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Definitions 

Assessment. The evaluation process used to measure the performance or effectiveness of a 
system and its elements. Assessment is an all-inclusive term used to denote any of the 
following: audit, performance evaluation, management systems review, peer review, inspection, 
or surveillance. 

Background Radiation. Radiation from cosmic sources, naturally occurring radioactive 
material, including radon (except as a decay product of source or special nuclear material), and 
global fallout as it exists in the environment from the testing of nuclear explosive devices or 
from nuclear accidents like Chernobyl which contribute to background radiation and are not 
under the control of the cognizant organization. Background radiation does not include radiation 
from source, byproduct, or special nuclear materials regulated by the cognizant Federal or State 
agency. Different definitions may exist for this term. The definition provided in regulations or 
regulatory program being used fcr a site release shodd always be used if it differs from the 
definition provided here. 

Beta Radiation. An electron emitted from the nucleus during radioactive decay. 

Class 7 Survey Unit. Areas where contamination is known or suspected to exist, and 
insufficient evidence exists to classify the areas as Class 2 or Class 3 survey units. 

Contamination. The presence of residual radioactivity in excess of levels which are 
acceptable for release of a site or facility for unrestricted use. 

DCGL. A derived, radionuclide-specific activity concentration in a survey unit corresponding to 
the release criterion. The DCGL is based on the spatial distribution of the contaminant and 
hence is derived differently for the nonparametric statistical test (DCGL,) and the Elevated 
Measurement Comparison (DCGLEM~). DCGLs are derived from activityldose relationships 
through various exposure pathway scenarios. 

Direct Measurement. Radioactivity measurement obtained by placing the detector near the 
surface or media being surveyed 4 n  indication of the resulting radioactivity level is read out 
directly . 
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DQA (Data Quality Assessment). The scientific and statistical evaluation of data to 
determine if the data are of the right type, quality, and quantity to support the intended use. 

Exposure Pathway. The route by which radioactivity travels through the environment to 
eventually cause radiation exposure to a person or group. 

Final Status Survey. Measurements and sampling to describe the radiological conditions of a 
site, following completion of decontamination activities (if any) in preparation for release. 

Gamma Radiation. Penetrating high-energy, short-wavelength electromagnetic radiation 
(similar to X-rays) emitted during radioactive decay. Gamma rays are very penetrating and 
require dense materials (such as lead or steel) for shielding. 

Grid. A network of parallel horizontal and vertical lines forming squares on a map that may be 
overlaid on a property parcel for the purpose of identification of exact locations. 

Investigation. An activity such as measuring, examining, testing, or gauging one or more 
characteristics of an entity and comparing the results with specified requirements in order to 
establish whether conformance is achieved for character. 

License Termination. Discontinuation of a license, the eventual conclusion to 
decommissioning. 

Measurement. It is used interchangeably to mean: 1) the act of using a detector to determine 
the level or quantity of radioactivity on a surface or in a sample of material removed from a 
media being evaluated, or 2) the quantity obtained by the act of measuring. 

MARSSIM. Multi-Agency Radiation Survey and Site Investigation Manual. A manual 
established by the EPA, NRC, DOD, and DOE that provides a nationally consistent consensus 
approach to conducting radiation surveys and investigations at potentially contaminated sites. 
The approach is both scientifically rigorous and flexible enough to be applied to a diversity of 
site cleanup conditions. 

Quality Control (QC). The overall system of technical activities that measure the attributes 
and performance of a process, item, or service against defined standards to verify- that they meet 
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the stated requirements established by the customer, operational techniques and activities that are 
used to fulfill requirements for quality. 

Radiation Safety Officer. The Aptuit staff member responsible, with the support of the 
Radiation Safety Committee, for the implementation of the facilities Radiation Safety Program. 

Radiation Survey. Measurements of radiation levels associated with a site together with 
appropriate documentation and data evaluation. 

Radioactivity. The mean number of nuclear transformations occurring in a given quantity 01 

radioactive material per unit time. The International System (SI) unit of radioactivity is the 
Becquerel (Bq). The customary unit is the Curie (Ci). 

Radiological Release. The release of materials/equipment/areas from administrative controls 
pertaining to radioactive materials. These administrative controls refer to either local 
requirements as established in the RSM or license requirements as established in the EPA US. 
Nuclear Regulatory Commission Radioactive Material License. The release from radiological 
controls is preceded by an assessment of the radiological conditions and confirmation that these 
conditions meet the requirements to be released from further controls. 

Radionuclide. An unstable atom of any element that undergoes radioactive decay in order to 
achieve a more stable state. 

rem (Radiation Equivalent Man). The conventional unit of dose equivalent. The 
corresponding International System (SI) unit is the Sievert (Sv): 1 Sv = 100 rem. 

Removable Radioactivity. Surface activity that is readily removable by wiping the surface 
with an absorbent medium using moderate pressure and can be assessed with standard radiation 
detectors. It is usually expressed in units of dpnd100 cm2. 

Survey. A systematic evaluation and documentation of radiological measurements with a 
correctly calibrated instrument or instruments that meet the sensitivity required by the objective 
of the evaluation. 

Wipe Test. A procedure in which a swab, e.g., Q-tip or filter paper is rubbed on a surface and 
its radioactivity measured to determine if the surface is contaminated with removable radioactive 
material. 
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Executive Summary 

A final status survey (FSS) was conducted in Laboratory A3-367 at Aptuit, Incorporated (Aptuit) 
in Kansas City, Missouri on April 4,2006. The purpose of the FSS was to establish, through a 
process of site investigation, that Laboratory A3-367 meets the criteria for radiological release 
established in the Code of Federal Regulations, Title 10, Part 20, Subpart E, “Radiological 
Criteria for License Termination.” The FSS was conducted using the guidance of the Multi- 
Agency Radiation Survey and Site Investigation Manual (NUREG-1 575). Laboratory A3-367 is 
part of the Aptuit facility licensed by the U. S. Nuclear Regulatory Commission under Materials 
License Number 24-15595-0 1 (License). 

Due to a lack of historical use information the laboratory was classified as a Class 1 impacted 
area. Carbon-14 (I4C) was the contaminant of concern although the use of tritium (’H) in the 
laboratory could not be ruled out. The license termination screening value for I4C found in Table 
H. 1 of the Consolidated NMSS Decommissioning Guidance - Characterization, Survey, and 
Determination of Radiological Criteria (NUREG-1757, Vol. 2) was used as the derived 
concentration guideline level applicable to the average concentration over the survey unit 

Since this value is Iower-ilEE 
-. ~ 

screenmg-value for removable H it  was used as the total DCGL, for removable contamination. 
To keep dose rates as low as reasonably achievable, administrative goals were set at, 

2minati and 2000 dpn fixed contamination. 

The FSS included surface scans, direct measurements and wipe sampling. Thirty-three 
systematic direct measurements were made and thirty-three wipe samples were collected. One 
biased direct measurement was made and one biased wipe sample was collected. One hundred 

I--tcent of the floor surface and walls up to 2 meters were scanned. 
I .  
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1.0 Introduction 

1.1 Scope and Purpose 
The final status survey (FSS) described herein was limited to Laboratory A3-367 in Building A 
at the Aptuit facility in Kansas City, Missouri (Aptuit) (Figure 1). The purpose of the FSS was 
to demonstrate, through a process of site investigation, that the laboratory meets the criteria for 
radiological release established in the Code of Federal Regulations (CFR), Title 10, Part 20, 
Subpart E, “Radiological Criteria for License Termination.” 

1.2 Laboratory Location and Description 
Aptuit is a drug development company serving the pharmaceutical and biotechnology industry. 
The Aptuit facility is located at: 

Aptuit, Incorporated 
10245 Hickman Mills Drive 
Kansas City, Missouri 64 134-0708 

The facility consists of offices, laboratories, and other buildings in an urban setting. Laboratory 
A3-367 is located on the third floor near the center of Building A (Figure 1). Radioactive 
materials, primarily carbon- 14 (14C), were used, stored, and disposed in this laboratory. 

The floor area of the laboratory is approximately 46.6 square meters (m2). Walls from the floor 
up to 2 meters were also included in the survey (approximately 63.5 m2). 

1.3 Operational History 
The laboratory under investigation operated under the U. S. Nuclear Regulatory Commission 
(NRC) Materials License Number 24- 15595-0 1 (License). The License allows the use of several 
radioisotopes in a variety of physical and chemical forms. However, site personnel reported that 
only 14C and possibly small quantities of tritium (3H) were used in this laboratory. 

Activities within the laboratory consisted of research using small quantities of radioactive 
materials. 

1.4 Report Organization 
A description of the nature and extent of contamination is presented in Chapter 2. This includes 
discussions concerning areas of potential contamination, previous investigative work, and the 
FSS design. Chapter 3 presents a discussion concerning dose assessment. Conclusions and the 
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final status determination are discussed in Chapter 4. References are included in Chapter 5.  
Tables, figures, and appendices follow the text. 
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2.0 Nature and Extent of Contamination 

2.7 Sources 

2.7.1 Contaminants of Concern 
The radioactive contaminants of concern for Laboratory A3-367 were determined through 
discussions with the Radiation Safety Officer (RSO) and a review of the License. Although the 
radionuclides presented in Table 1 were approved by the NRC for use and storage at the facility, 
only I4C and possibly small quantities of 3H were reportedly used in this laboratory. Therefore, 
the contaminants of concern for this FSS were 14C and 3H. 

2.1.2 Areas of Potential Concern 
LaboratoIy A3-367 was a radioactive material use area. Reportedly, C was used throughout the 
laboratory and not restricted to specific hoods or bench tops. Therefore, within the laboratory, 
all floor surfaces and walls up to two meters from the floor are areas of potential concern. 

14 

2.2 Summary of Previous Investigative Work 
A characterization survey (CS) was conducted in Laboratory A3-367 by Shaw Environmental, 
Inc. (Shaw) in March 2006 (Shaw, 2006a). The administrative release levels, 2000 dpd100 cm2 
for fixed contamination and 200 dpd100  cm’ for removable contamination, were used during 
the CS. The CS revealed general area fixed I4C contamination above Aptuit’s administrative 
release levels on the floor and on bench tops and table tops; one area exceeded 1E6 dpd100 
cm2. Three floor areas had removable contamination above the administrative release level 

2.3 Summary of Remedial Actions 
In March 2006, after the CS described above was performed, laboratory furniture and case work 
were surveyed and removed. Hoods and flooring that were investigated during the CS were 
removed as part of the remedial action. Items determined not to be contaminated were disposed 
of or reused. Remaining items became part of Aptuit’s radiological waste and will be disposed 
of as such. I 

2.4 Final Status Survey 

2.4.7 Objectives 
The specific objectives of the FSS were to: 
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Fulfill the scope of the data collection requirements defined in the Final Status 
Survey Plan (FSSP) (Shaw, 2006b). 

Adhere to the FSSP-required methodologies during the collection and analysis of 
data. 

Ensure that data collected are of sufficient quality and quantity to make release 
decisions with an acceptable probability of decision error. 

The survey was designed and performed in accordance with the FSSP (Shaw, 2006b) and the 
Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) (NUREG- 1575). 

2.4.2 Defining Survey Units and Survey Design 
Upon the writing of the FSSP, Laboratory A3-367 was defined as an impacted, Class 1 area for 
this FSS. The Class 1 designation was a result of having insufficient historical use information 
and survey data to justify a lower classification. The CS was conducted after the FSSP was 

written and the results of the CS confirmed that the laboratory was properly classified. 
Laboratory A3-367 comprised one Class 1 survey unit. 

As determined in the FSSP, the survey unit contained a minimum of 32 survey locations on a 
random-start triangular grid. The survey locations were surveyed by direct measurements and 
wipe samples. Floor and wall surfaces (up to 2 meters) were 100 percent scanned. 

2.4.3 Establishing Release Criteria 
The license termination screening value for I4C found in Table H. 1 of the Consolidated NMSS 
Decommissioning Guidance - Characterization, Survey, and Determination of Radiological 
Criteria (NUREG- 1757, Volume 2) was used as the derived concentration guideline level 
applicable to the average concentration over the survey unit (DCGL,,,,). The DCGL,, which is a 
derived, radionuclide-specific activity concentration corresponding to the release criterion, is 
based on the spatial distribution of the contaminant and is derived from activity/dose 
relationships through various exposure pathway scenarios. The regulatory release requirement 
identified in 10 CFR 20, Subpart E, for termination of radioactive materials licenses is 25 
millirem (mrem)/year. The specific criteria for facility release under the NRC regulations are: 1) 
that residual radioactivity that is distinguishable from background radiation results in a total 
effective dose equivalent (TEDE) to an average member of the critical group that does not 
exceed 25 mredyear and 2) that the residual radioactivity has been reduced to levels that are as 
low as reasonably achievable (ALARA). The NRC published screening values for residual 
building surface contamination for common beta- and gamma-emitting radionuclides (Federal 
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Register, Chapter 63, Page 64132, November 18, 1998). Activity levels on building surfaces that 
fall within these screening values are in compliance with the unrestricted use dose limit for 

license termination. The license termination screening values are also published in Table H. I of 
the Consolidated NMSS Decommissioning Guidance - Characterization, Survey, and 
Determination of Radiological Criteria (NUREG- 1757, Vol. 2). Administrative ALARA goals 
were set equal to Aptuit’s operational contamination limits in order to meet the ALARA 
condition of the license termination rule. 

2.4.3.1 Total Activity (Direct Measurements) 
Using the screening values presented in the look-up table H. 1 found in Appendix H of NUREG 
1757, Volume 2, the DCGL, for fixed activity is 3.7E6 disintegrations per minute (dpm)/l00 
square centimeters (cm2) for 14C and 1.2E8 dpd100 cm2 for 3H. Since there are no reliable 
methods for direct measurement of 3H activity and the use of 3H in A3-367 has not been 
confirmed, the DCGL, for direct measurements was determined to be 3.7E6 dpd100  cm2. The 
administrative ALARA goal for total Contamination was set at 2000 dpd100 cm2. 

