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GA TECH RESEARCH REACTOR

1.0 INTRODUCTION AND SCOPE 

1.1 Introduction 

IT Corporation (IT) is under contract to the Georgia State Financing and 
Investment Commission (GSFIC) to decommission the Georgia Institute of 
Technology Research Reactor (GTRR) and its associated systems. IT upon 
completion of the decommissioning activities is contracted to issue a Final Survey 
Report (FSR). Duratek executed the Final Survey under subcontract to IT with 
oversight and support from IT Corporation.  

The GTRR was located within the Neely Nuclear Research Center (NNRC) on the 
campus of the Georgia Institute of Technology (Ga. Tech). The GTRR was built 
in the early 1960's as a research and training reactor. It was used to explore the 
frontiers of biology and material sciences as well as to teach engineers the 
principles of nuclear power plant operation. It first went critical on December 31, 
1964. The reactor was operated under the United States Nuclear Regulatory 
Commission (NRC) License, Number R-97. It was originally designed for 1 MW 
thermal (t) output and upgraded to produce 5 MW (t) in 1974. Reactor operation 
ceased on November 17, 1995.  

No single factor led to the GTRR decommissioning. However, there was one 
factor that catalyzed the decision process - the 1996 Summer Olympic Games.  
The Ga. Tech campus was home to over ten thousand athletes from over 160 
countries. The high visibility of the Olympic Games led to increased questions 
about reactor security and also heightened public interest in reactor operations. In 
addition, the reactor had reached its 30-year design lifetime. It was time to 
reevaluate operating systems and upgrade areas within the containment building.  
Student enrollment in nuclear engineering and reactor utilization had significantly 
decreased. Thus, a combination of all these factors led the administration of Ga.  
Tech to decide to decommission th6 GTRR.  

All nuclear fuel was removed from the facility in February, 1996 prior to the 
Olympic Games. At that time the NRC amended Ga. Tech's license and granted 
Ga. Tech a Possession-Only-License (POL). A short time later, the Ga. Tech 
administration decided to decommission the nuclear reactor. In 1999, the NRC 
approved a license amendment to the POL to dismantle the GTRR in accordance 
with the GTRR Decommissioning Plan prepared by NES, Inc. (Document No.  
82A9083 Rev. 3, dated June, 1998). IT began decommissioning activities in 
November, 1999. The work involved the dismantlement and removal of all NRC
licensable materials, equipment and structures from the site.
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1.2 Project Scope 

The ultimate goal of the Final Survey was to attain release of the GTRR facility 
for unrestricted use and the termination of NRC License Number R-97.  
The NRC approved GTRR Decommissioning Plan states, that for building 
surfaces, the criteria for release for unrestricted use shall be as specified in NRC 
Regulatory Guide 1.86, Termination of Operating Licenses for Nuclear Reactors, 
Table 1 "Acceptable Surface Contamination Levels". The GTRR 
decommissioning contract also states that the exposure rate from residual 
radioactivity can not exceed ambient background levels by more than 5 uR/hr 
(average) at 1 meter. The Final Survey was conducted in accordance with the 
Final Survey Plan which incorporated guidance contained in NUREG/CR-5849, 
Manual for Conducting Surveys in Support of License Termination (as referenced 
in the GTRR Decommissioning Plan).  

2.0 BACKGROUND INFORMATION 

2.1 Facility Description 

The Neely Nuclear Research Center is located in the north-central part of the Ga.  
Tech campus in the city of Atlanta, Georgia. The NNRC is comprised of a 
containment building, hot cell, support laboratories, classrooms and offices. The 
GTRR was located inside the containment building which is situated on the 
southeast side of the NNRC.  

The reactor containment building consists of three floors. The building is a 
cylindrical welded steel tank with a diameter of 82 feet and a 12-inch-thick 
internal concrete wall. The roof is a torispherical dome, approximately 50 feet 
above ground level. The reactor yard surrounds the containment building. It 
consists of both paved and open land areas. The containment building and reactor 
yard are shown in Figure 2.1.  

2.1.1 Basement 

The basement of the containment building housed the reactor process 
system equipment, the exhaust ventilation equipment and the electrical 
load center for the building. It can be reached by elevator or stairway 
from the first floor of the containment building. There is no direct 
personnel access from the basement of the containment building to the 
adjoining basement of the NNRC. The reactor process equipment was 
located within a room surrounded by 2-foot thick concrete walls. This 
room contained the primary coolant system and heat exchangers, reactor 
overflow and purification system, heavy water storage tank, heavy water 
recombiner, helium makeup system, secondary water system, and thermal 
shield cooling water system. Adjacent to the process equipment room is 
the containment building exhaust system blower and High Efficiency 
Particulate Air (HEPA) filters. Cast into the basement slab is a large
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holdup volume for the exhaust air. Another large void in this concrete 
slab provided an expansion chamber, which was connected to the 
helium/nitrogen space above the reactor core through a rupture disk.  

The basement also contained the reactor sump, the Motor Control Center 
(MCC) electrical panel, the biomedical facility door hydraulic system, an 
elevator equipment room, a cooling water system for the bismuth blocks 
and three rooms, which housed the service air compressors, pneumatic 
transfer systems (rabbit systems) and an experimental area. The basement 
plan is shown in Figure 2.2.  

2.1.2 First Floor 

The first floor of the containment building, which is also the ground 
elevation, contained the reactor and its bioshield. The GTRR was a 5 MW 
thermal, heavy water moderated, cooled and reflected reactor that was 
fueled with uranium aluminum alloy plates. As stated earlier, the fuel 
elements were removed from the facility in February, 1996. The reactor 
was equipped with numerous horizontal and vertical experimental ports 
for access to fast and slow neutron beams. The reactor vessel was an 
aluminum, cylindrical tank approximately 6 feet in diameter and 10.4 feet 
high. The reactor's neutron flux was controlled by four aluminum-clad 
cadmium shim safety blades and an aluminum-clad cadmium regulating 
rod. The reactor vessel sat on a steel support structure and was suspended 
within a 2-foot thick graphite reflector. Graphite stringers surrounded the 
reactor from beneath the vessel and in a radial direction. A 0.25 inch thick 
cylindrical boral sleeve encompassed the graphite stringers. The nuclear 
reactor and graphite reflector were housed inside a lead shield tank. The 
lead shield tank consisted of 3.5 inches of lead sandwiched between two 
layers of steel. All of the above was enclosed within a 4.75 foot thick 
concrete and iron aggregate biological shield.  

The first floor also contained a vertical water-filled spent fuel storage hole 
which was approximately 19 feet long and extended into the basement 
slab. This spent fuel storage hole was located inside one of the first floor 
structural support columns. A Plug Storage Vault with 18 horizontal 
storage tubes was set into the outside wall of the containment building on 
the first floor.  

The first floor of the containment building can be accessed by one of three 
routes: the main air lock leading from the NNRC building; a smaller 
personnel air lock leading from the outside yard; and a truck door. There 
was plenty of space available on this floor to conduct experiments using 
one of the many horizontal beam ports. A thermal column was located on 
one side of the reactor while a shielded irradiation room (the biomedical 
facility) was situated on the opposite side immediately adjacent to the 
reactor. Figure 2.3 shows the first floor plan.
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2.1.3 Second Floor 

The second floor is 15 feet above the first floor and provided access to the 
top of the reactor. It can be reached by either using an elevator or stairs.  
A walkway (catwalk) runs completely around the circumference of the 
building on this elevation. The reactor control room occupies much of the 
second floor. An Emergency Core Cooling System (ECCS) tank was 
located on the second floor above the catwalk. Air was supplied to the 
containment building through an air-conditioning unit, which was located 
on top of the control room. An overhead 20-ton capacity polar crane that 
services the reactor building is supported by rails approximately 15 feet 
above the second floor. Figure 2.4 provides a plan of the second floor.  

2.1.4 Reactor Yard 

The grounds surrounding the containment building consist of an asphalt 
surface extending from the access gate around the containment building to 
a metal storage building, concrete surfaces adjacent to the containment 
building, gravel in the southwest comer formerly occupied by the cooling 
tower, and grass in the remaining areas.  

2.2 Operating History 

The GTRR was built in the 1960's as a component part of the Neely Nuclear 
Research Center. The reactor first went critical on December 31, 1964. It was 
licensed to operate at 1 MW (t) output for a thirty year period. In 1974 the license 
was amended and the reactor was upgraded to produce 5 MW (t). It continued to 
operate at this level until reactor operations ceased on November 17, 1995. The 
GTRR logged approximately 40,000 MW-hrs of operation.  

The reactor was designed to accommodate many different research applications.  
The reactor produced a thermal flux of greater than 1014 neutrons/cm2/sec at a 
power of 5 MW(t). There were ten horizontal beam ports, two horizontal through 
ports (one above the reactor core and one below the reactor core), fourteen 
vertical ports, two large troughs located below the reactor, and a pneumatic tube 
conveyance system that could be used for research activities. Experiments were 
performed utilizing high intensity neutron beams, gamma ray beams, as well as a 
uniform thermal neutron flux through a large sized beam. The pneumatic tube 
system provided the ability to perform short irradiations or irradiations that 
required rapid sample recovery. Students and researchers employed the reactor to 
investigate materials science properties, to study nuclear physics and other 
frontiers of nuclear research.  

Although there was a biomedical irradiation facility, no biomedical experiments 
were ever performed.
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Figure 2.1 
Reactor Yard
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Figure 2.2 
Containment Building Basement
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Figure 2.3 
Containment Building First Floor
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Figure 2.4 
Containment Building Second Floor
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2.3 Management Approach 

The GSFIC, as the owner, and on behalf of the using agency, Ga. Tech, 
contracted IT Corporation to decommission the GTRR in accordance with the 
NRC approved GTRR Decommissioning Plan. IT Corporation was responsible for 
the management and execution of all decommissioning activities. In addition to 
performing site work tasks, IT provided site radiation protection, health and 
safety, and quality assurance personnel. IT's primary subcontractor for this 
project was GTS Duratek (Duratek) which was responsible for the initial survey, 
all waste management activities, including packaging and transportation, and the 
final survey of the facility.  

The Ga. Tech Radiation Safety Officer, who is responsible for all radiation safety 
matters on campus, reviewed and approved all Radiation Work Permits (RWPs) 
and radioactive waste shipping documents for the project. As the licensee, the 
Radiation Safety Office monitored the radiation exposure of all decommissioning 
personnel.  

The GSFIC contracted CH2M HILL to serve as the Executive Engineer for this 
project. CH2M HILL personnel provided technical oversight and consultation to 
Ga. Tech during the course of the project. They coordinated the review of various 
project documents, monitored daily decommissioning activities and performed 
independent audits of the work.  

A Technical Safety Review Committee (TSRC), consisting of six members 
appointed by the president of Ga. Tech from the faculty and the private sector, 
reviewed and approved all plans and procedures for the decommissioning project.  
Any deviations from the GTRR Decommissioning Plan, were screened by a Title 
10 Code of Federal Regulations Chapter 50.59 (10 CFR 50.59) safety screening 
and evaluation process, and approved by the TSRC prior to implementation.  

2.4 Decommissioning Activities 

IT's decommissioning activities began with the development of necessary site 
specific plans and procedures. Once approved, personnel and equipment were 
mobilized to the project site in November, 1999. Two temporary office trailers 
were located in the southwest comer of the yard outside the containment building 
(see Figure 2.5). These trailers housed the management and technical support 
personnel. Project files and site logs were maintained in the larger site office 
trailer. A laboratory trailer, equipped with the necessary radiological analysis / 
counting equipment, was located at the north end of the yard adjacent to the 
NNRC. A decon trailer was situated next to the containment building's secondary 
personnel air lock and it served as the main access control point into the 
containment building during decommissioning activities. The decon trailer 
contained personnel protective equipment and clothing, a change area, lockers, 
showers, and wash sinks. Radiation Work Permits and Work Packages were
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located in the decon trailer for personnel review prior to entering the containment 
building.  

After completing all required training and orientation classes, site personnel 
commenced the initial site survey. The purpose of this survey was to assess the 
existing radiological conditions of the facility. The radiation levels and 
radioactive contamination levels were compared with those described in the report 
entitled GTRR Decommissioning Project Radiological Characterization Report, 
prepared by NES, Inc. This data was used to prepare RWPs and perform ALARA 
reviews for the decommissioning work packages. In addition to surveys, two core 
borings were obtained from the biological shield. These borings were sectioned 
and sent to an off-site laboratory for radiation analysis to determine the extent of 
activation in the bioshield concrete.  

A detailed site inventory of radioactive materials was compiled during the initial 
site survey. Most of these items were located on the first floor and occupied floor 
space necessary for decommissioning operations. Empty sealand containers, 
received from Duratek, were brought into the containment building through the 
truck door. Radioactive materials that could not be decontaminated to 
radiological free release limits were packaged and placed in these containers.  
Once the containers were full they were sealed and transported out of the 
containment building through the truck door using the polar crane, rollers and a 
forklift truck. Full sealand containers were temporarily stored on paved or 
concrete surfaces within the controlled area of the site. A flatbed trailer was used 
to ship the full sealand containers from the NNRC to Duratek's Bear Creek, 
Tennessee Facility. Radioactive materials that were received at the Bear Creek 
facility were either processed for disposal at Envirocare's disposal site in Utah, 
processed through Duratek's Green Is Clean Safecheck Program for disposal at 
the Carter's Valley Landfill in Churchhill, TN, or recycled by Duratek. Items in 
the containment building that were surveyed after decontamination and found to 
meet radiological free release criteria were removed from the building and placed 
adjacent to the metal storage building on site.  

Reactor dismantlement operations commenced in January 2000. All nonessential 
electrical components were disconnected at the motor control center, located in 
the basement. The only components considered essential were the building 
HEPA filtered ventilation system, the polar crane, and the stack fan. These 
components remained operational throughout the decommissioning operation.  
Once power was disconnected from the nonessential components, electricians 
detached all electrical wire terminations to allow for safe removal of these items 
by decontamination technicians.

REVISION 0

GA TECH RESEARCH REACTOR FINAL SURVEY REPORT

10



Auxiliary systems, such as the space heating hot water, domestic hot water, 
chilled water and city water systems, were isolated and tagged out-of-service on 
the NNRC side of the containment building. Meanwhile, the cold water supply 
line from the NNRC remained energized while its return line was tagged closed.  
In addition, the interconnecting compressed air line from the NNRC to the 
containment building remained open. After these systems were isolated, 
dismantling operations began in the basement with the removal of three air 
conditioning units which were contaminated above release limits. These units 
were cut free from their chilled water lines, transported to the first floor and 
placed in a sealand container.  

In order to provide access to the primary coolant system in the process equipment 
room, the secondary water system components and piping spool pieces were 

unbolted at convenient flange connections and separated from the system. These 
items were either rigged to the polar crane and lifted out of the basement through 
the equipment hatch and placed in a sealand container or placed directly in a B-25 
box in the basement. The entire secondary water system was removed up to the 
flange connections adjacent to the containment building penetrations. A blind 
flange was bolted to the secondary cooling water supply line to minimize water 
leakage into the process equipment room.  

Other systems in the process equipment room, such as the heavy water 
recombiner, helium makeup system, the overflow return and purification system 
and the thermal shield cooling system were dismantled by first cutting small bore 
pipes into manageable sections or unbolting components and pipes at flange 
connections. Drip containments were used to collect any residual water in the 
piping systems. Larger components were transported by forklift to the equipment 
hatch then lifted by polar crane out of the basement and placed directly in sealand 
containers, while smaller pipe sections or components were placed in B-25 boxes.  
Once the B-25 boxes were full, they were brought up to the first floor and emptied 
into an appropriate sealand container.  

The primary coolant system was dismantled in a similar fashion. However, the 
stainless steel components from this system were segregated from other steel 
components and placed in a separate sealand container. Residual heavy water 
collected from this system was poured into a separate stainless steel drum and 
returned to the Department of Energy's Savannah River Site. The large primary 
coolant system components, such as the heavy water tank and heat exchangers, 
were rigged to anchors installed in the ceiling and carefully moved with chains 
and come-alongs to the equipment hatch opening. At this point, these 
components were rigged to the polar crane, lifted out of the basement and placed 
in sealand containers for shipment to Duratek's metal melt facility in Bear Creek, 
Tennessee.
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Primary coolant system piping extended from the process equipment room into 
the reactor pipe tunnel through a temporary concrete shield wall. This shield wall 
was demolished with the use of expandable grout and handheld jackhammers.  
Local HEPA filtered ventilation systems were used to control dust in this area 
during demolition operations. Concrete pieces were collected by hand and with 
shovels and then placed in B-25 boxes for future disposal.  

The other radioactively contaminated systems located in basement rooms or areas 
adjacent to the process equipment room were disassembled as described above.  
The two pneumatic transfer systems (rabbit systems) were separated from their 
pneumatic tubing and power supplies. Each of these systems was packaged for 
shipment and transported to a sealand container on the first floor. The bismuth 
cooling system was cut into manageable pieces, carried to the first floor by 
elevator or polar crane and placed in the appropriate sealand container.  

Wooden timbers were placed under each comer of the biomedical room door to 
provide support while the door's hydraulic system was disengaged and removed.  
Hydraulic fluid was drained from the system and collected in clean 55 gallon 
drums. The hydraulic system was disassembled and removed from the basement 
area to a sealand container.  

On the first floor of the containment building, a neutron diffractometer and a 
water transfer system (guppy system) were still attached to the reactor. The 
neutron diffractometer was disassembled by rigging various pieces to the polar 
crane and placing them in a sealand container. Water was drained from the guppy 
system and placed in a 55 gallon drum for disposal. The guppy system piping 
was removed from the horizontal beam port and cut into manageable sections for 
disposal. Other parts of this system were disassembled and placed in a sealand 
container.  

The air conditioning unit on top of the control room on the second floor of the 
containment building was cut free from its chilled water lines. It was rigged to 
the polar crane and transferred from the top of the control room to a sealand 
container. An auxiliary fan which provided additional cooling air flow to the 
control room was disassembled and removed. An Emergency Core Cooling 
System (ECCS) which was connected to the reactor was also located on the 
second floor of the containment building. The ECCS tank was situated on a 
platform above the second floor catwalk. Piping to this tank was cut and the tank 
was lifted off the platform with the polar crane. Piping from the ECCS tank to the 
reactor was cut into manageable lengths and placed in a sealand container along 
with the ECCS tank.  

