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CONFIRMATORY SURVEY
FOR THE
FORT ST. VRAIN NUCLEAR STATION
PUBLIC SERVICE COMPANY OF COLORADO
PLATTEVILLE, COLORADO

INTRODUCTION

The Public Service Company of Colorado (PSC) operated a 330 MWe High Temperature Gas
Cooled Reactor (HTGR) from July 1979 until Augnst 1989. The plant, designated as the Fort St.
Vrain Nuclear Station (FSV), was authorized for construction on September 17, 1968 when the
U.S. Nuclear Regulatory Commission (NRC) issued a provisional construction permit.
Construction was completea in December 1973 and a facility operating license, License No.
DPR-34, Docket No. 50-267, was granted on December 21, 1973. Initial ruel loading
commenced on December 26, 1973 and initial criticality was achieved January 31, 1974, After
a prolonged period of startup testing, low-power operation and plant modifications, the plant was
committed for commercial operation on July 1, 1979. Full power was achieved November 6,
1981 (PSC 1995a).

In the nuclear steam supply system for FSV, heat was produced by fission in the HTGR utilizing
a uranium-thorium fuel cycle. Graphite was used for the moderator, core structure, and reflector.
High temperature helium was used as the primary coolant to produce superheated and reheated
steam at a temperature of 1,000°F to match conventional thermal station conditions. The entire
nuclear steam supply system, including the reactor core, graphite moderator and reflector, steam
generators and helium circulators, was contained within a Prestressed Concrete Reactor Vessel
(PCRV).

During the operational period, FSV operated for approximately 890 effective full-power days;
FSV was shut down on August 18, 1989. The PSC Board of Directors reviewed and confirmed
the Executive Management decision that FSV would not be restarted, and that PSC would pursue
decommissicning of FSV. The decision to permanently shut down and decommission FSV was

based on related technical and financial considerations. Problems were identified with the control
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rod drive assemblies and the steam generator steam ring headers that presented significant
technical obstacles which could be overcome, but at a significant financial cost and time
commitment. In addition, due to the uniqueness of the HTGR fuel cycle, the cost to purchase new
fuel was prokibitive. This, in conjunction with low plant availability and correspondingly high

operating costs, made continued operation of FSV impractical.

PSC's objective is the dismantlement and decommissioning of FSV to release all site areas for
unrestricted use. To accomplish this, a portion of the PCRV structure and the radioactive
balance-of-plant equipment that exceed the limits for unrestricted use was decontaminated or
removed as described in the Fort St. Vrain Decommissioning Plan. In May 1991, the NRC
granted a 10 CFR 50 Possession Only License. On November 23, 1992, the NRC issued the
Order to Authorize Decommissioning of Fort St. Vrain and Amendment No. 85 to Possession
Only License No. DPR-34 (PSC 1995b).

The FSV facility was largely left intact following decommissioning; dismantlement of siructures
was confined to the PCRV, and portions of the Reactor Building, Turbine Building, and Liquid
Waste System.

Following defueling, the PCRV contained the majority of the remaining radioactive material
inventory. Portions of the PCRV concrete were activated due to direct irradiation from the
reactor core, and concrete exceeding unrestricted use limits was removed prior to final survey and
disposed of as radioactive waste at a licensed radioactive waste disposal facility. Thus, the
rac ‘oactive source term at FSV was primarily a result of neutron activation of both metallic and
coicrete componeits of the PCRV and neutron activation of impurities contained in graphite
components of the PCRV. These activation products included beta-gamma emitters such as Co-
60, Eu-152, and Eu-154, and low-energy beta and x-ray emitters such as H-3, C-14, and Fe-55.
It should be noted that H-3 and Fe-55 were the largest contributors to the total radionuclide
inventory (PSC 1995a).
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FSV's final survey has included all pertinent structures, surfaces, systems and components,
concentrating on those previously identified as contaminated or potentially contaminated during
the dismantlement/decommissioning phases. The FSV final status survey included:

. Sampling of soil, pavement, water, and liquid effluent ditch and pond sediment for
radionuclide analysis and measurement of gamma exposure rate outside the restricted area
of PSC property,

. Sampling of soil, basin sediment, pavement and water for radionuclide analysis and

measurement of gamma exposure rate inside the restricted area of PSC property,
. Radiological surveys of the PCRV and Reactor Building, and

. Radiolo, .cal surveys of the Turbine Building, Radwaste Compactor Building, *vew Fuel
Storage Building. Radiochemistry Laboratory, Helium Transfer and Storage System, and
Liquid Radwaste System.