2.4.3.2 Removable Activity (Wipe Samples) 
Screening levels presented in NUREG 1757, Volume 2, Table H. 1 are based on the assumption 
that the fraction of removable surface contamination is no greater than 0.1 (10 percent). 
Therefore, 10 percent (the removable portion) of the screening value for 3H is 1.2E7dpd100 
cm2 and for I4C is 3.7E5 dpd100 cm2, The screening level for 14C, 3.7E5 dpd100 cm2, being 
the most conservative, was established as the DCGL, for removable activity. The administrative 
ALARA goal for removable contamination was set at 200 dpd100 cm2. 

2.4.4 Quality Con trol/Quality Assurance 
Instrument field performance checks consisting of background and source checks were 
conducted daily. All final status data were obtained using instruments that satisfied the 
performance requirement. 

Periodic quality measures were performed as described in section. 3.6.7 of the FSSP (Shaw, 
2006b). For direct measurements, replicates to measure operator precision were performed by 
using the same instrument at the same location, Two replicate direct readings were performed. 
For contamination smears, sampling precision was checked through recounting of smears. Two 
smears were recounted. 

Precision is determined to be acceptable since all values are below the ALARA goals. 
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2.4.5 Decision Errors and Number of Data Points 
The surveys were planned with the possibility that statistical testing would be required to 
demonstrate compliance with the license termination rule. The Sign Test was determined to be 
the appropriate statistical test since the average material background would be subtracted from 
each measurement. The acceptable probability of making a Type I decision error (concluding 
that residual radioactivity was within limits, when, in fact, it was not) or a Type I1 decision error 
(concluding that a survey unit is contaminated, when it truly is not) was established during the 
planning phase. For data collected during the investigation to be adequate for the final status 
determination, these probabilities were established at 0.05 for both Type I and Type I1 decision 
errors. 

The minimum number of data points for the assigned statistical test is based on the selected 
decision error levels and the relative shift. In the absence of characterization data during the 
survey planning stages, the lower end of the recommended range of values for relative shift 

(hlo), 1 .O, was selected fi-om guidance of the MARSSIM (NUREG-1 575). This resulted in 32 
data points needed in order to ensure that the requirements of the statistical test are met. 

2.4.6 Instrumentation 

2.4.6.1 field lnstrumenfs 
The radiological field survey instruments listed in Table 2 were used. Instrument detection 
sensitivities were determined following the guidance of NUREG-1 757 (NRC, 2002). Instrument 
reports are presented in Appendix A. 

All instrumentation had current calibration. Daily field performance checks were conducted in 
accordance with individual instrument use procedures. These performance checks were 
performed prior to daily field activities and at any time the instrument response appeared 
questionable. Only data obtained using instruments that satisfied the performance requirements 
were accepted for use in the evaluation. 

Instrument response was continuously monitored during surveys through the use of the 
instrument audible signal. Instrumentation was used as specified in the FSSP (Shaw, 2006b). 

2.4.6.2 Laboratory lnstruments 
Wipes samples were counted in Apt~iit’s oil-site liquid scintillation counter (LSC) using 
equipment and procedures described in Appendix B. 
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2.4.7 Qualify Checks 
Replicates to measure operator precision were performed using the same instrument at the same 
location as the original measurement. Two replicate direct readings, at Locations C-27 and C- 
34, were performed, one for every 20 direct readings taken. Results are presented in Appendix 
C. 

For wipe samples, analytical precision was checked through recounting wipes, with one wipe 
recounted for every 20 wipe samples collected. Two smears were recounted, one from Location 
C-27 and one from Location C-34. Results are presented in Appendix C. 

2.4.8 Procedures 
Analytical requirements can be divided into two categories: direct field measurements and 
sample analysis. Direct measurements for gross beta radioactivity were performed during the 
site investigation. Removable beta activity was determined from wipe samples collected during 
the investigation. More detail concerning sampling, packaging, and shipping procedures is 
provided in the Radiological Survey Protocol (Appendix D). 

2.4.8.1 Field Procedures 
Surface radioactivity surveys and wipe sampling were executed in accordance with the 
radiological survey protocols and the Health and Safety Plan as presented in the FSSP (Shaw, 
2006b). Radiological survey protocols were designed to determine the extent and magnitude of 
residual radioactivity and to provide quality data for use in final status determination. These 
protocols are presented in Appendix D. The radiological survey protocols, which include sample 
storage and handling in the field, were designed to preserve the integrity of the collected 
samples. 

2.4.8.2 Laboratory procedures 
Wipe samples were analyzed for 14C and 3H by liquid scintillation counting using Aptuit’s on- 
site LSC. Normal standard operating procedures were followed. 

2.5 Extent of Contamination 
Wipe sample results and direct measurement results are presented in Appendix E. 
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2.5. I Final Status Survey 
The focus of this document and of the unrestricted release of the facility from radiological 
controls is found in the performance of the FSS. The survey included the floors and the walls up 
to two meters from the floor in Laboratory A3-367. 

I 
I 
I 

Thirty-four final status wipe samples were collected in Laboratory A3-367 at locations presented 
in Figure 2. Direct measurements were also performed at those locations for gross beta activity. 
Thirty-three locations are systematic; C-34 is a biased sample location chosen based on the 
results of the CS. The results of the direct measurements and wipe samples are presented in 
Tables 3 and 4, respectively. All results are below the respective DCGLs. 

2.5.2 Data Assessment 
To determine whether or not a survey unit meets the release criteria (i.e., the survey unit passes), 
it is necessary to evaluate the results. If all measurements in the survey unit are below the 
release criteria, the survey unit passes. If all survey units pass, the laboratory can be released for 
unrestricted release. Tabulated summaries of the direct measurement and removable activity 
results are presented in Tables 3 and 4, respectively, and a text discussion is presented below. 
Conclusions and recommendations are presented in Chapter 4. 

As presented in Table 5 ,  all direct measurements are below the DCGL, of 3.7E6 dpd100  cm2 
for final status release. The highest direct measurement is 1257 dpd100  cm2 at Location C-29. 
Direct measurements are also less than the ALARA goal for fixed contamination, 2000 dpd100  
cm2. All removable activity results are below the DCGL of 200 dpd100 cm2 for final status 
release. The highest wipe sample results are 50.53 dpd100  cm2 for 3H at Location C-23 and 
47.55 dpd100 cm2 for 14C at C-13. Wipe sample results are also less than the ALARA goal for 
removable contamination, 200 dpd100 cm2. Since all measurements (fixed and removable) are 
less than the respective DCGLs, no statistical tests are required. 
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3.0 Dose Assessment 

3.1 Exposure Setting 
The Aptuit facility is a collection of offices, laboratories, and other buildings in an urban setting. 
The facility is located in a biomedical and pharmaceutical research complex in Kansas City, 
Missouri. Laboratory A3-367 is located on the third floor of Building A within the complex. 

3.2 Exposure Pathways 
The hypothetical building occupant is the most reasonable potential future receptor due to the 
location (industrial area) of the facilities and the industrial-use purpose. Exposure pathways 
typically associated with the hypothetical occupancy scenario are external exposure to 
penetrating radiation ftom surface sources, inhalation of resuspended radioactive materials from 
surfaces, and inadvertendincidental ingestion of removable radioactive materials. 

3.3 Sources of Exposure 
Radionuclides approved for use at the facility in the most recent License amendment are listed in 
Table 1 .  Based on site history, a few radionuclides were used in forms that potentially allowed 
dispersal of those materials onto equipment and building surfaces. The most predominant 
radionuclides used at the facility in those forms are I4C and 3H. 

3.4 Quantification of Exposure 
Objectives of the survey design presented in Section 2.4. I were fulfilled, as determined during 
the data quality assessment process. Once survey activities were complete and the data were 
evaluated, performance of a dose assessment was unnecessary because all survey results are less 
than the respective DCGLs. 
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4.0 Conclusions and Recommendations 

Upon completion of the FSS, the data collected were analyzed to ensure that all objectives of the 
FSSP were completed. Data presented in Appendix E were collected according to MARSSIM 
and the requirements of the FSSP (Shaw, 2006b). The data were assessed according to the 
methods described in MARSSIM and NUREG 1757 and this report has been completed in 
accordance with the requirements of the FSSP (Shaw, 2006b). 

4.1 Conclusions 
All objectives of the FSSP were completed and all FSS activities were performed as described in 
the FSSP. The data collected were analyzed and are of sufficient quality and quantity to make 
facility release decisions with an acceptable probability of decision error. 

Systematic measurements (direct and wipe) are all less than the respective DCGLs. The 
radioactivity levels within die laboratory meet the criteria such that there are no residual 
radioactivity levels that exceed the 25 mredyear TEDE release criteria established in 10 CFR 
20, Subpart E, and Laboratory A3-367 can be released for unrestricted use. The maximum 
reported values for direct measurements and wipe sample results for each respective 
administrative and final status criteria are presented in Table 5. 

Laboratory A3-367 meets the requirements for unconditional radiological release. 

4.2 Remediation Requirements 
Since the levels of residual radioactivity do not exceed the final status release criteria, a need for 
additional remediation in the laboratory does not exist. 

4.3 Final Status Determination 
This report has been prepared according to MARSSIM and NUREG-1757. No measurement 
exceeds the final status release criteria. Therefore, the laboratory meets the criteria for 
unrestricted radiological release established in 10 CFR 20, Subpart E. As a result, it is 
determined that the final status of Laboratory A3-367 in Building A at the Aptuit facility, 10245 
Hickman Mills Drive, Kansas City, Missouri is acceptable for unrestricted radiological release. 
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Half-life 
Radionuclide 
(Any Form) 

I 
I 
I 

Maximum 
Quantity 

I 
I 
1 
1 
I 
I 

Tritium t3H) 
'Carbon-14 (14C) 
sulfur-35 ( 3 5 ~ )  
Iodine-I 25 (127) 
Iodine-I31 (l3lI)  

Table 1 

12.33 y 1 Ci 
5,730 y 2 Ci 
87.2 d 20 mCi 
59.7 d 70 mCi 
8.04 d 30 mCi 

License Possession Quantities, Isotopes, and Forms* 
Final Status Survey Report 

Laboratory A3-367 
Aptuit, Incorporated 

Kansas City, Missouri 

* NRC license, No. 24-1 5595-01. 

Ci - Curie. 
d - day. 
mCi - millicurie. 
y - year. 
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Table 2 

Scan Minimum Detectable Concentrations (Scan MDC) and Surveyor 
Minimum Detectable Count Rates (MDCR,,,,,,) 

Characterization Survey 
Laboratory A3-367 

Aptuit, Incorporated 
Kansas City, Missouri 

~ Description 

Ludlum Model 2360 
Scaler/ratemeter with a 
Model 43-68 probe with 

0.4 mg/cm2 window 

Ludlum Model 2360 
Scalerhatemeter with a 
Model 43-68 probe with 

0.4 mg/cm2 window 

Ludlum Model 2360 
Scaledratemeter with a 

Model 43-37 gas 
proportional detector 

probe with 0.8 mg/cm2 
window 

Beckman LS6000 LL 
liquid scintillation 

counter (or equivalent) 

Application 

Building/structure 
scanning for I4c 

Direct measurements 
for I4c 

Floor scanning for I4C 

Removable beta 
contamination (3H and 

I4C) 

MDCa 

<3,000 
dpm/lOO cm2 

betab 

1,300 
dpm/lOO cm2 

beta' 

< I  0,000 dpm/lOO 
cm2 betab 

e30 dpm/l 00 cm2 
beta 

(based on 
efficiency for 3H 
beta energies) 

200 gross cpm 

NA 

800 gross cpm 

NA 

alnstrument setups were performed on site using a 63Ni source. This results in a conservative 
estimate of the scan MDC. Scan MDCs for 14C would be lower. 
bScan MDC 
'Static MDC 

14C - carbon-14. 
om2 - square centimeters. 
dpm - disintegrations per minute 
3H - tritium 
mg - milligrams 
NA - not applicable 
63Ni - nickel-63 
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Table 3 

Description 

Wall (drywall) 

1 
I 
1 
c 
I 
I 
I 
1 
I 

Gross 
Location cpm 

c-I 139 

Direct Measurement Results 
Final Status Survey Report, 

Laboratory A3-367 
Aptuit, Incorporated 

Kansas City, Missouri 

Bkg 
cpm 

(Page 1 of 2) 

Net Net < ALARA 
cpm dpm/100cm2 <DCGL”? Goalb? 

