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INDEPENDENT CONFIRMATORY SURVEY REPORT
FOR THE PROCESS BUILDING AT THE

HEMATITE DECOMMISSIONING PROJECT
FESTUS, MISSOURI

INTRODUCTION

The Westinghouse Electric Company, LLC (WEC) former fuel cycle facility near Festus, Missouri

operated from 1956 to 2001. The facility produced uranium fuel pellets from natural and enriched

uranium. The site ceased operational activities in September 2001 and is now proposing to

decommission the facility. The site is now known as the Hematite Decommissioning

Project (HDP). From its inception in 1956 through 1974, the facility was used primarily in support

of government contracts that required production of highly enriched uranium (HEU) products.

From 1974 through the plant closure in 2001, the focus changed from government contracts to

commercial fuel production. Specifically, operations included the conversion of uranium

hexafluoride (UF6) gas of various uranium enrichments to uranium oxide, uranium carbide, uranium

dioxide pellets, and uranium metal. Secondary operations included research, development and

uranium scrap recovery processes. The facility's production buildings, central land area, and the site

creek were impacted by the fuel fabrication activities. Currently within permitted licensed activities,

WEC has performed equipment decontamination and dismantlement and has shipped various

equipment and materials off site.

The U.S. Nuclear Regulatory Commission (NRC) is responsible for oversight of permitted license

activities that are currently being conducted at the HDP. The NRC has opted to perform

independent (third party) confirmatory activities of various site activities. The purpose of

confirmatory activities is to verify that site characterization results are developed with appropriate

technical bases and that any remedial actions have been effective in meeting site-specific guidelines

and that documentation accurately and adequately describes the radiologicial conditions at the site.

The Independent Environmental Assessment and Verification (IEAV) Program of the Oak Ridge

Institute for Science and Education (ORISE) was designated as the organization responsible for this

task at HDP. Specifically, ORISE has been tasked to independently assess the residual

uranium-235 (U-235) gram quantity hold-ups remaining on building surfaces, within process

equipment, and within building support systems such as drain lines and ductwork.
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SITE DESCRIPTION

The Hematite facility is located in Jefferson County Missouri less than four miles west of the town

of Festus, Missouri and 35 miles south of the city of St. Louis. The site is surrounded by forest,

agricultural lands,.and low density residential housing. The entire site consists of approximately

228 acres; however, the impacted portion of the site, referred to as the central tract, only includes

approximately 19 acres. The central tract of the site is bounded by State Road P to the north, the

northeast site creek to the east, Union-Pacific railroad tracks to the south, and the site creek/pond

to the west.

The following descriptions of the buildings were taken from revision two of the Hematite

Decommissioning Plan which was not approved by the NRC (WEC 2005). However, ORISE used

excerpts from this plan primarily for historical site information. See Figure A-1 for floor plans of

the following buildings.

Building 230, the Rod Loading Building, was built in 1991 for the purpose of fabricating nuclear fuel

rods and assemblies for the nuclear power industry (i.e., standard, erbium, and gadolinium) which

were then loaded for shipment off site. Activities in Building 230 included the assembly of fuel rods

from pellets made within other site facilities. The primary isotopes utilized in the construction of the

fuel.rods included U-235, uranium-238 (U-238), and in some cases gadolinium. The gadolinium

included the naturally occurring radioactive isotope gadolinium-152 (Gd-1 52), an alpha emitter that

poses similar radiological hazards to those associated with the uranium isotopes. No appreciable

amounts of chemicals were used in this building and contact with fuel pellets was limited to two

small areas. The building is currently being used as office space. The building surfaces have no

known levels of radioactive contamination above the proposed levels for unrestricted use. During

the period of mid-2003 to mid-2004, this building underwent radiological rernediation in preparation

for its current use as the Decommissioning Project office. A Multi-Agency Radiation Survey and Site

Investigation Manual (MARSSIM) final status survey (FSS) was conducted by the project in order to

remove radiological controls on the building. These surveys were not intended to serve as

justification for the final radiological status.