Dismantlement of the reactor itself commenced in March, 2000, once all the 
connecting pipes and components were removed. The horizontal beam port plugs 
were pulled out of each of the horizontal beam ports. The horizontal beam gates 
were lifted from the top of the reactor with the polar crane and all graphite plugs
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were removed from the horizontal beam ports with long handle tools. The 
horizontal beam port aluminum thimbles were extracted with long handle tools or 
chains and come-alongs. Fission chambers and other nuclear instruments were 
removed from their horizontal ports around the base of the reactor. The polar 
crane was used to lift plugs and aluminum thimbles out of each of the vertical 
experimental ports from the top of the reactor. Graphite plugs were placed in B-25 
boxes and the fission chambers were stored in a 55 gallon drum, while all other 
metal items were placed in sealand containers.  

A nuclear startup source was located within one of the vertical experimental ports.  
It was removed from the reactor with the assistance of the fuel transfer cask in 
order to minimize radiation exposure to personnel. The fuel transfer cask was 
transported by polar crane to the top of the reactor and situated over the vertical 
port. The sliding door of the cask was opened and a hook was lowered to retrieve 
the startup source. Once the startup source was engaged, it was raised into the 
fuel transfer cask and the entire assembly was lowered to the first floor by polar 
crane. At this point, the startup source was lowered just enough to allow the very 
end of the assembly to be cut and placed in a shielded lead container for 
temporary storage. The remainder of the assembly was retrieved from the fuel 
transfer cask and placed in a sealand container.  

Eyebolts were installed in the reactor lead cover plate. It was rigged to the polar 
crane and removed from the top of the reactor. The reactor's upper top shield was 
rigged in a similar fashion and hoisted by the polar crane. Both of these 
components were placed in sealand containers for shipment to Duratek.  

The drive mechanism for the regulating rod, which was located on the outside 
wall of the bioshield, was electrically disconnected and mechanically 
disassembled. Once the regulating rod was released from its drive mechanism, it 
was slowly extracted with the polar crane, from the reactor vessel, through the 
lower top shield. The regulating rod was placed on top of the reactor and covered 
with lead blankets to reduce radiation exposure. It was cut into two sections with 
a band saw. The lower section, which contained cadmium was transferred to the 
plug storage vault for temporary storage, while the upper section was placed in a 
sealand container.  

Eyebolts were inserted into the lower top shield and it was rigged to the polar 
crane., The lower top shield was carefully raised from the reactor and lowered 
through the equipment hatch into a containment area built in the process 
equipment room in the basement. IT Corporation subcontracted Bluegrass 
Concrete Cutting Inc. to cut the lower top shield into two sections with a diamond 
wire saw within this containment area. The bottom section, which contained 
approximately 8 inches of lead shielding material and had a significant radiation 
dose rate associated with the bottom plate, was separated from the remaining 
nonradioactive section. After the cut was completed, the two pieces of the lower 
top shield were placed in appropriate sealand containers for shipment to Duratek.
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The shim safety drive mechanisms were uncoupled from the shim safety blades in 

the same fashion as the regulating rod. Once each shim safety blade was released 

from its drive mechanism, it was extracted from the reactor vessel and placed 
under lead blankets on top of the bioshield. The lower section of each shim safety 

blade, which contained cadmium, was separated from the remainder of the rod 
and placed in the plug storage vault for temporary storage. The upper section was 

transferred to a sealand container.  

Three biomedical room shutter shield blocks were pulled out of their shaft 
enclosure using eyebolts and the polar crane. Prior to lifting the last shield block, 
the hydraulic cylinder, which operated the biomedical room shutter, was 
disconnected from the bottom of this block. Once this shield block was removed, 
hydraulic fluid was drained from the cylinder and collected in a clean 55 gallon 

drum. The cylinder was disassembled and placed in a sealand container. Bismuth 
shield blocks were extracted from the biomedical room window with a special 

lifting tool supported by the polar crane. The bismuth shield cooling water 

system pipes were cut and placed in the appropriate sealand container.  

After completion of an inspection to verify that the reactor vessel's horizontal 
ports, pipe extensions and other connections were free from any obstruction, the 

vessel was rigged to the polar crane. The reactor vessel was slowly pulled out of 

the bioshield and surveyed. Since the top portion of the vessel was not activated, 
it was cut with a circular saw and transferred into a sealand container. The 

remaining bottom section of the reactor vessel was subsequently pulled 
completely out of the bioshield and laid on its side in an empty sealand container.  

The reactor vessel's pipe extensions were carefully cut with a long handle tool 

close to the bottom of the vessel. Meanwhile, the graphite retaining sleeve was 

removed from the bioshield cavity. It was immediately transferred into a 
radioactive waste shipping liner. The shipping liner was located behind a 
temporary shield wall to minimize radiation exposure to personnel, as this liner 

was to receive all the highly radioactive components. Once the pipe extensions 
were removed from the bottom of the reactor vessel, the vessel was rigged to the 

polar crane and transferred from the sealand container to the radioactive waste 

shipping liner. The above pipe extensions, the startup source and other highly 

radioactive components were retrieved from various temporary storage containers 

and placed inside the shipping liner. After the shipping liner was filled, it was 

sealed and prepared for shipment to Chem Nuclear's (CNSI) Barnwell, South 

Carolina disposal facility. A separate shielded cask shipment was made for this 
purpose.  

Decommissioning activities continued in April, 2000, with the mechanical 

removal of the thermal column doors. Once the graphite blocks and stringers 

were uncovered, a containment tent complete with HEPA filtered ventilation was 

constructed around the thermal column opening to minimize the spread of 

graphite dust and radioactive contamination. Graphite blocks and graphite 

stringers were removed by hand from the thermal column opening toward the
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center of the bioshield. The graphite stringers were packaged in B-25 boxes 
inside the containment tent. When the boxes were full, graphite removal 
operations were temporarily suspended to allow replacement of full boxes with 
empty ones inside the containment tent. It was discovered that the graphite 
closest to the reactor vessel was activated and required segregation from other 
graphite for disposal purposes. These graphite stringers, with higher radiation 
levels, were placed in separate B-25 boxes and shipped directly to Chem 
Nuclear's Barnwell, South Carolina disposal site.  

In June, 2000, the outer steel plate walls of the bioshield were sectioned into 4' x 

8' or 4' x 4' pieces. A needle gun was used to scrape the lead based paint off the 

steel plate surfaces along anticipated cut lines. The steel plate was cut with an 
oxy-gasoline torch and pried loose from the bioshield concrete with a hoe-ram 
and placed in sealand containers. Other metal items that were temporarily stored 
in the plug storage vault, such as the cadmium ends of the shim safety blades and 
regulating rod were also placed in this sealand container and shipped to Duratek's 
metal melt facility.  

Once the steel plate was removed from the concrete bioshield, a containment tent 
was constructed inside the containment building. The purpose of this tent was to 
minimize the spread of concrete dust and contamination during subsequent 
bioshield concrete demolition operations. The containment tent roof was 
supported by the polar crane hook, while the tent walls hung from the second 
floor catwalk railing down to the first floor. The tent surrounded the entire 
concrete bioshield and provided enough space on the first floor for heavy concrete 
demolition equipment. The containment tent was equipped with five HEPA 
filtered ventilation units and a water mist system for dust suppression. An 
exhaust system was also installed inside the tent to remove combustion gases 
from the operating equipment and minimize the buildup of carbon monoxide 
(CO) gas. A track hoe and a back hoe each equipped with a hoe-ram attachment 
were employed to demolish the bioshield concrete. Based on the bioshield core 
sample analytical results, concrete was removed in layers. The bioshield outer 
concrete, extending to the center line of the horizontal beam gate vertical inserts, 
was demolished first. This concrete contained very little radioactivity. The 
second pass with the hoe-ram demolished the remaining concrete up to the outer 
walls of the lead shield tank. Once a pile of concrete rubble was produced by the 
hoe-rams, a front end loader mounted on a Bobcat scooped up the rubble and 
placed it in B-25 boxes. The boxes were sealed, weighed and removed from the 
containment building by forklift for future shipment to Duratek. At Duratek's 
Bear Creek, Tennessee facility the B-25 boxes were analyzed for radioactivity and 
segregated for disposal either at Envirocare's site in Utah or at a local approved 
Tennessee landfill.  

When most of the bioshield concrete was removed, a hydraulic shear attachment 
was mounted on the track hoe. The hydraulic shear cut and detached the 
remaining metal components of the horizontal beam ports, vertical experimental
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ports, spent fuel holes, reactor vessel support structure and any other structural 
steel from the top and outer walls of the lead shield tank. All these metal items 
were stockpiled in the containment tent until a sealand container was brought into 
the building. Any residual concrete that was hidden by these components was 

removed by the back hoe mounted hoe-ram. Upon completion of the bioshield 
concrete demolition, the containment tent was removed along with the heavy 

construction equipment to allow the polar crane to load metal debris into a 
sealand container.  

Bolts that held the lead shield tank lid in place were cut with a portable saw. The 

lead shield tank lid was rigged to the polar crane and transferred to the floor. It 

was shrink wrapped in plastic and prepared for shipment to Duratek.  

IT Corporation subcontracted the Barnhart Crane and Rigging Co. (Barnhart) in 
October, 2000 to remove the lead shield tank from the containment building.  
Barnhart installed a gantry hydraulic lift system on the first floor. The lead shield 

tank was rigged to the gantry and slowly hoisted out of the depression in the first 

floor. Once it was above the floor elevation, the lead shield tank was carried by 

the gantry lift along the system tracks towards the truck door. At this location, the 

lead shield tank was surveyed, prepared for shipment and shrink wrapped in 

plastic. The tank was rotated 90 degrees and transferred out of the containment 
building with forklift trucks. After it was brought outside, it was wrapped once 

again in plastic and transported by two heavy lift forklifts to an overweight load 
bearing lowboy trailer. The lead shield tank was placed on the trailer and 
transported to Duratek's facility in Tennessee.  

Activated concrete in the area beneath the lead shield tank was removed with the 

back hoe mounted hoe-ram. Local HEPA filtered ventilation was used to control 

dust during this concrete demolition. A steel template that aligned the reactor 

bottom nozzles was removed from this area by the hoe-ram. This created a large 
opening into the reactor pipe tunnel. Concrete debris was retrieved from the 
reactor pipe tunnel area and placed in a B-25 box while the metal plate was placed 
in a sealand container.  

The plug storage vault was examined to insure that all holes were empty and 
clean. Caps were secured to each vault hole. The entire plug storage vault was 

extracted from its wall cavity in November 2000 with a forklift truck and the 

polar crane. The vault was prepared for shipment and transferred out of the 

building through the truck door. It was shipped on a flatbed truck to Duratek.  

The spent fuel storage hole located within a structural column in the process 
equipment room was contaminated above the site release limits. This hole 

extended 19' 3t" from the first floor into the basement concrete slab. A chemical 

decontamination process was tested in a NNRC laboratory to check its 
effectiveness on the stainless steel surfaces of the spent fuel storage hole. The test 

results were promising, so a chemical decontamination loop was built in the
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process equipment room complete with chemical injection tanks, a heater and a 
recirculation pump. Chemicals were mixed in the chemical tanks and injected 
into the spent fuel storage hole. The solution was heated and circulated for a short 
period of time. The acidic chemical decontamination process was applied a total 
of three times. The spent chemical solution was neutralized with caustic and 
pumped into 55-gallon drums for shipment to Duratek. Radiation survey results, 
however, indicated that the very bottom plate of the spent fuel storage hole was 
still above the site release limits. Mechanical decontamination methods were 
attempted but proved ineffective on the very bottom plate. A remotely operated 
electrical hoe-ram was employed to break up the concrete floor in the area 
adjacent to the column to gain access to the bottom plate. The hoe-ram 
successfully punctured the outer wall of the spent fuel storage hole pipe and 
severed the bottom plate from the remainder of the pipe. This plate was retrieved 
and transferred to an appropriate sealand container, while the concrete debris was 
placed in B-25 boxes.  

The reactor building sump was tagged out-of -service and disconnected from the 
low-level radioactive waste system. The sump pump and discharge piping were 
removed from the basement elevation. The remaining sludge in the sump was 
pumped into 55-gallon drums for disposal by Duratek. Basement drain lines that 
directed water to the sump were flushed with high pressure water to remove any 
residual contamination and debris. This water was collected in 55 gallon drums 
and processed for disposal by Duratek.  

Sections of the ventilation system were removed during demolition activities to 
allow future access for survey instruments. All ducts that were removed were 
placed in sealand containers, except for the elbow that connected the holdup duct 
to the HEPA filtered ventilation system. This elbow was detached, surveyed and 
left in the building for future reuse.  

When decommissioning activities were complete, Duratek commenced 
informational radiation surveys of floor and wall surfaces to verify that these 
surfaces met the final release criteria. Several locations throughout the 
containment building required further concrete removal in order to achieve the 
release criteria. These areas included portions of the process equipment room 
floor and walls, the heavy water storage tank pit floor and walls, the reactor pipe 
tunnel floor and wall surfaces, the rupture disk pipe tunnel area, the biomedical 
facility shutter block shaft and floor area, the biomedical facility door hydraulic 
sump area, the biomedical room floor and spots on the first and second floors of 
the containment building. Angel grinders, needle guns and, as necessary, jack 
hammers were employed to remove concrete from these contaminated areas.  
Local HEPA filtered ventilation was used during these operations to minimize the 
spread of contamination and suppress concrete dust.
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During the informational survey of the reactor pipe tunnel in January, 2001, 
Duratek discovered that the overpressure pipe chase walls were above the site 
release criteria. It was determined that the concrete in these walls was activated.  
Expandable grout was used to fracture the concrete and assist with its removal.  
Electric chisels and hammers were utilized to complete the concrete demolition in 
this area. Up to an additional 12 inches of concrete was taken out of the walls in 
the overpressure pipe chase.  

When all decommissioning activities in the containment building were complete, 
the containment building's service air system was dismantled. The 
interconnecting service air pipe was isolated on the NNRC side of the 
containment building and capped in the basement. The containment building air 
isolation valves were placed in an open position, to allow air to circulate through 
the building, while the service air operators for these valves were removed. The 
air receiver tanks were depressurized and transported to a sealand container. The 
service air compressors located in the basement were dismantled and transferred 
to the first floor. Service air pipe was cut into manageable pieces and removed 
from the containment building in B-25 boxes. The inflatable rubber seals of the 
main air lock, the personnel air lock and the truck door were unbolted and 
removed.  

Fifty-six (56) total radioactive waste shipments were made during the GTRR 
decommissioning. The final waste shipment occurred on August 3, 2001. All 
radioactive waste was sent to one of four consignees. The radioactive waste 
consignees were Duratek Inc., CNSI Barnwell, Envirocare of Utah, and 
Westinghouse Savannah River Site. Table 2.1 shows the total weight shipped to 
each of the four consignees.  

Final Surveys began in May, 2001. The survey method and results are presented 
in the following sections.  

TABLE 2.1 
Georgia Tech Waste Disposition 

WASTE COSIGNEE WASTE WEIGHT (LBS) 
Duratek 1,574,865 lbs 

CNSI-Barnwell 59,364 lbs 
Envirocare 840 lbs 

Westinghouse SRS 500 lbs
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FIGURE 2.5 
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3.0 FINAL SURVEY 

3.1 Introduction 

The purpose of the Final Survey Report is to demonstrate that the GTRR facility 
meets the guideline values established for release for unrestricted use. This 
required the collection of accurate and reliable data to determine residual activity 
levels. The Final Survey was performed in accordance with GTRR project
specific procedures and the Final Survey Plan.  

Implementation of the Final Survey included the following: 

" Duratek supervisory personnel performed a preliminary inspection of the 
survey areas to identify survey requirements, including special survey 
situations, and to provide specific survey instructions.  

"* A survey package was prepared for each survey area.  

"* Suspect Affected survey areas were gridded to provide a systematic method 
for the collection of survey data.  

"* Each survey area had a sufficient number of measurements taken to accurately 
represent the surface being surveyed.  

"* Survey locations were marked and mapped in all non-gridded areas.  

" Survey measurements were performed and samples analyzed using 
appropriately calibrated instrumentation. Daily source and background checks 
were carried out before and after each day's work.  

"* Survey data collected during the final survey was downloaded from the survey 
instrument into a database for storage and processing.  

" Completed survey packages were reviewed by supervisory personnel to 
ensure that all required surveys were performed and that the packages 
contained all necessary information.  

" Survey results were reviewed by supervisory personnel to verify that the 
criteria for release for unrestricted use were not exceeded. Areas of residual 
activity were identified, evaluated, and reclassified as required.
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3.2 Survey Guideline Values 

3.2.1 Criteria for Release for Unrestricted Use for Building Surfaces 

Site Specific Guideline Values, SPGLs, were derived for use in 
demonstrating that the Georgia Tech Research Reactor met the criteria for 
release for unrestricted use. These SPGLs were based on the radionuclide 
specific guideline values contained in NRC Regulatory Guide 1.86 except 
for H-3 and Fe-55. The guideline values for H-3 and Fe-55 were increased 
based on instructions from the Executive Engineer for this project 
(Reference 6.4). The increase in guideline values for H-3 and Fe-55 was 
consistent with previous NRC policy contained in NRC Policy 
Memorandum SECY-94-145. Although higher than the NRC Regulatory 
Guide 1.86 limits, these increased guideline values are orders of 
magnitude lower than the current guideline values for H-3 and Fe-55 
specified in the NRC License Termination Rule. Table 3.1 lists the 
radionuclide specific guidelines used in deriving the SPGLs. With the 
exception of footnote "f', the footnotes to Table 3.1 are identical to those 
associated with Table 1 of Regulatory Guide 1.86.
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Table 3.1 
Radionuclide Specific Guideline Values

u-.NaT, u-/.5), u-zia, ana associaTea 
decay products

'Where surface contamination by both alpha and beta-gamma emitting nuclides exists, the limits established for 
alpha and beta-gamma emitting nuclides should apply independently.  
bAs used in this table, dpm (disintegrations per minute) means the rate of emissions by radioactive material as 
determined by correcting the counts per minute observed by an appropriate detector for background, efficiency, and 
geometric factors associated with the instrumentation.  
cMeasurements of average contaminant should not be averaged over more than 1 square meter. For objects of less 
surface area, the average should be derived for each object.  
dThe maximum contamination level applies to an area of not more than 100 cm 2.  
eThe amount of removable radioactive material per 100 cm2 of surface area should be determined by wiping that 

area with dry filter or soft absorbent paper, applying moderate pressure, and assessing the amount of radioactive 
material on the wipe with an appropriate instrument of known efficiency. When removable contamination on 
objects of less surface area is determined, the pertinent levels should be reduced proportionally and the entire 
surface should be wiped.  
f Letter from Executive Engineer to IT Corporation dated 4/18/00 providing alternate H-3 and Fe-55 guidelines for 
the Ga Tech Research Reactor Decommissioning (Reference 6. 4). Removable contamination to be assessed as 
described in Footnote e, except using a wet smear.

