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Final Survey Rose-Hulman Outbuilding
Report Date: 14 November 2005

Summary

Mr. Jerry Wiza of RAM Services, Inc. conducted a preliminary survey of the radioactive
source storage outbuilding, which is located about 60 feet north of Moench Hall, from 21
to 22 June 2005. Lead bricks contaminated with Cs-137 were discovered at this time in
the northwest corner and further survey and decontamination efforts were suspended
until they were removed. Wipe samples to detect removable contamination were
collected at his time from the floor and walls and analyzed shortly thereafter. None of
these samples displayed any radioactivity significantly above background.
Consequently, and also in view of the ultimate fate of this structure, wipe samples were
not collected on subsequent visits.

On 04 through 06 August 2005 Mr. Wiza returned to the facility to package the
contaminated lead, cement blocks beneath the lead vault and other radioactive waste.
The contaminated lead was transferred by Philotechnics under waste manifest 0866-01-
0012 for disposal at Envirocare of Utah. The cement blocks, dismantled steel vault
frame, and other radioactive waste, as described in the attached manifest 05-0307 L
was removed by ADCO Services, Inc. on 17 August 2005 for final disposal.

On 6 August 2005 Mr. Wiza also scanned 100% of the storage building floor for total
(fixed and removable) alpha and beta contamination. Elevated beta contamination,
amounting to 4200 dpm, was discovered at one floor grid location (number F-11).
Approximately 1/8” of the surface concrete was removed with an air hammer equipped
with a brush head attachment until radiation levels were at background levels. The
resulting rubble was disposed as radioactive waste. No other alpha or beta
contamination was found on the floor, except for some very low-level fixed beta
contamination (approximately 540 dpm) that remains in grid F-3. Mr. Wiza also
measured gamma radiation rates at the surface of the floor and detected nothing
significantly above background.

Mr. Wiza scanned 100% of the lower two meters of the walls for total alpha and beta
contamination on 6 August 2005 and detected no residual contamination significantly
above background. Fixed measurements of wall surfaces and were not obtained on this
date because background reference measurements at the surface of the cinder block
walls in Room 17 of Demming Hall were found to be significantly lower than those
measured in the waste storage building. Further investigation indicated renovations
made at Demming Hall after it was initially constructed had replaced the original cinder
block walls with blocks having a different composition of raw materials from a later time
period.

Mr. Wiza also measured gamma radiation levels at the wall surfaces and discovered
nothing significantly above background. Measurements taken on this date were not
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used because a suitable background reference area could not be established on 6
August.

The space beneath the grade-level concrete floor was not investigated in this survey.
The exterior of the building, except for a few wipe samples, and the adjacent grounds
were not investigated since contamination of these elements seemed highly improbable.

We recommend that Rose-Hulman retain this document, and all others pertaining to
decontamination and decommissioning of the outbuilding, indefinitely so as to support
any future license termination.

Historical Site Assessment

The Rose-Hulman Institute of Technology currently holds U.S. NRC license 13-17582-
01. A copy of the license renewal application, dated 27 April 2004 and signed by Maariji
Syed, Radiation Safety Officer, indicates that Rose-Hulman continues to possess one
100 millicurie Am-241 source, New England Nuclear Model NER-476S, and two Pu-
239Be neutron “howitzers”, which were described in a 26 January 1973 letter to the
U.S. Atomic Energy Commission. The neutron sources contain a total of 80 grams of
Pu-239 and are described in that application as in storage in an outbuilding, a.k.a.
“shed”, located approximately “...60 feet north of the northwest corner of Moench Hall
(the Institute’'s main class-room building)” awaiting removal by the Off-Site Recovery
Project of Los Alamos National Laboratory. These neutron sources appear to be further
identified by an attachment to the 2001 license amendment, described below, as “MRC
40, 159" and “MRC 371, 58g".

A license amendment application dated 15 August 2001 and signed by Daniel L. Hatten,
Radiation Safety Officer states that the purpose of the amendment is to identify
personnel changes, apparently including the R.S.0., and to remove the “regulated” Cs-
137 sources, which apparently had been disposed, from the license.

RAM Services was provided with a copy of a facsimile sent by Mr. Hatten to Bionomics,
a radioactive waste brokerage company, on 15 July 1998 that includes a handwritten
document captioned “Rose-Hulman Waste Inventory”. The items listed were:

Table 1. Rose-Hulman Waste Inventory from 15 July 1998

1. | 5 quarter-size copper buttons with Cs-137 deposited on them

1 coffee can with (I believe) wipe cloths from cleanup of Cs-137

Nuclear Chicago Model P22A instrument with a 3 millicurie Cs-137 source in it

1 Nuclear Chicago Model P21 instrument with a 5 millicurie RaBe source in it

1 Nuclear Chicago 5846 instrument with a 2 millicurie Ra 226 source in it.

oo~ [wIN

A few dozen unregulated button sources.
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Ancther facsimile sent by Mr. Hatten on 22 July 1998 describes the radiation from the
Cs-137 buttons as “= 50 mR/hr @ about 2" distance” and an additional item, which he
wants to call “item 7 on my list”, described as “...a cylindrical lead vessel ... with 100
pCi of Cs-137 in it”. There is no additional description of the chemical or physical form
of the Cs-137.

An NRC Form 540 dated 29 September 1998 describes a waste shipment to Perma-Fix
in Gainesville, Florida comprising a total of 373.922 MBq of Ra-226Be and Cs-137. The
documentary materials from that time period provided to RAM Services also include an
application for NARM disposal at Richland, Washington. The application is only dated
“1999” and requests permission to dispose 7 mCi of Ra-226".

