release point;
”z‘(f) = standard vertical plume spread shown in Fiqure 2-16
J u; = wind speed corresponding to wind speed class "i"
he = effective stack height (to be defined later)
xzj(xs = effective vertical plume spread which is given by

py(X) = (Ozjz(x) v 0.5 )2 (2-3)

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 nf the distance ind 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.

The effective stack height is given by:
P.=h +h _ -c¢ (2-4)
c q pr
where the following definitions apply:



1000

e o @ 4 w0y 1 [
" 1
¥ 3 “+—++ -——7![ -
4 .
-
j 2 //'
/ -
/ ‘T r"'"“
-
A =~
100 A/ / // al o il
" i .
th //
- r il ,4#‘/ | et
g / 0 44{’/' - P ¥
- "
i A/ME / 1/ 1/"”
o / A ;/ L
10 // /! G/
7
o
.4
A
->d

0.1 10 10 100
PLUME TRAVEL DISTANCE (KILOME TERS)

Vertical Standard Deviation of Material in a Plume (Letters denote Pasquill Stability Class)

NOTE THESE ARE STANDARD RELATIONSHIPS AND MAY HAVE TO BE
MODIFIED FOR CERTAIN TYPES OF TERRAIN AND/OR CLIMATIC
CONDITIONS (€ G., VALLEY, DESERT, OVER WATER).

Figure 2-16. Vertical Standard Deviation of Material
in a Flume - Standard Plume spread as a
Function of Downwind Distance, Reference
14.

2-41



he = effective stack height;

hg = geometri_al stack height;

hpr = plume rise due to the momentum and buoyancy;
¢ = correction factor for downwash.

The X0QDOQ code contains two kinds of correlations for the plume
rise due to momentum and buoyancy, hp,, depending upon the stability
class. One correlation applies for gtabi]ity in Pasquill classes 1
to 4 and the other for stability classes 5 to 7.

First, for neutral and unstable conditions ("j" = 1-4), the fol-
lowing correlation is used for the plume rise in XO0DOO:

oy = 1.4 (1a)%/3(%) /3 (2-5)

where

wo = Stack exit velocity (meters per second);

x = down wind distance (meters);

u = wind speed at release height (meters per second);
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
= ra -
u,. (ﬁ;) U (2-6)
where
up = wind speed at the release height;
hy = height of actual release;
hm = height at which the wind speed was measured;
um = measured wind speed.

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

0.24 for "j"
0.50 for "j"

non
-
fog
=]
o>
-

When the stack exit speed is srall compared with the wind speed
at the instant of emission, there (s a downwash effect, causing the
actual effective height of release to be less than the one calculated
using the geometrical height corrected by the plume height. The X00DOO
code uses the Briggs correction when the ratio of exit velocity to wind
speed is in the range w. < 1.5; the downwash correction factor becomes:
u

>
‘
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c = 3(1.5 - Es)o (2-7)
r

The plur. rise elevation corrected for downwash is then compared
with the plume rise due to momentum and buoyancy:

«3% .p (2-8)

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

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

; 1/2,1/4,_ 38,-1/4 )
hpr 263(w.D) T (g 32) (2-9)
) 213, 39 ,.,-1/6 )
hpr 0.94{w,D) (gu Bz/T’ (2-10)
where
q = acceleration due to gravity (m/secz):
T = ambient air temperature (°K);
38/ 7z = vertical potential temperature gradient (°K/m).

For stable conditions, the smallest value among the oredictions of
£qs. 2-5,2-6,2-7 and 2-8 is chosen for the plume rise by the X0NDOO code.
This selection again assures conservatism in the predicted resul ts.

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. X0QDOO accounts for these purge releases by
agplying the following three formulas for the applicable diffusion co-
efficient:

x/0 = ("1('°yj!x)°zj(x) + ()..'M)).l (2-11)

K/Q = (3u,70,5(x)0,5(x)”" (2-12)

00 = (ug0, 5 (%10, 5()) Texp(- (hg/o,4(x))?/2)  (2-13)




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 oer-
centile distribution is obtained.

The output of X00DOQ is intended to be input to a radiacion dose
code so each compass section is divided into segments set st different
distances and the 1iffusion coefficients are averaged witain each sea-
ment. In this fashion the sector-averaged population duse can be cal-
culated more easily.

Z.3.4.3 Meteorological 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 Gainesville Utilities
for the Deerhaven plant and the corresponding wind rose data for the
Crystal River Nuclear Power Station. Both wind rose datz are included
in Appendix 2B. The data from Gainesville Utilities considers only

five categories with the standard correspondence of 1 to Pasauill 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
£, F, and G categories, assuming the relative weiaht corresponding to f,
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 Xr2DON, are shown in
Tables 2-9 and 2-10.

In order to calculate the possible plume rise, buildina wake and
downwash effects, the UFTR release point data contained in Table 2-1
were used.

2.3.4.4 X0QDOQ-Calculated Diffusion Coefficients. As indicated in Table
2-9 and 2-10, the two different computer runs were performed employing
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 se*s of
data respectively. The isopleths corresponding to the Gainesville and
Crystal River sets of data are shown in Fiqures 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 #s a function of distance is con-
stantly equal to zero.

2.3.4.5 Interpretation of xgggg? Results for Diffusion Cg*ffigiggts.

The wind rose data from nesville features a relatively isotropnic 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

o

UFTR RELEASE POINT SUMMARY DATA

Average vent exit velocity* 0.15 m/sec

Vent inside diameter 0.86 m

Height of the vent release point 8.25m

Height of the building vent 6.75 m

Minimum UFTR building cross secticrs! area 165 m°

Building vent air flow 0.087 m/sec

*The average vent exit velocity was obtained by dividing the air
flow by the cross sectional area.
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Figure 2-17. Annual Average Isopleth: Obtained
with Gainesville Data.
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Gainesville Data: € hours Releases
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Figure 2-19. Median Values of Short Term UFTR Diffusion Coefficients.
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The diffusion coefficients were also calculated at snecial locations,
intended to represent the highest exposed individuals for the study of
radiation dose in normal operation., A distance of 0.10 miles was :elected
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 Experimental Verification of X00DOQ Results. Reaardina the exner-
imental veri<ication of the model employed in XONDO7; for an urban area, a
recent diffusion experimental study performed at the University of California
in Los Angeles gives evidence of conservation in the Gaussian model used

to calculate diffusion 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 determined. 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 verv
conservative,

2.3.5 Diffusion Estimates for the Design Basis Accident

The methodology and calculations oresented in this section were per-
formed as part of a Master's Thesis project - Reference 4.