REVISION 0

Transuranics, Ra-226, Ra-228, 100 dpm/100 cm 2  300 dpm/100 cm 2  20 dpm/100 cm 2 

Th-230, Th-228, Pa-231, Ac-227, I
125, 1-129 
Th-Nat, Th-232, Sr-90, Ra-223, 1,000 dpm/100 cm 2  3,000 dpm/100 cm 2  200 dpm/100 cm 2 

Ra-224, U-232, 1-126, 1-131, 1-133 
H-3 and Fe-55f 200,000 dpm/100 cm 2  600,000 dprr/100 cm 2  10,000 dpm/100 cm 2 

Beta-gamma emitters (nuclides with 5,000 dpm /100 cm 2  15,000 dpm /100 cm 2  1,000 dpm /100 cm 2 

decay modes other than alpha 
emission or spontaneous fission) 
except Sr-90 and others mentioned 
above
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3.2.2 Site Specific Guideline Values, SPGLs 

The site specific guideline values for demonstrating that the Georgia Tech 
Research Reactor facility met the criteria for release for unrestricted use 
were derived based on guidance contained in NUREG/CR-5849, the 
radionuclide specific guideline values listed in Table 3.1, and the actual 
radionuclide mix as determined by sample analysis. The SPGLs were 
calculated using the following formula: 

F 
SPGL = n fi 

i~i 

Where: F = the fraction of the assumed radionuclide mix that is 

considered detectable, unitless.  

fi = the relative fraction of radionuclide i, unitless.  

GLi = the radionuclide specific guideline value for 
radionuclide i taken from Table 3.1, dpm/100 cm2 .  

n - the number of radionuclides present in the 
radionuclide mix.  

Site specific guideline values for total beta activity and removable beta 
activity were calculated according to the above formula using the sample 
analysis results from three samples collected within the Georgia Tech 
Research Reactor Containment Building. Attachment A contains the 
spreadsheets used to perform these calculations. The results of these 
calculations are summarized in Table 3.2.
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Table 3.2 
Site Specific Guideline Values 

for Total Beta Activity and Removable Beta Activity 

Sapl Dscitiu PG dpm7100 cm) SPGL (dpmi/1O CM2) 

GEL- 1, Concrete Sample From 1,500 104 
Under Reactor Vessel 

GEL-2, Concrete Sample From Pit 3,800 688 
Beneath Door To Biomedical 

Room 
GEL-3, Primary Coolant Resin 2,000 148 

Sample 
AVERAGE 2,400 313

In order to demonstrate compliance with the criteria for release for 
unrestricted use, the three sample SPGL's listed in Table 3.2 were 
averaged for a site SPGL.  

3.2.3 Criteria for Release for Unrestricted Use of Open Land Areas 

Under Subpart E, of 10 CFR 20.1402, NRC licenses may be terminated 
and a site released for unrestricted use if the residual radioactivity that is 
distinguishable from background results in a total effective dose 
equivalent, TEDE, that does not exceed 25 mrem/yr and the residual 
radioactivity has been reduced to levels that are as low as reasonably 
achievable, ALARA. NRC has published (Federal Register Vol. 64 page 
68396, December 7, 1999) screening values for selected radionuclides in 
surface soils. Open land areas with activity concentrations less than the 
screening values are deemed to be in compliance with the 25 mrem/yr 
unrestricted release dose limit in 10 CFR 20.1402.  

Table 3.3 lists screening values for the GTRR radionuclides of interest.  
These values were either published by the NRC or calculated using NRC 
methodology. These screening values were used as the site specific 
guideline values for open land areas. Surface soil samples (0-6 inches) 
were collected from open land areas within the reactor yard and compared 
to the criteria listed in Table 3.3. These soil samples were used to confirm 
the results of the characterization survey and demonstrate that the open 
land areas within the reactor yard fence met the criteria for release for 
unrestricted use and that the levels are ALARA.
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Table 3.3 
Radionuclide Specific Soil GuidelineValues

H-3 110

Fe-55 10,000 

Pu-239/240 2.3 

U-233/234 13.0 

U-238 14.0 

Ni-59 5,500 

Cs-134 5.7 

Cs-137 11.0 

Co-60 3.8 

Eu-152 8.7 

Eu-154 8.0 

Mn-54 15.0 

Ag-ll0m 3.9 

Zn-65 6.2 

Sr-90 1.7 

C-14 12.0 

Ni-63 2,100 

Tc-99 19.0

3.3 Instrumentation 

Selection and use of instrumentation ensured sensitivities were sufficient to detect 
the radionuclides of interest at the required minimum detectable activities. A list 

of the instruments, types of radiation detected, and their calibration sources is 
provided in Table 3.4.  

The Ludlum Model 2350 Data Logger and various detectors were used for direct 
surface and exposure rate measurements. The data logger is a micro-processor 
computer based counting instrument designed for use with a wide range of 
detectors. NaI(T1) scintillation, gas-flow proportional detectors, and GM 
detectors were used to obtain field measurements for Final Surveys.
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Detector selection depended on the survey to be performed, surface contour and 
survey area size. For direct measurements, the 126 cm 2 gas-flow proportional 
detector was normally used. A 1" x 1" NaI(Tl) gamma scintillation detector was 
used for gamma exposure rate measurements.  

Specialized gas-flow proportional and GM pipe detectors were used in 
conjunction with a Ludlum Model 2350 to survey the interior surfaces of drains, 
piping, and penetrations remaining in the GTRR facility.  

Smears for removable alpha and beta contamination were analyzed using a 
Protean Low Background Alpha/Beta Counter or equivalent.  

Smears for removable low energy beta emitters such as H-3 were analyzed using 
a Beckman Liquid Scintillation System.  

An EG&G Ortec Gamma Spectroscopy System, or equivalent, was used for 
gamma isotopic identification and quantification.  

Table 3.4 
Final Survey Instrumentation

REVISION 0

Detector TRadiatin 1Clbation 
Instrument/Detector jType jDetecte Souce jUse 

Ludlum Model 2350/43-68 Gas-flow proportional Beta 99Tc ([) Direct measurements 
(126 cm2) 

Ludlum Model 2350/44-2 NaI scintillator Gamma 137 Cs Gamma exposure rate 

Ludlum Model 2350/44-40 Shielded GM (15.5 cm2) Beta 99Tc ([) Direct measurements 

Ludlum Model 2350/43-94 and Gas-flow proportional pipe Beta 9 9Tc (•) Direct measurements 
Ludlum Model 2350/43-98 detectors inside pipes 

Protean Low Background Gas-Proportional Alpha and 230Th (C) Smear counting 
Planchet Counter Beta 99Tc (P) 

Beckman Liquid Scintillation Liquid Scintillation Beta 3H ([) Tritium Analysis 

System Low Energy 

Gamma Spectroscopy System HPGe Gamma Mixed Nuclide identification 
Gamma and quantification
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3.3.1 Instrument Calibration 

Data loggers and associated detectors were calibrated on a semi-annual 
basis using National Institute of Standards and Technology (NIST) 
traceable sources and calibration equipment.  

The data logger calibration included: 

* High Voltage calibration 
* Discriminator/threshold calibration 
* Window calibration 
* Alarm operation verification 
* Scaler calibration verification 

The detector calibration included: 

* Operating voltage determination 
* Calibration constant determination 
* Dead time correction determination 

Calibration labels showing instrument identification number, calibration 
date and calibration due date were attached to all field instrumentation.  
The presence of a current calibration label was verified by the user before 
each use.  

3.3.2 Sources 

All sources used for calibration or efficiency determinations for the survey 
were selected to be representative of the instrument's response to the 
identified nuclides and were traceable to NIST.  

Radioactive sources used for instrument response checks and efficiency 
determination were controlled by health physics technicians. Sources 
were stored securely and were issued to survey technicians as needed in 
the field.  

3.3.3 Minimum Detectable Activity 

Minimum Detectable Activity (MDA) is defined as the smallest amount or 
concentration of radioactive material in a sample that will yield a net 
positive count with a 5% probability of falsely interpreting background 
responses as true activity. The MDA value is dependent upon the 
counting time, geometry, sample size, detector efficiency and background 
count rate. The equation used for calculating the MDA for field 
instrumentation is:

REVISION 0

GA TECH RESEARCH REACTOR

27



GA TECH RESEARCH REACTOR

2.71 +32 Rbb 
MDA- tS ts tb 

A 

100

Where: MDA = 

Rb = 

tb = 

ts 

E 
A -

Minimum Detectable Activity (dpm/100 cm) 
Background Count Rate (cpm) 
Background Count Time (min) 
Sample Count Time (min) 
Detector Efficiency (counts/disintegration) 
Detector Area (cm2)

The a priori MDAs for the final survey were set at, or less than, 25% of 
the Site Specific Guideline Value. Table 3.5 provides the a priori MDA's 
that were established for the GTRR Final Survey. Count times were 
established up to a maximum of I minute, such that, in areas where 
background exposure rates allowed, these MDA's were achieved.  

Table 3.5 
Field and Laboratory Instrumentation MDA's

Direct Beta Surveys 600 dpm/1 O0 cm2

Removable Beta Surveys 75 dpm/100 cm2 

Removable Alpha Surveys 15 dpm/1 00 cm2 

Gamma Spec (Co-60, Cs-137) 0.1 pCi/g 

Removable H-3 Surveys 200 dpm/1 00 cm2

Note ': Actual values varied based on count times, background, efficiency, etc. Refer to 
the individual survey packages for an estimate of the MDAs achieved.  

The a priori MDAs for laboratory instruments were established at the 95% 
confidence level. MDAs were determined from the instrument supplied 
software algorithms or analysis spreadsheets using the above MDA 
equation. Count times used for the Protean Alpha-Beta Counter, the Ortek 
Gamma Spectroscopy System, and the Beckman Liquid Scintillation 
Counter were established to ensure that the desired MDA sensitivity was 
achieved. Background analysis and QC checks were performed daily to 
monitor for changes that would affect the MDA.
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3.4 Survey Organization 

The Duratek Survey Supervisor reported to the IT Project Manager, who in turn 
reported to the Executive Engineer technically, and the Georgia State Financing 
and Investment Commission (GSFIC) contractually.  

The on-site project survey team was supported by the resources of Duratek's 
Corporate Office. Additional oversight and support from Duratek's professional 
engineering and quality assurance staff was provided, as necessary, to the Duratek 
Survey Supervisor. Independent oversight was provided by the IT Quality 
Assurance Manager in accordance with the Quality Assurance Project Plan & 
Quality Assurance Procedures for the Georgia Institute of Technology Research 
Reactor Decommissioning Project.  

Survey teams consisted of personnel trained, qualified, and experienced in field 
radiological survey procedures.  

3.5 Survey Design 

For the purpose of conducting the Final Survey at the GTRR facility, the survey 
areas were classified into three different categories. First, the survey areas were 
divided into Affected and Unaffected Areas based upon the initial characterization 
surveys, remedial actions, and historical information. Affected Areas were then 
subdivided into Suspect and Non-Suspect Areas. Each area was designated as a 
specific survey area and subdivided as necessary to facilitate the performance of 
Final Surveys. Large areas were subdivided into several survey units, and small 
like areas located on the same floor were combined into one survey unit.  
Equipment present in a survey area would normally be included within that area 
and was classified accordingly. However, each piece of equipment was evaluated 
and appropriately classified as determined by the Survey Supervisor based on 
initial survey and post-remediation survey data.  

3.5.1 Unaffected Areas 

An Unaffected Area was defined as any area where there was no known 
history of the storage or use of unsealed licensed radioactive material.  
Survey results that indicate the presence of radioactive material or 
contamination precluded an area from being classified as Unaffected.  

3.5.2 Non-Suspect Affected Areas 

A Non-Suspect Affected Area was defined as upper walls and overhead 
areas above two meters in an Affected area with minimal contamination 
potential based upon a review of the processes, history of the area, and 
characterization survey results. Survey results in excess of 25% of the
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site-specific guideline values (SPGLs) precluded an area from being 
classified as Non-Suspect Affected.  

3.5.3 Suspect Affected Areas 

A Suspect Affected Area was defined as an area not meeting the 
requirements specified for Unaffected and Non- Suspect Affected areas.  
Upper walls and overhead surfaces above two meters with survey results 
in excess of 25% the SPGLs were classified as Suspect Affected, except 
for the containment ceiling insulation which was reclassified if the survey 
results were in excess of 50% of the SPGLs.  

3.5.4 Survey Area Breakdown 

The following is the survey area breakdown for the performance of final 
surveys at the Ga. Tech Research Facility.  

* Unaffected Areas 

- Reactor yard areas not classified as affected (package 9) 
- Exterior surfaces of the Reactor Building (package 10) 
- Reactor yard open land areas (package 14) 
- Elevator equipment room and elevator shaft (package 21) 

* Non-Suspect Affected Areas 

- Reactor building 2nd floor upper walls (above 2 meters) and dome 
(package 3) 

- Reactor building 1lt floor upper walls (package 5) 
- Reactor building basement, process equipment room upper walls 

and ceiling (package 13) 
- Reactor building basement outside the process equipment room 

above 2 meters (package 17) 
- Reactor building ventilation system and stack above 2 meters 

(package 20) 

0 Suspect Affected Areas 

- Helium and reactor cooling water lines (package 1) 
- Reactor building 2nd floor and walls below 2 meters (package 2) 
- Reactor building 1lt floor and lower walls (package 4) 
- Reactor building ventilation hold-up duct (package 6) 
- Reactor building ventilation system and stack below 2 meters 

(package 7) 
- Reactor yard areas used for the storage of radioactive materials 

(package 8)
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- Basement drain lines (package 11) 
- Reactor building basement, process equipment room, floor and 

lower walls (package 12) 
- Compressor Room (package 15) 
- Reactor building basement outside the process equipment room 

floor and lower walls, including the reactor building sump 
(package 16) 

- Vessel Tunnel (package 18) 
- Bismuth Leak Area (package 19) 
- Miscellaneous piping and penetrations inside reactor building 

(package 22) 

3.6 Area Re-Classification and Investigation 

If during performance of the Final Survey, survey results indicated the presence 
of contamination in excess of 25% of the SPGL in an unaffected area, or survey 
results in excess of 50% of the SPGL on the containment ceiling insulation, or in 
excess of 25% of the SPGL in any additional non-suspect affected areas, the area, 
or a part thereof, was classified as a suspect affected area and an investigative 
survey performed. The investigative survey consisted of surveying the 
surrounding 9 square meters of the elevated survey point as if it were a suspect 
affected area.  

3.7 Survey Package Development 

A survey package was developed for each survey area. A walk-down of the area 
was performed, and a worksheet prepared containing a description of the survey 
area, historical information (as available), general survey instructions, location 
codes, specific survey instructions for any abnormal conditions within the survey 
area, and completion and review signature blocks.  

During the survey, the packages were updated with direct and removable 
contamination survey data, exposure rate survey data, and results of any special 
surveys or sample analyses performed. These survey packages are summarized in 
section 4.0 Survey Results. The completed packages can be found in 
Attachment B of this report.  

3.8 Survey Requirements 

The Final Survey protocol was designed in part with NUREG/CR-5849 and other 
NRC approved final survey plans used at other Decommissioning and 
Decontamination projects as follows.
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3.8.1 Suspect Affected Areas 

* 100% scan of the affected surface for beta contamination to identify 
areas of elevated activity requiring further investigation.  

0 One direct measurement for each 1 m2 of area for total beta 
contamination. The floors and lower walls were gridded depending 
upon the number of interferences in the areas.  

One measurement for each 1 m2 of area for removable beta and 
alpha contamination.  

One exposure rate measurement at 1 meter above the floor at 
corresponding direct measurement locations to identify any areas 
with elevated radiation levels relative to the normal background that 
required additional investigation. Exposure rate measurements were 
not collected above obstructed measurement locations (obstructions 
due to equipment, permanent structures, etc.).  

3.8.2 Non-Suspect Affected Areas 

"* A 10% scan for beta contamination on building surfaces to identify 
areas of elevated activity requiring further investigation. The actual 
scanning coverage required for each non-suspect affected survey 
area (i.e. upper walls and ceilings) was dependent upon the 
contamination potential for these surfaces and was specified by the 
Survey Supervisor to the Survey Technician. The locations for 
scanning were chosen by the technician performing the survey, and 
were based on most probable areas for contamination.  

"* Minimum of one measurement for fixed beta, and removable alpha 
and beta contamination per 20 M2, or 30 measurements, whichever 
was the greater for each survey area.  

"* Additional measurements for direct beta, and removable alpha and 

beta contamination on area equipment and structures, if applicable.  

3.8.3 Unaffected Areas 

A 10% scan for beta contamination on building surfaces to identify 
areas of elevated activity requiring further investigation. The 
locations for scanning were chosen by the technician performing the 
survey, and were based on most probable areas for contamination.
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"* Minimum of one measurement for fixed beta, and removable alpha 
and beta contamination per 50 M2 , or 30 measurements, whichever 
was the greater for each survey area.  

"* One exposure rate measurement at 1 meter above the floor at 
corresponding direct measurement locations to identify any areas 
with elevated radiation levels relative to the normal background that 
required additional investigation. Exposure rate measurements were 
not collected above obstructed measurement locations (obstructions 
due to equipment, permanent structures, etc.).  

"* Random measurements for direct beta, and removable alpha and beta 
contamination on area equipment and structures, including 
measurements in locations where contamination could likely 
accumulate.  

"* Open land areas in the yard received a gamma scan covering at least 

10% of the accessible areas. In addition, a minimum of 30 surface 
(0-6 inches) soil samples were collected at biased locations. The 

RSO and EE approved the biased soil sample locations prior to 
collection of samples.  

3.9 Gridding 

The Final Survey Plan specified a gridded survey method for affected area floors 

and lower walls. For affected areas where gridding could not be performed, the 

areas were measured and evenly spaced measurements taken and marked at a 

frequency of 1 measurement per square meter.  

Unaffected and Non-Suspected Affected areas were not gridded. Each survey 

point location was marked and mapped identifying the approximate survey 
location.  

3.10 Quality Assurance and Quality Control 

The GTRR project Quality Assurance Program was constructed to ensure that all 

quality and regulatory requirements were satisfied. All activities affecting quality 

were controlled by project procedures and the Project Quality Assurance Plan.  

These procedures ensured that the appropriate equipment, environmental 
conditions, quality controls and prerequisites for any given activity were met. The 

following Quality Control measures were implemented as an integral part of the 

final release survey process.
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3.10.1 Selection of Personnel 

Final Survey supervisory personnel were required to have extensive 
experience and familiarity with survey procedures and processes, 
including NUREG/CR-5849 and the Final Survey Plan. They were 
required to have prior experience with the radionuclide(s) of concern and a 
working knowledge of the instruments used to detect the radionuclides on 
site. The Survey Supervisor had to have a minimum of five years of 
experience in performing and supervising final release surveys where 
NUREG/CR-5849 guidelines were implemented.  