The license 2004 renewal application and the 2001 amendment request state [See
Application Item 10] that “[s]ealed sources (the Am-241 and Pu/Be sources) are wipe
tested for leakage at least as often as once every six months” and both documents
assert that “... no leakage has ever been detected.” In August 2004, the Pu-239BE
sources were leak tested before removal from the radioactive storage shed for storage
until final disposal can be arranged. The new storage building is a small metal structure
located approximately 100 yards east of the Facilities Operations Building.

Facility Description

The radioactive materials license application from 2004 describes the use of the Am-
241 and Pu-239Be sources for teaching purposes in Moench Hall rooms CL-117 and
DL-105. These rooms were not investigated as part of this preliminary survey and are
not encompassed by this report.

The 2004 license renewal application and the 2001 amendment request describe a
small outbuilding used for source storage. This building, the sole subject of this report,
is described in the 2004 renewal application as:

“...a cinder block building of 100 — 150 square feet located about 60 feet northwest of the north
end of Moench Hall (the Institute’s main class-room building). This outbuilding contains a lead
storage vault and is used to store licensable sources (the Pu/Be neutron sources, and the Am-
241 source) when not in use in student laboratories.”

Based on this description we indicate the approximate location of this out building on
the campus map' included below as Figure 1. A photograph of the site made by RAM
Services personnel as part of this survey, and included as Figure 2, shows another
similar building, used for chemical storage, which was not investigated during this
survey, located slightly to the north and east of the radioactive source storage building.

' Obtained from the “Interactive Map” displayed on the current Rose-Hulman Web site, “www.rose-
hulman.edu”.
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A second photograph of the site, Figure 3, shows the source storage building in relation
to other campus buildings.

The lead vault described above rests on a concrete block platform located in the
northwest corner of the building. There are two circular floor penetrations near the
southern edge of this platform and two sewer vent pipes rise from the floor along the
western wall. Two ladders that rise a few feet above the floor level were built into the
eastern wall for access to the lower level of the structure where water pumping
equipment was previously used. The lower level of the building was not investigated as
part of this survey. The locations of these elements are approximately indicated in the
diagram displayed in Figure 3.

= Approximate location of radicactive .
= storage outbuilding. :

—

Art Hah! Field

— Roads

——— Sidewalks  gro0 Wabash Avanue Temre Haute, IN 47801
B /atar Phone:; 8128771511 www.rose-huiman.edu

East sida af campus

Figure 1. Rose-Hulman Campus Map.
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Outbuildings

[
R

Figure 2. Aerial Photograph of Rose-Hulman Campus’

2 perial photograph obtained from Google Earth on 14 November 2005. The éxact date of the
photograph is unknown but was claimed to be sometime in 2003.
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Figure 4. Storage building viewed from the west.
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Figure 5. Floor plan of radioactive storage shed.
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Item 10 of the license renewal application states that the Pu/Be sources are stored in
the outbuilding in galvanized steel drums filled with paraffin and that “[t]he photon
sources are stored in lead shields in a locked cabinet in Room DL105, Moench Hall.
Shields include a cylindrical pig with 3” walls and a well constructed of 2 X 4 X 8" lead
bricks.” As of the date of this survey, the Pu-239Be sources had been removed from
the outbuilding but a shield, apparently the storage vault referred to above, constructed
of an estimated 184 lead bricks and measuring approximately 36” wide X 24” deep and
16" high remained near the northwest corner of the building.
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Survey Methods

The floors and lower walls to a height of 2 meters were marked off in a 1-meter by 1-
meter grid. The grid locations are numbered as described in Figure 5.

North Wall

N-1 | N-3 | N5 | N7

iy 5 m m

I F-1 | F2 | F-3 | F4 mm

2k 3 m m

2 F-5 | F6 | F-7 | F-8 o
= bt | m
= d s m m &
= | 2 F-9 | F10 | F-11 | F-12 A
= )

0 iy m m

F-13 | F-14 | F-15 | F-16 m| e

x| B F-17 | F-18 | F-19 | F-20 g W

§I = LT -1 - o =

S-14{83 85| 87

S2 | 84| S6 ;S8

South Wall

Figure 6. Radioactive Storage Shed Survey Grid.

Alpha/beta surface contamination measurements were made with a Ludlum M/N 2224
Scaler/Ratemeter, S/N 1703486, coupled to a 100 cm? (open area) alpha/beta probe,
Ludlum M/N 43-89, S/N 182428. This system was calibrated on 18 July 2005 by the
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manufacturer, who measured 21 detection efficiencies of 38.9% for Cs-137 and 42% for
Pu-239 at that time.

Gamma radiation levels were measured with a Bicron “microanalyst”, S/N B863H, which
had been calibrated by Ludlum on 07 December 2004.

Calibration certificates for both instruments are included with this report as Attachment

s

Proper operation of the alpha/beta scaler was verified on each day-of-use by recording
10 1-minute counts of reference check sources and comparing these measurements

with previously obtained Conventionally True Values. The instrument was found to be
in proper working order on both survey days.

RAM Services, Inc. Dual Scaler Operational Check Worksheet
Ludlum Model 2224 S/N 170346 Probe Model 43-89 S/N PR-182428

Calibration Date 18-Jul-2005 Calibration Due 18-Jul-2006
ALPHA Check Source Beta Check Source
[sotope Lot No. Ref, DPM Isotope Lot No. Ref. DPM
Th-230  00TH4700764 7,580 Cs-137 00CS000766 270,840
Reference Count Rate 1,526 cpm | Reference Count Rate 922 cpm
Average 1 1 J
Average : | >
Net Minute et Alpha ! Average | Minute AL Beta o
Date Alpha igﬁha Alpha Deviation 3 Average Net Beta Beta Bkg. | Beta Deviation X2 Initials
Count g MDA | MDA
counts counts dpm counts cpm dpm
5-Aug-05 1468.0 0.1 21.3 3.8% 9.41 891.9 107.7 263.5 3.2% 7.55 JPW
6-Aug-05 1507.8 0.7 32.8 1.2% 15.30 809.9 107.1 262.8 2.4% 9.00 JPW ‘
27-Sep-05 1522.0 0.4 28.3 0.3% 6.04 911.6 97.5 251.5 1.1% 8.70 JPW |

Proper operation of the Bicron microanalyst was verified on each day-of use by

measuring surface radiation levels from a “Delaware” radium dial watch. On each day

the Bicron responded with the CTV value of 450 yRem/hr.

