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L INTRODUCTION

The Georgia Tech Research Ri:actor (GTRR) is a heterogeneous, heavy-water
moderated and cooled reactor, fuelec' with highly enriched uranium (HEU) plates
comprised of aluminum-uranium alloy, or iow enriched uranium (LEU) plates
comprised of aluminum - U;Si; alloy. It is designed to produce a thermal flux of
more than 104 n/cm?2/sec at a power of 5 MW. The reactor was licensed on
December 29, 1964 to operate at one megawatt. On June 6, 1974 the license was
amended and the maximum power of the GTRR was increased from one to five
megawatts.

Over the years, fuel performance has been satisfactory with no known
problems. Engineered safety systems have performed adequately and as intended.
No safety problems have been encountered.

Recently the cooling tower was replaced and several upgrades in instruments
such as picoammeters and temperature recording devices were implemented.

An application to the NRC to amend the GTRR license to replace high-
enriched uranium fuel with low-enriched uranium was submitted January 21, 1993.

Currently the NRC is reviewing this request.



2. SUMMARY

2.1 General

The Georgia Tech Research Reactor (GTRR) is located on the campus of the
Georgia Institute of Technology, approximately two miles from the center of
downtown Atlanta. The two-acre site is on the north end of the campus. The
Georgia Tech student body exceeds 13,000. The campus is surrounded by a
residential and commercial area. Approximately 30,000 people live within one
mile of the site.

The reactor core is approximately 2 feet in diameter, 2 feet high and, when
fully loaded, contains provisions for up to 19 fuel assemblies spaced 6 inches apart in
a triangular array. The fuel is centrally located in a 6 foot diameter aluminum

reactor vessel which provides a 2 foot thick D;O reflector completely surrounding

the core. A cutaway perspective view of the reactor is shown in Figure 2.1.

The reactor vessel is mounted on a steel support structure and is suspended
within a thick-walled graphite cup. The grapbite provides an additional 2 feet of
reflector both radially and beneath the vessel. The core and reflector system is
completely enclosed by the lead and concrete biological shield.

The reactor is controlled by means of four cadmium shim-safety blades and

one cadmium regulating rod. The four shim-safety blades are mounted at the top of
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the reactor vessel and swing downward through the core between adjacent rows of
fuel assemblies. The regulating rod is supported on the reactor top shield and
extends downward into the radia! D;O reflector region. This rod moves vertically
between the horizontal midplane and the top of the core.

The reactor is provided with a heat removal system, D,0 purification system,
shield cooling system, DO storage system, radiolytic gas recumbination system, and
a ventilating system. The heat removal system is composed of a primary heavy
water system and a secondary light water system.

The heavy water system includes the reactor vessel, the primary DO coolant
pumps, the DO makeup pump, the heat exchangers and the associated valves »nd
piping. All components in contact with the D;O are fabricated of stainless steel or
aluminum. The light-water secondary system is comprised of the circulating water
pumps, the cooling tower, and the associated valves and piping. The secondary
coolant system is fabricated primarily of carbon steel.

Since the GTRR is intended for research applications, it is provided with a
variety of experimental facilities which will permit a wide range of research
investigations. Experiments requiring high intensity neutron or gamma-ray beams
can be accommodated as well as those requiring a uniform thermal neutron flux
throughout a large volume. The tangent through-tubes are particularly well suited
for engineering tests requiring the circulation of a coolant. Irradiations of short
duration and requiring rapid sample recovery can also be accomplished. Further

discussions of these and other applications are contairied in Section 4. The design

4




includes ten horizontal beam tubes, two horizontal tangent through-tubes, two
“iorizontal pneumatic shuttles, two horizontal irradiatior tunnels, twenty vertical
irradiation thimbles and two vertical fast flux tubes. In addition, the reactor face
contains a thermal column and a bio-medical irradiation facility. Detailed
specifications of the various components are contained in Section 4.4.6.

The reactor and associated systems are housed within a steel containment
building eighty feet in internal diameter. In order to reduce the probability of
signiticant environmental contamination following a release of radioactivity within
the building, the containment shell is designed to restrict leakage of its contents to
less than 1/2% of its volume per day per psi overpressure. Repeated tests have
shown the actual leak rate to be less than half of the design value. To reduce the
direct radiation exposure of people outside the buiiding following such an unlikely
event as a fission-product release within the containment shell, the shielding
capacity of the steel walls is supplemented by the addition of 12 inches of cc \crete.

The containment building has three levels. The basement contains process
and ventilating equipment and space for experimental equipment. The main floor
is largely unobstructed and provides space for installation of experiments. The
control room is located at the level of the top of the biological shield. The main
floor and reactor top are serviced by a twventy-ton capacity polar crane. When the
reactor is not operating, access to the building is permitted through a large truck
entrance. During operation, access is restricted to an air lock connected to the

adjoining laboratory building, and to an air lock leading to the outside.



Among the facilities in the adjoining 24,000 square foot, two-story air

conditioned laboratory building are the following;

Two hot cells equipped with master-slave manipulators.

Fuel element storage and handling pool connected to one of the hot cells.
Radiochemistry laboratory containing two radioisotope hoods.
Decontamination and active waste packaging room.

Change room isolating the above facilities from the remainder of the building.
Counting rooms.

Laboratories for low level chemistry, health physics, nuclear chemistry,

metallurgy, physics, radiobiology, electronics and biochemistry.
Facilities for disposal of liquid radioactive wastes.

