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1.0 INTRODUCTION AND BACKGROUND 

1.1 Introduction 

Becton Dickinson Caribe Ltd, (BD Cayey) has ended the use of byproduct radioactive 
material at the Cayey Puerto Rico facility and has performed decommissioning actions to 
terminate the NRC issued byproduct materials license 52-21 502-01. The facility was 
licensed and commissioned for the possession and use of carbon-14 in the manufacture of 
in vitro diagnostic products. It is noted that there are several BACTEC products produced 
at the BD Cayey facility with only a few that employed 14C to make "radiometric" BACTEC. 
This report will refer to radiometric BACTEC as r-BACTEC. 

BD stopped manufacturing r-BACTEC at the Cayey facility in 2005. Since that time all 
radiometric BACTEC products have been shipped off site and all radioactive waste has 
been disposed of through release to the sanitary sewer or shipped/transferred for off-site 
disposal. 
BD facility personnel conducted radioactive contamination surveys of the equipment used 
to manufacture r-BACTEC. Most of this equipment has been surveyed and released. BD 
personnel have also conducted contamination surveys of the surfaces in the areas where 
14C was used or stored, where r-BACTEC was manufactured and where r-BACTEC 
product was stored. 

A Radiological Final Status Survey (FSS) was conducted in 2 phases. No residual 
contamination above the NRC Screening values for surface contamination was likely, 
however, actions were taken to reduce residual contamination to "as low as reasonably 
achievable". The 1' phase included surveys of areas with the greatest potential for 
residual contamination. The 2nd phase included survey of other impacted areas and 
surveys of areas where additional remedial action was performed. 

BD provided a description of the use of 14C to develop a Historical Site Assessment 
(HSA). The HSA has been used to determine the areas to be surveyed. 

RSO, lnc. (RSO) supplied selected calibrated radiation survey equipment, analysis of wipe 
tests and provided an analysis of the sensitivity of the survey techniques for the selected 
potential contaminate radionuclides. RSO supplied trained and experienced personnel to 
perform the surveys, collect wipe tests and prepare a Final Survey Report. 

1.2 Purpose and Scope 

BD contracted with RSO, Inc. to conduct a Radiological Final Status Survey (FSS) and 
prepare a report to support the request for termination of the BD Cayey NRC issued 
byproduct materials license. 

2.0 BACKGROUND 

2.1 BACTEC 

Following is a brief description of the purpose of the radiometric BACTEC that were 
produced at the BD Cayey facility. 
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The BACTEC Radiometric Technique has been widely used for the rapid 
recovery of bacteria from sputum and other clinical specimens. All types of 
clinical specimens, pulmonary as wdl as extra-pulmonary, can be processed for 
BACTEC procedures. Details are provided in the CDC Manual, Procedure for 
the Isolation and Identification of Mycobacteria. 

The sample to be tested is inoculated into one or more of the BACTEC vials, with 
a syringe through the rubber se.ptum, and incubated. The culture vial is 
periodically placed into the BACTEC 460TB System instrument for testing, which 
consists of aspiration of the head space gas and assay of its radioactive content. 
A positive reading indicates the presence of viable microorganisms in the vial. 

2.2 Use of Licensed Material At the Bt3 Cayey Facility 

BD Cayey applied for a NRC issued byproduct materials license and began producing 
radiometric BACTEC in 1984. The use of 14C was limited to the production of r-BACTEC 
vials. No other use or radionuclides was conducted at this facility. Production of r- 
BACTEC ended in 2005. 

The r-BACTEC product produced at the BD Cayey facility was referred to as 13A. Each 
vial (bottle) contained 5 uCi of 14C in 30 mL of media. 

2.3 Radiometric BACTEC Production 

The manufacture of r-BACTEC can be summarized in the following steps: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

0. 
9. 

I O .  

Carbon-14 was acquired from suppliers in the form of palmitic acid, in hexane, with 
an activity of 10 millicuries per sealed ampoule. 

The palmitic acid, through a drying process, removed the hexane and converted 
the 14C to a solid powder. This operation (sometimes referred to as "dry-down") 
was performed in a ductless fume hood. 

This powder was weighed and then dissolved into compounds referred to as 
"substrates". 

The 14C substrates were then added to the BACTEC media, in the formulation 
tanks, during the media formulation process. 

The media containing 14C was piped to the r-BACTEC filling station where the 
vials were filled, capped and placed in stainless steel racks for autoclaving. 

From the autoclave the racks of r-BACTEC were moved to a "cool down" area 
equipped with overhead ventilation hoods. 

Then the r-BACTEC vials were moved to an automated line for labeling. 

r-BACTEC bottles were placed in closed top cardboard trays of 100 vials each. 

A label was applied to each tray and the trays moved to the warehouse area until 
shipped. 

Rejected or unusable r-BACTEC vials were disposed of in a "Bottle Break (aka 
Bottle Crush) room (also used for disposal of non-radiometric BACTEC). 
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2.4 Site Information 

Facility: Becton Dickinson Caribe, Ltd. 
Parque Industrial Riwn 
Vicks Drive, Lot 6 
Cayey, Puerto Rico 

The building used for r-BACTEC production is referred to Building 1. The production and 
warehouse areas are a single level with 2 levels housing the administrative and 
engineering areas. The roof has a flal membrane roof. Floor plans of the facility and 
survey areas are included in the survey results. 

All areas of the facility were still in use during this survey. A dedicated bottling line was 
used for r-BACTEC, however, media was prepared in common mixing and formulation 
tanks, autoclaves and labeling lines were used for both radiometric and non-radiometric 
BACTEC. 

QC Laboratorv and Palmitic Acid Storaae 

Quality Control tests are performed in the QC Laboratow. A BACTEC 460 test machine 
was used for some of this testing. Palmitic acid (14C labeled) was stored in the QC 
Laboratory until needed for production in a “Temperature Control Unit” (walk-in style 
cabinet). No opening of the sealed vials containing the relatively high activity low volume 
palmitic acid was performed in the QC Lab or the Temperature Control Unit. 

Palmitic Acid “Drv-down” Labs 

Radiometric media was prepared using the previously described “dry-down” process, 
inside a dedicated “ductless hood”. During the years of r-BACTEC production 2 different 
rooms were used. The most recent room used was near the BACTEC Fill Area (near the 
formulation tanks). The area is now used as BACTEC Sensor Laboratory. Previous to this 
use another small room near the BACTEC Fill Area was used. It is now a storeroom for 
boxed paper records. The hood for this operation, had previous to this survey, been 
dismantled, parts decontaminated and released or parts disposed of as radioactive waste. 

Fill Area Platform and Fill Lines 

In the Fill Area are the Platform with Formulation and Mixing Tanks used for preparation of 
media, and the Fill Lines (bottling lines). Each line has automated cleaning, filling, and 
capping. 

Autoclave 

BACTEC vials from the Fill Lines are placed in racks and the racks placed in an autoclave. 
There are 8 autoclaves and each has a canopy style hood over the door with dedicated 
ducting and roof mounted exhaust blower. 

Trench Drains for Fill Lines 

The former bottling line (now removed) used for r-BACTEC production was served by floor 
drain trenches, with a nominal size of 1 2  width and 12” depth and typically 4‘ to 8 in 
length. 

Air Handlina Fill Area 

The air handling system for the Fill Area was served by the current roof mounted air 
handling unit. Return air and “make-up” air is combined in the air handling unit then sent to 
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supply ducts above the formulation tanks and other areas of the bottling area. Air is 
returned to the system through 11 ceiling mounted air return grills and associated ducting. 
A separate system sewes the labeling area. 

There are 3 local ventilation ducts and roof mounted fans above the formulation tanks, a 
duct and roof mounted fan for each of the 8 large autoclave units and 4 ducts and 4 roof 
mounted fans for the rack “cool down” area. 
Air Handlina Unit for Fill Area 
The air handling unit (AHU#7) pulls air from the air returns and outdoor “make-up” air 
through a set of rough and pleated filters then a set of cooling coils using a large electric 
blower. The conditioned air is supplied primarily to the center of the Fill Area. 

Roof Above Fill Area 

AHU#7, autoclave exhaust blowers and local exhaust blowers are on the roof above the 
Fill Area. The roof above the Fill Area is a flat roof with a sealed membrane surface. 

Vial Labeling Area 

BACTEC product after filling, capping and autoclaving are placed onto automated lines for 
application of the product labels. 

Bottle Crush Room 
All usable BACTEC products (e.g.: “off spec” production) are disposed by crushing, 
washing and releasing the liquid to the sanitary sewer. A small room near the BACTEC Fill 
Area was used for this purpose. 

