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Abstract
Public Service Company of Colorado (PSCo), owner of the Fort St. Vrain nuclear generating station,
achieved its final decommissioning goal on August 5, 1997 when the Nuclear Regulatory Commission
terminated the Part 50 reactor license. PSCo pioneered and completed the world's first successful
decommissioning of a commercial nuclear power plant after many years of operation. In August 1989, PSCo
decided to permanently shutdown the reactor and proceed with its decommissioning. The decision to proceed
with early dismantlement as the appropriate decommissioning method proved wise for all stakeholders - present
and future - by mitigating potential environmental impacts and reducing financial risks to company shareholders,
customers, employees, neighboring communities and regulators. We believe that PSCo's decommissioning
process set an exemplary standard for the world's nuclear industry and provided leadership, innovation,
advancement and distinguished contributions to other decommissioning efforts throughout the world.

1. INTRODUCTION
The Fort St. Vrain (FSV) nuclear generating station (Fig. 1) in the United States had
been in commercial operation for over a decade prior to its permanent shutdown in 1989. This
330 MWe high temperature gas cooled reactor (HTGR) station was subsequently defuelled
and decommissioned with the plant site released for unrestricted use in August 1997. The
decommissioning method selected was "early plant dismantlement" rather then the 60 year
safe storage option. The decommissioning programme was accomplished within cost and
schedule goals while achieving an outstanding personnel safety record and with radiological
exposures well below the original estimate.

FIG. 1. Fort St. Vrain Nuclear Generation Station.
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2. DEFUELLING
The first step in the decommissioning process required disposition of the spent nuclear
fuel. PSCo and the U. S. Department of Energy (DOE) had an agreement to ship the fuel to a
location in Idaho. The Governor of Idaho objected to this arrangement, thus leaving PSCo
with no choice but to place the plant's fuel in an Independent Spent Fuel Storage Installation
(ISFSI). This passively cooled, stand-alone facility was licensed by the NRC per 10CFR Part
72 independent from the power reactor license (Fig. 2a). The ISFSI was designed by GEC
Alsthom Engineering Systems LTD. The hexagonal graphite fuel elements (31" tall and 14"
across the flats) are stored vertically in steel canisters-six fuel elements per canister. Each of
the six vaults in the modular dry vault storage system contains 45 storage locations. Each
storage location is closed by a removable shield plug allowing for easy access to load and
eventually unload the ISFSI. The modular dry vault storage system is cooled by natural
circulation. Cool air is drawn in from the outside, passes through each vault, is warmed and
rises through the chimney structure for discharge into the environment (Fig. 2b). Since the air
is never in contact with the fuel only the outside of the storage containers the air remains free
of any contamination. This simple design assisted the company in defueling the reactor to the
ISFSI over a six month time frame which was approximately 10 weeks ahead of schedule.
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b - ISFSI Schematic
1 - Fuel Handling Machine
2 - Shield Plug Handling Devices
3 - Charge Face Structure
4 - Shield Plugs
5 - Fuel Storage Containers
FIG. 2. Independent Spent Fuel Storage Installation (ISFSI).
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3. PRIMARY SYSTEM COMPONENT REMOVAL
Following defueling, the next challenge entailed removing the radioactive components
from the Prestressed Concrete Reactor Vessel (PCRV) (Fig. 3), which contained more than 95
percent of the radioactivity at FSV. To accomplish this task, the decommissioning team
flooded the PCRV with water to shield the workers from radioactivity. Using two circulating
loops of 500 gallons per minute each and a side stream demineralizer, the water was filtered
and processed to ensure water cleanliness and clarity.
Next, the 1,320 ton, 15-foot-thick reinforced concrete top head was removed to provide
access to the internal PCRV cavity. This step was accomplished by using diamond-wire
cutting cables and cutting the top head concrete into 12 pie-shaped wedges. Each of these
110-ton wedges were radioactive due to neutron activation and read approximately 1.5 rem
(15mSv) per hour at the bottom of the wedge (Fig. 4). When removed from the PCRV the
wedges were placed in a large segmenting tent, cut into three pieces, placed in special steel
cans and shipped as low-level waste to Richland, Washington. The nearly one-inch-thick
PCRV liner was then cut using oxilance cutting tools, removed and also shipped as low-level
waste. At the completion of the top head removal effort, which took approximately nine
months, the upper plenum of the reactor was open and PCRV internals were accessible.
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FIG. 3. Prestressed Concrete Reactor Vessel (PCRV).
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FIG. 4. PCRV Top Head Segment Removal.

