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INDEPENDENT CONFIRMATORY SURVEY
OF THE NUCLEAR RESEARCH LABORATORY
AT THE UNIVERSITY OF ILLINOIS
URBANA-CHAMPAIGN, ILLINOIS

1. INTRODUCTION

The University of Illinois (University) Nuclear Research Laboratory (NRL) contained an Advanced
Teaching Research Isoﬁope General Atomic (TRIGA) Mark II swimming pool-type reactor designed
by the General Atomic Division of General Dynamics Corporation. Construction of the NRL began
in the summer of 1959; construction was completed the following summer and the reactor achieved
initial criticality on August 16, 1960. The NRL was operated under U.S. Nuclear Regulatory
Commission (NRC) license R-115 and was operational until its permanent shutdown on August 6,
1998. A subcritical assembly, known as the Low Power Reactor Assembly (LOPRA), was added to
the Bulk Shielding Tank on the south side of the reactor in 1971. The LOPRA used TRIGA fuel,
and operated under its own NRC license (No. R-117) until 1995 when the LOPRA license was
transferred to license R-115. NRC license R-117 was then terminated, and all reactor operations

were conducted under license R-115 until reactor shutdown (ES 20006).

The historical site assessment and initial site characterization activities were conducted in 2005 by
Scientech, LLC to assess and detail the radiological status of the NRL facility. The characterization
activities determined that many reactor components and systems—including the soil under the
building and some sub-surface structural components—were either radiologically activated,
contaminated, or had a potential to contain residual contamination. EnergySolutions (ES) prepared a
facility decommissioning plan (DP) that detailed the methodology that would be used to achieve the
unrestricted release of the NRL facility (ES 2006). The steps to achieve unrestricted release included:
additional characterization surveys of the building and reactor process components, removal of
activated/contaminated materials, and surveys for release of the remaining reactor components and
building materials. The material release program is intended to demonstrate that building
materials/debris that will result from facility demolition do not have detectable radioactivity levels
due to site operations. Final status surveys (FSS) will be conducted on the remaining structural

components and soils after demolition of the NRL.

University of Illinois 1 5173-SR-01-0
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At NRC’s request, Oak Ridge Associated Universities (ORAU), operating under the Oak Ridge
Institute for Science and Education (ORISE) contract, conducted in-process surveys/inspections

and confirmatory survey activities of the NRL.

2. SITE DESCRIPTION

The University is approximately 110 miles southwest of Lake Michigan and 35 miles from the
Ilinois-Indiana border. The campus is centered on the dividing line for the adjoining cities of
Urbana and Champaign. The approximate 5,000 square foot NRL facility is located just south of the
Engineering Sciences Building on the University’s campus between Green and Springfield Streets.
The NRL facility is divided into three levels: the lower level (reactor room), mezzanine level (offices,

former control room, and restrooms), and storage level (located above the mezzanine with one

office) (ES 2000).

3. OBJECTIVES

The objectives of the confirmatory activities were to provide independent contractor field data
reviews, evaluate the licensee’s survey process, and generate independent radiological data for use by

the NRC in evaluating the adequacy and accuracy of the licensee’s release survey results.

4. DOCUMENT REVIEW

Prior to on-site activities, ORAU staff reviewed the licensee’s DP, final status survey plan (FSSP),
guidance for pre-demolition surveys, and survey data sheets (ES 2006, ES 2007, and LVI 2012a and
2012b). The DP was specifically reviewed for historical information, as well as to identify the
radionuclides of concern (ROCs) and the applicable release criteria. The purpose of these reviews
was to ensure that the regulatory requirements for release of the building materials were being met
by the licensee and to develop the ORAU confirmatory survey plan. ORAU also reviewed Guidance
for Pre-Demolition Surveys of Nuclear Research Laboratory Building, University of Illinois Urbana-Champaign
(LVI 2012a) to gather information detailing the criteria used for survey unit (SU) breakdown. The
licensee provided the survey data sheets to explain how their instrumentation detection capabilities
were calculated. ORAU was to ensure that the release survey activities within the NRL facility were

adequate and appropriate, taking into account any supporting documentation and applicable
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Multi-Agency Radiation Survey and Site Investigation Mannal (MARSSIM) guidance (NRC 2000). The
University’s FSSP was reviewed for information pertaining to derived concentration guideline levels
(DCGLs) in soil in the event of soils becoming exposed during structural remediation. Final status

surveys will only be implemented to address the building footprint and immediate surrounding areas

that remain after demolition (ES 2007).