Product Storaae (warehouse) 
Warehouse area used prior to shipment to BD Baltimore for storage of packaged BACTEC 
vials including r-BACTEC. 

Radioactive Waste Storaae Area 

This area was used for storage of 55-gallon steel drums of dry radioactive waste. This 
waste consisted of disposable protective clothing (gloves, coveralls, and booties), empty 
palmitic acid vials and parts that could not be decontaminated. 

2.5 Decommissioning Actions 

All remaining stock vials and manufactured r-BACTEC have been disposed of. 

There was in inventory during Phase 1 of the FSS: 4 each 55-gallon steel drums 
containing dry waste, 2 PZA test kits that contain 14C, several LSC unquenched standards 
(3H and 14C) and the Beckman LS1801 liquid scintillation counter (LSC) that contains a 
small radioactive sealed source (137Cs, 30 uCi, nominal activity). 

Following Phase 1: 

0 The trench drain that served the r-BACTEC bottling line was further steam cleaned 
to reduce contamination levels. 

Approximately 10’ of contaminated trench drain steel grating was removed and 
disposed of as radioactive waste. 

The electric motor of the bottle crusher was removed and disposed of as 
radioactive waste. 

0 

0 
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0 The Air Handling Unit #7 (air return side), was cleaned using high pressure 
washing to reduce contamination levels. 

During Phase 2: 

The 4 drums of radioactive waste were shipped off-site. A copy of the NRC 541 forms 
used for the shipment is included in this report as Attachment 2. 

The PZA test kits, the LSC unquenched standards, and the Beckman LS1801 LSC have 
been transferred to Becton Dickinson in Baltimore, MD. 

3.0 RADIOLOGICAL FSS - APPROACH 

3.1 Survey Design Basis 

This Final Status Survey (FSS) was designed in consideration of the NRC guidance in 
NUREG 1757 for Group 2 facilities (see Following excerpt). Group 2 includes facilities that 
“would not have contaminated work areas at the levels above the decommissioning 
screening criteria”. The BD Cayey facility was considered to fit into this category. 
From NUREG 1757 vl Chapter 7: 

Group 2 facilities may have residual radiological contamination present in building surfaces 
and soils. However, licensees are able to demonstrate that their facilities meet the provisions 
of 10 CFR 20.1402 (“Radiological Criteria for Unrestricted Use”) by applying the screening 
approach dose analysis described in Chapter 6.  

Additionally, licensees in Group 2 typically possess historical records of material receipt, 
use, and disposal, such that quantifying past radiological material possession and use may 
be developed with a high degree of confidence. Furthermore, these licensees have 
radiological survey records that characterize the residual radiological contamination levels 
present within the facilities and at their sites. That is, they are able to demonstrate residual 
radiological contamination levels without more sophisticated survey procedures (greater 
than those used for operational surveys) or dose modeling. These licensees do not need to 
use site-specific parameters or establish site-specific DCGLs in order to demonstrate 
acceptability for release of their sites.” 

Derived Concentration Guideline Levels (DCGLs) are radionuclide-specific concentration 
limits used by the licensee during decommissioning to achieve the regulatory dose 
standard that permits the release of the property and termination of the license. The DCGL 
applicable to the average concentration over a survey unit is called the DCGLw. The DCGL 
applicable to limited areas of elevated concentrations within a survey unit is called the 
DCGLEM~. 

3.2 Decommissioning Criteria 

The Radiological Criteria for Unrestricted Use, is found in 10 CFR Part 20 Subpart E: 

“The site will be considered acceptable tx unrestricted use if the residual radioactivity that 
is distinguishable from background radiation results in a TEDE to an average member of the 
critical group that does not exceed 25 mrem per year, and that the residual radioactivity has 
been reduced to levels that are as low as reasonably achievable (ALARA).” 
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3.3 Screening Values 

The NRC has established Screening Value (DCGLs) for common beta-gamma-emitting 
radionuclides for building surface contarnination as published in the Federal Register (63 
FR 64132, November 18, 1998) and also shown in Appendix B Table B.l of NUREG 1757 
and is a DCGLw. These are values, which would be derived using the default parameters 
and the computer code DandD, for the concentration (dpd100 cm2) equivalent to 25 
mrem/y. 

The surface contamination Screening Value for carbon-I4 is shown below: 

Radionuclide Surface Contamination (dpm/l 00 cm2) 

3.4 Performance of Radiological Surveys 

The radiological surveys were conducted using guidance provided by the NRC in NUREG- 
1575, EPA 402-R-97-016, Multi-Agency Radiation Survey and Site Investigation Manual 
(MARSSIM): Revision 1, August 2000. 

3.5 Area Classification 

ImDacted Areas 
Impacted areas are areas that may have residual radioactivtty from the licensed 
activities. 

Non-impacted areas are areas without residual radioactivity from licensed activities. 

NRC guidance provides that Final Status Survey (FSS) radiation surveys do not 
need to be conducted in non-impacted areas. 

Impacted areas identified by BD by using knowledge of past radiometric BACTED 
manufacturing processes. The impacted areas were the areas where: 14C was stored in 
closed ampoules, ampoules were opened and the 14C, r-BACTEC manufacturing areas 
(formulation of media, filling of bottles), disposal of unusable r-BACTEC (bottle crushing), r- 
BACTEC storage (warehouse area) and the radioactive waste storage area. 

0 

0 

0 

Classes 
Impacted areas can be classified into one of the three classes, listed below, based on 
levels of residual radioactivity. 

Class 1 Areas are impacted areas that, prior to remediation, are expected to have 
concentrations of residual radioadivity that exceed the DCGLw (DCGLw is defined 
in Section 2.2 of MARSSIM); 

Class 2 Areas are impacted areas that, prior to remediation, are not likely to have 
concentrations of residual radioactivity that exceed the DCGLw.; 

Class 3 Areas are impacted areas that have a low probability of containing residual 
radioactivity. 

0 

0 
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Classification of the Areas at BD Cavey 
The DCGL used to design this survey was 3.4 x I O 6  (dpmll00 crn’). 

Class 3 Areas - Areas where: 14C stored in closed ampoules, r-BACTEC storage 
(warehouse area) and the radioactive waste storage area. 

Class 2 Areas - Areas where: ampoules were opened and the 14C, r-BACTEC 
manufacturing areas (formulation of media, filling of bottles), disposal of unusable r- 
BACTEC (bottle crushing). 
The rooms or areas, where the relatively high activity palmitic acid was used, were 
classified as a Class 2 Area. This would be the area where the “ductless” fume hood was 
used for the “drydown” procedure and the area around the formulation tanks where the 
substrates were added to the large volume media being prepared. The activity 
concentration of the 14C at this point of the process was Less than 0.2 uCi per mL of 
media. 

3.6 Survey Approach 

The FSS conducted by RSO, Inc. included static measurements and scans of floors and 
bench surfaces at survey locations selected by RSO, Inc. Wipe test for removable 
contamination were collected at each survey location. 

The HSA identified only carbon-14 as the potential radionuclide contaminate. 

3.7 Methods 

Survey Locations 
Floor plans were provided by BD Cayey and used to show sample locations. The sample 
locations were selected during the survey at likely bench top and floor locations for 
contamination and included basins and floor drains. 
At each location a wipe test was collected and a static measurement was performed. 

Background Radiation Level Determination 
Daily background measurements were performed and recorded for each instrument before 
starting survey work each day. 

Background was determined with the detector in the survey area, at about 1 m above the 
floor, not in contact with room surface, with a protective cover only (when applicable). 

Removable Contamination 
Each wipe test consisted of using a 2.5 cm2 dry wipe test paper applying moderate 
pressure over an area of about 100 cm’. 

Scan Survey 
Scans were performed using a hand held detector coupled to an analog/digital rate-meter 
with an audio output. Surface scanning speeds were 1 detector width per second. To 
optimize detection of elevated radiation levels (1.5 to 3 times background) during scanning, 
the survey meter audio was used in addition to observing the fluctuations in the analog 
meter reading. 

Static Measurements 
Static radiation measurements for betdgamma surface contamination were performed at 
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random and biased locations using a 4-detector “pancake” GM array. Measurements were 
conducted by integrating over a 1 -minute count time. 

Other Sampling 
Laboratory sink basins and chemical fume hoods were surveyed using scans, static 
measurements and wipe tests. 

Laboratory Services 
Wipe test were analyzed by RSO, Inc. using a liquid scintillation counter and automatic 
gamma counter. 

Quality Assurance 
Survey meters used to perform the Final Status Survey had been calibrated within 6 
months of their use using radioactive standards traceable to NISI. Also, performance 
checks were completed on each survey meter at the beginning of each day of use and 
periodically throughout the day. 

