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Mr. William Snell 
Materials Licensing Branch 
United States Nuclear Regulatory Commission, Region I11 
2443 Warrenville Road, Suite 210 
Lisle. Illinois 60532-4452 

Dear Mr. Snell: 

Subject: License No. 22-04589-01, Amendment No. 37 

Thank you for issuing Amendment No. 37 to our NRC Material License No. 22-04589-01, dated 
September 16,2005. At that time, our license had been amended to reflect our transition to a 
new laboratory building. In fact, we have completed our move from our old location at 717 
Delaware Street, Southeast, Minneapolis, Minnesota, to our new location at 601 North Robert 
Street, St. Paul, Minnesota. 

As the Director of the Public Health Laboratory Division of the Minnesota Department of 
Health, I am the authorized applicant for our material license with the Nuclear Regulatory 
Commission. 

I am hereby requesting a license amendment to remove the 717 Delaware Street site from our 
license. Mr. John Lorenz, our Radiation Safety Offker, has compiled the enclosed request. 

If you have any questions or concerns, please feel free to contact Mr. Lorenz directly at 
(651) 201-5354. As always, we appreciate your care and attention to the changing scope of our 
radioactive materials license. 

Sincerely, 

Director, Public Health Laboratory Division 
Minnesota Department of Health 
601 Robert Street North 
P.O. Box 64899 
St. Paul, Minnesota 55164-0899 

NACkas 
Enclosures 
cc: John Lorenz, Radiation Safety Officer 

Allen Broderius. Assistant Radiation Safety Officer 

General hformation: (651) 21 5-5800 TDDITW: (651) 215-8980 Minnesota Relay Service: (800) 627.3529 www.health.state.mn.us 

For directions to any of the MDH locations, call (651) 215-5800 1 An equal opportunity employer 
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Executive Summary 

A close-out radiation survey was performed in November and December, 2005 for 717 
Delaware St. SE, Minneapolis, Minnesota. The purpose ofthe survey was to determine 
whether areas where radioactive materials were used couldld be made available for 
unrestricted access in accordance with Nuclear Regulatory Commission (NRC) 
guidelines. Surveys were done in every room authorized for possession, use or storage of 
radioactive materials under The Public Health Laboratory's (PHL) NRC license. 

Two primary survey methods were used. Wipe tests were done in each area where 
radioactive materials were used. At least one wipe was taken for every square meter of 
floor, lab bench, chemical hood, wall up to 6 feet, and furniture (desks, tables, etc.). In 
addition, hood ductwork, sinks, drains, hood duct plenums, fan motor housings and the 
main plumbing cleanout were wipe tested. Wipes were also done in cabinets, drawers, 
and on shelves, partitions and any other items that remained in the room or were sent to 
surplus after PHL vacated the building. Wipes were analyzed using methods appropriate 
for the type of radiation emitted by the radioactive material used or stored in the area - 
high purity germanium gamma detectors for gamma emitters, alphaibeta proportional 
counters for alpha and beta emitters, and liquid scintillation counting for low-energy beta 
emitters. 

A surface scan of every square inch of lab benches, floors, furniture, open shelves and 
chemical hood work surfaces was done in the licensed rooms. Instruments used for the 
scan were appropriate for the type of radiation sources used in the room. Scans were done 
with an alpha scintillation probe or a flow-through gas proportional alpha detector in 
rooms where alpha emitters had been used. In rooms where beta emitters had been used, 
scans were done using a Geiger-Mueller counter with a thin window pancake detector. 
Areas where Carbon-I4 was used were surveyed with a gas-proportional detector 
specifically designed for detection of Carbon-14. Gamma surface scans were not needed 
because all gamma-emitting radioactive material used at the Public Health Laboratory 
also emits alpha or beta radiation and would be found by scans for those types of 
radiation. Scans were done at 1/16" from the surface or closer, moving the detector at one 
inch per second. 

Of approximately 900 wipe tests, 12 showed detectable radioactivity. None had levels 
exceeding the NRC guidelines for general release of the work area. Detectable 
radioactivity was found on wipe tests from Rooms B6, B7, 519E, from the hood plenum 
for the hoods in 519E, from the fan housing for the hoods in 441, and from the plumbing 
cleanout in the basement garage. 

Surface scans revealed detectable levels in Rooms B7,519E and 519F. Although levels 
were less than 10 percent of the guidelines in 519E and 519F, attempts were made to 
reduce concentrations of radioactive material. Removing tile in 5 19F reduced the 
concentrations, but efforts in 5 19E were unsuccessful. Alpha readings adjacent to the 
south wall of Room B7 were high enough that they could indicate levels above the 
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guidelines. However, testing of the room indicates that the elevated levels almost 
certainly result from radon decay products being deposited on surfaces in the room. 

Results of the survey indicate that unrestricted access should be allowed for all former 
radioactive materials work areas. 

v 

Background 

Minnesota Department of Health (MDH) facilities have been located at 717 Delaware St. 
SE, Minneapolis, Minnesota (717 Delaware St.) since the 1960’s. The building originally 
housed most divisions of MDH, including the Division of Environmental Health and the 
Public Health Laboratory Division (PHL). License No. 22-04589-01, authorizing use of 
licensed material at 717 Delaware St. was originally administered by MDH’s Division of 
Environmental Health, who provided the Radiation Safety Officer until 2000. In the late 
1990’s the Environmental Health Division moved from 717 Delaware St. to other 
locations. In 2000, responsibility for licensed activities was transferred to PHL. After 
2000, PHL was the only MDH division in possession of licensable quantities of 
radioactive material at 717 Delaware St. 

In November, 2005, PHL moved its entire operation to 601 N. Robert St., St. Paul, 
Minnesota. At that time, all use of radioactive materials at 717 Delaware St. ceased, and 
all radioactive materials were moved to the Robert St. location. The only radioactive 
material that remained at 717 Delaware St. were sources used for calibration and 
performance checks of instruments supporting the close-out survey described in this 
report. 

This report will describe the survey done to show that all former radionuclide work areas 
at 717 Delaware St. are in compliance with Nuclear Regulatory Commission (NRC) 
guidelines for release for unrestricted use. The derived concentration levels used as 
guidelines for this survey are those listed in Table H.l ofNUREG-1757, Vol. 2 
“Consolidated NMSS Decommissioning Guidance, Characterization, Survey and 
Determination of Radiological Criteria”, and those listed in the P,,,90 column of Table 
5.19, NUREGKR-55 12, Vol. 3 “Residual Radioactive Contamination From 
Decommissioning (Paramter Analysis).” Because the Table H. 1 values are derived from 
those in Table 5.19, the reference for the values will be identified as “Table 5.19”. 

L 

Radionuclides used 

Several of the radionuclides authorized on the PHL’s NRC license do not represent a 
concern because they could not have been present in the laboratory at the time of the 
survey. The radionuclides added to the license in Amendment 34, issued in August, 2004, 
were never received, possessed or used at PHL.. These included Europium-152, 
Cadmium-109, Tellurium-l23m, and Chromium-5 1. 
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The most recent receipt of Strontium 89 occurred in 1998. At that time, PHL received a 
stock solution of Sr-89 with a calibrated activity of 4.15E+05 picocuries as of October 7, 
1998. More than 40 half-lives of Sr-89 have passed since the material was received. PHL 
has not possessed Iodine-13 1 at least since April, 2004, and there is no record of PHL 
ever possessing 1-1 3 I .  Because of the short half-lives of Sr-89 and 1-1 3 1, they could not 
be present in quantities exceeding NRC guidelines, so they were ignored during the 
survey, although survey procedures were sufficient to find them. 

Licensed radionuclides that were possessed, used or stored at the facility include 
Hydrogen-3, Carbon- 14, Nickel-63, Strontium-89, Strontium-90, Antimony-I 25, 
Cesium-1 37, Europium-I 54, Europium-1 55, Radium-226, Radium-228, Thorium-230, 
Natural Uranium and Americium-241. Iodine-125 had previously been included on the 
license, and was used more than 11 years ago in the form of RIA kits. 

Of the radioactive materials that could be present, all emit either alpha or beta radiation. 
Some emit gamma radiation in addition to alpha and beta. 

Locations of use 

Radioactive materials use and storage at 717 Delaware St. SE was limited to rooms B-5, 
B-6, B-7, 122,44l,448,519D, 519E, 519F, 519G. and 611. 

Rooms 447 and 449 had been used in the past. A final survey for Room 447 and a request 
to have it removed from our radioactive materials license had been included in an 
amendment submitted to NRC on March 1 I ,  2004. A final survey and a request to 
remove Room 449 from the license were submitted on July 13,2000. NRC’s approval for 
removal of the rooms from the license was assumed because of NRC’s reference in 
subsequent amendments to the aforementioned requests for removal of the rooms and by 
approval of our license renewal application, submitted October 4,2004, which no longer 
included Rooms 447 and 449. 

In an amendment request dated April 23, 1999, the Public Health Laboratory requested 
use of Room 608 for Ni-63 electron capture gas chromatograph detectors. No radioactive 
sources were ever used or stored in Room 608. All Ni-63 sources were used or stored in 
Room611. 

The only work done in rooms other than those listed above was done using 1-125 RIA 
kits. The kits were used in Room 5 10A and wastes were stored in Room 622. Use of the 
RIA kits ended prior to April, 1994. Given the half-life of 1-125 and the low activity 
typically found in RIA kits, we did not consider a final survey of those areas necessary or 
appropriate. 

The following describes the radionuclide work done in each of the rooms. 

v 
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Room 441 
Prior to 2000, Room 441 housed two Ni-63 electron capture gas chromatograph 
detectors. Semi annual leak tests done on the sources consistently indicated no leakage of 
the Ni-63. Use of unsealed radioactive materials in Room 441 began in 2000. 

Room 441 was the primary room where unsealed sources were used by PHL's 
radiochemistry group. Stock solutions of radioactive standards were stored in this room. 
Radionuclide procedures performed in the room included preparation of environmental 
and performance evaluation samples for analysis and dilution of standards to be used for 
calibration, spiking, and other quality control purposes. 

Radionuclides used and stored in Room 441are listed in Table 1 below. Carbon -14 was 
not used or stored by the radiochemistry group in Room 441. All use of C-14 by the 
radiochemistry group took place in Room 448. 

Table 1. Radionuclides Used in Room 441 

One standard solution 

'd 

Room 448 
Use of radioactive materials in Room 448 began in 2004. From that time until the 
detection equipment was moved out in November, 2005, the room was used exclusively 
for counting and analysis of environmental samples by liquid scintillation counting and 
by analysis in alphaheta proportional counters. At any given time, the room housed one 
to two instruments of each type. 

Instrument calibration standards were used and stored in Room 448, as described below. 
Samples and standards were never prepared, and stock solutions were never stored, in 
Room 448. Samples and standards were prepared in a Room 441 and brought to Room 
448 for counting, either in closed liquid scintillation vials or as solid samples in planchets 
for alphaibeta counting. As a laboratory certified by the Environmental Protection 
Agency, our Public Health Laboratory is required to store stock solutions and prepare 
samples in areas separate from counting facilities. 
Close-out survey 
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Analyses were conducted in Room 448 for a variety of sample matrices. Drinking water 
was analyzed for compliance with the U.S. EPA Safe Drinking Water Act. Analyses were 
also performed for environmental samples including milk, air filters, surface water, 
vegetation and river sediment from the vicinity of nuclear power plants. Sample activities 
were uniformly in the pCi range or less. 

Laboratory control samples and matrix spikes were used in Room 448 - although 
prepared in a different room - for quality control purposes. Activities for the spikes and 
control samples present in the room at any given time were approximately as follows: 

v 

Ra-226 - 50 to 150 pCi in a scintillation vial 
Between 10 and 40 dry alphdbeta planchets, prepared in our Public Health 
Laboratory from calibrated solutions obtained from federal agencies or commercial 
vendors: Natural uranium - 20 pCi - 800 pCi each. 

Radioactive calibration standards used and stored in Room 448 included the following: 
Sealed standardization sources built into the liquid scintillation counters: Ba-133 - 
18.8 pCi; and Ba-133 - 1 pCi. 
Sealed, commercially prepared LSC standards in ampoule-like scintillation vials: H-3 
- 8 standard vials with a total of less than 1 pCi on their calibration dates; C-14 - 8 
standard vials with a total of less than 0.5 pCi on their calibration dates. 
Two planchet sources, each with 1 mg. U-238 (approx. 260 pCi alpha activity and 
240 pCi beta activity). 
Four dry Sr-90 planchet sources - 500 - 1000 pCi each. 
Four dry Cs-137 planchet sources - 1500 - 2000 pCi each. 

No other radioactive materials were used or stored in Room 448 from 2004 to 2005 

v 

Room B5 
Radionuclide use in B5 began in the late 1960s or early 1970s. From that time until the 
detection equipment was moved out in November, 2005, the room was used exclusively 
for gamma analysis of environmental samples. The room housed four high purity 
germanium (HPGe) detectors. 

Room B5 was strictly used for counting already prepared samples. Radioactive materials 
housed in the room included calibration standards; performance evaluation samples, 
analysis of which is required for maintaining EPA drinking water program certification; 
meter check sources; and a dosimeter calibrator source. The listed sources were used and 
stored in Room B5, as described below, but samples and standards were never prepared, 
and stock solutions were never stored, in Room B5. Samples and standards were prepared 
in Room 441 and brought to Room B5 for counting, either in Marinelli Beakers, in Petri 
dishes, or in double plastic bags. As a laboratory certified by the Environmental 
Protection Agency, our Public Health Laboratory is required to store stock solutions and 
prepare samples in areas separate from counting facilities. 

-Y 
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Analyses were conducted in Room B5 for a variety of sample matrices. Drinking water 
was analyzed for compliance with the U.S. EPA Safe Drinking Water Act. Analyses were 
also performed for environmental samples including milk, air filters, surface water, 
vegetation and river sediment from the vicinity of nuclear power plants. Sample activities 
were uniformly in the pCi range or less. 

Laboratory control samples and matrix spikes were used in Room B5 - although prepared 
in a different room - for quality control purposes. Activities for the spikes and control 
samples present in the room at any given time were approximately as follows: 

One 9 pCi Cs-137 sealed source in Victoreen Model 06-201 Mulitidosimeter 
Calibrator 
NBS mixed cartridge standard SRM 4275 

- 

- 0.004620 pCi Sb-125 
- 0.318 pCi Eu-154 
- 0.031 pCi Eu-155 

- 0.031 pCi Sb-125 
- 0.14 pCi Eu-154 
- 0.026 pCi Eu-155 

- 0.031 pCi Sb-125 
- 0.14 pCi Eu-154 
- 0.026 pCi Eu-155 

v One mixed performance evaluation sample 
- 0.000323 pCi Ba-133 
- 0.0001616318 pCi Cs-134 
- 0.000264 pCi Cs-137 
- 0.00013312 pCi Co-60 
- 0.00024064 pCi Zn-65 

Three mixed gamma point sources: Source ID SRM 4276-160 

Three mixed gamma Marinelli calibration standards with a total activity of 

No other radioactive materials were used or stored in Room B5 from 2000 to 2005. 

Three Button type meter check sources - Cs-137 14.5 pCi 
One Disk type plated meter check source - Tc-99 0.01 pCi 
One Disk type plated meter check source - Th-230 0.01 pCi 

Room B6 
Radionuclide use in B6 beean in the late 1960s or early 1970s. From that time until the - 
detection equipment was moved out in November, 2005, the room was used exclusively 
for counting and analysis of environmental samples by alphaheta counting. Two 
alphdbeta proportional counters were housed in the room. 

Room B6 was strictly used for counting already prepared samples. Radioactive materials 
housed in the room included the following 

- pCi/planchet. 
Up to 20 Sr-90 beta calibration standards on planchets, with an activity of 187 
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Up to 17 Th-230 alpha standards on planchets, with an activity of 169 
pCi/planchet 
Four natural uranium planchet sources for instrument performance checks, 1,230 
pCi per planchet. 

The listed sources were used and stored in Room B6, but samples and standards were 
never prepared, and stock solutions were never stored, in Room B6. Laboratory control 
samples and matrix spikes were used in Room B6 for quality control purposes. Samples 
and standards were prepared in Room 441 and brought in planchets to Room B6 for 
counting. As a laboratory certified by the Environmental Protection Agency, our Public 
Health Laboratory is required to store stock solutions and prepare samples in areas 
separate from counting facilities. 