During the site visit, ORAU was provided two additional documents detailing the sampling guidance

for concrete floor samples and guidance for release of the bioshield (LVI 2012¢ and 2012d).

5. APPLICABLE SITE GUIDELINES

The primary ROCs for the NRL are beta-gamma emitters—fission and activation products—
resulting from reactor operation. Alpha contamination was not identified during characterization nor
decommissioning activities (LVI 2012a). During remediation of the reactor, additional concrete
samples (cores) were collected from the area around the NRL tank wall and floor. These samples
indicated that the only ROCs were europium-152 (Eu-152), cobalt-60 (Co-60), and tritium (H-3)
(ES 2006). In addition to these ROCs, Table 2-4 in the DP, which was derived from NUREG-1640,
identified iron-55 (Fe-55) and nickel-63 (Ni-63) as other potential concrete rubble contaminants.
Fe-55 was identified during the site characterization and was considered a possible soil contaminant.
Furthermore, carbon-14 (C-14) is mentioned as a primary ROC for soil in Table 2-3 of the DP. Like
H-3, Fe-55, and Ni-63, C-14 is considered a hard-to-detect ROC associated with the operation of a
TRIGA reactor. |

5.1 RELEASE CRITERIA FOR BUILDING SURFACES

The radioactivity values presented in Table 1 were used to evaluate materials to be released for reuse,
recycle, or disposal as clean waste. The release criterion approved for use at the NRL states that the
materials will be free of detectable surface contamination in accordance with guidance provided by
the NRC in IE Circular 81-07. This circular is specific to removal from radiologically restricted areas
of items (tools and equipment) and materials (e.g., scrap material, paper products, and trash) that
could potendally be contaminated. The radioactivity limits shown in the Circular and provided in
Table 1 represent the upper bound on the required detection capability of the survey procedures and

instrumentation used. The licensee used standard survey instrumentation and smear samples to
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survey the NRL materials. A liquid scintillation counter with a2 minimum detectable concentration
MDC) of 1,000 dpm was used to determine activity on tritium smears (LVI 2012a). Furthermore,
the licensee used an additional standard for volumetric radioactivity limits. These limits are provided

in Table 1 as well. The total and removable surface activity data and volumetric sample data were

compared with the respective limits.

Net beta-gamma

activity 5,000 15,000 1,000
(dpm/100cm?)

Net alpha activity

(dpm/100cm?) 100 300 20

« P tmmwmppcyg | :
Tritium 1.1E-03 9.1E+02 Leachate-industrial
Iron-55 1.5E-05 6.7E+04 Processing concrete
Cobalt-60 2.0E+00 5.0E-01 Road building
Nickel-63 1.5E-05 6.7E+04 Processing concrete
Buropium-152 8.8E-01 1.1E+00 Road building

5.2 RELEASE CRITERIA FOR VOLUMETRIC CONCRETE AND SOILS

The concrete floor of the reactor room and remaining concrete bioshield were sampled for
volumetric contamination levels prior to initiating pre-demolition surveys to ensure that volumetric
contamination, if present, was less than the criteria provided in Table 2-4 of the NRL DP. The

criteria in the NRL DP correspond to the values listed under “Recycling and Disposal of Concrete
Rubble” and reproduced in Table 1.

Determination of soil compliance will be demonstrated after the NRL demolition in accordance
with the approved FSSP (LVI 2012a). The NRC default screening DCGLs and U.S. Environmental

Protection Agency Memorandum of Understanding consultation triggers will be utilized for soil

University of Illinois 4 5173-SR-01-0
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release (ES 2006). Though soil samples were not collected during remediation and release survey

activities, radionuclide-specific screening levels are listed in Table 2.