The selection of supervisory personnel to direct the survey was based 
upon their experience and familiarity with the survey procedures and 
processes. Likewise, Health Physics Technicians who performed the 
surveys were selected based upon their qualifications and experience.  

3.10.2 Written Procedures 

All survey tasks which were essential to survey data quality were 
controlled by project procedures.  

3.10.3 Instrumentation Selection, Calibration and Operation 

Duratek selected instruments proven to reliably detect the radionuclides 
present at the GTRR. Laboratory counting instruments (i.e. Protean 
Alpha/Beta Counter, Beckman Liquid Scintillation Unit, and EG&G Ortec 
Gamma Spectroscopy System) were calibrated on-site using calibrated 
sources traceable to National Institute of Standards and Technology 
(NIST). All other instruments were calibrated off-site by Duratek or 
qualified vendors under approved procedures using calibration sources 
traceable to the National Institute of Standards and Technology (NIST).  
All instruments brought to the GTRR project site had current calibration 
certificates.  

All detectors were subject to daily response checks when in use.  
Measurements were performed using approved written procedures for 
each instrument. Issue, control and accountability of all survey 
instrumentation were established by an instrumentation control procedure.  
Procedures for calibration, maintenance, accountability, operation and 
quality control of radiation detection instruments were written to 
implement the guidelines established in American National Standard 
Institute (ANSI) standard ANSI N323-1978 and ANSI N42.17A-1989.
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3.11 Documentation 

Records of surveys were maintained in a separate survey package for each survey 
area in accordance with project procedures. The specific records that were 
compiled in a survey package were: 

" Survey Package Worksheet giving the package identification, survey location 
information, historical information of area surveyed, general survey 
instructions and any specific survey instructions.  

" Survey Comment Addendum provided for comments from the survey 
technician regarding any unusual situation that was encountered while 
surveying, as applicable.  

"* The Survey Unit Diagram of the area that was surveyed, as available. Survey 
grids were represented on the drawing.  

"* Printouts of laboratory analysis results.  

"* Ludlum Model 2350 data files and Paradox® converted values for all 
radiation survey measurements.  

Survey measurements were taken using the Ludlum Model 2350 Data Logger 
system. Upon completion of an individual survey unit or combination of units, the 
contents of the data logger's memory were downloaded to a Paradox® Database.  
The download process utilized a proprietary program developed by Ludlum 
Measurements, Inc., and revised by Duratek to fit specific survey needs.  

A printed report, referred to as a Survey Report, was then generated for review.  
All raw data, converted data, and information by survey location code were 
presented in the report. This report was reviewed by the survey technician, 
survey supervisor and Certified Health Physicist for completeness, accuracy, any 
suspect entries and comparison to the site specific guideline values.  

Any changes to the database tables such as detector efficiency, background, etc., 
that could affect survey results required the survey supervisor's approval. In 
addition, changes to data in the primary table required a written explanation on a 
change request attached to the survey report and maintained as a permanent 
record.  

Data and document control included maintaining raw data files, translated data 
files (Paradox@ data files) and corrected data files showing documentation of all 
corrections. Paradox® program scripts and related data and information, including 
modifications, used for the development of the report were identified and 
controlled to ensure accurate identification. The databases were backed-up daily,
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and archived on a weekly basis. All survey records will be turned over to GA 
Tech with the issuance of this Final Survey Report.  

3.12 Data Reduction and Statistical Evaluation 

3.12.1 Data Analysis 

Data collected during the Final Survey of the Georgia Tech Research 
Reactor was analyzed in accordance with the guidance contained in the 
Final Survey Plan. Survey data, for measurements of total beta activity, 
removable beta activity, removable H-3 activity, and exposure rate was 
grouped by survey unit or survey area as appropriate. Survey results were 
corrected as appropriate to account for background, including naturally 
occurring radioactive material present in building materials and as a result 
of instrument noise.  

3.12.2 Background 

In order to analyze the survey results associated with total beta activity 
measurements and exposure rate measurements, the analyses accounted 
for the naturally occurring radioactive background. For the analysis of the 
total beta activity measurement, this required a background study in an 
area representative of the areas surveyed during the final survey, using the 
same instrumentation and survey protocols that are used during the final 
survey. For exposure rate measurements, an alternative approach for 
defining background was required. This alternative approach is discussed 
in more detail in Section 3.12.6.  

3.12.3 Measurements of Total Beta Activity 

Measurement results for total beta activity from each survey unit, once 
corrected for background, were compared directly to the site specific 
guideline value for total beta activity. If any individual measurement result 
exceeded this value, then the measurement result was compared to the 
average and maximum criteria as defined in the footnotes to Table 
3.1 as follows: 

Individual measurement results less than 3 times the site specific guideline 
value for total beta activity were accepted provided that the affected area 
was limited to less than approximately 100 cm2.  

NOTE: For the purpose of assessing the size of the contaminated area, 
an area of 126 cm2 corresponding to the size of the open 
window on the Ludlum Model 43-68 gas flow proportional 
detector was used.
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If any individual measurement result, in any square meter, was between 1 

and 3 times the site specific guideline value for total beta activity the 
average beta activity in the square meter was evaluated. The average beta 
activity in the square meter, weighted by sizes of the areas of elevated 
activity, was accepted provided that the average was less than the site 
specific guideline value for total beta activity.  

Once the individual measurements results for total beta activity from a 

given survey unit were determined to meet the site specific guideline value 

or the average and maximum criteria as defined in the footnotes to Table 

3.1, the 95 percent confidence level of the mean for the survey unit was 
evaluated using the following equation: 

Sx 
Ux X x+ t(o.a, df) 

Where: Ux = 95 percent confidence level of the mean, dpm/100 
cm 

x = mean 
to-a, df) = 95 percent confidence level for n-I degrees of 

freedom, unitless 
Sx = standard deviation 
n = number of individual measurement results used to 

calculate the mean and the standard deviation 

Values of Ux less than the site specific guideline value provide assurance, 
at the 95% confidence level, that the true mean for a given survey unit is 

less than the site specific guideline value.  

Measurement results of total beta activity are presented graphically by 
survey unit. Included with each graph are the following statistics: the 

maximum result obtained in each survey unit, the mean result, the 
standard deviation in the results, the number of measurements in the 

survey unit, and the 95 percent confidence level of the mean for the survey 
unit.  

3.12.4 Measurements of Removable Alpha and Beta Activity 

Measurement results for removable beta activity from each survey unit 
were compared directly with the site specific guideline value for 
removable beta activity.
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Measurement results of removable beta activity are presented graphically 
by survey unit. Included with each graph are the following statistics: the 
maximum result obtained in each survey unit, the mean result, the 
standard deviation in the results, the 95 percent confidence level of the 
mean for the survey unit and the number of measurements in the survey 
unit.  

All measurement results for removable alpha activity were verified to be 
less than MDA. Therefore, no statistics were performed for removable 
alpha activity.  

3.12.5 Measurements of Removable H-3 Activity 

Measurement results for removable H-3 activity from each survey unit 
were compared directly to the radionuclide specific guideline value for 
removable H-3 discussed in Section 3.2.1 and provided in Table 3.1.  
Tritium was the predominate radionuclide in the assumed radionuclide 
mixes used to calculate the site specific guideline values. Thus, such a 
comparison aids in the validation of the derivation of the site specific 
guideline values.  

Measurement results of removable H-3 activity are presented graphically 
by survey unit. Included with each graph are the following statistics: the 
maximum result obtained in each survey unit, the mean result, the 
standard deviation in the results, the 95 percent confidence level of the 
mean for the survey unit and the number of measurements in the survey 
unit.  

3.12.6 Exposure Rate Measurements 

The Final Survey Plan required that exposure rate measurements from 
each survey unit be compared to the background exposure rate established 
for that survey unit. Exposure rate measurement results that exceeded the 
established background by more than 5.0 uR/hr required investigation.  
While on the surface this sounded like a relatively straight forward 
requirement, the unique design of the Georgia Tech Reactor Building 
made it next to impossible to find a similar structure, not associated with 
the use of licensed radioactive material, for use in establishing background 
exposure rates. Exposure rates from naturally occurring sources in a 
relatively small area often vary by a factor of 2 or more due to geometry 
considerations and differences in materials of construction. Background 
exposure rate measurements collected in buildings on the Georgia Tech 
Campus, not associated with the use of licensed radioactive material, 
varied by a factor of 3.
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The difficulty in identifying suitable background exposure rates for 
evaluating the final survey data was not unexpected and was discussed 
briefly in Section 4.9.1 of the Final Survey Plan. Since a structure, not 
associated with the use of licensed radioactive materials, similar in 

structure to the Reactor Building could not be identified for the purposes 
of establishing background exposure rates, an alternative means of 
estimating background exposure rates was proposed. The alternative 
means of estimating background exposure rates was discussed in detail 
with the Georgia Tech RSO and the Executive Engineer during a meeting 
on March 1, 2002.  

The alternative approach, adopted for this Final Survey Report, for 
establishing background exposure rates for the various survey units within 
the Reactor Building stipulated that the background exposure rate would 
be estimated from the mean of all of the exposure rate measurements in a 
given survey unit once outliers were accounted for. However, prior to 
using the exposure rate from a given survey unit to estimate the 
background exposure rate, the survey unit must not exceed the Site 
Specific Guideline Values for both total (scans and direct measurements) 
and removable (smears) beta activity.  

For a given survey unit the background exposure rate was established as 
follows: 

"* Initially the mean exposure rate for the survey unit was established 
using all available exposure rate measurements.  

"* The standard deviation of the exposure rates for the survey unit was 
established using all available exposure rate measurements.  

"* Those exposure rates that exceeded the initial mean exposure rate by 
more that 2 standard deviations (outliers) were removed from the data 
set and the mean exposure rate re-established.  

The re-established mean exposure rate (with potential outliers removed) 
was used as the best estimate of the background exposure rate for a given 
survey unit.  

When using this alternative approach to establish background exposure 
rates, an alternative approach for identifying individual exposure rates that 
require investigation was also required. This latter alternative approach 
stated that individual exposure rates that exceeded the established 
background by more than 5 uR/hr and exceeded the initial mean exposure 
rate by more than 2 standard deviations require investigation. Individual 
exposure rates that do not exceed the mean by more than 2 standard 
deviations are used to estimate the mean and are considered representative 
of background.
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All exposure rate measurements collected as part of the final survey that 
exceeded the established background by more than a 5 uR/hr and 
exceeded the initial mean by more than 2 standard deviations were 
identified and investigated as part of the final survey.  

Exposure rate measurement results are presented graphically by survey 
unit. Included with each graph are the following statistics: The maximum 
result obtained in each survey unit, the mean result, the standard deviation 
in the results, the mean plus 2 standard deviations, the 95 percent 
confidence level of the mean for the survey unit and the number of 
measurements in the survey unit. The background level, as calculated by 
the above alternate approach, is presented as the "Baseline" on the 
Exposure Rate graphs.  

3.12.7 Samples of Open Land Areas of Reactor Yard 

Based on the fact that the open land areas of the reactor yard were 
classified as unaffected, the sample results were compared to individual 
radionuclide guideline values shown in Table 3.3. No analysis results 
were found greater than 10% of the individual radionuclide specific 
concentration and none of the sum of fractions of the gamma emitting 
nuclides exceeded 25%, therefore, no additional sample analysis was 
required.
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4.0 SURVEY RESULTS 

The final survey data was evaluated on a survey unit basis for each area and is presented 

graphically in the following sections along with a brief description of the area which was 

surveyed. The data is presented graphically for easy comparison to the release guideline 

values/levels. Included with the figures are summary statistics including the number of 

measurements, survey unit mean and maximum, standard deviation of the data 

population, and the 95% confidence level of the mean. The MDA for each individual 

measurement is also provided on the graphs as an MDA line.  

The survey packages containing the survey data download files, smear analysis sheets, 

sample analysis results and the survey package worksheets are provided in Attachment B.  

The data presented in the following sections is a summary of the data provided in these 

survey packages.  

4.1 Background Results Summary 

Ideally, background measurements are taken on materials from a similar building 

that was constructed during the same time frame and known to be free of licensed 

radioactive material. The Georgia Institute of Technology Facilities Building 

located at 915 Atlantic Drive was used to estimate background for the purpose of 
evaluating direct beta activity measurements. Table 4.1 provides a summary of 

the direct beta background study of concrete and asphalt.  

Table 4.1 
Direct Beta Background Study of 

Concrete and Asphalt
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4.2 Package 1 - Helium and Lead Tank Cooling Water Lines 

Classification: Suspect Affected 

Survey Package 1 encompassed the reactor building ground floor helium and lead 
tank cooling water lines. These lines travel between the first floor and the 
basement inner wall of the reactor building. Figure 4-1A provides the locations of 
lines H-1 through H-22. Lines H-1 through H-14 were helium lines and lines H
15 through H-22 were lead tank cooling water lines. Each pipe was originally 
swiped using a small cloth that was pulled through the entire length of pipe to 
verify that there was no loose activity present. There were decontamination 
activities performed on the inside of the piping. Decontamination consisted of 
using industrial strength drain cleaners. The final survey included 100 % beta 
scans on the inside of the piping, three direct beta measurement for each pipe, two 
smears for removable surface contamination (beta and alpha) for each pipe, and 
two smears on the inside of each pipe to assess H-3 contamination levels.  

Survey Package 1 was divided into 22 survey units they are numbered HI through 
H22.  

The final survey results for Survey Package 1 are summarized below and 
presented graphically in Figures 4-1 B, 4-1 C, and 4-1D.  

Table 4.2 
Survey Package 1 

Final Survey Results 
Type of # of Meas. Mean Max Stand Dev 95 % CL of mean 

Measurement dpm/100 cm2 dpm!100 cm 2 dpm/100 cm 2  dpm/100 cm2 

Direct Beta 66 570 2036 469 683 
*Removable Alpha 44 N/A N/A N/A N/A 

Removable Beta 44 7 125 32 17 
Removable H-3 44 140 417 68 163 
* = All results < MDA ( Highest MDA 8.60 dpm/1OOCm 2) 

As can be seen from the above table, none of the final survey results for Survey 
Package 1 exceeded the Site Specific Guideline Values (SPGLs). Since neither 
the SPGL nor the radionuclide specific guideline value for removable H-3 was 
exceeded, derivation of the SPGL based on the site radionuclide mix has been 
validated. The final survey results for Survey Package 1 demonstrate that the 
helium and lead tank cooling water lines meet the criteria for release for 
unrestricted use.
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Figure 4-4A 
Package 1 

Map 

Georgia Tech Research Reactor Package 01 
Helium & Lead Tank Cooling Water Lines

0 H #k- Denotes L7 number and approximate location of helium and lead tank cooling water lines.
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Figure 4-1B 
Package 1 
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Figure 4-4C 
Package 1 

Removable Beta Activity 
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Figure 4-1D 
Package 1 

Removable H-3 Activity 

Helium and Lead Tank Cooling Water Lines Removable H-3 Activity
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4.3 Package 2 - Reactor Building 2nd Floor Below 2 Meters 

Classification: Suspect Affected 

Survey Package 2 encompassed the second floor of the reactor building. See 
Figure 4-2A for an overview. The second floor of the reactor building is 
composed of a small floor area that extends to the top of the reactor and a 
walkway that runs completely around the circumference of the reactor building.  
The floor area includes the reactor control room.  

The need to perform decontamination activities on the second floor of the reactor 
building resulted in Survey Package 2 being classified as suspect affected for 
purposes of the final survey. Where practical, accessible surfaces were gridded.  
The final survey included 100 % beta scans, one direct beta measurement for each 
m2 of accessible surface area, one smear of removable surface contamination 
(beta and alpha) for each m2 of accessible surface area, one exposure rate 
measurement for each m2 of accessible floor area, and a number of smears to 
assess H-3 contamination levels.  

Survey Package 2 was divided into the following survey units: 

"• Walkway floor 
"* Outer Reactor Building wall (below 2 meters from the top of the walkway) 
"* ECCS tank platform 
"* Walkway Handrail 
"* Floor outside of the Control Room (CR) 
"* Floor inside Control Room 
"* Control Room wall 1 
"* Control Room wall 2 
"* Control Room wall 3 
"* Control Room wall 4 
"* Control Room electrical panel 
"* Ventilation Ducting 

The final survey results for Survey Package 2 are summarized below and 
presented graphically in Figures 4-2B, 4-2C, 4-2D, and 4-2E.
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Table 4.3 
Survey Package 2 

Final Survey Results 
Type of # of Meas. Mean Max Stand Dev 95 % CL of mean 

Measurement dpm/100 cm 2 dpM/100 cm 2 dpmlr100 cm2  dpml1 00 cm 2 

Direct Beta 440 40 1396 234 62 
*Removable Alpha 443 N/A N/A N/A N/A 

Removable Beta 443 5 37 8 6 
Exposure Rate 151 11.8 uR/hr 15.1 uR/hr 1.2 uR/hr 12 uR/hr 

Removable H-3 31 191 839 137 247 
* = All results < MDA (maximum MDA is 10 dpm/100cm2).  

As can be seen from the above table, none of the final survey results for Survey 
Package 2 exceeded the Site Specific Guideline Values (SPGLs). Since neither 
the SPGL nor the radionuclide specific guideline value for removable H-3 was 
exceeded, derivation of the SPGL based on the site radionuclide mix has been 
validated. The final survey results for Survey Package 2 demonstrate that the 
second floor of the reactor building meets the criteria for release for unrestricted 
use.
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Figure 4-2A 
Package 2 

Map 

REACTOR BUILDING 2nd FLOOR BELOW 2 METERS

01 SO1-ECCs Tank Platform
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Figure 4-2B 
Package 2 

Direct Beta Activity 

2nd Floor Below 2 Meters Direct Beta Activity

MDA

Surface

REVISION 0

7000 

6000

5000 

4000 

3o00 

2000 

1000

0

0wm 

$ 

z

0 

-1000

50



GA TECH RESEARCH REACTOR FINAL SURVEY REPORT

Figure 4-2 C 
Package 2 

Exposure Rate Measurements
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Figure 4-2D 
Package 2 
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Figure 4-2E 
Package 2 
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4.4 Package 3 - Reactor Building 2nd Floor Above 2 Meters 

Classification: Non-Suspect Affected 

Survey Package 3 encompassed the second floor of the reactor building above 2 
meters. See Figure 4-3A for an overview. The second floor of the reactor building 
consisted of the ceiling and wall areas 2 meters above the 2 'd floor. The wall 
proceeds vertically until reaching the crane rail. The roof then projects 
torispherically and peaks -15' above the crane rail.  

