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Introduction 

This report documents the decommissioning survey results of the radioactive materials use 
areas of the Elan Operations, Inc. (Elan) facility in Princeton, New Jersey. Elan has ceased all 
operations at the site since mid 2003. All personnel were released and the facility is currently 
unused awaiting release. 

The decommissioning project was managed and performed by Antkowiak and Mahoney 
Enterprises, Inc. (AME). The AME task manager for this project was Joel Antkowiak. The 
surveys were performed from September through December 2004 by Joel Antkowiak and 
Robert Mahoney. The project was delayed by attempts by Elan to sell off the business unit in its 
entirety. 

Site History 

The facility was originally owned and operated by The Liposome Company which began 
operations at the site in the mid 1980’s. Elan acquired The Liposome Company in the late 90’s 
and assumed full responsibility for its radioactive materials license (License No. 29- 199 18-0 1). 

While the facility was licensed to use 16 radioisotopes, a search of the records indicates that 
only a few were actually ever ordered. These included hydrogen-3, carbon- 14, phosphorus-32, 
phosphorus-33, sulfur-35, niobium-95, iodine-125, and iodine-13 1. Of these, only carbon- 14 
and tritium live long enough to be of concern for this survey. Only tritium was used in the last 
year of operations of the facility. 

Phosphorus-32 and phosphorus-33 were used in the area known as the “Trailer Labs.” These 
labs were located inside a trailer that was situated adjacent to the main building with access 
from the rear door of the building. The trailer was previously decommissioned by Teledyne 
Brown Engineering, and the survey was submitted at the request of the Nuclear Regulatory 
Commission (D. Janda) in 2004. 

Liposome, and then Elan, contracted with an outside health physics services company to 
perform monthly radiation contamination surveys as well as other services. The surveys were 
first performed by Teledyne Isotopes and its successors, followed by Radiation Science Inc. 
(RSI) beginning in 2001. Research activities at the Princeton site ceased early in 2003. 

Based on the most recent monthly surveys performed by RSI personnel, there is no indication 
of extensive contamination. However, based on information on a past incident, there may be 
residual tritium contamination in the hood and associated ductwork in the room known as 
Organic Lab # 1. In addition, there may also be contamination in one hood in Main Lab C that 
was used for radioactive work when the hood in Organic Lab # 1  was shut down. The interior of 
the hoods were not usually surveyed by the health physics consultants due to other potential 
hazards present during periods of active research. 
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The purpose of this project is to survey the radioactive materials use areas of the Elan facility in 
Princeton, New Jersey to demonstrate levels of residual radioactivity sufficiently low to release 
the building for unrestricted use. There are 2 areas of concern: the building itself and the low 
level radioactive waste storage shed behind the building. The surveys were performed by 
Antkowiak and Mahoney Enterprises, Inc. (AME) under the Elan Pharmaceutical Operations 
Inc. radioactive materials license. A summary of survey procedures and release criteria was 
previously submitted in the Decommissioning Plan dated July 2003. 

Survey Methodology 

The following equation was used to determine the minimum detectable activity of each 
instrument used: 

MDA = 2.71 + 4.65 d E t  
t x E x N100 

where: 
MDA = activity in dpd100 cm2 
Br = background rate in counts per minute 
t = counting time in minutes 

= detector efficiency in counts per disintegration (4x) E 
A = probe area or area wiped in cm 

2 

Direct Radioactive Contamination Surveys 

Surveys were performed using guidance provided in NUREG 1575, "Multi-Agency Radiation 
Survey and Site Investigation Manual", or MARSIMM. All decommissioning surveys consisted 
of 100% scans of the floors, bench tops, drawers and cabinets in the room. Walls were 
surveyed to a height of six feet. 

Measurements of direct radiation were made on all laboratory surfaces using the instruments 
described in table 1. The survey meter and detectors were checked for operational viability 
each day prior to use and following re-charging of the gas proportional detectors. This included 
battery and high voltage checks as well as a one minute count of a dedicated check source to 
ensure that the detection efficiency of the meter was within a predetermined range. Scans were 
conducted by moving the probe at a rate of one to two probe widths per second less than 1 
centimeter from the surface being surveyed. The audio output of the meter was used to identi@ 
areas of contamination. 