Dark room.
Machine shop.

Animal quarters.

Viewing gallery which permits visitors to observe activities within the

reactor building and hot cell service area without actually entering either

area.

2.2 Reactor Design Data

The important reactor design characteristics are contained in

Table 2.1 for highly enriched uranium plates. The design characteristics for low

enriched core are listed in Table 2.1.1.




REACTOR DESIGN DATA FOR HIGHLY ENRICHED URANIUM CORE

Type Heterogenous, D,0
moderated and cooled,
highly enricned

Thermal power (MW) 5
Operating pressure (psia) 15
Reactor Qutlet temperature, moderator (°F) 132

Active core volume (ft3) 7.3
Length (ft - in) 2-0
Equivalent diameter (ft - in) 2-4
Power density, average core (kw /1) 24.3
Power density, average moderator (kw/ 1) 26.6
Power density, average coolant (kw /1) 171
Specific power, average (kw/ kg U-235) 1660
Fuel Uranium-aluminum alloy
U-235 content (kg) 3.01
Cladding Aluminum

Vol - fiaidhat
Uranium (%) 0.076
Aluminum (%) 8.83
D, (%) 91.09

Weig] L f acs
U-235 fuel (kg) 3.01
D;0 (Ibs) 462
Aluminum (lbs) 110

Euel assemblies
Number in reference design core 16
Coolant flow area per assembly (ft2) 0322
Total U-235 per assembly (grams) 188



Euel plates

Number per assembly
Plate width, overall (in)
Plate thickness, vverall (in)
Plate length, overall (in)
Plate length, fuel (in)

Face clad thickness (in)
Edge clad thickness (in)

Shim-safety blades

Number in core
Shape
Dimensions (in)
Composition

Regulating rod

Number in core
Shape
Dimensions (in)
Composition

Coolant flow

Total flow area in core (ft2)

Total weigit flow entering core (Ibs/hr)
Total volume flow entering core (gpm)
Inlet velocity, average coolant within
assembly (ft/sec)

Inlet velocity, maximum coolant within
assembly (ft/sec)

of

Coolant entering core
Coolant leaving core

Plate surface, average

Plate surface, maximum
Fuel centerline, average
Fuel centerline, maximum

Heat transfer

Area in core (ft2)

Heat flux, average (Btu/ft2-hr)

Heat flux, maximum (Btu/ft2 -hr)
Thermal conductivity, U-Al (Btu/hr-ft-°F)
Thermal conductivity, Al (Btu/hr-ft-°F)

16
2.854
0.050

235
0.015
0.204

4

Rectangular

55x1x455
Aluminum-clad cadmium

1

Tubular

1.381D.x1.420.D. x 24 long
Aluminum-clad cadmium

0.515
982,000
1,800

7.8

8.6

114
132
153
193
160
211

209
78,450
191,000
110

125



Reactor Vessel

Design pressure (psig)
Design temperature (°F)
Diameter (nominal outside diameter, ft-in)
Diameter (maximum at opening, ft-in)
Height of vessel (ft-in)
Wall thickness (base metal, nominal, in)
Composition

Design strength at 150°F (psig)
Lower head

Shape

Thickness (in)

Nozzles

Coolant outlet nozzle
Coolant inlet nozzle
Liquid level
Experimental facilities

Over-pressure relief vent
Shim-safety drives

: . ol e
Shield;

Thermal shielding (in)
Annular concrete shield (ft - in)

R Contai Buildi

Shape

Shell diameter, inside (ft - in)
Shell composition
Shell thickness (in)

Maximum expected pressure (psig)

y

150

6-0

6-6

10-4

0.375

Type 1100 Al
2350

Dished
0.50

1-10in
1-10in
1-3in
3-6in
8-4in
1-21/2in x5 in (round)
1-2in x 6 in (rectangular)
1-6in
4-3in

2000

0.25 boral plus 3.5 lead
4-9

Cylindrical with
torispherical top and flat
bottom

82-2

ASTM-A201 Grade B
Bottom and sides 7/16
Top side 1-3/4

Top center 5/8

21



Design pressure (psig)
Safety factor

Test pressure (psig)
Maximum expected temperature at 2.1 psig (°F)
Air locks

Truck door

Physics

Coolant void coefficient of reactivity, core center
(°/o/ cc)
Void coefficient of reactivity, core average (%/c ¢ )
Temperature coefficient of reactivity, (%/° C )
Reactivity, cold to hot (%)
Reactivity, Xe plus Sm (%)
Reactivity, experiments (%)
Reactivity, burnup allowance (%)
Reactivity, control allowance (%)
Maximum reactivity to be controlled (%)
Reactivity contrallable hy
4 shim-safety blades (%)

Max/avg thermal flux radial (5 MW calculated, 16 assemblies)
Max/avg thermal flux, axial (1 MW experimental, 13 assemblies) 1.41