D
Cobalt-60 3.8
Europium-152 6.9
Tritium (H-3) 110
Carbon-14 12
Iron-55 10,000
Nickel-63 2,100
Cesium-137 11
Europium-154 8.0

6. SURVEY PROCEDURES

At NRC’s request, the ORAU survey team visited the University during the time period of May 8
through 10, 2012 to perform in-process and confirmatory survey activities. The in-process and
confirmatory survey activities included evaluation of the licensee’s implementation of the
methodologies as written in their guidance documents, visual inspections, surface scans, surface
activity measurements, and sample collection. The confirmatory survey activities were conducted in
accordance with the approved project-specific plan and the ORAU Survey Procedures and Quality
Program Manuals (ORAU 2012a, 2012b, and 2011a). Questions and concerns were brought to the
immediate attention of the NRC and are also noted in the Findings and Results section of this

report.
6.1 REFERENCE SYSTEM

Measurements and sampling locations were referenced to prominent site features and documented
in the field logbook. Table 3 details the SU breakdown for the NRL during the survey for release

phase.
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SU1 t.oviet Level Elost Including pit and tunnel surfaces; loading area 5
floor

SuU2 Bioshield Exterior surface of bioshield 2

SU3 eeros Rooi Walk Flooring to celh_ng (§xclu§1ng mezzanine level 3
walls); heater/air units; pipes and ducts

o ] } ) 3

SU4 Reactor Room Ceiling Ceiling and honzgntal surfgce§ (mcludmg
overhead mezzanine); ventilation ducts; lights

SUS Mezzanine Level Floor and wall sur.faces; ventilation system 3
components; furniture/ fixtures

SUG6 Waien ¥ el Floor and wall sur'faces; ventllatlon. system 3
components; furniture/ fixtures; ceiling

SU7 Roof Roof surface; ventilation components

SuU8 Extetior Walls All exterior walls; cooling tower

SU9 Paved Areas Asphalt and concrete walkways 3

6.2 SURFACE SCANS

Gamma scans were performed using sodium iodide (Nal) scintillation detectors coupled to
ratemeter-scalers with audible indicators. Alpha-plus-beta surface scans were performed using hand-
held gas proportional detectors coupled to ratemeter-scalers with audible indicators. Both Nal and
gas proportional detector/instrument combinations were connected to hand-held electronic data

collectors equipped with real-time data-logging software to record instrument response during scans.

Confirmatory scan coverage during the confirmatory survey was based on the SU MARSSIM
classifications presented in Table 3. Low-density scans were performed on the accessible surfaces in
SUs 5 and 6. SUs 1 and 3 initially received medium-density scans of the floor and lower walls. The
scans were increased to high density where elevated activity was detected. High-density scans of all
accessible areas were also performed in SU 2. Though the licensee’s pre-demolition release survey
approach did not designate any class 1 SUs, ORAU performed high-density scans of the class 2 SUs
where significant remediation had been performed or when elevated activity was observed during

initial confirmatory scans. Confirmatory surveys were planned for SUs 4, 7, 8, and 9. However, due
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to the amount of investigative surveys performed in SUs 1, 2, 3, 5, and 6, ORAU was unable to

survey the remaining four SUs before the end of the site visit.
6.3  SURFACE ACTIVITY MEASUREMENTS

Based on alpha-plus-beta scan results, direct surface measurements for total and removable
alpha-plus-beta activity were performed at 39 judgmentally selected locations within the NRL. The
locations were selected based on the elevated radiation levels identified by the ORAU survey team.
In addition to alpha-plus-beta, alpha-only measurements were collected at 37 of the judgmental
locations. Direct measurements were performed by using hand-held gas proportional detectors
coupled to ratemeter-scalers. Due to the approved release criterion for beta-gamma contamination,
ORAU collected material-specific background measurements within the large mechanical room
where radiation levels were indicative of typical operating background for the gas proportional

detectors.