Building 231 is a warehouse that was erected in 1996 and used to store shipping containers. Some

refurbishment of radioactive material shipping containers was performed within this building.
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Building 235, the West Vault, was most recently used to store depleted and natural uranium; in the

past it was used to store HEU. The interior of the building was painted in 1994 and contamination

may be present under the paint.

Building 240, Recycle Recovery, consists of the Red Room, Green Room, and Blue Room.

This building contains laboratory and maintenance areas, a recycle recovery area, a waste incinerator

area, and the former health physics laboratory. Support operations were conducted for conversion,

pelletizing, and fuel assembly, including material recycle, scrap recovery, cylinder heel recovery,

quality control, analytical laboratory, maintenance, waste consolidation, and disposal preparation.

Past operations included the conversion of HEU using a wet conversion process and wet recovery

of scrap. The effluent streams were piped to the retention ponds for settling and evaporation and

may contain HEU. Numerous spills and leaks likely occurred in these areas, and parts of the slab

were re-poured in 1974 over some existing contaminated flooring. See room specific descriptions

below:

* Building 240-1 housed the health physics and production laboratories, lunchroom, and

laundry for radiologically contaminated personal protective equipment (PPE).

Historically, the.lunchroom,, offices, locker rooms, and laundry were also housed in this

building.

* Building 240-2 (Red Room) was used for recycle and recovery operations. Historically,

high-enrichment powder and metal operations, including recycle and recovery were

housed in this building.

• Building 240-3 (Green Room) is currently used for the incinerator and associated

support operations.. Historically, low-enriched powder operations, including ammonium

diurinate and oxidation/reduction furnaces were housed in this building.

* Building 240-4 (Blue Room) housed the maintenance shop. The production laboratory

was also housed here until 1993 when it was moved to 240-1. The Blue Room formerly

housed low-enriched powder operations.

Building 245 (Well House) is the block building attached to the potable water tank by the double

doors into the laundry room.

Building 252 (South Vault) was used for storage of low and high-enrichment nuclear material. It was

most recently used for storage of chemicals and low-level radioactive wastes.
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Building 253 contained offices, various facility utilities, a uranium storage facility, processing areas,

and decontamination facilities. Within Building 253 is Building 250, which was formerly a

stand-alone structure. In 1958, rooms 250-2 and 250-3 were added to Building 250. Building 250

became room 250-1 and continued to be used for the storage of UF, cylinders and mechanical

operations such as boilers, cooling tower pumps, and recycle hopper make-up. Building 250-2 was

used as a general storage area, and Building 250-3 was the blending room for low-enriched uranium

oxide. Previous characterization sunreys indicate that building and equipment surfaces are

contaminated. Additionally, sub-slab contamination was found during the 1989 construction of

Building 253.

Building 254 (Pellet Plant) operations included feeding granules of uranium dioxide (UO2) or

uranium oxide (U30.) into a mill that produced fine powder for pressing. A starch and die lubricant

were added and blended into a batch and subsequently pressed into pellets. The fuel pellets were

processed through a de-waxing furnace to remove the additives and then passed through a sintering

furnace where they were made into a ceramic. These furnaces were electrically heated and

disassociated ammonia was used to provide a reducing atmosphere.

Building 255 (Erbia Plant) was most recently used for the special product line making erbium pellets.

It was the main pellet plant from 1974 through the opening of Building 254 in 1989. This process

area included agglomeration, which used cranko and freon, instead of the slugging presses, to

increase particle size between the micronization/blending and pellet pressing.

Building 255-3, the most recent erbium recycling area, was historically called the Item Plant in which

high-enrichment shot to be used as reactor fuel was sized and coated.

Building 256 (Pellet Drying and Warehouse) was used for pellet drying. Pellet trays were loaded into

pans, dried in an electric oven using disassociated ammonia as a cover gas, and either stored or

transferred to Building 230. This structure was originally used as warehouse space. Building 256-2

was the main facility warehouse for shipping and receiving pellets and powder and for receiving

facility supplies.