2.0
109

-3.4 x 104
-2.6 x 104
-0.02

0.5

34

2.0

36

24

11.9

25

1.26



REACTOR DESIGN DATA FOR LOW ENRICHMENT
URANIUM CORE
Reactor Heterogeneous, D,0
Type moderated and cooled,
low enriched
Thermal power (MW) 5
Operating pressure (psia) 15
Reactor Qutlet temperature._moderator (°F) 131
Acti | £13)
Length (ft - in) 2-0
Equivalent diameter (ft - in) 2~
Power density, average core (kw/I) 242
Power density, average moderator (kw /1) 328
Power density, average coolant (kw /1) 173.7
Specific power, average (kw/kg U-235) 1389
Fuel Ugsiz
U-235 content (kg) 36
Cladding Aluminum
Vol s  act
UsSis 2.97
Aluminum (%) 9.20
D,O coolant 14.00
D;O moderator 74.03
Weigl " TV
U-235 fuel (kg) 36
D, 0 (lbs) 422
Aluminum (lbs) 107
Fuel bl
Number in reference design core 16
Coolant flow area per assembly (ft2) 0.0302
Total U-235 per assembly (grams) 225

1



Euel plates

Number per assembly
Plate width, overall (in)
Plate thickness, overall (in)
Plate length, overall (in)
Plate length, fuel (in)

Face clad thickness (in)
Edge clad thickness (in)

Shim-safety blades
Number in core
Shape
Dimensions (in)
Composition

Pegulating rod
Number in core
Shape
Dimensions (in)
Composition

Coolant flow

Total flow area in core (ft2)
Total weight flow entering core (Ibs/hr)
Total volume flow entering coie (gpm)
Inlet velocity, average coolant

within assembly (ft/sec)

Temperatures (°F)
Coolant entering core
Coolar't leaving core
Plate surface, average
Plate surface, maximum
Fuel centerline, average

Heat transfer

Area in core (ft?)

Heat flux, average (Btu/ft2-hr)

Thermal conductivity, UsSi; (Btu/hr-ft-°F)
Thermal conductinity, Al (Btu/hr-ft-°F)

12

18
2.854
0.050

23.5
0.015
0.204

4

Rectangular

55x1x455
Aluminum-clad cadmium

1

Tubular

1.381D.x1.420.D. x 24 long
Aluminuri-clad cadmium

0.483
998,395
1,800

9.45

114
131
163
178
165

229
71,600
51.99
104



Reactor vessel
Design pressure (psig)
Design temperature (°F)
Diameter (nominal outside diameter, ft-in)
Diameter (maximum at opening, ft-in
Height of vessel (ft-in)
Wall thickness (base meta!, nominal, in)
Composition
Design strength at 150°F (psig)

lower ead

Shape
Thickress (in)

Nozzles

Coolant outlet nozzle
Coolant inlet nozzle
Liquid level
Experimental facilities

Over-pressure relief vent
Shim-safety drives

! : L weight (bs)
Shield;

Thermal shielding (in)
Annular concrete shield (ft - in)

R Contai Buildi
Shape

Shell diameter, inside (ft - in)
Shell composition
Shell thickness (in)

Maximum expected pressure (psig)
Design pressure (psig)

13

9
150

6-0

6-6

10-4

0.375

Type 1100 Al
2350

Dished
0.50

1-101in

1-10in

1-3in

3-6in

8-4in
1-21/2in x5 in (round)
1-2in x 6 in (rectangular)
1-6in

4-3in

2000

0.25 boral plus 3.5 lead
4-9

Cylindrical with
torispherical top and flat
bottom

82-2

ASTM-A201 Grade B
Bottom and sides 7/16
Top side1-3/4

Top center 5/8

2.1

20



Safety factor

Test pressv re (psig)

Maximum expected temperature at
2.1 psig (°F)

Air locks

Truck door

Physi
Coolant void coefficient of reactivity, core center
°/o( k/’k)/ % void
Temperature coefficient of reactivity
% (k/k)/°C
Reactivity, cold to hot (%)
Reactivity, Xe plus Sm (%)
Reactivity, experiments (%)
Reactivity, burnup allowance (%)
Reactivity, control allowance (%)
Maximum reactivity to be controlled (%)
Reactivity controllable by
4 shim-safety blades (%)

14

-3.3x 102
-2.3x 102

0.3
-3.8
2.0
3.6
24
119

25



23 Reactor Safety

The GTRR is a heavy-water moderated reactor similar in design to the MIT
reactor and the CP-5 reactor which was located at Argonne National Laboratory. As
such, it has all of the inherent safety characteristics of water-moderated reactors in
general and those of the CP-5 and MIT types in particular. Chief among these are
negative moderator void and temperature coefficients which enable the reactor to
absorb reactivity additions by consequent changes in the moderator density. This
ability provides the reactor with a self-limiting mechanism which tends to stabilize
power in the event of unusual and possibly hazardous operating difficulties.

Abnormal operating conditions can arise as a result of physical plant
malfunctions or operator errors. The first category includes pump failures, loss of
electrical power, instrumentation failures, safety or regulating control element
failures and loss-of-coolant accidents. In all of these situations, a reactor scram will
be initiated by no less than two, and possibly as many as ten, separate and
independent trip circuits. Decay heat is removed satisfactorily by convection
circulation of DO after a scram from power or pump failure. Increased decay heat
following 5 MW operation is removed through an emergency cooling system
described in Section 4.4.8.3.

Errors of omission or commission made by the operating sta®* may impose
sudden additions of reactivity upon the reactor. These errors could include
improper fuel loading, improper startup, or failure to replace the graphite plugs in
idle experimental facilities (which might lead to a sudden reduction in moderator
void volume). The effect of sudden moderator changes are covered in Section 8.4.3.
In all cases, reactivity additions of the magnitudes estimated for the foregoing cases,
if occurring rapidly, will result in an abnormally short reactor period leading to a

scram condition.
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The 5 MW reactor instrumentation includes redundant safety interlock

circuits on channels deemed to be crucial to reactor safety. Two independent
electronic scram circuits and an electromechanical backup scram circuit are provided
for reactor power, reactor period, D,0 temperature, DO flow, and D,0 level in the
core tank. Even if the virtually impossible simultaneous failure of all circuits
should occur, the inherent characteristics of negative ' oid and temperature
coefficients are expected to terminate the resultant exc irsion well below the melting
point of the fuel.