There was no decontamination required in these areas. The final survey included 
10 % biased beta scans, one direct beta measurement for each 20 m2 of accessible 
surface area, one smear of removable surface contamination (beta and alpha) for 
each 20 m2 of accessible surface area, and a number of smears to assess H-3 
contamination levels. The biased locations were chosen by the technician 
performing the survey, and were based on the most probable areas for 
contamination.  

Survey Package 3 was divided into the following survey units: 

"* Walls from 2 meters to crane rail and top of the Control Room 
"* Overhead above crane rail 
"* Crane hoists 
"* Overhead inside of Control Room 
"* Reactor building intake vent 
"* Control Room intake 

The final survey results for Survey Package 3 are summarized below and 
presented graphically in Figures 4-3B, 4-3C, and 4-3D 

Table 4.4 
Survey Package 3 

Final Survey Results 
Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 

Measurement dpm/100 cm2 dpm/100 cm2 dpm/l00 cm2  dpm/100 cm 2 

Direct Beta 85 120 517 243 172 
*Removable Alpha 85 N/A N/A N/A N/A 

Removable Beta 85 6 40 8 8 
Removable H-3 35 223 752 178 291 

* = All results < MDA (Highest MDA is 8.60 dpm/100cm2 )
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As can be seen from the above table, none of the final survey results for Survey 
Package 3 exceeded the Site Specific Guideline Values (SPGLs). Since neither 
the SPGL nor the radionuclide specific guideline value for removable H-3 was 

exceeded, derivation of the SPGL based on the site radionuclide mix has been 

validated. The final survey results for Survey Package 3 demonstrate that the 

second floor of the reactor building above 2 meters meets the criteria for release 
for unrestricted use.
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Figure 4-3A 
Package 3 

Map 

REACTOR BUILDING 2nd FLOOR 
ABOVE 2 METERS

ýýT' 01V01-Reactor Building Intake Vent 
020H1-Inside Overhead of Control Room

./ 01OH1-Walls from 2 meters to crane rail 
010H2-Overhead above Crane Rail
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Figure 4-3B 
Package 3 
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Figure 4-3C 
Package 3 
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Figure 4-3D 
Package 3 
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4.5 Package 4 - Reactor Building 1st Floor Below 2 Meters 

Classification: Suspect Affected 

Survey Package 4 consisted of the entire 1 st floor and all wall surfaces below 2 
meters of the reactor building. See Figure 4-4A for an overview. This includes 
the main floor, biomedical room and the plug storage vault.  

For the purpose of the Final survey, Survey Package 4 was classified as suspect 
affected. Decontamination was required on - 40% of the main floor. The walls of 
the I" floor and the plug storage vault did not require any decontamination. All 
accessible surfaces were gridded.  

The final survey included 100 % beta scans, one direct beta measurement for each 
m2 of accessible surface area, one smear for removable surface contamination 
(beta and alpha) for each m2 of accessible surface area, one exposure rate 
measurement for each m2 of accessible floor area, and a number of smears to 
assess H-3 contamination levels.  

Survey Package 4 was divided into the following survey units: 

"* Floor 
"* Wall 1 (grids 48-50 do not exist) 
"* Walls 2,4,5 
"* Wall 3 (grid A-3 does not exist) 
"* Stairwell from 2 nd floor to basement 
"* Heaters 1-4 
"* Trenches 1-8 
"* Fuel storage pit 
"* Pressure relief valves 
"* Vent duct 
"* Inside elevator 
"* Secondary personnel hatch 
"* Airlock to lab building 
"* Biomedical room 

"* Floor 
"* Walls 1-4 (grid A2 does not exist) 
"* Overhead (above 2 meters) 
"* Floor drain 

"* Plug storage vault 
"* Floor 
"* Wall 1 (gridded as continuous wall) 
"* Ceiling (not above 2 meters)
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The final survey results for Survey Package 4 are summarized below and 
presented graphically in Figures 4-4B, 4-4C, 4-4D, and 4-4E.  

Table 4.5 
Survey Package 4 

Final Survey Results 

Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 
Measurement dpm/100 cm 2  dpm/100 cm2  dpm/100 cm2  dpm/100 cm2 

Direct Beta 1027 209 2457 394 233 
*Removable Alpha 1022 N/A N/A N/A N/A 

Removable Beta 1022 6 170 12 6 
Exposure Rate 520 13.1 uRihr 21.4 uRihr 2.4 uRihr 13.5 uR/hr 

Removable H-3 75 324 4243 524 461

* = All results < MDA (Highest MIDA is 13.68 dpm/100cm 2 ) 

During the initial Final Survey of Trench 6, one direct beta measurement 
exceeded the Site Specific Guideline Value, SPGL. A follow-up investigation 
(see Attachment B, package 4, file 213) did not result in any additional direct beta 
measurement in excess of the SPGL. For the grid in question, the average 
contamination level, including the one measurement result that exceeded the 
SPGL, did not exceed the SPGL.  

One exposure rate measurement exceeded the SPGL. This measurement result 
can be attributed to the proximity to the Neely Building Hot Cell and source 
storage vault.  

As can be seen from the above table, none of the Final Survey results with the 
exception of the one direct beta measurement and the one exposure rate 
measurement exceeded the SPGL's. In addition, based on the result of the H-3 
measurements, there is no reason to question the derivation of the SPGL's. The 
Final Survey results for Survey Package 4 demonstrate that the 1 st floor of the 
reactor building below 2 meters meets the criteria for release for unrestricted use.
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Figure 4-4A 
Package 4 

Map

REACTOR BUILDING 1 ST FLOOR BELOW 2 METERS

Vent 1 (01VO1) no longer connected.
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Figure 4-4B 
Package 4 
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Figure 4-4D 
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Figure 4-4E 
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4.6 Package 5 - Reactor Building 1 st Floor Above 2 Meters 

Classification: Non-Suspect Affected 

Survey Package 5 encompassed the first floor of the reactor building above 2 
meters. See Figure 4-5A for an overview. The first floor of the reactor building 
consisted of the outer wall areas from 2 meters vertically - 12' to the bottom of 
the 2 nd floor catwalk, (includes bottom of the catwalk) and the outside of the bio
medical room above 2 meters to the bottom of the 2 nd floor.  

There was no decontamination required in these areas. The final survey included 
10 % biased beta scans, one direct beta measurement for each 20 m2 of accessible 
surface area, one smear of removable surface contamination (beta and alpha) for 
each 20 m2 of accessible surface area, and a number of smears to assess H-3 
contamination levels. The biased locations were chosen by the technician 
performing the survey, and were based on the most probable areas for 
contamination.  

Survey Package 5 was divided into the following survey units: 

"* Outer wall from 2 meters to the bottom of the 2 nd floor walkway 
"* Outside of biomedical room from 2 meters to the bottom of the 2nd floor 

The final survey results for Survey Package 5 are summarized below and 
presented graphically in Figures 4-5B, 4-5C, and 4-5D.  

Table 4.6 
Survey Package 5 

Final Survey Results 
Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 

Measurement dpm/100 cm2  dpm/100 cm 2 dpm/100 cm2  dpm/100 cm2 

Direct Beta 50 63 830 257 139 
*Removable Alpha 50 N/A N/A N/A N/A 

Removable Beta 50 2 49 9 4 
Removable H-3 30 182 1889 318 313 
• = All results < MDA (Highest MDA is 5.17 dpm/100cm2 ) 

During the final survey of the outer wall overhead, one direct beta measurement 
(830 dpm/100cm 2) exceeded the non-suspect affected action level of 600 
dpm/100 cm2 . A follow-up investigation (see Attachment B, package 5, file 163) 
did not result in any activity in excess of 600 dpm/1 00 cm 2, therefore, no further 
action was required.  

As can be seen from the above table, none of the final survey results for Survey 
Package 5 exceeded the Site Specific Guideline Values (SPGLs). Since neither 
the SPGL nor the radionuclide specific guideline value for removable H-3 was 
exceeded, derivation of the SPGL based on the site radionuclide mix has been 
validated. The final survey results for Survey Package 5 demonstrate that the first 
floor of the reactor building above 2 meters meets the criteria for release for 
unrestricted use.
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Figure 4-5A 
Package 5 

Map 
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Figure 4-5C 
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Figure 4-5D 
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4.7 Package 6 - Reactor Building Ventilation Hold-Up Duct 

Classification: Suspect Affected 

Survey Package 6 consisted of the hold-up duct that is located directly below the 
floor in the basement of the reactor building. The hold-up duct is part of the 
reactor building ventilation system on the intake side of the HEPA filters. See 
Figure 4-6A for an overview of this area.  

There was a small amount of decontamination activities in the hold-up duct. The 
damper louvers were removed and disposed of as radioactive waste. A small 
amount of aggressive decon was required on the floor. The surfaces were gridded 
into 1 m2 grids. The final survey included 100 % beta scans, one direct beta 
measurement for each m2 of accessible surface area, one smear for removable 
surface contamination (beta and alpha) for each m2 of accessible surface area, and 
a number of smears to assess H-3 contamination levels. Exposure rate readings 
were not required in the hold-up duct due to its unique geometry. The ducts 
geometry is such that any reading one meter above the floor surface is within one 
foot from the ceiling and approximately one foot from at least two walls.  

Survey Package 6 was divided into the following survey units: 

"* Floor inside hold-up duct 
"* Hold-up duct wall 1 through 4 
"* Hold-up duct ceiling 

The final survey results for Survey Package 6 are summarized below and 
presented graphically in Figures 4-6B, 4-6C, and 4-6D.  

Table 4.7 
Survey Package 6 

Final Survey Results 
Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 

Measurement dpm/100 cm2 dpm/100 cm2 dpmi/100 cm 2  dpm/100 cm2 

Direct Beta 130 436 1396 308 489 
* Removable Alpha 130 N/A N/A N/A N/A 

Removable Beta 130 0 21 5 1 
Removable H-3 30 184 529 102 226 
• - All results < MDA (Highest MDA is 7.63 dpm/l 00Cm 2).  

As can be seen from the above table, none of the final survey results for Survey 
Package 6 exceeded the Site Specific Guideline Values (SPGLs). Since neither 
the SPGL nor the radionuclide specific guideline value for removable H-3 was 
exceeded, derivation of the SPGL based on the site radionuclide mix has been 
validated. The final survey results for Survey Package 6 demonstrate that the 
hold-up duct of the reactor building meets the criteria for release for unrestricted 
use.
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Figure 4-6A 
Package 6 

Map 

Reactor Building Ventillation Hold-Up Duct

N-->
Wall 2 (01W02)

REVISION 0

GA TECH RESEARCH REACTOR

73



GA TECH RESEARCH REACTOR FINAL SURVEY REPORT

Figure 4-6B 
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Figure 4-6C 
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4.8 Package 7 - Reactor Building Ventilation 

Classification: Suspect Affected 

Survey Package 7 encompassed the reactor ventilation unit (located in the 
basement of the reactor building), reactor building stack main vent room, stack 
kanne chamber room, and the reactor building stack. See Figure 4-7a.  

Decontamination was required on the floor of the HEPA ventilation unit and the 
floor of the stack. Where practical, accessible surfaces were gridded. The final 
survey included 100 % beta scans, one direct beta measurement for each m2 of 
accessible surface area, one smear of removable surface contamination (beta and 
alpha) for each m2 of accessible surface area, one exposure rate measurement for 
each mn2 of accessible floor area, and a number of smears to assess H-3 
contamination levels.  

Survey Package 7 was divided into the following survey units: 

"* Inside of the reactor ventilation unit 
"* Floor of stack main vent room 
"* Walls 1 through 8 of the stack main vent room 
"* Floor of the instrument room 
"* Vent pipe chamber room 
"* Stack fan 
"* Instrumentation 
"* Stack floor 
"* Stack wall 

The final survey results for Survey Package 7 are summarized below and 
presented graphically in Figures 4-7B, 4-7C, 4-7D, and 4-7E.  

Table 4.8 
Survey Package 7 

Final Survey Results
Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 

Measurement dpm/100 cm2  dpm/100 cm2  dpm/100 cm 2  dpm/100 cm2 

Direct Beta 131 136 1584 379 201 

*Removable Alpha 131 N/A N/A N/A N/A 

Removable Beta 131 5 122 17 7 

Exposure Rate 14 15.6 uR/hr 17.5 uR/hr 1.0 uR/hr 16.2 uR/hr 
Removable H-3 35 371 2068 424 534 

* = All results < MDA (Highest MDA is 8.60 dprr1 00cm 2 ) 

As can be seen from the above table, none of the final survey results for Survey 
Package 7 exceeded the Site Specific Guideline Values (SPGLs). Since neither
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the SPGL nor the radionuclide specific guideline value for removable H-3 was 
exceeded, derivation of the SPGL based on the site radionuclide mix has been 
validated. The final survey results for Survey Package 7 demonstrate that the 
reactor building ventilation meets the criteria for release for unrestricted use.

REVISION 0

FINAL SURVEY REPORT

78



GA TECH RESEARCH REACTOR

Figure 4-7A 
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Figure 4-7B 
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Figure 4-7C 
Package 7 

Exposure Rate Measurements

C

Reactor Building Ventilation Below 2 Meters Exposure Rate Measurements 
23.0 
22.0 - Measurements: 14 

21.0 Mean: 15.6 pR/hr 
Std Deviation: 1.0 pR/hr 

20.0 Baseline + 2 Std. Dev: 17.6 IR/hr 

19.0 - Maximum: 17.5 pR/hr 

180 95% CL on Mean: 16.2 pR/hr 

17.0 
16.0 A 

15.0
14.013.0o 
12.0-
11.0 
10.0 

9.0 t ot 
8.0 

.7.0 
6.0 
5.0
4.0
3.0
2.0 
1.0 
0.0 4 - - II T 

01FOl 01F02 

Surface

Baseline

REVISION 081



( GA TECH RESEARCH REACTOR
( F 

FINAL SURVEY REPORT

Figure 4-7D 
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4.9 Package 8 - Suspect Affected Yard Areas 

Classification: Suspect Affected 

Survey Package 8 encompassed the reactor facility yard. The suspect affected 
yard areas included an asphalt paved area, and a concrete walk way that runs 
approximately 2700 around the reactor building. These areas were included in 
this package due to egress from the reactor building during normal operations and 
decommissioning activities. Both areas were used for storage of radioactive 
material in accordance with approved procedures. See Figure 4-8A for an 
overview of these areas. Decontamination was limited to two small (<100 cm2 
each) areas located on the concrete walkway immediately outside the Neely 
Research Center high bay doors.  

Where practical, accessible surfaces were gridded into lm2 grids. The final survey 
included 100 % beta scans, one direct beta measurement for each m2 of accessible 
surface area, one smear of removable surface contamination (beta and alpha) for 
each m 2 of accessible surface area, one exposure rate measurement for each m2 of 
accessible area, and a number of smears to assess H-3 contamination levels.  

Survey Package 8 was divided into the following survey units: 

* Concrete walkway 
* Paved radioactive material storage area 1 
0 Paved radioactive material storage area 2 

The final survey results for Survey Package 8 are summarized below and 
presented graphically in Figures 4-8B, 4-8C, 4-8D, and 4-8E.  

Table 4.9 
Survey Package 8 

Final Survey Results 
Type of # of Meas. Mean Max Stand Dev 95 % CL of mean 

Measurement dpm/100 cm2  dpm/100 cm' dpm/100 cm2  dpm/100 cm2 

Direct Beta 643 283 1998 410 315 
*Removable Alpha 643 N/A N/A N/A N/A 

Removable Beta 643 0 37 4 0 
Exposure Rate 643 11.7 uR/hr 17.4 uR/hr 1.2 uR/hr 11.8 uR/hr 

Removable H-3 32 161 424 66 188 
*- All results < MDA (Highest MDA is 3.53 dpm/lO00cm 2).
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As can be seen from the above table, with the exception of the exposure rate 
measurements, none of the final survey results for Survey Package 8 exceeded the 

Site Specific Guideline Values (SPGLs). Since neither the SPGL nor the 
radionuclide specific guideline value for removable H-3 was exceeded, derivation 

of the SPGL based on the site radionuclide mix has been validated. Upon frrther 

investigation it was determined that the elevated exposure rate measurement 
results were due to the location of radioactive materials within the Neely Building 
immediately east of these data locations.  

The final survey results for Survey Package 8 demonstrates that the reactor 
facility yard concrete walkway and asphalt paved areas meet the criteria for 

release for unrestricted use.
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Figure 4-8A 
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Figure 4-8C 
Package 8, 
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Figure 4-8D 
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Figure 4-8E 
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4.10 Package 9 - Unaffected Asphalt and Concrete Yard Areas 

Classification: Unaffected 

Survey Package 9 encompassed the outside yard areas of the reactor facility. See 
Figure 4-9A for an overview. The unaffected asphalt paved areas and concrete 
walkways occupy approximately 605 square meters. This area was not used for 
storage of radioactive material.  

There was no decontamination required in this area. The final survey included 
10 % beta scans, one direct beta measurement for each m2 of accessible surface 
area, one smear of removable surface contamination (beta and alpha) for each m2 

of accessible surface area, one exposure rate measurement for each m2 of 
accessible surface area, and a number of smears to assess H-3 contamination 
levels.  

Survey Package 9 was divided into the following survey unit: 

* Asphalt or concrete paved areas.  

The final survey results for Survey Package 9 are summarized below and 
presented graphically in Figures 4-9B, 4-9C, 4-93D, and 4-9E.  

Table 4.10 
Survey Package 9 

Final Survey Results 
Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 

Measurement dpm/100 cm2  dpm/100 cm2  dpm/100 cm2  dpm/100 cm2 

Direct Beta 34 4 595 357 124 
*Removable Alpha 34 N/A N/A N/A N/A 

Removable Beta 34 0 10 3 1 
Exposure Rate 34 12 uR/hr 16.2 uR/hr 1.4 uR/hr 12.4 uR/hr 

Removable H-3 34 145 441 84 178 
* = All results <MDA (Highest MDA is 5.17 dpm/100cm2).  

As can be seen from the above table, none of the final survey results for Survey 
Package 9 exceeded the Site Specific Guideline Values (SPGLs). Since neither 
the SPGL nor the radionuclide specific guideline value for removable H-3 was 
exceeded, derivation of the SPGL based on the site radionuclide mix has been 
validated. The final survey results for Survey Package 9 demonstrate that the 
unaffected yard areas of the reactor facility meet the criteria for release for 
unrestricted use.
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Figure 4-9B 
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Figure 4-9C 
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Figure 4-9D 
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Figure 4-9E 
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4.11 Package 10 - Reactor Building and Stack 

Classification: Non-Suspect Affected 

Survey Package 10 encompassed the reactor building exterior walls, dome 
surfaces, and the stack. See Figure 4-1 GA for an overview of this area. There 
were no decontamination activities on the building exterior.  