A gamma spectrum of the contamination o

n the surface of the lead was obtained with

an EG&G Ortec p Nomad portable Nal(Tl) spectrometer using a Bicron M/N 2M2 /2
detector, S/N 600003-00475-1, installed in an Ortec M/N 296 Scintipack PMT Base.
The energy scale of the spectrometer was calibrated on the day of use with a 5 pCi Cs-
137 check source.
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100% of the surface of each floor and wall grid was scanned for alpha and beta
contamination. If no elevated radiation was detected, then a 1-minute direct reading was
recorded for each grid for both alpha and beta radiation.

“Smear” samples for removable contamination were collected from 100 cm? of each grid
location, the roof vents, and a wooden box stored in the shed. Wipe samples were sent
to RAM Services Wisconsin facility for analysis by liquid scintillation counting.

The wipe samples were counted for 10 minutes each using a protocol that included
counting windows and efficiency corrections for H-3 and C-14, which were not isotopes
of interest for this survey. The counting protocol did, however, also include a wide open
counting window which would have detected any high-energy beta emitting isotopes
(such as Cs-137) or alpha emitting isotopes with good (essentially 100%) efficiency.

Proper operation of the liquid scintillation counter was verified on the date the samples
were counted by a Quality Assurance procedure that conforms to the ANSI N42.15-
1997 Standard.

Background Measurements

Since the entire facility, i.e., the source storage shed, was the object of this survey
obtaining a representative “background” reference became a problem. Moreover,
measurements suggested that the nearby chemical storage shed, although outwardly
similar to the source storage building, had been constructed of very dissimilar materials.
Consequently, separate background measurements were obtained from different
portions of the Rose-Hulman campus believed to be similar to the storage shed’s floor
and wall materials in age and composition.

The floor reference background was obtained on 06 August 2005 from the floor of the
water conditioning room in Room 17 of Demming Hall, which is approximately the same
age as the storage shed. The wall background reference was measured on 27
September 2005 at the surface of the south wall (F Boiler Room of Moench Hall) inside
of door FL-201 at a height of 15 feet from floor and 8 feet from East doorway. In Table
1 below we present the averages and standard deviations of 10 1-minute counts
obtained at these locations.

Table 1. Reference Background Measurements

Date Location Alpha Beta
06 August 2005 Floor 2914 1742 £ 14.7
27 September 2005 | Walls 23+ 1.1 1546 £+ 10.5
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A gamma background of 7.5 puRem/hour was measured just outside of the source
storage building on 06 August 2005. This background was not subtracted from the
gamma survey measurement in order to provide a clearer picture of radiation levels
inside the structure.

Minimum Detectable Activities

We computed the Minimum Detectable Activities [MDA] for the alpha and beta
measurements using the different background reference values for the walls and the
floor in Equation 3-12 of NUREG 1507 [December 1997]:

MDA:3+4.651/B><t |

Ext

where B is the background count rate relevant for the particular structural feature and E
is the efficiency appropriate for the radiation. The count time t is 1 minute for all alpha
and beta measurements.

Survey Findings

During the 21-22 June 2005 preliminary survey Mr. Wiza discovered that several lead
bricks comprising the lead storage vault in the northwest corner of the source storage
building were contaminated. The maximum fixed contamination measured on the
accessible lead brick surfaces was 33,667 cpm over the 100 cm? probe area.
Assuming the C-14 calibrated® beta detection efficiency of 26.7% implies a surface
contamination of 125,575 dpm. A Nal(Tl) gamma spectrum of the contaminated lead,
displayed below as Figure 6, is consistent with Cs-137 as the likely contaminant. Upon
finding unexpected contamination, further survey of the facility was terminated because
no provision had been made for radioactive waste disposal.

Wipe samples for removable contamination were, however, collected during the
preliminary survey and analyzed the following day at RAM Services facility in Two
Rivers, WI. The wipe samples did not indicate the presence of any removable
contamination significantly above background. A complete report of the wipe sample
analysis is included as Table 2 below. Since these samples displayed no unusual
activity, they were not repeated during the final survey.

% A different instrument was used in the preliminary survey. Since no other quantitative measurements
employing this instrument are presented here, we have omitted its calibration data.
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On 08 August 2005 Mr. Wiza scanned 100% of the floor grid locations for total
alpha/beta contamination. Elevated beta radiation was found in grid F-11 and
decontaminated to background levels by removing the top 1/8” of concrete. When
corrected for background and counting efficiency, this localized contamination seemed
to have an activity of approximately 4200 dpm over the 100 cm? active area of the
detector.

Approximately 540 dpm/100 cm? of beta activity was detected at floor grid F-3, but this
was not decontaminated. Beta activity was at or below the MDA over the remainder of
the floor. Essentially no alpha activity was detected on the floor.

On 27 September 2005 Mr. Wiza scanned 100% of the interior wall surfaces to a height
of 2 meters using the same instrumentation as employed on 06 August. No elevated
alpha or beta activity was found on any of the walls.

Complete radiation measurements from the interior of the source storage building are
presented in Table 3 below.