In the event of the ultimate failure, fuel melting, a release of fission products will
take plzce. The surrounding environs and populace are protected from exposure to
high concentrations of radioactivity by the steel containment building enclosing the
reactor. The leak-tightness ¢. the containment building, as established by repeated
testing, would prevent serious outleakage of volatile fission products. A 12-inch
thick concrete shield around the periphery of the building would reduce the direct
radiation hazard caused by the contained fission products. These items are discussed
in Section 4.3 and Appendix C.

Reactor safety is further enhanced by the clear definition of responsibilities and
of accident procedures for all persons at the Nuclear Research Center. Required
classroom instruction and testing administered by the Health Physics group are
described in Section 6.4. Areas of responsibility and procedures for experiment
approval are unambiguously defined. (Section 6).
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3. SITE CHARACTERISTICS

3.1 Geography and Demography

The Georgia Tech Research Reactor is located on the 330-acre campus of the
Geoigia Institute of Technology. The campus lies in a residential and commercial
area just '.or of the center of downtown Atlanta. The location of the reactor is
illustrated in Figures 3.1 - 3.3.

Over 13,000 students are enrolled at Georgia Tech. The Institute employs
approximately 5,000 faculty and staff. The City of Atlanta, according to the 1990
census, has a population of 394,017 and covers 323.4 km2. This represents a
reduction in population of approximately 40,000 people since the reactor was
constructed. 'n 1990, the 20-county Atlanta metropolitan area had a population of
2.8 million people and encompassed an area of 13,264.7 km2. The metropolitar: area
is now in excess of 3.1 million people. The eastern boundary of the Georgia Tech
campus coincides with the combined leg of 1-75 and 1-85, the major traffic arteries
which run north to south through Atlanta (see Fig. 3.2).

The 1990 census tracts which include the campus and its immediate
surroundings are shown in Figure 3.4. Most of the campus is encompassed by tract
10.95, see Figure 3.3. The populations and areas of each of these tracts are given in
Table 3.1.

3.2 Hydrology and Geology

Atlanta is located in the foothills of the southern Appalachians in north central
Georgia. The terrain is rolling to hilly and slopes downward to the east, west, and
south so that the drainage of ithe major river systems is generally into the Culf of
Mexico from the western and southern sections of the city and to the Atlantic from
the eastern portions of the city.

Atlanta is situated in the geographic province called the Piedmont Plateau. It has
a mederately strong relief. In localized areas, the surface is rugged and extremely
hilly. The Atlanta area is characterized by very "choppy" terrain with a fairly

uniform elevation of hilltops ranging from 650 feet to 1050 feet elevation above
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Figure 3.2 Map Indicating the Location of Georgia Tech Campus with Respect
to Major Traffic Arteries in Atlanta.
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Figure 3.3 Aerial of the Reactor Facility and Vicinity
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Figure 3.3 Aerial of the Reactor Facility and Vicinity
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mean sea level. The hillsides are steep and meet to form sinuous draws or gullies.
The lower and larger draws contain perennial stream channels.

The Chattahoochee River heads in the Appalachian Mountains in northeast
Georgia and flows southwesterly in a narrow valley, passing 4.6 miles to the
northwest of the reactor site. Its drainage area at Atlanta is approximately 1,450 mi2.
The flow of the Chattahoochee has been regulated by Lake Sidney Lanier since
fanuary 1956. The average discharge for the 57 years of recorded d: - is 2,547 cfs.

At the northwest corner of the reactor facility is a topographic depression. (See
Figure 4.3 for detail). This depression is the upper end of a draw running southwest
to northeast, which formerly drained in this area. The draw is now blocked off by
Atlantic Drive. Surface drainage at the site concentrates in the depression west of
Atlantic Drive. It is confined to runoff from the city block which contains the site,
an area of 10 acres. The streets have low curbs which normally prevent inflow of
surface runoff from outside this area. Catch basins in State Street and Atlantic Drive
at the low points west and northeast of the facility, respectively, receive the runoff in
the streets.

Underlying the gully and the topographic depressions is a 72-inch, concrete-pipe
storm sewer . It receives runoff from the catch basins in Atlantic Drive and in the
east depression. The sewer follows the natural drainage, running roughly 1200 feet
east of Atlantic Drive to a trunk sewer.

The rocks underlying the Atlanta area are a crystalline complex of igneous arnJd
greatly altered metamorphic rocks. The latter are chiefly biotite gneiss and
muscovite schist. The host rock is intricately intermingled with granite, chiefly, and
also with hornblende gneiss, pyroxenite, and pegmatite. Igneous intrusions
conform to the toliation of the older rocks.

