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1.0 INTRODUCTION
1.1 Purpose

The Fort St. Vrain (FSV) Nuclear Generating Station is a High Temperature Gas
Cooled keactor facility that was operated by Pu™lic Service Company of Colorado
(PSC) from 1977 through 1989. Because of technical problems associated with
failure of the control rod drives and degradation of the steam generator ring headers,
FSV was permanently shutdown on ‘ugust 18, 1989, Subsequently, a Confirmatory
Order was issued by the NRC in May 1990 confirming the permanent shutdown of
FSV. A Possession Only License was issued in May 1991. PSC is proceeding with
defueling activities, plant closure activities, and planning activities in preparation for
decommissioning the facility. Spent fuel shipments were initiated to the DOE
graphite fuel storage facility in Idaho, in keeping with PSC’s original plans and
contract agreements. However, legal challenges resulted in a decision to store spent
fuel on-site, in an Independent Spent Fuel Storage Instaliation (ISFSI) that was
licensed, constructed and is being operated in accordance with 10 CFR 72. Interim
storage of fuel, top reflector elements, and neutron source elements can be provic-d
at the ISFSI. The ISFSI is lccated on PSC owner-controlled property, within the
historical FSV exclusion area boundary. The ISFSI Environmental Report describes
the environmental effects associated with all aspects of the construction and operation
of this alternative fuel storage facility (Reference 1).

‘n preparction for decommissioning, a Proposed Decommissioning Plan (Reference
<) has been developed and submitted to the NRC pursuant 1o 10 CFR 50.82. PSC
is proposing the immediate dismantlement and decommissioning of the nuclear
purtion of the plant, after the removal of all irradiated fuel from .he Reactor Building
to a DOE facility or to the ISFSI. This Environmental Report Supplenient addresses
all actual or potential environmental impacts associated with the proposed
decommissioning activities and is responsive to 10 CFR 51.35(b). The level of detail
in (s Environmental Report Supplement is proportional to the significance of the
assceolated nhinpact.

Decommissioning of Fort St. Vrain is not expected to cause any significant impact
to the general public or environment. Decommissioning of Fort St. Vrain has overall
positive environmental impacts. The resuit of decommissioning activities will he
termination of the 10 CFR 50 license. Commitment of resources, compared to plant
operational resources, is small. The major environmental impact of decommissioning
is the commitment of small amounts of land for waste bunal at authorized disposal
sites in exchange for reuse of the facility and site for other purposes.

1-1
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The overall envirc ymental impact of decommissioning activities will be small when
compared to continued operation of the Fort St. Vrain plant. The following benefits
will result from the completion of decommissioning:

® Reduced local traffic (fewer employees, contractors and materials
shipments than required to support an operating nuclear power plant).

¢ Elimination of the radiological sources that create the potential for
radiation exposure to site workers and the general public.

¢  Return of the site to unrestricted use.
1.2 Decommissioning Plan Description
Plans 10 decommission the nuclear facilities at the Fort St. Vrain plani are as follows:

¢  Decontamination and dismantlement of the Prestressed Concrete Reactor
Vessel (PCRYV).

¢ Decontamination and dismantiement of the contaminated ba'ance of plant
sysiems.

*  Site cleanup and final site radiation survey.

As discussed in Section 4.2 of the proposed Decommissioning Plan, PSC has
committed to comply with Reg. Guide 1.86 (Reference 3), NUREG 0586 (Refere. ce
4), and interim NRC guidance (Reference 5) when decontaminating the Fort St. Vrain
site, to allow release of the site for unrestricted use and eventual termination of the
10 CFR 50 license. All decommissioning activities and schedules are based on
decontamination to the above limits.

It is currently planned to use the remainder of the Fort St. Vrain power plant as a
natural gas-fired power plant. That action will be the subject of a separate
environmental evaluation. There are no plans to again use the Fort St. Vrain site for
nuclear po ver plant operations.
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As illustrated in Figure 2.1-1, Fort St. Vrain's record of operation after initial
criticality has been inccnsistent, with a historical capacity factor of less than 15%.
This inconsistent record of operation was the result of technical problems and
implementation of regulatory requirerients, including:

. core thermal and neutron flux oscillations

. reactor vessel moisture ingress problems

. multiple control rod drive failures to automatically scram
. implementation of an environmental qualification program
. helium circulator material failures

° major wrbine bu.ding fire damage

. inadequate original design analyses (which limited maximum capacity
to 82% power)

. recent technical problems related to control rod drive material failures
and cracking of steam generator steam outlet piping

In response to Fort St. Vrain's historicaily reduced levels of generation, the Colorado
Public Utilities Commission CPUC) instituted penalties against PSC to reduce the
revenues recovered from its customers. The Office of Consumer Counsel (OCC)
filed 2 complaint with the CPUC against PSC alleging that in light of its operating
history, Fort St. Vrain was not "used and useful” in rendering a utility service. In
view of the various legal and udministrative proceedings regarding Fort St. Vrain,
PSC entered into a Stipulation and Settlements Agreement in September 1986 with
the CPUC, OCC and other parties. Significant provisions of the 1986 Settlement
Agreement included: (1) removal of Fort St. Vrain from the rate base; (2) a provision
for the sale of future energy produced at Fort St. Vrain to PSC customers at a rate
of 4.8 cents per Kwh, and (3) recovery over 5 years of $11.5 million of
decommissioning costs. This effectively made Fort 5t. Vrain an independent power
producer, with the associated risks of operation assumed solely by the PSC
shareholders.