Analyses were conducted in Room B6 for a variety of sample matrices. Drinking water 
was analyzed for compliance with the U.S. EPA Safe Drinking Water Act. Analyses were 
also performed for environmental samples including milk, air filters, surface water, 
vegetation and river sediment from the vicinity of nuclear power plants. Sample 
activities were uniformly in the pCi range or less. 
No other radioactive materials were used or stored in Room B6 from 2000 to 2004. 

Room B7 
Prior to May, 2003, Room B7 was used for routine storage of solid standards and 
calibration sources. The following sources were stored inRoom B7 during that period 

v Three Mixed gamma point source: Source ID SRM 4276-160 
- 0.140pCi Eu-154; 
- 0.026 pCi Eu-155; 
- 0.031 pCi Sb-125. 

One Cs-137 sealed source in Victoreen dosimeter calibrator - 9 pCi. 
One NBS mixed cartridge standard SRM 4275 

- 0.004620 pCi Sb-125 
- 0.318 pCi Eu-154 

' - 0.031 pCi Eu-155 

After May, 2003, sources were not routinely stored in Room B7. However, sealed and 
plated sources that were used for operational checks of radiation detection instruments 
were occasionally stored in the room. Radioactive materials stored in the room included: 

Two to three Cs-137 button sources - 5 microcuries or less per source, 
One Th-230 plated disk source, 0.01 pCi, 
One Tc-99 plated disk source, 0.01 pCi 

Sources were used in other locations. never in Room B7. 

Room 122 

The only radiological function of Room 122, a walk-in cooler, was to serve as a place 
where arriving shipments of radioactive material could be stored temporarily if the 

717 Delaware St. 
Minneapolis, MN 

v 

Close-out survey 8 



packages were leaking, or if a radiation survey was required. There is no record of the 
room having been used for that purpose, and no current employee could recall ever using 
the room to store radioactive materials shipments. However, no one was certain that the 
room was never used for that purpose. Therefore, a close-out survey was done in the 
room. 

1 

Room 5 19 

Room 5 19 is in reality a suite of rooms where Carbon-14 was used for in-vitro diagnostic 
testing and public health surveillance of tuberculosis specimens using the Bactec system. 
The C-14 work was limited to Rooms 519D, 519E, 519F and 519G. In October, 1993, 
PHL was approved to do the Bactec work under a general license under lOCFR3 1.1 I ,  as 
is customary for facilities using the Bactec system. However, over time the Bactec 
activities became part of PHL’s specific license. 

The Bactec instruments themselves were housed in Room 519F. Waste disposal and 
storage took place in Room 5 19E. On rare occasion, the labeled materials were handled 
in Room 519G. No Bactec work was done in 519D, but the room was a restricted area, 
and therefore surveyed. 

Room 61 1 

Room 61 1 housed the Organics Section of PHL’s Environmental Laboratory. Three Ni- 
63 electmn capture gas chromatograph detectors were used in the room until November, 
2005. Semiannual leak tests of the sources consistently showed no leakage of the Ni-63. v 

Survey Method 

The survey consisted of two measurement methods - wipe tests and surface scans. 

In areas where radioactive materials were used, one wipe test was done for every square 
meter of floor, lab bench, hood work surface and wall up to two meters. Every drawer, 
cabinet and shelf in radioactive materials laboratories was also wipe tested. 

Wipes from floors, lab benches, hood work surfaces and tables covered a minimum area 
of 100 cm2 within the targeted square meter. In hoods, the wipes also included the walls 
and back surface of the hood. A separate wipe was also done of the entrance to the 
ductwork in each hood. Duct wipes were done downstream in the plenum serving each 
group of hoods or in the fan housing just before the outflow on the roof of the building. 

Multiple drawers, cabinets and shelves may have been wiped with a single smear, 
depending on the likelihood that contamination would be found in that location. The area 
wiped in drawers and cabinets included the handle, outside front surface, inside of front 
surface, floor and walls, and for cabinets, any shelves. Wipes on shelving covered at least 
100 cm2 of each shelf. 

v 
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v Wipes were also done in all sink drains in radionuclide laboratories. The drain strainer 
was removed, if possible, and the wipe covered the drain flange and the inside of the 
drain pipe to about seven centimeters depth. If the drain strainer was not removable, the 
wipe covered the drain flange and the inside of the drain pipe to the drain strainer. 

Wipes were also taken in a plumbing cleanout in the basement garage of the building. 
Every laboratory drain in the building feeds into the drain pipe accessed from the 
cleanout. The wipes were taken inside the vertical pipe starting at the level where the 
horizontal pipe enters down to several centimeters below the horizontal pipe. 

Filter papers moistened with alcohol were used for wiping. The filter papers were 
Whatman 42 mm filters or Shleicher and Schuell 55 mrn filters. 

All wipes were immediately placed into labeled Petri dishes or liquid scintillation 
counting (LSC) vials. In areas where low-energy beta emitters were used, a set of wipes 
was placed into LSC vials for liquid scintillation counting. In areas where gamma, alpha 
or higher energy beta emitters were used, a set of wipes was placed into Petri dishes for 
gamma and alphaheta counting. In areas where both low-energy beta emitters and other 
radioactive materials were used, two sets of wipes were done. 

Twelve milliliters (ml) of Perkin-Elmer Ultima Gold XR sewer-disposable scintillation 
cocktail and 10 ml of deionized water were added to each LSC vial prior to sample 
submission. Sample submission forms were completed for all wipes, and the wipes were 
submitted to Sample Accessioning at PHL’s 601 N. Robert St. location. They were then 
delivered to the Radiochemistry Unit in the Robert St. facility, where analysis was carried 
out. 

v 

The wipes in Petri dishes were first analyzed with an EG&G Ortec high purity 
germanium (HPGE) gamma spectroscopy system with 92X electronics. Thirty to forty 
wipes were counted as a composite in a two-liter Marinelli beaker. Samples were counted 
for twenty minutes. 

The calibration used was the calibration for an elevated sample - that is, a single sample 
placed on the top of a four-liter Marinelli. This calibration was used because the distance 
to the individual sample farthest from the detector (- 10.5 cm.) in a full two-liter 
Marinelli is the same as the distance to an elevated sample in a Petri dish on top of a four- 
liter Marinelli. This calibration ensured that contamination at the NRC guideline could be 
detected even on the individual sample farthest from the detector. 

Calibration and background determination for the detector are done each time liquid 
nitrogen is added (about once per week). Minimum detectable activities for gamma 
emitters used at PHL are listed in on the Wipe Sample Results sheets in Appendix A and 
in Table 2.. Minimum detectable activities are calculated using the “Traditional EG&G 
Ortec” method in the EG&G Gamma Vision software. -- 
Close-out survey 
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Wipes were then removed from the Petri dishes and counted in a Tennelec Model 5 
alphaheta proportional counter. Counting time for all samples was two minutes. The 
counter was calibrated using NIST traceable Cs-137 and Th-230 sources in December, 
2005, after it was moved to 601 N. Robert St. Daily performance evaluation checks are 
run on the counter using a natural uranium planchet source. Minimum detectable 
activities for gross alpha and gross beta were 7.94 dpm and 7.38 dpm, respectively. 

Minimum detectable activity for the alpha/beta counter is determined using the following 
formula 

MDA (dpm) = [2.71/Tr) +3.29 I(B,/Tb-,/ Td1”2 
E 

i 

Equation 1 

MDA = Minimum detectable activity in pCi 
B, = background counts per minute 
T, = sample count time 
Tb = background count time 
E = Counter efficiency 
3.29 = 1.645 * 2 
2.71 = 1.6452 
1.645 = 95% of the standard normal distribution 

v Analysis of wipes from areas where low energy beta emitters were used was done using a 
Packard Tri-Carb Model 2550 TR Liquid Scintillation Analyzer. Samples were counted 
for one minute. Counts were done using the C-14 window, which registers all counts 
from 0 keV to the maximum energy for C-14 betas. 

Each set of samples counted included a C-14 calibration standard to provide efficiency 
and a blank containing a filter paper. A quench curve was programmed into the LSC and 
quench correction was done for each sample. 

The lower limit of detection (LLD) for the wipe samples was determined using the 
following equation. 

LLD(dpm) = 4.66 ( R B B Z  Equation 2 
E 

LLD =Minimum detectable activity in pCi 
Re = background counts per minute 
TR = background count time 
E = Counter efficiency 

v 
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Surface scans 
Surface scans were done on the entire surface area of all lab benches, floors, hood work 
surfaces and exposed shelves. Shelves inside cabinets were wipe tested but not scanned. 
Scans covered every square inch of the surface being scanned. Scanning was done for 
alpha emitters, betdgamma emitters and for Carbon- 14. 

Alpha scans 
Two different methods were used to scan for alpha emitters. The first used a Ludlum 
model 43-1 alpha scintillation detector and a Ludlum model 2220 scaler/ratemeter. 
Specifications for the instruments are included in Appendix B. 

The instrument was calibrated using NIST traceable sources. Commercially prepared 
disklplanchet standards were used for Am-241 and Th-230. For each of the other alpha 
emitting radionucldes used at PHL, sources were prepared from NIST traceable liquid 
standards by pipetting a known volume of the standard solution into the planchet and 
allowing it to dry. Planchet sources were prepared for natural Uranium, Ra-226 and Ra- 
228. Results of the calibration may be found in Appendix C. 

For calibration, the detector was placed in a Ludlum Model 180-16 Sample Holder. Each 
source was placed on the sample holder tray. The tray was inserted in the slot 1/4” below 
the detector window. The Am-241 and Th-230 sources were counted for one minute. The 
sources prepared at PHL, which are lower activity, were counted for five minutes. 
Efficiency was calculated for each source, and from each source’s efficiency, the number 
of counts per minute that would indicate contamination at the Pcritgo level identified in 
Table 5.19 of NUREG/CR-55 12, Volume 3 (Table 5.19). The values were divided by 
0.75 to adjust for the open area of the detector (75 cm2). The lowest calculated count rate 
indicating contamination at the guideline level was for Am-241 at 7.6 net counts per 
minute. The background count rate was 0.56 counts per minute. 

Scans were done at a distance of 1/16” from the subject surface. Because calibration of 
the detector was done at a distance of approximately 7/32” (%” from the sample tray to 
the detector minus the thickness of the planchet’s bottom, approximately 1/32”), the 
actual efficiency of the detector during the scans was higher than the efficiency 
calculated from this calibration. 

The 1/16” distance was maintained by one of two methods. A jig, or template, was made 
from a 1/16” thick piece of acrylic. An opening was cut in the acrylic. The opening was 
approximately 30 inches long and 1/4” wider than the width of the detector’s open area. 
Two acrylic strips were placed at the edges of the opening to guide the detector so its 
open area was always over the opening in the acrylic. 

The detector was removed from the sample counter and moved along the opening in the 
acrylic at a rate not exceeding one inch per second. After the 30 inches had been 
traversed, the edges of the opening ware marked on the surface being scanned, and the 
acrylic was moved into position to scan the next 30 inch section. 

v 

L- 
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The second method was used when the surface being scanned had distinctive markings 
that could serve as guideposts where scanning had already been done - for example, on a 
patterned tile floor. Small pieces of acrylic were attached to three points on the frame of 
the detector. The detector was then placed on the floor and moved no faster than one inch 
per second. The design on the tiles was used to mark the location that had been surveyed. 
Successive paths that the probe followed overlapped slightly, to account for the fact that 
the detector’s open area did not reach all the way to the edge of the probe. 

While moving the probe, the surveyor watched the ratemeter and scaler for indication of 
a count. If the surveyor found a single count, the motion of the probe was stopped, and a 
one minute count was done to determine whether a contaminated location had been 
found. If the scaler registered five counts in one minute, the location was to be marked 
and the Radiation Safety Officer was to be notified. None of the one minute readings 
showed more than two counts. 

Operational consistency of the monitoring system was checked each day before use. The 
check consisted of a five minute background count and a one-minute count of the Th-230 
source, both with the detector in the sample holder and the sample tray in the slot %” 
from the detector. Background was expected to be between 0 and 1 counts per minute and 
counts from the Th-230 source were expected to be within ten percent of the count rate in 
the original calibration of the system. 

The majority of the alpha surface scans were done using two Ludlum Model 239-1F 
Floor Monitors. Each cart-mounted unit consists of a Model 43-37 gas probe, a Ludlum 
Model 2221 scalerhatemeter, and flow meters indicating flow rate into and out of the 
detector. The instruments were rented from Duratek Instrument Services in Kingston, 
Tennessee. 

v 

L 

Copies of calibration reports done by Duratek on February 7,2005 and December 5,2005 
are included in Appendix C. An instrument performance check was done using PHL’s 
Th-230 source to determine that it substantially agreed with the Duratek calibration. 
Duratek’s determination of the efficiency of the floor monitor for Th-230 alphas was 18.9 
percent to 19.8 percent. Our check indicated efficiencies that were somewhat higher (22- 
27 percent), but we used the efficiency provided by Duratek, since their calibration was 
more rigorous and the lower efficiency provided a more conservative estimate of the 
activity present. Efficiency for other alpha emitters was also checked using the planchet 
sources prepared by PHL personnel. Results of confirmatory checks done by PHL 
personnel are included as Appendix C. During these checks, the only natural uranium 
source available to us was of too low an activity to give reliable results, but the results are 
included in the spreadsheet. 

The number of counts per minute that would result from contamination at the Table 5.19 
level was then determined. Adjustment was made for the 425 cm2 open area of the 43-37 
probe. 

v 
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Spacers of 1/16” thickness were attached to the edges of the detectors and the spacers were 
allowed to drag on the floor or other surface being surveyed. This allowed the surveyors to keep 
the detectors consistently very close to the surface without concern about damaging or 
contaminating the detectors. Detectors were moved no faster than 1 inch per second across the 
surface being surveyed. Detectors could be detached from the cart for scanning surfaces other 
than floors. 

v 

The surveyor listened to the audio indicator and watched the analog display on the 
ratemeter. If there was any indication of a count rate higher than background, the 
surveyor would do a one minute count. If the scaler registered more than 15 counts in one 
minute, the location was marked and the count reported to the Radiation Safety Officer. 

Betalpamma scans 
Betdgamma scans were done using Ludlum Model 3 Geiger-Mueller (G-M) counters 
with Ludlum Model 44-9 thin window pancake probes. Three of the meters had been 
calibrated by the manufacturer on June 24,2005. The other three had been calibrated by 
the manufacturer on October 17,2005. 

Prior to using the G-M’s for this survey, they were calibrated with each of the 
bedgamma emitters currently in use at the Public Health Laboratory. The calibration 
was performed using prepared planchet standards made from NIST traceable, calibrated 
solutions of the nuclides used at PHL. Three solutions were used: Sr-90 (with ingrown Y- 
90), Cs-137 and a mixture of Eu-154, Eu-155 and Sb-125. Readings were done with the 
aluminum housing of the meter in contact with the edge of the planchet. Depth of the 
planchets is 3/32”. This calibration closely replicated the geometry to be used in the 
survey - meter housing 1/16” from the surface. 

Backgrounds at the time of calibration varied from 20 cpm to 50 cpm. The 4 pi efficiency 
determined for Sr-90 during the calibration ranged from 24 percent to 27 percent for the 
six meters. This compares favorably with the 22 percent efficiency published in the 
manufacturer’s specifications. Efficiencies for the Europium/Antimony mixture ranged 
from 13 percent to 16 percent and for Cs-137 they ranged from 22 to 26 percent. 

The number of counts per minute that would indicate contamination at the Table 5.19 
level was then determined. The count rates were multiplied by 0.12 to adjust for the 12 
cm2 open area of the probe. For the Eu/Sb mixture, the Table 5.19 value for Eu-I54 was 
used because it is the most restrictive and at the present time, it represents 85 percent of 
the activity in the solution. The Eu/Sb mixture gave the most restrictive result. 
Contamination at the Table 5.19 level would result in 160 - 210 counts per minute. 

In addition to the beta-gamma sources, a Th-230 source was read at the time of 
calibration. Subsequently, daily consistency checks were done using the Th-230 source to 
confirm consistency of meter operation. The readings on the daily checks were to be 
within ten percent of the reading at calibration. On one occasion, use of a meter was 
allowed, although the reading had deviated by 12 percent. 

v 
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Before starting each scan, surveyors did a background measurement in an area where 
there had been no use of radioactive materials. 