The laboratory instruments used by RSO, Inc. to analyze the wipe tests were maintained 
under RSO’s laboratory Quality Assurance Program which includes a service agreement 
with the manufacturer, daily QC performance charts of background and standard samples. 

The reported data was reviewed for consistency and data reduction method. 

3.8 Organization and Responsibilities 

Oversight of the survey work was provided by Mr. Michael Spinazzola, the BD Baltimore 
Radiation Safety Officer and the FSS was performed by the following personnel from RSO, 
Inc.: 

Gregory D. Smith, Certified Health Physicist, RSO, Inc. 

0 Certification by the American Board of Health Physics (1 989) 
M.S. Colorado State University-Health Physics (1 986) 

0 25 Years of Radiation Safety Program and Services Experience with RSO, Inc. 
including facility decommissioning siirveys 

0 MARSSIM Training 40-Hour ORAU (October 2005) 

David E. Wellner, General Manager, RSO, Inc. 

0 B.S. Environmental Management (1999) 
0 

0 

25 Years of Radiation Safety Program and Services Experience with RSO, Inc. 
including facility decommissioning surveys and radioactive waste disposal 
DOT and IATA Training Transportation of Radioactive Materials (February 2008) 

4.0 SURVEY INSTRUMENTATION 

4.1 Description of Instrumentation 

The survey instruments that were used to perform the FSS are shown in Table 3: 
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Table 3. Survey meters used to conduct the Phase 1 and Phase 2 of the FSS. 

Survey Meter Description Detector Detector Probe 
Type Area/Size Model 

Floor Monitor 
Ludlum Model 

2221 
Scaler/Raterneter 

Ludlurn 
43-37 

Static Measurements I 2221 Ludlum Proportional 126 crn2 and Scans of Surfaces 
Ludlurn Model Gas Flc~w 

ScalerlRatemeter 1 43-68 1 Detector 1 1 
Gas Flow 

Detector 
Proportional 582 crn' Scans of Floors 

4.2 Instrument Calibration and Efficiency Data 

The calibration and efficiency data for the survey meters that were used during the FSS 
are summarized in Table 4. 

Table 4. Survey meterlinstrurnent calibration data and efficiency data. 

Meter w/ Probe Total Efficiency (44 Serial Calibration Detector 
Date Model Number 

20% cpm per dpm 
Ludlum 14c I ScalerlRatemeter I I I 43-68 I Ludlum Model 2241 ,6159, 2/22108 

Packard 
Liquid Scintillation 

Counter 

20% cprn per dprn Ludlum Model 2241 147497 2122/08 Ludlum ,4c I 
ScalerlRaterneter I I I 43-37 I 

3H -50% cprn per dpm 
TriCarb 911 4/07 LS 14C -85% cprn per dpm 

32P -95% cpm per dpm 

Ludlum Model 2241 1 99138 1 3/28/08 iLud'~~431 14C I 21 % cprn per dpm ScalerlRatemeter 

20% cpm per dprn Ludlurn Model 2241 08858 3/28108 Ludlum 43- 
Scaler/Ratemeter I I I 37 I 14c I 

4.3 Minimum Detectable Concentration for Scanning Technique 

Beta Scans: 

The minimum detectable concentration for the beta scans was estimated using the 
suggested method in NUREG -1507 and in Abelquist 2001 (See 9.3.3.2). 

Equation 1 
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Estimated 
Detectoror Probe Contam- 4x Eff- MDCR scanMDC 

Probe ArealSize inate iciency (dpm/l 00 
cm2) 

Survey Meter 

F 

Where: 
Scan MDC = 

MDCR - 
P = surveyor efficiency considered to be 0.25 
E, = 2 x  efficiency (dd), and 

surface efficiency, E, 
Note: E, estimated assuming the 2n efficiency was approximately 2 times the 4n. efficiency 
Note: E, assumed to be 0.5 

estimated minimum activity (dpm/100 cm2) that can be 
detected during a scan, 
Minimum detectable count rate, see Table 6.6 MARSSIM - 

- - 

Ludlum 16 
Ratemeter 

ScaledRatemeter 

Ludlurn 2221 
Ratemeter 

ScaledRaterneter 

Ludlum 2221 
Ratemeter 

ScaledRaterneter 

Ludlum 44-9 15 cm2 14C 8% 200cpm 13,000 

Ludlum 126 ern' 14C 20% 900cpm 7,000 
43-68 

Ludlum 582m2 14C 20% 2400cpm 4,000 
43-37 

Where: 
A =  total activity (dpdl00 cm’), 
c =  integrated gross counts (counts), 
T =  count time (min), 
Rg = background count rate (cpm), 
E =  total efficiency (dd), and 
a =  detector area (normalized to 100 cm2). 
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Survey Meter 

Ludlum 2221 
Scaler/ 

Ratemeter 

4.5 Minimum Detectable Concentration for Static Measurements 

Using the equation shown below the minimum detectable activity for the static 
measurements was estimated using the following equation for instances in which the 
background and sample are counted for the same time intervals: 

Equation 3 

Efficiency Background Background Static MDC 
Mode, ArealSize (cpm per Count Rate and Sample (dpml: 00 

Ludlum ,26 c m ~  

Detector Probe 

dpm) (CPW Count Time cm ) 

10 minute 

0.5 minute 
0.2 250 and 323 43-68 

Static MDC = 
detect or area 

Using the equation shown below the minimum detectable activity for the static 
measurements was estimated using the following equation for instances in which the 
background and sample are counted for different time intervals: 

Equation 4 

3 + 3.29 R, * TS+, (1 + Ts+B 

detector area 
L B )  

) * TS+B 

i 
K * [  

Static MDC = 

, 100cm2 
Where: 
Static MDC = activity (clpm/lOO cm2), 
c =  integrated gross counts (counts), 
TS+B = sample count time 
Tg = background count time 
Rs = background count rate (cpm), 

P a p  11 

I 
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5.0 PHASE 1 and PHASE 2 SURVEY RESULTS 

5.1 Results 

The results are reported by survey method and survey unit. Attachment 1, 2 and 3 contain 
the diagrams and a data sheet for each area surveyed. 
Data sheets include survey meter data, background response, and the minimum 
detectable concentration for Static measurement techniques. 

5.2 Background Levels 

During the survey, background levels in some areas were higher due to natural activity in 
different building materials. This was evident in the higher background count-rate of bare 
concrete floors vs. concrete floor covered with tile or floor covering vs. bench top surfaces. 

5.4 Beta Scan and Static Measurements 

Areas of residual activity were found during the scan and static measurements 

5.5 Wipe Tests for Removable Contamination 

The wipe tests indicated only very low levels of removable contamination. These areas 
were limited to the BACTEC Fill Area ventilation system. 

5.6 Results Summary by Survey Area 

Following is a summary of the results: 

QC Laboratow and Palmitic Acid Storaae 

Palmitic acid was stored in the QC Laboratory until needed for production. A Temperature 
Control Unit was used for this storage. No opening of the sealed vials containing the 
relatively high activity low volume palmitic acid was performed in the storage area. A 
BACTEC 460 was used to analyze BACTEC vials for QC. 

No contamination was found in this area during the Phase 1 Survey. 

Palmitic Acid Drvdown Areas 

Radiometric substrates were prepared using the above described “drydown” process, 
inside a dedicated “ductless hood” in rooms near the Fill Area. One lab was being used as 
the BACTEC Pilot Sensor Lab the other room was being used for document filing. The 
ductless hood for this operation was decontaminated and released. 

No contamination was found in these areas during the Phase 1 Survey. 

Fill Area Platform and Fill Lines 

There are 3 significant areas in the Fill Area: the Tank Platform and the Fill area and 
autoclaves. The 14C substrates were added to the media in the Formulation Tanks. 
Serving each of the 2 tanks is a large industrial mixer. The outside surfaces of the mixers 
were found to be contaminated. 
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fbdurss were cleaned. 

Excppt for the Trend1 Drains and & bmulation , During the Phase 1 Survey 
no contaminationwas found on the floor in the BACTEC Fill Area including the area of the 

as radioactivewaste. 