As a result of its unfavorable plant operating performance, Fort St. Vrain did not
produce revenues adeqguate to offset expenses during 1987 - 1989. Shortfalls of
approximately $24.5 million (1987), $35.6 million (1988) and $30.1 million (1989)
were recorded in unrecoverable operating and capital expenditures.

The latest annual budget while operating (1989) was $77.9 million, which included
all O&M costs, as well as capital improvement expenses required to meet regulatory

2-2






pplement
]







@f\l"v‘i“ Reabl o

: Supplement to Environmental Report
April 30, 1992 FSV Decommissioning
Section 2

element abundances in the PCRV concrete. Six samples were taken at the same
elevation as the active core. Analysis indicates that there is no significant variation
of the trace element abundances among the samples and provides support for the

ion that PCRV concrete trace element abuncances do not vary widely
throughout the different mixes of concrete. The trace element abundances in the
PCRV concrete all fall within or below the ranges listed in NUREG/CR-3474
(Reference 6). It is therefore reasonable to assume that the results of the surface
sample analysis, when combined with the sensitivity analysis and NUREG/CR-3474
data, provide a high level of confidence in the activation analysis results.

Conclusion

The data obtained from the verification efforts and the results of the recalculated
| activation analysis provide strong evidence that the predictions from the original
| activation analysis are reasonable. Additionally, a comparison with the resuits from
| the NRC's radionuclide characterization of decommissioning wastes in NUREG/CR-
l
I

5343 (Reference 7) indicates that the accuracy of the results are acceptable. Based
% upon the measured data and comparisons with analytical predictions, the calculational
* | methods and material composition assumptions for the concrete provides reliable

% | estimates of the activation produc.. within the PCRV. Additional details of the
verification effort can be found in Reference 8.

2.2.2 Plateout Analysis for PCPV Internal Components
2.2.2.1 Basis of Computer Code Analysis

A platcout distribution analysis of radioactive nuclides produced in the reactor core
was performed for the PCRV and internal components (Reference 9). The purpose
.. of this analysis was to estimate the plateout concentrations and distributions in the
primary coolant circuit. Analyses were conservatively performed from the Beginning
| Of Cycle (BOC) 1 to the end of operations after 890 EFPD. The axial and radial

. | core power distributions were calculated and used with flux distribution data as input
" to fission product release codes. Fullcore fuel and graphite temperature
. distributions, fuel failure and release of key fission gases and metals were then
~ calculated. Based on the full-core analysis for key fission gases and metals, the total
- plateout and helium purification system inventories of radioactive nuclides were

Plateout distributions were calculated using the PADLOC computer code (Reference
1C). The PADLOC code performs a mass transfer calcuiation using mass transfer
: , correlations and sorption isotherms to determine the partitioning of condensable
GReior radionuclides between the flowing coolant and the fixed surface in a racirculation
| - loop. The plateout mudel in PADLOC is limited to one-dimensional cylindrical

geometry, such that all components of the primary circuit must be modeled as an
equivalent series of coupled sections of par lel banks of cylindrical tubes. Reference

2-6
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sorption isotherms were used to describe the sorptive capacity of the primary circuit
matenials for the radionuclides of concem.

2.2.2.2 Plateout Aralysis Metaodology

Typically, the two dominant sources of fission products release) from the core are
heavy metal contamination (heavy metal outside the coated fuel particles) and fuel
particles whose coatings fail in service. In additon, the volatile metals (Cs and Sr)
can, at sufficiently high temperatures and over long periods of time, diffuse through
the silicon carbide (SiC) coatings and be released from the intact fuel particles.

Calculations were performed to predict plateout distributions in the primary coolant
circuit for the following key nuclides: Sr-90, 1-129, 1-131, Cs-137, Cs-134 and Te-
127m. The source terms for fission product plateout analysis include both a direct
release contribution and, where applicable, a precursor contribution. In the case of
the cesium isotopes, there is a direct release of both Cs-137 and Cs-134 metal from
the core. Cs-137 plateout also resuits from the release and subsequent decay of its
precursor contributor, Xe-137. Us-134 has no gaseous precursor. Similarly for Sr-
90, there is a direct Sr-90 metal release as well as the contribution from its Kr-90
precursor. Only direct release contributions are cor.sidered for 1-129, 1-131 and Te-
127m. The plateout analysis included a comparison of the calculated and measured
plateout inventories for Cs-134, Cs-137 and Sr-90 based on measurements on the
plateout probe that was removed from the PCRV after firal reactor shutdown.

2.2.2.3 Plateout Aralysis Results

It is anticipated that any internal PCRV component that had come in contact with
primary coolant is contaminated and will be removed for disposal as radioactive
waste. This includes not only the core graphite and structural components (which are
also activated), but also the steam generator modules, helium circulators and Kaowool
insulation. The preliminary results of the plateout analysis are shown in Tables 2.2-
and 2.2-4. Table 2.2-3 lists the plaieout concentration (Ci/cm®) on primary circuit
components for the key nuclides, Cs-137 and Sr-90. Table 2.2-4 identifies the
integrated plateout (Ci) of primary circuit components for the following nuclides:
Cs-134, Cs-137, 1-131, 1129, Sr-90 and Te-127m. Additional information on the
analysis results, analytical models and comparisons with measured data are located
in Reference 7.