The survey method was similar to the method used for the 43-1 alpha detector. Scans 
were done at a distance of 1/16” from the subject surface. Because calibration of the 
detector was done at a distance of approximately 3/32”, the actual efficiency of the 
detector during the scans may have been slightly better than the efficiency calculated 
from this calibration. 

v 

The 1/16” distance was maintained by one of two methods. A jig, or template was made 
from a 1/16” thick piece of acrylic. An opening was cut in the acrylic. The opening was 
approximately 30 inches long and %” wider than the width of the detector’s open area. To 
assure that the probe window remained above the opening in the acrylic, the surveyor 
moved the edge of the probe along a line parallel to the edge of the opening in the acrylic. 
Because the Ludlum Model 3 has an audio output, the surveyor did not need to constantly 
watch the meter and was able to watch the probe’s path. 

The detector was moved at a rate not exceeding one inch per second. After the 30 inches 
had been scanned, the edges of the opening were marked, and the acrylic was moved into 
position to scan the next 30 inch section. 

The second method was used when the surface being scanned had distinctive markings 
that could be used to register where scanning had already been done - for example, on a 
patterned tile floor. Small pieces of acrylic were attached to three points around the probe 
window on the aluminum housing of the detector. The detector was then placed on the 
floor and moved no faster than one inch per second. The design on the tiles was used to 
mark the location that had been surveyed. Successive paths that the probe followed 
overlapped slightly, to account for the fact that the detector’s open area did not reach all 
the way to the edge of the probe. 

While moving the probe, the surveyor listened to the audio output for any slight increase 
in count rate. If there was any deviation from normal background counts, the surveyor 
held the probe over the suspect area for 30 seconds, then noted the reading. If the reading 
was significantly above background (15-20 net cpm or more), the surveyor was to mark 
the location and notify the Radiation Safety Officer. 

Carbon-14 scans 
In the 519 suite of rooms, the only radioactive material used was C-14. Surface scans in 
this area were done using a Ludlum Model 239-IF Floor Monitor. As described above, 
the cart-mounted monitor consists of a Model 43-37 gas probe, a Ludlum Model 2221 
scaler/ratemeter, and flow meters indicating the flow rate into and out of the detector. The 
instrument was rented from Duratek Instrument Services in Kingston, Tennessee. 

The window of the 43-37 detector used for the C-14 survey consisted of a single layer of 
mylar, rather than the two layers found in the detectors used for other radioactive 
materials. Copies of a C-14 calibration report done by Duratek on June 14,2005 are 

v 
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included in Appendix C. An operational check of the detector was done using an Isotope 
Laboratories Corporation C-14 source with an activity of 94.33 nCi on May 1, 1998. 
With the window setting used for the operational check, the efficiency of the detector was 
considerably lower than was found by Duratek. However, Duratek’s calibration report 
did not specify the window setting used during the calibration. It was found in a later test 
(See Appendix C) that the efficiency (12.4 percent) found by PHL using the window 
“out” setting on the scaler was in substantial agreement with the efficiency (14.8 percent) 
found by Duratek in their calibration. The efficiency used for determining dpm in the 
survey is that found when using the window “in” setting, 6.3 1 percent 

The number of counts per minute that would result from contamination at the Table 5.19 
level was then determined. Adjustment was made for the 425 cm2 open area of the 43-37 
probe. Carbon-14 contamination at the Table 5.19 level would result in 9.8E+05 counts 
per minute on the floor monitor. 

Spacers of less than 1/32” thickness were attached to the edges of the detector and the 
spacers were allowed to drag on the floor or other surface being surveyed. This allowed 
the surveyors to keep the detectors consistently very close to the surface without concern 
about damaging or contaminating the detectors. Detectors were moved no faster than 1 
inch per second across the surface being surveyed. Design of the system allowed 
detectors to be detached from the cart for scanning surfaces other than floors. 

The surveyor listened to the audio indicator and watched the analog display on the 
ratemeter. If there was any indication of a count rate higher than background, the 
surveyor did a half-minute or one minute count. If the scaler indicated a reading 
significantly higher than background, the location was marked and the count reported to 
the Radiation Safety 0fficer.Before starting each scan, surveyors did a background 
measurement in an area where there had been no use of radioactive materials. 
Background for the monitoring system was 900 - 1000 cpm. 

Radon decav aroducts 
Several wipes were taken in Room B7 with the expectation of finding short-lived radon 
decay products. The wiping was done in the same manner as for all other wipes taken 
during the survey. Detection of the short-lived radionuclides requires that counting be 
done soon after the wipes are taken. Therefore, the wipes were counted at 717 Delaware 
St. rather than being transported to 601 N. Robert St.. They were counted in Room B6 in 
a Tennelec 3 gas flow alphdbeta proportional counter. The Tennelec 3 was calibrated on 
November 16,2005 using NIST traceable Th-230 and Cs-137 standards. Calibration 
results are in Appendix C. Instrument performance checks were done using natural 
uranium planchet sources prior to each use of the 

Results 

Appendix A gives the results of all wipes analyzed at the new laboratory building at 601 
N. Robert St. Results for the wipes taken in Room B7 and analyzed at 717 Delaware St. 

v 
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are presented in Appendix D. Maps of each room are included with the room’s wipe 
results in Appendix A. 

Nearly 900 wipe tests were done in radionuclide use areas at 717 Delaware St. The wipes 
showed no contamination levels exceeding the Table 5.19 values. The minimum 
detectable activity for the wipes, listed in Table 2, was exceeded on only 12 wipes. Wipes 
exceeding MDA were found in rooms B6, B7,5 19E, 5 19F, the plumbing cleanout in the 
basement, the hood duct plenum for Room 519E, and the rooftop hood fan housing for 
room 44 1. 

I MDA Analysis 
~ Nuclide I Method 

Table 2. Minimum Detectable Activity (MDA) for Close-Out Survey Wipe Tests 

I 7.94E+00 a/p proportional 
cnilnter I Gross alpha I 

I 7.38E+OO a@ proportional 
counter I Gross beta I 

MDA Analysis 
Method Nuclide Ratio MDA/ Table 5.19 value 5,19 value 

a/p proportional 
counter 7‘94E+00 Gross alpha 

Gross beta a@ proportional 
counter 7’38E3+00 

Ratio MDA/ 
5.19 value Table 5.19 value 

3.69E+OI (Th-230) 0.215 
2.70E+01 (Am-241) 0.294 

8.71E+03 (Sr-90) 0.001 
7.05E+03 (Co-60) 0.001 

.~ ~. ~ 

I 3.69E+OI (Th-230) I 0.215 
I 2.70E+01 (Am-24i) 1 0.294 
I 8.71E+03 (Sr-90) 1 0.001 
I 7.05E+03 (Co-60) 1 0.001 

I 1 0.000 I I C-14 LSC I 3.36E+O1 I 3.67E+06 

Cs-137 
Sb-125 
ELI- 154 

I Cs-134 I HPGe 1 1.22E+03 1 1.27E+04 I 0.096 I 
HPGe 1.40E+03 2.80E+04 0.050 
HPGe 2.67E+03 4.43E+04 0.060 
HPGe 5.73E+03 1.15E+04 0.498 

Mn-54 
CO-60 
Zn-65 
Ru-106 

I Eu-155 I HPGe I 1.20E+03 I 1.57E+05 I 0.008 I 
HPGe 1.46E+03 3.15E+04 0.046 
HPGe 2.12E+03 7.05E+03 0.301 
HPGe 3.73E+03 4.8 1 E+04 0.078 
HPGe 1.12E+04 2.62E+04 0.427 

CO-57 HPGe 
1 Ce-144 I HPGe 1 3.29E+03 1 4.27E+04 1 0.077 1 

2.47E+02 2.1 1E+05 0.001 

Table 3 summarizes pertinent information about the wipes that showed levels higher than 
MDA. Information in Table 2 includes locations where the wipes were taken, the type of 
analysis that showed above MDA results, and the activity found on the wipes. When the 
wipe from the sink drain in room 5 19E was analyzed, the report showed an 
“indeterminate” flag for that sample. The flag most likely resulted from quenching that 
was beyond the quench curve programmed into the counter. The sample was split 
between two LSC vials and the two resulting samples were recounted. The results were 
reported by the counter with no cautionary flags. The wipe result is the sum of the 
activity in the two vials. 
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Surface scan results are summarized in Table 4. Surface scans showed detectable activity 
in three rooms - B7,5 19E and 5 19F. 

In Room 519 F, a high reading of 5,214 gross cpm was found on the floor near the north 
wall of the room (location 20 on the 519F wipe map) using the C-14 floor monitor. Room 

Table 3. - Wipe tests showing results above MDA 

B6-24 
B7-45 
5 19E-7 
5 19E-15 

Nuclides Used or Activity on 
designation Stored in Room* Wipe (dpm) I Location description Wipe 

Lower Wall, Rm. B6 3,4,6,  7 ,8 ,9  a/p counter 1.07E+01 a 
Lower Wall, Rm. B7 4, 8, 10 aip counter 9.06E+OO p 

Floor, Rm. 5 19E 1 LSC 4.63E+01 C-14 
Floor, Rm. 5 19E 1 LSC 1.03E+02 ‘2-14 

B6-15 I Floor,RoomB6 I 3,4 ,6 ,7 ,8 ,9  I aip counter I 1.45E+01 p I 

5 19E-22 
519E-55 
5 19E-56 

Chem Hood, 5 19E 1 LSC 5.22E+O1 C-14 
Sink Counter, S 19E 1 LSC 1.47E+02 ‘2-14 
Sink Drain, 5 19E 1 LSC 1.13E+04 C-14 

5 19E-21 I ChemHood. 519E I 1 I LSC I 1.00E+02C-14 I 

a@ counter 
LSC 1 ,2 ,3 ,4 ,5 ,6 ,7 ,  

8 , 9  
Basement Garage Plumbing 

Cleanout 

<MDA 
4.51E+02 low- 

energy beta 

441 Hood Fan I Roofto;:;e;d Duct 2 ,3 ,4 ,5 ,6,7,  8, aip counter 
Housing E-1 5 9 I LSC 

I 1 1 LSC I 7.45E+01 C-14 I 5 19E Hood I 6Ih Floo;~achanical 
Duct Plenum 

EdSb mixed standard; 6 = natural Uranium; 7 = Ra-226/228; 8 = Th-230; 9 = Am-241; 10 = I 

519F has a tile floor. Subtracting the background of 892 cpm, usin the 6.31 percent 
efficiency found for the C-14 detector and adjusting for its 425 cm open area, the count 
rate translates to an activity concentration of 1.61E+04 dpm/100 cm’. A reading was 
done with a Ludlum Model 3 Geiger counter with a 44-9 pancake probe to better refine 
the location of the contamination. An area just a few centimeters in diameter was found 
where the highest G-M reading was approximately 700 cpm (background = 35 cpm), 
confirming the readings found with the floor monitor, but showing that the activity was 
localized in a region of higher concentration. The readings fell off quickly as the detector 
was moved away from the small contaminated area, and were at background levels within 
about 50 cm. of the location where the highest reading was found.. 

f 
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Two attempts to decontaminate the floor did not reduce the readings significantly. The 
highest reading was found near the junction of four tiles. All four tiles were removed. 
After removing the tiles, the floor monitor reading on the adhesive was approximately 
3000 cpm. Some of the adhesive was scraped off, and the reading was reduced to 2084 
cpm. Readings at the outer edges of the area where the tile had been removed were 1680 
to 1768 cpm. The 2084 cpm reading represents an activity concentration of 4.27E+03 
dpm/100 cm’. The highest Geiger counter reading after scraping the adhesive was 240 
gross counts per minute (background = 35 cpm), indicating that the activity concentration 
had been considerably reduced. 

In Room 5 19E, two areas of elevated counts were found using the Ludlum floor monitor 
in its bench monitoring mode. The work surface of the chemical hood on the east wall of 
the room gave readings ranging from 1100 to 2450 gross cpm. Follow up checks with the 
pancake probe showed that the majority of the activity was on the area of the work 
surface nearest where a worker would stand. The count rates found with the floor monitor 
represent C-14 activity concentrations of 7.76E+02 to 5.81E+03 dpm/100 cm2. 

On the west wall in 519E, the small lab bench between the biological hoods showed 
similar levels of contamination, with the highest reading at 2200 gross cpm, or 4.88E+03 
dpm/100 cm2. 

Repeated attempts to reduce contamination on the hood working surface and the lab 
bench in Room 519E were unsuccessful. 

In Room B7, initial measurements on 11/14/05 using the 43-1 alpha scintillation probe on 
the floor indicated high activity concentrations of alpha emitters. The detector could not 
be used according to the method described in the “Survey Method” section above. That 
method called for the probe to be moved at one inch per second, and, because of the very 
low background counts using the system, a one minute count would be done in any 
location where a single count was detected. 

When the probe was first placed on the template along the south wall of Room B-7, 
counts accumulated very quickly, so a one-minute count was done. A reading of 72 
counts was obtained in one minute. Based on Th-230, the most restrictive alpha emitter 
stored in Room B7, the reading would represent an activity concentration of 2.78E+02 
dpm/100 cm’. The reading was not consistent with the fact that the room had been used 
only for storage of check sources. 

A one minute count in a location near the center of the room’s east wall gave a similar 
result - 58 counts. Temporarily stored in the room was a set of wooden shelves on wheels 
that was the property of PHL’s moving contractor. A one-minute count on the top shelf 
gave a reading of 56 counts. The shelves had been moved into the room after the all 
radioactive material and all equipment used for storage and handling of the radioactive 
material had been moved out. The shelf could not have been contaminated by the 
licensed material in the room. Because the room is below grade and unventilated, and its 
door was always kept closed, decay products from natural radon plating out on the room 

~0 
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Table 4. Surface scans showing results above MDA 

a Floor monitor 
43-1 scintillator 4,8, 10 B7 Floor, 

I I Indicated activity 
(dpm/ 100 cm2) Type of Detector Location Nuclides Used I 

2.5E+01 a 
9 ,  

B7 Floor, 

will1 
adjacent to south 1.62E+02 a a Floor monitor 

43-1 scintillator 4,8,10 

5 19E Chemical 
Hood 

5 19F Floor 

1 C-14 Floor Monitor 5.81E-tO3 C-14 

1 C-14 Floor Monitor 1.61E+04 C-14 

L 
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On November 18, wipes were taken in five locations on the floor of the room and 
counted promptly in a Tennelec 3 alphaheta gas flow proportional counter at 717 
Delaware St. A 50-minute count was done every one to two hours for the first several 
counts, then additional counts were done one day and three days after taking the wipes. 
The concrete floor of the room is somewhat rough, so the wipe likely did not remove all 
loose radioactive material from the surface. 

.d 

1 2 

The first 50-minute count was started approximately 40 minutes after the wipes were 
taken. Initial activities on the wipes ranged from <MDA (-0.6 dpm) to 3.58 dpm alpha 
and <MDA ( - 1 dpm) to 8.1 1 dpm beta. With one exception, all counts that began above 
MDA showed decreasing count rates over the first several counts - 4 to 24 hours, then 
leveled off. Some of the wipes remained above MDA when their count rates stabilized. 

The exception was the location that had initially showed the highest reading, 72 cpm, on 
the alpha scintillator. Its initial count results were 3.4 dpm alpha and 8.1 1 dpm beta. After 
24 hours, the beta reading had fallen off to 4.04 dpm, but 72 hours after sampling, the 
alpha reading remained at 3.57 dpm. 

The initial decrease in activity indicated that there were short-lived alpha and beta 
emitters on the wipes, supporting the theory that the alpha scintillator readings resulted 
from plate-out of short-lived radon decay products. However, the persistent readings 
above MDA on some of the wipes indicated that some of the activity was due to longer- 
lived radioactive materials, possibly Pb-21 OPo-2 10 descendants of radon. 

v 

Table 5. Alpha scintillator readings (net cpm) in Room B7,717 Delaware St. SE 

3 4 5 6 7 

11/15/05 I 2 Fans blowing in 5.4 I 4.0 I 6.8 I 1 6.6 1 I 2.0 
1 1 /16/05 1 2 Fans blowing in 

Sweeping and moppinn. then rewiping 
On November 29, the room was swept and mopped to remove residual long-lived 
radioactive material. Wipes were taken on December 2 in four of the five locations that 
had been wiped on November 18. Wipes were again counted on the Tennelec 3 

3.4 I 10.2 I 7.6 I I 3.6 1 
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alphaheta counter at 717 Delaware St. The first 50-minute count was started 
approximately 70 minutes after the wipes were taken. 

Without exception, the activity on the second set of wipes was lower than that found on 
the first. All alpha results were lower than MDA. On three of the four wipes, beta results 
were initially above MDA, but decreased to less than MDA within four hours. On the 
fourth wipe, beta readings were initially below MDA. 