Structural planes in the bedrock, along with openings capable of transmitting
water which exist or are eventually developed, are due to folding, faulting,
intrusions, and jointing and other fracturing. The first is the most prominent type
of discontinuity in Georgia. They have a northeast trend and, southeast of the
Chattahoochee River, a gentle, southeast dip. All rocks in the Atlanta area display

some kind of fracturing.
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Overlying the bedrock and weathered from it is a layer of mantle rock. Its profile
is characteristic of the Piedmont region. The surface stratum consists of several feet
of red clay which may include angular quartz particles, weathered mica, kaolinitic
clays, and iron oxides. The second stratum consists of several feet of red clay which
may include angular quartz particles, weathered mica, kaolinitic clays, and iron
oxides. The second stratum is more granular soil which is graded from sandy silt at
the top to silty sand in the lower part. The third stratum, which lies just above the
bedrock, is a layer of extremely variable thickness and composition. It contains
strong, hard rock which is fractured in irregular lenses. The variability of this layer
is due largely to preferential weathering along the faults and joints. In the Atlanta
area the mantle rock has a maximum thickness of 130 feet and an average thickness
of about 55 feet.

Alluvium of sand and gravel is present only along the Chattahoochee River and
its main tributaries. Its maximum thickness is 30 feet. Borings for soil exploration
at the reactor site in the summer of 1958 revealed considerable variation in the
elevation of the ground water table, 870 to 901 feet elevation above mean sea level
with depths ranging from 11 to 40 feet. This was attributed to the presence of fill

over an older ground surface, and to old drainage paths across the reactor site.

3.3 Meteorology and Climatology

The Gulf of Mexico and the Atlantic Ocean are approximately 250 mules south
and southeast of Atlanta, respectively. Both the Appalachians and hese two
maritime bodies exert influence on the Atlanta climate. The temperatures are
moderated throughout the year. Summer temperatures are moderated somewhat
by elevation but are rather warm, but prolonged periods of hot weather are unusual.
The mountains to the north tend to retard the southward movement of Polar air
masses, resulting in rather mild winters. Cold spells are not unusual but are rather
short-lived. Late March is the average date of the last temperature of 32°F and mid-
November is the average date for the first temperature of 32°F. This results in an
average growing season of 234 days.

Abundant precipitation fosters natural vegetation and the growth of crops in the

Atlanta area. Minimum dry precipitation periods occur mainly during the late

23



summer and early fall, witl maximum thunderstorm activity occurring during
July. On the average 49.8 thunderstorms occur per year, with 10.4 thunderstorms on
the average occurring in July. A snowfall of 4 inches or more is expected about once
every 5 years. Ice storms, freezing rain or glaze, occur about twice every three years,
impacting travel. Severe ice storms occur about once in ten years.

Atlanta’s coldest month is January with an average daily high of 51.2°F and an
average low of 32.6°F. The hottest month is July with an average daily high and low
of 87.9°F and 69.2°F, respectively. The normal yearly precipitation is 48.61 inches
while the mean wind speed is 9.1 mph with a prevailing wind direction from the
Northwest. The surface wind rose data from the Air Protection Branch of the
Georgia Department of Natural Resources is shown in Figure 3.5.

On the average tb  are 18 reported tornadoes per year in the state of Georgia.
The highest occurrence of tornadoes is during the months of March and April when
50% of the total number occurs. On relatively few occasions, hurricanes hit the
southeast Georgia coast. Since most do not reach the state or move inland into the

state, only moderate winds and heavy rainfalls occur.

3.4 Seismology

The Appalachian Piedmont, in which Atlanta is located, has historically been an
area of low earthquake activity. Much of the hazard is from distant, more active
areas capable of producing larger earthquakes, such as eastern Tennessee, the
Charleston (South Carolina) seismic zone, and the New Madrid (Missouri) fault
zone. The largest estimated ground motions are from the February 7, 1812 New
Madrid earthquake and the 1886 Charleston earthquake which produced Modified
Mercalli Intensities (MMI) of V-VI and VIII, respectively. The intensity VIII shaking
at Atlanta from the Charleston earthquake consisted of damage to unsupported
maconry such as chimneys.

Only three historical earthquakes have occurred within 100 km of Georgia Tech.
They were of intensities IV, VI and IV and occurred in 1913, 1914 and 1933

respectively. All three occurred at distances greater than 88 km from Georgia Tech.
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4. THE REACTOR FACILITY
4.1 Description of the Site

The immediate vicinity of the site is shown in Figure 4.1, a recent aerial
photograph. The Electronic Building and its grounds are approximately 200 feet
south and southwest of the reactor building. The Physics building is approximately
700 feet south of the reactor building. The Baker building is about 200 feet to the
west and the physical plant is about 50 feet east and north east. The site topology is
shown in Figure 4.2.

The east boundary of the Neely Nuclear Research Center in which the GTRR is
located, is Atlantic Drive, a street that carries moderate local traffic. The main
laboratory and parking lot entrance are from Atlantic Drive. More details of the
two-acre site are shown in the plot plan, Figure 4.3. The land immediately adjacent
to the reactor and the laboratory is surrounded by a personnel fence. The only
opening in this fence is a truck gate at the rear of the laboratory, which is unlocked
only for deliveries.

The point of closest public approach permitted by the fence is 45 feet from the
containment building. The land slopes downward to the north and west around the
laboratory building so that the elevation is at first floor height on the south and east,
and ground floor level to the north and west. The location of the reactor cooling

tower, waste storage tanks, and exhaust are shown in Figure 4.3.

47 Dscuiasi ofi o Faciliti
4 2.1 General Layout

Laboratory and office space and a variety of support facilities are housed in a
two-story building adjoining the containment building. This building is
approximately 90 feet by 130 feet and contains 24,000 square feet of floor space.