~~ ~ 
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Table I :  Instruments Used 

Ludlum Model 12 
wModel43-68 probe 

Ludlum Model 12 
wModel43-37-1 probe 

Floor Monitor 
Keithley Model 361 55 

wModel43-68 r>robe I PR 178507 I I 
193772 500 -550 d p d 1 0 0  cm2 

PR 178433 

1 93 772 175 - 200 d p d l 0 0  cm2 
PR 136363 

36025 0.01 mR/hr (10 pR/hr) 

In addition to the 100% surface scans, 1 minute scalar readings were taken at locations that 
were determined based on the level of survey that was required of the area (level 1, level 2, or 
level 3). The level assigned to each of the surveyed areas is noted in the Decommissioning Plan. 
The results of these measurements are presented in Appendices VI through VIII. 

Survey for Removable Radioactive Contamination 

Sampling for removable activity was conducted by wiping approximately 100 cm2 area with a 
two inch diameter dry filter paper. The samples were then placed directly into a scintillation 
vial in a specific location of a uniquely identified rack or tray. The position numbers are then 
described on the scintillation counter log sheet. The samples remain in the specified container 
and position throughout sample preparation and analysis. This reduces the risk of mislabeling 
or cross contamination among the many samples taken during this project. 

The samples were analyzed by setting three energy windows on the liquid scintillation counter. 
The low energy channel (channel 1) is set for optimal tritium eficiency, the second window 
(channel 2) is set for optimal carbon-14 efficiency, and the third window (channel 3) is set for 
higher energy beta emitters. 

Each day samples are analyzed, NIST traceable tritium and carbon-14 sources are also analyzed 
at the end of each "batch". The daily counts for both tritium and carbon-14 were within the 
specified ranges. The minimum detectable activity (MDA) for the counter used (Beckman 
model 5801; serial number 7040372) is as follows: 

Channel 1 MDA = 102 dpm 

Channel 2 MDA = 46 dpm 

Channel 3 MDA = 33 dpm 

For purposes of free release of the rooms, the removable activity exhibited in all three channels 
is combined to determine compliance with the release criteria. The results are presented in 
Appendices I through 111. 
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Additional Sampling 

In addition to the smear samples taken at the locations indicated on the pictures, samples were 
also taken inside the sink traps in all rooms surveyed. Because it has been an extended time 
since these sinks have been used, the traps were all dry. Smear samples were taken using a 
cotton swab attached to the end of a long tube in order to reach the trap. The samples were 
analyzed by liquid scintillation counting using the same system that was used to analyze the 
smear samples. The results are presented in Appendix IV. 

Smears were also taken inside each duct in all affected rooms. Nearly all of the rooms had an 
exhaust duct that was dedicated to a piece of equipment that was situated under or near the 
duct. The samples were counted by liquid scintillation and the results are presented in 
Appendix V. 

Summary of Decontamination Performed 

As expected, some decontamination of the hood in Organic Lab 1 was necessary. The hood was 
dismantled and all of its parts were vacuumed using a Nilfisk brand portable HEPA vacuum 
system. All parts were also sprayed with a solution of Radiac Wash and water, and then wiped 
clean. The same procedure was used to clean the hood housing. The filter housing servicing this 
hood had been previously removed due to its condition. Survey of the duct leading into the 
housing showed no residual contamination. Survey of the ductwork leaving the hood was also 
clean. Therefore, no further decontamination was deemed necessary. 

In addition to the hood in the Organic Lab 1, one hood each in Main Lab B and Main Lab C 
had areas of contamination that were cleaned in the same manner. This contamination appeared 
to be more consistent with a small spill or light splashing, and no activity was found behind the 
hood baffle. The hoods were therefore left intact and only the found areas of Contamination 
were cleaned. 

Several areas were found that had removable radioactive contamination in excess of the 
minimum detectable activity of the scintillation counter. These areas were cleaned using the 
radiac wash solution. No areas were initially above 500 dpm/100cm2. All areas were below the 
MDA after decontamination. 