2.2.3 Contaminated Systems, Structures and Components

An engineering analysis of the total cunie inventory at Fort St. Vrain was completed
in June 1989 and the resuits of this analysis have been summarized in Table 2.2-5.
This analysis is based upon past survey results, activation analysis, plateout analysis
and gene—] estimation of contzmination levels occurring in the various systems. The
survey results and estimation of contamination levels were then applied over the
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estimated surface arsa of the associated system. This analysis accounts for all
expected radioactivity at Fort St. Vrain with the exception of fuel.

Section 2.3 contains a detailed summary of the radiation survey results. These
surveys were performed to identify general radiation and contamination levels in
frequently accessed areas of the facility. More detailed surveys of individual areas
will be required when determining specific work plans during actual
decommissioning.

2.2.4  Tritum Analysis

|

| During the Fort St. Vrain decommissioning project, the PCRV cavity will be flooded
| with water to provide shielding and contamination contrcl. Flooding the PCRV will
| result in the release of radionuclides (that exist in the PRV as a result of activation
| and plateout) into the water. One of the radionuclides of primary concern is tritium,
| since a fraction of the tritium inventory is expected to leach out of the graphite blocks
| into the water and the tritium cannot be removed by conventional processing means
| enployed by the PCRV Shield Water System. The amount of tritium to be handled
| by the PCRV Shield Water System and potential exposure to personnel depends on
| both the total amount of tritium presant in the graphite and other components inside
| the PCRYV, and the fraction that is released to the water.

|

| Measured data on the actual tritium concentrations that are in the Fort St. Vrain
| PCKV graphite components and the rate at which the tritium leaches into the water
| from the Fort St. Vrain graphite do not exist. Therefore, the amount of fritium that
| enters the PCRV water has been estimated, based on (1) a couservative calculation
| of the total amount of tritium produced during power operation (i.e. 100,000 curies)
| and (2) actual measurements of tritium leach rates from Bntish Magnox reactor
| graphite. It is estimated that approximately S00 Curies (or 0.5% of the total tritium
| inventory) will enter the water. The PCRV Shield Water System is being designed
| to discharge this tritium inventory using the existing liquid effluent discharge path.
|
|

An assessment has aiso been made of the impact if the maximum theoretical amount
| of *ritium (100,000 curiesy is released into the PCRV shield water. Included are
| impacts on air handling, tritiated water disposal, contamination, and personnel
| protection. It was found that these impacts, although sigrificant, can be managed
| without undve safety hazards and within reasonable costs. Allowing for this extreme
| case, decommissioning can be accomp'is® 1 within the decommissioning cost estimate
| previously submitted to the NRC. I . ition, with considerations for the worst
| credible accident and this extreme case ~mmissioning will also be accomplished
| without undue risk to the health and sarety of the public.
|
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2.3.4.1 Expected Tritum Release Into the PCRY Shield Water System

Data or. tntium ieaching from graphite obtained by the British (Reference 11) is
considered 10 be directly relevant w determine the fraction of e tritium inventory
likely o be leached from the Fort St. Vrain graphite after the PCRV is flooded.
These Bntish measurements were made in support of decommissioning of the
Magr.ox and AGR plants, and form the basis for disposal planning for irradiated
graphite for the European Community. The graphite in the British tests is typical of
that used in \he Magnox and AGR reactors, Key parameters for the British graphite
test samples are included in Table 2.2-6 for companson with data for Fort St. Vrain

graphites,

The leach rate of the tntium in the British test was measured to decrease with time
starting at about 0.1 & per dav nd declining to below 0.0001 % per day after several
months, Applying these values to Fort & “rain, a curve of tnuum release rate
versus time was prepared with an initial tr. release rate of 0.5% of the tntium
inventory in the graphite released in about the first month after flooding the PCRV.
Use “ f this release rate results in a release of S00 Cunes from the graphite to the
water, based on an assumed initial tritium inventory of 100,000 Curies in the core
graphites. Thereafter, the tritium rclease rate from the graphite is assumed to
continue to decrease, falling to a release rate of less than 0.0001 % per day withun
several months, consistent with the results of the Briush test,

2.24.2 Conclusions Regarding Expected Tritium Leaching

| Based on a comparison of key properties and operational history between the British

graphite test samples and the HLM-type graphite used at Fort St. Vrain, it is
concluded tnat the British Magnox test results are conservative with respect o tritium

| leach rate and the fractional release of tritium. HL'-. surface-to-volume ratios are

significantly lower, indicating *hat water ingress will not occur as rapidly and tritium
migration to the graphite surface will take significantly longer. Irradiated densities
of the HLM are greater than the British graphite samples, indicating lower porosity
and a lower leach rate in the HL.- graphite due to density. Effects of both reactor
power history ané primary coolant favor the HLM graphite, :ince the effect on

| increased porosity should be greater in the British samples than in the HLM.