I I 

146 

146 

146 

146 

146 

146 

-7 -1 54 Yes Yes 

-30 -66 1 Yes Yes 

-24 -529 Yes Yes 

-21 -463 Yes Yes 

8 176 Yes Yes 

4 88 Yes Yes 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Door (wood) 

Wall (drywall) 

c-2 116 

c-3 122 

C-4 125 

c-5 154 

C-6 150 

e-7 122 

C-8 137 

c-9 147 

c-10 148 

~~ 
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146 

146 

139 

146 

146 

146 

-24 -529 Yes Yes 

-9 -1 98 Yes Yes 

8 176 Yes Yes 

2 44 Yes Yes 

-4 -88 Yes Yes 

-12 -265 Yes Yes 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Concrete (adhesive) 

Concrete (bare) 

Concrete (adhesive) 

c-I 1 142 

c-I 2 134 

C-I 3 130 

C-14 144 

e-I 5 142 

C-16 145 

C-I 7 146 

C-I 8 140 

c-I 9 150 

c-20 150 

c-2 1 236 

c-22 185 

146 

146 

-16 -353 Yes Yes 

-2 -44 Yes Yes 

146 

146 

146 

146 

-4 -88 Yes Yes 

-1 -22 Yes Yes 

0 0 Yes Yes 

-6 -1 32 Yes Yes 

146 

164 

232 

164 

4 88 Yes Yes 

-14 -309 Yes Yes 

4 88 Yes Yes 

21 463 Yes Yes 



Table 3 

1 
I 

Direct Measurement Results 
Final Status Survey Report, 

Laboratory A3-367 
Aptuit, Incorporated 

Kansas City, Missouri 

(Page 2 of 2) 

ALARA - as low as reasonably achievable 
Bkq - background 
cm - square centimeters 
cpm - counts per minute 
DCGL - derived concentration guideline limit 
dpm - disintegrations per minute 

a The DCGL is 3.7E6 dpm/lOO crn2 
The ALARA goal is 2000 dpm/lOO cm2 
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Table 4 

Description 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

\/Val1 (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Door (wood) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Wall (drywall) 

Concrete (adhesive) 

Concrete (bare) 

Concrete (adhesive) 

I 
I 
1 

(Page 1 of 2) 

Tritium Carbon-1 4 < A U R A  
Location dpmll00 cm2 dpm1100 cm2 < DCGLa? Goalb? 

c-I 39.08 15.60 Yes Yes 

c-2 26.21 14.39 Yes Yes 

c-3 28.53 I 8.35 Yes Yes 

C-4 24.10 19.71 Yes Yes 

c-5 19.07 17.09 Yes Yes 

C-6 30.41 18.33 Yes Yes 

c-7 62.26 7.70 Yes Yes 

C-8 25.89 I 4.38 Yes Yes 

c-9 26.88 17.02 Yes Yes 

c-I 0 21.53 31.65 Yes Yes 

c-11 ' 17.64 15.77 Yes Yes 

c-I 2 32.69 22.28 Yes Yes 

C-13 27.60 47.55 Yes Yes 

C-I 4 27.86 19.67 Yes Yes 

C-I 5 21.98 9.10 Yes Yes 

C-16 31.20 15.66 Yes Yes 

C-17 13.25 27.75 Yes Yes 

C-18 31.39 15.67 Yes Yes 

c-I 9 22.19 14.42 Yes Yes 

c-20 29.87 14.35 Yes Yes 

c-21 28.46 23.65 Yes Yes 

c-22 30.14 19.67 Yes Yes 

I 
I 
I 
I 
I 

1 
1 
I 

Wipe Sample Results 
Final Status Survey Report, 

Laboratory A3-367 
Aptuit, Incorporated 

Kansas City, Missouri 
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Table 4 
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Wipe Sample Results 
Final Status Survey Report, 

Laboratory A3-367 
Aptuit, Incorporated 

Kansas City, Missouri 

(Page 2 of 2) 

Concrete (adhesive) C-30 46.05 12.89 Yes Yes 

Concrete (adhesive) C-31 32.77 16.98 Yes Yes 

Concrete (adhesive) C-32 37.99 8.98 Yes Yes 

Concrete (adhesive) c-33 25.05 27.66 Yes Yes 

Concrete (bare) c-34 35.20 15.63 Yes Yes 

A U R A  - as low as reasonably achievable 
Bk background 
cm - square centimeters 
cpm - counts per minute 
DCGL - derived concentration guideline limit 
dpm -disintegrations per minute 

a The DCGL is 3.7E5 dpmll00 ern' 

9 -  

The A U R A  goal is 200 dmp/lOO cm2 b 
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Table 5 

Maximum Results Compared with DCGL and ALARA Goals 
Final Status Survey Report 

Laboratory A3-367 
Aptuit, Incorporated 

Kansas City, Missouri 

Maximum Result DCGL ALARA Goal 
dpmllOO cm2 dpmll00 cm2 dpmll00 cm2 

Fixed Contamination 

3.7E6 

Removable Contamination 

50.53 (tritium) 3.7E5 200 

47.55 (carbon-14) 3.7E5 200 

dpm - disintegrations per minute. 
cm2 - sqc;are centime:ers. 
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ELEVATION (CONT) 
SCALE 1 2 0  m 

DOOR 

Q 
I t  

*C-74 

,c 2 2  .e  28 SAMPLE POINT 

~ 

10 M x 10 M SQUARE GRID 
SHOWN FOR REFERENCE ONLY 

NOTES 
1. WALL SURFACE AREA: 63.538 SO. M. 

FLOOR SURFACE AREA: 4 6 . 6 3 1  SO. M 

TOTAL SURFACE AREA: 110.169 SO. M 

2 THE LENGTH OF EACH LEG OF THE 
TRIANGULAR SAMPLING GRID IS 
1 9 9  METERS 

3 SAMPLE LOCATIONS C - 0 9 ,  C-14 AND 
C-18 WERE RELOCATED T O  WALL 
SURFACES AND AWAY FROM DOOR 
AND WINDOW SURFACES 

FIGURE 2 
DIRECT MEASURMENT AND 
WIPE SAMPLE LOCATIONS 
FOR LABORATORY A 3 - 3 6 7  

~ SCALE.--- 
II APTUIT, INC. 

6 METER KANSAS CITY,  MISSOURI 3 
PLAN VIEW SCALE 
SCALE 1" . 3 0  rn 

METER Shaw. Shaw Environmental, Inc 
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APPENDIX A 

INSTRUMENT REPORTS 
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Scaler Daily Instru~ilent Check S&t 

- RCS Revicw . 
Signature / Dale 

CONTROL GRAPH 
9730 I 

- - _ - -  e 

OATE 



Oailv Check & Eff. Setw 

Source Type 

Background Measurements 

Background Count Time = minutes 

Total counts observed: 

Source Activity (2rr em.) 

Source Count Time 

Source Counts observed: 

If 

Cb 147.40 counts 

SDb 9.12 counts 

Cbt 147.40 cpm 

1.00 minutes 

cg 9703.30 counts 

SQg 60.83 counts 

Cn 9555.90 counts 

SDn 69.43 counts 

- Sample Count Time - minutes 

Instrument eff. (Ei) 0.145 

- Surface eff. (Es) - 

Probe size (A) in cm - -_ 

Comparison of MDC equations 

Total eff. (Et) = 0.036' 

Page 1 
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A 1570 Bear Creck Road 

INSTRUMENT INFORMATION: 

Inst. Make Ludlum Model# 2360 UnitISeriaI # v>/ 0 7 

As Left 
ProbeMake Ludlum Model# tC-3 --b Serial # 737rQ3-o 

As Found 
Work Order# k /  Functional Check / Beta Threshold 

CALIBRATION DATA: Alpha Thresh0 d mv -1 2 0 m v  

Beta Window py*;z:: 
(as found) & (at call /.<Ts Piateau Determine YE I NO Pulse sue 10 mv 0 

*SOwCeS and Instruments used hi calibration arc iraceable i o  NIST flrrough p r h a v  or secondary standards.' 
Electronic Cal: 
Pulser Make Ludlum Model # 500 Serial # 
Efficiency Cal: 
SourceID k / D  (2 Isotopc C - / j  Activity/1$6SQ DPM Uncertainty +I- 5 % 

% Source ID "----- 

e/* Cal Date -7 - 
\ Isotope Activity - DPM Uncertainty +/- 

Comnlefik *l? v4 CdA,. i /& C O Y ~ / A Q ( / ~  /Gj[&J 

C. 

Calibrated by ,"ASLO *kj Signature 

Calibration Due 3- I - 0 7  Reviewed by 

. 



pI8a( -'Isotope .ad Products 
Laboratories 

An Eckert & Ziegler Company 

24937 AvenueTibbitts 
Valencia, California 91355 

Tel 661*309*1010 
Fax 661*257*8303 

CERTIFICATE OF CALIBRATION 
BETA STANDARD SOURCE 

Customer: 
Half-life: 96 k 4 years P.O. No.: 207785 OP 
Catalog No.: €AB-063-PL Reference Date: I-Mar43 12:OO PST 
Source No.: A9-813 Contained Radioactiuily: 0.1 368 pCi 5.062 

SHAW ENVIRONMENTAL, INC.TTERC - Ap 

Physical description: 
A. Capsule type: 
B. Nature of active deposit: 
C .  Active diameterlvolume: 
D. Backing: 
E. Cover: 

€AB-PL (50.8 mm OD x 3.18 mm THK) 
Distributed and evaporated metallic salt on polymeric membrane 
45 mm 
Stainless steel 
None 

Radioimpurities: 

Ba-133 < 0.0001% on 1Mar 03 

I Method o f  Calibration: 

This Source was prepared from a weighed aliquot of solution whose activity in pCVg was determined 
using a liquid scintillation counter. 

Wncertainty of Measurenient: 
A. Type A {random) uncertainty: 
€3. Type 6 (systematic) uncertainty: 
C. Uncertainty in aliquot weighing: 
0. Total uncertainty at the 99% confidence level: 

f 2.3 % 
f 3.1 Yo 
f 0.4 % 
F 3.9 % 

Notes: 
- See reverse side for leak test(s) performed on this source. 
- IPL participates in a NlST measurement assurance program to establish and maintain implicit traceability 

for a number of nuclides, based on the bend assay (and later N1ST certification) of Standard Reference 
Materials (As in NRC RegulatoFy Guide 4.15). 

- Nuclear data was taken from NCW Report No. 58, 1985. 
- This source has a working life of 2 years. 
- This source had a surface emission rate of 65970 plmin in 2 x  on 14 Feb 03. 

14-d-03  
Date Signed IPL Ref. No.: 952-98 

.~ I S 0  9001 CERTIFIED 
Medical Imaging Laboratory industrial Gauging Laboratory 

1800 North Keystone Street Burbank,California 91 504 24937 AvenueTibbitts Valencia, California 91 355 



Shaw Environmental, Inr 

instrument Information: 

Project: Aptuit A-3 367 

Material Background Values 
Modal Probe: 
Serial No: Serial No 

Count Time: 
Setup Date: 

Comparison of instrument "setup" background vs. "material" background: 

1.0 Setup Data 

Set"p Date 
>.;p - 'I '-\'-'.- 
A ..2T*MeC-067 

Instrument Model Probe: Awt@q 
Serial No.. Serial No.: PPRIOZOq 

Count Time: 
Bkgd (cpm) Alpha 

Betalgamma 

2.0 Material Data 

CPM - 2SD % Difference setup D ~ I ~  WWCiiaF%3T CPM CPM + 2SD 
Alpha Betalgamma Alpha Belalgamma Alpha EsIa/gamma Alpha *2SD Alpha -2SD WG s2SD WG-2SD 

Bare Concrete Floor #DIV/OI 231.8 #VALUE) 165.6 #VALUE! 129.2 #DIV/OI #DIV/OI 1.40 1.79 
Drywall #DIV/O! 146.3 #VALUE1 165.6 #VALUE! 129.2 #DIV/O! #DIV/OI 0.88 1.13 
Concrete wth adhesive #DIV/O! 164.8 #VALUE! 165.6 #VALUE! 129.2 #DIV/OI #DIV/OI 1 00 1.28 



Shaw Environniental, I c  

Serial No. Probe Instrument 

Material Background Values 

Serial No. Count t ime (mln) 

as of 

Project: Aptuit A-3 367 

21-Mar-06 

Malerial Alpha Bela/qamma 

(cpm) 
<=129.2 
>=165.6 

Materlal Alpha Betalgamma 
Bare Concrete Floor #DIV/O! (corn) 
Drywall 
Concrete wlth adhesiv 
Bare Concrete Floor 
Drywall 
Concrete with adhesive 

#DIVIOI 
#DIV/O! 

icbmj 
(cpm) 

232 (cpm) 
146.3 (cpm) 
f64.8 (cpm) 

average background count rate (Cpm) end the value of 2 
Standard Deviations (counts). 

Values shown at left are !he result of fillsnng average 
matedal backgmund values against lhe criteria desubed 
above. These values will be sublracled from 'gross cpm' 
values on !he aurvey. Materials lisled a l  loft exhibit count 
rate8 that arb greater man (he sum of the Instrument 
background a u n t  rate plus 2 Standard deviations. or less 
than the value of the instn~menl background count rate 
minus 2 standard deviations. 

RSO Approval Date 

2 





Shaw Environmentdl, Inr 

Material Background Values 

P:oject: Aptuit A-3 367 

as of 21-Mar46 

Material Alpha Betalgamma 

Material Alpha Betalgamma 
Wood Door #DIV/O! (cpm) 

#DIVIO! (CPm) 
#DIV/O! ( w m )  

139 (cpm) 
#DIV/O! (cpm) 
#DIV/O! (cpm) 

Wood Door 

Values shown al  lek represent the sum of the instrument 
average background count rate (cprn) and the value of 2 
Standard Deviations (counts). 

Values shown at left are the result of filtering average 
material background values against Ihe criteria described 
above. Them values will be Subtracted from 'gross cpm" 
values on the survey. Materials listed at left exhibit counl 
rates Ihat are grealer than the sum of Ihe inslrumenl 
background count rate plus 2 Standard dedlions. or less 
than the value of the iwlrument background count rale 
minus 2 standard deviations. 