Three facts are apparent from the results of the wipes: that there had been removable 
long-lived radioactive material in Room B7; that sweeping and mopping the room had 
removed virtually all of the removable long-lived alpha and beta emitters; and that there 
was a continuous source of short-lived alpha emitters that was contributing to the 
readings on the alpha scintillation detector. 

Surveying a similar room not used for radionuclides 
A reading was done with the Model 43-1 alpha scintillation detector on the concrete floor 
of Room B9, a maintenance room in the basement garage. No radioactive materials had 
ever been used or stored in Room B9. Because the maintenance room is also 
unventilated, it may also have elevated radon levels. There is one significant difference in 
the design of the rooms. Room B7 is at the outer wall of the building, meaning a floor- 
wall joint could be a significant radon entry route, whereas Room B9 is in the center of 
the basement. 

A five minute count in Room B9 registered 18 counts, with a five minute background of 
6 counts. Thus, the 2.4 net dpm reading in Room B9 was at approximately half the level 
found in most areas of Room B7. 

Readings were made in both Room B7 and Room B9 using the Duratek gas flow alpha 
detector. A ten-minute reading in Room B9 yielded 110 counts. A similar reading in 
Room B7 yielded 175 counts. Background for the detector was 5.6 counts per minute. 

The readings done in Room B9 indicate that there is a factor unrelated to use of licensed 
materials that results in elevated readings on the alpha detectors. 

Concrete as a source of counts 
The possibility was considered that the concrete floor in Room B7 was contributing to the 
elevated alpha reading. One possible reason why we had found readings higher than 
background in Room B9 may have been that the concrete in the rooms contains alpha 
emitting radionuclides. Room B7 is built on a slab of concrete that is newer than and 
separate from the remainder of the concrete in the basement garage. The concrete slab 
extends about 30 centimeters beyond the east wall of the room. 

Several tests were done to determine whether the concrete in the floor slab could be 
contributing to the elevated readings. Readings were taken in two locations outside Room 
B7, using the 43-1 alpha scintillation probe. The first location was 15 centimeters outside 
the door of the room. The second was approximately 120 cm south of the doorway, and 
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20 cm. outside the east wall of the room. Readings were consistently higher than 
background at both locations. They are summarized in Table 4 along with all scintillation 
detector readings from Room B7. 

A reading was also done at the base of an outdoor concrete stairway adjacent to the new 
laboratory building at 601 N. Robert St. The reading was done after dark with very 
subdued light, so there was no possible effect from light leaks. The area provided a 
reading that was truly free of any licensed material. A ten-minute reading yielded 25 
counts, with a background of 0.5 cpm. 

The results of the counts done on concrete demonstrate that the readings obtained in 
Room B7 are at least partly accounted for by the concrete slab on which the room is built. 

Clean obiects accumulating radioactive material in the room 
On December 9, a metal sign and a low stool with a vinyl seat were placed in Room B7 
overnight. Before the items were placed in the room, they were surveyed with the alpha 
scintillation probe to ensure they were contamination-free. Both were at background 
levels. 

On December 10, a surface scan was done on each of the items to see whether they had 
accumulated detectable radioactive material on their surfaces. Five minute counts were 
done for both background and surface activity. The reading on the metal sign was 16 
counts, with a background of 5 counts. The reading on the concrete adjacent to the sign 
was 35 counts, The reading on the concrete where the sign had been removed was 22 
counts. 

- 

L 

The sign was taken to a well-ventilated room to perform successive counts and observe 
the decay of the material on the sign’s surface. A five minute background prior to the first 
follow-up count was 3 counts. The first five minute follow-up on the sign, done 31 
minutes after the original count, read 7 counts. Another check 5 minutes later gave a 
result of 4 counts. The sign had gone from 12 net counts to background in 38 minutes. 

Next, five minute readings were done on the vinyl seat of the low stool. Initially, the stool 
read 21 counts, with background at 4. The stool was then moved to a well-ventilated 
room for follow-up. The first follow-up, 35 minutes later, yielded 12 counts. The first 
follow-up was followed at approximately six-minute intervals by readings of 22, 18, 1 1 ,9  
and 12 counts, clearly showing a downward trend in count rate. After subtracting 
background, the counts were 17,8, 18, 14,7, 5 ,  and 8. 

These results clearly show that radioactive material is being deposited on the floor in 
room B7. The increase in the readings on the objects placed in the room from background 
to significant levels within one day, and the fact that the exposed area of the floor gave a 
higher reading than the area covered by the sign, strongly support the deposition theory. 
The results also indicate that the radioactive material deposited on the sign and stool has 
a half live in the range of minutes to hours. This fits the profile of radon decay products. 
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Scrubbing. mopping and rinsing 
On December 13, the floor and the walls of the room up to seven feet were scrubbed with 
soap and water using a stiff brush. After the scrubbing, the floor and walls were mopped 
with clean water. Finally a lawn sprinkler was used to rinse the floor and walls for three 
hours. Water remaining in the room was removed with a squeegee and moved toward the 
garage drain. 

Full floor scan 
On December 14, a survey of the entire floor was done with the 43-37 gas flow detector. 
Readings were clearly above background, and ranged between ten and twenty counts per 
minute, including a background of five counts per minute. The detector was occasionally 
stopped and one minute readings were taken. The one minute readings confirmed the 10 
- 20 cpm rate, with the exception of one location. Readings were considerably higher 
along the south wall of the room. The highest one minute reading found was 131 counts. 

Given the 19 percent alpha efficiency of the detector and its 425 cm2 area, a 20 cpm 
reading indicates an area concentration of 19 dpm/100 cm2, which does not exceed the 
Table 5.19 levels for any of the radionuclides that had been stored in the room. However, 
the 131 cpm reading translates to 156 dpm/l00 cm2, which exceeds the guideline level 
for Th-230 and natural uranium. 

The tests done in Room B7 that have been described thus far implicated radionuclides 
other than licensed materials as the source of the elevated alpha counts. However, other 
than the December 2 wipe survey, the testing failed to establish that no licensed material 
was present in quantities exceeding the Table 5.19 values. 

Gamma count of concrete sample 
Readings of small areas along the south wall, where the highest readings had been found, 
were done with the Ludlum 43-1 alpha scintillation detector. Several locations along the 
west wall and in the open floor space were also checked. Five minute readings showed 
that the highest levels were in the southeast corner of the room and against the south wall, 
13 cm from the southwest corner of the room. The readings were 20 cpm and 12 cpm, 
respectively. 

Concrete was then chipped from the surface of the floor. Most of the concrete was 
pulverized during the chipping process and was not identifiable as surface material. 
However, enough of the surface was collected to make up a one gram sample from each 
of the locations where the high readings had been found. The chips were several 
millimeters across and less than two millimeters thick. Assuming a mean thickness of 1 
mm and a density of 2.3 g/cm3, one gram of sample is the equivalent of a 4.3 cm2 surface 
area. 

In addition, tape was used to collect dust and small particles that had been generated in 
the process of chipping the concrete. Approximately one gram of material was collected 
from each location on the tape. In addition, a four gram sample was collected from the 
edge of the concrete slab outside the room as a control. 

ir 

L 
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The samples were carefully weighed and the weight of the tape subtracted from the total. 
The samples were combined for counting and reweighed. Total mass of the chips, clearly 
identified as surface material in the combined samples was 1.9268 grams. The samples 
collected on the tape consisted of a mix of surface and shallow subsurface material. We 
estimate that 50 percent of the material was shallow enough to be affected by 
contamination that may have been present on the floor. The total weight of sample 
collected on the tape was 2.61 10 grams. Half of this material plus the surface chips gives 
a total effective surface sample weight of 3.2323 grams, or 14 cm2 of surface material. 

Samples were counted using the HPGe gamma counting system. The sample from 
outside Room B7 was counted for 22.3 hours. The combined sample from inside Room 
B7 was counted for 20.4 hours. In the sample from outside the room, all radioactive 
materials were below minimum detectable levels. Potassium-40 was detected in the 
samples from inside the room at a concentration of 25.3 dpm/g. All other radionuclides 
were below minimum detectable concentration. The K-40 that was detected is almost 
certainly an inherent ingredient of the concrete. Potassium-40 had never been used or 
stored at PHL. 

Possible Ra-226 contamination was the primary concern of the future occupants of the 
building. The minimum detectable concentration for Ra-226 in the sample from inside 
Room B7 was 16.1 dpm/g. Adjusting for the fraction of surface material in the sample 
and for the surface area that one gram represents, the minimum detectable surface 
concentration is 540 dpm/100 cm2, about half the Table 5.19 value. 

The concrete chips from the area that showed the highest reading, the southeast comer of 
the room, were pulverized, and 0.1 gram of the pulverized material was analyzed in the 
Tennelec 5 alphaibeta proportional counter. The material was counted for 22 hours. The 
0.1 gram weight corresponds to 0.43 cm2 of surface area. 

The analysis of the 0.1 g concrete sample showed an alpha activity of less than the MDA 
of 0.259 dpm (after correcting for self-absorption) and a beta activity of 2.30 dpm. The 
beta activity corresponds very closely to the 25.3 dpm/g K-40 concentration detected in 
the gamma analysis. 

Betdgamma surface scans of Room B7 with using Ludlum Model 3 Geiger counters with 
Model 44-9 pancake probes found no readings that could be distinguished from 
background. 

Room B7 - summary 

& 

L 

- Some readings in the room are high enough to indicate that there may be 
concentrations of some radionuclides higher than the Table 5.19 guidelines. 

- Non-contaminated objects placed in the room become contaminated overnight. 
The contamination level is 50 percent or more of the levels found on the floor in 
most of the room. 
The contamination that accumulates has a short half-life. - ..-- 
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- One set of wipes showed longer-lived radioactive materials in measurable 
quantities, some approaching ten percent of Table 5.19 levels for Th-230 
(although Th-230 was not implicated as the radionuclide that was detected). 

- Wipes taken after cleaning the room showed no detectable long-lived radioactive 
materials. 
Readings on the floor of a room similar to B7 (basement, unventilated, concrete 
floor) were also significantly above background. 

- Readings done on concrete in several different locations were all significantly 
higher than background, generally at levels close to half the levels found on the 
floor in Room B7. 

- A sample of concrete from the floor of Room B7 showed no detectable 
concentrations of Ra-226 or any materials that had been used in Room B7. 

- Only the area along the floor-wall joint immediately adjacent to the south wall of 
the room gives readings exceeding the calculated values that would indicate alpha 
activity at or above the Table 5.19 values. 

- 

Conclusions 

The survey showed that none ofthe radionuclide work areas at 717 Delaware St. SE, 
Minneapolis, MN, exceeds the guidelines in Table 5.19. There are several rooms where 
detectable levels of licensed material were found, but in all cases, the area concentrations 
of the radionuclides are well below the Table 5.19 values. 

Testing showed that the elevated counts in Room B7 can be accounted for by a 
combination of increased readings found on concrete floors and deposition of short-lived 
radioactive materials on surfaces in the room. Tests also showed that after cleaning, there 
was no detectable long-lived, alpha-emitting radioactive material on wipes taken in the 
room or in concrete samples from the room. 

We conclude concentrations of licensed materials do not need to be further reduced to 
make the building acceptable for unrestricted use. 

- 

'- 
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Appendix A 

Wipe Results 
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I IEu-155= 1395.5 dpm I 
ISb-125= 2573.0 dpm 

I I I I I I 

B5-8 I 2005323281 
85-9 I 20053~329 
85-1 0 I 200532330 

! ! I ! ! I I 
Room 8-5 -- Results for wipe samples 

11/30/20051< MDA < MDA I I 
i1/30/2005i< MDA -= MDA I 

11/30/2005/< MDA < MDA 

I 

B5-11 I 200532331 

R5-1.1 i 200532333 
85-1 2 200532332 

11/30/20051< MDA < MDA I 

11/30/2005~< MDA < MDA ! I 
11/30/2005/~ MDA , <  MDA I , 





85-75 
85-76 
85-77 
85-78 
65-79 

200532395 11/30/2005 < MDA < MDA 
200532396 11/30/2005 < MDA < MDA 
200532397 11/30/2005 < MDA < MDA 
200532398 11/30/2005 < MDA < MDA 
200532399 11/30/2005 < MDA < MDA 
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Room B-6 -- Results for wipe samples 
I I I I 



Room 6-6 -- Results for wipe samples I I 1 I 1 I 
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I I 
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Room B-7 -- Results for wipe samples 



Room B-7 -- Results for wipe samples I 

I I I 1/9/2005 I 
2005309431 11/9/2005/< MDA I< MDA 

Location dPSample No. Date Coll. a Results dpm p Results dpm LSC/y Samp. No. LSC Results dpm y Results dpm 
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Radiation Wipe Sample Results 
I 

Minnesota Dept. Health 1 
Public Health Laboratorv I 

dp Counter 
a= 7.94 dpm 
p= 7.38 dpm 

I 1717 Delaware St. S.E., Mpls. MN 

I 

Minimum Detectable Activity 
L.S.C. Gamma 
p= 33.6 dpm Cs-137= 1376.3 dpm 

Eu-154= 5733.4 dpm 
Eu-155= 1241.2 dpm 
Sb-125= 2548.7 dpm 

Room 122 -- Results for wiDe samDles I I I 1 

I . . .  . 



i 

122-26 Reagent Blank 

122-27 Reagent Blank 
122-28 Reagent Blank 
122-29 Reagent Blank 

122-30 Reagent Blank 

Room 122 -- Results for wipe samples 
I I I I I I I 

12/1/2005 N/A NIA 2005328551< MDA 
1211/2005 N/A NIA 2005328561< MDA 
12/1/2005 NIA NIA 200532857 < MDA 
12/1/2005 N/A NIA 200532858 < MDA 
12/1/2005 N/A NIA 200532859 C MDA 



/ 4  



Vaw> iSL8ZESOOZ vaw > van > 
va w> PL~ZESOOZ vaw > vaw > 

vaw > vaw > 

vaw > vaw > 
vaw > vaw > 

vaw > van > 

I 
I 

sooz/zz/i i PE~LEGOOZ L1-1P 
sooz/zz/ii EE~~ESOOZ 91-1P 
sooz/zz/~.c ZE~LESOOZ s 1- 1P 
sooz/zz/ii LE~~E~OOZ Pl-1P 
sooz/zz/ii OE~~ESOOZ El-CP 
SOOZ/ZZ/IC I~Z~CESOOZ Zl-1P 

i I 

vaw > 

vaw > 

vaw > 
van > 

vaw > 

) i I 

vaw > sooz/zz/cc ~Z~CESOOZ Cl-lP 
vaw > sooz/zz/cc LZ~CE~OOZ 01-CP 
vaw > sooz/zz/ii ~Z~~ESOOZ 6-1P 
vaw > sooz/zz/ci SZ~LE~OOZ 8-1P 
vaw > soouzuii PZ~LESOOZ L-1P 



Room 441 -- Results for wipe samples 1 
1 I I I I I I 

441-29 

1 I I 1 I I I 
I I I I I I I 

2005318461 11/22/2005l< MDA MDA I I I 
441-30 200531847/ 11/22/20051< MDA /< MDA 2005328701 <MDA 



vow > VaW > SOOZ/ZZ/LC 868lESOOZ 
vaw > vaw > sooz/zz/tt L~~LESOOZ 

vaw >/ Vaw >ISOOZ/ZZ/Cl 19L8CESOOZ 6s- CPP 
I I I vaw >I VCIw >~SOOZ/ZZ/11 ISL8CESOOZ I 8s- CPP 

18-LPP 
08- CPP 

I I I I I I I 
I I 









Room 441 -- Results for wipe samples 1 
I I I I i i i 

Location 
441-175 
441-176 
441 -1 77 
441-178 
441 -1 79 

I I I I i i 1 
I 1 
dPSample No. Date COIL a Results dpm p Results dpm LSCly Samp. No. LSC Results dpm y Results dpm 

200531995 11/23/2005 < MDA < MDA 
200531996 11/23/20051< MDA < MDA 

' 200531 997 11/23/2005 < MDA < MDA 
200531998 11/23/2005 < MDA MDA 
200531999 11/23/2005 < MDA < MDA 

441-205 2005320251 11/23/2005j< MDA / <  MDA 1 

441-206 2005320261 11/23/20051< MDA I< MDA I 



156-190 Composite I I I I I 200532045 1 NIA 
191-223 Composite I 2005320461 N/A I<MDA 
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Radiation Wipe Sample Results 