No other contamination above twice the background count rate of the survey instruments was 
found. 

~~~ 
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Survey Results - Final Status 

No areas exceeded the background radiation exposure rate. 

No removable radioactive contamination was found in the rooms surveyed. 

No direct radioactive contamination was found in the rooms surveyed. 

The final survey results for each of the surveyed areas are presented in Appendices I through 
VIII. Pre-decontamination survey results are presented in Appendix IX. Copies of the meter 
calibration certificates are presented in Appendix X. 

Understanding the Appendices 

The appendices presenting the results of the removable contamination surveys show pictures of 
each area surveyed. Only the main labs B and C have an accompanying layout, as these two 
rooms were very large. On each picture, if two smears are shown to be taken on one item 
(drawers, cabinet, etc.), the odd numbered smear was taken on the outside of the item. The 
inside is represented by the even numbered smear. 

The appendices that present the data from the scaler measurements refer to the numbers of the 
smear on the pictures in appendices I, I1 or I11 as appropriate. For example, reading number one 
taken in main lab B, view A corresponds to the location represented in the picture for the 
removable activity. For class I rooms, there is a reading corresponding to each removable 
sample. Class I1 and class 111 rooms have fewer readings. Where readings are indicated on 
drawers and cabinets, the odd numbered reading was taken on the outside of the item, and the 
even numbered reading represents the inside. For drawers and cabinets, the inside reading was 
taken inside the drawer, or on the shelf nearest, the location of the number on the diagram. 

Appendix IX shows the status of the facility as found. Direct readings are indicated on the 
diagrams. Removable activity is presented in the tables below the diagram. The tables were 
excluded from areas that had only direct readings, or showed direct readings that were 
decontaminated prior to the taking of a smear sample. 
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Appendix I 

Class I Type Surveys 

Removable Activity 

Pictures of Surveyed Areas with Smear Results 
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Room: Main Lab B, View A 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
Smear ID Channel 1 Channel 2 Channel 3 Smear ID Channel 1 Channel 2 Channel 3 

<MDA 
cMDA <MDA 
cMDA <MDA <MDA 
cMDA 
cMDA <MDA cMDA 
<MDA <MDA cMDA 

10 cMDA <MDA <MDA 



Room: Main Lab B, View B 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
- 

Smear ID Channel 1 Channel 2 Channel 3 I Smear ID 

8 <MDA 
<MDA 

<MDA 
<MDA 

Channel 1 Channel 2 Channel 3 

E 



Room: Main Lab B, View C 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
Smear ID Channel 1 Channel 2 Channel 3 I Smear ID Channel 1 Channel 2 Channel 3 pj 

9 --- I 



Room: Main Lab B, View D 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 

Smear ID Channel I Channel 2 Channel 3 

<MDA 
<MDA <MDA <MDA 
<MDA <MDA cMDA 
<MDA <MDA 

10 <MDA <MDA <MDA 

Smear ID Channel I Channel 2 Channel 3 



Room: Main Lab B, View E 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
Smear ID Channel 1 Channel 2 Channel 3 I Smear ID Channel 1 Channel 2 Channel 3 
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Room: Main Lab B, View F 

Name: 

- Notes: 

- 

- 
Smear Analysis Results - Analysis by Liquid Scintillation Counting 

Smear ID Channel I Channel 2 Channel 3 Smear ID Channel 1 Channel 2 Channel 3 

- 

- 

CMDA <MDA 
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Room: Main Lab B, View G 
Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
Smear ID Channel I Channel 2 Channel 3 I Smear ID Channel 1 Channel 2 Channel 3 
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Room: Main Lab 6, View H 

Name: 

Notes: 

Smear Analvsis Results - Analvsis by Liquid Scintillation Counting 
~~ 

Smear ID Channel 1 

cMDA 

- 
Channel 2 

<MDA 

- 
Channel 3 Smear ID Channel 1 Channel 2 Channel 3 
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Room: Main Lab B, View I 

Name: 

Notes: 

Smear Analvsis Results - Analvsis bv Liauid Scintillation Countina 

Smear ID Channel 1 

eMDA 

Channel 2 Channel 3 
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Smear ID 
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Room: Main Lab B, View J 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
Smear ID Channel I Channel 2 Channel 3 I Smear ID Channel 1 Channel 2 Channel 3 
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Room: Main Lab B, View K 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 

Smear ID Channel 1 Channel 2 Channel 3 Smear ID Channel 1 Channel 2 Channel 3 

<MDA <MDA 
<MDA <MDA 
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Room: Main Lab B, View L 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting - 
Smear ID Channel 1 Channel 2 Channel 3 

- 
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Room: Main Lab B, View M 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 

Smear ID Channel I Channel 2 Channel 3 

cMDA 

Smear ID Channel I Channel 2 Channel 3 

E E 



Room: Main Lab B, View N 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting - 
.- 

Smear ID Channel 1 Channel 2 Channel 3 

- 
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- Room: Main Lab B, View 0 

Name: 

Notes: - 

~ 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
- 

Smear ID Channel 1 Channel 2 Channel 3 