RSO Approval Date 

. . . .  .. .: ._.i ::... . . 
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Ratemeter Daily Instrument Check Sheet 

3-7-66 
PROJECT NAME/# R3-363 i I 200 w 

2 Technician: 'Y 
Probe Type I SN: Lbi. I /vc 1\ .3-h$/ t 33t4q SourceType/# AI, - 9 

Calibrated: 7 / b / O 5 d u e  7 / 4 / Source Activity: 2 I 9 7 y 

(+zo%) IO; 6 30  (-20%) 70 glI 0 Initial Net Source Measurement (cnts or mremlhr): 8 (p 

RCS Review 
Signature / Dace 

CONTROL GRAPH 

DATE 

SOP T-RA-006, Radiological Controls Portable lnstwnenl Procedure. Revised June 2004 



Source Activity (2n em ) 

Background Measurements 

Background Count Time = 

90.50 counts 

71.91 counts 

Source Count Time = 1.00 minutes 

Cg 8950.50 counts 

SDg 102.36 counts 

8860.00 counts  

SDn 103.06 counts  

Cnt 8860.00 cpm 

= 0.134 

Cclmparison of MDC equations 

ametimes MDC I 1  15 dpmll00cm2 

I 1 16 dpm/l00cm2 

Total eff. (Et) = 

Page 1 
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INSTRUMENT INFORMATION: 

InsLMake L u d h  Model # 2360 Unit/Serial# 3 3 
Probe Make Ludlum Model # q’3 ‘ 6 e Serial # ?R 1 7 - 3 qq9 

Beta Threshold 
Bela Window 
Alpha ThrcshoId 

- 

A*&[Tmv” 
Functional Check 

Work Order # a‘  
CALIBRATION DATA: 

I1v (a found) I 5 7 5 (at Cd) 1575 Plateau Determined E / NO 

Bfectronic Cal: 
PulserMake Ludlum Model# 500 Serial# N/@- C a l D S 7 ? - -  
Efficiency Cal: 
Source fD 

pulse size 10 mv 0 
*sources andtnstrumenfi usedin cafibraiion are traceable to NISTthrough primary or refondary standard& 

&TD / 3 isotope -f t/ Activity @ &Si, DPM Uncertainty +/- 5% - 
SourceD + ’Isotope Activity - DPM Uncertainty i/----’-% 
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aim ma ' Isotope Products 

Laboratories 
An Eckert & Ziegler Company 

24937 Avenue Tibbitts 
Valencia, California 91 355 

Tel 661*309*1010 
Fax 661.257.8303 

CERTIFICATE OF CALIBRATION 
BETA STANDARD SOURCE 

Radionuclide: Ni-63 Customer: SHAW ENVIRONMENTAL, INCJTERC - 
Half-life: 96 e 4 years f.0. No.: 207785 OP 
Catalog No.: EAB-063-PL 
Source No.: A9-813 Contained Radioactivity: 0.1368 pCi 5.062 mq 

Reference Date: 1-Mar-03 12:OO PST 

LfEII l  

Plkysical description: 
A. Capsule type: 
B. Nature of active deposit: 
C. Active diameterlvolume: 
0. Backing: 
E. Cover: 

Radioirnpurities: 

Ba-133 < O.OOOIoA on ZMar 03 

I Meihod of Calibration: 

€AB-PL (50.8 mrn OD x 3.18 mm THK) 
Distributed and evaporated metallic salt on polymeric membrane 
45 mm 
Stainless steel 
None 

.This source was prepared from a weighed aliquot of solution whose activity in pCig was determined 
using a liquid scintillation counter. 

Uncertainty of Measurement: 
A. Type A (random) uncertainty: 
B. Type B (systematic) uncertainty: 
C. Uncertainty in aliquot weighing: 
D. Total uncertainty at the 99% confidence level: 

f 2.3 Yo 
t 3.1 % 
f 0.4 % 
f 3.9 % 

Notes: 
- See reverse side for leak test(s) performed on this source. 
- 1PL participates in a NIST measurement assurance program to establish and maintain implicit traceability 

for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Refe~nce 
Materials (As in NRC Regulatory Guide 4.15). 

- Nuclear data was taken from NCRP Report No. 58,1985. 
- This source has a working life of 2 years. 
- This source had a surface emission rate of 65970 Plmin in 2 x  on 14 Feb 03. 

Jy+?d-03 
Date Signed 1PL Ref. No.: 952-98 

!SO 9001 CERTlf IED 
Medical Imaging Laboratory Industrial Gauging Laboratory 

24937 AvenueTibbitts Valencia,California 91 355 1800 North Keystone Street Burbank,California 91 504 



Ratemeter Daily Instrument Check Sheet 

3-%-0(p 

PROJECT NAME/# Lab C t S - 3 ~ 7  
Instrument Type I SN: 

Probe Type I SN: 9 7~ (p 

Calibrated: 3 f 2.3 1 66 due 1 I 107 

Technician: l74 

Source Activity: 2 a 97 9 

(+20%) W (-20%) Lt23lf 

10' dp.- 
G3SO ' 

Initial Net Source Measuremcnt (cnts or rnrem/hr): ytxs 1. 

V 

RCS Rcview 
Signature I Date 

CONTROL GRAPH 

(+20%) 

Nci Saurcc 
Measwcment 

(Initial) 

(-20%) 

1 I 

DATE 

SOP TRA-006. Radiological Controls Portable lnstrumenl Procedure. Revised June 2004 



Daily Check & Eff. Setup 

Source Type 

Background Measurements 

!Background Count Time = minutes 

Source Activity (2rr em.) 

Total counts observed: 

Source Count Time 

(I Source Counts observed: 

Cb 

SDb 

Cbt 

1.00 

300.30 counts 

20.45 counts 

300.30 cpm 

minutes 

Cg 5591.90 counts 

SDg 90.30 counts 

Cn 5297.60 counts 

SDn 92.58 counts 

Cnt 5291.60 cpm 

Instrument Eff. IEi\ 0.080 cornldnm 

minutes - Sample Count Time - 

Instrument eff. (Ei) = 0.080 

Surface eff. (Es) 

Probe size (A) in cm 

Comparison of MDC equat ions 

Total eff. (Et) 

Page 1 
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Qf H V R e o d o u t  (2~10~11s) Ref/Irisf. 500 s'p.I?_ V Ref /Insf __ 2Qoo 2-661 v 
COMMENTS: 
Firmware X 26 10 10 
HV f o r  alpha = (L50 V 

HV f o r  b a a  = { 730 V 
2221  set for bcta at / ? 5 t V  
HV set with detector  connected. 
Overload check but n o t  set 

bmuCwm%x Gu mews ~ l o n e d p n o e ~ b m  souw except torM &(-$h , h h  ua i ~ d  pmbe I-c~. 

REFERENCE INSTRUMENT RECD INSTRUMENT 
RANGE/MULTIPUER CAL. POINT "AS FOUNO READ1NG" METER READING' 
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LUDLUM MEASUREMENTS, INC. 
POST OFF= DOX 810 
501 OAKSlREET FAXNO. 3252354672 

PH. 325235.5394 o( 

SCbntiAcad~Kkahd 
lnsmKnents SWEEWAIER. EXAS 79556 U.S.A. 

Bench Test Data 

Order ti. 251111 . 

-- - - - .- 
CXJstome~ APYUfT, INC 

Counter __ _ _  2?2.!. . . SeriolNo. 2 . 1 8 3 7 b  
Count Time 

Other 

4 __ mv Counter hput Sensitivity 

- 2 . w  __ Distonce Source to Detector _ _  s Lrr fa te -  

-. .- 

sen/ing The Nuclear Industry Since 1962 
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24937 AvenueTibbitts 
w 'Isotope Products Valencia,California 91355 

La bora tori es 

An Eckert & Ziegler Company 
Tel 661*309-1010 
Fax 661*257*8303 

CERTIFICATE OF CALIBRATION 
BETA STANDARD SOURCE 

Radionuclide: Ni-63 Customer: SHAW ENVIRONMENTAL, INC.TTERC - Ap 
Ha11-life: 96 * 4 years f .o . No.: 207785 OP 
Catalog No.: EAB-063-PL 
Source No.: A9-813 Contained Radioactivity: 0.1368 pCi 5.062 

Reference Date: I-Mar43 12:OO PST 

a 
Physical description: 

A. Capsule type: 
6. Nature of active deposit: 
C .  Active diameterlvolume: 
D, Backing: 
E. Cover: 

Radkimpurities: 

Ba-133 < 0.0001% on IMar 03 

-, Method of Calibration: 

EAB-PL (50.8 mrn OD x 3.1 8 mm THK) 
Distributed and evaporated metallic salt on polymeric membrane 
45 rnm 
Stainless steel 
None 

This source was prepared from a weighed aliquot of solution whose activity in V C i g  was determined 
using a liquid scintillation counter. 

Uncertainty of Measurement: 
A. Type A (random) uncertainty: 
6. Type B (systematic} uncertainty: 
C. Uncertainty in aliquot weighing: 
D. Total uncertainty at Ute 99% confidence level: 

f 2.3 % 
f 3.1 % 
f 0.4 Yo 
?: 3.9 % 

Notes: 
- See reverse side for leak test(s) performed on this source. 
- IPL participates in a NlST measurement assurance program to establish and maintain implicit traceability 

for a number of nuclides, based on the blind assay (and later NlST certification) of Standard Reference 
Materials (As in NRC Regulatory Guide 4.15). - Nuclear data was taken from NCRP Report No. 58,1985. 

- This source has a working life of 2 years. 
- This source had a surface emission rate of 65970 plmin in 2x on 54 Feb 03. 

j4--6&&-03 
Date Signed IPL Ref. No.: 9 52-98 

IS0 9001 CERTIFIED 
Medical Imaging Laboratory Industrial Gauging Laboratory 

24937 AvenueTibbitts Valencia, California 91 355 1800 North Keystone Street Burbank,California 91 504 
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Initial Net Source Measurement (cnts or mrem/hr): 45'4 (+20%) f 1cts (-20%) 713 

RCS Review 
Signature / Date 

CONTROL GRAPH 

DATE 

SOP TRA-006, Radiological Controls Portable Instrument Procedure. Revised Jwte 2004 



Source Type Ni-63 // Source Activity ( 2 r  e m  ) 65900 dpm 

8ackground Measurements I1 
Background Count Time = I1 
Total counts observed 

- 11Source Count Time - 

Source Counts observed: 

1.00 minutes 

Cb 

SDb 

Cbt 

1 .oo 

518.70 counts 

16.19 counts 

518.70 cpm , 

minutes 

Total eff. (Et) 

Daily Check & Eff. Setup 

Cg 1472.40 counts 

SDS 37.67 counts 

Cn 953.70 counts 

SDn 41 00 counts 

Cnt 953.70 cprn 

mple Count Time 

Comparison of MDC equations 

e times MDC 5171 dprn/lOOcrnZ 

times MDC 5175 dpm/lOOcrn2 

Page 1 
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INSTRUMENT INFORMATION: 

Inst. Make Ludlurn Model # 2360 Unit I Serial # 1 0 0 0 3 ‘y 
?@ R,G. ProbeMake Ludlurn Model# qs -5 ( Serial# E Oq 2-6 3 cf 

Workorder# y- Functional Check / Beta Threshold .5’ mv a v  

CALIBRATION DATA: 

IIV (as found) -&a (at call 157 5 Plateau Determined @ N o  

Electroriic Cal: 

As Found As Left o?* 0 

Beta Window 7 rnv-30+mV-- 
Alpha Threshold 17-F;- mv - 1 2 0 - 4  

Pulse size 10 mv 

*sources and Instruments used in calibration are traceable io NIST through p r k a y  or secondary standards. - 

Pulser Make Ludlum Model # 500 
Efficiency Cal: 
Source ID 

Source ID isotope Activity - DPM Uncertainty +I- 

s~fid# r>1_14 7 . CalDate 31 231 0 5 
E/  D I ‘;j isotope C- I L1 Activity / 0 O, DPM Uncertainty +/- 5 :G 5 0 - - - 

% 

I I 
Analog Meter +/- 10% 

Scale 

Scaler +/- 2 % 4 It EFFICIENCY 
Beta Source 

c 
10 M 0 actual dpm 

fk, bc(% Efficiency 
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24937 AvenueTibbitts 
Valencia, California 91355 

Tel 661*309*1010 
Fax 661-257.8303 

CERTIFICATE OF CALIBRATION 
BETA STANDARD SOURCE 

/ 
[Radionuclide: Ni-63 > 

Half-life: 96 k 4 years 
Catalog No.: EAB-063-PL 
Source No.: A941 3 

I -  -‘Isotope Products 
w 

Laboratories 
An Eckert & Ziegler Company I 

I 
I 
I 
1 
1 
i 
I 
I 
I 
1 

Customer: 
B.O. No.: 207785 OP 
Reference Date: I-Mar-03 12:OO PST 
Contained Radioactivity: 0.1368 pCi 5.062 mq 

SHAW ENVIRONMENTAL, INCAERC - AP 

EAB-PL (50.8 mm OD x 3.18 mm THK) 
Distributed and evaporated metallic salt on polymeric membrane 
45 mm 
Stainless steel 
NOW3 

rliysical description: 
A. Capsule type: 
B. Nature of active deposit: 
C. Active diameterlvolume: 
D. Backing: 
E. Cover: 

Radioimpurities: 

Ba-133 < 0,0001 % on 1 Mar 03 

.; Method of Calibration: 

This source was prepared from a weighed aliquot of solution whose activity in pCUg was determined 
using a liquid scintillation counter. 

Uncertainty of Measurement:. 
A. Type A (random) uncertainty: 
8. Type B (systematic) uncertainty: 
C. Uncertainty in aliquot weighing: 
D. Total uncertainty at the 99% confidence level: 

f 2.3 % 
f 3.1 % 
f 0.4 % 
f 3.9 % 

Notes: 
- See reverse side for leak test(s) performed on this source. 
- IPL participates in a NlST measurement assurance program to establish and maintain implicit traceability 

for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference 
Materials (As in NRC Regulatory Guide 4.15). 

- Nuclear data was taken from NCRP Report No. 58, 1985, 
- This source has a working life of 2 years. - This source had a surface emission rate of 65970 Plmin in 2n on 14 Feb 03. 

j~-f?&-03 
Date Signed IPL Ref. No.: 952-98 

IS09001 CERTlFlEO 
Medical Imaging Laboratory 

24937 AvenueTibbitts Valencia,California 91355 
industria\ Gauging Laboratory 

1800 North Keystone Street Burbank,Califotnia 91 504 



Shaw Environmental, lnc Project. Apruit A-3 367 

Material Background Values 
Instrument Information: Probe: 

Serial No.. 