Trench Drain Grate 
Trench Drain Grate 
Trench Drain Grate 



.d ., A 
RSO, I@. 6 BD Cayqy I 

1 '  f 
be& found to have elevated levels of contamination during the Phase 1 s u w .  BD 
Capy personnel attempted to reduce the levels of contamination however elevated levels 
of contamination remained. Grates with contamination above 10,000 cQm per 100 cd 

a 1 were removed and disposed d radioactive waste. Also removed were about 10 of steel 
grate supports. 1 -  I : i l  

1 Result: All remaining steel grates hamk* of contamination that are less than 10,000 
dpnrl100 d. I I '  +, 

Air Hurdlina Unit (AHU a I I 
Finding: The air handling -- 

(AHU-7) forthe Fill Area where ,.- 
r-BACTEC was manufactured hac 
elevated levels d 

Won Talaen: The inside su oft M U 7  were cleaned using pressure 
of contamination were 

blower grills indicates low level of 
dlJchmk jl I I iii i 1 
Rwulta: The ckanlng reduced h e  levd) of contamination inside A I M 7  

Air t.fndllna Unlt lAHU #71 
I . I -  

Fvlding: The air supply sys 
for the Fill Area was contamin 



Condusion: The levels of s 

Actbn T a b  Thisshroud was 



Result: Several decontamination reduced contamination levels of remaining surfaces to 
less than 5,000 dpm per 100 cm2. 

BACTEC Product Storaae (WarehomeJ 

Warehouse area used prior to shipmenl to BD Baltimore for storage of packaged BACTEC 
vials including r-BACTEC. 

No contamination was found in this area during the Phase 2 Survey. 

Radioactive Waste Storaae Area 

Storage of 55-gallon steel drums was ih this are$. No contamination found during Phase 1 
survey. The drums were opened, inspe%d and radioactive waste added at the during the 
Phase 2 survey. The survey of this area Was repeated and no contamination was found. 

5.7 Results Summary 

0 Most radioactive material had been rdmoved prior to the survey, a few items will be 
transferred to another BD location 

0 The survey techniques had sufficient sensitivity to detect residual contaminationat 
levels much less than the Screening Level DCGL for 14C 

Beta scans detected levels of residu; contamination 

0 Beta Static and Scan measurements 1: howed no levels of residual contamination 
kbove the DCGL for 14C 

0 /Removable contaminationwas low ahd less than 10% of the total surface 
contamination 

0 Cleaning/decontamination of the trer$h drains and AHU#7 was performed 

0 Removal and disposal as radioactive waste of specific trench grate, grate supports and I he bottle crusher electric motor was performed 

A final radioactive waste shipment hak been made 

i 

I 
6.0 SuMMARY AND CONCLUSIONS 

BD maintains an NRC issued byproduct materials license for the facility at Vicks Drive Lot 
6, Cayey PR. BD used relatively large amounts of radioactivity when integrated over the 
years in the production of radiometric 8.ACTEC products. The produd;-- '7egar in ln84 
and ended in 2005. 

BD Cayey contracted with RSO, Inc. te i-%rform Final Status Survey and prepare a F S 

MARSSIM was used to guide, des& plan and implement the Final Status Survey. 
Historical knowledge and Phase 1 did not indicate any residual contamination 
above the Screening Level. The im as were categorized as Class 2 and Class 3 
survey areas. The release criteria the FSS were the NRCs Screening Level 
Derived Concentration Guideline Le e Screening Level for 14c is 3.4 x l o 6  
dpmllOO cm2. 

The Radiological FSS was conducted in 2 phasles. Residual contamination wa$ found 
during Phase 1 however, no areas were above the Screening Level DCGL. Additiinal 

report. 9 f 

1 
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t decontamination and removak cr: tamination was performed so that residual 
contamination was as low as reasonably achievable. 

Included in this survey were static measurements, scanning surveys and wipe tests for 
removable contamination. The detection limits for static measurements was less than 800 
dpm per 100 cm2 for a 0.5 minute count time and less than 7,000 dpm per 100 cm2 for 
scanning floor areas and less than 50 dpm per wipe test (1 00 cm2). 

The results showed that all survey measurements were well less than the Screening Level 
DCGL. It is noted that low levels of surface contamination were found and remain in the 
BACTEC Fill Area air handling system. autoclave ventilation and local exhaust systems, 
trench drains and the bottle break vial crusher area. 

Removal of the highest levels of contsminationwas performed to so that the remaining 
residual contamination was as low as rG3Sonably achievable, 

A final radioactive waste shipment was &de during Phase 2 of the survey that contained 
dry solid radioactive waste from past opbrations and the items with surface contamination 
removed following the Phase 1 survey. 
The impacted areas of the facilities that we& the subject of this survey meet the 
decommissioning criteria in 10 CFR part 20 subpart E and the BD Cayey facility is a 
condition suitable for unrestricted releasr 

1 
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8.0 AlTACHMENTS 
L/ 

Attachment 1 Survey Met libration certificates 

Attachment 2 . Radioactive Waste Shipping Manifest 

APPENDIX A: DETAILED SURVEY RESULTS BY AREA 

The survey results for each area incllJde representative photograph(s) of the area, a 
diagram of the sutveyed area annotadd with the survey locations, a data sheet for the 
instruments used and the data reductior Sheet or sheets. 
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Survey Meter Calibration Certificates 



RSO, Inc, Job No. 
P.0 Box 1450 
burc l .  (301) 953-2482 ~ ~ 2 0 7 2 5  Certificate o Calibration 

TO: aS0, Inc. 1NSTRUKElrr"T: LUDLUM 
ui . ,. * I +  ., I. *.,e. I 

TYPE: SCALERIRATE MET Laurel, 7 

Gmg 
SN: 108858 

PO NO: Bmon Dlckersori PR 

RSO. Inc. certifies that on 03/2812008 the above described instrvmentwas c@ibratad 
using a radioactive source to dctormme the efficleoc for a s cfic radronuclide(s) and uslog electronically generated 
pulse for the lincarity. Pulsed using Ludium 500-2, SIN 159Pfb. 

The results arc tabulated below. r;*libration is  traceable to NIST. 

cplibraticb Data 
R A N O E E X P E C T E D  1 OBSERVED LE& 

X 1 100 100 cpm 1 .oo 
400 400 cpm 1 0 0  

1000 1000 cpm I .00 
4000 4000 cprn 1 .oo 

X IO0 IDOOO loo00 cpm 1 .oo 
4oooo 4oooO cpm 1 .# 

X 1000 IMXXK) loo000 cprn I .oo 
400000 4ooOOO I .oa 

C.F. ,%UCE % 

probe typc(s) Probe]: PROPORTIONAL Rob2 

MODEL S W  WINDOW OEOMFII(Y VOLT lsOTOPE1 EFT.(%) ISOTOPE2 EFF.(%) ISOTOPE3 Em.(%) ISOTOPE4 E 

1 43-37 PR124945 FIXED CONTACT l$W C14 19 sr90 27 Tc99 19 

I mRfir CHECK: NiA 
BATTERY CHECK: NORMAL 
CHECK SOURCE I : NIA READING: 
CHECK SOURCE 2: NIA READING 

ENVIRONMENTAL 

TEMP: 22-c 
PRESS: 75SmmHg 

HUMID: 3 5 %  

RATION DATE FOR THIS INSTRUMENT IS 03/28/2009 
Calibrated By: ReviewcdBy: Rw Cal Daw: 03/28n008 

Maryland License MD-33-02141 6335 



RSO, Inc. 
P . 0  Box 1450 
LUE~, (301) 953-2482 MD 20725 Certificate o Calibration 

< Rii: 
LL‘DLUM 

MODEL: 
TYPE: 

PO NO: B w o n  Dickerson PK 

RSO Inc. ccrtifics that on OUZSlZ008 &e abovc dcvcribcd instrumcnt was calibrated 
using a radioactive sourcc to dctcrminc the cfficicnc for a s 
pulse for thc lincarity. Pulscd using Ludlum 500-2, %i’N I59FO. 

cific radionuclidc(s) and using electronically generated 

Thc results arc tabulatcd below. Calibration is traccablc to NIST. 

Calibration Data 
RhNCE EXPECTED QIx-zBYED LE& 

X I 100 100 spin I 00 
400 400 cpm I .00 

X 10 1000 1000 cpm I .oo 
4000 4000 cpin I .oo 

x IO0 IO000 loot) cpm I .00 
40000 40000 cpm 100 

X lo00 100000 100000 cpm I .oo 
400000 400000 I .oo c F A’PVmERAGE I.(RT 

Probel: PROPORTIONAL Probes: .. 
MODEL SEW WINDOW GEOMETRY VOLT ISOTOPE I Em.(%) ISOTOPE 2 EFF.($) ISOTOPE 3 EFF.(%,) ISOTOPE 4 E 

3 43-37 Y R 1 0 ~ 8  FIXED CONTACT 1800 C14 20 Si90 26 20 

4 4348  PR1205S7 FIXED CONTAm 1800 C14 21 Sr90 29 Tc99 21 

INSTRUMENT CHECKS 
1 nWhr CHEfX NIA 

BATrERY CHECK: NORMAL 
CHECK SOURCE I :  NtA READING: 
CHECK SOURCE 2 NIA READING: 

TH RECALIBRATION DATE FOR THIS INSTRUMENT 1s 

Cdibraied By: Reviewed By: &- 
Maryland License MD-33-02141 



CON'I'AC'I': 
PllONE: 

Crus Smiih 
PO NO: 

INSTRUMENT: LUDLUM 
MODEL: 2221 

TYPE: SCALBRWTE ME:' 
SN: 161591 

RSO, Inc. ccrtifica that on 02/22/2008 thc above dcscribcd inslrumcnt was calibrated 
using a radioacttvc source 83 detcrminc thc efficicnc for a s ccihc radionucIidc(s) and tiring clcctronically gcncratcd 
pulsc for thc iincar~ty. Pulsed using Ludkum SUO-2, SIN IXJFIO. 