'Building 260 (Oxide and Oxide Loading Dock) was built in approximately 1968 and is a four-story

Butler-type building. This building was used for the conversion of uranium compounds into

uranium oxide granules.
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Building 261 (Limestone Building) was used for the storage of unused limestone. Historically, the

building contained a limestone storage bin, conveyor system, preheat furnace, and a heat trace. All

contents have been removed from this building.

OBJECTIVES

The objective of this survey was to generate independent radiological data for use by the NRC in

evaluating the adequacy and accuracy of the licensee's procedures and survey results. Please see

figure A-1 for a layout of the process building.

DOCUMENT REVIEW

Prior to onsite activities, ORISE reviewed the applicable sections of the "Hematite Decommissioning

Plan" (WEC 2005) to obtain site-specific information for confirmatory survey planning as well as

other applicable data or relevant documents to meet the survey objectives. The focus of the review•

included prior activities performed in the process buildings, past characterization and remediation

performed, and survey methodology for instrumentation detection capabilities and calibration to

determine the adequacy and appropriateness of HDP's approach. These reviews included data

interpretation, statistical evaluation, and comparison of results to ensure that the appropriate

methodologies were applied and performed correctly. ORISE also reviewed the licensee's

adherence to investigation procedures that are triggered by specified survey results.

PROCEDURES

A survey team from ORISE visited the HDP from November 16 through 19, 2009 to perform

visual inspections and measurement activities. Confirmatory survey activities were conducted in

,accordance with a site-specific survey plan, the ORISE/IEAV Survey Procedures Manual and the

Quality Program Manual (ORISE 2009b, ORISE 2008, and ORAU 2009).

Interior Surface Scans

The floors and equipment in the process buildings were scanned for direct gamma radiation using

sodium iodide (Nal) scintillation detectors coupled to ratemeters or ratemeter-scalers with audible

indicators. Medium density gamma scans covering approximately 20-40% of accessible lower

structural surfaces and process/support equipment were conducted. The results of some of these

scans are displayed in Figures A-2 and A-3.
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Holdup Measurements

For holdup measurements, the In-Situ Object Counting System (ISOCS) was used. Measurements

from locations where HDP indicated a significant gram quantity of uranium were verified using the

ISOCS. These measurements were performed for confirmatory data evaluations. Furthermore,

judgmental measurements were performed for validating the holdup quantities reported by HDP.

Judgmental locations for measurement were based on the results of the gamma scans. Because of

the largely unknown sample matrix and uranium deposition profile, Line Activity Consistency

Evaluator (LACE) software from Canberra was used to assess the accuracy of the modeled

geometry. This was an iterative process where first the ISOCS efficiency was created using all

available site and survey data, used for initial analysis, checked by LACE, and then used or changed

depending on the results from LACE.

LACE is a post-nuclear identification (NID) tool used to assess the accuracy of the computer

modeled sample in comparison to the results from the real-world sample. LACE works by

comparing the expected ratio of gammas emitted by the isotope to the ratios observed from the

sample. Because the observed gamma rays are coupled to the modeled efficiency, the ratio between

the expected and observed can be used for accuracy evaluation. This is then plotted in a ratio vs.

energy graph. The closer the slope of the regression line is to one, the more accurate the model is.

Only radionuclides that emit multiple gammas can be evaluated using LACE software. See Figure

A-4 for an example LACE graph for the hotspot found on concrete in the red room, shown in

Figure A-1 as Holdup.Measurement ID number nine. A large slope in the regression line will

indicate an error in shield thickness, source thickness, shielding density, and/or source matrix.

FINDINGS AND RESULTS

Interior Surface Scans

Qualitative gamma scans were used to both verify formerly noted hotspots on pipes and floors as

well as to identify any previously undocumented areas of elevated activity. One location of

increased gamma activity was found that had not been marked by previous site surveys. See

Figure A-3 for the location of the unmarked elevated area. Because of the interference from the

gamma "shine" from nearby holdup deposits, a definitive quantity of holdup could not be
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calculated. The instrument response from the unmarked area was on the same order of magnitude

as the surrounding marked locations.