(counts) 

I I I I ll I 594 I 
I 618 I 

I 
Mean #DIV/O! 618.6 #DIV/O! #DIV/O! #DIV/O! #DIV/OI 

1 (cpm) I #DIV/O! I 618.6 1 #DiV/OI 1 #DIV/01 1 #DIVIOI 1 #DIV101 - 
SD #DIV/O! 21.9 #DIV/O! #DIV/O! #DIV/O! #DIV/O! 

[ 2SD / #DIVIO! 1 43.7 1 #DIVIOI 1 #DIVIOI #DIV/OI I #DIVIOI , 

Comparison of instrument "setup" background vs. "material" background: 

2.0 Material Data 

Instrument Model 
Serial No.: 

Probe: @&%%%% 
Serial NO.: 

Alpha 
Belalgamma 

Count Time: 
Setup Date 

Setup Dale ~%!2?%4%%%? CPM CPM + 2SD CPM - 2SD Ye Difference 

Concrete Floor #DIV/O! 618.6 #VALUE! 551.08 #VALUE! 486.32 #DIV/OI #DIV/OI 1.12 1.27 
Alpha Beldgamma Alpha Baldgamma Alpha Beia/gamma Alpha +2SO Alpha .2SD B/G +2SD WG -2SD 

#DIV/O' #DIV/O! #VALUE! 551.08 #VALUE! 486.32 #DIV/O! #DIV/O! #DIV/O' #DIV/OI 
#DIV/O! #DIV/OI #VALUE! 551.08 #VALUE! 486.32 #DIV/O! #DIV/O! #DIV/O! #DIV/O! 



Project nptuit A-3 367 

Material Background Values as of 21-Mar-06 

Material Alpha Beta/aamma 

Material Alpha Betalgamma 

Concrete Floor #DIV/O! (cpm) 
#DIV/O! (cpm) 

#DIV/O! 
Concrete Floor 

icpm j 
619 (cpm) 

#DIV/O! (cpm) 
#DIV/O! (cpm) 

average back9rwnd count rale (cprn) and !he value of 2 
Slandard Deviatims (counts). 

Values shown al left are the result 01 Blloring average 
material backpmund vnlues against mb criteria described 
above. These values will be sublracted from 'gross cpm' 
values on the survey. Malerial$ l i led Pt leh exhibit cwnl 
rates Ihal are greater than Ihe sum of 018 instrurnanl 
background cwnt rate p h i  2 slanaara devielions. or less 
than lhe value of the inshmenl background wunl rate 
minus 2 standard deviations. 

RSO Approval Date 



Ratemeter Daily Instrument Check Sheet 

Initial Net Source Measureincnt @r mrem/hr): .qf)o ( ~ 2 0 % )  60 0 (-20%)'00 

I I 

RCS Review 
Signature / Date 

CONTROL GRAPH 

----t-- 

DATE 

SOP T-RA-006. Radiological Controls Porlable Instrument Procedure. Revised June 2001 



CER TlFlCA TE O f  CA LIBRA Ti ON 

REFERENCE lNSTRUMENT INSTRUMENT 
CAL. POINT RECEIVED METER READING* 

Digital 
Readout I 

LUDLUM MEASUREMENTS, INC. 
Designer and Manufacturer 

of 
POST OFFICE BOX 810 
501 OAK STREET 

PH. 325-235-5494 
FAX NO. 325-235-4672 

pi SuentE;i;;trbi 

CUSTOMER QUlNTtLES INC ORDER NO. 242864Q95445 

Mfg. Cudlurn Measurements, Inc. Model 3 Serial NO. db 6 8 S- 
Mfg. Ludlum Measurements, Inc. Model 44-9 Serial No. PR 0 a07 ~5 
Ca!. Date 24-Sep-05 

I 
SWEETWATER, TEXAS 79556, U.S.A. 

Cal Due Date 24-Sep-06 CaL Interval 1 Year Meteiface 202-560 

Check mark #pplies to applicable inslr. and/or detector IAW mfg. spec. T. 73 'F RH 42 Yq Alt 697.8 mm Hg 
I 0 New hstfm@nt hsIrument Received @Within Toler. +-lo% 0 10-20% Out of Tol. 0 Requiring Repair a Ofher-See comments 

a Mechanical ck. Meter Zeroed 0 Background Subtract 0 Input Sens. Linearity 
@ FISResp.ck Reset ck. 0 Window Operation a Geotropism 
@ Audiock. Alarm Selling ck. [a Balt. ck. (Min. Volt) 2.2 VDC 
0 Calibrated in accordance with LMI SOP 14.8 rev 12/05/89. dCalibrated in accordance with MI SOP 14.9 rev 02107197. 

mV - Threshold 
Instrument Volt Set 900 v input Sens. 28 mV Det. Oper. 900 V at 28 mV Dial Ratio - 

I '  

REFERENCE INSTRUMENT INSTRUMENT 
RECElVEO METER READING' CAL. palm 

Log 
Scale 

I 0 HV Readout (2 points) Ref./lnsf. I V Ref./lnst. I v 
COMMENTS: 

This wRiPwtc shal no1 be reproduced except in full, withaul the willen app(ova1 of Ludlum Measoremenis. Inc. 
FORM C22A 1112612003 AC Ins(. 0 Passed Dielectric (Hi-Pot) 

Only [I1 Failed: - 

0 AlphaSlN 0 Beta SIN 0 Other 

m 500 SIN 189496 0 Oscilloscope S/N Multimeter SIN 86470304 

altbrated By: Date / b S -  

I 
I Reviewed By. Date 



aar 
aim m ' Isotope Products 

La bora tor ies 

24937 Avenue Tibbitts 
Valencia, California 91 355 

Tel 661*309*1010 2- zF=a 6- 
An Eckert & Ziegter Company Fax 661- 257.8303 

2 * ? 7 4 & + d  5 

CERTIFICATE OF CALIBRATION 
BETA STANDARD SOURCE 

Radionuclide: Ni-63 Customer: SHAW ENVIRONMENTAL, INCJTERC - AP 
Half-life: 96 +- 4 years P.O. No.: 207785 OP 
Catalog No.: Em-063-PL 
Source No,: A981 3 Contained Radioactivity: 0.1368 pCi 5.062 mq 

Reference Date: 1-Mar-03 12:OO PST 

0 
Physical description: 

A. Capsule type: 
8.  Nature of active deposit: 
C. Active diameterlvolume: 
D. Backing: 
E. Cover: 

Rrdioimpurities: 

Ba-I 33 < 0.0001 % on 1 Mar 03 

; Method of Calibration: 

EA8-PL (50.8 mm OD x 3.18 mm THK) 
Distributed and evaporated metallic salt on polymeric membrane 
45 rnm 
Stainless steel 
None 

i 
. This source was prepared from a weighed aliquot of solution Mose activity in pCig was determined 
using a liquid scintillation counter. 

Unceitainty of Measurement: 
A. Type A (random) uncertainty: 
B. Type B (systematic) uncertainty: 
C. Uncertainty in aliquot weighing: 
0. Total uncertainty at the 99% confidence level: 

f 2.3 Yo 
f 3.1 % 
f 0.4 % 
f 3.9 % 

Notes: 
- See reverse side for leak test(s) performed on this source. 
- IPL participates in a NIST measurement assurance program to establish and maintain implicit traceability 

for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference 
Materiats (As in NRC Regulatory Guide 4.1 5). - Nuclear data was taken from NCRP Report No. 58,1985. 

- This source has a working life of 2 years. 
- This source had a surface emission rate of 65970 Qlmin in 271 on 14 Feb 03. 

_l4--&-03 
Date Signed IPL Ref. No.: 952-98 

IS0 9001 CERTIFIED 
Medical Imaging Laboratory Industrial Gauging Laboratory 

24937 AvcnucTibbitts Valencia, California 91355 1800 North Keystone Street Buibank,CaQfornia 91504 
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APPENDIX 13 

ON-SITE LABORATORY EQUIPMENT AND PROCESS 

KN6lAptuiM3-367\FSSRWSSR.d0~\5/30/2006\1:28:20 Pbl Rev. 0 
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Applicable portions of the Beckman liquid scintillation counter operating manual are presented 

in this appendix. The full manual is approximately 230 pages. Only the title pages, table of 
contents, and Chapter 3 (Counting Samples) are presented herein. 

KN6LzptuitL43-367WSSR\FSSR.d0~\5/30/2006\1:28:20 PM Rev. 0 



BECKMAN MADE IN US A 

' LS 60001C, LS 6000TA and LS 6000LL Series 
LIQUID SCINTILLATION SYSTEMS 

a 
B 

L- . 

Operating Manual 
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Beclunan Instructions 015-247971 :A 

BECIWIAN 

LS 60001C, LS 6000TA and 
LS 6060LL Series 

Liquid Scintillation System 

Operating Manual 

Beckman Instruments. Inc. 
2500 Harbor BIvd, Fullerton, CA 92634-3100 

(714) 871-4848 ~TWX910-592-12600.Telex: 678413 
0 Beckman Instruments. Inc. 

Scptcmber 1989 015-24797 1 Printed in U . S . k  
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. Chapter 

Table of Contents 

1 Introduction 

1.1 
1.2 
1.2.1 
1.2.2 
1.2.3 
1.2.4 
1.2.5 

1.3 
1.4 
1.5 
1.5.1 
1.5.2 

Intended Use 
General Descrfption 
Description of the Instrument 
Principles of Operation 
Operating the Instrument 
Operating Modes 
Pre-Installation, Installation and 
Moving 
Specifications 
Precautions and Limitations 
Hazards 
Electrical 
Radiation 

2 Cetting Started 

2.1 
2.2 
2.3 
2.3.1 
2.3.2 
2.3.3 
2.3.4 
2.4 
2.4.1 

* 2.4.2 
2.4.3 
2.5 
2.5.1 
2.5.2 
2.5.3 
2.6 
2.6. L 
2.6.2 
2.6.3 

Powering Up 
Power Failure 
Operating Controls 
Alpha-numeric Keyboard 
Operator Control Keypad 
Display 
Using the Operating Controls 
Using the Racks 
Description of the Racks 
Setting Up the Racks 
Installing the Racks 
Preparing the Printer 
Prlnter Controls 
Adjusting the Top of Form 
Loading the Paper 
System Setup 
About the System Parameters 
Changing the System Parameters 
Energy Scale 
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1-5 
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Chapter 

2.6.4 Display Active Keys  
2.6.5 Printer Paging 
2.6.6 Allow Interrupt Count 
2.6.7 RS232 
2.6.8 AIarm 
2.6.9 Date/Time 
2.6.10 Auto DPM 
2.7 Callbration 
2.7.1 Calibrating the Instrument 
2.7.2 When Calibration Should Be Done 
2.8 Temperature Control Accessory 

3 Counting Samples 

3.1 
3.2 
3.2.1 

3.2.2 
3.3 
3.3.1 

3.3.2 

3.4 
3.4.1 
3.4.2 
3.5 
3.5.1 
3.5.2 
3.5.3 

3.5.4 

3.5.5 

Preparations for Use 
Conducting An Automatic Count 
Loading the Racks for Au tomatic 
Counting 
Starting the Automatic Count 
Conducting Count Single Rack 
Counting a Single Rack with the 
Default Parameters 
Counting a Single Rack with a User 
Program 
Auto DPM 
Auto DPM Calibration 
Counting With Auto DPM 
Multl-Task 
Interrupt Count in Multi-Task 
Interrupt Data 
Editing A User Program in 
Multi-Task 
Using New Isotope Setup In 
Multi-Task 
Wsfng the DPM Library in 
Multi-Task 

Table of Contents 
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2-20 
2-20 
2-22 
2-23 
2-23 
2-25 
2-25 
2-26 
2-26 
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I C1 Chapter 

Table of Contents 

4 Setting Up User Programs 

4.1 About the User Programs 
4.2 Editing A User Program 
4.2.1 ID 
4.2.2 Comments 
4.2.3 Counting Tlme 
4.2.4 Liquid or Xtal Scintillator 
4.2.5 Isotope 1 
4.2.6 Isotope 2 and Isotope 3 
4.2.7 Edit Other Parameters 
4.2.8 Data Calculation 
4.2.9 Counting Precision 
4.2.10 Background/Blank Subtraction 
4.2.11 Quench 
4.2.12 Lum-Ex Correction 
4.2.13 2 Phase Monitor 
4.2.14 Low Background 
4.2.15 Low Count Reject 
4.2.16 Output Formats 
4.2.17 Protect User Program 
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Chapter 3 
Counting Samples 

Preparations for Use 
Provided the power has been left on, as recommended, the in- 
strument is ready for use any time. When the instrument is 
powered up and in a standby status, the screen shown in Figure 
3- 1 is displayed. The Main Menu is displayed in the Main Edit- 
ing Window. Press (MAmr MENU1 if the Main Menu is not dis- 
pIayed in the Main Editing Window. 

Thls chapter assumes you are familiar with the Operating Con- 
trds of the LS. Ifyou are not familiar with the Operating Controls. 
refer to Section 2.3. 

/ 
11 AUG 1989 M:08 

M A I N  M E N U  

I 

- Automatic counting 

- count single Rack 
- Review and Edit User Proqrrm?, 

- Isotope I V P I  libraries 

- Awes-  Interrupt Data 

- syttea Test / Systea setup 

Main Help select start Reset 
h v e  Cursor then ISELECT] 

P r i n t  

Figure 3-1. Display During Standby Status 
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3.2 Conducting An Automatic 
Count 

Automatic Count permits a large number of samples to be 
counted without monitoring or intervention by the operator. A 
User Program is used to spec@ the counting parameters during 
Automatic Count. Refer to Chapter 4for information on theuser 
Programs and how to edit them. Different racks of samples can 
be counted under different User Programs. 

Automatic Count continues until a stop command is given 
manually by pressing the two RESET keys simultaneously or 
automaticdly by using a Halt Rack. Automatic Count can be 
tempordy interrupted using Multi-Task Refer to Section 3.5 
for more information on Multi-Task. 