Public Health Laboratorv I 

448-1 3 
448-14 
448-1 5 
448-16 
448-1 7 

1717 Delaware St. S.E., Mpls. MN . 
200531768 12/5/2005 < MDA < MDA 
200531769 12/6/2005 < MDA < MDA 
200531770 12/7/2005 < MDA < MDA 
200531771 I 2/8/2005 < MDA < MDA 
200531772 12/9/2005 < MDA < MDA 

lMinimum Detectable Activity 
d p  Counter L.S.C. Gamma 
a= 7.94 dpm p= 33.6 dpm Cs-137= 1357.5 dpm 
p= 7.38 dpm Eu-154= 5982.2 dpm 

Eu-155= 1130.9 dpm 
Sb-125= 2684.9 dpm 

Room 448 -- Results for wiDe samdes 

I I I I I I I 
Location 
448-1 200531756/ 11/23/2005l< MDA I<  MDA 

ldpSample No. IDate Coll. la Results dprn I p Results dpm ILSCly Samp. No. ILSC Results dpm Iy Results dpm 



( i 
E 4 4 8  -- Results for wiDe samales I I I I I 

Location 
448-1 8 
448-1 9 

448-21 
448-22 
448-23 

448-20 

dj3Sample No. Date Coll. a Results dpm p Results dpm LSCly Samp. No. LSC Results dpm y Results dpm 
200531773 12/10/2005 < MDA < MDA 
200531774 12/11/2005 < MDA < MDA 

200531776 12/13/2005 < MDA < MDA 
200531777 12/14/2005 < MDA < MDA 
200531778 12/15/2005 < MDA < MDA 

200531775 12/12/2005 < MDA < MDA 

448-46 
448-47 
448-48 
448-49 

I 200531801 1/7/2006 < MDA .= MDA I 
200531802 1/8/2006 -= MDA < MDA 
200531803 1/9/2006 < MDA < MDA 
200531804 1/10/2006 < MDA < MDA 



/Room 448 -- Results for wipe samples 1 

Location 
448-50 
448-51 
448-52 
448-53 
448-54 

cdpSample No. Date Coll. a Results dpm p Results dpm LSCly Samp. No. LSC Results dpm y Results dpm 
200531805 1/11/2006 < MDA < MDA 
200531806 1/12/2006 < MDA < MDA 
200531807 1/13/2006 < MDA < MDA 
200531808 1/14/2006 < MDA < MDA 
200531809 1/15/2006 < MDA < MDA 
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Radiation Wipe Sample Results 
I 

Minnesota Dept. Health I 
Public Health Laboratory 1 
717 Delaware St. S.E., Mpls. MN 

I 

Minimum Detec 
dp Counter 
a= NIA 
p= NIA 

I 

. . .. - .. . . . . . . - . . . 
Room 519D -- Results for wipe samples -- Analyzed for C-14 .- I r I 

Location 
519D-1 
519D-2 
519D-3 
519D-4 
519D-5 

dpSample No. Date Coll. a Results dpm f3 Results dpm LSC Samp. No. 
12/7/2005 N/A N/A 20053323 
12/7/2005 N/A N/A 20053323 
12/7/2005 N/A N/A 20053323 
12/7/2005 N/A N/A 20053323 
12/7/2005 N/A N/A 20053323 

519D-6 
519D-7 
519D-8 
519D-9 
519D-10 
519D-11 
519D-12 

12/7/2005 N/A N/A 20053323 
12/7/2005 N/A N/A 20053323 
12/7/2005 N/A N/A 20053323 
12/7/2005 N/A N/A 20053323 
12/7/2005 N/A N/A 20053324 
12/7/2005 N/A N/A 20053324 
12/7/2005 N/A N/A 20053324 

( 

1 

51 9D-13 

ble Activi 

12/7/2005 N/A N/A 20053324 

Cs-13?= NIA 

Eu-155= NIA 

519D-14 
51 9D-15 
519D-16 
519D-17 

(Sb-125= NIA I 

12/7/2005 N/A N/A 20053324 
12/7/2005 N/A N/A 20053324 
12/7/2005 N/A N/A 20053324 
12/7/2005 N/A N/A 20053324 

3-14 LSC Results 

:MDA 

:MDA 

:MDA I I . 

:MDA 
:MDA 



519D-47 12/7/20051 N/A 1 N/A 2005332771<MDA I 
m 12/7/2005 IN/A I N/A 200533278l<MDA 



F 5 1 9 D  -- Results for wipe samples --Analyzed for C-14 



/ 

519D-109 12/8/2005 1 N/A 200533339 l<MDA 
519D-110 12/8/2005 1 N/A I NIA 2005333401<MDA 
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Wipe of Sink in 519E 
Recount of Split Sample 

Sample A Sample B Total NRC C-14 
Count# dpm dpm dprn Guideline 

1 7657 3659 11316 3.67E+06 
2 7581 3707 11288 3.67E+06 
3 7521 3618 11 139 3.67E+06 
4 7743 3658 11401 3.67E+06 
5 7667 3605 11272 3.67E+06 

Mean dpm 11283.2 

Close-out survey 
717 Delaware St. 
Minneapolis, MN 



Radiation Wipe Sample Results I 

Minnesota Dept. Health 

Public Health Laboratory 

717 Delaware St. S.E., Mpls. MN 

1 

I I 

a/p Counter 
a= NIA 
b= NIA 

1 Minimum Detectable Activity 
L.S.C. Gamma 
p=33.6 dpm CS-137= NIA 

E~-1!54= NIA 
Eu-155= NIA 
Sb-125~ NIA 

I I I I I I I 

I I I I I I 
Room 519E -- Results for wipe samples --Analyzed for C-14 



519E-47 12/8/2005 1 N/A 200533391 l<MDA 
519E-48 12/8/2005(N/A 1 N/A 200533392l<MDA 
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Radiation Wipe Sample Results 

i 

Minnesota Dept. Health 

717 Delaware St. S.E., Mpls. MN 

Public Health Laboratory I , 
I I 

/Minimum Detectable Activity 
d p  Counter L.S.C. Gamma 
a= NIA p= 33.6 dpm CS-137= NIA 
p= NIA EU-154= NIA 

Eu-155= NIA 
Sb-125~ NIA 

12/8/2005 
I 12/8/2005 
1 12/8/2005 

12/8/2005 
519F-5 12/8/2005 
519F-6 12/8/2005 
c114F-7 12/8/2005 

I I I I I I I 

I I I I I I I 
Room 519F -- Results for wipe samples - C-14 Analysis I 

N/A N/A 200533197 <MDA 
N/A N/A 200533198 <MDA 
N/A N/A 200533199 <MDA 
NIA NIA 200533200 <MDA 
N/A N/A 200533201 <MDA I 
N/A N/A 200533202 <MDA 
N/A NIA 200533203 <MDA 1 

Location dpSarnple No. Date Coll. a Results dpm p Results dpm LSC Samp. No. LSC Results dpm 7 Results dpm 
519F-1 
519F-2 
519F-3 
5 19F-4 

~ 







I I Radiation WiDe SamDle Results i I 

51 9G-12 
519G-13 

51 9G-I 5 

519G-17 

519G-14 

519G-16 

Minnesota Dept. Health 

Public Health Laboratory 
717 Delaware St. S.E., Mpls. MN 

I 1 N/A 200533139 < MDA 12/8/2005 N/A 
12/8/2005 N/A N/A 200533140 < MDA 

12/8/2005 N/A N/A 200533142 < MDA 

12/8/2005 N/A N/A 200533144 e MDA 

12/8/2005 N/A N/A 200533141 < MDA 

12/8/2005 N/A N/A 200533143 < MDA 





i ( i 

Room 519G -- Results for wipe samples - C-14 Analysis I 
I I I I I I I 





Room 611 -- Results for wipe samples --Analyzed for Ni-63 by LSC 
I I I I I I I 
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I 

. 

Chemical Hood 

Chemical Hood 

- - .. .., 
i ' Organic Room611 Chemistry ' 
L 1 

U 

L .  

. .  

1 Radioactive Sealed Sources 



i ( i 
1 I I I 1 I I I I 

7036 200533058 I 12/7/2005 /<MDA 
703-7 200533059/ 12/7/20051 <MDA /<MDA 



i 

[Room 703 -- Results for wipe samples 



i f 

I 
Radiation Wipe Sample Results 

Minnesota Dept. Health 

Public Health Laboratory 

717 Delaware St. S.E.. Mr~ls. MN 

Minimum Detectable A 

I I I I 1 I 

Sink Drains & Hoods -- Results for wipe samples 1 
I I I I 1 I I 
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Survey Instrument 
Specifications 
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Model 3 Survey Meter http://www.ludlums.com/product/m3 .htm 

PART NUMBER:48-1605 

4 Ranges 
Utilizes G-M, or 

Typical Counting 
Scintillation Detectors 

Range from 0 - 200 
mwlrr, or 0 - 500,000 
CPm 
Greater Than 2000 
Hour Bnttery Life 

INDICATED USE: General purpose survey 
COMPATIBLE DETECTORS: G-M, scintillation 
METER DIAL: 0 - 2 or 0 - 5k cpm, BAT TEST (others available) 
MULTIPLIERS: XO.l, X1, X10,XlOO 
LINEARITY: Reading within 510% of true value with detector connected 
CONNECTOR: Series "C" (others available) 
AUDIO: Built in unimorph speaker with ON/OFF switch (greafer fhan 60 dB af 2feef) 
CALIBRATION CONTROLS: Accessible from front of instrument (protective cover 
provided) 
HIGH VOLTAGE: Adjustable from 200 - 1500 volts 
THRESHOLD: 30 mV f 10 mV 
RESPONSE: Toggle switch for FAST (4 seconds) or SLOW (22 seconds) from 10% to 90% of 
final reading RESET: Push-button to zero meter 
POWER: 2 each "D" cell batteries (housed in sealed compartment that is externally 
accessible) 
BATTERY LIFE: Typically greater than 2000 hours with alkaline batteries (battery condition 
can be checked on meter) 
METER: 2.5" (6.4 cm) arc, 1 mA analog type 
CONSTRUCTION: Cast and drawn aluminum with beige polyurethane enamel paint 

May be certified for operation from -4O0F(-40"C) to 150°F(65'C) 
SIZE: 6.5" (16.5 cm)H X 3.5" (8.9 cm)W X 8.5" (21.6 cm)L 
WEIGHT: 3.5 Ibs. (1.6 kg) including batteries 

- 

TEMPERATURE RANGE: -4"F(-20°C) to 122"F(50°C) 

- 

1 o f 5  1/11/2006 4:17 PM 
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Modcl44-9 Pancake G-M http://www.ludlums.com/product/m44-9.htm 

PART NUMBERz47-1539 

The Model 44-9 is a pancake 
G-M that can be used with 

several different instruments 
including survey meters, 
scalers, ratemeters, and 

alarm ratemeters 

INDICATED USE: Alpha beta gamma survey; Frisking 
DETECTOR: Pancake type halogen quenched G-M 
WINDOW: 1.7 plus or minus 0.3 mg/cm2 mica 
WINDOW AREA: 
Active - 15 cmz 
Open - 12 cm2 
EFFICIENCY(4pi geometry): Typically 5%-C-14; 22%-Sr-90N-90; 19%-Tc-99; 32%-P-32; 
15%-Pu-239 
SENSITIVITY: Typically 3300 cpm/mR/hr (Cs-137 gamma ) 
ENERGY RESPONSE: Energy dependent 
DEAD TIME: Typically 80 microseconds 
COMPATLBLE INSTRUMENTS: General purpose survey meters, ratemeters, and scalers 
OPERATING VOLTAGE: 900 volts 
CONNECTOR: Series "C" (others available ) 
CONSTRUCTION Aluminum housing with beige polyurethane enamel paint 

May be certified for operation from -40" F(-40' C) to 150' F(65' C) 
SIZE: 1.8" (4.6 cm)H X 2.7" (6.9 cm)W X 10.7" (27.2 cm)L 
WEIGHT: 1 lb (0.5ke) 

- 

TEMPERATURE RANGE: -4" F(-20' C) to 122' F(50' C) 

~~ ~ 

Replacement Parts 
Pancake G-M Tube 
Protective Screen 

Ordering Info. Model 44-9 Response Curve 

Return to ludlunts.com 

Copyright 0 2000 Ludlum Measurements, Inc. 
For comments or suggestions please contact webmaster at: rludlum@ludIums.com 
Page last updated: December 2000 
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Model 43-1 Alpha Scintillator http://www.ludlums.com/productlm43- 1 .htm 

PART NUMBER:47-1516 

The Model 43-1 Alpha 
Scintillator is a cylindrical 
large urea scintilIator that 
can be used with a several 

different instruments 
including survey meters, 
scalers, ratemeters, and 

alarm ratemeters 

INDICATED USE: Alpha survey 
SCINTILLATOR: ZnS(Ag) 
WINDOW: Typically 0.8 mp/cmz aluminized mylar (1.2 mg/cm2 recommended for outdoor 
use) 
WINDOW AREA: 
Active - 83 cmz 
Open - 75 cm2 
EFFICIENCY (4pi geometry): Typically 35% - Pu-239 
NON-UNIFORMITY: Less than 10% 
COMPATIBLE INSTRUMENTS: General purpose survey meters, ratemeters, and scalers 
TUBE: 1.5"(3.8cm) diameter magnetically shielded photomultiplier 
OPERATING VOLTAGE: Typically 500 - 1200 volts 
DYNODE STRING RESISTANCE: 100 megohm 
CONNECTOR: Series "C" (others available) 
CONSTRUCTION: Aluminum housing with beige polyurethane enamel paint 

May be certified for operation from -40" F(-40° C) to 150" F(65' C) 
SIZE: 4.8" (12.2cm) diameter X 9.8" (24.9cm)L 
WEIGHT: 2 Ib (0.9 kn) 

v 

TEMPERATURE RANGE: -4" F(-20" C) to 122" F(5Oo C) 

- 

1 o f 2  

Replacement Parts 
Mylar Window 

1/11/2006 4:20 PM 
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Model 2221 ScaleriRatemcter, SCA http://www.ludlums.com/productlm222 1 .htm 

6 Decade LCD Scaler 
with backlight 
Logarithmic and 
Linear Ratemeter with 
a Total Counting 
Range f rom 0 - 500,000 
CPm 
Headset Compatible 
Audio Divide 
Single Channel 
Analyzer 

PART NUMBER:48-2065 

INDICATED USE: Field analysis 
COMPATIBLE DETECTORS: G-M, proportional, scintillation 
CONNECTOR: Series "C" (others available) 
AUDIO: Built in unimorph speaker with volume control (greater than 60 dB at Zfeet, f i l l  
volume) 
AUDIO DIVIDE: Thumb switch for 1, 10, or 100 events-per-click 
AUDIO JACK: For optional headset 
METER DIAL: 0 - 500 cpm; 50 - 500k cpm logarithmic scale (others available) 
MULTIPLIERS: XI,  X10, X100, Xlk,  and LOG for logarithmic scale 
LINEARITY: Reading within plus or minus 10% of true value with detector connected 
DIGITAL DISPLAY: 6 digit LCD display with 0.5" (1.3cm) digits 
LCD BACKLIGHT: Activated by LAMP switch 
DIGITAL RATEMETER: Provides a digital display of count rate when selector switch is in 
Dig. Rate position 
SCALER: Used in conjunction with timer to allow for gross counting with range from 0 - 
999999 counts when selector switch is in Scaler position (controlled by COUNT and HOLD 
buttons) 
NOTE: Scaler and digital ratemeter are active when not selected, allowing for concurrent use 
TIMER: Switch selectable divisions of 0.1, 0.5, 1,2,  5, 10 minutes or CONT (continuous ) for 
manual timing 
CALIBRATION CONTROLS: Accessible from front of instrument (protective cover 
provided) 
HIGH VOLTAGE: Adjustable fiom 200 - 2400 volts (can be checked on display) 
THRESHOLD: Adjustable from 100 - 1000 (can be checked on display) 
WINDOW: Adjustable from 0 - 1000 above threshold setting (can be turned on or of7 
GAIN: Adjustable from 1.5 - 100 mV at threshold setting of 100 
OVERLOAD: Senses detector saturation. Indicated by 'I------" on LCD display and meter 
going to full scale (adjustable depending on detector selected) 
RESPONSE: Toggle switch for FAST (4 seconds) or SLOW (22 seconds) from 10% to 90% of 