2.3.5,1 Objective. This section contains conservative estimates of atmos-
pheric diffusion coefficients (x/0) for the UFTR site foilowing a desion
basis accident. Since those coefficients are for times followina 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, recom-
mended by tne Nuclear Regulatory Commission in Regulatory Guide 1,111:
"Methods for Estimating Atmospheric Transport and Dispersion of Gaseous
Effluents in Routine Releases from Light-Water Cooled Reactors." (15) The
first one uses generic meteorological conditions, and is the more conserva-
tive; the second method aiiu.; the use of loc 1 meteoroloaical conditions
and is less conservative since credit for inc.eased diffusion is possible

in some regicns. 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 exoosure 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 exnosure
times of less than two hours, the following equation is used:

X/Q = imsz,)"! (2-13)
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Coefficients at 0.1 Mile Distance from UFTR.
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with

"

(05 + 0.5 AT/w)”2 (2-14)

; 2 . 172
, = (o, * 0.5 A/n) (2-15)

i

«/Q = diffusion coefficient for the pericd 0 to 2 hours (sec/m3)

u = windspeed assumed to be 1 m/sec

s = horizontal standard deviation of the plume corresponding to
y Pasquill cateagory F (m)

5 = yertical standard deviation of the plume correspondina to Pas-
quill category F (m)

A. = the minimum cross sections1 area for the vent's buildinag (mz).

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

_2.0%2 .
x/Q = ﬁE}x (2-16)

where:
x = downward distance (m)

Again from 2 to 24 hours, Pasquill category F, and a windsoeed 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) 1S sti11 applied; however, in this
time range the following atmospheric conditions are assumed:

Time Atmospheric Condition

1 to 4 days 40% Pasaquill Catecory D, wind
speed of 3 m/sec

60% Pasquill Cateqory 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




Figure 221 shows the diffusion coefficients for these sets of con-
ditions as presented in NRC Requlatory Guide 1.4 (20).

For the less conservative local meteorological conditions, the NRC-
recommended 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-10g graph with the times 1 and 8760 hours (. 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 loa-log graph.

2.3.5.3 Calculation of the Site Specific Diffusion Coefficients for

the Design Basis Accident. Figure 2-21 from Reference 14 shows the
variation of DBA diffusion coefficients with distance from the reactor
vent starting :t 100 meters. Several runs of the computer code X00DON
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 assessment, is nearly 0.5 miles from
the UFTH. The releases were assumed to be puraes of 2 hours, 5 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 qraphically summar-
ized in Figure 2-23. In general, the diffusion coefficient for the
worst sactor decreases with duration of the interval and with distance
from the release point as expected. The decrease with increasinag vent
distance greatly reduces maximum doses for a desian basis accident.

Table 2-15 shows the Design Basis Accident diffusion coefficients
obtained using the NRC standard meteoroloqy at 0.1 mile intervals from
the reactor vent. Those 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 ? Tthe 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 licensinqg of the
UFTR,

The terrain in the vicinity of Gainesville is gently rolling and the
s0il 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

DESIGN BASIS ACCIDENT DIFFUSION COEFFICIENTS WITH SITE SPECIFIC METEOROLOGY

VENT
DISTANCE
(miles)

e i W ww PR R S il -l

coronanan

PERIOD

0-2 hours
2-24 hours
1-4 days
4-30 days

0-2 hours
2-24 hours
1-4 days
4-30 days

0-2 hours
2-24 hours
1-4 days
4-30 days

0-2 hours
2-24 hours
1-4 days
4-30 days

0-2 hours
2-24 hours
1-3 days
4-30 days

DURATION

2 hours
22 hours
3 days

26 days

2 hours
22 hours
3 days
26 days

2 hours
22 hours
3 days

26 days

2 hours
22 hours
3 days
26 days

2 hours
22 hours
3 days
26 days
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DESIGN BASIS ACCIDENT DIFFUSION COEFFICIENTS WITH NRC STANDARD METEOROLOGY

Table 2-15

DISTANCE

(miles)

0.1

0.2

0.3

0.4

0.5

0-8 hours

1.0 E-02

4.5 E-03

2.2 t-C3

1.4 E-03

8.0 E-04

DIFFUSION COEFFICIENTS (sec/m°)

8-24 hours

3.0 £-03

1.0 E-03

6.4 E-04

4.0 £-04

2.6 E-04

2-60

1-4 days

1.3 E-03

5.6 E-04

2.7 E-04

1.0 E-04

7.0 E-05

4-30 days

3.5 E-04

8.5 E-05

4.4 E-05

2.5 E-05

1.6 E-05
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Design Basis Accident Diffusion Coefficients with
Site-Specific Meteorology for Several Short-Term
Time Periods.
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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 s.nks. Therefore, it is anticipated that
no meteorological extremes that will cause blockage of tne current inaress
or egress features will ever be possible.

2.4.1.2 Hydrosphere. The University of Florida is located in the south-
western quadrant of the greater Gainesville area. 6G2inesville 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 surtace water thrcugh sinkholes and solution caverns in the 1ime-
stone bedrock to the underaround aquifer which eventually feeds “Yacasassa
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 areater Gainesville area. The divid-
ing line between these zones follows very closely the line formerly occunied
by the Seaboard Railway roadbed running diagonally from the southwest to
the northeast. With the exception of a small portion in *he northeast corner
of gainesville, the area to the north and west of the former railroad bed,
containing approximately 31.5 square miles, drains toward Hoatown Creek and
its tributaries which flow into Lake Kanapaha located in the southwest corner
of greater Gaine.ville. The drainage pattern of the zone laying south and
east of the railvay 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 verv small average
surface stream flow. There are no surface streams of any consequence in the
Gainesville area. ODuring the dry season, which is generally March, Aoril and
May, 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 1imestone
bedrock.

The city of Gainesville and vicinity receives its water supply from the
municipal water treatment plant. 411 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.

2-62



L]
'
!
'
.
'
|
]
'
4

cemussmmnnd,

-

.
Suede e

- ~ - .P 4
'lﬂ— l‘ -

o ;“

N ‘!
i, !
l/ .—
4[ .—
2
3
'
§
da 42
'
T
!
')
e,
.
.
[ [ -
'
L
1
-l
- \
i 1
\
0o
1”9
hod
Lo
T
S
'
i
‘-4.
v
"
K
l.. \
5\
AN

1o

v

v

Storm Sewage

-t ® -

--== Sanitary Sewage

Current Updated Sanitary and Storm Sewage

2-24.