3.2.1 Loading the Racks for Automatic 
Counting 

If you are not familiar with the racks and how to place them in 
the LS Instrument. refer to Section 2.4. 

You can load up to 28 standard vial racks or 36 miniature racks 
or Bio-Vial racks. With Versa-Rack installed, standard. m a -  
ture and Bio-Vial racks may be intermixed within the same run. 
Care must be taken not to place more racks in the sample 
changer than it is capable of using. An error message is dis- 
played if the sample changer is overloaded. 

If you want to calibrate the instrument before counting your 
samples, first place the Calibrate Rack into the sample changer. 
Be sure this rack has the Auto Calibrate Card installed and the 
I4C unquenched standard is in position #I. Refer to Section 2.7 
for more information on calibration. 

Note 

Programs using blanks, replicates. Yo of Reference, or Xtal 
DPM require specific sample loading sequences within the 
racks. Refer to the appropriate sections in Chapter 5 for 

r 

I 
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more information on the required loading sequences of the 
samples within the racks. 

Load your samples that have been placed in the appropriate 
Sample Racks. The first Sample Rack must be the rack Wth the 
User Number Card installed that corresponds to the User 
F’rogram you wish to use. During Automatic Count. onlythe first 
rack of samples requires a User Number Card. All following racks 
are counted under the same program. until a new User Number 
Card or Halt Card is encountered. 

Samples Racks may be loaded even if they are less than full. The 
instrument skips past the empty positions and proceeds to the 
next rack Rack Number Cards are not required on the racks. I f  
they are installed. however, Sample Racks can be used in any 
rack number order. The system reads and prints the number 
from the card before processing the rack. 

Place all the racks together that are to be counted under the 
same User Program. If one or more additional sample sets arc 
to be counted under dflerent User Numbers during the same 
Automatic Count, make certain that the first rack in each set 
bears the correct User Number Card. When a Sample Rack Wth 
a User Number Card reaches the position for processing. the in- 
strument “reads“ the new user number and changes the 
processing parameters to those specified in that User Program. 

When all the Sample Racks to be counted are loaded. place the 
red Halt Rack behind the last rack of samples to terminate 
Automatic Count. 

Note 

Samples placed in the Halt Rack are not counted. Do not 
place samples to be counted in the Halt Rack. 

Additional sample setsmaybe loaded after Automatic Count has 
been initiated. Load the new sample sets in front of the Halt 
Rack, being careful that the new sample sets are not loaded in 
the middle of a set of samples waiting to be counted. 

1 
1 
I 
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3.2.2 Starting the Automatic Count 

Note 

Check that the printer is ON (it should be left on). Also 
check that the ON LINE light i s  Ut, and that paper is 
loaded and is at the top of the form. Refer to Sectlon 2.5 
for more information on setting up the printer. 

Automatic Count is initiated from the Maln Menu. Highlight 
Automatic Counting and press ISELECT] to begin the counting 
process. The Main Editing Window displays instructions to load 
your samples. Load the samples as described in Section 3.2.1 
and press [STm. The racks are advanced to the rear of the in- 
strument and counting commences. A typical screen displayed 
during Automatic Count is shown in Figure 3-2. 

Note 

If your samples have already been placed in the sample 
changer. you may simply press [START] after selecting 
Automatic Counting on the Main Menu. 

f 

I 

11 AUG 1989 18:04 

COUNTING I N  AUTOIU\TXC KODE 

USCZI 2 D r t a  Calc: CPM Time: 0.90 of 1.00 ICk:4.426 

S W L E  3H 1 4 C  S W L B  3 H  14C 

4 1 4 2 5 0 0 . 0  0 . 0  
3 20026.0 0 . 0  
2 228126 .0  122 .0  
I z 4 5 i a 5 . 0  1745 .0  

ISELECT) for M u l t i - T a s k  nenu 

Figure 3-2. Screen Displayed During Automatic Count 
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During Automatlc Count, pressing the two RESET keys simul- 
taneously terminates the counting process and returns the LS 
to Standby. The STOP COUNT key is used to terminate the 
counting of the current sample. The system prints the data ac- 
cumulated up to the time of termination and advances to the 
next sample. Counting continues. The Halt Rack automatlcalIy 
terminates counting after all the samples are counted. 

' '  

Data is printed and/or transmitted to the RS232 port depend- 
ing, on the User Program setup €or Output Formats. Typical prin- 
touts for each data calculation program are shown in Chapter 
5. For more information on the printout parameters. refer to Sec- 
tion 4.2.16. 

To temporarily use the instrument during Automatic Count, 
press [SELECTJ. The system is in the Multi-Taskmode. You may 
count a small batch of samples. edit or review a User Program, 
or manually set up a new isotope or quench curve. Refer to Sec- 
tion 3.5 for more information on Multi-Task. You may also count 
samples during Automatic Counting using the Intempt key. 
Pressing the Interrupt key presents the Count Single Rack Menu 
shown in Figure 3-9. Refer to the instructions in Section 3.5.1 
for conducting an Interrupt Count. 

3.3 Conducting Count Single Rack 
Count Sfngle Rack is especially useful for counting a single 
sample such as a blank standard or a reference standard, or a 
few experimental samples (up to one rack1.A count of the sample 
can be obtained using a default program or a User nogram. 

3.3.1 Counting a Single Rack with the 
Default Parameters 

A permanent set of default parameters can be used to obtain a 
quick count of samples under Count SingIe Rack. The default 
parameters, shown in Figure 3-3, provide a window of0 to 1000, 
the entire 2000 KeVenergy range of the instrument and a count- 
ing time of 1.00 minute. The results are presented as  cpm. IC# 
(or H# Plus. if installed] and Lum-Ex (if installed) are turned on. 
Only the counting time may be changed. 

_, . 



counting samples 

C O U W T  S I N G L E  R A C K  

- count Any TSOtCpC 

- Counting T i m :  1.00 mln 

- select user Program 
Any Isotope (0-1000 on) 
cPn H# WU-EX 

Figure 3-3. Count Single Rack Menu 

To perform Count Single Rack 

1. With the Main Menu displayed, highlight "Count Single Rack" 
and press [SELECXl. The Count Single Rack Menu shown in 
Figure 3-3 is displayed. 

2. To count without any changes in the program setup, press 
(SELECT]. 

To change the counting t h e ,  highlight "Counting 'Nme." Enter 
the desired counting time (0.01 to 999.99 mins.). Highlight 
"Count Any Isotope," and press [SELEW. 

Note 

The counting time is not permanently stored; following 
the count of the one rack, the counting time is reset to 
1.00 minute. 

3. The Main Editing Window prompts you to load your Sample 
Rack containing the vials you wish to count. Load the rack into 
the right side of the sample changer so it will be the first rack 
counted. and press [STARTI. 

4. The sample(sl are counted and the results printed. A typical 
printout is shown in Figure 3-4. The Main Menu is displayed. 
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1 **-1 0.10 11.3 219330.0 1.21 0.00 0.5'1 
2 **-2 0 .10  4 0 . 1  230260.0 1.32 0.00 1.12 
3 s a - 3  0.10 333.4  20420.00 4.43 0.02 1.78 
4 sa -4  0 . 1 0  123.0 142670.0  1 .67  0.00 2.47  

Flgure 3-4. mpical Printoutfram Count Single Rack 

3.3.2 Counting a Single Rack with a User 
Program 

A single rack of samples may be counted with any one of the 
User Programs. You may not edit the program in the Count 
Single Rack mode, except for counting time. Refer to Chapter 4 
for editing a User Program prior to using this operating mode. 

To perform Count Single Rack using a User Program: 

1. With the Main Menu displayed, highlight "Count Single Rack" 
and press [SELECT]. The Count Single Rack Menu shown In 
Figure 3-3 is displayed. 

Next 10 User Programs 
Previous 10 User Programs 

D e f a u l t  Values  1.00 3H 14C 
D e f a u l t  Values  1-00 3H 14C 
D e f a u l t  Values  1-00 3H 14C 
Defaul t  Values  1.00 3H l4C 
Defaul t  Values  1-00 3x 14c 
D e f a u l t  Values 1.00 3H 14c 
Defaul t  Values 1.00 3H 14c 
D e f a u l t  Values 1.00 3~ 14c 
Defaul t  Values  1 . 0 0  3~ 14C 
D e f a u l t  Values 1.00 3H 14c 

NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 

Figure 3-5. User Program Selection Menu 
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C O U N T  S I N G L E  R A C K  

- Count with Proqrm of User: 1 

Counting Tim: 1.00 min 

3n lac NONE 
LUN-SX IC* 

Figure 3-6. Summary Of User Program in Count Single Rack 

2. Highlight "Select User Program" and press fSELECT1. The 
User Program Selection Menu shown in Figure 3-5 is displayed. 

3. Select the desired User Program. A summary of the counting 
time and isotope settings is displayed. A typical example is il- 
lustrated in Figure 3-6. 

To change the counting time. highlight "Counting Time." and 
enter the desired counting time (0.01 to 999.99 minutes). 

Note 

The counting time is not permanently stored; following 
the count of the one rack, the counting time is reset to 
the previously stored value. 

4. Highlight "Count With Program of User," and press (SELECT]. 
The Main Editing Window prompts you to load your Sample 
Rack containing the vials you wish to count. Load the rack into 
the right side of the sample changer so it will be the first rack 
counted, and press ISTARTI. 

If the User Program seIected is setup for single photon monitor- 
ing. the Main Editing Window displays instructions to start 
elapsed time before starting the sample count. Press [ S T W  
when you initiate the sample reaction to obtain elapsed time 
from the start of the reaction. The Main Editing Window then 
prompts you to load your samples and initiate counting by 



Figure 3-7. Qpical Printoutfrom Count SingZe Rack 

PfeSSing [STAFCIY again. Refer to Section 5.9 for more informa- 
tion on Single Photon Monitor. 

5. The sample(s1 are counted and the results printed. Figure 3- 
7 shows an example of a resultlng printout from Count Single 
Rack using a User program. The Main Menu is displayed. 

3.4 Auto DPM 
Auto DPM allows you to obtain dpm values for si le label 
sam les labeled with a pure beta-emitting isotope(i.e’€i, 14C. 
32p,’55. 45Ca, or ‘%b) without running quench curves. 

Auto DPM can be initiated from a Command Card. This program 
uses default parameters set by the Instrument. The count time 
and counting precision may be set under System Parameters. 
Refer to Section 2.6.10 for more information on setting these 
parameters. 

Auto DPM may also be selected as a Data CaIcculation Program 
and initiated with a User Number Card. The parameters set in 
the User Program are used to count the samples. Refer to Sec- 
tion 5.4 for more information on using Auto DPM as a Data Cal- 
culation Program. 

Auto DPM is designed for use with liquid scintillators only. 
Using this operating made for counting samples on 
Xtalscint products may give erroneous results. 
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3.4.1 

GXlntlng samples 

Auto DPM Calibration 

Auto DPM Calibration is performed at the factory and the 
calibration stored. The calibration data is stored under System 
Setup. Auto DPM Calibration is recommended before you count 
samples using Auto DPM. Verify the calibration data stored tn 
System Setup agrees with the unquenched %I and I4C stand- 
ards ofyour instrument. Refer to Section2.6.10 forverjfying the 
data under System Setup. 

The Calibrate Rack is used to perfom Auto DPM Calibration. 
Place the unquenched I4C standard in position #l and the un- 
quenched 3H standard in position #2. The instrument first per- 
forms callbration and then when a second vial is detected in 
position #2, the system backs up to the 14C standard and per- 
forms Auto DPM Calibration. 

Note 

The Calibrate Rack must contain the unquenched 14C 
standard in position tL and the unquenched 3H standard 
in position #2. Standard DPM and the date of 
standardization of the unquenched standard used for Auto 
DPM Calibration must be stored under System Setup. 

3.4.2 Counting With Auto DPM 

Counting in Auto DPM is similar to Automatic Count. Refer to  
Section 3.2 ifyou are not familiarwith counting in the automatic 
mode. Place yoursamples to count in the Auto DPM Rack. Refer 
to Section 2.4.2 for information on setting up the Auto DPM 
Rack. Place remaining samples in Sample Racks that do not 

. have a User Number Card installed on them. 

For Auto DPM Calibration, place the Calibrate Rack set up as 
described insection 3.4.1 in the instmment so it is the first rack 
to be counted. Place the Auto DPM Rackafter the Calibrate Rack. 
Place the remainlng Sample Racks into the instrument. Place a 
Halt Rack after the last sample and initiate Automatic Count. A 
typical printout of the results is shown in Figure 5-6. 
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3.5 Mu Iti-Task 
Multi-Task allows you to obtain an immediate count of a small 
number of samples (a maximum of one full rackJ using Count 

. . Smle  Rack mode. to edit a User Program, or to manually set up 
a new isotope or quench curve (if DPM is installed). The count- 
ing process is terminated only when you Initiate counting 
samples in Interrupt Count, 

Note 

Multi-Task is automatically terminated if no user action 
(either editing or counting) takes place within a '10 minute 
period while in Multi-Task. 

3.5.1 Interrupt Count in Multi-Task 

A single sample or up to one rack of samples may be counted In 
this mode during Multi-Task. Load the prfority samples to count 
into the Interrupt Rack Refer to Section 2.4.2 if you are not 
familiar with the Interrupt Rack. The rack must have the Inter- 
rupt Card installed. It will not be counted again if left in the 
sampIe changer with the Sample Racks during Automatic 

M U L T I - T A S X  t 

Interrupt count 

- Review and Edit User Programs 

Isotope I DPU Libraries 

- Access Interrupt Data 

- Return to Automatic Countinq I 

mure 3-8. ?yle Multi-Task Menu 
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Count. The samples may be counted using the default 
parameters for Count Slngle Rack or a User Program. 