- 

- 
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Model 2221 ScalerRatemeter, SCA http://www.ludlums.com/product/m222 1 .htm 

final reading 
RESET: Push-button to zero meter 
POWER: 4 each "D" cell batteries (housed in sealed compartment that is externally 
accessible) 
BATTERY LIFE: Typically 250 hours with alkaline batteries (battery condition can be 
checked on digital display) 
METER: 2.5"(6.4cm) arc, 1 mA analog type 
CONSTRUCTION: Milled and drawn aluminum with beige polyurethane enamel paint 

May be certified for operation from -40" F(-4Oo C) to 150" F(65' C) 
SIZE: 9"(22.9cm)H X 4.3"(10.9cm)W X lO"(25cm)L including handle 
WEIGHT: 5.5 lbs (2.5kg) including batteries 

L 

TEMPERATURE RANGE: -4" F(-20' C) to 122" F(50° C) 

- 

2 o f 3  

For For For  For 

Measurements Measurements Measurements Measurements 
Alpha Beta Gamma Alpha/beta/gamma 

Model 43-1" 
Model 43-2' 
Model 43-5" 
Model 43-20 
Model 43-44 

Model 43-44-1 
Model 43-65" 
Model 43-68 

Model 43-90" 
Model 44-7 
Model 44-9 
Model 44-88 
Model 44-89 
Model 44-94 

Model 43-20 
Model 43-68 
Model 44-1" 
Model 44-6 
Model 44-7 
Model 44-9 
Model 44-21 
Model 44-38 
Model 44-88 
Model 44-89 
Model 44-92 
Model 44-94 

Model 44-98" 
Model 44-116" 

Model 44-2 
Model 44-3 
Model 44-6 
Model 44-7 
Model 44-9 

Model 44-10 
Model 44-17 
Model 44-20 
Model 44-21 
Model 44-38 
Model 44-62 

Model 133 Series 

Model 44-7 
Model 44-9 
Model 44-88 
Model 44-89 
Model 44-94 

Common Meter Dials 

202-159 
50-500 kcum lop; 0-500 cpm 

Accessories Replacement Parts 
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Model 239-11; Floor Monitor http://www.ludlums , com/product/m23 9- 1 f. htm 

PART NUMBERS 

Model 239-IF w/Model I2 - 48-1 702 
Model 239-IF w/Model2221- 48-2085 
Model 239-IF w/Model2350-1- 48-2594 
Model 239-IF w/Model2224 - 48-2650 
Model 239-IF wModel2360 - 48-2922 

LINKS TO SURVEY METERS 

Model 12 -Ratemeter 
Model 2221 - Portable Scaler Ratemeter 
Model 2350-1 -Data  Logger 
Model 2224 - Alphameta Scaler/Raterneter 
Model 2360 - Alphameta Data Logger 

INDICATED USE: Floor monitoring for alpha, and beta-gamma 
DETECTOR: Gas proportional 

BOTTLE SIZE: Typically used with Matheson size 2 or Linde Q bottles (provided by 
customer) 
DETECTOR WINDOW: 0.8 mdsquare cm aluminized mylar (window thickness ofo.4, 1.2, 
3.9, or 7.9 mg/square cm available) 
WINDOW AREA: 
ACTIVE - Approximately382 square cm 
OPEN - Approximately 425 square cm 
EFFICIENCY(4pi geometry): Approximately 25% - Sr-90N-90; 17% - Pu-239; gamma - less 
than 1% 
GAS RECHARGE: Will operate on static charge for over 2 hours 
COMPATIBLE INSTRUMENTS: Typically used with Model 12,2221,2224, or 2350-1 
DETECTOR HEIGHT: Adjustable from 0.125"(0.32cm) - 3"(7.6cm) from surface 
DETECTOR OPERATING VOLTAGE: 
ALPHA - Typically 1000 - 1200 volts 
BETA-GAMMA: Typically 1600 - 1800 volts 
THRESHOLD: Typically 2 - 4 mV 
FLOW METER: 
IN - Adjustable from 0 - 100 cc/min 
OUT - Flow indicator from 0 - 100 cc/min 
GAS CONNECTORS: Double end quick disconnect for 0.25"(0.6cm) OD tubing 
GAS CONSUMPTION: Typically 50 cc/min 

RECOMMENDED COUNTING GAS: P-10 (IO% methane; 90% argon) v 

1 
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Model 239-1F Floor Monitor http://www.ludlums.com/product/m239- 1 f.htm 

CONSTRUCTION: 
DETECTOR - Anodized aluminum housing with stainless steel hex protective screen (79% 

CART - 1" square tubular steel and aluminum with beige polyurethane enamel paint, 
7.5"(19.lcm) diameter rear wheels, and 4"(10.2cm) diameter swivel casters 

May be certified for operation from -40' F(-4Oo C) to 150" F(65" C) 
SIZE: 
DETECTOR - 0.8"(2cm)H X 6.3"(16cm)W X 18.3"(46.5cm)L 
CART - 42"(106.7cm)H X 16"(40.6cm)W X 27.5"(69.9cm)L (excluding detector) 
WEIGHT: 25 lbs (1 1.4kg) (excluding gas bottle and counting instrument) 

.+ Open) 

TEMPERATURE RANGE: -4" F(-20° C) to 122' F(5Oo C) 

Ordering Info.; Manual 

Return to Iud1ums.com 

Copyright 0 2000 Ludlum Measurements, Znc. 
For comments or suggestions please contact webmaster at: rludlum~~u~llums.coN1 
Page last updated: December 2000 

i 
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Appendix C 

Calibrations and 
Operational Checks 

+ 

Close-out survey 
7 17 Delaware St. 
Minneapolis, MN 

1 



"duratek Instrument Services 
628 Gallaher Road 
Kingston, M 37763 
Phone: (865) 376-8337 
Fax: (865) 376-8331 

1 .GL.Y. 

fiedBy: M.74 L ' 

CALIBRATION 
CERTIFICATE 

Date: - , p - d  

I Customer Name: Duratek Instrument Services I Manufacturer Tmdlum ~~ ~ . .. 

Address: 628 Gallaher Rd Khgston, TN 37763 I Detector Model 43-37B 

I Count 1 I 39.931 I 39,931 I Count 1 (Heel) I 39,985 
~~~~ 

Count 2 39,209 39,209 Count 2 (Center) 39,716 

Count 3 39.515 39,515 Count 3 (Toe) 40.057 

Count 4 39,076 39.076 Average 39,919 

Count 5 39.702 39,702 Tolerance *lo% 

I Threshold Serial Number Due Date Bsckemund Imm) ODentine Vultaee 

I 2221 I 197766 I 12/07/05 I 1.222 I t 40 = 4mV 

I DetectorSetupReport YES N O 4  I BarcodeReport YES N O 4  1 VoltaeePlateau Y E S J  NO 



b a c k g r o u n d  p l a t e a u  43-37#093965 4 /13 /2005  
900 0 

v 950 0 
1 0 0 0  0 
1 0 5 0  0 
1 1 0 0  0 
1 1 5 0  1 
1 2 0 0  2 
1 2 5 0  0 
1 3 0 0  2 
1 3 5 0  4 
1 4 0 0  3 
1 4 5 0  4 
1 5 0 0  5 
1 5 5 0  35 
1 6 0 0  92  
1 6 5 0  1 9 4  
1 7 0 0  

&%+jip 
1 9 0 0  2 3 8 0  

a l p h a  p l a t e a u  th-230#099603 26,220dpm 
300 3 0 3  
950 0 
1 0 0 0  0 
1 0 5 0  3 
1 1 0 0  3 6 1  
1 1 5 0  3 2 7 8  
1 2 0 0  4 4 3 5  

v 1 2 5 0  4 6 7 5  
1 3 0 0  4 7 9 1  
1 3 5 0  4 8 2 9  
1 4 0 0  4862  
1 4 5 0  4894 
1 5 0 0  4 9 6 9  

be t a  p l a t e a u  c-141010002 259,740dpm 

1 4 0 0  1 4  
1 4 5 0  7 
1 5 0 0  6 7 0  
1 5 5 0  6 3 5 3  
1 6 0 0  1 6 4 6 4  
1 6 5 0  25434  
1 7 0 0  3 2 9 5 1  

7731 o 
39075> 

1 3 0 0  41366  
1 9 5 0  43692  



”- 

Dura&& 

2221 

._ 

197766 12/05/06 3.6 1350V 40 = 4mV 

- 
Duratek Instrument Services 
628 Gallaher Road 
Kingston, TN 37763 
Phone: (865) 376-8337 
Fax: (865) 376-833 1 

Detector Setup Report YES N O J  

CAI.IRRATIOK 
CEKTIFICATE 

Barcode Report YES NO d Voltage Plateau YES J NO 

Customer Name: Duratek Instrument Services Manufacturer: Ludlum 
Address: 628 Gallaher Rd Kingston, TN 37763 Detector Model: 4337A 

Contact Name: Thomas Scott Serial Number: 190946 
Customer Purchase Order I Work Order Evaluation Method: 

~ 

., ~! 8 
~ ~~ ~ ~~ ~~ 

etector 

Certified By: M.?d‘ Reviewed B y : G  C& Date: / Z  c45- 
Certification Date: 12/05/05 Certification Due: 12/05/06 

I Source Nuclide: Th”’ 1 Serial Number: 119708 

Parameter 

Count 1 

Count 2 

Count 3 489 489 

Count 4 475 475 

Y Count 5 I 469 I 469 

I Count 6 I 481 I 481 

I Average I 497 I 497 

I Bnckzround(CPM) I 3.6 I 3.6 

I Netcounts I 493 I 493 

Efficiency 18.9% 18.9% 

Low Samole Activitv: I 

Activity (dpm): 2,610 I Certification Date: 10/14/97 I 
Precision Test I CPM I 
Count 1 (Heel) 504 

Count 2 (Center) 465 

Count 3 (Toe) I 518 I 
Average I 496 I 

Tolerance I *lo% I 
Pass/Fail I Pass I 

I Model I SerialNumber I DueDate I Backeround(com1 1 ODeratineVoltaee I Threshold I 



v BACKGROUND PLATEAU 43-37#190946 6FT CABLE 12/5/05 
900 0 
950 0 
1000 0 
1050 0 
1100 0 
1150 0 
1200 0 

1450 4 
1500 3 
1550 7 
1600 10 
1650 20 
1700 64 
1750 131 
1800 264 
1850 540 
1900 860 
1950 1003 

ALPHA PLATEAU TH-230#119709 2442DPM 
900 0 
950 0 
1000 0 
1050 0 
1100 0 
1150 17 
1200 271 

- 
1250 & 
1450 526 
1500 513 

BETA PLATEAU TC-99#119718 20,520DPM 
1400 1 
1450 3 
1500 4 
1550 89 
1600 567 
1650 1418 
1700 2395 
1750 3640 
1800 4946 
1850 5424 
1900 5511 
1950 5978 



Duratek- 

wlratek Instrument Services 
628 Gallaher Road 
Kmgston, TN 37763 
Phone: (865) 376-8337 
Fax: (865) 376-8331 

CALIBRATION 
CERTIFICATE 

Customer Name: Duratek Instrument Servlces Manufaehrrer: Ludlum 

Address: 628 GaUaher Rd Kingston, TN 37763 Detector Model: 43-37A 

Contact Name: Thomas Scott Serlal Number: 093965 

I Source Nuclide: Thm I Serial Number: 099603 I Activity (dpm): 26,220 I Certification Date: 08/14/96 

I Parameter I A s F o u n d I  AsLeft I Plecision Test I CPM 

count 1 5,161 5,161 count 1 @el)  5,352 

Count 2 5,291 5,291 Count 2 (Center) 5,191 

Count 3 5,115 5,115 Count 3 (Toe) 5,326 

I count 4 5,123 5,123 Average 5.290 

u count 5 5,351 5,351 Tolerance *lo% 

I Count 6 Pass/Fail I Pars 

Background (CPM) 

.C". 1.1,. I N/A I N/A 
. .  . D E ~ ~ T O R ~ ~ O R M A ~ T O N  . .  

.; '.$..:(> ... . 
. . :;';?;. ';.:,,%. I 

- Model Serial Number Backeromd fwml Operatine Voltnee Threshold 

2221 191166 12/07/05 5.0 1350V 40 = 4mV 

! .~ . .  ~~~ 

I rlnrnarr i r r o m d  dnrir- .himn--i or w e  ofthi? dacam) 
' .icr.ur 

. ~ ~ ~~~ ~ 

Reviewed By: Date: & -iv-&7'- 
Certification Date: 06/14/05 Certification Due: 06/14/06 



-.-, b a c k g r o u n d  p l a t e a u  43-37#093965 4 / 1 3 / 2 0 0 5  
900 0 
950 0 
1000 0 
1050 0 
1100 0 
1150 1 
1200 2 
1250 0 

1450 4 
1500 5 
1550 3 5  
1 6 0 0  92 
1650 194 
1700 326 
1750 7 3 3  
1800 1 0 2 8  
1850 1 1 1 8  
1900 2380 

a l p h a  p l a t e a u  t h - 2 3 0 # 0 9 9 6 0 3  26,220dpm 
900 303 
950 0 
1000 0 
1050 3 
1100 3 6 1  
1150 3278 
1200 4435 - 1 

1500 4969 

b e t a  p l a t e a u  c -14#010002  259,740dpm 

1400 1 4  
1450 7 
1 5 0 0  670 
1550 6353 
1600 16464 
1650 25434 
1700 3 2 9 5 1  
1750 37310 
1800 3 9 0 7 5  
1850 39908 
1900 41366 
1950 43692 



Dumtek 

Address: 628 Gallaher Road, Kingston, TN 37763 

Contact Name:Tom Scott 

Customer Purchase Order I Work Order 

aatek Instnment Services 
W 

628 Gallaher Road 
Kingston, TN 37763 
Phone: (865) 376-8337 
Fax (865) 376-8331 

Model 2221 Serial Number: 117651 

Probe: 44-10 Serial Number: 192589 

Calibration Method 

CALIBRATION 
CERTIFICATE 

Page 1 of 2 

x1 

Customer Name: Duratek Instrument Services I Manufacturer: Ludlum 

100 100 100 1.000 CPM .1 90-110 99 99 

x 10 

x 10 

Value CPM 

2,500 2,500 2,500 1,000 CPM 2 1.8K-2.2K 1,941 1,941 

4,000 3,900 3.900 1,000 CPM 5 4.5K-5.5K 9,705 9,705 

x 1000 

x 1000 

x1 I 250 I 250 I 250 I 1,000CPM I .2 I 180-220 I 194 I 194 

250,000 250,000 250.000 

400,000 390,000 390.000 

x1 I 400 1 400 I 400 I 1,000CPM I .5 I 450-550 I 484 1 484 

Calibration Date: 02/W/05 Calibration Due: 02/07/06 

I x 1 0 0  I 10,000 I 10,000 I 10,000 I 
I x 1 0 0  I 25,000 I 25,000 1 25,000 I 
I X l 0 0  I 40,000 I 39.000 I 39,000 I 
I x 1000 I 100,000 I 100,000 I 100,000 I 



- 

Model: 

M&TE 

Serial Number: 117651 

Environmental Con&tion$ 

Volt Meter 

Pulser 

Timer 

Due Date: 03/22/05 ID TW12663 Barometer Due Date: 11/11/05 ID: 100799 

Due Date: 09/24/05 ID 101500 Thermometer Due Date: 04/15/05 ID: 2816 

Due Date: 03/04/05 ID 0201806 Temn: 23.2 "C Pressure: 748 mmHe Humiditv: 30% 

Geotropism 

BAT > 4.5 

Mechanical Zero 

Sat (J, Unsat ( ) 

Sat (4 Unsat ( ) 

Sat (J, Unsat ( ) 

Hold Sat (J, Unsat ( ) 

Volume Test Sat (J, Unsat ( ) 

Audio Divide Sat (J, Unsat ( ) 

I Count I Sat ih IJnist 1 \ I lam" I sat 1.n rrnrat 1 \ 

Digital Zero 

I I I I \., , _._ -.. \., , ~ ~ ~~~~ ~ ~~ ~ 

Ivgh Vollage Calibration . .  Timer Calibration 

Sat (J, Unsat ( ) Window Switch Sat (J, Unsat ( ) 

I Voltage I Tolerance I AsFound I AsLeft I Time(sec.) I Tolerance I AsFound I AsLeft 

400 

1.000 

1.500 

392-408 400 400 300 290310 300 300 

980-1,020 1,001 1,001 

1.470-1.530 1.499 1.499 

I 1,900 I 1,862-1,932 I 1,897 I 1,897 I I I I 

A5 Found Value As Found Ralio (mV/100) As l ~ f t  Rnliu (niV/100) 

20 I 217 
10 I 100 I i o ~ n  I I i n x  

9.2 I 199 10.1 
30 337 
40 I 464 I 8.6 I, 411 I 9.7 

. ,  
Logmelcr .!+ca(e.J&i+ity Check i I '  

. .. 

8.9 300 10.0 

InJ@ 

LOG I 4,000 I 3,2004,800 .I 4,000 I 4,000 

i20% Tolerance As Found 

LOG 

Calibrated in accordance with IN-WI-237. 

400 320-480 I 400 I 400 

LOG 40.000 32,000-48.000 40,000 40,000 

LOG 400.000 320.000-480.000 375.000 375.000 

Instrument 

Calibrated By: 
Calibration Date: 02/07/05 

ReviewedBy: L r& 
Calibration Due: 02/07/06 

Date: 2 - Z -aJ- 



Duratek 

Page 1 of 2 

hratek Instrument Services 
'-828 Gallaher Road 

Kingston, TN 37763 
Phone: (865) 376-8337 
Fax: (865) 376-8331 

CALIBRATION 
CERTl FlCATE 

I Customer Name: Duratek Instrument Services I Manufacturer: Ludlum 

I Address: 628 Gallaher Road, Kingston, TN 37763 I Model: 2221 I Serial Number: 197766 

Contact Name: Tom Scott Probe: N/A Serial Number: N/A 

Customer Purchase Order I Workorder I Cslihrstinn Method: 

Instrument Calibration Standard I Range 1 ValueCPM As Found Value CPM As Found 

I I 100 

X I  250 250 250 1,000 CPM .2 180 - 220 201 201 

XI 400 400 400 1,000 CPM .5 450 - 550 501 501 

x 10 1,000 1,000 1,000 1,000 CPM 1 900 - 1,100 1001 1001 

2,500 I 2,500 I 2,500 I 1,000 CPM I 2 I 1.8K-2.2K I 2004 I 2004 

4,000 I 4,000 I 4,000 I 1,000 CPM I 5 I 4.5K-5.5K I 5007 I 5007 

x 100 10,000 10,000 10,000 

x 100 25,000 25,000 25,000 

x 100 40,000 40,000 40,000 

x 1000 100,000 100,000 100,000 

I x 1000 I 250,000 I 250,000 I 250,000 I 
I X 1000 I 400,000 I 400,000 I 400,000 I 

further certify that our Calibration Measurements are traceable to the National Institute of Standards and Technology. (We are not responsible for damage incurred during 
shipment or use ofthis instrument). 
Instrument 

Calibrated By: Reviewed By: Date: / Z  -5~5' , 
Calibration Date: 12/5/2005 Calibration Due: 12/5/2006 :.-.: . . . . . . . . . . . . . ... . . . . 



Page 2 of 2 

Volt Meter 

Pulser 

Timer 

Model: 2221 Serial Number: 197766 

DueDate: 10/19/06 ID 6565015 Barometer Due Date: 04/19/06 ID: 2816 

DueDate: 04/26/06 ID 92851 Thermometer Due Date: 04/19/06 ID: 2816 

Due Date: 02/16/06 ID 22226011 Humiditv Pen Due Date: 03/22/06 ID: 958670 

LOG 400 

LOG 4,000 

LOG 40.000 

I Temn: 25.3OC I Pressure: 14OmmHe I Humiditw 27% I 

320-480 400 400 

3.200-4.800 4,000 4,000 

32.000-48.000 40.000 40,000 

Special Test 

Geotropism Sat ( / )  Unsat ( ) Hold Sat (/) Unsat ( ) 

BAT > 4.5 Sat f /) Unsat ) Volume Test Sat f / )  Unsat f ) 

Instrument 

I Mechanical Zero I Sat (/ ) Unsat ( ) I Audio Divide I Sat (/) Unsat ( ) I 

- , 
~ p l i b r a t i o n  Date: 12/5/2U05 Calibration Due: 12/5/2006 

I Digital Zero I Sat (/ ) Unsat ( ) I Window Switch I Sat (/) Unsat ( ) I 

As Found Value As Found Ratio fmV/1001 As Left Value As Left Ratio fmV/100) 

10 95 10.5 95 10.5 

I 20 I 200 I 10 I 200 I 10 I 
30 290 10.3 290 10.3 

40 I I I 380 10.5 

I LOG I 400.000 I 320.000-480.000 I 400,000 I 400,000 I 

Calibrated in accordance with OEM Technical Manual. 



v 
Duratek Instrument Services 
628 Gallaher Road 
Kingston, T'N 37763 
Phone: (865) 376-8337 
Fax: (865) 376-8331 

Count 1 

CALIBRATION 
CERTIFICATE 

472 472 Count 1 (Heel) 482 

Customer Name: Duratek Instrument Services Manufacturer: Ludlum 
Address: 628 Gallaher Rd Kingston, TN 37763 Detector Model: 4337A 

Contact Name: Thomas Scott Serial Number: 190672 

Customer Purchase Order I Work Order Evaluation Method: 

Count 2 

I Source Nuclide: ThZ3' I Serial Number: 119709 1 Activity (dpm): 2,442 I Certification Date: 10/14/97 I 

482 482 Count 2 (Center) 524 

I Parameter I AsFound I AsLeft I Precision Test I CPM I 

Count 5 448 448 Tolerance +IO% 

I Count 3 I 518 I 518 I Count 3 (Toe) I 492 I 

Count 6 

I Count 4 1 524 I 524 I Average I 499.3 I 

492 492 Pass/Fail Pass 

I &.&&I I SerialNumber I DueDate I Backzround(coml I OoeratineVoltaee I Threshold I 
I 2221 I 117651 I 02/07/2006 I 4.4 I 13oov I 40 = 4mV I 

We Certify that the detector listed above was evaluated for proper operation prior to shipment and that it met all the Manufacturers published operating I "  specifications. We further certify that our Calibration Measurements are traceable to the National Institute of Standards and Technolopy. (We are not responsible for 
~~~ ~~~~~ 