The exterior walls and the roof of the source storage shed were not investigated as part
of this survey, except for a few wipes collect from the roof vents. Also, the grounds
surrounding the building were not sampled for contamination. Since unsealed forms of
radioactive materials were not actively used in this building, it seems extraordinarily
unlikely that any of these elements would be radioactively contaminated.

Waste Disposal

On 17 August 2005 ADCO Services, Inc. removed the radicactive waste generated by
dismantling the lead storage vault frame and decontaminating the facility. This waste
had been packaged in one 10-gallon and two 55-gallon drums. The concrete blocks
which had formed the base of the lead vault were packaged in a 32 ft* wooden box and
removed for disposal. The total estimated activity in all these waste drums was 0.085
mCi.
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Wipe Date Analysis Date | Report Date Analyst

Table 2. Removable Contamination Final Report 23-Jun-2005 | 24-Jun-2005 | 15-July-2005 i W

Don Jordan
Location H-3 Counting Window C-14 Window Wide Open Window
nge-Hulman Institute of Technology Counting window automatically adjusted for quench. Counting window automatically adjusted for quench. Assume C-14 Efficiency
;'nglrtg g:t?:“ﬁ\infm% Background 11.34 dpm Background 10.67 dpm Background 34.35 dpm
Assay Sample Raw Count  Efficiency MDA Activity Raw Count  Efficiency MDA Activity Raw Count MDA Activity