Note 

Interrupt Count may also be initiated by pressing . 
JINTERRWTI during Automatic Counting. The menu 
shown in Figure 3-9 is displayed. 

To count a few samples during Automatic Counting: 

1. During Automatic Count. press (SELECTJ to displaytheMulti- 
Task Menu shown in Figure 3-8. 

2. From the Multi-Task Menu. highlight ''Interrupt Count" and 
press ISELECT]. The menu shown in Figure 3-9 fs displayed. 

3. Hlghlight "Count SingleRack" and press ISELECT]. The Count 
Single Rack Menu (Figure 3-31 is displayed. 

Note 

If Interrupt Data is stored, this data must be reviewed, 
printed or deleted before another Interrupt Count can be 
performed, Refer to Section 3.5.2 for information on 

* *  I H T C R R U P T  * *  

- Count Slnqle Rack 

- Access Xnterrupt Data  

Retucn t o  Autmatic Counting. 

Figure 3-9. The Interrupt Menu 
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Interrupt Data. Press IPREVXOUS MEW to return to the 
Count Single Rack Menu when you are finished in 
Interrupt Count. 

4. To count using the default parameters without any changes, 
. press [SELECT]. 

To change the counting time, highlight "Counting Time," and 
enter the desired counting time (0.0'1 to 999.99 minutes). High- 
light "Count Any Isotope." and press [SELECTI. 

To count with a User Program, refer to Counting with a User 
Program at the end of this section. 

5. The Main  Editing Window displays instructions to load the 
samples. Load the Interrupt Rack with the samples you wish to 
count as described on the screen. 

Note 

The Interrupt Rack with the Interrupt Card installed must 
be used to count samples during Multi-Task. Once the 
samples are counted, the rack is skipped when Auto Count 
is resumed. 

6. Press [STARTI to begin Interrupt Count. The screen displays 
a message "Suspending Auto Count" and the sample being 
counted is terminated. Tfie Sample Rack in position is moved 
out of the count position and the instrument searches for the 
Interrupt Rack The screen displays "Searching for Interrupt 
Rack." 

Note 

You may abort the Interrupt Count and resume Automatic 
Count by pressing [SELECT] at any time after this point. 

7. When the samples in the Intempt Rack have been counted, 
the instrument resumes the previous Automatic Count where it 
was interrupted. 

.' 

Results of Interrupt Count are dlsplayed and stored. They are 
not printed out. Refer to Section 3.5.2 for information on access- 
ing Interrupt Data. 
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3-1 4 countlngsarnpks 

bmt Single tuck INTERRUPT C O W  

Count w i t h  Program of Uscr: 3 

Countin9 Pine: 0.50 w i n  

3H 14C WIDE 
--EX ne 

Change Counting Parameters 

Rgure 3- IO. Sununory of User Program in Interrupt Count 

Interrupt Count Using a User Program During 
Multi-TaSk 

To count with a User Program: 

1. Highlight "Select User Program" from the Count Single Rack 
Menu (Figure 3-31 and press [SELECTI. The User aogram Selec- 
tion Menu (Figure 3-5) is dbplayed. 

2. Select the desired User Program. The Main Editing Window 
displays a summary of the program. A typical summary is shown 
in Figure 3- 10. 

3. To change only the counting time, highlight "Counting Time" 
and enter the desired count time. Highlight "Count With 
Program of User" and press [SELECT]. Refer back to step 5 
above to continue Interrupt Count. 

4. To change other counting parameters, highlight "Change 
Countlng Parameters" and press ISELECT]. The Main Editl.ng 
Window displays the parameters of the User Program. The User 
Program Review Is displayed in the Supplementary Window to 
the lek  See Figure 3- 1 1.  

5. Make the desired changes in the User Program. Refer to Chap- 
ter 4 for more information on editing. Any changes to the User 
Program are not permanently stored. They are used to count the 
samples during Interrupt Count only. 
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counting samples 

11 AUQ 1999 11843  

USER PROGRAU REVIEW User selection 1)IRRRUPT COUWl f 
Count time, 0 .50  

C y c l e  Reps: 
LOU R e j e c t :  C o u n t i n q  T i m :  0 .10 a i n  

Isotope: 

Factor:l.00000 1.00000 1.00000 Isotope 2: 14c - 
lrottope 31 WIDE 

E d i t  ather Parameters 

Figure 3-1 1. Summary User Program in I n t e m p t  

6. When editing is complete, press [PREVIOUS MENU]. The 
menu shown in Flgure 3- 10 is displayed. Highlight "Count with 
Program of User:" and press ISELECT]. Refer back to step 5 
above to continue Interrupt Count. 

3.5.2 Interrupt Data 

The results of an Interrupt Count during Multi-Task are not 
printed out at the t ime of the count to avoid interference with 
the printout of the results for the Automatic Count. The results 
of the Interrupt Count are displayed and stored. Once stored, 
Interrupt Data can be viewed on the display, printed, sent to the 
Rs232 port, and/or deleted. 

To access Interrupt Data: 

1. From either the Main Menu (Figure 3-1) or the Multi-Task 
Menu (Flgure 3-8). highlight "Access Interrupt Data." and press 
[SELECT]. The Access Stored Intempt Data Menu shown in 
Figure 3-12 is displayed. 
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3-16 Catntlngsamples 

A c c e s s  Stored Interrupt Data INTERRVPT I 
- vieu Intvrrupt Data 

- Print Interrupt Data 

- Send Interrupt nata to RS232 

Erase Iaterrupt Data 

Rgure 3-1 2. Access Stored lntermpt Data Menu 

2. To view the data. highlight “View Interrupt Data“ and press 
[SELECT]. The data is presented on the screen as shown in 
Figure 3-13. If more data is present than displayed on the 
screen, use the Down Cursor Arrow key to view more data. Press 
IPREVXOUS MENU] to return to the Access Stored Interrupt Data 
Menu. 

Y 

kccesa Stored Interrupt Data I 
17 U?.Y 1989 06:46 

I 

Data stored : 17 mr ‘1989 06:39 I Data Calc: cen 

11 SAM POS TIME Ht WIDE 

11 1 63-1 1.00 03.S 103.00 I 
2 63-2 1.00 5 . 9  38861.00 
3 63-3 1.00 63.1 43432.00 

v t o  view more data  

Figure 3-13. Data Displayed During View Interrupt Data 
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PAGE: I 

Printout of Stored Interrupt Count Data  1 1  IUY 1989 86:dv 

USER: 0 DATA CALC : CPK 
Data Stored t 17 M Y  1989 06:23 

SAH PO3 f IUE He W T D G LUHEX ELAPSEU 
NO K I N  CPK bERROR 4 TIILC 

1 63-1 1.00 13.2 115.00 18.65 8.08  1.38 
2 63-2 1.00 4.2 59259.00  1.01 0 .00  2 .90  
3 63-3 1.00 6J.S 38768 .00  1-11 0.00 4 . 3 1  

Figure 3-14. ?spica1 Printout of Interrupt Results 

3. To print the data, highlight "Print Interrupt Data" and press 
[SELECT]. All stored data are printed. Figure 3-14 shows a typi- 
cal printout. If data is printed during Automatic Count, the 
printer advances to the top of the next page before it prints the 
Interrupt Data. When Automatic Count is resumed, the 
Automatic Count data is put on a new page. The Access Stored 
Interrupt Data Menu is displayed. 

4. To transmit data to the RS232 port, highlight "Send Interrupt 
Data to RS232 and press [SELECT]. All stored data are trans- 
mitted. The Access Stored Interrupt Data Menu is displayed. 

Note 

RS232 cannot be used if the current count is generating 
RS232 output. 

5. To erase data, highlight "Erase Interrupt Data" and press 
[SELECT]. The data is erased and the Multi-Task Menu or MaLn 
Menu is displayed. 

6. E you initiated Access Interrupt Data from Multi-Task, press 
[PREVIOUS MENU] to return to the Auto Count display. 
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3-18 Countingsamples 

3.5.3 Editing A User Program in Multi-Task 

While Auto Count is In progress, you may edit any of the User 
Programs under Multi-Task. Editing is performed as described 
in Chapter 4. To avoid confuston in the interpretation ofresults, 
the User Program currently in use may only be edited with 
respect to length of processing time per sample. 

To edit a User Program under Multi-Task 

I. During Automatic Count. press [SELECT] to display the Multi- 
Task Menu shown in Figure 3-8. 

2. From the Multi-Task Menu, highlight "Review and Edit User 
Programs" and press [SELECT]. A menu similar to that shown 
in Figure 3-5 is displayed. 

3. Select the desired User Number. The screen displayed is 
similar to the one shown in Figure 3- 1 1. 

If the User Program in use during Automatic Count is selected, 
refer to the instructions given below, Editing the Current User 
Program. 

4. Edit the program as described in Chapter 4. When editing is 
complete, press WAIN M E W .  These newparameters are stored 
in the User Program until changed again. The Multi-Task Menu 
is displayed. 

5. press [PmVIOUS MENU] to return to the Auto Count display. 

Editing the Current User Program 

Only the counting time or counting precision of the User 
Program in use during Automatic Count can be edited. Achange 
made to the processing tlme of the samples applies only to the 
Interrupt Count. It is not stored as a permanent change to the 
program. 

To edit the User Program currently in use during Auto Count: 

1. During Automatic Count, press [SELECT] to display the Multi- 
Task Menu shown in Figure 3-8. 
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courltfflg samples 3-1 9 

Chrnqe Count rarameterr INTERRUPT CWm 

- Countinq Time: 1-00 

countinu Preeieion for 38: 0 .00  

Figure 3-1 5. Edit Current User Program During Multi-Task 

2. From the Multi-Task Menu. highlight "Review and Edit User 
Programs" and press [SELECT]. A menu similar to that shown 
tn Figure 3-5 i s  displayed. 

3. Select the current User Number. The menu shown in Figure 
3-15 is displayed. 

4. With "Counting Time" highlighted, enter the desired counting 
time. 

5. Highlight "Counting Precision" and enter the desired precision 
for each isotope selected in the User Program. 

6. Press [MAIN MENU1 to store the values and return to the 
Multi-Task Menu. The new values are vaIid only for the current 
sample set and are not permanent. They take effect on the next 
sample, not the sample being counted while changes are made. 

7. Press [PREVIOUS MENU] to return to the Auto Count display. 

3.5.4 Using New Isotope Setup in Multi-Task 

During Automatic Count, New Isotope Setup can be accessed 
using Multi-Task A n  isotope not currently stored in the Isotope 
Library may be set up manually or an isotope can be deleted. 
Refer to Section 6.1 for more information on the Isotope Library. 
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Select Another Isotope 
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Delete Irotop fro(. Library 

Figure 3-16. New Isotope Setup Menu in Multi-Task 

coun(lng samples 3-20 
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To use New Isotope Setup: 

1. DuringAutomatic Count, press [SELECT] to display the Multi- 
Task Menu shown in Figure 3-8. 

2. From the Multi-Task Menu, highlight "Isotope/DPM 
Libraries" and press [SELECT]. The Main Editing Window dis- 
plays two prompts: Setup and Review Isotopes and Setup and 
Review DPM Quench Curves. 

3. Highlight "Setup and Review Isotopes" and press [SELECTI. 
The New Isotope Menu for Multi-Task shown in Figure 3-16 is 
dfsplayed. 

4. A new isotope can be manualIy stored in the library, or a 
stored isotope may be deleted, just as If you were in New Isotope 
Setup. When you select "Select Another Isotope," the menu 
shown in Figure 3-17 is displayed. Enter the appropriate infor- 
mation. Refer to Section 6.1.4 and 6.1.5 for adding and deleting 
isotopes if you are not familiar with thcse tasks. 

Note 

You may not set up an isotope in Multi-Task using ': 

Automatic Setup. 
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counttng samples 

Uulti-Task =ti l S O T O l 6  SETUP 

3-2 1 

Isatope HMe: 

- K i l K  Life: 0.00 

nanual WIndou Setup Channels 

Figure 3-1 7. Select Another Isotope Menu in Multi-Task 

5. When you are finished using New Isotope Setup, highlight 
"Isotope Selection Complete" and press [SELECT]. The Multi- 
Task Menu is displayed. 

6. h-ess [PEuEvrOUS MENU] toreturn to theAuto Count display. 

3.5.5 Using the DPM Library in Multi-Task 

The DPM Library can be accessed during an Automatic Count 
using Multi-Task. Stored quench curves can be reviewed, edited 
or deleted. A quench curve not currently stored in the DPM 
Library may be set up manually. 

To set up a new quench curve: 

X. DuringAutomatic Count, press [SELECT] to display the Multi- 
Task Menu shown in Figure 3-8. 

2. From the Multi-Task Menu, highlight "Isotope/DPM 
Libraries" and press [SELECT]. The Main Editing Window dis- 
plays two prompts: Setup and Review Isotopes and Setup and 
Review DPM Quench Curves. 

3. Highlight "Setup and Review DPM Quench Curves" and press 
[SELECT]. The menu shown in Figure 3-18 is displayed. 
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Select  Type of Curve 

I - B1ckqKound Corcectiont NO 1 
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- Setup Dual Label DPM 
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Figure 3-18. Menu to Edit Quench Cwves in Multi-Task 

4. A new quench curve fs manually entered just as if you were. 
manually entering it in the DPM Setup. Refer to Section 6.2.7 
for more information on entering quench curves manually. You 
may also edit or delete a stored quench curve. Refer to Sections 
6.2.5 and 6.2.6, respectively. for more information. 

Note 

You cannot count standards to set up quench curves OT 

print correlation tables in Multi-Task. 