'etector 

Date: 1 .?-- r-" r 
W , 

Certification Due: 12/5/2006 

Certified By: Reviewed By: 

Certification Date: 12/5/2005 



- BACKGROUND PLATEAU 43-37#190672 6FT CABLE 12/5/2005 
900 0 
950 0 
1000 0 
1050 0 
1100 0 
1150 1 
1200 0 
1250 0 

-1300 6 
1350 7 
1400 8 
1450 1 
1500 3 
1550 8 
1600 16 
1650 35 
1700 93 
1750 204 
1800 441 
1850 720 
1900 989 
1950 1100 

ALPHA PLATEAU TH-230#119708 2610DPM 
900 0 
950 0 
1000 0 
1050 0 
1100 1 
1150 278 
1200 423 
1250 513 

-1300 539 
1350 518 
1400 525 
1450 536 
1500 540 

BETA PLATEAU TC-99#099608 21,312DPM 
1400 4 
1450 3 
1500 80 
1550 583 
1600 1581 
1650 2689 
1700 4000 
1750 5004 
1800 5811 
1850 5894 
1900 5822 
1950 6605 

v 



Tennelec 3 Efficiency Calibration 
11/16/2005 

Alpha Efficiency 

Background Background Cal Std gross Cal Std Cal Std Activity Efficiency Efficiency 
Detector 1000 minutes ( c m )  c150 minutes (cpm) (PCi) (cpmlpCi) (cpmldpm) 

A I  
A2 
A3 
A4 

44 0.044 19969 399.4 687.33 0.581 0.262 
56 0.056 20202 404.0 687.33 0.588 0.265 
49 0.049 19054 381 .I 687.33 0.554 0.250 
54 0.054 18525 370.5 687.33 0.539 0.243 

B1 64 0.064 20389 407.8 687.33 0.593 0.267 
37 0.037 20598 412.0 - 687.33 0.599 0.270 
48 0.048 18141 362.8 687.33 0.528 0.238 

82 
B3 
84 53 0.053 18471 369.4 687.33 0.537 0.242 

Beta Efficiency 

Background Background Cal Std gross Cal Std Cal Std Activity Efficiency Efficiency 
Detector 1000 minutes (cpm) d10 minutes (cpm) (PCi) (cpmlpCi) (cpm/dprn) 

A1 
A2 
A3 
A4 

590 0.590 493830 49383 48764.9 1.013 0.456 
636 0.636 499882 49988 48764.9 1.025 0.462 
651 0.651 482920 48292 48764 9 0.990 0.446 
659 0 659 493921 49392 48764 9 1.013 0 456 

B1 776 0.776 468290 46829 48764.9 0.960 0.433 
82 680 0.680 494416 49442 48764.9 1.014 0.457 
83 700 0.700 498133 49813 48764.9 1.021 0.460 
84 835 0.835 491269 ' 49127 48764.9 1.007 0.454 

Close-out survey 
717 Delaware St. 
Minneapolis, MN 



Calibration - Model 43-1 Alpha Scintillation Detector 

Ludlum Model 43-1 Alpha Scintillation Detector 
Ludlum Model 2200 Scaler/Ratemeter 
Ludlum Model 180-16 Sample Holder 

Date: 11/9/2005 
Background: 0.56 cpm 

Nuclide Activity Cal. Date Current Act'v 1112 Gross Count Net Count Efficiencv Efficiencv 

Th-230 3.70E+01 0.345 0.75 9.56E+00 
0.75 2.89€+02 Ra-226 1.10E+03 0.351 

Ra-228 2.00E+02 1.450 0.75 2.18E+02 
Am-241 2.70E+01 0.375 0.75 7.60E+00 

(pci). (pCi) (Y) Rate (cpm) Rate (cpm) (cpm/pCi) (cpmldpm) 
U-Nat 688.6 61511 987 688.60 4.47E+09 417.8 417.24 0.6059 0.27: 

. .  

Th-230 1.00€+04 3/22/2004 9999.85 7.54E+04 7651 7650.44 0.7651 0.34! 
Ra-226 69.06 5/4/1997 68.81 1.60E+03 53.8 53.24 0.7738 0.34! 
Ra-228 105.1 8/10/1996 34.53 5.76E+00 111.2 11 0.64 3.2037 1.44: 
Am-241 32756.75676 3/22/2004 32671.10 4.33€+02 27230 27229.44 0.8334 0.37! 

Conc equiv 
to 25 mrem alpha scint Geometry cDm eauiv 

Nuclide (dpmllOOcm2) (cpmldpm) correction to'25 &em 
U-Nat 1.01E+02 0.273 0.75 2.07E+01 

Close-out survey 
717 Delaware St. 
Minneapolis, MN 



Performance Check - Model 43-37 Alpha Detector 
Ludlurn Model 43-37 Gas Probe Serial Number 190672 
Ludlum Model 2221 ScaMRatemeter Serial Number 117651 
Alpha detection efficiency 

Date: 12/8/2005 
Background: 5.80 cpm 

Nuclide Activity Cal. Date Current Act'y T1/2 Gross Count Net Count Efficiency Efficiency 
(pCi) (PCi) (Y) Rate (cprn) Rate (cpm) (cpmlpCi) (cpmldpm) 

U-Nat 34.43 6/5/1987 34.43 4.47€+09 10.6 4.80 0.1394 0.06: 
Th-230 1.00€+04 3/22/2004 9999.84 7.54E+04 5974 5968.20 0.5968 0.26! 
Ra-226 69.06 51411 997 68.80 1.60€+03 57.6 51.80 0.7529 0.33! 
Ra-228 105.1 8/10/1996 34.21 5.76€+00 71 65.20 1.9061 0.85! 

Conc equiv 
to 25 mrem abha detector Geometw corn eauiv 

Nuclide (dpm1100cm2) cpmldpm correction to 25 mrem 
U-Nat 1.01 E+02 0.063 4.25 2.70€+01 

ITh-230 3.70E+01 0.269 4.25 4.23€+01 I 
Ra-226 1.10€+03 0.339 4.25 1.59E+03 
Ra-228 2.00€+02 0.859 4.25 7.30€+02 

IAssurning a 19 percent efficiency, per Duratek, the table would be as follows 

Conc equiv I to 25 mrern alpha detector Geometry cpm equiv 
Nuclide (dpmllOOcrn2) cpmldpm correction to 25 mrem 
U-Nat 1.01E+02 0.190 4.25 8.16E+01 
Th-230 3.70E+01 0.190 4.25 2.99€+01 
Ra-226 1.1 OE+03 0.190 4.25 8.88E+02 
Ra-228 2.00E+02 0.190 4.25 1.62E+02 

Close-out survey 
717 Delaware St. 
Minneapolis, MN 



Performance Check - Model 43-37 Alpha Detector 
Ludlum Model 43-37 Gas Probe Serial Number 190946 
Ludlum Model 2221 ScalerlRatemeter Serial Number 197766 
Alpha detection efficiency 

Date: 12/6/2005 
Background: 2.90 cpm 

Nuclide Activity Cal. Date Current Act'y T1/2 Gross Count Net Count Efficiency Efficiency 
(PCi) (PCi) (Y) Rate (cpm) Rate (cpm) (cpmlpci) (cpmldpm) 

U-Nat 34.43 6/5/1987 34.43 4.47E+09 18 15.10 0.4386 0.19; 
Th-230 1.00E+04 3/22/2004 9999.84 7.54E+04 4903 4900.10 0.4900 0.22 
Ra-226 69.06 5/4/1997 68.80 1.60E+03 62.8 59.90 0.8706 0.39: 
Ra-228 105.1 811 011 996 34.21 5.76E+00 71.6 68.70 2.0084 0.90! 

Conc equiv 
to 25 mrem alDha detector Geometrv cDm eauiv 

Nuclide (dpm1100cm2) cpm/dpm correction to 25 mrem 
U-Nat 1.01E+02 0.198 4.25 8.48E+01 

ITh-230 3.70E+01 0.221 4.25 3.47E+01 I 
Ra-226 1.10E+03 0.392 4.25 1.83E+03 
Ra-228 2.00E+02 0.905 4.25 7.69E+02 

IAssuming a 19 percent efficiency, per Duratek, the table would be as follows 

I Conc equiv 
to 25 mrem alpha detector Geometry cpm equiv 

Nuclide (dpmllOOcm2) cpmldpm correction to 25 mrem 
U-Nat 1.01 E+02 0.190 4.25 8.16E+01 
Th-230 3.70E+01 0.190 4.25 2.99E+01 

Ra-228 2.00E+02 0.190 4.25 1.62E+02 
Ra-226 1.1 OE+03 0.190 4.25 8.88E+02 

Close-out survey 
717 Delaware St. 
Minneapolis, MN 



EfficiencylMDA determination for Ludlum Model 3 Geiger-Mueller Detector 

Ludlum Model 3 Serial Number 208023 208023 
Model 44-9 Probe Serial Number 214613 214613 
Calibration Date 1011 7l2005 
Check source reading (SRM 4275) 

Mean Background: 26.8 cpm 

1400 cpm 

Calibration date = 10/31/2005 

U-Nat 
Th-230 

Nuclide Activity Cal. Date Current Act'y TI12 Gross Count Net Count Efficiency Efficienc) 

1.00E+02 0.238 0.12 2.85E+00 
3.70E+01 0.183 0.12 8.13E-01 

pCi pCi Y Rate (cpm) Rate (cpm) cpmlpCi cpmldpm 
U-Nat I 34.43 6/5/1987 34.43 4.47E+09 30 3.2 0.0920 0.04' 

Ra-226 
Ra-228 
Am-241 
Sr-90 
EulSb 
cs-I37 

U-Nat 
Th-230 
Ra-226 
Ra-228 
Am-241 
Sr-90N-90 

1 . I  OE+03 0.414 0.12 5.46E+01 
2.00E+02 0.821 0.12 1.97E+01 
2.70E+01 0.139 0.12 4.50E-01 
8.70E+03 0.270 0.12 2.82E+02 
1.1 OE+04 0.127 0.12 1.67E+02 
2.80E+04 0.221 0.12 7.42E+02 

688.6 
1.00E+04 

69.06 
105.1 

32756.7568 
1010.8 

23904.84 
2109.8 

6/5/1987 
3/22/2004 
5/4/1997 

8/10/1996 
3/22/2004 
711 / I  995 

511 5/1995 
8/28/2003 

688.60 4.47E+09 
9999.85 7.54E+04 

68.81 1.60E+03 
34.64 5.76E+00 

32672.39 4.33E+02 
788.06 2.88E+01 

3384.285 Mixed 
2006.56 30.07 

390 
41 00 

90 
90 

10100 
500 
980 

I010 

363.2 
4073.2 

63.2 
63.2 

10073.2 
473.2 
953.2 
983.2 

0.5274 
0.4073 
0.9180 
1.8237 
0.3083 
0.6004 
0.2816 
0.4900 

0.231 
0.18: 
0.411 
0.82' 
0.13: 
0.27l 
0.12: 
0.22' - 

Calculated cpm equivalent to 25 mrem 
Conc equiv 
to 25 mrem GM efficiency Geometry cpm equiv 

Close-out survey 
717 Delaware St. 
Minneapolis, MN 



Efficiency/MDA determination for Ludlum Model 3 Geiger-Mueller Detector 

Ludlum Model 3 Serial Number 208190 
Model 44-9 Probe Serial Number 214600 
Calibrated by Ludlum 10/17/2005 
Check source reading (SRM 4275) 

Background: 30 cpm 

1400 cpm 

Calibration date = 11/30/2005 

Nuclide Activitv Cal. Date Current Actv T1/2 Gross Couni Net Count Efficiencv Efficiencv 

Sr-90N-90 
EulSb 
0 -137  

pCi pCi Y Rate (cpm) Rate (cpm) cpm/pCi< cpmldpm 
Th-230 I 1.00E+04 3/22/2004 9999.84 7.54E+04 3,700 3670.0 0.3670 0.16! 