At the request of the NRC's Division of Waste Management, the Environmental Survev and Site
Assessment Program (ESSAP) of the Oak Ridge Institute for Science and Education (ORISE)
performed an independent confirmatory sut /vy of the repower area in March 1995 at the Fort St.
Vrain site in Platteville, Colorado (ORISE 1995a). Subsequent independent survey activities at
FSV included licensee survey package reviews, - firmatory surface scans, and comparison
surface activity measurements (e.g., side-by-side measurements) performed from September 25
through 27, 1995 (ORISE 1996a). During the pe.iod January 22 through 25, 1996, ESSAP
performed instrument comparison activities—including side-by-side surface activity measurements
and surface scans—and reviews of the licensee's embedded piping program and use of in situ
gamma spectrometry for determining the licensed material contribution to exposure rate (ORISE
1996b). Most recently, ESSAP performed independent confirmatory surveys during the period
September 30 through October 3, 1996. Specifically, ESSAP performed surface scans, direct

measurements of surface activity, and exposure rate measurements; and reviewed the licensee's
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hard-to-detect nuclide (HTDN) assessment program. A preliminary report describing these

activities was prepared by ESSAP and submitted to the NRC in a letter dated October 22, 1996
(ORISE 1996¢).

SITE DESCRIPTION

The FSV facility is located approximately 56 kilometers (35 miles) north of Denver and 5.6
kilometers northwest of the town of Platteville, in Weld Courty, Colorado (Figure 1). The site
is located in an agricultral area with gently rolling hills. Grade elevation at the plant is 1,460
meters (4,790 feet) above sea level. The site consists of 6995 hectares (17,300 acres) owned by
PSC, identified as the Owner-Controlled Area, of which approximately one square mile was
designated as the exclusion area during plant operation. Farming has been continued on Owner-
Controlled areas of the site, but there are no farming operations or permanent residences located
within the Restricted Area. The Restricted Area is surrounded by a security fence, and access is

controlled for purposes of protection of individuals from exposure to radiation.

The station is located approximately two miles south of the confluence of the South Platte River
and the St. Vrain Creek. Neither of these two streams are considered navigable. Cooling for the
plant is provided by mechanical draft cooling towers. Make-up to the cooling towers is obtained
from the two streams, and is supplemented by shallow well water. Nineteen shallow welis are
located on the site. The licensee also owns surface water rights in four irrigation ditches which

traverse portions of the site.

The major structures within the Restricted Area include the Reactor Building which contains the
PCRV, Turbine Building, Radwaste Compactor Building, New Fuel Storage Building, Technical
Support Building which contains the Radiochemistry Laboratory, Mechanical Draft Cooling
Towers, Warehouse and Construction Workshops, Evaporation Ponds, and the Electrical
Switchyard (Figure 2). The ground surface covering within the Restricted Area is composed
primarily of gravel and vegetation, with smaller portions devoted to concrete or asphalt roadways

and laydown areas.
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OBJECTIVES

The objectives of the confirmatory survey were to provide independent contractor field data
reviews and radiological data for use by the NRC in evaluating the adequacy and accuracy of the

licensee's procedures and final status survey results.
DOCUMENT REVIEW

ESSAP reviewed the licensee’s final status survey documentation for those survey units contained
within Volumes 1 through 5 (PSC 1996). Additional documentation related to the licensee’s
HTDN program were reviewed during the on-site visit. Subsequent to the confirmatory survey,
ESSAP reviewed the licensee’s final status survey documentation contained in Volumes 6 through
11, inciuding any revisions made to Volumes | through 5. Documents were reviewed for
adequacy, accuracy, completeness, and consistency. Data were reviewed for appropriateness of