Therefore, the leach rate for the HLM graphiw. s not expected to be greater than that
determined ‘or the British Magnox graonite samples, and use of the leach rate
determined ! lie British test in demineralized water should represent a conse-vative
upper boun ' 'n the leach rate that should be experienced when the PCRV is flooded
and the HLM graphite is immersed in water,

2-9
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| 2.2.5 lnitial Site Characterization Program

| The initial site radiological characterization program was performed 1o determine the
radiological status of Fort §t, Vrain balance of plant systems, auxiliary sysiems,
b ildings and site. Radiological measurements for direct radiation and residual
| contamination (fixed and removable) were conducted and recorded. Biased and
| unbiased samples (1.e., sample locations that are or are not influenced by previous
| data or histonical information) were taken, analyzed and recorded.

| The results of the Fort St. Vrain Initial Site Characterization Program were reported
| 1o the NRC in Reference 12. The purpose of this program was to collect and analyze
| radiological survey data to determine the extent of decontamination and
| dismantiement activities. In accordance with this program, more than twenty
| thousand measurements were made on more than five thousand survey lovations.
| Reference 12 identifies the areas examined and summarizes the results of these
| examinations,

|

| 2.2.5.1 Resulis of Siie Characterization Surveys

l

| The Initial Site Characterization Program divided the Fort St. Vrain facility into four
| major elements, identified below, with the results of the characterization in each area.

1. Structural Characterization

The resuits of the structural characierization indicate that the only structures with
contamination levels above release limits are the Reactor Building and the Radwaste
Compactor Building. Structures with contamination levels above background were
the Reactor Building, Turbine Building, Helium Storage Building, New Fuel Siorage
Building, Radiochemistry Laboratory, and Radwaste Compactor Bu Jing. The loose
contamination was composed primarily of Co-60. Alpha contamination was not
detected in any structures.

r 8 BOP and Equipment Characterization

The systems characterization determined that twenty plant systems had no
radioactivity above background and 17 systems contained various levels of
contamination. System 79 (Radiochemistry Laboratory Ventilation) was not verified
as contaminated at the time of the characterization survey. However, it is frequently
used to vent radioactive materials and is treated as a contaminated system when
conducting filter changes and maintenance.

3, PCRV and Internals

The PCRYV was inaccessible for characterization. Historical data, calculations, and
limited measurements support the ge.eral dose rates provided in the activation

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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Historical radiological surveys have shown that alpha contamination (both fixed and
loose surface) is not present above natural background levels at Fort St vrain.
Surveys for alpha contamination are performed on a routine oasis to confirm this.

Generaliy, the results of these surveys demonstrated that greater thai 2% of the
nlant areas have radiation levels corresponding to natural background (in the 0.004
to 0.032 mrem/hr range as determined from historical surveys). In the results
summarized in Tabie 2.3-1, only those areas with radiation levels above background
are noted,

Additionally, iixed contamination levels are generally less than 1000 dpm/1$ ¢m? and
loose surface contamination levels less than 1000 dpm/100 em®, Most loose surve,
results are less than 100 dpm/100 ¢in,. In some locations, tritium may be present as
fixed contamination. Due to the low energy beta activity emitted by tntium (Eavg
= 0,005 MeV), normal survey methods will not detect the tritium and therefore
actual tritium levels were not considered in this survey. Fixed contamination is
typically imbedded within the first few centimeters of corcrele surfaces.

Figures 2.3-1 10 2..-19 provide specific results of these area radiation surveys
Table 2.3-1 provides a summary of the survey results with a description of the major
contributors to the radiation levels. Reactor and Turbine Building elevations are
shown in Figure 2.3-20. Where results are not listed, contamination and/or radiation
leve s are not greater than background levels. Systems which are potentially
contaminated are identified in Table 2.3-1 by system number for each elevation on
which they are located.

2.3.1 Tusbine Building Survey Pesults

General area radiation levels throughout the Turbine Building are primarily due to
natural background. Contamination levels (both fixed and loose) are less than 1000
dpm/100 em? in all locations and generally less than 100 dpm/100 cm®. Piping from
the potentially internally contaminated Systems 11 (PCRV and Internal Components)
and 73 (Reactor Building Ventilation) extends from Level 7 (El. 4829') to the roof
or the Reactor Building.

2.3.2 Radiation Sources Outside the Reactor and Turbing Buildings

Radioactive materials are stored on a temporary basis inside Sea-Vans, cargo traiiers
and designated radwaste areas. Varying amounts of radioactive materials may be
storec in these trailers, but external radiation levels are typically less than
0.2 mrem/hr.

The only contaminated area outside the Reactor and Turbine Buildings is the

Compactor Building directly east of the main cooling tower (see Figure 2.3-1).
General area radiation levels vary from 0.2 to 0.5 mrem/hr primarily due to residual

2-12
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contamination inside a radioactive waste compactor, Loose surface contamination
levels are generally less than 100 dpm/100 ¢m’. The compactor contains loose
surface contamination of 50,000 dpm/100 ¢m® and fixed contamination levels of
50,000 dpm/15 cm’. There are two concrete bunkers in the Compactor Building
which have loose surface contamination levels of 5,000 dpm/100 ¢m’ and fixed
contamination levels in the first few centimeters of the concrete averaging
approximately 20,000 dpm/100 cm’. The presence of tritium is also suspected in the
fixed contamination of the bunkers. This building is also used for staging of
radioactive wastes and matenials.