Figure

Systems on University of Florida Campus
2-63

Around UFTR Site.



[ LLE T BPLO0W FRON ALABABA ARD SEOmAs

St.Johns

Gainesyille

Suwaunee

Cedar K?y-—*

Wocccsosso/ i 7

¢
4

.
WO MOCATE DO ARGE .
WOOUC FRET MR S COMO \



Th shsereesa 2025 %2 Y~%wean rainfall, evapotranspiration, deficit
and percolate is known as the agrunydrulogic balance. Fiqures 2-26A and
2-268 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 wili determine the soil water dillution fac-
tor in the event of accidental release »f radioactivity from the UF Training
Reactor. It should be noted that the amount of percolating water in Gaines-
ville is always relatively small and after there are months when it droos
to zero, generally in thé spring anc S.mimer. (o)

P -
¢ 4 A
I Al

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

2.4.2.2 Flood Design Considerations. Because of its inland position which
removes the potential for tidal flocoding and because of the well-drained
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, emeragency
flood procedures are considered in the UFTR Standard Onerating Procedures so
no further consideration is necessary here (3).

2.4.2.3 Effects of Local Intense Precipitation. As discussed earlier in
Section 2.4.7.7, the Tocation of the reactor site in reference tn the
drainage system,including the Universit: 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 buildina.

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

Since the UFTR is an essentially self-contained reactor desiagn 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 wcil-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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Figure 2-Z6A. Agrohvdrologic Balance, for
Gainesville, Florida, 1953.

Figure 2-26B. Agrohydrologic Balance, for
Gainesville, Florida, 1954
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2.5 Geology, Seismology and Geothechnical Engineering

2.5.1 Basic Geology and Seismic Information

2.5.1.1 Re~ional Geology. The regional geology of the Gainesville

area is represented 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 capped by loose surface sands.

In general, all the formations are cuite 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 formations and their relation to the hydrologic
description of the region, some information on the geological description
of this area has been included in Section 2.4.1.2.

2.5.1.2 Site Geology. The specific site geology is very similar to that
of the region as a whole. The physical and chemical properties of the
s0il, 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
jon-exchange capacity. The calcium carbonate (limestone} bedrock has
virtually no capacity for preventing the rapid movement of radioactive
products toward the ground water table. It would only react chemically
to neutralize acid solutions and precipitate insoluable carbonates. It
has virtually no ion-exchange capacity and is highly porous and permeable
50 that any chemical precipitates formed would only slishtly retard the
flow of radioactivie liquids through the bedrock.

ost 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 .nrough 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: Limestone: 75' denth, Water
Table: 89' depth.

Florida is a relatively inactive area for seismic activity. ODue 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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Figure 2-27. Florida Geological Survey Data for North
and Central Florida Area Including
Gainesville and Alachua County.
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Table 2-16A
TEST BORING DATA FOR THE UFTR

Boring Record - Prcject 5111 - EIES

Hole No..... B e s s Bk e 4 e e o ancd & R SRERE. oi exivliinne RN AN Sheets
Location....Between Reid Lab and E&I Building . . . . . . ... ... iiiieieees
SRR« v 50/a & p A 5 F2Y2 S LIE T by W Completed...?(!glgz.... ......... -
Ground Water Depth....5 ............................................. R P .
Hammer Wt..... 300 1bs. ... Orop.... 080 it sampler Size2:1/2,
Depth Numbe r Blows bDescription
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 B 63 Stiff blue rocky clay

Bottom of Hole 45' No Cavity

T —— P — e . — - —— . —————. —— -

2-70




Table 2-16B

------------------------------------------------------------------------

T N it S T L U YT At Completed..?(!9(§? .................
CTRREILT T e A Y ST S LRSI Y PRIy o . D4 o A T g
Hammer Wt....300 Ibs. .. . ...... ceeuDrop... 18 . Sampler Sizel:1(2,
Depth Number Blows Description

5 ] 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

Bottom Hole 37' No Cavity
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Table 2-16C

Hole No...? ................................... T R | (R Sheets
Location. . Do ool Rl L B g o irioscinnainnissnbasratssanie
DEBIERIN o5 5w K064 5 wtsbm b o 5 wiih kA bl o adsvi o e Comp\eted...?(!9(§? ..... bR N
Ground Water Depth...z ...........................................................
Hammer Wt..3900 1bS. .. [ SR R T PTAIT LY. S Sampler size.271/2
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

B e —————— N VS S T,
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Table 2-16D

Hole No..... ? ................................. L R— O v oo vssaes Sheets
O, e e L i R I, e cnerinoins aoms i i bbb
BERPTEES & 5s v 0 6005 20 56 cmaam s v esien S6Pmen s 2 Eeb Comp]eted..?(!?(?? .................
Ground Water Depth...... ? ........................................................
Hammer Ht....???.]?§ ................... Drop....!§T ............. Sampler Size.?f}(?
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

Bottom of Hole 37' No Cavity

2-73



¢.5.2 Vibratory Ground lotion

As reported in Reference 11, seismic analyses to obtain response
spectra were conducted by leston Geophysical Research, Inc. for Florida
Power Corporation's Crystal River Site. The Reverend Daniel Linehan,
S.J., Director of leston Observatory, acted as a consultant on the seis-
mic analysis. The response spectra were completed by Dr. C. Allen
Cornell, Department of Civil Engineering, Massachusetts 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 stabie 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
(llodified Hercalli Scale) or greater have had their epicenter within 50
miles of the Crystal River plant site. Only one tsunami, 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 quage 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 Yest 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
Figher 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 Commission, the Charleston, South Carolina eartnquake would have
resulted in a ground acceleration of about .025g at the UFTR site. Based
on this data and previous historical data, no speciai consideration was qi-
ven in the design of the reactor building beyond making it a “vault-type"
building as defined in 10 CFR 73.2(0).

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 ea th 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 ilaterials 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
4rainage or fiooding pro~lems. The test boring data in Section 2.5.1.2
and the general site ana 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 contours. The test borings
also indicate there is no concern with sinkholes affecting the topography
of the UFTR site.

¢.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.



APPENDIX 2A
ORIGINAL UFTR METEOROLOGICAL DATA
(Reference 2)



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 information as reported in Reference 2 is presented
here for completeness.