calculations and interpretations relative to the guidelines.
PROCEDURES

During the period September 30 tarough October 3, 1996, ESSAP performed confirmatory survey
activities at the F  Lt. Vrain site in Platteville, Colorado. Survey activities included technical review
of the HTDN program and independent confirmatory survey activities. Eight survey units were
selected by the NRC, with input from ESSAP, for confirmatory survey activities—including surface
scans, surface activity measurements, and exposure rate measurements. The selected survey units
were (convention used-—survey group/survey unit): A0007/BZ003, BO006/FZ001, BO012/FZ002,
C0004/WZ001, CO009/BZ001, CO030/FZ001, C0031/8Z001, and D4800. In addition, surface scans
were performed in NRC-selected survey units FOO15, F0039, FO077, FOO84 (and a portion of the
adjacent FO115), FO126, and the refuel floor (Level 11 of the Reactor Building) The survey was
in accordance with a plan dated September 16, 1996 (ORISE 1996d) submitted to and approved
by the NRC’s Division of Waste Management. Survey procedures were performed in accordance
with the ORISE/ESSAP Survey' Procedures and Quality Assurance Manuals (ORISE 1995b and

¢). This report summarizes the procedures and results of the survey.
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SURVEY PROCEDURES

The following procedures apply to survey units selected for independent confirmatory activities.

Reference System

The reference systems established by FSV were used by ESSAP for referencing measurement and
sampling locations. Measurement and sampling locations on ungridded surfaces were referenced to
prominent building features or the existing grid. All measurement and sampling locations were

recorded on maps prepared by the licensee for each survey unit.

Surface Scans

Surface scans for beta and gamma activity were performed over 50 to 100% of floor and lower wall
surfaces and up to 50% of equipment surfaces within each of the eight building surface and structure
survey units selected for confirmatory survey activities. In addition, surface scans for alpha and beta
activity were perfoiined over accessible floor, lower wall, and equipment surfaces in NRC-selected
survey units from Group F. Scans were performed using gas proportional, G, and/or Nal
scintillation detectors coupled to ratemeters or ratzmeter-scalers with audible indicators. Locations

of elevated direct radiation identified by scans were marked for further investigation.

Surface Activity Measurements

Construction material specific backgrounds for red brick, brick, carpet, concrete, metal, painted
concrete, and tile brick were determined in areas of similar construction but without a history of
radioactive material use. ESSAP used the licensee's plastic shield to obtain three local area
background measurements in each survey unit. The total background level at each direct
measurement location was obtained by adding the construction material background and the local
area background.
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For each buildirg surface and plant system survey unit selected, ESSAP performed 10 to 30 direct
measurements for total deta surface activity—resulting in a total of 171 direct measurements for
surface activity. Additional direct measurements were performed at two locations of elevated
direct radiation detected by surface scans. ESSAP also performed 20 direct measutements on
miscellaneous concrete, metal, and wood debris from the demolition of the New Fuel Storage
building and Building 28, staged on the east side of the Fort St. Vrain site. Direct measurements
were performed using GM or gas proportional detectors coupled to ratemeter-scalers.

A smear sample for determining the removable activity levei was collected from each direct

measurement location. Measurement and sampling locations are shown on Figures 3 through 15.

Exposure Rate Measurements

A total of 28 exposure rate measurements werc performed within survey groups A0007, B0006,
B0O012, C0004, CO009, and CO030 (Figures 3 through 11). All exposure rates were nieasured

at | meter above surfaces using a pressurized ionization chamber (PIC).
SAMPLE ANALYSIS AND DATA INTERPRETATION

Samples and data were returned to ORISE’s ESSAP laboratory in Oak Ridge, Tennessee for analysis
and interpretation Sample analyses were performed in accordance with the ORISE/ESSAP
Laboratory Procedures Manual (ORISE 1995d). Smears were analyzed for gross alpha and gross
beta activity using a low background gas proportional counter, and the results were converted to

units of disintegrations per minute per 100 square centimeters (dpm/100 ¢cm?)