No. Description cpm % dpm dpm cpm % dpm dpm cpm dpm dpm

34075 | F1 5.40 40.16 13.08 -6.30 13.90 73.13 21.18 8.29 33.10 12.19 10.91
34076 | F-2 6.10 37.45 14.02 -5.50 16.10 72.69 21.31 11.42 37.30 12.27 16.97
34077 | F3 6.20 34.59 15.18 -1.95 12.20 72.20 21.45 6.13 29.60 12.35 6.65
34078 | F-4 8.40 48.62 10.80 1.51 9.00 74.41 20.82 1.30 2520 11.98 -0.48
34079 | F5 4.80 2112 24.87 -1.65 12.00 68.90 22.48 6.61 28.30 12.94 6.73
34080 | F-6 6.50 34.79 15.10 0.48 9.90 72.23 21.44 2.91 26.80 12.35 276
34081 | F-7 4.40 24 .38 21.54 -3.79 10.90 69.92 22.15 4.82 27.00 12.75 427
34082 | F-8 7.80 48.45 10.84 -0.09 9.80 74.39 20.82 240 26.80 11.99 1.68
34083 | F-9 7.00 33.68 15.59 1.57 11.00 72.03 21.50 4.46 27.20 12.38 3.41
34084 | F-10 5.50 34.42 15.26 -2.60 10.30 7217 21.46 3.51 25.00 12.36 0.29
34085 | F-11 5.70 39.52 13.29 -3.48 10.70 73.02 21.21 3.90 26.30 12.21 1.67
34086 | F-12 8.20 48.48 10.83 0.23 10.80 74.39 20.82 3.74 27.30 11.99 2.35
34087 | F-13 3.20 8.83 59.48 4.39 9.90 62.05 24.96 4.98 29.10 14.37 12.55
34088 | F-14 2.80 22.59 23.25 -12.72 13.30 69.38 22.33 8.51 27.90 12.85 5.87
34089 | F-15 3.00 26.26 20.00 -8.16 9.10 70.42 22.00 2.21 22.90 12.66 -1.83
34080 | F-16 5.00 29.62 17.73 -3.62 11.30 71.22 21.75 5.11 25.70 12.52 1.74
34091 | F-17 6.70 43.19 12.16 -1.98 11.00 73.59 21.05 419 25.40 1212 0.17
34092 | F-18 5.80 38.36 13.69 -3.04 10.80 72.84 21.26 4.07 2510 12.24 0.11
34093 | F19 5.40 23.00 22.83 0.73 11.30 69.51 22.28 5.43 25.50 12.83 2.34
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Wipe Date Analysis Date | Report Date Analyst
Removable Contamination Final Report 23-Jun-2005 | 24-Jun-2005 | 15 July 2005 4 W
Don Jordan
Location H-3 Counting Window C-14 Window Wide Open Window
Rose-Hulman Institute of Technology Counting window automatically adjusted for quench. Counting window automatically adjusted for quench. Assume C-14 Efficiency
;’é‘:‘r‘;’ ﬂ:t?:imnfmoa Background 11.34 dpm Background 10.67 dpm Background 34.35 dpm
Assay Sample Raw Count  Efficiency MDA Activity Raw Count  Efficiency MDA Activity Raw Count MDA Activity
No. Description cpm % dpm dpm cpm % dpm dpm cpm dpm dpm
34094 | F-20 7.60 37.11 14.15 1.65 11.60 72.63 21.33 5.03 28.10 12.28 4.34
34095 | N-1 5.80 39.98 13.14 -2.58 9.50 73.10 21.19 2.24 23.30 12.20 -2.47
34096 | N-2 6.80 34.98 15.01 212 8.70 72.27 21.43 1.22 26.20 12.34 1.91
34097 | N-3 6.40 38.50 13.64 -2.14 11.80 72.86 21.26 5.43 28.40 12.24 4.63
34098 | N-4 6.80 39.16 13.41 -0.08 9.90 72.97 21.23 2.78 26.20 12.22 1.56
34099 | N5 6.60 4478 11.73 -1.76 9.60 73.83 20.98 2.24 27.90 12.08 3.44
34100 | N-6 6.40 37.22 14.11 -1.36 11.10 72.65 21.32 4.50 26.50 12.28 213
34101 | N-7 8.20 55.23 9.51 -0.23 8.70 75.44 20.53 0.76 25.70 11.82 -0.28
34102 | N-8 5.70 41.23 12.74 -3.44 10.10 73.29 2113 3.03 24.00 1217 -1.60
34103 | S-1 480 33.85 15.51 -4.31 10.00 72.06 21.49 3.13 24.50 12.38 -0.35
34104 | s-2 5.40 34.96 15.02 -2.04 8.90 72.26 2144 1.55 24.10 12.34 -1.00
34105 | s-3 3.40 29.98 17.52 -7.55 9.40 71.29 21.73 2.47 22.70 12.51 -2.51
34106 | s-4 7.50 50.72 10.35 -1.79 11.10 74.73 20.73 4.09 27.30 11.93 218
34107 | S5 6.60 46.58 11.27 -1.66 8.70 74.10 20.90 0.98 24.60 12.03 -1.15
34108 | sS-6 8.20 51.19 10.26 0.82 8.30 74.80 20.71 0.31 23.00 11.92 -3.60
34109 | S7 7.00 43.83 11.98 -0.98 10.20 73.69 21.02 3.07 25.50 12.10 0.26
34110 | s-8 6.10 40.84 12.86 -4.36 13.40 73.23 21.15 7.56 28.20 12.18 4.16
34111 | w1 7.40 40.15 13.08 0.84 10.40 73.13 21.18 3.43 26.90 12.19 244
34112 | w-2 8.80 49.91 10.52 1.89 9.20 74.61 20.76 1.54 27.40 11.95 2.38
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Wipe Date Analysis Date | Report Date Analyst
Removable Contamination Final Report 23-Jun-2005 | 24-Jun-2005 | 15 July 2005 & W
Don Jordan
Location H-3 Counting Window C-14 Window Wide Open Window
Rose-Hulman Institute of Technology Counting window automatically adjusted for quench. Counting window automatically adjusted for quench. Assume C-14 Efficiency
.Lrjglr'g ggt?;imnfmos Background 11.34 dpm Background 10.67 dpm Background 34.35 dpm
Assay Sample Raw Count  Efficiency MDA Activity Raw Count  Efficiency MDA Activity Raw Count MDA Activity
No. Description cpm % dpm dpm cpm % dpm dpm cpm dpm dom
34113 | wW-3 6.70 45.44 11.56 -1.68 9.60 73.93 20.95 222 25.60 12.06 0.28
34114 | W4 4.60 45.90 11.44 -6.63 10.10 74.00 20.93 293 24.60 12.05 -1.10
34115 | W5 6.40 32.37 16.22 -0.66 12.20 71.78 21.58 6.21 27.80 12.42 4.38
34116 | w-6 6.80 29.78 17.64 3.16 10.40 71.25 21.74 3.76 27.20 12.52 3.83
34117 | w-7 6.70 39.53 13.29 -0.07 9.30 73.03 21.21 1.95 27.30 12.21 3.03
34118 | w-8 6.90 41.65 12.61 -0.92 10.60 73.36 21.11 3.68 26.10 12.16 1.23
34119 | w9 6.90 41.97 12.51 0.11 8.70 73.41 21.10 1.07 24.40 12.16 -1.11
34120 | w-10 5.70 37.50 14.00 -2.01 9.10 72.70 21.31 1.75 23.80 12.27 -1.61
34121 | EA1 5.60 40.75 12.89 -3.60 10.10 73.22 21.15 3.05 25.50 12.18 0.48
34122 | E-2 9.70 47.20 11.13 4.20 9.90 74.20 20.87 2.53 28.10 12.02 3.52
34123 | E3 8.30 38.39 13.68 3.56 10.70 72.84 21.26 3.87 27.70 12.24 3.68
34124 | E-4 3.50 29.72 17.67 -6.84 9.00 71.24 21.74 1.91 20.80 12.52 -5.15
34125 | E5 8.30 45.44 11.56 1.64 10.00 73.93 20.95 273 29.20 12.06 5.1
34126 | E-6 5.10 41.11 12.77 -4.71 9.80 73.28 21.14 2.64 22.60 1217 -3.51
34127 | E7 7.10 38.99 13.47 0.43 10.40 72.94 21.24 3.47 27.30 12.23 3.08
34128 | E-8 7.20 38.03 13.81 2.28 8.40 72.79 21.28 0.73 25.30 12.25 0.41
34129 | E9 6.50 40.68 12.91 -1.36 10.10 73.21 21.16 3.03 25.90 12.18 1.03
34130 | E-10 5.60 33.45 15.70 -2.03 10.30 71.99 21.62 3.54 25.40 12.39 0.93
34131 | Roof vent, northwest 0.00 16.12 32.58 -25.53 10.30 66.88 23.16 4.94 21.10 13.33 -2.80
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Final Survey Rose-Hulman Outbuilding
Report Date: 14 November 2005

Terre Haute, IN 47803

Counting window automatically adjusted for quench.

Counting window automatically adjusted for quench.

Wipe Date Analysis Date | Report Date Analyst
Removable Contamination Final Report 23-Jun-2005 24-Jun-2005 | 15 July 2005 ﬁg-// K M
Don Jordan
Location H-3 Counting Window C-14 Window Wide Open Window
Rose-Hulman Institute of Technology

Assume C-14 Efficiency

Background 11.34 dpm

Background 10.67 dpm

Background 34.35 dpm

Assay Sample Raw Count  Efficiency MDA Activity Raw Count  Efficiency MDA Activity Raw Count MDA Activity
No. Description cpm % dpm dpm cpm % dpm dpm cpm dpm dpm
| 34132 | Roof vent 390 1690  31.08 -215| 1070 6724 2304 510/ 2810  13.26 7.44
34133 | Ylooden cover, northeast 490 4155 1264 -5.08 950 7334 2142 222| 2390  12.16 -1.76
34134 | Nooden rad. Labeled box 580 4025  13.05 -2.21 880 7314 2118 127 2500  12.19 -0.17
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Final Survey
Rose-Hulman Outbuilding
Report Date: 17 October 2005