A Bendix-Friez aero ane 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 areater
than 13 m.p.h. occurred so seldom ad for such short duration that it was
considered unnecessary to indicaie separate groups above 13 m.p.h. The
greatest hourly movement of winds recorded during each month and the time
of occurrence are given in Table 2A-1.

A wind direction and speed frequency distributicn is given in Table
2A-2 for the upper and lower stations for this period, June, 1957, through
May, 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 lI.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.

2A-1



ORIGINAL UFTR WIND AND PRECIPITATION DATA

The following three fioures, 2A-1, 2A-2, and 2A-3 summarize the
wind and precipitation data for the University of Florida as wind roses
for the period January, 1957 through June, 1958. Wind data were obtained
from aero. anes 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 13+ miles per hour.
The radial lenath of direction lines represented by the windscale indicates
the number of hours for which winds of the designated velocity qroup pre-
vailed from the point indicated. Shaded areas represent the number of hours
in each velocity range diring 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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Figure 2A-2. Monthly Wind Roses, January-June, 1957
(Upper Elevation Only).
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Table 2A-1
MAXIMUM HOURLY AIR MOVEMENT
UF SITE DATA

Date Time Wind Velocity (moh)
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 § 12 -1 p.m. SW-22
May 4 12 - 1 p.m. Y-22
June 28 2 - 3 p.m. S¥-20
July 1 3-4p.m. W-15
Augusi 21 2 - 3 p.m. NE-18
Augue ¢ 22 3-4pm NE-18
August 23 4 -5p.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-20
November 25 12 - 1 p.m W-20
December 11 4 -5 p.m NW-21
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Jable zA-2

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

per hour.
125 Ft. Level (June, 1957 - May, 1958) 30 Ft. Level (June, 1957 - May, 1958} 3
Calm (0-1) Calm 2-4 5-7 8-12 13+ Missing Total % Calm 2-4 5-7 B8-12 13+ Missing Total %
Calm(0-1) 1.1 4.0 8.1 17.0 9.6 26.6
N 0.8 1.7 3.3 0.5 6.2 3.4 2.1 0.8 0.0 6.3
r'; NE 0.9 3.2 7.6 3.6 15. 3 6.4 6.6 2.9 0.2 16. 1
i E 1.2 %% 1.3 1.4 1S. 1 a8 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
5 2.& 39 2.7 0.7 2.5 3.6 1.1 0.3 0.0 5.0
SW &1 4,3 3.3 2.0 11.7 4.4 2.6 1.4 0.6 9.0
w 1.5 3.5 4.3 2.0 10.9 59 2.7 3.1 0.5 10.2
NW 1.2 .4 5,3 2.3 11.2 37 2.0 6.7 0,0 6.4
TOTAL % 1.1 11.7 30.6 39.1 13.5 4.0 100.0 17.0 38,2 23.2 10.7 1, 3 9.6 100.0

~




Table 2A-3

PERSISTENCE OF WIND DIRECTION

June 1957 - May 1958 (30 ft. iLcvel)
Total Total 1
Hours  Calm N NE E SE S SW W NW Missing Frequency Hours
1 122 107 140 135 137 117 136 132 123 5 1154 1154
2 51 38 63 65 7 63 46 o4 30 4 494 988 l
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
o 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 1 6 3 1 0 26 234
10 16 1 4 2 5 - 3 “ 1 0 38 380
11 6 . 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 23 273
14 + 1 1 1 1 2 2 0 12 168
15 2 3 0 (4] 1 6 90
16 1 1 0 1 2 > 80
17 4 1 1 1 0 7 119
18 1 2 2 0 1 6 108
19 5 ] 0 6 114
20 1 1 2 4 R0
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 l ‘ 2‘ |
27 1 1 0 2 54
28 1 0 1 28
29 1 1 29
30 1 0 1 30
33 1 1 0 2 6
35 1 1 35
36 1 1 36
40 1 1 40
41 1 1 0 2 82 |
47 1 1 47 1
63 ] 0 1 &
138 1 1 138
TOTAL 8,760
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_T_g_tlle ZA-A_

DAILY RAINFALL FOR 1957

Gainesville, Florida

2A-11

Date Jan. Feb, Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
1 .01 .85 .06 1.23 1.25
2 « 3 .07 .40 .47
3 .04 .20 .03 .54 .08
4 1.91 .06 . 12 .60 .26 .01 v 15
5 .01 .78 .01 o 3T T . 09 1.00
6 .09 .03 . 95 03 3,07 . 05
T . 19 « 57 .. .40
8 - 2.25 .07 .85 .32
9 .03 1. 19 .04 .29 .12 .61
10 .20 .07 1.84 o 37
11 - 15 .03 .53 « 39 o .07
12 .89 « 39
13 . 02 + 19 .02
14 T .53 .01 .62
15 . I8 .01 w23 « 18
16 .33 3.00 T . 60
17 1 11 .01 1.44 1.45
18 .02 .30 .05 .16 « 35
19 2l .03 « 35 .08 1.16 .90 . 14 .24
20 . 54 . 05 .02 s 19
21 .04 » 39
22 .20 1.25 55
23 .02 .03 33
24 .74 +55 .10
25 . 10 1,14 .01 P & s 19 . 02 .49
26 .44 .32 T .04
27 .05 .02 .43 .03
2. + 57 .07 .42 .07 « 33
29 .68 a5 . .39
30 .45 1.20 o .53
31 3 .29
Total 0.59 2.37 5,38 3.94 6.69 7.51 8,72 10.33 6.50 1.94 2:.12 0,87
Total for the Year 56.93



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 Cecember, 1957, in Figures ?A-2 and ?A-3.
The shaded areas indicate the number 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 Tater this installatirn 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 ft.
above the ground, connected to a recordina 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 Summary 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 (o wind ratio
by the equation

~n.~
2-n
=Y _Z ,
R = g (2A-1)
U = wind speed at upper level

U, = wind speed at lower level
Z = height at upper level
Z, = height at Tower 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.