Direct measurements for surface activity were converted to units of dpm/100 ¢cm’ and the surface
activity results for each survey unit were statistically evaluated. The goal of the test was to
determine, with a given confidence level, that the FSV surface activity levels were not biased low
compared to ESSAP. The null hypothesis was stated that, in a survey unit, surface activities as
calculated by FSV are greater than or equal to those determined by ESSAP, ie, H, ppsy > Hessap

For surface activity comparisons, it should be noted that side-by-side comparisons performed during
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a previous ESSAP site visit (ORISE 1996b) have determined that ESSAP’s measurements are biased
low as compared to FSV's measurements. Therefore, the statistical test may be considered as a
measure for demonstrating that FSV’s surface activity measurements are in statistical control, relative
to the previously established relationship between ESSAP and FSV. This hypothesis was tested at
the 95% confidence level (0.05 level of significance). If the hypothesis was rejected at that
confidence lev , the alternative hypothesis was to be accepted i.e, H, pygy < Hpssao. The test

statistic, ¢, was calculated using the following equation

XE—YF

J(nE-I)Sbf B (nF—l)S:- [nE . nF)

ng + N - 2 "y

i =

where:

Xp is the FSV mean for a survey unit
X, is the ESSAP mean for the same survey unit
ng is the number of FSV measurement/sampling data peints

ng is the number of ESSAP measurement/sampling data points
S;, Sg  are the standard deviations for the FSV and ESSAP measurement data, respectively.

The calculated r was compared to the critical value of Student's 7-distribution {one-tailed) for the
appropriate degrees of freedom at the 95% confidence level (0.05 level of significance). If the H:
Mpsv 2 Messap Was rejected, then ESSAP conferred with the NRC as to the recommended approach.

Exposure rates were reported in microroentgens per hour (uR/h) Additional information regarding
major instrumentation, sampling equipment, and analytical procedures is provided in Appendices A
and B. The data generated were compared with the licensee’s documentation and NRC guidelines

established for release for unrestricted use (Appendix C).
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FINDINGS AND RESULTS

DOCUMENT REVIEW

ESSAP reviewed the licensee’s final status survey documentation and performed an on- site record
review of the HTDN program. A preliminary report on the review of the licensee’s HTDN
program and a comment letter documenting the review of Volumes 1 through 5 were submitted
to the NRC (ORISE 1996c¢ and ¢). The licensee’s documentation provides an adequate description
of the radiological status of the surveyed areas and sufficient information on the HTDN program.

SURVEY RESULTS

Surface Scans

Surface scans performed within the eight survey u - selected for confirmatory survey activities

did not identify any locations of elevated direct rz.diation.

Surface scans performed within the Group F survey units identified two locations of elevated
direct radiation. One location of eievated direct radiation was identified in survey unit FO077,
an affected arez located on Level § of the Reactor Building. The elevated direct radiation was
located in a relatively inaccessible area behind an electrical raceway, and was identified with a
GM detector.

The second location of elevated direct radiation was identified while performing scans in survey
unit FOO84, an affected area on Level 7 of the Reactor Building. The location of elevated direct
radiation was identified on the exterior wall of the PCRV using a GM detector. It was
subsequently determined by the licensee that this location of elevated direct radiation was actually

within FO1185, the survey unit immediately adjacent to, and above, survey unit FOO84.
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Surface Activity Levels

Surface activity levels for total beta activity and removable alpha and beta activity within the eight
survey units selected for confirmatory survey activities are summarized in Table 1. Total beta
activity in surveyed areas ranged from -890 to 1,200 dpm/100 cm?. Removable activity was less
than 9 dpm/100 cm” for gross alpha and ranged from <15 to 18 dpm/100 cm? for gross beta.

Surface activity levels for total beta activity and removable alpha and beta activity for the debris
removed from Building 28 ranged from -370 to 1,400 dpm/100 cm?, Removable activity was less
than 9 dpm/100 cm” for gross alpha and less than 15 dpm/100 cm? for gross beta.

The surface activity level at the location of elevated direct radiation within FO077, as measured
by the GM detector, was 19,600 dpm/100 cm®. The surface activity level measured in survey unit
FO115 with a 126-cm® gas proportional detector resulted in 9,210 dpm/100 cm?. It should be

noted that the licensee had also identified this elevated area with their scan survey and reported
the surface activity level as 8,716 dpm/100 cm?,

Exposure Rates
Exposure rates in surveyed areas are tabulated in Table 2 and ranged from 9 to 21 uR/h.
COMPARISON OF RESULTS WITH GUIDELINES