The final survey included a minimum of 10 % beta scans, one direct beta 
measurement for each 50 m2 of accessible surface area, one smear of removable 
surface contamination (beta and alpha) for each 50 m2 of accessible surface area, 
and a number of smears to assess H-3 contamination levels.  

Survey Package 10 has only one survey unit that includes both the stack and 
reactor building exterior.  

The final survey results for Survey Package 10 are summarized below and 
presented graphically in Figures 4-1OB, 4-1OC, and 4-1OD.  

Table 4.11 
Survey Package 10 

Final Survey Results 
Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 

Measurement dpm/IOO cm dpm/100 cm2 dpm/I00 cm dpm/100 cm2 

Direct Beta 30 20 483 212 95 
* Removable Alpha 30 N/A N/A N/A N/A 

Removable Beta 30 5 45 9 8 
Removable H-3 30 142 260 51 163 
* = All results < MDA (Highest MDA 5.17 dpm/100cm2).  

As can be seen from the above table, none of the final survey results for Survey 
Package 10 exceeded the Site Specific Guideline Values (SPGLs). Since neither 
the SPGL nor the radionuclide specific guideline value for removable H-3 was 
exceeded, derivation of the SPGL based on the site radionuclide mix has been 
validated. The final survey results for Survey Package 10 demonstrates that the 
reactor building and stack exteriors meet the criteria for release for unrestricted 
use.
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Figure 4-10B 
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Figure 4-10C 
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Figure 4-10D 
Package 10 
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4.12 Package 11 - Reactor Building Basement Drain Lines 

Classification: Suspect Affected 

Survey Package 11 encompassed the reactor building basement drain lines. Drain 

lines DOI through D09 traveled to the basement floor sump. Drain line D10 
traveled between the heavy water storage tank pit and the reactor vessel tunnel 

shaft. See Figure 4-1 1A for a map showing the drain line layout.  

Portions of the drain lines up to 20 feet upstream of the sump were contaminated 

and required decontamination. Decontamination was accomplished using 

industrial strength drain cleaning solutions and high pressure water spray systems.  

After decontamination, the drain lines were flushed twice to ensure an absolute 

minimum amount of loose debris remained for final surveys.  

The Final Survey for Drain Lines DOI-D10 included: 

* A 100 % beta scan of all accessible surfaces 

* A minimum of three (3) direct beta measurements on each pipe 

* A minimum of two (2) smears on the inside of each pipe for removable 
surface contamination (gross beta and gross alpha) 

* A minimum of two (2) smears on the inside of each pipe to assess H-3 
contamination levels (liquid scintillation analysis) 

In addition, Drain Lines D03, D04 and D1O were surveyed every foot. These lines 

were easily accessible and known to be contaminated prior to decontamination.  

Drains DO, D02 and D05 through D09 were surveyed every foot until passing 
the first elbow.  

The final survey results for Survey Package 11 are summarized below and 
presented graphically in Figures 4-1 lB, 4-11 C, and 4-1 1D.  

Table 4.12 
Survey Package 11 

Final Survey Results

Type of # of Meas. Mean Max. Stand. Dev. 95 % CL ot mean 
Measurement dpm/100 cm 2 dpm/100 cm 2 dpm/100 cm2  dpm/1OO cm 2 

Direct Beta 118 264 1736 505 355 

*Removable Alpha 20 A N/A N/A N/A 

Removable Beta 20 3 1 5 5 

Removable H-3 420 773 159 501 

-= l results < MA 1( Highest MDA is 5.7 I pm/1OOcm 2)
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As can be seen from the above table, none of the final survey results for Survey 
Package 11 exceeded the Site Specific Guideline Values (SPGLs). Since neither 
the SPGL nor the radionuclide specific guideline value for removable H-3 was 
exceeded, derivation of the SPGL based on the site radionuclide mix has been 
validated. The final survey results for Survey Package 11 demonstrate that the 
Reactor Building Basement Drain Lines meet the criteria for release for 
unrestricted use.
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Figure 4-11A 
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Figure 4-11B 
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Figure 4-11C 
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Figure 4-111D 
Package 11 
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4.13 Package 12 - Process Equipment Room Below 2 Meters 

Classification: Suspect Affected 

Survey Package 12 encompassed the reactor building process equipment room 
located in the basement. The floor of this room is approximately 160 m2. See 
Figure 4-12A for an overview. This area contained several pieces of 
contaminated equipment (e.g. primary coolant filtration system, two large heat 
exchangers, misc. coolant lines and the D20 tank). It also contained the heavy 
water storage tank pit.  

Approximately 60% of the floor area required decontamination. The walls 
required only minor decontamination. The floor surface of the heavy water 
storage tank pit required 100% decontamination. Approximately 40% of the wall 
surfaces of the pit required decontamination. Where practical, accessible surfaces 
were gridded.  

The final survey included 100 % beta scans, one direct beta measurement for each 
m2 of accessible surface area, one smear of removable surface contamination 
(beta and alpha) for each m 2 of accessible surface area, one exposure rate 
measurement for each m2 of accessible floor area, and a number of smears to 
assess H-3 contamination levels.  

Survey Package 12 was divided into the following survey units:

"* Process equipment room floor 
"* Process equipment room walls 1-3 
"* Structures 1-6 
"* Trench to bottom of spent fuel storage pit 
"* Trench at doorway 
"* Penetrations 1-4 
"* D20 pit floor 
"* D20 pit walls 1-4 

The final survey results for Survey Package 12 are summarized below and 
presented graphically in Figures 4-12B, 4-12C, 4-12D, and 4-12E.
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Table 4.13 
Survey Package 12 

Final Survey Results 
Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 

Measurement dpmlO00 cm2  dpm/100 cm2  dpm/100 cm2  dpm/100 cm 2 

Direct Beta 396 553 2320 351 587 
*Removable Alpha 395 N/A N/A N/A N/A 

Removable Beta 395 1 109 9 1 
Exposure Rate 171 18.4 uR/hr 22.2 uR/hr 1.8 uR/hr 18.7 uRJhr 
Removable H-3 59 158 756 117 193 

* = All results < MDA (Highest MDA is 5.17 dpm/I00cm2 ) 

As can be seen from the above table, none of the final survey results for Survey 
Package 12 exceeded the Site Specific Guideline Values (SPGLs). Since neither 
the SPGL nor the radionuclide specific guideline value for removable H-3 was 
exceeded, derivation of the SPGL based on the site radionuclide mix has been 
validated. The final survey results for Survey Package 12 demonstrate that the 
process equipment room below 2 meters meets the criteria for release for 
unrestricted use.
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Figure 4-12A 
Package 12 
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Figure 4-12B 
Package 12 
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Figure 4-12C 
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Figure 4-12D 
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Figure 4-12E 
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4.14 Package 13 - Process Equipment Room Above 2 Meters 

Classification: Non-Suspect Affected 

Survey Package 13 encompassed the reactor building process equipment room 
walls above 2 meters and the ceiling located in the basement. This package also 
includes the equipment access hatches that are located in the ceiling of this room.  
See Figure 4-13A for an overview. This package excludes 3 grids of wall 1 
(01W01) row C which were reclassified to suspect affect (see Attachment B, 
package 13, surface 01W01, grids C12 through C14).  

The final survey included 10 % biased beta scans, one direct beta measurement 
for each 20m2 of accessible surface area, one smear of removable surface 
contamination (beta and alpha) for each in2 of accessible surface area, and a 
number of smears to assess H-3 contamination levels. The biased locations were 
chosen by the technician performing the survey, and were based on the most 
probable areas for contamination.  

This survey package has only one survey unit that includes the overhead areas of 
the process equipment room.  

The final survey results for Survey Package 13 are summarized below and 
presented graphically in Figures 4-13B, 4-13C, and 4-13D.  

Table 4.14 
Survey Package 13 

Final Survey Results 
Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 

Measurement dpm/100 cm2  dpm/100 cm2  dpm/100 cm 2  dpm/100 cm 2 

Direct Beta 30 359 588 134 407 
*Removable Alpha 30 N/A N/A N/A N/A 

Removable Beta 30 -2 6 3 0 
Removable H-3 30 143 458 68 .171 
* - All results < MDA (Highest MDA is 5.17 dpm/100cm 2 ) 

As can be seen from the above table, none of the final survey results for Survey 
Package 13 exceeded the Site Specific Guideline Values (SPGLs). Since neither 
the SPGL nor the radionuclide specific guideline value for removable H-3 was 
exceeded, derivation of the SPGL based on the site radionuclide mix has been 
validated. The final survey results for Survey Package 13 demonstrate that the 
process equipment room above two meters meets the criteria for release for 
unrestricted use.
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Figure 4-13A 
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Figure 4-13B 
Package 13 
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Figure 4-13D 
Package 13 

Removable H-3 Activity

Process Equipment Room Above 2 Meters Removable H-3 Activity
Measurements: 30 
Mean: 143 dpm/100 din2 
Maximum: 458 dpm/100 cm2 
Std Deviation: 68 dpm/100 cm2 
95 % CL on Mean: 171 dpm/100 cm2 ,

4700 

4300 

3900 

3500 

3100 

2700 

2300 

1900 

1500 

1100 

700 

300 

-100

P.i 0 
0D 

0D

REVISION 0

;I I iu lip w 

Surface

MDA

119



4.15 Package 14 - Yard Open Land Areas 

Classification: Unaffected 

Survey package 14 encompassed 908 square meters of the Unaffected Open Land 

Areas of the Reactor Facility Yard. The Open Land Areas of the Reactor Facility 

Yard border the south and east sides of the reactor containment building and the 

paved road as depicted in figure 4-14A titled "Yard Unaffected Open Land 

Areas." The unaffected yard areas were not used for radioactive materials storage.  

The survey was conducted by establishing a survey map, see Attachment B, 
which defined the number and sample location for each required sample. At each 

sample location the following was performed: 

"* A nine meter square gamma scan to identify elevated areas of activity.  

"* One exposure rate measurement at one meter.  
"* A 0 to 6" soil sample for gamma analysis.  

The exposure rate results are summarized in the table below and presented 
graphically in Figure 4-14B.  

Table 4.15 
Survey Package 14 

Final Exposure Rate Results 

Type of # of Meas. Mean Max Std. Dev. 95% CL of mean 
Measurement 

Exposure Rate 30 11.6uR 14.5 uR 1.4uR 12.1uR

The soil analysis results are summarized in the accompanying Table 4.16 titled 
"Yard Open Land Areas Soil Sample Gamma Spectroscopy Results." 

The final survey results for Survey Package 14 demonstrate that the Open Land 

Areas meet the criteria for release for unrestricted use.
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Table 4.16 
Yard Open Land Areas 

Soil Sample Gamma Spectroscopy Results

Sample # Mn-54 Co-60 Zn-65 Cs-137 Eu-152 

Activity Uncertainty Activity Uncertainty Activity Uncertainty Activity Uncertainty Activity Uncertainty 
pci/g pci/g pci/g pci/g pci/g pci/g pci/g pci/g pci/g pci/g 

1 <MDA N/A <MDA N/A <MDA N/A <MDA N/A <MDA N/A 
2 <MDA N/A <MDA N/A <MDA N/A 3.3116e-1 9.462e-2 <MDA N/A 
3 <MDA N/A <MDA N/A <MDA N/A <MDA N/A <MDA N/A 
4 <MDA N/A 3.1647e- 1 7.975e-2 <MDA N/A 2.1931 e- 1 7.878e-2 <MDA N/A 
5 <MDA N/A <MDA N/A <MDA N/A <MDA N/A <MDA N/A 
6 <MDA N/A <MDA N/A <MDA N/A <MDA N/A <MDA N/A 
7 <MDA N/A <MDA N/A <MDA N/A 2.8515e-1 9.376e-2 <MDA N/A 
8 2.3105e-1 7.925e-2 <MDA N/A <MDA N/A <MDA N/A <MDA N/A 
9 <MDA N/A <MDA N/A <MDA N/A 5.1734e-1 1.314e-1 <MDA N/A 

9QC <MDA N/A <MDA N/A <MDA N/A 6.6839e-1 1.504e-1 <MDA N/A 
10 <MDA N/A <MDA N/A <MDA N/A <MDA N/A <MDA N/A 
11 2.894e-1 1.008e-1 <MDA N/A <MDA N/A 5.1477e-1 1.329e-1 <MDA N/A 
12 <MDA N/A <MDA N/A <MDA N/A <MDA N/A <MDA N/A 
13 <MDA N/A <MDA N/A <MDA N/A 5.1321e-1 1.372e-1 <MDA N/A 
14 <MDA N/A <MDA N/A <MDA N/A 5.3419e-1 1.296e-1 <MDA N/A 
15 <MDA N/A <MDA N/A <MDA N/A 6.4240e-1 1.464e-1 <MDA N/A 
16 2.5035e-1 8.716e-2 <MDA N/A <MDA N/A 4.1563e-1 1.11le-1 <MDA N/A 
17 2.0613e-1 7.791e-2 <MDA N/A <MDA N/A 3.3850e-1 9.875e-2 <MDA N/A 

17QC <MDA N/A <MDA N/A <MDA N/A <MDA N/A <MDA N/A 
18 <MDA N/A <MDA N/A <MDA N/A 4.4211 e- 1 1.215e-I <MDA N/A 
19 <MDA N/A <MDA N/A <MDA N/A 3.4755e-1 9.830e-2 <MDA N/A 
20 <MDA N/A <MDA N/A <MDA N/A 7.8097e-1 1.302e-1 <MDA N/A 
21 3.8315e-1 1.155e-1 <MDA N/A <MDA N/A 5.3670e-1 1.352e-1 <MDA N/A 
22 <MDA N/A <MDA N/A <MDA N/A 3.6222e-1 1.025e-1 <MDA N/A 
23 <MDA N/A <MDA N/A <MDA N/A 5.5403e-1 1.430e-l <MDA N/A 
24 <MDA N/A <MDA N/A <MDA N/A <MDA N/A <MDA N/A 
25 <MDA N/A <MDA N/A <MDA N/A 3.8700e-1 1.117e-1 <MDA N/A 
26 <MDA N/A <MDA N/A <MDA N/A 3.9772e-1 1.136e-1 <MDA N/A 
27 <MDA N/A <MDA N/A <MDA N/A 4.3390e-1 1.203e-1 <MDA N/A 
28 <MDA N/A <MDA N/A <MDA N/A 3.8199e-1 1.103e-1 <MDA N/A 
29 <MDA N/A <MDA N/A <MDA N/A 1.43e-1 2.89e-2 <MDA N/A 
30 <MDA N/A <MDA N/A <MDA N/A 2.6984e-1 9.693e-2 <MDA N/A 

Ag-110m and CS-134not included in nuclide library used to analyze soil samples. No unidentified photo peaks found that are associated with Ag-1 10m or Cs-134.  

For each sample, none of the individual radionuclide analyses results exceeded 10% of the of the radionuclide specific guideline 
values listed in Table 3.3.
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Figure 4-14A 
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Figure 4-14B 
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4.16 Package 15 - Basement Air Compressor Room 

Classification: Suspect Affected 

Survey Package 15 encompassed a small room in the basement of the reactor 
building that housed two air compressors. See Figure 4-15A for an overview of 
this area.  

There was no need to perform decontamination activities in this area. Where 
practical, accessible surfaces were gridded into lm2 grids. The final survey 
included 100 % beta scans, one direct beta measurement for each m 2 of accessible 
surface area, one smear of removable surface contamination (beta and alpha) for 
each m2 of accessible surface area, one exposure rate measurement for each mi2 of 
accessible floor area, and a number of smears to assess H-3 contamination levels.  

Survey Package 15 was divided into the following survey units: 

"* Floor inside compressor room 
"* Compressor room walls 1 through 4 
"* Ventilation duct 1 located in wall 3 
"* Ventilation duct 2 located in wall 1 

The final survey results for Survey Package 15 are summarized below and 
presented graphically in Figures 4-15B, 4-15C, 4-15D, and 4-15E.  

Table 4.17 
Survey Package 15 

Final Survey Results 

Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 

Measurement dpm/100 cm2  dpm/100 cm2  dpm/100 cm2  dpm/100 cm 2 

Direct Beta 96 879 1975 491 977 

*Removable Alpha 96 N/A N/A N/A N/A 

Removable Beta 96 1 32 6 2 

Exposure Rate 12 34.2 uR/hr 41.6 uR/hr 4.1 uR/hr 36.6 uR/hr 

Removable H-3 31 215 905 192 293 

• = All results < MDA (Highest MDA is 3.91dpm/100cmL) 

Two exposure rate measurement results collected in this area are slightly elevated.  

However, the estimated background exposure rate in this area is also elevated.  
All of the exposure rate measurement results collected in this area are within 2 

standard deviation of the mean and meet the criteria established for evaluating 
exposure rate measurement results.  

As can be seen from the above table and figures 4-15A through 4-15E, none of 
the final survey results for Survey Package 15 exceeded the Site Specific 
Guideline Values (SPGLs). Since neither the SPGL nor the radionuclide specific 

guideline value for removable H-3 was exceeded, derivation of the SPGL based 

on the site radionuclide mix has been validated. The final survey results for 

Survey Package 15 demonstrate that the compressor room of the reactor building 

meets the criteria for release for unrestricted use.
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Figure 4-15A 
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Figure 4-15B 
Package 15 
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Figure 4-15C 
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Figure 4-15D 
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Figure 4-15E 
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4.17 Package 16 - Areas Outside Process Equipment Room Below 2 Meters 

Classification: Suspect Affected 

Survey Package 16 consisted of several areas outside the process equipment room 
located in the basement. See Figure 4-16A for an overview. This area contained 
several pieces of contaminated equipment (e.g., pneumatic transfer system, 
biomedical door hydraulic system, D 2 0 analysis equipment and misc. coolant 
system lines).  

Approximately 10% of the floor area required decontamination. The walls 
required only minor decontamination. Where practical, accessible surfaces were 
gridded.  

The final survey included 100 % beta scans, one direct beta measurement for each 
m 2 of accessible surface area, one smear of removable surface contamination 
(beta and alpha) for each m 2 of accessible surface area, one exposure rate 
measurement for each m2 of accessible floor area, and a number of smears to 
assess H-3 contamination levels.  

Survey Package 17 was divided into the following survey units: 

" Rupture disk chamber room 
"* Floor 
"* Walls 1-4 
"* Ceiling 

"* Rabbit room 
"* Floor 
"* Walls 1-4 

" Experiment room 
"* Floor 
"* Walls 1-4 

" MCC panel area 
"* Floor 
"* Walls 1-3 
"* Sump 
"* Rx vent duct 
"* A/C vent duct 
"* Cement blocks 
"* MCC Panel 

" Stairwell general area 
0 Floor 
0 Walls 1-2 
* Structures 1-4 (columns) 
0 Structure 5 (exterior of HEPA ventilation unit)
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The final survey results for Survey Package 16 are summarized below and 
presented graphically in Figures 4-16B, 4-16C, 4-16D, and 4-16E.  