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Room: Main Lab B, View P 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 

Smear ID Channel 1 Channel 2 Channel 3 

cMDA 
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cMDA 
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cMDA 
cMDA 
<MDA cMDA 
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I Smear ID Channel 1 Channel 2 Channel 3 



Room: Main Lab B, View Q 

Name: 

Notes: 

Smear Analvsis Results - Analvsis by Liquid Scintillation Counting - v 

Smear ID Channel 1 Channel 2 Channel 3 
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Room: Main Lab B, View R 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
I I Smear ID Channel 1 Channel 2 Channel 3 Smear ID Channel 1 Channel 2 

<MDA 
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Room: Main Lab B, View S 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
Smear ID Channel I 5' 
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Room: Main Lab B, View T 

Name: 

Notes: 

Smear ID Channel I Channel 2 Channel 3 

- Smear Analysis Results - Analysis by Liquid Scintillation Counting 
Smear ID Channel 1 Channel 2 Channel 3 
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Room: Main Lab €3, View U 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
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Smear ID Channel 1 Channel 2 Channel 3 I Smear ID Channel 1 Channel 2 Channel 3 

E E E 



Room: Main Lab B, View V 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 

Smear ID Channel 1 Channel 2 Channel 3 Smear ID Channel 1 Channel 2 Channel 3 
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Room: Main Lab 6, View W 

Name: 

- Notes: 

- 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
_ _ _ _ _ _  _ _ _ _  __ ~ ~ ~ _ _  ~ _ _  

~ Smear ID Channel1 Channel 2 Channel 3 1 Smear ID Channel 1 Channel 2 Channel 3 



Room: Main Lab B, View X 

Name: 

Notes: 

- 
Smear Analysis Results - Analysis by Liquid Scintillation Counting 

I Smear ID Channel 1 
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Room: Main Lab B, View Y 

Name: 

Notes: 

Smear Analvsis Results - Analvsis by Liquid Scintillation Counting - < 

Smear ID Channel 1 Channel 2 Channel 3 
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Room: Main Lab B, View Z 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
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Room: Main Lab B, View AA 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
Smear ID Channel 1 Channel 2 Channel 3 I Smear ID Channel 1 Channel 2 Channel 3 



Room: Main Lab 6, View 66 

Name: 

Notes: 
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Smear Analysis Results - Analysis by Liquid Scintillation Counting 
Smear ID Channel 1 Channel 2 
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- Room: Main Lab B, View CC 
Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 

Smear ID Channel 1 Channel 2 Channel 3 
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Room: Main Lab B, View DD 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
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Room: Main Lab B, View EE 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Countinn 
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Room: Main Lab B, View FF 

Name: 

Notes: 

Smear Analvsis Results - Analvsis bv Liauid Scintillation Countina - * 

Smear ID Channel 1 Channel 2 Channel 3 Smear ID 
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Room: Main Lab 6, View GG 
Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
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Room: Main Lab B, View HH 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation 
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Room: Main Lab 6, View It 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
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Room: Main Lab B, View JJ 
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Smear Analysis Results - Analvsis bv Liauid Scintillation Countina 
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Room: Main Lab B, View KK 

Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
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Room: Main Lab B, View LL 
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Smear Analysis Results - Analysis by Liquid Scintillation Counting 
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Room: Annex I, View A 

Name: 

Notes: 

Smear Analysis Results - Analysis bv Liauid Scintillation Countina - - 
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- Room: Annex I, View B 
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Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
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Room: Annex I, View C 
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Smear Analvsis Results - Analvsis bv Liauid Scintillation Countinn - - 
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Room: Annex I ,  View D 
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Notes: 

Smear Analvsis Results - Analvsis bv Liauid Scintillation Countina 
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Room: Annex I, View E 
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Room: Annex II, View A 
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Room: Annex II, View B 
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Smear Analysis Results - Analysis by Liquid Scintillation Counting 
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Room: Annex II, View C 
Name: 

Notes: 

Smear Analysis Results - Analysis by Liquid Scintillation Counting 
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