The primary contaminants of concern for this site are beta-garmma emitters resulting from the
operation of the FSV facility. The applicable NRC guidelines for beta-gamma emitters in
unaffected areas are (NRC 1974):
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Total Activi
5,000 dpm/100 cm’ averaged over a 1 m? area
15,000 dpm/100 cm* maximum in a 100 cm? area

" e Actd
1,000 dpm/100 cm’

The NRC has approved site-specific allowable surface contamination guidelines for H-3 and
Fe-55, particularly in activated concrete and steel (NRC 1994). Thesc ,nideiines are:

Total Activi
200,000 dpm/100 cm?, averaged over | m’

600,000 dpm/100 ecm?, maximum in a 100 cm? area

R ble Activi
40,000 dpm/100 ¢m?

1'SV has assessed the radionuclide composition at the site and determined the site-specific surface
activity guidelines for affected areas (FSC 1996). The effective beta-gamma surface contamination
limits are:
Total activi
4,000 dpm/100 cm’, averaged over a 1 m? area

12.000 dpm/100 cm?, maximum in a 100 cm’® area

K ble activi
750 dpm/109 ¢m?

The two locations of elevated direct radiation identified by scans that exceeded the surface activity
guideline were remediated by the licensee. Mo other direct measurements exceeded the average
or maximuin total surface activity guideline. All removable activity levels were below the

appropriate guidelines.
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A comparison of the ESSAP mean surface activity levels to the FSV mean surface activity levels
using the Student’s 7-test is provided in Table 3. The results indicated that the ESSAP mean was
statistically less than or equal to the respective mean determined by FSV in all 8 of the
confirmatory survey units. That is, the null hypothesis (H, pysy > Hessap) could not be rejected
because the test . atistic was less than the critical vaiue of the r-test for each survey unit.

The exposure rates guideline, measured at 1 meter above the surface, is 5 uR/h above background
(NRC 1988). Due to the variable exposure rate background, ESSAP elected to compare the total
exposure rate (i.e., background was not subtracted) measured during the confirmatory survey to
the licensee's total exposure rate. Comparison of total exposure rates from the six survey units
evaluated showed general agreement between the licensee and ESSAP, with the exception of
Survey Group B0012, survey unit FZ002 (Table 2).

SUMMARY

During the period September 30 through October 3, 1996, the Environmental Survey and Site
Assessment Program of ORISE performed confirmatery survey activities at the Fort St. Vrain site
in Platteville, Colorado. Survey activities included technical review of the hard-to-detect nuclide
program and independent confirmatory survey activities, including surface scans, surface activity

measurements, and exposure rate measurements.

The licensee’s documentation provides an adequaie description of the radiological status of the
surveyed areas and sufficient information on the HTDN program. Confirmatory survey activities
in eight survey units identified no locations of elevated direct radiation. Surface activity levels
were below those reported by the licensee and therefore, demonstrated compliance with the
surface activity guidelines. Statistical tests of data further support the conclusion that the
licensee's surface activity levels were not biased low as compared to ESSAP's measurement

results.
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Comparison of scan results from the five survey units cvaluated showed general agreement
between the licensee and ESSAP. Overall, the confirmatory survey results for the surveyed areas
are consistent with those of the licensee and support the conclusion that surface activity levels and

exposure rates satisfy the guidelines for release for unrestricted use.
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FIGURE 1: Location of the Fort St. Vrain Site — Platteville, Colorado
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FIGURE 2: Plot Plan of the Fort S' Vrain Nuclear Station
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FIGURE 3: A0Q07, Visitor Center #107 —~ Measurement and Sempling Locations
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FIGURE 4: B0O006, Equipment Building #17 ~ Measurement and Sampling Locations
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FIGURE 5: BO006, Machine Shon #15 -- Measurement and Sampling Locations
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FIGURE 6: BOOO6, Paint Shed #1003 — Measurement and Sumpling Locations
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FIGURE 7: BOQO6, Weld Stop #16 ~ Measurement and Sampling Locations
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FIGURE 8: BOC12, Building 1, Helium Storage - Measurement and Sampling
Locations
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FIGURE 9: C0004, Turbine Building, Northwest Office Areas/Electrical Shop -
Measurement ond Sampling Locations
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FIGURE 10: CO0009, Turbine Lube Oil Storage Tank Room - Measurernent and
Sampling Locations
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