Smear samples for gross alpha and gross beta (GAB) activity levels, and H-3/C-14 were collected
primarily from non-remediated surfaces at the direct measurement locations. The decision to collect
either a GAB or H-3/C-14 smear was also based on material surface characteristics and/or

correlation to reactor processes.
6.4 CONCRETE SAMPLING

ORAU collected four concrete samples during confirmatory survey activities; three within the
bioshield and one in the N16 coolant tunnel (Fig. 1). Samples were obtained from these areas due to
increased activity measurements or at the request of the NRC. An additional five volumetric
concrete samples collected and previously analyzed by the licensee were selected by the NRC and

provided to ORAU for an inter-lab comparison.
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5173M0001 5173M0002

5173MO0008 5173M0009

Fig. 1. Confirmatory Sample Locations for the Bioshield and N16 Coolant Tunnel

7. SAMPLE ANALYSIS AND DATA INTERPRETATION

Samples and data collected were returned to the ORAU/ORISE facility in Oak Ridge, Tennessece
for analysis and interpretation. All sample analyses were performed in accordance with the
ORAU/ORISE Laboratory Procedures Manual (ORISE 2012). The concrete samples collected were
analyzed by solid-state gamma spectroscopy for gamma-emitting ROCs. Fe-55 and Ni-63
concentrations were determined by radiochemical separation and then counted via liquid
scintillation. Samples 5173M0008 and 5173M0009 were also analyzed by alpha spectroscopy at
NRC’s request. Smears for GAB were analyzed with a gas flow proportional counter. Smears for

H-3 and C-14 were analyzed via a liquid scintillation counter. Analytical results for the volumetric

University of Illinois 8 5173-SR-01-0
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samples are reported in units of picocuries per gram (pCi/g) and smear results in pCi/sample. The
data generated were compared with the approved NRC screening values as presented in Table 2.
Appendices C and D provide further details on the survey and laboratory instrumentation and

procedures used.

8. FINDINGS AND RESULTS

The results for each of the in-process and confirmatory survey activities are discussed in the

following subsections.
8.1 DOCUMENT REVIEW

Reviews of the documents provided prior to the site visit revealed multiple items of concern. First,
the licensee divided the NRL facility into nine SUs with different MARSSIM classifications

(LVI 2012a). However, none of the SUs were designated as Class 1 areas, even with extensive
remediation performed on the bioshield, coolant tunnel piping, and N16 tanks. Section 4.4 of
MARSSIM designates that Class 1 areas are those that have (or had prior to remediation) a potential
for radioactive or known contamination above site release criteria. This includes site areas subject to
remedial actions, locations where leaks or spills have occurred, waste storage sites, and areas with

contaminants in discrete solid pieces of material with high specific activity (NRC 2000).

The next item of concern was the reference inputs on the licensee’s survey data sheets. ORAU
noticed that the scan MDC for total direct beta-gamma measurements in a completed survey data
sheet exceeded 5,000 disintegrations per minute per 100 square centimeters (dpm/100 cm?)

(LVI 2012b). This resulted in conflicts between the licensee’s two guidance documents. The
pre-demolition document said portable survey instruments would be capable of detecting total
beta-gamma contamination at the release limit and set the minimum detectable count rate (MDCR)
at approximately 75% of the release criteria (representative of approximately 3,750 dpm/100 cm”
beta-gamma), which the licensee committed to (LVI 2012a). Conversely, the licensee stated that the
measureable limit criteria for the bioshield equated to approximately 2,500 dpm/100cm”
(beta/gamma) for concrete surface surveys, which is the limit set in the bioshield guidance

document (LVI 2012d).
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Further review of the same completed survey data sheet revealed an uncharacteristically high
number of negative beta-gamma surface activity results. This suggests that the reference background
data inputs used may not have been appropriate for this SU. This sheet also included the application
of the instrument efficiency for technetium-99 (Tc-99) to surface activity calculations even though
C-14, a radionuclide with a lower detection efficiency, was one of the ROCs. This conflicts directly
with calibration requirements of both Circular 81-07 and MARSSIM. Using the Tc-99 instrument
efficiency versus the more restrictive C-14 efficiency could result in an overestimation of the
instrument’s detection capability; this would lead to an underestimation of surface activity. To
mitigate the possibility of underestimating surface activity, ORAU instrumentation was calibrated to

the C-14 efficiency using 2 0.4mg/cm” face on the gas proportional detectors.
8.2 SURFACE SCANS

The gross count rates for alpha-plus-beta and gamma radiation surface scan data for each SU were
prepared for report presentation using quantile (Q) plots. The Q-plots are presented in Appendix A.
They are a graphical technique for determining if there is a common distribution in data sets. The
advantage of the Q-plot is that population distributional aspects can be evaluated simultaneously.