Piping associated with the Radioactive Liquid Waste System (System 62) also runs
underground from the exit point from the Reactor Building to the main cooling tower
blowdown line. Sample results of oil collected in an associated oil separator have
occasionally shown trace amounts of tritium, Co-60, Cs-137 and Cs-134.

Routine surveys do not indicate any radiation or contamination levels above
background in the Radiochemistry Laboratory located in the Technical Support
Building (See Figure 2 3-2), although small amounts of radioactivity are expected in
drain piping from this facility to the Radioactive Liquid Waste System (System 62).

2.3.3 Current Environmental Radiologisal Status

2.3.3.1 Beta-Gamma Radiation in Surrounding Environs

The environmental radiological status of the site and surrounding areas has been
monitored during the entire pre-operational, operational, and post-uperational phases
of the plant through the Radiclogical Environmental Monitoring Program (REMP),
This program includes surveillances in surrounding areas to gather environmental data
in the foll'ving areas: external gamma activity levels, air sampling data, water
sampling data, milk data, aquatic pathways, and food products. Sample locations are
Situated near the site boundart~s and in outlying areas. Details of the results of these
surveillances can be found in Reference 13 and in past REMP reports, which are
provided annually to the NRC,

During the spring and summer of 1990, additional data were taken to further
characterize the site. Soil samples were taken inside and outside the protected area,
gamma radiation surveys were performed inside the protected area, and downwind
air semples were taken with respect to the predominant wind direction (from the NE).
Environmental radiation surveillance data from all past REMP reports and the recent
characterization data indicate that the predominant source terms found above natural
background levels are due to Chernobyl and past ruclear weapons test fallout.
External radiation sources to area residents are due to naturally-occurring background
radiation and atmospheric fallout.
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reduce fire protection, emergency preparedness and physical security programs
consistent with plant requirements during defueling. Other non-nuclear facilities on
the FSV site are maintained and operated by PSC as needed 1o support PSC electric
power demands.

The reactor building is the only nuclear facility to be decommissioned. An access
control plan, included as part of the Proposed Decommissioning Plan, will provide
suitable controls to prevent unauthorized or uncontrolled access to either the
decommissioning site, or (0 radiologically controlled areas within the
decommissioning site.

Building services, including electric power, cooling and domestic water, HVAC,
lighting and other services are available and will continue to be provided throughout
the decommissioning effort. These functional services and systems are identified in
Section 2.2 of the Proposed Decommissioning Plan.

2.5 Refercences

1, Proposed Decommissioning Plan for the Fort St. Vrain Nuclear
Generating Station, Public Service Company of Colorade.

o

Engineering Evaluation, "Fort St. Vrain Activation Analysis,"
EE-DEC-0010, Revision D, March 1992,

) PSC Letter, Crawford to Weiss dated Apnl 26, 1991, (P-91118);
Subject: "PSC Response to NRC Request for Additional Information
on the Fort St. Vrain Proposed Decommissioning Plan”,

4 Engle, W.W., "ANISN-P-Multigroup One-Dimensional Discrete
Ordinates Transport Code with Anisotropic Scattering,” Radiation
Shielding Information Center, Oak Ridge National Laboratory, Oak
Ridge, Tennessee.

5. Ebasco Services Incorporated, "REBATE - A Computer Program for
Calculation of Decay Gamma Source Strength For One or Two
Dimensional Gamma Transport Analysis," Ebasco Services
Incorporated, New York, New York.

6. NUREG/CR-3474, “Long Lived Activation Products in Reactor
Materials," August 1984,

7. NUREG/CR-5343, ‘"Radionuclide Characterization of Reactor
Decommissioning Waste and Spent Fuel Assembly Hardware,"
January 1991,
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TABLE 2.22

PCRY DOSE RATES IN AIR
AT 5 YEARS AFTER SHUTDOWN

GAMMA DGSE RATE
RHre
All components (from large side S7E + 01
reflector 1o PCRY conciste)
Large side reflectors removed 23E + 2
(from spacers to PCRV concrete)
From core harrel to PCRV concrete 2.1E - 02
PCRYV liner and concrete only 8.8E - 03
PCRY concrete only 4.5E - 02
22 PCRYV concreie removed 6.3E - 06
24" PCRY concrete removed 3.4E - 06
All components (from K. owool 1L7E - 01
insulation to PCRV concrete)
PCRYV liner ana concrete only 4.4E - 01
PCRYV concrete only 1.7E - 01
32° PCRV concrete remo’ «d 7.6E - 06
34" PCRV concrete removed 44E - 06
36" PCRV concrete removed 2.6E - 06
AXIAL DOWN
All Components (from cor support blocks | 6.1 -02
to core support foor)
PCRY liner and concrete only 8:53-01
PCRV concrete only 1.8E - 02
20" PCRY concrete removed S.3E - 06
22° PCRYV concrete removed 2.7E - 06
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ESTIMATED PLATEOUT CONCENTRATION ON
MAJOR PRIMARY CIRCUIT COMPONENTS
AT END OF REACTOR LIFE (8% EFPD)