The results arc tabulatad below! Calibration is traccablc to NIST. 

Calibration Data 
RANGE ExPECED D R s E R  V ED u 

S I 100 100 cpm 1 .w 
400 400 cprn I .oo 

- s _ - - l J - - L o o o - - -  le00 - epl l  - t.00 
4000 4000 cnni I 00 

x 100 IO000 
40000 

S IO00 IOQOM3 
400000 

._. 
IC000 cpni I .oo 
40000 cpin I .oo 

100000 cpl" 1 .oo 
400000 1 .oo 

C . F  i ( ; I k R A G E m  

Prohc typc(s) Frobol: PROPORTIONAL PFobcz: PROPOR I'IOIVAI, Pmbc3: 

MODEL WINDOW OBOUHmY VOLT ISOTaPE I BIT.(%) ISOTOPE 1 EFf.(%) ISOTOPE 3 EW.(%) ISOTOPE 4 EFP.(%) 

43-37 I'ttUW45 FIXED CONTACT 1765 C14 20 sm 25 Tc99 I Y  

INSTRUMENT CHECKS ENVIRONMENTAL 
mfUhrCHECX: NIA 

BATTERY CHECK: NORMAL. 
CHECK SOURCE I N/A READING: 
CH ECK SOURCE 2 NIA RMDING: 

TEMP: 23'C 
PRESS: 760mmHg 

HUMm 24% 

- 
Gel 02/72/2008 

THE 
Calibnited ~ y :  

Maryland License MD-33-021-Ol 



RSO, P.O. BOA I450 Inc. RSO Job No 7675 

(301) ~at1rel. 933-2452 h d ~  20725 Certificate of Calibration 
ISSUED TO: RSO, Inc. 

5706 Minnick Road 
L a i r d .  MD 20707 

CONTACT: Greg Siiiirh 
PHONE: 

t 1 
PO hb:  

INSTRUMENT: LUDLUM 
MODEL: 2221 

TYPE: SCALEWRATE ME j_ 
SN: 174947 

RSO, Inc. certifies that on 02122/20pl thc abovc describcc! instrument was cajibratcd 
using a radioactive sourcc to determine thc efficicricv for a s ecific radionuclide(s) and using elcctronicaily generated 
pulsc f o r  Ihc linearity. Pulsed using Ludlum 500-2,, SIN 159PlO. 

"IS rcsults an: tabulrtcd bciow. Calibration is traccablc to NIST. 
Calibration Data 

I 

10 

IC0 

I OM) 
400 

X 

X 
4000 

x 100 loo00 
4oooo 

X Io00 1 m  
400000 

1 .al 
1 .m 
I .oo 

loo cpm 

I .oo 
IooQ(3 cpm 1 .oo 
40000 cpm I .oo 
lOOOa0 cpin I .oo 
400000 cpm I .oo 

14088 E;: .d 

4000 cpm 

('J. AVERAGE I .& 

Probe typc(s) Probcl : PROPORTIONAL,& 4 ProkZ.  PROPORTIONAL P W  
2101)61, SERP WlNDOW GEOMETRY VOLT ISOTC); 1 BFP.(%) ISOTOPE2 EW.(%) ISOMPB3 Em.(%) ISOTOPE4 IFF.(%) 

43-37 PHI24945 FIXED CONTACT IS00 C l ,  19 Sr90 28 Tc99 ' 0  

S 
NIA 

READING: 
READING 

ENVIROMMENTAL 

TEMP 23°C 
Riess: 760rnmHg 

kUblID 2 4 %  

THE SUGGESTED 'x? DATE FOR THIS INSTRUMENT ~3 02 f 22/2009 

Marylarid LiccLt l%?L I 

Calihrutcd By: Revicwd By- Cat Date: 021-2/22008 

6196 
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Attachment 2 
Radioactive Waste Shipment Manifest 



CROWLEY LINER SERVICES INC 

CAYLYIIY, PR 00737 
MSSsL/WYJ! 
ETA PENNSAC 

LAST DAY PA RSO INC 

$E: mzwx V-UN 
m, UJt 4/18 /08  PM 
LBLE: 4/21 /08  6r00 AM 
!E TIME: 4/25/08 

5204 MINNICK RI) 
LAUREL. MD 20707 

- 
TOTALS~ I 



BECTON DICKINSON CARIBE LTD. 4 VICKS DRIVE LOT #6 ROAD 735 
Page1 of1 I 

I 
Shlppefs Reference Number -3 

CAYEY, PUERTO RICO 00736 
Consbnee Carrier L?, 

RSO I N C  
5204 MINNICX RD 
LAUREL, MD 20707 

GROWLEY LINER SERVIdES 
236 SD DELAWARE RIVER 
PENNSALXEN, NJ 081 10 ii 

CONTAINER NO. 
CMCU210229-1 
SEAL NO. 
1152 1 COO43175 

BOOKING ND. 
CAT21 30 5 1 

y 

4 EACH, RADIOACTIVE MATERIAL 
EXCEPTED PACKAGE - LIMITED 
QUANTITY OF MATERIAL,7, UN2910 'i 293.0207 k g s  8 Unn- 

or - eutn 
0.8496 rn3 UVDO 

. p0clup.r 30.0 cu/ft 

T y ~ e  of urn1 (conla!+?ef. 
mlor tank Wxde o k  ) 

a+* box i 
h 

-.. 
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I 
APPENDIX A: S~JRVEY DATA BY AREA 

The survey resblts for each area include representative photograph(@ of the area, a 
diagram of the surveyed area annotate$ with the survey locations, a data sheet for the 
instruments used and the data reductiori sheet or sheets. 
The floor plan for the facility follows on the next page’ 
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Survey Meter Momatao ' n  

Building: Building 1 LaWRoom: QC Lab and Palmitic Sta 

Lc= Critical Detection Lave 
Ld- a priori Detection lirni 
MDC= Minimum Detectable Concentration 
MDCR= Minimum Detectable Count Rate 

T .-. , .  
: .  ~ -4',*;"r A - - 

Direct MDC- 3+3.2~SQRT(B/T(l+T,dr,) 
K'Ts+B 

Beta 
Scan MIX= M E R  

. . .r _. . SQRT(p)'E*CK 

MDCR= s, (6O/i) 

9 = Background Counts 
T,= 5KG Couriting %me Ir7 Minuter 
TmB = Sample-Bkg Counting liinc In Minute 
E = Total Deteuor Efficiencyin CountdDistntegratto 
A = Physical Probe Area in cn? 
K = Other Constantsand F a c t o r s b n  Needed 
p = Surveyor Emcienc) 
E, = Surface Efficiency % = 1.38*SQRT(B,) 
I = Counting lmterva 

RSO, Inc 2 o f 2  



Site: BD Cayey Building: Building 1 

Surveyor: Grea Smith Surveyor: Greclory D. Smith David Wellner 

LabRoom: QC Lab and Palmitic Sta 
Start Date: 02/27/08 

Area Suwey Results I WiReTest Results I B Direc 

1 I I 
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Site: BD Cayey 
Start Date: 02/26/08 

Building: Building 1 LabRoom: Storage Rm frmer Drydown Area 
kJ3 

Surveyor: Greg Smith Surveyor: Gregon, D. Smith David WeUner 

I 
I 1 1 I t I  I 

Area Survey Results I WipeTest Results I p Direc 
I I I I I I 

Aeasurements I a 
I I 

Aciwity 
Gross dpm,lOO Survey 
(wm) Meter# 
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Survey Meter Information 

Site: BD Cayey BuUding: Buiklingl LablRoom' Storage Rm ftmer D w d m  

Please See MARSSIM Chapter 6 for a more detailed explanation of equations. 