Holdup Measurements

The results of the ISOCS holdup measurements are listed in Table B-1 and the locations of the

measurements are shown in Figure A-I. Table B-2 provides measurement location descriptions and

cross reference to the site identification information. In general the measured quantities were found

to be less than the values reported by HDP with the exception of the 0799 CH 090826 sink trap in

building 240, which was approximately two grams greater than the site value. The gram quantities of

U-235 reported by HDP were available for some equipment locations where ORISE performed

holdup measurements, and have been included in Table B-1 as well.

SUMMARY

At the request of the NRC, ORISE conducted confirmatory surveys at the Hematite

Decommissioning Project during the period of November 16 through 19, 2009. The survey

activities included visual inspections, scanning and ISOCS measurements. The qualitative gamma

scans verified much of what was found previously and identified one anomaly. The ISOCS holdup

measurements were overall consistently lower than those performed previously by the site with the

exception of one location.
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TAL B-1 PRCS B IDN IOS REUT

Holdup
Measurement

IDa

Spectrum
ID

U-235 (g)
2o

Uncertainty
U-235 (g)

-U-235
MDA (g) U-238 (g)

Z(Y
Uncertainty

U-238 (g)

U-238
MDA (g)

Site Value
U-235 (g)

1 0073 2.63E+00 4.79E-01 1.43E-01 1.46E+02 1.68E+02 1.27E+00 NAb

2 0074 1.11E+01 1.53E+00 1.02E-01 5.92E+02 2.93E+02 8.98E-01 8.95

3 0075 2.12E+01 1.85E+00 1.12E-01 7.83E+02 1.29E+02 1.10E+00 NA
4c 0076 2.24E+01 1.72E+00 1.12E-01 6.41E+02 1.50E+02 1.10E+00 NA

5 0079 1.15E+02 1.27E+01 3.11E+01 3.75E+03 3.20E+02 8.OOE+00 157.05

6 0083 3.80E+00 4.79E-01 5.25E-02 1.67E+02 5.19E+01 2.84E-01 52.19

7 0084 3.11E+01 2.15E+00 2.94E-01 7.78E+02 1.02E+02 2.02E+.00 NA

8 0085 1.37E+01 1.05E+00 1.18E-01 4.69E+02 1.41E+02 1.15E+00 NA

9d 0087 8.12E+00 5.36E-01 1.14E-01 3.46E+02 2.99E+01 1.01E+00 132.07

10 0089 NDC ND 2.90E-02 1.55E+00 1.18E+00 3.56E-01 NA

aHoldup Measurement ID numbers are in reference to Figure A-I.
bNo data available from site.'
CMeasurement duplicated with longer acquisition time (20 min vs 5 min).
dItem 9 on ORlSI". scan map. This spot was between the grid and corner of the room.

No U-235 detected.
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-Site Survey ID Description
RISE Value
U-235 (g),

Site Value
U-235 (g)..

Holdup Measurement IDa I' Spectrum ID

.0990 CH 090919 240-C floor grid 2.63E+00 NAb 1 0073
0799 CH 090826 240 sink trap 1.11E+01 8.95 2 0074
1037 CH 090922 260-A floor grid 2.12E+01 NA 3 0075
1037 CH 090922 260-A floor grid 2.24E+01 NA 4c 0076

0666 CH090810 Blue valve 1.15E+02 157.05 5 ,0079
0730 CH 090814 Erbia room sink trap 3.80E+00 52.19 6 0083

0988 CH 090919 240-A floor grid 3.11E+01 NA 7 0084
Item 9d Red room hotspot 1.37E+01 NA 8 0085
0821 CH 090827 Y-Pipe 8.12E+00 132.07 9 0087

D01 Instrument room drain NDU NA 10 0089

aHoldup Measurement ID numbers are in reference to Figure A-I.
b

No data available from site.
CMeasurement duplicated with longer acquisition time (20 min vs 5 min).
dItem 9 on ORISE scan map. This spot was between the grid and corner of the room.
eNo U-235 detected.