*"Summary Report on the Hazards of the Argonaut Reactor,” D.H. Lennox and C.N.
Kelber, ANL 5647,
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Tabie 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 57 8-12 13+ Total

N 0 1 1
NE 0 1 2 7 16
E 5 2 7 1 5 6
SE 1 1 5 7 12
S 0 1 1
Sw E 4 1 1 2
w 1 1 2 1 1 2
NwW 0 0
Total 1 9 4 0 14 4 8 21 7 40
January: calm g. M. 2 14 February: calm 2. M. 2 40
N 1 2 3 1 2 3
NE 1 3 4 8 2 2
E 1 6 4 i6 2 6 8
SE 1 2 3 2 3 5 3 13
S 1 1 2 1 1
SwW 1 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. 0 46 April: calm 1, M., 0 33
N 2 2 1 1 2
NE 1 1 & 3 3
E K 1 5 i 1 3 5
SE 2 5 8 1 16 1 5 3 9
S 1 4 5 5 6 10 8 29
Sw 1 2 1 4 1 6 5 6 i8
W 3 1 4 2 4 6
NW 1 1 2 2
Total 6 18 13 2 39 9 22 29 14 74
May: calm 1, M. 0 40 June: calm 0, M. 0 74
(continued)
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{continued )

Dir. Total
N i
NE B 6
E 13
SE y - 7

-

s ! 4
SW 11

W s 4
NW i 2
Total { ( ; 47

July: calm 0, M. 0 August: calm 0, M. 0

>
-4

N

NE

E

SE 3
S

SW 1
w 2
NW 4
Total 10
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® = O O O
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2
1

NNO = O w =
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o
N oYW
~NW»

3

~n

= w -

. Q = N O B O~
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September: calm _3_, October: calm_l_. M.‘B_

N 0 1 1
NE 1 1 0
E 0 0
SE 1 1 1 3 0
S 2 4 1 | 1 1 2
SwW 1 1 i 3 1 2 2 $
w 2 2 3 3 8
NW 2 2 4 1 5
Total ] 5 9 2 18 5 9 7 0 21
November: calm 0, M. 0 18 December: calm g. M. 9_ 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 2 51
NW 10 10 7 1 28

Total 64 156 191 64 475

Year: calm 1, M. :I_ 489
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ESTIMATED FREQUENCY OF TURBULENCE

Number of occurrences of ratio of wind speed at125 ft,to wind speed at 30 ft AR ) fcr three
general classifications of turbulence grouped according to wind speed at 30 ft, level {June
1957 - May 19538)

Wind Speed (MPH) for 30 ft, level

R 0-1 2-4 5.7 B-12 13+ Total %
Turbulent 1.000-0.268  0.62-1,25

241 245 193 759

Neutral 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




Appendix 28

LATEST UFTR METEOROLOGICAL DATA
FROM
FLORIDA POWER CORPORATION CPYSTAL RIVER PLANT
AND
GAINESVILLE UTILITIES DEERHAVEN PLANT



Tabie 28-1

FLORIDA POMER CORPORATION CRYSTAL RIVER METEOROLNGICAL DATA
FPe - CRYSTAL RIVER 33 FT WINDS DEL T V/1/75 - 12/31/7%

TEMP. LAPSE RATE STABILITY CLASS A
WIND SPEED VERSUS DIRECTION (IN NUMBER OF 08S.)

wiND WIND SPEED (MPH) AT 10 METER LEVEL

DIRECTION 1-3 4.7 8-12 13-18 19-24 w28 TOTAL
NNT 1 17 29 1 0 ! 48
L3 o 30 83 15 0 0 128
ENE 1 27 a4 23 e 0 138
1 3 37 92 8 0 0 140
ESE 0 6 47 3 0 0 56
SE 0 6 13 4 0 n 29
SSE 0 B 24 7 ! e 3%
S 0 6 27 24 5 0 62
S5 ] 4 47 4 K 0 90
SW n 10 18 17 1 e a€
WSe 1 34 58 7 0 0 100
- 3 105 218 7 0 0 133
W 2 32 m 16 7 0 228
Nw 2 13 50 16 ¢ 2 a7
NNw 2 7 12 0 0 0 21
N 1 A 32 5 0 0 51
TOTAL 17 36) ’en 187 22 2 1600

PERINDS OF CALM (NO. OF HOURS) - O

R R e
TEMP. LAPSE RATE STABILITY CLASS 8
WIND SPEED VERSUS DIRECTION {IN NUMBER OF 0BS.)

wIND WIND SPEED (MPM) AT 10 METER LEVEL

OIRECTION 1-3 4.7 g-12 13-18 15-24 >24 TOTAL
NNE 0 0 2 0 o 0 2

NE i 3 12 3 0 0 13
ENE 0 5 10 0 0 0 15
£ 1 6 3 0 0 0 16
ESE 0 1 ] 0 0 0 6
SE 1 0 & 2 0 0 ?
SSE 0 2 ? 3 0 0 12
S 0 6 4 0 0 0 10
SSW 0 3 13 S 1 0 22
W 0 3 5 ] 1 0 12
WSk i 4 14 0 0 0 18
- 0 n 8 2 0 0 21
N 0 L] 7 0 0 1} 11
Nw 0 4 4 3 1 0 12
NN 1 0 2 2 0 0 5
N 0 5 2 0 0 0 7
TOTAL 5 59 108 23 3 0 198

PENIODS OF CALM (NO. OF HOURS) - ©

R e e
TEMP, LAPSE RATE STABILITY CLASS C
WIND SPEED VERSUS DIRECTION {IN NUMBER OF 08S.)

wINU WIND SPEED (MPH) AT 10 METER LEVEL

DIRECTION 1-3 4-7 8-12 13-18 19-24 24 TOTAL
NNE 2 4 - 0 0 0 19
NE 2 g 20 4 ' 0 7]
Nt 4 7 22 4 ' n 17
: 0 12 16 1 0 0 25
£5¢ ] 13 16 3 0 0 1
SE 1 4 6 1 0 0 15
SSE 0 S 9 4 0 0 22
§ 0 7 1 - 0 0 22
SSu 0 4 20 9 0 0 13
< 3 3 21 S 0 0 37
WM 1 16 20 1 0 0 38
¥ ! 23 23 0 0 0 47
WhN 1 10 6 1 ! 0 2%
N 0 5 15 7 5 0 30
NN 1 $ B 0 ¢ 9 10
% 1 6 13 0 0 0 20
TOTAL 1% 144 236 a8 B 0 446

PERI' . OF CALM (M. OF HOURS) - O

2B-1
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HNE
N
ENE
t
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S
SSE
S5W
W
Wi
"
AN
N
NNW
N
TOTAL

Table 28-1 (Continued)

TEMP. LAPSE RATE STABJLITY CLASS D
WIND SPEED VERSUS DIRECTION (IN NUMBER OF ORS.)