Table 4.18 
Survey Package 16 

Final Survey Results 
Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 

Measurement dpm/100 cm 2  dpm/100 cm 2  dpm/100 cm 2  dpm/100 cm 2 

Direct Beta 808 294 2046 414 323 
*Removable Alpha 808 N/A N/A N/A N/A 

Removable Beta 808 2 67 7 3 

ExposureRate 348 18.4 uR/hr 35.4 uR/hr 3.3 uR/hr 18.7 uRihr 
Removable H-3 95 233 1760 269 296 
* = All results < MDA (Highest MDA is 5.17 dpm/100cm 2 ) 

During the Final Survey several of the exposure rate measurements exceeded the 
SPGL. These measurements were investigated and all were found to be attributed 
to their location immediately outside the air compressor room block walls. The 
air compressor room block walls were determined to be composed of materials 
containing elevated levels of naturally occurring radioactive materials (see 
package 15).  

As can be seen from the above table, none of the final survey results, with the 
exception of the exposure rate measurements, for Survey Package 16 exceeded 
the Site Specific Guideline Values (SPGLs). Since neither the SPGL nor the 
radionuclide specific guideline value for removable H-3 was exceeded, derivation 
of the SPGL based on the site radionuclide mix has been validated. The final 
survey results for Survey Package 16 demonstrate that the areas outside the 
process area room of the basement meets the criteria for release for unrestricted 
use.
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Figure 4-16A 
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Figure 4-16B 
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Figure 4-16.C 
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Figure 4-16D 
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Figure 4-16E 
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4.18 Package 17 - Areas Outside Process Equipment Room Above 2 Meters 

Classification: Non-Suspect Affected 

Survey Package 17 encompassed the area outside the process equipment room 
above 2 meters. It is located in the basement of the reactor building. See Figure 
4-17A for an overview. This area consisted of several areas outside the process 
equipment room and included the wall surfaces from 2 meters above the floor up 
to and including the ceiling.  

There was no decontamination required in these areas. The final survey included 
10% biased beta scans, one direct beta measurement for each 20 m2 of accessible 
surface area, one smear of removable surface contamination (beta and alpha) for 
each 20 m2 of accessible surface area, and a number of smears to assess H-3 
contamination levels. The biased locations were chosen by the technician 
performing the survey, and were based on the most probable areas for 
contamination.  

Survey Package 17 was divided into the following survey units: 

"* Rabbit room (overhead above 2 meters) 
"* Experiment room (overhead above 2 meters) 
"* MCC panel area (overhead above 2 meters) 
"* Stairwell general area (overhead above 2 meters) 

The final survey results for Survey Package 17 are summarized below and 
presented graphically in Figures 4-17B, 4-17C, and 4-17D.  

Table 4.19 
Survey Package 17 

Final Survey Results 
Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 

Measurement dpm/100 cm 2 dpm/100 cm2 dpm/100 cm 2  dpm/100 cm 2 

Direct Beta 35 213 574 251] 296 
*Removable Alpha 35 N/A N/A N/A N/A 

Removable Beta 35 -2 73 -1 
Removable H-3 35 110 153 19 117 
* - All results < MDA ( Highest MDA is 5.17 dpm/1O00cm 2 ) 

As can be seen from the above table, none of the final survey results for Survey 
Package 17 exceeded the Site Specific Guideline Values (SPGLs). Since neither 
the SPGL nor the radionuclide specific guideline value for removable H-3 was 
exceeded, derivation of the SPGL based on the site radionuclide mix has been 
validated. The final survey results for Survey Package 17 demonstrate that the 
areas outside the process equipment room above 2 meters meet the criteria for 
release for unrestricted use.
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Figure 4-17A 
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Figure 4-17B 
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Figure 4-17C 
Package 17 

Removable Beta Activity 

Areas Outside Process Equipment Room Above 2 Meters 
Removable Beta Activity

Measurements: 35 
Average: -2 dpm/100 din2 
Maximum: 7 dpm/100 crD2 
Std Deviation: 3 dpm/100 cm2 
95% CL on Mean: -1 dpm/100 c=2 

-*-- * m--- -* m*-* $-* * -* [ -" = - 9 - * - , n*--l9--* *+* *-* * *'dmdl

Surface

REVISION 0

- MDA

FINA SURVEY REPORT

140



ý. - TECH RESEARCH REACTOR

0• 

0• 

$

4700 

4300 

3900 

3500 

3100 

2700 

2300 

1900 

1500 

1100 

700 

300 

-100

FINAL SURVEY REPORT

Figure 4-17D 
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4.19 Package 18 - Reactor Vessel Tunnel 

Classification: Suspect Affected 

Survey Package 18 encompassed the reactor vessel tunnel and alcove area, The 
tunnel is located in the basement of the reactor building. See Figure 4-18A for an 
overview of this area.  

There were decontamination activities in this area. Decontamination consisted of 
concrete removal from a portion the floor and all of the walls. Where practical, 
accessible surfaces were gridded into lm 2 grids. The final survey included 100 % 
beta scans, one direct beta measurement for each m2 of accessible surface area, 
one smear of removable surface contamination (beta and alpha) for each m2 of 
accessible surface area, one exposure rate measurement for each m 2 of accessible 
floor area, and a number of smears to assess H-3 contamination levels.  

Survey Package 18 was divided into the following survey units: 

"* Floor inside tunnel 
"* Tunnel wall 1 
"* Tunnel wall 2 
"* Tunnel wall 3 
"* Tunnel ceiling 
"* Tunnel trench 

The final survey results for Survey Package 18 are summarized below and 
presented graphically in Figures 4-18B, 4-18C, 4-18D, and 4-18E.  

Table 4.20 
Survey Package 18 

Final Survey Results 
Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 

Measurement dpm/100 cm2 dpm/100 cmr dpm/100 cm2  dpm/100 cm2 
Direct Beta 59 778 1926 325 861 

*Removable Alpha 59 N/A N/A N/A N/A 

Removable Beta 59 -1 20 4 0 
Exposure Rate 10 28.3 uR/hr 35.2 uR/hr 4.3 uR/hr 31 uR/hr 

Removable H-3 30 176 825 150 238 
*=All results < MDA (Highest MDA 1.91 dpm/1 00cm 2)
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As shown in Table 4.20, the exposure rate measurement results collected in this 
area are slightly elevated. However, the estimated background exposure rate in 
this area is also slightly elevated. All of the exposure rate measurement results 
collected in this area are within 2 standard deviation of the mean and meet the 
criteria established for evaluating exposure rate measurement results.  

As can be seen from the above table and the following figures 4-18A through 
4-18E, none of the final survey results for Survey Package 18 exceeded the Site 
Specific Guideline Values (SPGLs). Since neither the SPGL nor the radionuclide 
specific guideline value for removable H-3 was exceeded, derivation of the SPGL 
based on the site radionuclide mix has been validated. Upon further investigation 
it was determined that the elevated exposure rate measurement results were due to 
the geometry effects of the survey area i.e. immediately adjacent concrete 
structures.  

The final survey results for Survey Package 18 demonstrate that the tunnel and 
alcove area of the reactor building meet the criteria for release.
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Figure 4-18A 
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Figure 4-18B 
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Figure 4-18C 
Package 18 
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Figure 4-18D 
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Figure 4-18E 
Package 18 
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4.20 Package 19 - Bismuth Leak Area 

Classification: Suspect Affected 

Survey Package 19 consisted of the bismuth leak area located in the basement 
immediately outside the experimental room. This package also includes the 
biomedical room door pit. This area contained the hydraulic equipment needed to 
raise and lower the bio-medical room shield doors. See Figure 4-19A for an 
overview.  

This bismuth leak area and the biomedical room door pit required extensive 
decontamination resulting in Survey Package 19 being classified as suspect 
affected for purposes of the Final Survey. Approximately 60% of the floor area 
required decontamination. The walls of the hydraulic shaft area also required 
decontamination. Where practical, accessible surfaces were gridded.  

The final survey included 100 % beta scans, one direct beta measurement for each 
m2 of accessible surface area, one smear of removable surface contamination 
(beta and alpha) for each m 2 of accessible surface area, one exposure rate 
measurement for each m2 of accessible floor area, and a number of smears to 
assess H-3 contamination levels.  

Survey Package 19 was divided into the following survey units: 

"* Floor 
"* Walls 1-3 (grid A3 does not exist, wall 4 does not exist) 
"* Trench 1 
"* Ceiling 
"* Biomedical room door 

The final survey results for Survey Package 19 are summarized below and 
presented graphically in Figures 4-19B, 4-19C, 4-19D, and 4-19E.  

Table 4.21 
Survey Package 19 

Final Survey Results 
Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 

Measurement dpm/100 cm 2  dpm/100 cm2 dpm/100 cm 2  dpm/100 cm 2 

Direct Beta 89 400 1233 288 460 
*Removable Alpha 89 N/A N/A N/A N/A 

Removable Beta 89 1 19 5 2 
Exposure Rate 20 16.9 uR/hr 19.3 uR/hr 1.0 uR/hr 17.3 uR/hr 

Removable H-3 30 168 347 75 200 
* = All results < MDA (Highest MDA is 8.60 dpm/100cm 2 )
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As can be seen from the above table, none of the final survey results for Survey 
Package 19 exceeded the Site Specific Guideline Values (SPGLs). Since neither 
the SPGL nor the radionuclide specific guideline value for removable H-3 was 
exceeded, derivation of the SPGL based on the site radionuclide mix has been 
validated. The final survey results for Survey Package 19 demonstrate that the 
bismuth leak area meets the criteria for release for unrestricted use.
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Figure 4-19A 
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Figure 4-9B 
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Figure 4-19C 
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Figure 4-19D 
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Figure 4-19E 
Package 19 
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4.21 Package 20 - Reactor Ventilation Above 2 Meters 

Classification: Non-Suspect Affected 

Survey Package 20 encompassed the reactor building process ventilation system 

above 2 meters, including any ceilings. See Figure 4-20A for an overview.  

A small area on the floor of the stack was decontaminated since it slightly 

exceeded the SPGL. This was always considered a possibility given that the floor 

and lower walls of both the stack and the stack fan room were classified as 

Suspect Affected.  

The final survey included 10 % biased beta scans, one direct beta measurement 

for each 20m2 of accessible surface area, one smear of removable surface 

contamination (beta and alpha) for each m2 of accessible surface area, and a 

number of smears to assess H-3 contamination levels. The biased locations were 

chosen by the technician performing the survey, and were based on the most 

probable areas for contamination.  

Survey Package 20 was divided into the following survey units: 

"* Reactor building stack main vent room 
"* Instrument room 
"* Reactor building stack 

The final survey results for Survey Package 20 are summarized below and 

presented graphically in Figures 4-20B, 4-20C, and 4-20D.  

Table 4.22 
Survey Package 20 

Final Survey Results 

Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 

Measurement dpm/100 cm 2 dpm/100 cm 2 dpm/100 cm 2  dpm/100 cm 2 

Direct Beta 30 92 1219 352 218 

*Removable Alpha 30 N/A N/A N/A N/A 

Removable Beta 30 2 28 8 5 

Removable H-3 30 219 1133 253 323 

* All results < MDA (Highest MDA is 5.17 dpm/100cm 2 ) 

As can be seen from the above table, none of the final survey results for Survey 

Package 20 exceeded the Site Specific Guideline Values (SPGLs). Since neither 

the SPGL nor the radionuclide specific guideline value for removable H-3 was 

exceeded, derivation of the SPGL based on the site radionuclide mix has been 

validated. The final survey results for Survey Package 20 demonstrate that the 

reactor process ventilation system above two meters meets the criteria for release 
for unrestricted use.
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Figure 4-20A 
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Figure 4-20B 
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Figure 4-20C 
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Figure 4-20D 
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4.22 Package 21 - Elevator Equipment Room and Shaft 

Classification: Unaffected 

Survey Package 21 encompassed the reactor building elevator equipment room 
and the elevator shaft. See Figure 4-21A for an overview.  

No decontamination was required in these areas. No known radioactive materials 
were transported through these areas.  

The final survey included 10% beta scans, one direct beta measurement for each 
20 m2 of accessible surface area, one exposure rate measurement at each 
corresponding direct beta measurement on the floor, one smear of removable 
surface contamination (beta and alpha) for each 20 m2 of accessible surface area, 
and a number of smears to assess H-3 contamination levels.  

Survey Package 21 was divided into the following survey units: 

"* Elevator shaft 
"• Elevator equipment room 

The final survey results for Survey Package 21 are summarized below and 
presented graphically in Figures 4-21B, 4-21C, 4-21D and 4-21E.  

Table 4.23 
Survey Package 21 

Final Survey Results 
Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 

Measurement dpm/100 cm2  dpm/100 cm 2  dpm/100 cm 2  dpm/100 cm 2 

Direct Beta 30 158 580 243 245 
*Removable Alpha 30 N/A N/A N/A N/A 

Removable Beta 30 9 64 16 15 
Exposure Rate 6 17.9 uR/hr 19.5 uRihr 1.4 u R/hr 19 uR/hr 

Removable H-3 30 307 1130 266 417 
* - All results < MDA (Highest MDA is. 8.60 dpm/1 00cm2 ) 

As can be seen from the above table, none of the final survey results for Survey 
Package 21 exceeded the Site Specific Guideline Values (SPGLs). Since neither 
the SPGL nor the radionuclide specific guideline value for removable H-3 was 
exceeded, derivation of the SPGL based on the site radionuclide mix has been 
validated. The final survey results for Survey Package 21 demonstrate that 
elevator shaft and equipment room meet the criteria for release for unrestricted 
use.
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Figure 4-21A 
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Figure 4-21B 
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Direct Beta Activity

Elevator Equipment Room & Shaft Direct Beta Activity
7000 

-6000 

5000 

4000 

3000 

2000 

1000 

0 

-1000

Surface

REVISION 0

MDA

"z:

Measurements: 30 
Mean: 158 dpm/100 c=2 
Maximum: 580 dpm/100 cm2 
Std Deviation: 243 dprn/100 =2 
95% CL on Mean: 245 dpm/100 cm2

FINAL SURVEY REPOR

163



GA fECH RESEARCH REACTOR
( 

FINAL SURVEY REPORT

Figure 4-21C 
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_____________________________________________Mean: 17.9,u/LRhr _____________ 

Std Deviation: 1.4 ItR/hr 
Baseline + 2 Std. Dey: 20.6 AzR/hr 
Maximum: 19.5 ItR/hr_______________ 

95 % CL on Mean: 19.0 /AR/hr
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Figure 4-21D 
Package 21 

Removable Beta Activity 

Elevator Equipment Room & Shaft Removable Beta Activity
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Measurements: 30 
Mean: 9 dpm/100 cm2 
Maximum: 64 dpm/100 cm2 
Std Deviation: 16 dpm/100 cm2 
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Figure 4-21E 
Package 21 

Removable H-3 Activity 

Elevator Equipment Room & Shaft Removable H-3 Activity 
4700 

4300 Measurements: 30 
Mean: 307 dpm/100 dm2 
Maximum: 1130 dpm/100 cm2 

3900 Std Deviation: 266 dpm/100 cm2 
95% CL on Mean: 417 dpm/100 cm2 
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4.23 Package 22 - Misc. Pipes and Penetrations 

Classification: Suspect Affected 

Survey Package 22 encompassed various pipes and penetrations found on the 
reactor building first floor and other miscellaneous areas in the basement. See 
Figures 4-22A, 4-22B and 4-22C for an overview.  

No decontamination was required in any of these penetrations and pipes.  

The final survey included 100 % beta scans of all accessible areas, one direct beta 
measurement for each penetration, one smear of removable surface contamination 
(beta and alpha) for each m 2 of accessible surface area, and a number of smears 
to assess H-3 contamination levels.  

Survey Package 22 was divided into the following survey units: 

"* 1 st floor plug holes 

"* Other penetrations & pipes ( all areas) 

The final survey results for Survey Package 22 are summarized below and 
presented graphically in Figures 4-22D, 4-22E, and 4-22F.  

Table 4.24 
Survey Package 22 

Final Survey Results 
Type of # of Meas. Mean Max. Stand. Dev. 95 % CL of mean 

Measurement dpm/100 cm2  dpm/100 cm2  dpm/100 cm2  dpm/100 cm 2 

Direct Beta 118 225 1767 608 335 
*Removable Alpha 120 N/A N/A N/A N/A 

Removable Beta 120 9 102 15 12 
Removable H-3 30 210 650 129 264 

* - All results < MDA (Highest MDA is. 8.60 dpm/1 00cm2 ) 

As can be seen from the above table, none of the final survey results for Survey 
Package 22 exceeded the Site Specific Guideline Values (SPGLs). Since neither 
the SPGL nor the radionuclide specific guideline value for removable H-3 was 
exceeded, derivation of the SPGL based on the site radionuclide mix has been 
validated. The final survey results for Survey Package 22 demonstrate that these 
penetrations and pipes meet the criteria for release for unrestricted use.
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Figure 4-22A 
Package 22 

Misc. Pipes and Penetrations First Floor (01P00)

__ (D - Denotes L8 number and approximate location of pipe or penetration.
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Figure 4-22B 
Package 22 

Misc. Pipes and Penetrations First Floor (02P00)

Q - Denotes L8 number and approximate location of pipe or penetration.
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Figure 4-22C 
Package 22 

Misc. Pipes and Penetrations Basement (02P00)

Elevator 
Equipment Room

N---

0 - Denotes L8 number and approximate location of pipe or penetration.
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Figure 4-22D 
Package 22 

Direct Beta Activity 

Misc. Pipes and Penetrations Direct Beta Activity 
7000 

Measurements: 118 
Mean: 225 dpm/100 cm2 6000 Maximum: 1767 dpm/100 cm2 

Std Deviation: 608 dpm/100 cm2 
95% CL on Mean: 335 dpm/100 cm2 
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Misc. Pipes and Penetrations Removable Beta Activity
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Measurements: 120 
Mean: 9 dpm/100 cm2 
Maximum: 102 dpm/100 cm2 
Std Deviation: 15 dpm/100 cm2 
95% CL on Mean: 12 dpm/100 cm2
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Figure 4-22E 
Package 22 

Removable Beta Activity
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Figure 4-22F 
Package 22 

Removable H-3 Activity 

Misc. Pipes and Penetrations Removable H-3 Activity 
4700 

4300measurements: 30 4300-Mean: 210 dpm/100 d-2 
Maximum: 650 dpm/100 cm2 

3900 Std Deviation: 129 dpm/100 cm2 
95 % CL on Mean: 264 dpm/100 cm2 
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5.0 CONCLUSIONS 

Based on the results of the final survey presented in Section 4, the Georgia Institute of 
Technology Research Reactor located at 900 Atlantic Drive in Atlanta, Georgia meets the 
requirements for release for unrestricted use. As a result, it is recommended that the 
NRC radioactive material license number R-97 be terminated.  
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6.1 NES Inc., Georgia Institute of Technology Research Reactor Decommissioning 

Plan, June 1998.  