Lg Cr#cSl DatwAon Leva 
LdraprkrlDebrctknlhri 
MDC=MinRrmm DetectableConcentration 
MDCR= Minimum Detedable Count Rate 

-- 

- -  
Beta 

Scan MDC= MDCR 
SQRT(p)'E'gK 

MDCR= s, (6O/i) 

RSO, Inc. 

B=-coUnts 
Ts = BKG Courting T h  In Mtnutar 
TmB = SMlpk-Blgl Chuntiq Tim In Minutth 
E = Total Detector Efiiciency in Counts/Disintegratio 
A = Physical Robe Aea in cn? 
K = Other Conatants and Factors When Needed 
p = Surveyor Efiicienc) 
E, = Surface Elficiency s, = 1 38'SQRT@) 
i = Counting lnterva 

2 0 f 2  



BACTEC Sensor 
Pilot Area 
(former Weigh Room and 
Drydown Area], 
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Site: BD Cavev 
StartDate: 02/27/08 
Surveyor: G m  S m i  

Building: Building 1 LabRoom: Sensor Lab frmer Drydown Area 

Surveyor: Grecpry D. Smith David Wellner 
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Survey Meter Information 

Site: BDCaYey Building: Building 1 Lab/Room: Sensor L a b h e r  Drydow 

t I Meter I 
Date:l2/27nooS 

d 1&305 

-1 ,;L j 50.0% concrete 50.0% 
21 .o% 

Meter 5 
NU In S e n b  

pRemhr 

NA NA 

Please See MARSSIM Chapter 6 for a more detaikd explanation of equations. 

1s C W l  M u # n  Leve 
id. a priori Detection Umi 
MDC= Minimum Detectable Concenbatbn Beta 

B = Ba0lqlrout-d Counts 
TB = BKG Countlng Tlm In M h u h  
Twe = Sampb-Blg Counting Time In Minute! 
E = Total Detector Efckncy in CoUntdDki~epak 
A = PhysicalRobe Areainad 

Dkbct MDCS 3+3.WSQRT(BT(l+T~fl~,$r,) 

- K*Ts+B 

MDCB Minimum Detectable Count Rate ScanMDC= .A, 
SQRT(p)'E'gK 

s, (Wi) 
%\. 1. II 

L L  MDCR= 

RSO, Inc. 

K = Other Conshr ib  and FactorsWen Needed 
p = Surveyor Efficient) 
E, = Surface Eftidency s, = 1.38'SQRT(&) 
i = Counting lntewa 
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Site: BD Cayey Building: Building 1 LabRoom: BACTEC Filling 

asurements I 0 Scan Measurements 
I I I I 
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Building Building 1 

Surveyor: Greg Smith Surveyor. Gregory D. Smith David Wellner 

LablRoom: BACTEC Fillinq Si: BD Cavev 
statt D a t e : g )  

Instru- 
Number Description Meter # 

leasurernents I a Scan M asurements p Scan Measurements I 
I I I I I I I 1 

I I I I I I 1200 / 850 -44 I 2 
- i  n 

RSO, Inc. 



Site: BD Cavev Building: Buildinq 1 LabRoorn: BACTEC Filling 
Start Date: 02/25108 
Surveyor: Greg Smith Surveyor: Gregor~ D. Smith David Wellner 

I I I 
61 Painted Concrete Lsc 1 
62 Overhead Light Metal bghl Ftxtxe LSC I 
63 Overhead Light 
64 gverheadpipe 

F ! E  __I____.___I_-  

a Scan Measurements S F  

Gross Gross A C ~ W I ~ ~ "  Gross Gross AC~WIYI] 
High Average dpd100 High Average dpm/100 
(cpm) (cpm) an2(dpha) (wm) (cpm) m2 

Meter # 

I -  _. 

Meter # 

8 2 1200 I 850 i -44 I 1 1 -  

RSO, Inc. 



Survey Meter Information 

LawRoom: BACTECFMllng 

Please See MARSSM Chap- 6 for a mote detailed explanation d equations. B=BackgourlCouSr 
Ts = BKG Coiartlng Tlme In Mlnutec 
TWB = Sampk-Blqi Counting Time In Mute: 

A = Physical Rok  Area inad 

b Crit)csl Detection Lave 

Ld=rprioriDetectionhi K' T m  E = Total Detedor Emdenqr m ComtslDlslntegratb 
MDCe Mminun Detectable C o n c e n m  Beta 
MDCB M m h  Detectable Count Rate SCanMDC= MDCR K =  OtherCmdanband FactorsWhen Needed 

Mrsd MDC= 3+3.2WSQRT(RT(1+T,f18) 

SQRT(p)'E'CK p = Suveyor EffWem 

MDCR= s, (6O/i) 
E, = Surf&? Emckncy 
i = Countkrg Intenra 

S, = l.WSQRT(4) 

RSO, Inc 
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Site: BD Cayey 
Stalt Date: 04/01/08 

Area Survey Results 

surface Description 
Number 

31 Floor ___l_l Painted Conccete 
32 Floor Painted Concrete 
33 TankMixer Painted Metal 
34 TankMixer Painted Metal 

Building: Building 1 Lab/Room: BACTEC Fill Area 

Wipe Test Results p Direct Measurements a Scan Measurements p Scan Measurements 

Gross Gross ~ d ~ ~ t y ~  survey Gross Gross A C ~ I W I Y ~  Instru- dpzz Survey Gross d;$z Survey 
High Average d W 1 0 0  High Average dpWlo0 ment m2(beta) Meter# (cpm) m~ Meter # 

(cpm) (cpm) cm2 (alpha) Meter # (cpm) (cpm) an2 

I 

LSC I 4200 1 
LSC I 

__ - 1  I 
1 -  i 

Surveyor: Greg Smith Surveyor: Gregory D. Smith David Wellner 

RSO, Inc. 2 of 3 



Survey Meter Information 

Site: BD Cayey Building: Building 1 Lab/Room: BACTEC Fill Area 

I Meter 1 1 Meter2 1: Meter3 Meter4 
Date:IUl /zoo8 4/1/2008 N0thS.M Not lnSem 

Please See MARSSIM Chapter 6 for a more detailed explanation of equations. 

b Critical Detedon Leve 
Ld= a priori Detection l i i  
MDC= Minimum Detectable Concentration Beta 
MDCR= Minimum Detectable Count Rate Scan MDC= MDCR 

SQRT(p)'E'CK 

MDCR= s, * (W/i) 

B = Background counts 
Ts = BKG Counting T i m  In Minutes 
TPg = Sampk-BIq Counting Time In Minute: 
E = Total Detector Emdency in CountdDidntegrati 
A = Physical Probe Area in cd 
K = Other Constants and Factors \Illhen Needed 
p = Surveyor Efficient) 
E, = Surface Efficiency s, = 1.38'SQRT(b) 
i = Counting lnterva 

RSO. Inc. 3013 





p5 
$
- 

I-
/ 

3
 

0
 

Y
 

12
. 



Building: Building 1 LablRoom: BACTEC Fill Area Part 2 and Autoclave Site: BD Cayey 
Start Date: 04/01/08 
Surveyor: Greg Smith Surveyor: Gregory D. Smith David Wellner 

isurements _r_f 

RSO, Inc. 



Site: BD Cayey 
Start Date: 04/01/08 
Surveyor: Greg Smith 

Building: Building 1 LablRoom: BACTEC Fill Area Part 2 and Autoclave 

David Wellner Surveyor: Gregory D. Smith 

Area Survey Results I Wipe Test Results 

Sample 
Number Description 

m2 (beta) 

p Direc! 

Survey 
Meter # 

1 

Heasurements a Scan Measurements p Scan Measurements 

Activity Gross Gross Activilya Gross Gross ~ ~ t i v i t ~ p  
Gross dpm/,oo Survey High Average dpm/lOO Survey High Average dpmf100 (cpm) Meter # m2 Meter# (cpm) (cpm) m2(akW (cpm) (cpm) cm2 

RSO, Inc. 2 of 3 



Survey Meter lnfonnation 

Site: BD Cayey Building: Bu iwi  1 Lab/Room: BACTEC Fill Area Part 2 a 

Please See MARSSIM Chapter 6 for a more detailed explanation of equations. 