WIND SPEED (MPH) AT 10 METEP LtyiL

4-7 8-12 13-18 19-24
17 50 4

4] 153 12

36 64 13

61 38 Py

42 22 5

48 a6 10

40 37 9

29 36 25

43 52 43

64 17 60

44 8% 9

50 a9 15

30 a7 18

19 46 0 I
21 22 10

56 58 6 0
661 922 67 1)
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DIRECTION
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S
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N
TOTAL

R T T T 3

TEMP. LAPSE RATE STABILITY CLASS ¢
WIND SPEED VERSUS DIRCCTION (IN mM%iR OF ngs. )

WIND SPEED (MPH) AT 10 M TIR 1 FVEL

1-3 4-7 812 -8
1 55 47
16 gl 145
18 168 117
31 198 39
24 106 a5

142 43

42 26

4a 53

23 39

20 32

36 36

82 51

a6 37

33 28

61 26

82 €5
1216 839

-
=

=S

POV WD e
-, DN D=DO0ONPIODOOSD
20992

VRSSO~~~

PERIOD OF CALM (NO. OF HOURS) - 2

WiND
DIRECTION
NNE
NE
ENE
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ESE
SE
SSE
S
SSH
W
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o
WNW
Nid
NHW
N
TOTAL
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TEMP. LAPSE RATE STABILITY €psss r
WIND SPEED VERSUS DIRECTION (IN NUMBER OF 0BS.)
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14 52 22
32 a6 34
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169
78
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18
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WiNp

OIRECTION 1-3
NNE 16
NE 8
ENE 18
£ 35
ESE 13
SE B
SSE 2
S 0
S5 0
SW 0
wWoW 0
W 0
whw 0
N i
NNW 2
N B
TOTAL 126

PLRIOD OF CALM (NO. OF HOURS) - 2

Table 28-1 (Continued)

TLMP . LAPSE RATE STABILITY CLASS 6
WIND SPEED VERSUS DIRCCTION {IN NUMBER OF ORS.)

WIND SPEED (MPH) AT 10 METER LEVIL
13-18

4-7
20
27

BEND
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Table 28-2

GAINESVILLE UTILITIES - DEERHAVEN PLANT METEOROLOGICAL DATA

METEOROLOGICAL INPUT DATA FOR THE ANNUAL SEASON

MIXING DEPTH = 1450, METERS

AMBIENT TEMPERATURE = 298, DEGREES, KELVIN
AMBIENT PRESSURE = 1000, MILLIBARS

STAGILITY CLASS 1

WIND DIRECTION
N
NNE
NE
ENE

ESE
SE
SSE

SSW

SH
HSW

NW
NN

*Wind Speed Clast

0.0010
0.0007
0.0007
0.0003
0.0
0.0
0.0007
0.0
0.0003
0.0
0.0003
0.0
0.0003
0.0010
0.0007
0.0

#
#2
#3
=4
#5
#6

2
0.0021
0.0034
0.0017
0.0031
0.0031
0.0014
0.0017
0.0017
0.0010
0.0003
0.0007
0.0021
0.7024
0.0038
0.0014
0.0014

1-3  Knots
4-6 Knots
7-10 Knots
11-16 Knots
17-21 Knots

Greater than 21 Knots

2B-4

3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.0
0.0
0.0

WINDSPEED CLASS*

4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
n.0
n.n
0.0
n.n
0.0
0.0
0.0
0.0
0.0
0.0




STABILITY CLASS 2

WIND DIRECTION

N
NNE
NE
ENE
E
ESE
SE
SSE

STABILITY CLASS 3

WIND DIRECTION

N
NNE
NE
ENE
E
ESE
SE

T = v v o
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Table 28-2 (Continued)

0.0014
0.0007
0.0007
0.0010
0.0014
0.0010
0.0m7
0.0014
0.0021
0.0003
0.0017
0.0021
0.0017
0.0007
0.0014
0.0017

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.9
0.0
0.0
0.0
0.0
0.0

WINDSPEED CLASS

0.0027
0.0007
0.0041
0.0024
0.0045
0.0034
0.0017
0.0034
0.0010
0.0014
0.0014
0.0017
0.0024
0.0024
0.0021
0.0027

0.0003
0.0010
0.0010
0.0007
0.0007
0.0010
0.0014
0.0014
0.0010
0.0014
0.0

0.0007
0.0003
0.0017
0.0007
0.0010

2B-5

3

0.0027
0.0021
0.0024
0.0034
0.0065
0.0051
0.004)
0.0045
0.0021
0.0021
0.004)
0.0017
0.0072
0.0041
0.0055
0.0051

3

0.0021
0.0034
0.0048
0.0038
0.0055
0.0068
0.0038
0.0045
0.0038
0.0031
0.0027
0.0027
0.0068
0.0024
0.003
0.0024

4

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

WINDSPEED CLASS

4

2.0007
0.0017
0.0031
0.0031
0.0062
0.0062
0.003
0.0021
0.0027
0.0621
0.0017
0.0024
0.0058
0.0065
0.0017
0.0010

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
n.0
0.0
0.0
0.0
0.0
0.0
0.0
0.n003
0.0003
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.9
0.0
0.0
0.0
0.0
0.0
0.0
0.9
0.0
0.0
0.0




STABILITY CLASS 4

WIND DIRECTION
N
NNE
Ul
ENE

£SE
SE
SSE

SSW

STABILITY CLASS 5

WIND DIRECTION
n

Table 28-2 (Continued)

0.0010
0.0034
0038
.00z4
.0oz7
.0021
.0038
0031
00w}
.0038
L0021
.0034
0.0027
0.0017
0.0034
0.003

o 00 oo o oo o

(=

0.0096
0.0079
0.0079
0.0092
0.0096
0.0096
0.0065
0.0086
0.0065
0.0082
0.0082
0.0072
0.0082
0.0103
0.007%
0.0082

WINDSPEED CLASS

2
0.0092
0.0092
G.0110
0.0082
0.0158
0.0123
0.0086
0.0065
¢.0079
0.004])
0.004%
0.0034
0.0086
0.0110
0.0G86
0.0116

3
0.0082
0.0120
0.m20
0.016!
0.0168
0.0164
0.0092
0.0075
0.0120
0.007%
0,0086
0.0113
0.0236
0.0072
0.0089
0.0120

0.0003
0.0017
0.0072
0.003
0.0068
0.0048
0.0055
0.0045
0.0065
0.0027
0.0051
0.0079
0.0130
0.0096
0.0041
0.0021