I Hematite Decommissioning Project B-2 1768-SR-03-0



4,-

APPENDIX C:
MAJOR INSTRUMENTATION

Hematite Decommissioning Project 1768-SR-03-0



MAJOR INSTRUMENTATION

The display of a specific product is not to be construed as an endorsement of the product or its
manufacturer by the author or her employer.

SCANNING INSTRUMENT/DETECTOR COMBINATIONS

Gamma

Ludlum Ratemeter-Scaler Model 2221

(Ludlum Measurements, Inc., Sweetwater, TX)

coupled to

Ludlum SPA-3 NaI Scintillation Detector Model 44-10, crystal: 5.1 cm x 5.1 cm

(Ludlum Measurements, Inc., Sweetwater, TX)

Holdup

Canberra portable HPGE detector for ISOCS.
(Canberra, Meriden, CT)
used with
Canberra Inspector-2000 MCA.
(Canberra, Meriden, CT)
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SURVEY AND ANALYTICAL PROCEDURES

PROJECT HEALTH AND SAFETY

The proposed survey and sampling procedures were evaluated to ensure that any hazards inherent to

the procedures themselves were addressed in current job hazard analyses. Prior to onsite activities, a

pre-job integrated safety management checklist was completed and discussed with field personnel.

Additionally, upon arrival on site, a walk-down of the site was performed and no additional hazards

were identified. All survey and laboratory activities were conducted in accordance with ORISE

health and safety and radiation protection procedures (April 2008 and September 2005).

QUALITY ASSURANCE

Analytical and field survey activities were conducted in accordance with procedures from the

following documents:

* Survey Procedures Manual (May 1, 2008)

* Quality Program Manual (June 30, 2009)

The procedures contained in these manuals were developed to meet the requirements of

Department of Energy Order 414.1C and the U.S. Nuclear Regulatory Commission QualityAssurance
Manualfor the Office of Nuclear Material Safety and Safeguards and contain measures to assess processes

during their performance.

" Daily instrument background and check-source measurements to confirm that equipment

operation is within acceptable statistical fluctuations.

" Training and certification of all individuals performing'procedures.

* Periodic internal and external audits.
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CALIBRATION PROCEDURES

Calibration of all field and laboratory instrumentation was based on standards/sources, traceable to

NIST, when such standards/sources were available. In cases where they were not available,

standards of an industry-recognized organization were used.

SURVEY PROCEDURES

Surface Scans

Scans for elevated gamma radiation were performed by passing the detector slowly over the surface.

The distance between the detector and surface was maintained at a nominal distance of about 1 to

5 cm. The identification of elevated radiation levels that could exceed the site criteria were

determined based on an increase in the audible signal from the indicating instrument.

Specific scan minimum detectable concentration (MDCs) for the Nal scintillation detector were not

determined as the instrument was used solely as a qualitative means to identify elevated gamma

radiation levels in excess of background.

Holdup Measurements

ISOCS holdup measurements were performed by setting up the detector on the cart such that the

center of the field of view was at the center of the sample. Sample-detector spacing was arranged to

maximize the count rate from the sample while still keeping it completely within the field of view.

Generally a 90 degree collimator is used for most samples, but some require a 30 degree collimator

due to distance or nearby sources. Because the 30 degree collimator greatly reduces the field of

view, long count times are needed. An MDC was determined using a closed-shield background

while in the building.

Uncertainties

The non-destructive assay (NDA) values and associated uncertainties are based on counting statistics

computed by Genie 2000 Gamma Acquisition and Analysis software, and do not include the

uncertainty from the efficiency generated by the geometry composer. In general, NDA results are

assumed to have 50% uncertainty associated with the values due to the number of unknowns

associated with sample makeup (NUREG CR-5550 pg 612).
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