Figure 4.4 is a plan of the first, or main floor. In the southeast corner of the building
is a high bay area measuring 46 feet by 56 feet. This area contains the high level
radiation facilities including the two hot cells, radiochemistry laboratory,

decontamination room and storage pool; all are discussed in detail in Section 4.2.2
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below. The area is normally closed off from the remainder of the building, with

access restricted to the change room entrance. The handling of materials with
potential contamination will be restricted to this area. Only sealed sources or very
small quantities of radioactive material are handled in the low level laboratories.

The change room acts as a buffer between the security zone and the rest of the
laboratories. It contains lockers for individuals having to change into protective
clothing, storage space for protective clothing and equipment, a shower and
washstand for personnel decontamination, and space for personnel monitoring
equipment. A bench acts as a step-over divider between areas. An alternate path
through the shower stall also connects these two areas. The change room has been
located next to the air Jock entrance leading into the reactor building. In case a
serious contamination problem arises in the reactor area, traffic to that area can
easily be restricted so as to make passage through the change room mandatory. Thus,
the change room can also act as a buffer zone for the reactor. .

In addition to possible traffic between the change room and reactor, the
vestibule in front of the air lock entrance establishes several other routes. Doors to
the high-level area, outside loading platform, fu.  >ment storage vault, Health
Physics laboratory, and main laboratory building c. “dors all open from this
vestibule. This facilitates the transfer of new fuel elements from the vault to the
reactor, of used elements and hot experiments from the reactor to the pool or hot
cells, of materials between the loading platform and the reactor or high level area, or
of experimental equipment from the main laboratories to the reactor or hot cells. All
such transfer operations must pass stringent monitoring before leaving the
controlled area.

Transfer of radioactive material between the hot cell area and the reactor is
facilitated by a variety of shielded containers ranging through several sizes of hand
carried pigs, steel-jacketed lead boxes on casters, and four-ton and seven-ton lead
casks. The larger casks are handled by overhead cranes serving the reactor area, the
high bay area, and the hot cell. Fork lift trucks transfer the casks through the air-lock

between the two areas.
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Reference to Figure 4.4 reveals the back-to-back arrangement of the low level
laboratories. These laboratories are separated by a service chase which contains all
utilities. The basic module for these laboratories is approximately 20 feet by 24 feet,
with one of the six modules divided in half to form the counting room and water
chemistry laboratory. Although the allocation of laboratory space depends upon the
research programs in progress at any given time, the present assignments are typical
of anticipated usage. Present designations include radiobiology, nuclear chemistry,
biochemistry, metallurgy, physics, and electronics. Space along the north and south
walls is devoted to offices and conference rooms.

The top or second floor, shown in Figure 4.5, is a gallery which permits
visitors to view work in the high bay area behind the hot cells and within the
containment building without entering either area. The gallery is effectively
isolated by glass viewing panels, thus providing visitors with an excellent view of
the facility while subjecting them to minimal possibility of contamination or
radiation exposure. Moreover, distraction for operating and research personnel is
greatly reduced.

Final grading established the outside ground level at the elevation of the first
floor on the east (main entrance) and south (loading platform). The land slopes so
that the lower or ground floor is at ground level on the west and north sides of the
building. The employee entrance is from the parking lot to the north. The ground
floor, shown in Figure 4.6 contains most of the mechanical and electrical equipment,
a detector instrumentation laboratory, dark room, a complete machine and welding
shop, animal quarters, a receiving and stockroom and, along the north wall,
additional office space. The northeast corner was designed as a bio-medical suite
which may be isolated from the remainder of the building. It contains offices, two
laboratories and two small rooms. These latter two rooms may be used to
accommodate human patients for periods of a few hours before or after treatment.
This suite is located near the elevator leading to the first floor and bio-medical
irradiation facility, and near the employee entrance which can be used for

ambulance delivery. The space is now used as general offices and laboratories.
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All city water for the entire Center is supplied through a single 4-inch line
which enters the ground floor of the laboratory building. The water passes through
a gate valve, strainer, backflow preventer, pressure reducing valve, and a second
gate valve. Following this, the line branches for distribution throughout the facility.
The backflow preventer is a reduced pressure type, Crane D-851, size 4, Model A.
Backflow preventers of this general type have been tested at Oak Ridge National
Laboratory to determine if backflow occurred under adverse conditions (water
hammer, upstream vacuum, etc.). Under these test conditions there was no
detectable backflow. These tests are described in report number ORNL 3380.

4.2.2 The Hot Laboratory
The hot laboratory includes the high bay area in the southeast corner of the

building and the adjoining hot cell operating area (refer to Figure 4.4). Work
involving greater than a few millicuries of loose radioactive material usually is
conducted within the hot laboratory portion of the building. The hot cell operating
area is free of radioactive contamination. There are routine restrictions on access to
this area because of control to the security zone. The cell service area is treated as
suspect and access to it will be carefully controlled. There are three possible
entrances--a large truck door from the air lock vestibule, a personnel door from the
operating area and a door from the change room. The first two are closed, with
access restricted to the change room route. The hot cell isolation room, handling
and storage pool, radiochemistry laboratory, decontamination room, cleaning
supply, closet and circular stair to the equipment basement are all accessible from
the cell service area.