Ld= a priori Detection limi 
MDC= Minimum Detectable Concentration Beta 
MDCR= Minimum Detectable Count Rate Scan MDC= 

LW Crltiwi Detection Leve Direct MDC= 3+3.2VSQRT(Wf(l+Ts&8) 
K’ TsrB 

MDCR 
SQRT(p)’E’CK 

MDCR= q (eO/i) 

B = Background Counts 
TB = BKG Counting Tlme In Mlnuter 
T*e = Sample-Bkg CounHng Time In Minute: 
E = Total Detector Emdency in CountdDlsintegratio 
A = Physkal Probe Ama in crd 
K = Other Conatants and Factors When Needed 
p = Surveyor EIRdenc) 
E, = Surface Efficiency 6 = 1.38*SQRT(BJ 
i = Counting interva 

RSO, Inc. 30f3 
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Site: BD Cayey 
Start Date: 04/01/08 

Building: Building 1 LablRoom: B. Fill Trench Drains 

Surveyor: Gregory D. Smith Surveyor: David Wellner 

Area Survey Results I WipeTestResults I p Direct Measu 

I I 

RSO, Inc. 



Sunrey Meter Information 

S i :  BD Cayey Building: Building 1 Labmoom: B. Fill Trench Drains 

t E, Total Effciencyj21 .O% C-14 1120.0% 

Please See MARSSIM Chapter 6 for a more detailed explanation of equations. 

Direct MDC= 3+3.WSQRT(B/T(1+T&B) Lc= Crith1 Detection Leva 
K TstB Ld= a priori Detection l i l  

MDC= Minimum Detectable Concentration 
MDCR= Minimum Detectable Count Rate 

Beta 
Scan MIX= 

MDCR= 

MDCR 
SQRT(p)'E'CK 

/N*N./ 
B = Background Counts 
TB = BKG Counting Time In Minutei 
T,, = Sample-Bkg Counting Time In Minute 
E = Total Detedor Emdency in Counts/Disintegratio 
A = Physical Probe Area in crr? 
K = Other Conatants and Factors VIlhen Needed 
p = Surveyor Eflidenc) 
E, = Surface Efticiency s, = I .WSQRT(&) 
i = Counting lnterva 

RSO, Inc. 20f3 



BD Cayey Radiological Survey 

Surveyors Gregory D. Smith 

- Vicks Drive. Cayey. PR 
[Name I Name IDme 

4 10-773-6009 Contact Michael Spinazolla 

I Steel Grates with highest contamination wcre removed and disposed of as radioactive waste. 

RSO. Inc. Map & Directs 3 0 f 3  
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Site: BD Cayey 
Start Date: 04/01/08 

LablRoom: 9. Fill Ventilation Ductwork Building: Building 1 

Surveyor: Gregory D. Smith Surveyor: David Wellner 

Area Survey Results I WipeTestResults I p Direc 
I I I I I I 

Adviiy 
dpm/lOO 

cm2 (beta) 

Sample Instru- survey 
Meter # Number surface ment Description 

can Mjasurem;nts I 

. .  . .  . I  -._I.. _. 

.. . . - I  ......... 

1 ! i 

1 

- f - . - ~  f . - -  

. . . .  i . . . . .  
+ 1 __._ . - .  

1.. ~ . i  

i . . .  I 

! - . I . .  
I r - -  . 

? 
......... 

.. . . . . . . . . . . .  
....... . . . .  - 

! 
..... 1 . .  . . . .  

-. t - . . . .  

. . .  i' _-__.{.___I ... -."-. ..... .... 
.... .+ . . . . . . . . . . .  

4 . . . . . . .  

1 I 

I 
- 1  . . . . . . . . .  

i 
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Site: BD Cayey Building Building 1 LablRoom: B. Fill Ventilation Dudwork 
Start Date: 04/01/08 
Surveyor: Gregory D. Smith Surveyor: David Wellner 

Area Survey Results Wipe Test Results p Dlrect Measurements a Scan Measurements p Scan Measurements 

Gross Gross ACIIWIYI) dpz: High Average d p w l m  
Survey Gross dFzo Survey Gross Gross 

Instru- survey High Average d p d 1 0 0  
m2(beta) Meter# (cpm) Meter’ m~ Meter# ment 

(cpm) (cpm) cm2 (alpha) (cpm) (cpm) cm2 

surface Sample Description 
Number 

RSO, Inc. 2 of 3 



Survey Meter Information 

S i :  BD Cayey Building: Buikl i  1 Lab/Room: B. Fill Ventilation Dudwork 

Please See MARSSIM Chapter 6 for a more detailed explanation of equations. 

Lcrr Critical Detection Leve 
Ld= a priori Detection limi 

Direct MDC= 3+3.WSQRT(slr(l+T,6r,) 
K’  TgrB 

MDC= Minimum Detectable Concentratin Beta 
MDCR= Minimum Detectable Count Rate Scan MDC= MDCR 

SQRT(WE*CK 

B = Background Counts 
TB = BKG Countlng Tlme In Mlnuter 
TmB = Sample-Bkg Counting lime In Minute! 
E = Total Detedor Elllciency in CountdDisintegratI 
A = Physical Probe Area in cd 
K = Other Conatants and Factors When Needed 
p = Surveyor Efficient) 
E, = Surface Efficiency 4 = 1.38*SQRT(F) 
i = Counting lnterva 

RSO, Inc. 30f3 
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Site: BD Cayey 
Start Date: 04/01/08 

Building: Building 1 LabRoom: AHU#7 

Surveyor: Gregory D. Smith Surveyor: David Wellner 

Area Survey Results 1 Wipe Test Results 

I I 
Actvity 

dpm1100 
mz (beta) 

Instru- 
ment 

Sample Description 
Number 

p Direct Measurements 

Survey 
Meter # 

RSO. Inc. 2 of 5 



Survey Meter Information 

Site: BD Cayey Building: kildii 1 LablROofn: A H W  

MDCR , MDC Count Rate 41 9 
Instrumen C Eff, I so to~:  0.21 

& Surface Etldency: 50.0% 
E, Total Effciencyj21 .O% 

Please See MARSSIM Chapter 6 for a more detailed explanation of equations. 

LCg Critical Detection Leva 
Id= a priori Detection limi 
MDC= Minimum Detectable Concentration Beta 

Direct MDC= 3+3.2P!3Q#r(an(i+T,fl~ 
K'  TsrB 

MDCR= Minimum Detectable Count Rate Scan M E =  MDCR 
SQRT(p).E'CK 

MDCR= s, (Wi) 

B = Background Counts 
Ts = BKG Counting Time In Minutet 
TsrB = Sample-Bkg Counting Time In Minute! 
E = Total Detector Effldsncy in CountwDlsintegnHo 
A = Physical Robe Area in& 
K = Cther Constants and Factors When Needed 
p = Surveyor Eflldenc) 
E, = Surface Effidency s, = 138*SQRT(B,) 
i = Counting lnterva 

RSO. IN. 30fS 
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>avid Wellner 
’hone No 

1 I 0-773-6on9 

Radiological Survey 

- 41 I/2008 

, 
BD Cayey 

Surveyors 

Contact 

AHU#7 
Return Side 

air from return air ducts 

ceiling r 
i 

9 

15 16 

17 

floor 

19 18 

7 

v 
I Building 1 I AHU#7 

dame I Date 

filter bank 

om nu 
Elm 
00 
UU 

RSO, Inc. AHU#7 Return side 



Radio1 ogical S u n q  

- 
BDCayey 

Buildlng 

I - Vicks Drive, Cayey. PR I Building 1 I AHU#7 I 
hame Date Name 

Surveyors 

Contact 
"- Gregory D. Smith David Weliner 4/1/2008 

Michael Spinazolla 
Name Phone No 

- 4 10-773-6009 

duct with supply air 

emarks: 

rrvey following cleaning. 

- 

.j 
AHU#7 Supply side 5 of 5 RSO, Inc. 

29 
tan Diower & 

C)L 

floor 
30 

AHU#7 
Supply Side 

from filter and cooling coils 

door 

25 

I- 

26 

II 28 
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LablRoom. Roof 

David Wellner 

Site: BD Cayey Building Building 1 

Start Date: 02/26/08 
Surveyor Gregory D. Smith Surveyor. Greg Smnh 

RSO, Inc. 
l O f 3  
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Site: BD Cayey Building: Building 1 LablRoom: Roof 
Start Date: 02/26/08 
Surveyor: Greg Smith Surveyor: Gregory D. Smith David Wellner 

f Area Survey Results I WipeTestResults I p Direct Measurements I a Scan M 
I I I I I I I I I I 

RSO, Inc. 

asurements I p Scan Measurements 
I I I I 

/ . -1.. 

i i 1 . - I  

. j .- ........... I ... 

......... ... ... I-.. .. . .  ....... 

. ... 

f i ! 
L I___ ..-, i .I_.___I 

. . . . . . . . . . . . . . . .  



Survey Meter Information 

Slte: BD Cayey Building: Building 1 LablRoom: Roof 

Please See MARSSIM Chapter 6 for a more detailed explanation of equations. 