Table 3. Rose Hulman Source Storage Building Radiation Survey.
Grid Location  Raw Alpha Count Alpha MDA Alpha Activity Raw Beta Count Beta MDA Beta Activity Gamma Radiation
cpm DPM DPM /100 cm® cpm DPM DPM / 100 cm? pRem/hr

F-1 3 26.0 0.2 189 165.5 38.0 9
F-2 3 26.0 0.2 239 165.5 166.6 10
F-3 3 26.0 0.2 384 165.5 539.3 8
F-4 1 26.0 -4.5 178 165.5 9.8 9
F-5 0 26.0 -6.9 233 165.5 161.2 9
F-6 4 26.0 26 201 165.5 68.9 9
F-7 3 26.0 0.2 182 165.5 20.1 9
F-8 1 26.0 -4.5 163 165.5 -28.8 9
F-9 1 26.0 -4.5 143 165.5 -80.2 9
F-10 0 26.0 -6.9 162 165.5 -31.4 8
F-11 0 26.0 -6.9 185 165.5 27.8 8
F-12 1 26.0 -4.5 156 165.5 -46.8 9
F-13 1 26.0 -4.5 175 165.5 2.1 8
F-14 1 26.0 -4.5 188 165.5 35.5 9
F-15 0 26.0 -6.9 181 165.5 17.5 8
F-16 1 26.0 -4.5 145 165.5 -75.1 9
F-17 1 26.0 -4.5 156 165.5 -46.8 8
F-18 1 26.0 -4.5 159 165.5 -39.1 8
F-19 0 26.0 -6.9 133 165.5 -105.9 7
F-20 2 26.0 -2.1 112 165.5 -159.9 9
N-1 2 23.9 -0.7 157 156.3 6.2 9
N-2 2 23.9 -0.7 145 156.3 -24.7 8
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Final Survey
Rose-Hulman Outbuilding

Report Date: 17 October 2005

Table 3. Rose Hulman Source Storage Building Radiation Survey.

Grid Location ~ Raw Alpha Count Alpha MDA Alpha Activity Raw Beta Count Beta MDA Beta Activity Gamma Radiation
cpm DPM/ 100 cm® DPM DPM/ 100 cm? uRem/hr
N-3 3 23.9 1.7 169 1566.3 37.0 9
N-4 4 23.9 4.0 156 1566.3 3.6 7
N-5 2 23.9 -0.7 158 156.3 8.7 8
N-6 3 23.9 1.7 142 156.3 -32.4 7
N-7 4 239 4.0 143 156.3 -29.8 8
N-8 3 23.9 1.7 172 156.3 447 8
E-1 4 23.9 4.0 136 156.3 -47.8 8
E-2 6 23.9 8.8 159 166.3 11.3 8
E-3 1 23.9 -3.1 140 156.3 -37.5 7
E-4 2 23.9 -0.7 166 166.3 29.3 7
E-5 4 23.9 4.0 157 156.3 6.2 7
E-6 1 23.9 -3.1 135 1566.3 -50.4 8
E-7 3 23.9 1.7 146 156.3 -22.1 8
E-8 7 23.9 11.2 151 1566.3 -9.3 7
E-9 4 23.9 4.0 156 156.3 3.6 8
E-10 4 23.9 4.0 160 156.3 13.9 8
S-1 6 23.9 8.8 146 1566.3 -22.1 7
S-2 4 23.9 4.0 134 156.3 -53.0 8
S-3 1 23.9 -3.1 136 1566.3 -47.8 7
S-4 1 23.9 -3.1 141 156.3 -35.0 7
S-5 2 23.9 -0.7 151 1566.3 -9.3 7
S-6 4 23.9 4.0 141 156.3 -35.0 8
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Final Survey
Rose-Hulman Qutbuilding
Report Date: 17 October 2005

Table 3. Rose Hulman Source Storage Building Radiation Survey.

Grid Location  Raw Alpha Count Alpha MDA Alpha Activity Raw Beta Count Beta MDA Beta Activity Gamma Radiation
cpm DPM DPM / 100 cm? cpm DPM DPM / 100 cm? pRem/hr
S-7 2 23.9 -0.7 137 156.3 -45.2 8
S-8 2 23.9 -0.7 143 156.3 -29.8 8
W-1 1 23.9 -3.1 188 166.3 85.9 8
W-2 2 23.9 -0.7 135 166.3 -50.4 8
W-3 3 23.9 1.7 162 1566.3 -6.7 8
W-4 1 23.9 -3.1 162 156.3 -6.7 9
W-5 3 23.9 1.7 150 1566.3 -11.8 8
W-6 1 23.9 -3.1 149 156.3 -14.4 7
W-7 0 23.9 -5.5 109 156.3 -117.2 8
W-8 0 23.9 -5.5 96 156.3 -150.6 7
wW-9 2 23.9 -0.7 137 156.3 -45.2 7
W-10 2 23.9 -0.7 151 156.3 -9.3 7
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Instrument Calibration Certificates
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Attachment 1
Instrument Calibration Certificates
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Attachment 1
Instrument Calibration Certificates
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FORM 540