6.2 USNRC Regulatory Guide 1.86, Termination of Operating Licenses for Nuclear 
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Worksheets for Calculations of Site Specific Guideline Values
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ATTACHMENT A 

Calculation of Site-Specific Guideline Values (SPGLs)

The equation used to calculate the site-specific guideline value for each of the three samples is: 

F 
SPGL =

ZL 1

Where: F = The fraction of the radionuclide mix that is considered 
detectable, unitless.

fi = The relative fraction of radionuclide i in the mix, unitless 

GL1 = The radionuclide specific guideline, dpm/100 cm 2 from 

Table 2.1 

Using this equation, a site-specific guideline value (SPGL) was calculated for both average total 

activity and removable activity for each of three samples selected for 10 CFR Part 61 analysis.  

Average SPGLs were then calculated based on the SPGLs obtained for each sample. The 

calculated SPGLs are summarized in the table below.  

Calculation of Site-Specific Guideline Values

rflescrintion

Calculated guideline value for 
average total activity

Sam pie GEL-1 
Concrete under 
Reactor Vessel

1�

Activity ) 
(dDm/100cm)

. . . .ri . . •

1,500

Sample G 
Concret 

Biomedica 
Pit

Activi 
(dpm/100

EL-2 - Sample GEL-3 
e in Primary Resin 

I Door Sam pie 

ty 2 Activity 
1cm ) (dpm/100cm

2

3,800 2,000

48

Average of 
Samples 

GEL-i, 2, & 3 

Activity 
(dpm/1OOcm 2

) 

2,400 

313Calculated guideline value for 104 688 

removable activity
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SITE SPECIFIC GUIDELINE, SPGL, BASED ON GEL-I (TOTAL ACTIVITY) 

RADIONUCLIDE SPECIFIC GUIDELINE FOR H-3 AND Fe-55 RAISED TO 200,000 dpm/100 cmA2 

SAMPLE GEL-1 (CONCRETE SAMPLE) COLLECTED UNDER VESSEL ON 1/12/00

NUCLIDE 

H-3 
Fe-55 

Pu-239/240 
U-233/234 

U-238 
Ni-59 

Cs-134 
Cs-137 
Co-60 
Eu-152 
Eu-154 
Mn-54 

Ag-I 10m 
Zn-65 
Sr-90 
C-14 
Ni-63 
Tc-99

Act 
pCi/g

3.170E+04 
1.670E+02 

1.71 OE+00 
1.650E+00 

7.560E-01 
1.21 OE+00 
1.530E+02 
7,040E+00 
1.41 OE+00 

7.350E-01 
2.11 OE+02 
6.930E+01 
1.91 OE+00 

3.232E+04

HALF-LIFE 
years 

1.228E+01 
2.700E+00 
2.413E+04 
1.592E+05 
4.460E+09 
7.500E+04 
2.062E+00 
3.017E+01 
5.271 E+00 
1.360E+01 
8.800E+00 
8.600E-01 
6.800E-01 
6.700E-01 
2.860E+01 
5.730E+03 
1.001 E+02 
2.130E+05

Detectable 
Y/N

N 
N 
N 
N 
Y 
N 
Y 
Y 
Y 
Y 
Y 
N 
Y 
N 
Y 
Y 
N 
Y

GL

2.OOOE+05 
2.OOOE+05 
1.000E+02 
5.000E+03 
5.OOOE+03 
5.000E+03 
5.OOOE+03 
5.OOOE+03 
5.OOOE+03 
5.OOOE÷03 
5.OOOE+03 
5.OOOE+03 
5.OOOE+03 
5.OOOE+03 
1.OOOE+03 
5.000E+03 
5.OOOE+03 
5.OOOE+03

f

9,808E-01 
5.167E-03 
0.OOOE+00 
5.291 E-05 
5.105E-05 
0.000E+00 
2.339E-05 
3.744E-05 
4.734E-03 
2.178E-04 
4.363E-05 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
2.274E-05 
6.528E-03 
2,144E-03 
5.91 OE-05 

9,999E-01

SPGL 1.516E+03

F

5.106E-05 

2,339E-05 
3.744E-05 
4.734E-03 
2.178E-04 
4.363E-05 

0.000E+00 

2.274E-05 
6.529E-03 

5.91 OE-05 

1 .172E-02

f/G L

4.904E-06 
2.584E-08 
0.000E+00 
1.058E-08 
1.021E-08 
0.OOOE+00 
4.678E-09 
7.488E-09 
9.468E-07 
4.356E-08 
8.725E-09 
0.000E+00 
0.OOOE+00 
0.000E+00 
2.274E-08 
1.306E-06 
4.288E-07 
1 .182E-08 

7.731 E-06
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SITE SPECIFIC GUIDELINE, SPGL, BASED ON GEL-2 (TOTAL ACTIVITY) 

RADIONUCLIDE SPECIFIC GUIDELINE FOR H-3 AND Fe-55 RAISED TO 200,000 dpm/100 cm^2 

SAMPLE GEL-2 (CONCRETE SAMPLE) COLLECTED IN MEDICAL DOOR TO PIT ON 1/12/00 

NUCLIDE Act HALF-LIFE Detectable GL f F f/GL 
pCi/g years Y/N 

H-3 1.390E+02 1.228E+01 N 2.OOOE+05 1.382E-01 6.909E-07 
Fe-55 4.680E+02 2,700E+00 N 2.000E+05 4.652E-01 2,326E-06 

Pu-239/240 < 2.413E+04 N 1.000E+02 0.000E+00 0,OOOE+00 
U-233/234 9.520E-01 1.592E+05 N 5.OOOE+03 9.463E-04 1.893E-07 

U-238 6.850E-01 4.460E+09 Y 5.OOOE+03 6.809E-04 6.809E-04 1.362E-07 
Ni-59 < 7.500E+04 N 5.OOOE+03 0.OOOE+00 0.OOOE+00 

Cs-134 < 2.062E+00 Y 5.000E+03 0.OOOE+00 0.OOOE+00 0.000E+00 
Cs-137 2.460E+00 3.017E+01 Y 5,000E+03 2.445E-03 2.445E-03 4.891E-07 
Co-60 2.340E+02 5.271E+00 Y 5.OOOE+03 2.326E-01 2.326E-01 4,652E-05 
Eu-152 1.460E+00 1.360E+01 Y 5.000E+03 1.451 E-03 1,451 E-03 2,903E-07 
Eu-154 < 8.800E+00 Y 5.OOOE+03 0.000E+00 0.OOOE+00 0.OOOE+00 
Mn-54 < 8.600E-01 N 5.OOOE+03 0.000E+00 0.000E+00 

Ag-110m < 6.800E-01 Y 5.OOOE+03 0.OOOE+00 0.OOOE+00 O.OOOE+00 
Zn-65 < 6.700E-01 N 5.OOOE+03 0.000E+00 0,OOOE+00 
Sr-90 < 2.860E+01 Y 1.OOOE+03 0.OOOE+00 0.OOOE+00 0.OOOE+00 
C-14 7.740E+01 5.730E+03 Y 5.OOOE+03 7.694E-02 7.694E-02 1.539E-05 
Ni-63 8.200E+01 1.001 E+02 N 5,OOOE+03 8,151 E-02 1.630E-05 
Tc-99 < 2.130E+05 Y 5.OOOE+03 0.OOOE+00 0.OOOE+00 0.OOOE+00 

1.006E+03 1.OOOE+00 3.141 E-01 8,233E-05

SPGL 3.815E+03

l,
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SITE SPECIFIC GUIDELINE, SPGL, BASED ON GEL-3 (TOTAL ACTIVITY) 

RADIONUCLIDE SPECIFIC GUIDELINE FOR H-3 AND Fe-55 RAISED TO 200,000 dpm/100 cmA2 

SAMPLE GEL-3 (RESIN SAMPLE) FROM PRIMARY COOLANT SYSTEM COLLECTED 1/12/00 

NUCLIDE Act HALF-LIFE Detectable GL f F f/GL 
pCi/g years Y/N 

H-3 4.880E+07 1.228E+01 N 2.000E+05 9.827E-01 4.913E-06 
Fe-55 2.020E+03 2.700E+00 N 2.OOE+05 4.068E-05 2.034E-10 

Pu-239/240 9.460E-01 2.413E+04 N 1.OOOE+02 1.905E-08 1.905E- 10 
U-233/234 6.860E-01 1.592E+05 N 5,OOOE+03 1.381 E-08 2.763E-1 2 

U-238 < 4.460E+09 Y 5.OOOE+03 0.OOOE+00 0.OOOE+00 0.OOOE+00 
Ni-59 2.690E+01 7.500E+04 N 5.OOOE+03 5.417E-07 1,083E- 10 

Cs-134 1.700E+01 2.062E+00 Y 5.OOOE+03 3.423E-07 3.423E-07 6.847E- 11 
Cs-137 4.220E+03 3.017E+01 Y 5.OOOE+03 8,498E-05 8.498E-05 1,700E-08 
Co-60 1.220E+04 5.271E+00 Y 5.OOOE+03 2.457E-04 2.457E-04 4.913E-08 
Eu-152 1.310E+01 1.360E+01 Y 5.OOOE+03 2.638E-07 2.638E-07 5.276E-11 
Eu-1 54 < 8.800E+00 Y 5.OOOE+03 0.OOOE+00 O.OOOE+00 0.OOOE+00 
Mn-54 5.330E+01 8.600E-01 N 5.OOOE+03 1.073E-06 2.147E-10 

Ag-110m 1.220E+02 6.800E-01 Y 5.OOOE+03 2.457E-06 2.457E-06 4.913E-10 
Zn-65 1.500E+02 6.700E-01 N 5.OOOE+03 3.021 E-06 6.041 E-10 
Sr-90 6.570E+03 2.860E+01 Y 1.OOOE+03 1.323E-04 1.323E-04 1,323E-07 
C-14 8.320E+05 5.730E+03 Y 5.OOOE+03 1.675E-02 1.675E-02 3.351E-06 
Ni-63 •4.800E+03 1.001 E+02 N 5.OOOE+03 9.666E-05 1.933E-08 
Tc-99 1.140E+02 2.130E+05 Y 5.OOOE+03 2.296E-06 2.296E-06 4.591E-10 

4.966E+07 1.OOOE+00 1.722E-02 8.484E-06

SPGL 2.030E+03
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SI I E SPECIFIC GUIDELINE, SPGL, BASED ON GEL-I (REMOVABLE ACTIVITY) 

RADIONUCLIDE SPECIFIC GUIDELINE FOR H-3 AND Fe-55 RAISED TO 10,000 dpm/100 cmA2 

SAMPLE GEL-1 COLLECTED UNDER VESSEL ON 1/12/00 

NUCLIDE Act HALF-LIFE Detectable GL f F f/GL 

pCi/g years Y/N 

H-3 3.170E+04 1.228E+01 N 1.000E+04 9.808E-01 9.808E-05 

Fe-55 1.670E+02 2.700E+00 N 1.000E+04 5.167E-03 5.167E-07 

Pu-239/240 < 2.413E+04 N 2.000E+01 0.000E+00 0.000E+00 

U-233/234 1.710E+00 1.592E+05 N 1.OOOE+03 5.291 E-05 5.291 E-08 

U-238 1.650E+00 4.460E+09 Y 1.OOOE+03 5.105E-05 5.105E-05 5.105E-08 

Ni-59 < 7.500E+04 N 1.OOOE+03 0.OOOE+00 0.OOOE+00 

Cs-134 7.560E-01 2.062E+00 Y 1.OOOE+03 2.339E-05 2.339E-05 2.339E-08 

Cs-137 1.210E+00 3.017E+01 Y 1.OOOE+03 3.744E-05 3.744E-05 3.744E-08 

Co-60 1.530E+02 5.271 E+00 Y 1.000E+03 4.734E-03 4.734E-03 4.734E-06 

Eu-152 7.040E+00 1.360E+01 Y 1.000E+03 2.178E-04 2.178E-04 2.178E-07 

Eu-1 54 1.41 OE+00 8.800E+00 Y 1.000E+03 4.363E-05 4.363E-05 4.363E-08 

Mn-54 < 8.600E-01 N 1.000E+03 0.OOOE+00 0.000E+00 

Ag-110m < 6.800E-01 Y 1.000E+03 0.000E+00 0.OOOE+00 0.000E+00 

Zn-65 < 6.700E-01 N 1.000E+03 0.000E+00 0.000E+00 

Sr-90 7.350E-01 2.860E+01 Y 2.OOOE+02 2.274E-05 2.274E-05 1.137E-07 

C-14 2.11OE+02 5.730E+03 Y 1.OOOE+03 6.528E-03 6.528E-03 6.528E-06 

Ni-63 6.930E+01 1.001 E+02 N 1.000E+03 2.144E-03 2.144E-06 

Tc-99 1.910E+00 2.130E+05 Y 1.000E+03 5.910E-05 5.910E-05 5.910E-08 

3.232E+04 9.999E-01 1.172E-02 1.126E-04

SPGL 1.041 E+02



b, E SPECIFIC GUIDELINE, SPGL, BASED ON GEL-2 (REMOVABVLr- ACTIVITY) 

RADIONUCLIDE SPECIFIC GUIDELINE FOR H-3 AND Fe-55 RAISED TO 10,000 dpm/100 cmA2 

SAMPLE GEL-2 COLLECTED AT DOOR TO PIT ON 1/12/00 

NUCLIDE Act HALF-LIFE Detectable GL f F f/GL 
pCi/g years Y/N 

H-3 1.390E+02 1.228E+01 N 1.000E+04 1.382E-01 1.382E-05 
Fe-55 4.680E+02 2.700E+00 N 1.OOOE+04 4.652E-01 4.652E-05 

Pu-239/240 < 2.413E+04 N 2.OOOE+01 0.000E+00 O.000E+00 
U-233/234 9.520E-01 1.592E+05 N 1.000E+03 9.463E-04 9.463E-07 

U-238 6.850E-01 4.460E+09 Y 1.000E+03 6.809E-04 6.809E-04 6.809E-07 
Ni-59 < 7.500E+04 N 1.000E+03 0.000E+00 0.OOOE+00 

Cs-1 34 < 2.062E+00 Y 1.000E+03 0.OOOE+00 O.OOOE+00 0.000E+00 
Cs-1 37 2.460E+00 3.017E+01 Y 1.000E+03 2.445E-03 2.445E-03 2.445E-06 
Co-60 2.340E+02 5.271 E+00 Y 1.000E+03 2.326E-01 2.326E-01 2.326E-04 
Eu-152 1.460E+00 1.360E+01 Y 1.000E+03 1.451 E-03 1.451 E-03 1.451 E-06 
Eu-1 54 < 8.800E+00 Y 1.000E+03 0.OOOE+00 0.000E+00 0.000E+00 
Mn-54 < 8.600E-01 N 1.000E+03 0.OOOE+00 0.OOOE+00 

Ag-110m < 6.800E-01 Y 1.OOOE+03 0.OOOE+00 0.000E+00 0.OOOE+00 
Zn-65 < 6.700E-01 N 1.000E+03 0.OOOE+00 0.OOOE+00 
Sr-90 < 2.860E+01 Y 2.OOOE+02 0.OOOE+00 0.000E+00 0.000E+00 
C-14 7.740E+01 5.730E+03 Y 1.000E+03 7.694E-02 7.694E-02 7.694E-05 
Ni-63 8.200E+01 1.001 E+02 N 1.000E+03 8.151 E-02 8.151 E-05 
Tc-99 < 2.130E+05 Y 1.000E+03 0.000E+00 0.OOOE+00 0.OOOE+00 

1.006E+03 1.OOOE+00 3.141 E-01 4.569E-04

SPGL 6.875E+02
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E SPECIFIC GUIDELINE, SPGL, BASED ON GEL-3 (REMOVABLt ACTIVITY) 

RADIONUCLIDE SPECIFIC GUIDELINE FOR H-3 AND Fe-55 RAISED TO 10,000 dpm/100 cmA2 

SAMPLE GEL-3 RESIN SAMPLE COLLECTED 1/12/00 

NUCLIDE Act HALF-LIFE Detectable GL f F f/GL 
pCi/g years Y/N 

H-3 4.880E+07 1.228E+01 N 1.000E+04 9.827E-01 9.827E-05 
Fe-55 2.020E+03 2.700E+00 N 1.000E+04 4.068E-05 4.068E-09 

Pu-239/240 9.460E-01 2.413E+04 N 2.OOOE+01 1.905E-08 9.525E-10 
U-233/234 6.860E-01 1.592E+05 N 1.OOOE+03 1.381 E-08 1.381 E-1 1 

U-238 < 4.460E+09 Y 1.000E+03 0.000E+00 0.OOOE+00 0.OOOE+00 
Ni-59 2.690E+01 7.500E+04 N 1.000E+03 5.417E-07 5.417E-10 

Cs-134 1.700E+01 2.062E+00 Y 1.OOOE+03 3.423E-07 3.423E-07 3.423E-10 
Cs-137 4.220E+03 3.017E+01 Y 1.OOOE+03 8.498E-05 8.498E-05 8.498E-08 
Co-60 1.220E+04 5.271 E+00 Y 1.OOOE+03 2.457E-04 2.457E-04 2.457E-07 
Eu-152 1.310E+01 1.360E+01 Y 1.OOOE+03 2.638E-07 2.638E-07 2.638E-10 
Eu-154 < 8.800E+00 Y 11.000E+03 0.OOOE+00 0.000E+00 0.OOOE+00 
Mn-54 5.330E+01 8.600E-01 N 1.000E+03 1.073E-06 1.073E-09 

Ag-1I0m 1.220E+02 6.800E-01 Y 1.OOOE+03 2.457E-06 2.457E-06 2.457E-09 
Zn-65 1.500E+02 6.700E-01 N 1.OOOE+03 3.021E-06 3.021 E-09 
Sr-90 6.570E+03 2.860E+01 Y 2.OOOE+02 1.323E-04 1.323E-04 6.615E-07 
C-14 8.320E+05 5.730E+03 Y 1.000E+03 1.675E-02 1.675E-02 1.675E-05 
Ni-63 4.800E+03 1.001 E+02 N 1.OOOE+03 9.666E-05 9.666E-08 
Tc-99 1.140E+02 2.130E+05 Y 1.000E+03 2.296E-06 2.296E-06 2.296E-09 

1.000E+03 
4.966E+07 1.OOOE+00 1.722E-02 1.161 E-04 

SPGL 1.483E+02
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