The detectable aspects include:

e Shifts in scale
e Changes in symmetry (skewness of the data)

e The presence of outliers

Q-plots were generated by uploading the scan data files into the U.S. Environmental Protection
Agency’s ProUCL software. In the Q-plots provided in Appendix A, the Y-axis represents observed
count rates in counts per minute (cpm). The X-axis represents the data quantiles about the mean
value. A normal distribution that is not skewed by outliers will appear as a straight line with the
slope of the line subject to the degree of variability among the data population (i.e., a background
radiation population). Values less than the mean are represented in the negative quantiles, and values
greater than the mean are represented in the positive quantiles. The presence of more than one
population—e.g., background radiation population and contamination—would display on a Q-plot
as a step function. Small areas of localized contamination will appear on the Q-plot as outlier points

in the upper right quadrant.
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The ORAU survey team detected residual radioactivity in SUs 1, 2, 3, 5, and 6 while performing
surface scans with hand-held gas proportional and Nal detectors. Instrument response for
alpha-plus-beta and gamma scans ranged from approximately 60 to 3,600 gross cpm and 2,800 to
24,000 cpm, respectively, over all SUs addressed during confirmatory surveys. The N16 Tank Vault
had the highest alpha-plus-beta instrument response for walls due to the detection of localized
contamination on the south wall and on the remaining pipe flanges leading into the coolant tunnel.
The highest average instrument response for the floors occurred in the Sealed Source Cage. All
other areas of elevated surface activity identified during confirmatory surveys were bounded,
quantified, and reported to the onsite NRC inspector. The Q-plots clearly show those SUs where

contamination was detected during surface scans.
8.3 SURFACE ACTIVITY MEASUREMENTS

Total surface activity and removable activity levels for the 39 judgmentally determined
measurement/sample locations are presented in Table B-1. Table 4 presents a summary of

remaining activity levels.

Total Alpha (dpm/100cm?) 37 -14 to 820
Total Beta (dpm/100cm?) 38 -1,200 to 15,000
Removable Alpha (dpm/100cm?) 13 -1to6
Removable Beta (dpm/100cm?) 13 0to 184
Removable Tritium (pCi/sample) 21 -5.5 to 773.0
Removable Carbon-14 (pCi/sample) 21 -1.6 to 207.0

ORAU identified 31 pre-remediation locations above the conservative static measurement MDC of
690 dpm/100cm” for the alpha-plus-beta gas proportional detectors, 7 of which were above

5,000 dpm/100cm®. Spot remediation was performed by the licensee, resulting in 29 locations still
above the alpha-plus-beta MDC, and 4 still above 5,000 dpm/100cm” at the conclusion of the
confirmatory survey. Material-specific backgrounds were used to correct gross counts prior to
calculating the alpha-plus-beta surface activity. Total remaining confirmatory survey alpha-plus-beta

surface activity levels ranged from approximately 1,200 to 15,000 dpm/100 cm®,
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The highest reported surface activity of approximately 15,000 dpm/100 cm?® was identified on the
floor of the source cage. The second highest reported surface activity of approximately

10,000 dpm/100 cm*® was observed on a conduit pipe on the exterior wall of the bioshield.
Additional surveys of this conduit did not reveal any alpha or gamma contamination. The licensee
committed to sealing the conduit and disposing of it in the proper waste stream when the remaining
bioshield components were demolished. The third highest activity (approximately

9,300 dpm/100 cm®) was located on the south wall of the reactor room. Remediation was being
performed on the third location, but the ORAU team departed the site before remediation of it or
other locations could be confirmed. The fourth and final location above 5,000 dpm/100cm® was on

the north wall of the decay tank with a surface activity of approximately 6,200 dpm/100 cm”.