COMPONENT

Lower Reflectors 269 E-8 354 E

Steam Generatur
Reheater Section” 1.11 B? SO2ES 254 E7 1.18 E7
Economuzer Section 217 ES 9.78 E-10 485 B7 218 BT
Cirvulator 2.88 Eé .30 E-8 6. 10 B6 275ER
Circulator Outlet 1.24 ES 5.60 E-10 9.56 E4 4.31 E-10
TCONMAMNN 1.53 E6 733 E9 9.27 ES 4.18ES
Upper Reflectors 495 B8 $.31 B6 239 E-8

U1 Steam generstor component with the highesi ostimated plateout concentration

3
~D
o
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TABLE 224
INTEGRATED PLATEOUT ON EACH PRIMARY CIRCUIT COMPONENT
AT END OF LIFE (89 EFPD)
BRANCH NAME Cs-134" Cs-137% Fin® 1129 Se-907 Te-127Tm™
{Cunes) {Curnes) (Cunes) (Cunes} (Cunes} (Cunes)

Lower Reflector 2.729E400 | STS2E+00| 649%E05 | S662E09 | 4.3IB0E0L | 3 412E+01
Core Support Blocks SHEOE02 | 1319E01 | JIE04 | 2723610 Te7iE03 | SesaEon
Core Exst Plenum LISKEO2 | 2822E02 | 2166E04 | 1 890E-10| 1449603 | 1.052E-01
Steam Generator Inlet 4951E04 | 7086Ea | 127602 | SS63E0e | 13202 ! saseEsl
Steam Generator Reheater 200E01 | 7807E01 | 7059601 | 3295608 | 342E21| 20%Es0t
Superheater SIEO] | 19RBE+00| 1664E+00| 5942E08 | 10SSEO1 | 6 648E 400
Economizer 1.291E+00 | 3378E+00| 3.134E+01 | 8284E08 | 151462 | 7719601
Fvaporstos TB4TEO1 | TO6IEOI | 1IS6E+03 | 2725E07 | S.726E03 | 1.296E-01
Steam Gen. Outlet Plenum §  2.064E-03 | 1994503 | 1 199E+01 | 1119608 | S 129608 ! 3 38804
Circulators 1383E02 | 1443E02 | 4744E+00 | 332E09 | 6 8MEQ3 | 227003
Circulator Outlet Plenums 4851604 | 7594E4 | 6.79E+:00| 1128508 | 9RISEOe | " 962805
Core Barrel/Liner Annulus @ 1076502 | 2392502 | 4363E+01 | 3614E08| 4 197602| 1767603
Core lnlet Plenum 1L267E03 | 4949603 | 1901E+01 | 3164608 | 1004602 | 2083504
Upper Reflectors TREO2 | 3IM93E0I | 2641501 | 3I26E07| SO43E01 | 1.1seE02 |
Side Reflectors I O4IE08 | 1037E03 | 1669E01 | Z858E07| 144003 | 1 707E0S
Punfication System 9754605 | 3984E04 | 2554E+00 | 4213E0e| 8 ms«lﬁa 610F 05
TOTAL STIZE+00 | 132E+01 | 1. 309E+03 | 4225604 | | S00E +00] 6 35SE <01
TOTAL (3 YEARS 2081E+00] 1.23E+01 | 000E+00 | 4224604 | 1 675 <008

o Plateout distriibution based upon sorption 1sotherms for unoxshized alloy steel surfaces.
- Basedm&emrmcdc‘luulfnnﬁclmnumq&wnundﬂf-h&dwdmt
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TABLE 2.2-6
GRAPHITE PROPERTIES COMPARISON TABLE
PARAMETER Large Side Borunaied Side Remmvahie Coee Support Bretsh Tow Weomrke
Reflecton Specer Blonwks Rellectonr Bhocks Sampie
Type of Graphite HiM HiM MaS1M 327 PGX Reactor I Sempies from Magnos Resctor
Girnde )
Deasaty
Uimsrrasdisted is s L2-1.7m 176 182
Lrvs fisied i 8 itn-v7 i7% 1.7
Surface 1o Volume Ratio (cm ") o8 ars a12-053 *. is S ANV mtios not mgmficam due 1o
very small titaum cune comtent
Tosal Mass i) P83 EN S EY iSEs 8 E7 &80
Tound Voleme {cc) 1045 ER L 2 s E7 AVsEY 376" * - Actoal sampie mne, 2 sampiles tested
Total Trstsam Comtent (C3) 82558 1 n 3son 4
Trotum Corentration (Cvce; 13 Ja0 <00 68 0 * - Messured value 2 1 ES B9/
Major impuntes ippm)
i <l <2 <01 <2 <D 08
Fe 2000 2000 <20 1960 0
Co 02 02 <98l 012 om
Flux Hismory (EFPD) 290 890 <89 yo) = 1550
Thermal Flux (n/cnv'/sec) IBED <3REL} <3IBEID <3IBE3 JAE3
Mavmem Temperstuce (“C) 300 - So0 300 - S0 &0 . T )
Primary Cootant Heinsm Hebmuem Helaume Helbom e
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Figure 2.1-1 Fort St. Vrain Power Generation
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LEGEND: Uniess other ‘se noted, numerical values are radiation levels in mrem/hr

* denotes contzct radiation rearing

[ ) denotes radiation level at 18 inches

© denotes contamination survey point, € 100 dpm/100 cm’® loose surface level
uniess otherwise noted; # denotes fixed contamination level in dpm/15 cm?