The hot cells are constructed of dense concrete (minimum density 215 pounds
per cubic foot) three feet thick. The larger cell is 7 feet by 13 feet inside, while the
smaller is 7 feet by 7 feet. Both are 13 feet, 4 inches high inside with removable roof
slabs of 2 feet, 6 inches thick normal concrete. The larger cell is equipped with two
liquid-filled viewing windows which match the shielding capacity of the wall. Each
of the two viewing stations is equipped with a pair of Model 8 and Model D
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mechanical master-slave manipulators. Access to each cell from an isolation room
is through a doorway at the rear. The cell doorway is closed by a door which slides
horizontally, parallel to the rear cell wall. The 14 inch thick steel inter-cell is
removed to form one cell 21 feet long.

Because of budgetary limitations, only the larger of the two cells has been
completely outfitted and is now in service. The walls and ceiling of the smaller cell
are complete, but the window and door openings are closed by stacked lead brick 8
inches thick.

Sample containers are introduced into the completed cell through the door or
roof. A chute and built-in elevator mechanism connects the storage pool to the
larger cell so that samples may be passed directly from one to the other. The front of
each cell is provided with a number of removable stepped plugs to be used for the
installation of hydraulic, mechanical, pneumatic or electrical connectors for
remotely controlled equipment. A minimum of utilities is permanently installed in
the cell. Instead, all the usual services are available immediately in front of the cells
for insertion as required.

Immediately behind the larger hot cell is an isolation room approximately 10
feet by 10 feet. This room acts as a buffer zone or air lock and reduces the spread of
contamination from the cell interior. The walls consist of 8 inches of solid concrete.
The shielding thus provided is sufficient to permit temporary storage of
contaminated equipment. Both the hot cell door and isolation room door are
padlocked, and keys are maintained by the Health Physics Office. High radiation
levels inside the cell are indicated by a buzzer and a warning light at each door.

Along the east side of the high bay area is a storage and handling pool filled to
a depth of 18 feet with water. This 5 foot by 20 foot pool provides space for spent fuel
element storage, gamma irradiation experiments using spent fuel elements or other
multicurie sources, disassembly of large pieces of radioactive equipment such as in-
pile loops or fuel assemblies and other work requiring remote operation on large
objects with good visibility. The contamination level in the pool water is controlled

by recirculating it through filters and ion exchange resins.
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The radiochemistry laboratory may be reached from the service area. This 18
foot by 26 foot room contains two radioisotope hoods for high millicurie level work.

Next to the radiochemistry laboratory is a 9 foot by 18 foot decontamination
room. Facilities in this room include a hooded sink and an 8 foot by 8 foot walk-in
hood. The latter is used for scrubbing down objects which are too large to place
under the standard size fume hood. This room is also used for any hot mechanical
maintenance work which must be done on portable equipment, and for packaging of
high level radioactive wastes prior to shipment. Health Physics personnel utilize
this hood for interim storaye of incoming radioisotope shipments.

The high bay area includes the hot cells, pool, and rocf of the radiochemistry
and decontamination rooms. This entire area is accessible to a 15 ton capacity bridge
crane. The roof mentioned above provides storage space for equipment, shipping
containers, etc. and, for this reason, crane access to it is desirable. Personnel access is
provided by a circular stair.

The circular stair also leads down to a hot equipment basemen! which is
shown in Figure 4.6. This portion of the ground floor is normally sealed off from
the adjoining mechanical equipment room by closing and locking the connecting
doors. In addition to the stair access, a large hatch makes the basement area
accessible to the 15 ton crane. This permits removal of heavy objects such as
contaminated ion exchange resins in shielded containers. The hot equipment
basement houses the hot cell ventilating equipment, radioactive liquid waste
storage and treatment system, pool water treatment system, and other mechanical

facilities which present a potential contamination problem.

4.2." Laboratory and Hot Cell Ventilation

With exception of the high bay and building service areas on the ground
floor, the laboratory building is air conditioned. The air handling system is designed
to maintain a pressure gradient throughout the building in such a direction that the
spread of airborne contamination is minimized. In general, air is supplied to the

office and bio-medical suite, flows into the corridors and thence to the laboratories
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through transoms above the laboratory doors. Each laboratory can be isolated from
the corridor by closing manually-operated louvers.

Laboratories are designed to have a lower pressure than the corridors by the
hood exhausts. The air flow in the laboratories is once-through with no re-
circulation. The corridor air, however, is re-circulated to an extent which depends
on the number of hoods in operation. When most hoods are in use, re-circulation
13 minimized and conditioned outside air is supplied to maintain the proper
pressure gradients. Inth way a contamination problem which might accidentally
arise in a laboratory can be confined to that laboratory. The radiochemistry
laboratory in the high bay area draws its supply air from the reactor air lock
vestibule. It is maintained at a pressure below that in the high bay and vestibule by
the hood exhausts.

All fume hoods are equipped with constant speed blowers. Radioisotope
hoods have individual filters and manually-operated dampers to regulate face
velocity and compensate for filter loading. An inclined tube gauge on the front of
each hood indicates the pressure at the hood exit. Each gauge for hoods in use with
radioactive materials has been calibrated in terms of actual flow rate at a given hood
opening so that the operator can assure himself that the flow rate is adequate.
Radioisotope hoods in the low level portion of the building are exhausted to the
atmosphere through roughing and "absolute" filters installed in series. Filters and
blowers are located on the building roof which is accessible from the stairwell.