ADCO SERVICES, INC.| 5 SHPPER--NAME ANE FACILITY snl-mmsvdﬁgwstk 8 MANIFEST NUMBER
ROSE HULMANFOR THE ACCOUNT OF 7 FORM 540 AND 540A PAGE 1OF 1 PAGE(S) (Use Bus number on all conbnuation
UNIFORM LOW-LEVEL RADIOACTIVE ADCO SERVICES, INC FORM 541 AND S41A 1 PAGE(S) poges)
£500 WABASH AVENUE COLLECTOR FORM 542 AND 542A None PAGE(S)
WASTE MANIFEST TERRE HAUTE, IN 47803 ROCESSOR ADDITIONAL INFORMATION None  PAGE(S) 05-0307 L
SHIPPING PAPER SC PERMIT SHIPMENT NUMBER GENERATOR TYPE] 9 CONSIGNEE - Name snd Facity Address CONTACT
NA 05037 L X | (soeory a LEN WARBIANY/FACILITY MGR|
1 EMERGENCY TELEPHONE NUMBER  (nclude Ares Code) ADCO SERVICES, INC.
8128778124 CONYTACT TELEPHONE NUMBER 17650 DUVAN DRIVE TELEPHONE NUMBER (Include Area Code)
MICHAEL R HOWARD (InGlude Area Code)
ORGANIZATION 8128778124 TINLEY PARK, IL 60477 708-429-1660
ROBE HULMAN
6 CARRIER - Name and Address. EPA D NUMBER SIGNATURE - Author@ed consignes echnowledgng waste seceipt DATE

2 1S THIS AN "E XC1L USIVE USE” SHIPMEN1? 3 JOTAL NUMBER OF ADCOM EXPRESS, INC ILD 047267384
PACKAGES IDENTIF ED 17660 DUVAN DRIVE
m YES ON THIS MANIFEST 4 SHIPPING DATE 10 CERTIFICATION
NO e TINLEY PARK, IL. 04T sntoe 1 110 oty et e - camed matenas e ropory cessited, descrioed packaged. marksd,andiabalad s ary
N proper condion e hor 80COroh Ld ] of of S als0
4  DOESEPAREGULATED YES EPAMANFEST NUMBER CONTACT TELEPHONE E‘OU”‘BE“ [cortites nat the mﬂmdsn:?e dassified. uur?aooa. marko: 80 iabeled 8nd 86 In PrOPar condition fbr transportabon and
xﬁ;@ggg&l’ﬁ:u " 808 BASSETT (g s ™ s posal as described n accordance with the requiremerts of 10 CF R Parts 20 and 81, or equivelent state regulations
THIS SHIPMENT? No NONE REQUIRED SIGNATURE - Authorized cemer acknowledging waste recaipt DATE AUTHORIZED SIGNATURE TITLE DATE
It Yes." provide Manifest Number =
11 US DEPARTMENT OF TRANSPORTATION DESCRIPTION 12 13 14 15 16 17 18 TOTAL WEIGHT 19 DENTFICATION
{Including proper shepping neme. hazard class. UN (0 number, DOT LABEL TRANSPORT PHYSICAL AND INDIVIOUAL TOTAL PACKAGE ACTIVITY LSASCO OR VOLUME NUMBER OF
and any addtional informalion RADIOACTIVE" INDEX CHEMICAL FORM RADIONUC IE S MBq me QaAss (Use eppropriate units) PACKAGE
Radioactive material, excepted packagedimited quantity of NA Solld METAL PARTS Cs-137 4000E-01 2.0000E-02 NA 113.1BS; 7.5 ﬁ-0307-01
material, 7, UN2910 FT3
Radloactive tal, pted packagedimited quantity of NA Solld PAPER PLASTIC Cs-137 B.7000E-01 1.0000E-02 NA 198.18S; 7.5 05-0307-02
material, 7, UN2810 GLASS FT3
R: Ive i, pted packagedimited quantity of NA Solild PAPER PLASTIC Cs-137 [1.8500E-01 5.0000E-03 NA 65.L88;1.4 -0307-03
material, 7, UN2910 GLASS FT3
Radloactive material, pted packagedimited quantity of NA Solid CINDER BLOCKS Cs-137 1.8500E+00  5.0000E-02 NA 1809 LBS; 32 030704
material, 7, UN2810 T3

FOR CONSIGNEE USE ONLY

20. Check appropaiate tems

... Customer represerts and warrents that ell date set forth in this Unwvorin Low Level Redoactve Mantest 1s true and comect in all respeds.

__Packages histed #s "Limted Quantty of Redioective Matenal on thys merefest conform to the condtions end kmitations specified in 49 CFR 173 421 for radicactve matenal.
excepted package-lmited quanhty of matenal UN2910