Figure 2.3-1 Compactor Building Radiation Survey
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2.2

LEGEND: Unless otherwise noted, numerical values are radiation leveis in mrem/r

* denotes contact radiation reading
[} denotes radiation level at 18 inches

O denotes contamination survey point, < 100 dpm/100 ¢cm? loose surface level

urless otherwise noted; # denotes fixed contamination level in dpm/15 cm?

Figure 2.3-2 Radiochemistry Laboratory Radiation Survey
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LEGEND: Unlass otherwise noted, numerical values are radiatior: levels in mrem/hr

* denotes contact radiation reading

{ ) denctes radiation level at 18 inchen

© denotes contamination survey point, < 100 dpm/100 om? loose surface level
uniess otherwise noted; # denotes fixed contamination level in dpm/15 cm?

2.3-3 Turbine Building Radiation Survey -
oo Level & (B 4790} diation Survey
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LEGEND: Unless otherwise noted, numerical values are radiation levels in mrem/hr

* denotes contact radiation reading

() denotes radiation level at 18 inches
)

uniess otherwise noted; # denotes fixed contamination level in dpm/16 em?

Figure 2.3-4 Lrbine Buildinf Radiation Survey -
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© denctes contamination survey point, < 100 dpm/100 cm? loose surface level
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LEGEND: Unless otherw se ncied, numerical values are radiation levels in mrem/hr

denotes contact radi2ion reading

()} denoctes radiation level at 18 inches
O denotes contamination survey point, < 100 dpm/100 cm? loose surface level

Figure 2.7
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Levels 12 & |
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LEGEND: Uniess otherwise noted, numerical values are radiation levels in mrem/hr

* denotes contact radiation reading

{ } denotes radiation level at 18 inches

C denctes contamination survey point, < 100 dpm/100 cm? loose surface ievel
unless otherwise noted; # denotes fixed contaminat.on level in dpm/156 om?

‘ Figure 2.3-8 Reactor Building Radiation Survey -
Levei 1 (EL 4740)")
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LEGEND: Unless otherwise noted, numerical values are radiation levei® in mrem/hr
* denotes contact radiation reading

© 1 1) denotes radiation levsl at 18 inches
|
!

O denotes contamination survey point, < 100 dpm/100 ¢’ loose surface level
unless otherwise noisd; # denotes fixed contamination level in dpm/15 em?

2.3-11 Reactor Building Radiation Survey -
Flgure 231 Rty Byiigp adiaion Survey
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LEGEND: Unless otherwise noted, numerical values are radiation levels in mrem/hr

* denotes contact radiation reading

{ | denotes radiation level at 18 inches
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| Figure 2.3-15 Reactor Buudms Radiation Survey -
| Level 8 (El
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* denotes contact radiation reading

{ | denotes radiation level at 18 inches
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Figure 2.3-18 Reactor Building Radiation Survey -
Leve! 11 (El 4881°) Refueling Floor
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3.0 PROPOSED ACTION

3.1 Introduction

Pursuant to 10 CFR 50.82, PSC has submitted a Proposed Decommissioning Plan
(PDY, Reference 1) to the NRC for review and approval. PSC has selected the
DECON option for decommissioning Fort St. Vrain and is proposing the immediate
dismantlement and decontamination of the activated and contaminated portiuns of the
Fort St. Vrain Nuclear Generating Station. The decommissioning of nuclear facilities
is a regulated process, whereby radioactive material will be removed from the plant
site, the site will be decontaminated to limits established by the NRC to allow release
of the site for unrestricted use and the NRC license will be terminated.

To accomplish the decommissioning of Fort St. Vrain, substantial portions of the
existing plant will be decontaminated, dismantled and/or removed to release all site
areas for unrestricted use. However, the site will not be completely torn down and
| restored to agricultural use or a natural environment. Components and structures
which are not activated or radioactively contaminated or which have been
decontaminated will remain and may be utilized in the conversion of the balance of
plant (BOP) systems to a natural gas-fired power plant.

An overview of the decommissioning work scope is:

I. Remove the Prestressed Concrete Reactor Vesse! (PCRV) internal
radioactive components remaining after the defueling of the reactor.

L%

Dismantle those portions of the PCRYV structure and radioactive balance-
of-plant systems which exceed limits for release of residual radioactive
materials. Decontaminate those structures or systems where only low
level surface contamination exists.

3. Ship all radicactive waste offsite for disposal.

4. Perform a final site radiation survey to confirm that all site areas can be
released for unrestricted use.

5. Terminate the 10 CFR 50 operating license.

The detailed dismantling activities that will be performed during decommissioning are
described in Section 2.3 of the PDP (Reference 1).




3.2 Site Cleanup, Final Site Survey and Site Release for Unrestricted Use
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at the site. In addition, radiation levels of S uR/hr above background measured at
a distance of | meter will be used as the upper limit for external radiation levels.
The criteria for total concentrations of radioactive materials above background in soil
will be based upon those established in NUREG/CR-5512 (Reference 3). The use
of this methodology will ensure an average total effective dose equivalent of less than
10 mrem/yr to an individual in a given population group.