Alpha surface activity measurements were collected at several elevated activity locations identified
during the alpha-plus-beta scans to ensure that the licensee’s decision not to collect alpha
measurements was justified. Elevated alpha surface activity measurements were observed primarily
in the concrete-lined coolant tunnel. Smears and a volumetric sample were collected from the
coolant tunnel to determine if the observed alpha surface activity was due to contamination or radon
gas buildup. Review of the analytical results indicated that the observed activity was due to radon in

the tunnel.

Laboratory analysis of the 13 smears collected in association with direct surface activity
measurements identified 2 maximum gross beta contamination of 180 dpm /100 cm® on the coﬁdujt
pipe of the bioshield. All remaining GAB removable activity results ranged from -1 to

6 dpm/100 cm” and 0 to 9 dpm/100 cm?, respectively. Removable activity for the hard-to-detect
radionuclides across all SUs ranged from -6 to 770 pCi/sample for H-3, and -2 to 210 pCi/sample
for C-14. The removable activity levels were below the release criteria. The surface activity results

are summarized in Table 4.
8.4 RADIONUCLIDE CONCENTRATION IN CONCRETE

Additional concerns were identified in the radiological analysis of the four confirmatory concrete
samples collected from the bioshield and coolant tunnel. Review of the analytical results revealed
concentrations of Co-60 in excess of the 0.5 pCi/g release limit for all samples, and two samples had

concentrations in excess of the 1.1 pCi/g Eu-152 release limit (Table B-2).
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At NRC’s request, ORAU Samples 5173M0008 and 5173M0009 were also analyzed via alpha
spectroscopy (Table B-3). Alpha spectroscopy results did not identify any concentrations of the

ROCs above the respective release limits.

The NRC also selected five of the licensee’s split concrete samples and provided them to ORAU for
an inter-lab comparison. A full inter-lab comparison could not be performed on the samples
provided due to insufficient reporting of the licensee’s analytical results. Only a percentage of the
licensee’s samples were analyzed for the hard-to-detect ROCs, and a different percentage received
gamma spectroscopy analysis. The licensee’s results were then reported as detects with known
concentrations and errors, less than MDC (<MDC), or no analytical data reported (NAD). Before
reporting the inter-lab comparison results, ORAU did observe that the licensee did not include
C-14, cesium-137 (Cs-137), or Eu-154 as ROC:s for the recycling and disposal of concrete rubble per
NUREG-1640. However, C-14, Cs-137, and Eu-154 were added to the initial ROC list in Table 3
which lists the primary ROCs in soils. Analytical results for each of the ROC:s listed in Tables 2 and
3 have been included in the ORAU columns, even if the corresponding analysis had not been

requested by the licensee (Tables B-4 and B-5).

ORAU is of the opinion that the ROC list associated with the release of underlying soil should be
consistent with the ROC list associated with the release criteria for the recycle and disposal of
building rubble. This opinion was reached on the basis that the source of contamination would
originate from within the building, and then would have to migrate through the construction

materials in order to impact the soil.

9. SUMMARY

At NRC’s request, ORAU conducted confirmatory survey activities within the NRL at the
University during the week of May 7, 2012. The sutvey activities included visual inspections/

assessments, surface activity measurements, and volumetric concrete sampling activities.

During the course of the confirmatory activities, ORAU noted several issues with the
survey-for-release activities performed at the University. Issues included inconsistencies with:
survey unit classifications were not designated according to MARSSIM guidance; survey instrument

calibrations were not representative of the ROCs; calculations for instrumentation detection
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capabilities did not align with the release criteria discussed in the licensee’s survey guidance
documents; total surface activity measurements were in excess of the release criteria; and Co-60 and

Eu-152 concentrations in the confirmatory concrete samples were above their respective guidelines.

Based on the significant programmatic issues identified, ORAU cannot independently conclude that

the NRL satisfied the requirements and limits for release of materials without radiological

restrictions.
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