WINDSPEED CLASS

2
0.0089
0.0062
0.0089
0.0068
0.011”
0.0065
0.0058
0.0031
0.0038
0.0021
0.0024
0.0021
0.0161
0.016)
0.0082
0.0089

3
©.0
u.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

4

0.0
c.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0003
0.0
0.0003
0.0
0.0
0.0003
0.0007
0.0007
0.0
0.0
0.0

0.0
n.o
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0003
n.n
n.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
n.n
0.0
0.0
0.0
0.0



3. QESIGN 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 3
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(0). 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 ft. 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, facJlty 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 whiie 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
openin? 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 2
building. First, the viewing windows (glass) in the lobby area loc““nr 1-
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
glass with a glass door. This arrangement has been replaced with 2 con. e
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block wall taced 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 qpproved
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 reductiqn of lobby
space by the addition of three offices labelled 201 as shown in Flgurg 3.3,
A1l secondary walls are of standard wood/wallboard/paneling con. .ruction for
dividing and acoustic insulation purposes only. These walls are cosmetic
only and serve no structural purpcse. [he same type of wall addition was gsgd
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 chang 'g research
and training patterns of operation.

The reactor room or cell (area 101), while an integral part of the buiid-
ing, is isolated from the laboratory-office section by a double-door air lock
éxit/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 .32 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 1bs. per square ft. at the reactor and at least 1,500 1bs. per square
ft. over the rest of the area. The floor slab is damp proofed with a barrier
of two plies of 15 1bs., 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-mouided 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 S5-ply
tarred felt and pitch with a slag covering. The roof of the reactor "ogm is
supported on No. 166 steel-bar joists spaced 2 f+. on centers.

The reactor rests on a 16 in. high concrete pedestal in order to raise
the beam holes to a convenient 40 in. workina level and to support the reactor.
A concrete service trench, 5 ft. wide by 2 fu. 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



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 personne! 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 on’ wused 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.
A1l 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
exit. 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 & ft., 4 in. long, 7 ft. 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 ft. high, four-paneled,
steel-ckinned, 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 supnlied 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 ft., 4 in. and a North-South axis of 15 ft., 6 in. The clear floor dimen-
sions around the reactor are summarized in Tabie 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 beiween 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

Room Dimensions (Inside)

(a)
(b)
(c)

East-West
North-South
Height (Clear)

Reactor Dimensions

(a)
(b)
(c)
(d)

East-West

North-South

Height Above Floor (To Reactor Top)
Height Above Floor (To Top of Water Tank)

Ciearances

(a)
(b)
(c)
(d)
(e)
(f)
(9)
(h)
(i)

West End (Water Tank)

North Side (Pit)

tast End (Thermal Column)

South Side

Corner Beam Tubes

East End to Control Room

Overhead (Crane Hock to Reactor Top)
Overhead (Crane Hook to Water Tank)

Ove;head (Bottom of Bridge Beam to Reactor
Top

3-7

60
30
29

20
15
11

12

27

9
13
1

8

15

ft.
ft.
ft.

ft.
ft.
ft.
ft.

ft.
ft.
e,
L.
ft.
ft.
ft.
ft.

ft.

, 4
y 6

in.

in.

» 10% in.

s 10% in.

£

in.
in.
in.
in.

10 ft.



An air-conditioning equipment platform with 10 ft. by 11 ft. dimensions
is located in the northeast curner of the reactor cell. It is built 10 ft.
above the floor to provide ample head room for equipment and personnel work-
1ng 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 proviced to permit 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 hook or he2vy
objects being moved with the crane. It also serves as a maintenance area for
the crane.

Spent fuel storage is available at the Norchwest 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
Northwes® 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 Fast 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. A1l 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 perscnnel (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 irom 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 %, [able 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 vider 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.
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PENE (RAT LON

1 Plpe Chane

S Intrance door

3 ixit door

4. Two conduits, 3/4 in.

5. Three conduits,
312 e,

6. Pipe chase

7. Pipe chase

8. Conduit, 1/2 in

9. Freight door,
10 fL. x 12 1t
containing inset
personne ! exit

10, ™pe chase

n Three conduits,
32

12, Mir conditioning

13. Reactor coolant
system

14, Sandfilled trench
to laboratory
(will soon be
plugged)

15, Orain (plugged)
16. Reactor vent

17. Dratn (sanitary)
18 Drain vent

19 Two conduit
opening® to Annex
bullding (1 ezt
1 pluqued)

20. Wellpump discharge

3 in.,and conduit,
1 n.

21. Telephone cable
22. wWell pump conduit
piping, | in.

23, Personne!
Emergency Exit

24, Fire alarm
conduit, 3/4 in.

Table 3.7

SIGNIT ICANT PENCTRATION IN UFTER BEACTAR CFLL

INSIDE LOCATINN
South wall, ecast ond
South wall, contral vroom
South wall, aitr lock
South wall

South wall, west end
South wall, west end
South wall, west end

South wall, center

West wall

North wall, west end
Narth wall, west end
North wall, east end

North wall, equipment pit

Under south wall, 18 ft.
from west end

Southwest corner of pit floor

Cquipment pit, north wall,
east end

Floor, northwest cormer

Roof, northwest corner

North wall, center

Northeast corner

North wall, east end

South wall, west end

West wall, center

South wall, east side
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FLEVATION
FROM  FLOOR

10 fr. (above
control room)
Floor level
Floor leve!

9 1t

29 1t
15 ft
1n ft

14 f1

Floor level

29 1t
11 ft. labove nlatform)

1 ft. 4 in. below floor

1 ft. below

6 ft. below
3 ft. below

floor level

9 ft. above

11 ft. above

10+, above

Floor level

14 ft. above

ouTSINE ACCESS
Northea~t corner of lah
(1794) above control room

Limited Access Area out-
side control room

Limited Acces: Area out-
side control room

font nf lab

%of of lab
N ¥, cormer of lab (104}
NN, corner 0f 1ab (1)

Lab roaf, aorth end behind
brick veneer

Hest side, around leyel
ttility room (198}, north
end of building

Boaf of utility room (1NS)

H.F. corner, nround level

North side of bulldina

tn heat exchanoe it

North wall of lab (104)

Scorm Sewer

Too of stack

Sanitary sewer

Roof, reactor room (101)

Annex Mulldine

Craund Toyed

Anner Lol lding

Gadinchermistry lah, anetr
wall

Ground leve)

Lirited Accesy Brea
outside cel! entrance



3.2 Waste Water Hc up 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 laboratories locatad in the reactor building and the adja-
cent Nuclear Science~ 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 zach. These are in ground tanks located out-
side ¢f the reactor building o:. the North side of the building. Any liquid
waste ‘rom the UFTR is pumped or drained into the reactor sink and subsequently
stored 11 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 oriuinal 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 suitabie 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 SOP's.