Hoods in the radiochemistry laboratory and decontamination room within
the high bay area are exhausted by individual blower through roughing and
"absolute"” filters. These blowers and filters are located on the roof above their
respective rooms, but within the high bay. The only exception is the walk-in hood
which has its “absolute” filter and blower located beneath it in the hot equipment
room.

The exhaust system for the hot cells is very similar. Each cell is exhausted
through roughing filters into a common plenum, then through a bank of several
“absolute” filters and a 2000 cfm blower. A second 2000 cfm blower in parallel with
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the first is turned on automatically if the pressure in either cell rises above a set
point of t+- order of 0.1 inch of water below atmospheric pressure. This could occur
if a shiela door or plugged port were opened or if the primary blower failed.

All exhausts from the high bay area (hoods and hot cells) are ducted
individually through the ceiling of the area and released at a common point within
a cupola on the roof.

4.2.4 Liquid Waste Handling Systems

Liquid wastes from the laboratory buildings are collected by one of three
systems. All sanitary wastes enter conventional cast iron drain lines which lead into
a common 6 inch line before emerging from the laboratory building. The path
followed by the sanitary drain after leaving the building is shown in Figure 4.3.

Laboratory wastes and storage pool water are handled by the two systems
shown diagrammatically in Figure 4.7. The majority of laboratory sinks, cup sinks
and floor drains empty into a suspect waste system. These lines all drain to .
common point in the pump room beneath the hot equipment room. At this point
the suspect waste is drained to the 5000 gallon suspect water tank. The suspect waste
can be shunted to the low level retention tanks if desired, for example, during
testing of suspect waste prior to pumping.

All drains from the high bay area of the laboratory building, and several from
other areas lead to a low level waste collection system. These wastes empty into a
1500 gallon tank in the waste storage tank pit. The location of this tank pit is shown
in Figure 4.6 The bottom of this pit is actually one level below the hot equipment
room floor and at the same depth as the floor of the pump room. The tank pit
contains a second 1500 gallon tank which is held in reserve to receive low level
waste, and the 5000 gallon tank of the suspect system.

Two pumps and & valve manifold in the pump room permit the contents of
the retention tanks to be transferred from one to another. The wastes can also be
pumped through ion exchange columns and filters in the hot equipment room.

Additive tanks in the hot equipment room permit flocculating agents, neutralizers
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or other reagents to be added to ary retention tank. Operation of the suspect and
low level systems is discussed further in Section 7.1.2.

When any of the waste retention tanks nears a full condition, samples of the
contents are drawn after thorough mixing, and submitted to Health Physics for
radioactivity assay. Provided that the contents meet regulatory requirements, the
tanks are emptied by pumping the contents to the municipal sanitary sewer system.
If regulatory requirements are not met, the decontamination processes described
above will be carried out.

One of the pumps and a deionizer is used to re-circulate the contents of the
storage pool in order to maintain the water quality. Water is pumped from a sump
in the pool floor and returned to the pool a few feet below the water surface. No
drain is provided, thus requiring that the pool be pumped out in order to empty it.
Emptying is permitted only after the pool water has been sampled and the
radioactivity level proven to be below acceptable limits for discharge. The pump
transfers the pool contents to the suspect waste line. The pool discharge line is
equipped with a syphon break to prevent the pool from emptying if a pipe failure
occurs in the pump room. Make-up water is provided by a conventional hose
connection along the east wall of the hot equipment room. Skimming action is
obtained by allowing water to overflow into a scum gutter installed across one of the
narrow sides of the pool. The scum gutter drain leads to the suspect waste system.

Both the low level and suspect drain lines, and the storage pool piping are of
PVC where exposed, and Duriron where buried or otherwise inaccessible. Retention

tanks are carbon steel with a vinyl coated interior.

43 Descriotion of R Conai Buildi

4.3.1 General Layout

The reactor containment building is, basically, a cylindrical steel tank with a

diameter of 82 feet. The steel bott. m is flat, while the top, or roof, is a torispherical
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dome rising to approximately 50 feet above ground level. This structure provides a
relatively leaktight barrier to the escape of gas from its interior and, thereby, reduces
the hazard associated with the release of fission products from the reactor core. The
essential features of the building construction are shown by Figure 4.8,

The flat tank bottom rests upon concrete footings. The lower 7 foot - 8 inch
sexdon of the tank is filled with concrete. This thick slab serves two purposes: it
provides ballast against the buoyant force of ground water, and it supports the
remainder of the interior building structure, including the reactor. The top of this
slab is the basement floor. Above this, supported by concrete columns anc. the
reactor pedestal, is the first floor slab.

Inside the steel tank wall is a 12 inch thick layer of concrete which extends to
approximately 34 feet above the outs ie ground level. This inner concrete wall has a
dual function: it shields an observer outside the building from a radiation source
within, and it supports a 20 ton capacity polar crane which services the reactor and
first floor area.

The basement of the containment building houses all reactor process
equipment the exhaust ventilation equipment and the electrical load center for the
building. The basement floor plan is shown in Figure 4.9. Although the basement
is at the same elevation as the ground floor of the laboratory building, there is no
direct access between the two areas. The basement can be reached only by elevator or
stairway from the first floor of the containment building. The reactor process
equipment is located within an area surrounded by two-foot-thick concrete walls.
The "absolute” filters and blower for the containment building exhaust are adjacent
to this shielded area. A large holdup volume through which this exhaust must pass
is cast into the basement floor slab. Another large <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>