FIG. 5. Component Work Platform.
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A. rotating work platform (Fig. 5) was then installed on the PCRV. Operating from this
platform, the FSV team removed more than 5,000 graphite components from the upper
plenum. These components, some of which read as high as 300 rem (3 Sv) per hour, were
removed and placed into a transfer basket that had been lowered into the water. The basket
was then drawn into a lead shield bell (Fig. 6a) and was subsequently taken to a hot cell.
There the basket was lowered into a shipping cask for shipment as low-level waste (Fig. 6b).
Finally, to expose the lower plenum, the core support floor had to be raised and
removed. During construction of the plant the core support floor (CSF) as installed weighed
270-ton. The CSF is a five-foot-thick, 31-foot-diameter, concrete structure encased in a
carbon steel liner. Since the CSF was radioactive, steel shielding plates were positioned on
top of the floor prior to its removal with a hydraulic jacking system (Fig. 7). Shield water in
the PCRV protected underwater divers who entered into the steam generator ducts that went
through the core support floor. Once inside these ducts the divers had to cut their way out to
access the underside of the CSF. Once under the CSF the divers were used to sever all
connections so it could be raised and removed. The CSF, due to the added weight of the
shield plates, the attachments on the underside that had been cut and any entrained water
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FIG. 6. Component Shield Bell (a) / Basket Arrangement (b).
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FIG. 7. Core Support Floor Hydraulic Jacking System.

F/G. 5. Core Support Floor
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weighed 345 tons during its removal. Again using diamond-wire cutting technology, the CSF
was sectioned (Fig. 8), removed from the building and shipped off site as low-level
radioactive waste. Once the CSF was extracted, all components within the PCRV were
removed, including 12 steam generators and four helium circulators. The photo (Fig. 9)
shows a steam generator being lifted out of the PCRV. Then, the activated concrete ringing
the inside of the PCRV beltline and lower plenum areas was removed using diamond-wire
cutting technology. The upper beltline concrete sidewall blocks were approximately eightfeet wide, 30 inches thick and 42 feet long. The lower plenum concrete blocks were
approximately eight feet wide, 27 inches thick and 26 feet long (Fig. 10).
Steps also were required to radioactively decontaminate the entire PCRV cavity (75 feet
high by 31 feet in diameter), the reactor building and the support buildings to meet the final
acceptance criteria. Decontamination was also required on plant piping and the balance of
plant systems and equipment. Depending on their levels of contamination, these systems
either were cleaned and left in place or removed for disposal as low-level radioactive waste.
During this complex dismantlement, decontamination and system-removal process, 511
shipments containing 71,412 curies of low-level waste and weighing approximately 15
million pounds were made without incident to the low-level radioactive waste burial site.
This effort was required to meet the NRC's release criteria of 5 microrem (.05 microsievert)
per hour exposure rate above background 1 meter from previously activated surfaces and
components, and less than 5000 disintegrations per minute per 100 cm2 (0.75 becquerel per
cm2) for previously contaminated surfaces and components. The dose from all sources of
residual activation had to be less than 10 millirem per year (100 microsievert per year) based
on an occupancy factor of 2080 hours per year.

FIG. 9. Steam Generator.
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4. FINAL SURVEY
The final radiological survey process began in late 1994 and continued throughout 1995
and into 1996. The final survey plan document, which the NRC must approve, took more than
six person-years to complete. The objective of the survey was to allow for unrestricted release
of FSV from the NRC license. This survey consisted of characterization, final survey,
investigation, and remediation measurements which accounted for the more than 400,000
physical measurements taken throughout the facility. This effort took more than 900 person
months over a period of one and a half years to complete. The final survey areas for the entire
FSV site were divided in to 10 survey groups. Each area was evaluated to determine its
classification as unaffected, suspect affected or non-suspect affected. These classifications
determined the survey methodology required for each area. By the end of the survey over 300
areas had been surveyed. To prove the accuracy of the final survey results, the company
contracted for an independent verification survey (see Fig. 11 as an example of a survey grid).
Also, the NRC conducted its own verification survey. Two specific issues that had to be
addressed were hard to detect nuclides and background determination. Hard to detect nuclides
identified at FSV were tritium and iron 55. Since these two nuclides can not be easily
measured as part of a general survey site specific release criteria were determined for FSV.
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FIG. 10. Lower Plenum Concrete Sections.
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F/G. 77. Grid for Final Survey.

These release criteria were lower than the regulatory numbers to include the effects of
the hard to detect nuclide contribution. The background determination was important as well
because the release criteria was 0.05 micro Sv per hour above background. Background
measurements both onsite and offsite varied between 0.02 micro Sv and 0.35 micro Sv per
hour. Permission was obtained from the NRC to use gamma spectroscopy to directly measure
exposure rate from licensed material in selected areas. This massive effort cost approximately
$20 million and produced a report that covers over 11 feet shelf space to document the
measurements and results.
Above all, a decommissioning work environment must be safe. Because of
significantly higher radiation levels than encountered during normal plant operations, there
was no room for complacency. PS Co is extremely proud of the project's safety record.
During the four-year decommissioning period, and despite the fact that personnel spent 340
percent more time in the radiologically controlled areas than originally forecast, the project
experienced a total radiation exposure of only 380 person REM (3.80 person sievert). This
number, approximately 12 percent under the original radiation exposure estimate, is roughly
equivalent to the expected person-REM exposure during one year of operation for a light
water reactor. In addition, the FSV personnel contamination rates were only 54 percent and
24 percent of the contamination rates for typical pressurized water reactor and boiling water
reactor outages, respectively. Moreover, the project maintained a low (including all
subcontractors) lost-workday incident rate of 0.70 per 200,000 person-hours. This rate, when
compared to the construction industry average incident rate of 5.5, is exemplary.
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