Lc= Crith1 Detection Leve 

B = Background Counts 
TB = BKG Counting Tlme In Minutes 
TwB = Sarnple-BkQ Counting lime In Minute! 
E = Total Detector Efiiciency in CountslDiintegratio 

Direct MDC= 3+3.2V'SQRT(BIT(1+T48) 

K'Ts+e Id= a pn-ori Detection limi 
MDC= Minimum Detectable Concentration Beta 
MDCR= Minimum Detectable Count Rate Scan MDC= 

MDCR= 

MDCR 
SQRT(p)'E*CK 

A = Physical Robe Area in cn? 
K = m e r  Constants and Factors When Needed 
p = Surveyor EtRdcnc) 
E, = Surface Efticiency s, = 1.38*SQRT(h) 
i = Counting lnterva 

RSO, Inc. 3 O f 3  
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Survey Meter Information 

Si :  BD Cayey Building: Buiklinp I Lab/Room: BACTEC Labeling 

Please See MARSSIM Chapter 6 for a more detailed explanation of equations. 

Lc= C R i l  Detection Leve 
Ld= a priori Detection limi 
MDC= Minimum Detectable Concentration 
MDCR= Minimum Detectable Count Rate 

Direct MDC= 3+3.msarng~r(i+~,$r,) 
K Ts+B 

Beta 
Scan MDC= MDCR 

SQRT(p)’E*CK 

MDCR= s, (Wi) 

B = Background Counts 
TB = BKG Counting Time In Minute 
T ~ B  = Sample-Bkg Counting Time In Minute: 
E = Total Wdor Efhciency in Counts/Diintegmti 
A = Physical Probe Area in cn? 
K = Other Conatants and Factors W n  Needed 
p = Surveyor Efficient) 
E, = Surface Eftidency s, = 1 .WSQRT(&) 
i = Counting lnterva 

RSO, Inc. 2012 







Slte: BD Cayey Building. Building 1 LablRoom. Bottle Crush Room 
Start Date: 02/26/08 
Surveyor: Greg Smith Surveyor Gregory D. Smlth David Wellner 

RSO, Inc. 1 of2 



Survey Meter Information 

Stte: BD Cayey Building: Buildinp 1 LablRoom: Bottle Crush Room 

Please See MARSSIM Chapter 6 for a more detailed explanation of equations. 

Lc= C W l  Detection Leve 
Id= a priori Detection limi K’ TSB 
MDC= Minimum Detectable Concentration Beta 
MDCR= Minimum DetectaMe Count Rate Scan MDC= MDCR 

B = Background Counts 
TB = BKG Counting Time In Minuter 
TwB = Sample-Bkg Counting lime In Minute! 
E = Total Detector Efficiency in Counts/Disintegratii 
A = Physical Probe Area in ad 
K = Other Constants and Factors When Needed 

SQRT(pYE’4‘K p = Surveyor Efficienq 
E, = Surface Efliciency s, = 1 .WSQRT(h) 

Direct MDC= 3+3.2Q%Qf?T(err(l+T,,dT~ 

MDCR= s, (rn) i = Countlng lnterva 

RSO, Inc. 20f2 
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Site: BD Cayey 
Start Date: 04/01/08 
Surveyor: Gregory D. Smith 

LabRoom: Bottle Crush Building: Building 1 

Surveyor: David Wellner 

RSO. Inc. 





Survey Meter Information 

Site: BD Cayey Building: Bui#iw 1 LablRoom: Born0 Crush 

Please See MARSSIM Chapter 6 for a more detailed explanation of equations. 

Lc= Cr i t i i l  Detection Leve 
Ld= B priori Detection limi K' TWB 

MDC= Mhimum Detectable Concentration Beta 
MDCR= Minimum Detectable Count Rate Scan MDC= MDCR 

B = Background Counts 
TB = BKG Counting T i m  In Minuter 
TwB = Sample-Bkg Counting Time In Minute 
E = Total Dekdor Efikiency in CountsrDisintegratio 
A = Physical Probe Area in cn? 
K = Other Constants and Factors When Needed 

SQRT(p)'E'CK p = Surveyor Effidenc) 
E, = Sum- Etlidency s, = 1.38'SQRT(&) 
i = Counting lnterva 

Dired MDC= 3+3.29%~2RT(Blr(l+T&~) 

MDCR= s, ' (SON 

RSO, Inc. 30f4 
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Site: BD Cayey Building. Building 1 LablRoom. Warehouse 
Start Date: 04101108 
Surveyor: Gregory D. Smith Surveyor. David Wellner 

I 
Area Survey Resutts I WipeTestResutts I p Direct Measurements I a 

I I I I I I I 
Advity Activity 

dpm/lOO Gross dp&lOO 
Instru- 
ment 

unt(beta) Meter# (cpm) m2 Meter# 
Sample Description 
Number 

RSO, inc. 



Site: BD Cayey 
Start Date: 04/01/08 
Surveyor: Gregory D. Smith 

Building: Building 1 LabIRoom: Warehouse 

Surveyor: David Wellner 

GiGG 

Activity 
dpnJl00 

cm2 

83- - 
- 3 4 0  

__ 3 8 2  

317 
-30 
355 
506 
612 
-53 
-106 
348 
491 
189 
348 
287 

__ 

- -- 
I__ 

RSO, Inc. 2 0 f 3  



Survey Meter Information 

Site. BD Cayey Building: Building 1 Lab/Room: Warehouse 

Instrumen 4n Eff 

Please See MARSSIM Chapter 6 for a more detailed explanation of equations. 

Lc= Critiil Detection Leve 
Ld= a priori Detection limi K' Tsts 
MDC= Minimum Detectable Concentration Beta 
MDCR= Minimum Detectable Count Rate Scan MDC= MDCR 

B = Background Counts 
Ts = BKG Countlng Time In Minutes 
TwB = Sample-BIg Counting Time In Minute: 
E = Total Detector Effsciency in CountalDisintegratio 
A = Physical Probe Area in cnf 
K = Other Conatants and Factors M e n  Needed 

SQRT@)'E'CK p = Surveyor Effscienc) 
E. = Surface Efficiency s, = 1.38'SQRT(@,) 

Direct MDC= 3+3.~SQRT(BIT(i+TsflB) 

MDCR= q (6O/i) i = Counting lnterva 

RSO. Inc. 30f3  







Site: BD Cayey 
Start Date: 04/02/08 

Building: Building 1 LablRoom: Rad Waste Stg 

Surveyor: Gregory D. Smith Surveyor: David Wellner 

isurements 77 

RSO, Inc. 1 of2  



Survey Meter Information 

Building: Buildim 1 LablRoom: Rad Waste Stg Site: BD Cayey 

1 

I I I I  I 1  I 1  I 

MDCR , MDC Count Rate 41 9 
Inatrumen 4n Eff, Irotope: 0.21 

E, Surface Effdency: S).O% 
E, Total Effciency321 .O% C-14 

Please See MARSSIM Chapter 6 for a more detailed explanation of equations. 

Lur Critical Detection Leve 

B = BadqgrounU Counts 
TB - BKG Counting Time In Minuter 
Tee = Sample-Bkg Counting l ime In Minute! 
E = Total Detector Efficiency in Count~isintegratio 

Diract MDC= 3+3.2VSQRT@T(l+T,$) 
LUX a priori Detedion limi K'Ts+B 
MDC= Minimum Detectable Concentration Beta 
MDCRn Minimum Detectable Count Rate Scan MDC= 

MDCR= 

RSO, Inc. 

MDCR 
SQRT(p)'E'VK 

A = Physical Probe Area in cd 
K = Other Constants and Factors When Needed 
p = Surveyor Efficient) 
E, = Surface Efficiency s, = 1 .WSQRT(&) 
i = Counting lnterva 

20f2 
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This is to acknowledge the receipt of your letter/application dated 

, and to inform you that the initial processing which 
includes an administrative review has been performed. 

7&&*A7@ S - - r , - Z I ~ - L - f  
&here were no administrative omrssions. Your application was assigned to a 

technical reviewer. Please note that the technical review may identify additional 
omissions or require additional information. 

0 Please provide to this office within 30 days of your receipt of this card 

____- 

A copy of your action has been forwarded to our License Fee & Accounts Receivable 
Branch, who will contact you separately if there is a fee issue involved. 

Your action has been assigned Mail Control Number 
When calling to inquire about this action, please refer to this control number. 
You may call us on (610) 337-5398, or 337-5260. 

? z $&cb 

NRC FORM 532 (RI) 

(6.96) 
Sincerely, 
Licensing Assistance Team Leader 
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