3.3 Utilities and Services

3.3.1 Ventilation (Reference 2)

The reactor voom 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.fm., 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 SOP's.

3.3.2 Fire Protection

Conventional smoke and fire detection equipment is available throughout
the reactor building. Three CO, extinguishers are found in the reactor cell
and the control room. A fire hase and five (5) extinguishers are found out-
side the control room in tne ground fover. Since the construction materials
of the reactor are predominately nonflammable, such as concrete blocks, bricks
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and floor tile, a serious fire is considered to be very unlikely. An auto-
m 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-hour
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
approximateiy 11 inches within a 4-day period. Flouding 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(s?all proceed according to the UFTR SOP-B.4, "Emergency Flood Pro-
cedure.” (3
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4. REACTOR

4.1 Summary Desciiption

4.1.1 General Reactor System Description

The UFTR is a research and training reactor of the genec.al type known
as the Argonaut with modifications made by the General Nuclear Engineering
forporation 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 Universit es of Washington and Califor-
nia (UCLA), at Virginia Polytechnic Institute and in the United Kingdom.
Other simiiar 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 thermal power level of the UFTR reactor is currently
Timited 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 ciad 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 platec 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 storm sewer.

The reactor is equipped with four control blades (3-safety and |-requla-
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 shafts 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 1imited to 0.06% Ak/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
chan.: 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 electri-31 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 thermal column;

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

A.horizontal throughport which is an approximately .s8 in., ID
pipe with 20 ft. length running east-west across the reactor.

Shielq plugs are normally 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 4.2; key tnermal and hydraulic
design considerations are presented in Section 4.4.
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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
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-
sfon product release or damage to the structural integrity of the reactor due
to a large additicn 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 protlems during
reactor operation at 100 kw (thermal). At 100 kw (therunlg. the equilibrium
inlet temperature is found to be 86 + 20F a-4 the equilibrium outlet tem-
perature is 103 + 29F when using the main secondary cooling system and in-
creased by ~40°F when the back-up secondary cooling system is used.

4.1.3 Shiclding

Bivlogical shielding is provided around the UFTR to minimize ihe 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 overail 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 corcrete 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
up to 4,500 1bs. each, have pick-up plugs so that they may be handled b
means of the overhead bridge crane. The arrangement of these movable blocks
1531]1ustrated in the cection views of the UFTR shown in Figures 4-1 through
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TABLE 4-

1

PRESENT UFTR CHARACTERISTICS

General Teatures

Keactor Type
Lieensed Hated Power |eval ’
Mais o thermal flux level in center
vertical port at 100 ¥w.
ey reactivity (at 72°F). .
Clean, vold critical mass,
il'utvw prompt neutron ll'v’noo
Unt form water vord coefficient .
Temperature c(oefficient.
U-235 wmass coefficient ..
Startup source

Reflector
Moderator. .

Fue!l Plates

ue' .

Fuel l()lqu

Plate thickness .
Plate width

Plate length. .. )
wWater channel mdtn w # 3
Aluminum to water ratio \volw)

"Meat” ComPUSTLION. .. ...
Coolant

BUIIES. & <.x b Foh s shdin o 5 oo it 0 60 Bpbia'nnt g o peiecs

Flow (at Hl! BRE L o5 ¥ 45 TNy F AR R Al

tquilibr tum Inlet 1m’eulun- (Iw Kw)....
Lquilibrium Outlet Temperature (100 Kw). ..

Control Blades

Insertion time............
demoval Line . .
Hlade worth,

Uilade worth, rcqulanv}q
Reactivity addition rate, u:tm
allowed

Shisld (concrete)

Sides, tenter, .
Sides, ends
Middle. .
Top. ..
Lnd

Laperimental facilities

Therma!l column, horizontal
Thermal columm, vertical
Shield test tank

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

PRRE BN B i R T s 07 = S R i e b

...3.07
el R
.~0.2% 'k/l‘! voids

e+0.3 x 10
L 0.4% AKk/T U235

..graphite (1.6 gm/cm
'NZO and graphite

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

. Heterogeneous, Therma!

100 kw

12 Vs
LB 2 10 "n/em” set

1.17% Ak/k

kg U'ZJS

x 10 “sec

*k/k per T}
Sbh-Be © 25 curtes or PuBe
10 curies 3
)

932 enriched, U-A)

.. 3354 .6) gm U-235

0.070 in.
2.845 in.

..25.625 in.

0.137 in.

..0.49

14.05% w/o U

-

5

1,0
-5 gpm
- 1.,
P

S
e~
.

..Ca, swinging vane, gravity fall

3 safety; 1 regulating

“ 1 sec

100 sec (mintmum)
Safety #1 - 1.5% k
Safety #2 - 1.3% &k
Safety #3 - 2.1% k
Reg. Rod - 0.91% k

0.06% Ak/k/sec

6 ft., cast, barytes
6 ft. 9 in., cast, barytes
Barytes concrete blocks

S ft, 10 in.

3 ft. 4 in,

60 in. x 60 in. x 56 in. high
2 fr. diam. x 5 ft.; uzo or 020
5 ft. x5 ft. x 14 ft.%high

5 vertical, 4 in. x 4 in.

3 vertical, 1 1-1/2 in.

16 vertical, 3/8 in. x 10 in.




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 lifting 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
feur 4 in. by 4 in, removable stringers. The horizontal thermal column
is 60 in. x 60 in. x 56 in. high; the vertical thermal column comprises an
area 2 ft. in diameter by 6 ft. long, filled with HZO or 020 as necessary
for experimental purposes.

Six other horizontal openings, 4 in. in diameter are located in the
center plane of the reactor as shown in Figure 4-7. These horizontal holes
(or ports) may be fitted with collimators to allow neutron beams to escape
or with other equipment for the irradiation of special samples.

A water tank is placed against the west face of the reactor opposite
the thermal column and is shielded on the outer three sides by concrete.
This 5 ft. by 5 ft. x 14 ft. high shield tank can be used to perform shield-
ing experiments or for the irradiation of large objects. A horizontal
aluminum pipe passes through the shield tank outer wall and is welded to
the inner wall; it is provided to allow the extraction of a neutron beam
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 1D 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
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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>