Pursuant to Regulatory Guide 1.86 (e), a comprehensive final radiation survey will
be conducted at the facility upon completion of all activities. The goal of the survey
is to ensure that ambient radiation levels and surface contamination levels are below
the limits specified in Regulatory Guide 1.86 and to verify that the site can be
released for unrestricted use by meeting the acceptance criteria of 5 uR/hr above
background at 1 meter from the surface.

The survey will cover all pertinent structures, surtaces, systems and components,
focusing on those items identified as potentially troublesome during the pre-
decommissioning and during the decontamination/dismantling phases. The survey
will include:

* PSC property, soil, stream, and p.-.' sediment, and water sampling
outside the fenced area for radioisote, .. ..nalysis

®* PSC property soil, lagoon sediment, and water sampling inside the
fenced area for radioisotopic analysis

* Radiological surveys for the PCPV and reactor building

NUREG/CR-2082 (Reference 4), "Monitoring for Compliance with Decommussioaing
Termination Survey Criteria” will be used as a guide in uevelopiog the
comprehensive survey program for quantifying residual radioactivity and radiation
levels.

The current Radiological Environmental Monitoring Program (REMP) will be
continued in part specifically tailored to accurately monitor the environmenia
radiation and radioactivity levels, and to determine the effect on the radiclogical
conditions of the environment due to decommissioning activities. The current REMP
contains provisions for sampling and analyzing airborne, waterborne, ingestion, and
direction radiation exposure pathways The results of the REMP will be included in
the final radiological survey report. In addition, the Offsi‘e Dose Calculation Manual
(ODCM) will provide the methodologies to assure compliance with the Fort St. Vrain
Decommissioning Technical Specifications related to liquid and gaseous iadioartive
effluents. This program will demonstrate compliance with (0 CFR 20, 10 CFR 50
Appendix A and Appendix I, and 40 CFR 190,
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At the completion of the decommissioning effort, PSC will prepare a final project
summary report. The report wili document the decommissioning activities that were
performed and vill be submitted with the appli~=tion for termination of the Part 50
License and along with the final rediological sur ey report, will provide the basis for
the approval to terminate the license.

3.3 Criteria for Release of Equipment and Non-Radioactive Waste

The guidance provided in NRC Circular 81-07, "Control of Radioactively
Contaminated Materials” (Reference 5) will be used o ensure appropnate survey
| methods are employed for the release of decontaminated items (e.g., tools and
squipment) and scrap materials. The guidance provided in NRC [EN 85-92,
“Surveys of Wastes before Disposal from Nuclear Reactor Facilities" (Reference 6)
will be used to ensure appropriate survey methods are employed for the monitoring
of segregated waste prior to disposal in a sanitary landtill. Procedures that have been
prepared with reference to NRC Circular 81-07 and NRC [EN 85-92 will be used for
surveying material 10 be released off-site.

3.4 Radioactive Waste

During the decommissioning activities radioactive materials (radwaste) in liquid, solid
and gaseous forms are expected to be generated. Management of these ‘vastes is an
integral part of the decommissioning plan and includes provisions for ninimizing the
quantity of waste generated, waste collection treatment, volume reduction, packaging
and off-site shipment for disposal.

Some solid materials may be volume reduced onsite using the existing Fort St. Vrain
compactor, a mobile compactor, or other equipment as needed and as supplied by the
decommissioning contractor (Westinghouse), If a onsite compactor is used, its
effluent discharge will be filtered by HEPA ventilation and airborne contamination
surveys will be conducted during operation. Compactor operation will be controlled
by a specific radioactive waste procedure to ensure safe operation. Compacted wasie
will be placed in appropriate containers such as 52- or 55-gallon druias, compacted,
overpacked if required, and shipped offsite for disposal or additional volume
reduction. In order to reduce disposal quantiies, some solid materials may also be
shipped offsite for decoutamination. All activities will be performed in accordance
with applicable radiation protection and radioactive waste procedures.

Supercompaction, incineration, and melting for volume reduction will be

accomplished offsite at 2 facility licensed for these specific waste volume raduction
techniques.
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3.4.1 Classification of Radioactive Wasies

Classification of radioactive waste is required by 10 CFR 20, 10 CFR 61, and
disposal site requirements.

A waste classification compliance program will be developed and implemented to
assure proper classification of waste for disposal. This program will ensure that a
realistic representation of the distnibution of radionuclides in waste is known and that
waste classification is performed in a consistent manner. Any of the following basic
methods, used individually or in combination, will be used to achieve this goal:
materials accountability (including process knowledge and activation analysis)
classification by source, gross radioactivity measurements, and measurement of
specific radionuclides.

Materials will be categorized as follows:

' Potentially contaminated or requiriag minor spot decontamination: Materials
that, on a gross basis, 1) appear to ' * uncontaminated, 2) have geometries
with all surfaces easily accessible, ana 3) have a small surface area-to-weight
ratio will be surveyed to determine if the material can be released without
decontamination or with minor decontariinadon effort. For example, a small
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