___Packages listed as "NON REGULATED MATERIAL * on this manitest are classiied in accorance with 49 CFR 173 403 (Defirton of Radioachve Material) These Matarials bust
St be disposed of &t & hcens ed laity
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FORM 541 ADCO SERVICES, INC. [ PE VAL NUCIEAR VATER AL Tocama 2. MANIFEST NUMBER
PDACKACS»ifl NET WASTE NCT WASTE L
15RO VOLUME WEIGH! U233 U-23s Py TOTAL
UNIFORM LOW-LEVEL RADIOACTIVE CONTANERS 3. PAGE 1 OF 1 PAGE(S)
WASTE MANIFEST 4 NP NP NP NP 4. SHIPPER NAME
CONTAINER AND WASTE DESCRIPTION ACTIVITY ROSE HULMAN/FOR THE ACCO
ALL NUCLIDES TRITIUM c4 Togs 129 SOURCE
Additional Nuclear Reg bf‘ &NR(C:') Reg for Control. Transfer and
sposal of Radicactive Waste e 31400800 NP we w NP (kgs! NA SHIPMENT ID NUMBER
me 8.6000E02 NP ™ N NP (Ibs) NA 60542
e
DRSS CORTANER ISR 6 WASTE
PHYSICAL DESCRIPTION 14 CHEMICAL DESCRIPTION 15 RADIOLOGICAL DESCRPTION CLASSIFI-
5 6 7 8 WASTE 9 10 SURFACE Y] 12 APPROXIMATE 12 CATION
CONTAINER AND SURFACE CONTAMINATION WASTE 5oL DIFICATION Of WEIGHT INDIVIDUAL RADIONUCLIDE S AND ACTIVITY Mg ang 2551255 A
OENT FICATION CONTANER VOLUME CONTAINER | RADIATION 100 om2 DE SCRIPTOR VOLUMI STABLIZATION |  CHEMICAL FORM/ % CONTAINER TOTAL. OR CONTAINER TOTAL ACTIVTY | AG-Claes A
NUMBER /SC DESCRIPTION WEIGHT LEVEL %%5‘6 e (S0 Nots 2 CONT. MEDIA CHELATING AGENT|CHELAT NG| AND RADIONUCLIDE PERCENT Urstabio
PERMIT (Ses Note 18 & Note 24} _%!?J_ (See Note 3 AGENT BChess B
Nots 14) f%i 1eg) v apHa | BETA 3) & Nole 34) IF30 1% CCrossC
(L) Tpmiy CAMMA, RADONUGLIES 1 MBg 1 MG
050307 01MA 4 %H 100 METAL PARTSNP Cs-137 7.4000E-01] 2.0000E-02] au
$600 WABA &M 03124 5128660 | 3000060¢ | NP [ 02124 —_— — ] —]
AVENUE 0.00 Subtotal 7.4000E-01} 2.0000E-02
TERRE HAUTE, N e ryvim
47003 7.6000 1130000 | 3.0000€02 | NP NP 78000 Total 7.4000E-D1] 2.0000E-D2
060307 L2/NA 4 66-VERIFICATION AND 100 PAPERPLASTIC Cs-137 3.7000E-M{ 1.0000E-02] au
5500 WABASH 02124 202649 | 30000604 | NP NP TRANSLOAD-H 02124 QLASINP —— et Jr—
AVENUE 000 Subtotal 3.7000E-01} 1.0000E-02
TERRE HAUTE, N =xzxczux
47803 1.6000 1990000 | 30000E02 | NP NP 75000 Total 3.7000E-01| 1.0000E-02
06.0307.0INA 0 69-VERIFICATION AND 100 PAPER PLASTIC Cs-137 1.8500E-01] 5.0000E-03] Au
5500 WABASH 0.03%8 29493 | 30000604 | NP NP TRANSLOAD-H 00396 GLASSNP aveemeee - e
AVENUE 000 SBubtotal 1.8500E-01] 5.0000E-03
TERRE HAUTE, N =ansrrue
AT803 1.4000 650000 | 30000602 | e NP 14000 Total 1.8500E-01| 5.0000E-03
080307 D4MNA 1 2BH 100 CINDER Cs-137 1.8500E+00( 5.0000E-02{ Au
$600 WABASH 0.9081 e205407 | 30000604 | W L4 09081 BLOCKSAP e - e
AVENUE 0.00 Subtotal 1.8500E+00| 5.0000E-02,
TERRE HAUTE, N |=ennans wenonunn| emsmosms
arecy 32.0000 19000000 | 30000602 | NP N 320000 Total 1.8500E+00| 5.0000E-02
BShipment Totsis 3.1450E+00| 8.5000E-02
13708 91869
48.4000 2198.0000
NOTE 1: Container ‘odes. For [Note 1A: Bamwsil Specific Container Description | INOTE 2: Waste Descriptor Codea (Choase up to three which pradominate by volume.) [Note 2A: Bamwetl Specific Nots 3: Solidifcation snd Stimion Media Note 3A: Barrwel Specific
waste requiring dispossl In spproved structursl over- Codes (Choose one code a3 may be aophcable.) [Waste Descriptor Codes /P $0 these which predominate] | olidiication and
packs the numerical cods must be followed by ~-OP. 20 Crarcoal 29 Demottion Rubble 38 Evacorator Bottoms/Sludges/ (Choows sil appicable codes.) h\.&‘iﬁr} " @m.’ﬂ-"ﬂ&'m.'#cu Sabilization Media Codes
A Hhgh togrty Conlaner  Poly 21 Inanerator Ash 30 Cabon lon oxchengo Meda Conosntretos must be followsd by “8" gadthe medis | | (Croosetmiv cagerr
1 Wooooen Box or Crete 9 Demnersizer B Hign Rtsgnty Conteiner - Poly win Steal Snell | 127 Soit 31 Anwn lon-sxchange Media 39 Compachbie Trasn T T8 Cooe 100SNONE RE GUIRED, applicabie)
2. Metal Box 10 Gas Cyander C Hhgh Integaty Drum Overpack - Poly 23 Ges 32 M@0 Bed lon-exchango Media 40 Nonoompachible Trash G Dowaterod
3 PlashcDum orPal 11 Fuk Lnpackagad Wasta D High rtegnty Contanar - Sianiass Staal 24 01 33 Contamnatad E.qupmant 41 Anmai Carcass W Sohd Solidification
4 Metal Drum or Pad 12 Unpackaged Componerts £ Hign Integnty Cortainer - Fibergiast 25 Aqueous | qad 34 Organic L quid {except oif) 42 Bolgcal Matenal foxcept i Combusibia 0 Cemant 94 Vnyl Ester Styrena M Wax Binder
S Metal TankorLiner 13 High Integrty Container F Liner - Staol 28 Fiter Mesa 35 Glassware or Labware arwmal carcass) J Non-combushble 91 Concrete $9 Other Describe
€ Concrate Tark orLner 19 Other Descnbe in kem 6. 27 Mocharucel Fiter 36 Sesled Source/Devios 43 Actvated Matenal K A Fibaton Fiters {orcapsulation) w tam 13 or
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