1010.8 7/1/1995 786.50 2.88E+01 450 420.0 0.5340 0.24' 
23904.84 5/15/1995 3358.725 Mixed 1050 1020.0 0.3037 0.13; 

2109.8 8/28/2003 2002.76 30.07 1000 970.0 0.4843 0.211 

Sr-90 
EulSb 
Cs-137 

Nuclide (dpm1100cm2 cpmldpm correction to 25 mrern 
Th-230 I 3.70E+01 0.1651 0.12 7.34E-01 

8.70E+03 0.241 0 12 2.51 E+02 
1.10E+04 0 137 0 12 181E+02 
2.80E+04 0.218 0.12 7.33E+02 

Close-out survey 
717 Delaware St. 
Minneapolis, MN 



EfficiencylMDA determination for Ludlum Model 3 Geiger-Mueller Detector 

Ludlum Model 3 Serial Number 208240 
Model 44-9 Probe Serial Number 214602 
Calibrated by Ludlum 6/24/2005 
Check soufce reading (SRM 4275) 

Background: 35 cpm 

1450 cpm 

Calibration date = 11/30/2005 

Nuclide Activitv Cal. Date Current Act'v T112 Gross Count Net Count Efficiencv Efficiencv 

Sr-90N-90 
EulSb 
CS-I37 

pCi pCi Y Rate (cpm) Rate (cpm) cprnlpC; cpmldpm 
Th-230 I 1.00E+04 3/22/2004 9999.84 7.54E+04 3,800 3765.0 0.3765 0.171 

1010.8 7/1/1995 786.50 2.88E+01 500 465.0 0.5912 0.261 
23904.84 5/15/1995 3358.725 Mixed 1100 1065.0 0.3171 0.14: 

2109.8 8/28/2003 2002.76 30.07 1100 1065.0 0.5318 0.241 

Th-230 
Sr-90 

3.70E+01 0.170 0.12 7.53E-01 
8.70E+03 0.266 0.12 2.78E+02 

EulSb 
cs-137 

Close-out survey 
717 Delaware St. 
Minneapolis, MN 

1 10E+04 0.143 0.12 189E+02 
2 80E+04 0 240 012 8.05E+02 



EfticiencylMDA determination for Ludlum Model 3 Geiger-Mueller Detector 

Ludlum Model 3 Serial Number 208927 
Model 44-9 Probe Serial Number 214612 
Calibrated by Ludlum 6/24/2005 
Check source reading (SRM 4275) 

Background: 40 cpm 

1400 cprn 

Calibration date = 12/5/2005 

Sr-90N-90 
EulSb 
cs-137 

Nuclide Activitv Cal. Date Current Act'v TI12 Gross Count Net Count Efficiencv Efticiencv 

1010.8 7/1/1995 786.25 2.88E+01 500 460.0 0.5851 0.26~ 
23904.84 5/15/1995 3354.49 Mixed 1200 1160.0 0.3458 0.15t 

2109.8 8/28/2003 2002.13 30.07 1200 1160.0 0.5794 0.26' 

pCi pCi Y Rate (cprn) Rate (cpm) cpmlpC; cprn/dpm 
Th-230 I 1.00E+04 3/22/2004 9999.84 7.54E+04 3,950 3910.0 0.3910 0.17t 

. .. _. 

Sr-90 
EulSb 
Cs-I 37 

~ ~~ ~~ 

8.70E+03 0.264 0.12 2.75E+02 
1.1 OE+04 0.156 0.12 2.06E+02 
2.80E+04 0.261 0.12 8.77E+02 

Calculated cpm equivalent to 25 mrem 
Conc equiv 

I to 25 mrern GM efficiency Geometry cpm equiv I 
Nuclide (dpm/100cm2 cprn/dprn correction to 25 mrem 
Th-230 I 3.70E+Ol 0.176 0.12 7.82E-01 

Close-out survey 
717 Delaware St. 
Minneapolis, MN 



Th-230 
Sr-9O/Y-90 
EulSb 
Cs-I 37 

Close-out survey 
717 Delaware St. 
Minneapolis, MN 

1.00E+04 3/22/2004 9999.84 7.54E+04 4,150 4110.0 0.4110 0.18: 
1010.8 7/1/1995 786.25 2.88€+01 500 460.0 0.5851 0.263 

23904.84 5/15/1995 3354.49 Mixed 1100 1060.0 0.3160 0.14: 
2109.8 8/28/2003 2002.13 30.07 1100 1060.0 0.5294 0.23; 

Th-230 

Eu/Sb 
cs-137 

Sr-90 
3.70E+01 0.185 0.12 8.22E-01 

1.10E+04 0.142 0.12 1.88E+02 
2.80E+04 0.238 0.12 8.01E+02 

8.70E+03 0.264 0.12 2.75E+02 



EfficiencylMDA determination for Ludlum Model 3 Geiger-Mueller Detector 

Ludlum Model 3 Serial Number 209104 
Model 44-9 Probe Serial Number 214599 
Calibrated by Ludlum 6/24/2005 
Check source reading (SRM 4275) 

Background: 50 cpm 

1450 cpm 

Calibration date = 12/5/2005 

Sr-9OPf-90 
EulSb 
Cs-137 

I Nuclide Activity Cal. Date CurrentAct'y T1/2 Gross Count Net Count Efficiency Efficienq 

~~ 

1010.8 7/1/1995 786.25 2.88E+01 500 450.0 0.5723 0.251 
23904.84 5/15/1995 3354.49 Mixed 1250 1200.0 0.3577 0.16 

21 09.8 8/28/2003 2002.13 30.07 1150 1100.0 0.5494 0.24 

pCi pCi Y Rate (cpm) Rate (cpm) cpmlpCi cpmldp; 
Th-230 I 1.00E+04 3/22/2004 9999.84 7.54E+04 3.750 3700.0 0.3700 0.16 

3-90 

CS-I 37 
EulSb 

8 70E+03 0 258 012 2.69E+02 

2 80E+04 0 247 0.12 832E+02 
110E+04 0 161 012 2.13E+02 

Nuclide (dpm/lOOcm> cpm/dpm correction to 25 rnrem 
Th-230 I 3.70E+01 0.167 0.12 7.40E-01 

Close-out survey 
717 Delaware St. 
Minneapolis, MN 



Operational Check -Model 43-37 C-14 Detector 

Detector Ludlum Model 43-37, Serial No. 093965 . Scaler settings: 
Scaler Ludlum Model 2221, Serial No. 197766 Voltage: 1800 
C-14 Source Isotope Products Laboratories #488-27-7 Threshold 40 

Activity on 12/20/2005 94.24 nCi 
Activity on 5/1/1998 94.33 nCi Window 200 

December 20 I December 20 I December 12 
Results -Window In Results -Window Out ]Initial Operational Check - Window In 

Parameter (min) Counts 
Background 1 990 
Background 1 988 
Background 1 943 

C-14 Source 1 14302 
C-14 Source 1 14335 
C-14 Source 1 13881 

Mean Background Counts 974 
Mean Source Counts 14173 
Efficiency - Wnidow In 0.0631 
Detector open area 425 cmz 
Table 5.19 value 3.67E+06 
CPM indicating 25 mrernlyr 9.84E+05 

Close-out survey 
717 Delaware St. 
Minneapolis, MN 

Parameter (min) Counts 
1 980 Background 1 1204 Background 
1 14100 Background 1 1181 C-14 Source 

Background 1 1175 Efficiency - Window In 0.063 

C-14 Source 1 27258 Conc.to give 25 mrem/yr 3.67E+06 
C-14 Source 1 26857 CPM to give 25 mremlyr 9.78E+05 
C-14 Source 1 27315 

Mean Background Counts 1187 
Mean Source Counts 27143 
Efficiency - Wnidow In 0.124 
Detector open area 425 cm2 
Table 5.19 value 3.67E+06 
CPM indicating 25 mremlyr 1.94E+06 

Parameter (min) Counts 

Detector open area 425 cmZ 



Operational chec WC-I4 Calibration 

Ludlurn Model 3 Geiger-Mueller Counters wI Model 44-9 Pancake Probes 
Dec. 27,2005 

C-14 Source Isotope Products Laboratories M88-27-7 
Activity on 5/1/1998 94.33 nCi 
Activity on 12/20/2005 94.24 nCi 

MeterIProbe SN Bkgd SRM-4275 cpm C-14 source cprn Efficiency 
208023 I214613 40 1500 I2000 0.0571: 
208240 I214602 30 1450 10500 0.05001: 
208927 I214612 30 1400 10000 0.04762i 
208190 I214600 40 1400 11500 0.05474: 
209057 I214603 30 1400 13000 0.06195 
209104 I214599 35 1450 11 500 0.054761 

Close-out survey 
717 Delaware St. 
Minneapolis, MN 



Appendix D 

Room B7 Wipes Analyzed 
at 717 Delaware St. 

v 

Close-out survey 1 
717 Delaware St. 
Minneapolis, MN 



Wipes collected from Room 87  - 11/18/05 

Alpha Results 

WiDe Location 18-Nov 18-Nov 18-Nov 18-Nov 19-Nov 21-Nov 2-Dec 2-Dec 2-Dec 2-Dec 2-Dec 
Count DatelTime 

1422 1537 1716 1842 ,1803 1523 1130 1321 1510 1732 1913 
1- E Wall 6 from door 0.44 0.37 0.37 0.21 0.21 0.83 0.88 0.06 -0.01 -0.09 0.51 
2 - E Wall 4' from S wall 2.66 2.13 2.13 1.68 1.68 1.75 
3- Center 7' from S wall 1.01 0.92 0.44 0.44 0.36 0.44 0.75 0.46 0.31 0.46 0.23 
4- S Wall 12' from E wall 3.4 3.24 3.57 3.4 2.99 3.57 2.99 3.84 3.5 2.41 2.49 
5- E Wall 8 from S wall 3.58 2.3 2.6 2.08 1.56 2.08 0.61 0.61 0.69 0.52 0.69 

IBeta Results 
Count Datemime 

Wipe Location 18-Nov 18-Nov 18-Nov 18-Nov 19-Nov 21-Nov 2-Dec 2-Dec 2-Dec 2-Dec 2-Dec 
1422 1537 1716 1842 1803 1523 1130 1321 1510 1732 1913 

1- E Wall 6 from door 1.56 1.07 0.77 0.64 0.64 0.42 0.52 0.15 0.47 0.52 0.1 
2 - E Wall 4' from S wall 5.21 3.99 2.91 3.21 3.78 3.56 
3- Center 7' from S wall 2.4 1.68 1.1 1.32 -0.02 0.96 0.53 0.48 0.53 0.66 1.27 
4- S Wall 12' from E wall 8.11 5.83 5 5.48 4.04 4.47 4 5.22 4.48 4.22 3.69 
5- E Wall 8 from S wall 6.34 5.33 4.77 4.63 3.62 3.52 1.25 0.98 1.07 0.32 0.32 

Close -out survey 
717 Delaware St. 
Minneapolis, MN 



i 

Beta results 

Wipe Location 2-Dec 2-Dec 2-Dec 2-Dec 2-Dec 
1130 1321 1510 1732 1913 

1- E Wall 6 from door 1.51 0.72 0.55 0.5 0.33 
2 - E Wall 4' from S wall 0.62 0.36 0.57 0.18 0.66 
3- S Wall 12' from E wall 1.01 0.6 0.33 0.83 0.51 
4- Center 7' from S wall 2.02 1.45 0.84 0.75 1.27 
1- E Wall 6 from door* 0.52 0.15 0.47 0.52 0.1 
3- Center 7' from S wall' 0.53 0.48 0.53 0.66 1.27 
4- S Wall 12' from E wall' 4 5.22 4.48 4.22 3.69 
5- E Wall 8' from S wall' 1.25 0.98 1.07 0.32 0.32 

Count Datemime 

Wipes collected from Room B7 - 12/2/05 and 11/18/05 

Alpha results 

Wive Location 2-Dec 2-Dec 2-Dec 2-Dec 2-Dec 
Count Datemime 

1- E Wall 6 from door 
2 - E Wall 4' from S wall 
3- S Wall 12' from E wall 
4- Center 7' from S wall 
1- E Wall 6 from door' 
3- Center 7' from S wall' 
4- S Wall 1 2  from E wall' 
5- E Wall 8' from S wall* 

1130 1321 
0.37 0.14 
0.24 0.39 
0.36 0.44 
0.6 0.02 

0.88 0.06 
0.75 0.46 
2.99 3.84 
0.61 0.61 

0.17 0.09 0.47 
0.44 -0.12 0.28 
0.11 0.27 0.02 

-0.01 -0.09 0.51 
0.31 0.46 0.23 
3.5 2.41 2.49 

0.69 0.52 0.69 

Close -out survey 
717 Delaware St. 
Minneapolis, MN 
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Location 3 - Alpha 
Wipes taken 11118/05 and 12/2/05 

t Location 3 - 1212 
t MDA I 
-A- Location 3 - 11/18 

- + 

1212 1130 1212 1321 1212 1510 1212 1913 



t+
+

 

/
 /
 / 

m
 

a
 

7
 

r
 

s r r
 

N
 

m
 

r
 

x r 0
 

m
 

r
 

r
 

s - 



L
 

L
 

I
 

/ /
 

2 m c! 
N

 

r
 

r
 

(v
 

m
 

r
 

c! 
2
 0
 

m
 

r
 

r
 

x r 

W
 
r r r C

 
0

 

3 8 '5 *
 C
 

¶
 

u
) 
al Q

 

W
 
r r r - 



6 

5 

4 

a 
Q 

E 3  
I n n 

2 

1 

0 

Location 2 - Beta 
Wipes taken 11/18/05 and 12/2/05 

t Location 2 - 12/2 

--t Location 2 - 1 1 I1 8 

1212 1130 1 2 2  1321 12/2 1510 1212 1732 12/2 1913 
Date and Time of Count 

(11118 wipes counted on - 11/18 1422; 11/18 1537; 11/18 1716; 11/18 1842; 11/19 1803; 11/21 1523) Close-out survey 
717 Delaware St. 
Minneapolis, MN 



. 
_

_
 

I
 

J
 

/
 /
 

/ 
m

 
r
 

T
 

m
 

c! 
2 

(0
 

E
 

r
 

r
 

E
 

0
 

0
 

al 
E
 

- a s '5 u) 
al 
n
 

(0
 

r
 

\
 

r
 

r
 
- 



\
 

i \
 

/
 

c 2 
2 0

)
 

r
 

2 x IC
 

r
 

r
 

z N
 

2 L
o

 
r
 

r
 

N
 

cz N
 

e 0
 

m
 

r
 

r
 

x r 

z N u) r r r? 
r
 

r
 

._
 

0
 

0
 

m
 

m
 

z r
 

r
 

r
 

._
 

N
 

2 r m
 

z r 
r
 

m
 

z r 
r
 

C
 

0
 

z 1 E
 

0
 

0
 

UI 
0

 

a
 

n
 

m
 

z '5 r
 

r
 
- 




	! ! I ! !
	MDA
	MDA
	MDA < MDA
	MDA < MDA
	MDA MDA
	1150
	1200
	1300
	1350
	1400
	1450
	1500
	1050
	1400
	1450
	1150
	1350
	1400
	1450
	1500
	1550
	1600
	1100
	1400
	1450