5. When you are finished using the DPM Library, press [PRE 
VIOUS MENU]. The Multi-Task Menu is displayed. 

6. Press [PREvrOUS MENU again to return to the Auto Count 
display. 
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Final Status Suwey A3-367 QC Check conducted 4/4/06 
Sample Reference Instrument Probe area 

area description Location gross cpm bkg cpm net cpm Probe Model cm’ 
Wall (Drywali) c-1 #VALUE! 43-68 126 
Wall (Drywall) c-2 
Wall (Drywall) c-3 
Wall (Drywall) C-4 
Wall (Drywall) c-5 

Wall (Drywall) c-7 
Wall (Drywall) c-8 
Door (wood) c-9 
Wall (Drywall) c-10 
Wall (Drywall) c-11 
Wall (Drywall) c-12 

Wall (Drywall) c-l5 

Wall (Drywall) C-6 

Wall (Drywall) C-I 3 
Wall (Drywall) C-14 

Wall (Drywall) C-16 
Wall (Drywall) C-17 
Wall (Drywall) C-18 
Wail (Drywall) c-I 9 

Concrete (bare) c-2 1 
Concrete (adhesive) C-20 

Concrete (adhesive) C-22 
Concrete (adhesive) C-23 
Concrete (adhesive) C-24 
Concrete (adhesive) C-25 
Concrete (adhesive) C-26 
Concrete (adhesive) C-27 
Concrete (adhesive) C-28 
Concrete (adhesive) C-29 
Concrete (adhesive) C-30 
Concrete (adhesive) C-31 
Concrete (adhesive) C-32 
Concrete (adhesive) C-33 
Concrete (bare) c-34 

163 

248 

#VALUE! 43.68 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE1 43-68 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE1 43-68 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE! 43-60 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE! 43-68 

164 -1 43-68 
#VALUE! 43-68 
#VALUE! 43-68 
#VALUE! 43-68 

#VALUE! 43-68 

232 16 43-68 

#VALUE! 43-68 

#VALUE! 43-68 

126 
126 
126 
126 
126 
126 
126 
126 
126 
126 
126 
126 
126 
126 
126 
226 
126 
126 
Z 26 
126 
126 
126 
126 
126 
126 
126 
126 
126 
126 
126 
126 
126 
126 

Total 
emciency 
cpmidpm 

0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 

DCGL 
net dDm/lOO cm2 

dpnll00 cm’ 3.70~+06 
#VALUE! #VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE I 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE1 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 

-22 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 

353 

#VALUE! 
#VALUE! 
#VALUE! 
#VALUE1 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE1 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 

OK 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 

OK 

1.86 
dpm/lOO cm2 

S.OOE+O3 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE1 
##VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 

OK 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
OK 

Aptuit 
dpm/l 00 cm2 

2.00Et03 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 

OK 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
#VALUE! 
OK 
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D.1.0 Scope 

D. 1.1 Purpose 
This procedure describes methods and techniques to be employed when performing surface 
contamination surveys and conducting smear sampling for the final status survey of Laboratory 
A3-367. The purposes of the described survey and sampling effort are: 

To determine the extent and magnitude of contamination on building and 
equipment surfaces 

To provide quality data for use in the License termination process 

To ensure that levels of personal protective equipment (PPE) worn during 
characterization and subsequent remediation activities are adequate for the 
protection of workers based on identified radiological conditions 

To ensure the establishment and maintenance of appropriate site controls, as 
required by the Aptuit Radiation Safety Program Manual based on identified 
radiological conditions. 

D. 1.2 Applicability 
This procedure applies to final status survey activities being conducted at Aptuit by Shaw 
personnel and its subcontractors. 

D.2.0 Responsibilities 

D.2.1 Sample Coordinator 
The Shaw Sample Coordinator is responsible for the supervision of data collection activities, 
including surveys and samples. Specific responsibilities include: 

Selecting proper equipment for the performance of defined data collection 
activities 

Ensuring properly calibrated and tested equipment is available for the performance 
of surveyhampling tasks 

Ensuring the proper establishment of reference and sample grids 

Assisting Survey/Sampling Technicians in determining locations for biased sample 
collection and direct measurement 

KN6LAptuit!A3-367\FSSR~PD\D-Txt.doc\S/30/2006\1 :32:37 PM D- 1 
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Reviewing collected data for accuracy and verifying the completion of data 
collection for each survey unit. 

D.2.2 Survey/Sampling Technician 
The Survey/Sample Technicians are responsible for the proper execution of survey and sampling 
activities. Specific responsibilities include: 

Ensuring all portable instrumentation properly calibrated and checked prior to use 

Establishing reference and sample grid systems for survey units and maintaining 
the integrity of the grid system during the performance of surveys 

Performing all data collection activities in full compliance with the established 
protocols 

Properly documenting all survey/sampling activities 

D.3.O Equipment and Materials 

0 

0 

Preprinted survey unit and laboratory survey maps and data forms (plan view of 
area, items or equipment to be surveyed) 

Roll of half-inch masking tape for marking survey and sample grids 

Minimum 10-foot metal rule tape measure 

Fine and super-fine tip “Sharpie” permanent markers (black ink) 

Soluble fiber liquid scintillation smears 

Metal or plastic laboratory tweezers 

Properly prepared liquid scintillation vials containing 5 mL of scintillation coctail 
(Approximately 60 for each survey unit). 

Gloves, safety glasses 

Ludlum Model 239/1F floor monitor (or equivalent) if available 

Ludlum Model 2224 scaler with 43-68 probe 

0.4.0 Prerequisites 

Ensure that all instrumentation is properly calibrated and operating properly in accordance with 

KN6WptuitW-367iFSSRWPD\D-Txt.d0~\5/30/2006\I :32:37 PM D-2 



Aptuit or manufacturer procedures. 

Ensure Survey/Sampling Technicians have proper PPE for area to be surveyed based on area 
postings and site control requirements. 

Ensure the activity hazardous analysis (AHA) has been conducted for the survey/sampling 
activities and that all workers are properly briefed on the hazards anticipated. 

Survey/Sampling Technicians have reviewed any previous surveys of the survey unit conducted 
by Shaw, if available, to determine radiological conditions within the survey unit prior to entry. 

Survey/Sampling Technicians will be instructed regarding the quality control (QC) 

measure/sample requirements prior to performing any survey or sampling activity. 

Survey/Sampling Technicians will be instructed on the potential radiological hazards that may be 
present in the survey units. If the Aptuit RSO deems it necessary, the survey/sampling 
technicians will also receive documented training from the Aptuit radiation safety officer (RSO) 
regarding the Aptuit Radiation Safety Program Manual and applicable radiation protection 
procedures defined in the Radiation Safety Program Manual. 

NOTE: Minimum PPE for performance of survey/sampling activities will be latex or 
nitrile gloves, and safety glasses. Any survey measurement that indicates the 
presence of contamination greater than half the removable DCGL will require 
survey/sampling technicians to immediately report that condition to the Sample 
Coordinator and exit the survey unit pending further evaluation of site controls 
and PPE requirements by the Aptuit RSO and the project CHP. 

D.5.0 Instructions 

0.5. I Survey Unit Reference Grid System Preparation 
Using the preprinted survey unit and laboratory maps as a reference, establish the 1-meter-by-1- 
meter square reference grid system for the survey unit to be surveyedsampled. This is 
accomplished by starting at a location referenced on the preprinted map, mark the comer of each 
square reference grid by using masking tape to form a cross delineating the comers of each 
reference grid. Verify spacing of grids using the metal rule tape measurer. The grid system will 
include the floors, horizontal counter surfaces, and walls and vertical fixed furniture to a height 
of two meters above the floor. 
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0.5.2 Scan Surveys 

The scan survey will include 100 percent of floors and countertops and 100 percent of the 
exposed wall surfaces and other exterior fixed hrniture surfaces. Interior surfaces of the fixed 
furniture will be scanned on a judgmental basis. Prior to performing the survey, the minimum 
detectable count rate for the surveyor must be established. 

When detection depends on the ability of the surveyor to recognize events above the minimum 
count rate, then a surveyor efficiency must be taken into consideration and the MDCRs,,yor is 
calculated as follows: 

d P  

Where p is the surveyor efficiency. Typically a value of 0.5 is selected for p. For example, if the 
instrunzent background is 9,400 counts per minute (cpm), then bi is 9,400/60, or 157 counts per 
second. For d' a value of 2.48 is used and p is 0.5. This yields a MDCR,",ey,r of 2,640 cpm 
above background, or a gross count rate of 12,040 (9,400 + 2,640). This means that, for a 
background count of 9,400 cpm, a count of 12,040 cpm indicates, with a 95 percent true positive 
and 20 percent false positive rate, that activity is present above background. Other values of d', 
bi, and p may be selected based on project-specific needs. The R/ZDCRsurveyor must be less than 
half of the DCGL. 

This survey will be performed as follows: 

Verify the instrument has been calibrated and has been set up in accordance with the Aptuit or 
manufacturer's technical manual prior to use. 

With the instrument in operation, at a rate of approximately 0.5 metershecond and a height of 
approximately 6 to 10 centimeters (cm) above the surface, move the detector over 100 percent of 
the exposed surfaces. Using the audible response of the instrument, locate the area of maximum 
count rate for each reference grid and document the instrument reading at that location on the 
preprinted laboratory map. 

For walls, the same survey technique will be used over 100 percent of the wall and exterior fixed 
furniture surface. This is accomplished by moving the detector in a back-and-forth pattern 
horizontally across each grid, spacing the back-and-forth pattern such that 100 percent of the 
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surface of each grid is covered by the survey. Using the audible response of the instrument, 
locate the area of maximum count rate for each reference grid and document the instrument 
reading at that location on the preprinted laboratory map. 

Any location where the detector reading is twice background or greater will be flagged with a 
small piece of masking tape marked with the word “SCAN,” the meter reading in counts per 
minute (cpm), the background reading in cpm, and the initials of the person performing the 
survey. The anomalous reading will also be noted field paperwork. 

0.5.3 Determining Systematic Sample Points 
Prior to performing systematic direct measurement surveys and smear sampling in each survey 
unit, a triangular sample grid will be established spacing the systematic sample points as follows: 

0.866n 

where: 

L = 
A = 

n = 

Spacing between sample points 
Area of the survey unit in square meters (cannot exceed 100 m2) 
number of sample points (always equal to 32). 

Calculated grid spacing will be noted on the preprinted survey map for each systematic survey. 
After calculating the grid spacing (L),  a starting sample point will be randomly selected on the 
preprinted map and additional sample points defined on an evenly spaced triangular grid 
radiating from the initial sample point, each sample point being spaced at a distance of L from 
the adjacent points until all sample points for the survey unit are identified and noted on the 
preprinted survey unit and laboratory maps. For any defined sample point that is inaccessible or 
where accurate measurements are impractical due to instrument configuration, an alternate 
sample point will be selected. 

0.5.4 Direct Measurement Surveys 
A minimum of 32 systematically located direct measurements for alpha or beta surface 
contamination will be performed in each survey unit at sample locations determined by the pre- 
established triangular grid system. Additionally, biased direct measurements will be conducted 
on a judgmental basis. These direct measurements will be performed as follows: 

Verify that the required instrumentldetector combination has been calibrated and has been set up 
in accordance with the Aptuit or manufacturer’s technical manual prior to use. 
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Place the detector directly on the surface to be surveyed at the desired location. With the 
instrument operating in “Scaler” mode, take a measurement at the selected sample point for 
count time determined during instrument setup required to meet static MDC requirements for the 
parameter being measured. MDCs will be no greater than 50 percent of the applicable derived 
concentration guideline level (DCGL). Document the direct surface contamination reading 
measured at the location on the survey data forms and identify the sample location with a small 
piece of masking tape marked with the word “DIRECT” , a unique measurement number 
corresponding to a measurement number designated for that location, and the initials of the 
person performing the survey. 

NOTE: Any survey measurement that indicates the presence of contamination greater 
than half the DCGL will require surveyhample technicians to immediately 
report that condition to the Sample Coordinator and exit the survey unit 
pending further evaluation of site controls and PPE requirements by the Aptuit 
RSO and the project CHP. 

D.5.5 Wipe Surveys 
Wipe sampling will be conducted at the same sample locations as the direct measurement 
surveys. These samples will be taken and then transported to the on-site laboratory for sample 
preparation and analysis. The sample method for beta contamination smears will be a strofoam 
smear technique performed in accordance with current Aptuit procedures. A common procedure 
is presented as follows: 

e 

e 

e 

e 

e 

Survey/Sampling Technician will change into new gloves at the start of work at 
each new survey unit, at a minimum, and as needed thereafter. 

Obtain prepared scintillation vials with 1 milliliter of scintillation coctail added to 
each vial by the on-site laboratory. 

At each sample point, remove a single smear from the plastic bag and wipe the 
smear over an area of approximately 100 cm2 (wipe a square area of approximately 
4 inches by 4 inches or an “S” pattern approximately 16 inches long). 

Once the wipe is performed, quickly place smear into an individual prepped 
scintillation vial. The smear must be placed into the vial as quickly as possible to 
prevent loss from evaporation. 

The lid of the scintillation vial containing the smear will be marked with a unique 
number identifying the sample location and the survey unit. The vials will be 
transported to the laboratory for counting and activity determination. 
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NOTE: Any survey measurement that indicates the presence of contamination greater 
than half the DCGL will require survey/sample technicians to immediately 
report that condition to the Sample Coordinator and exit the survey unit 
pending further evaluation of site controls and PPE requirements by the Aptuit 
RSO and the project CHP. 

0.5.6 Quality Control Measurements/Samples 
Quality control measurements and samples will be perfomed/collected in a manner consistent 
with the protocols of prescribed by this document. The survey/sampling technician performing 
each survey will be given instruction regarding the QC sample requirements for the sampling 
activity being conducted. 

0.5.7 Waste Management 
Waste streams associated with survey and sampling activities include used PPE (gloves). If not 
suspected of being contaminated, these items will be disposed as trash. If contamination is 
suspect, based on survey data, PPE will be bagged as potentially radioactive waste and turned 
over to the Aptuit RSO for disposition. 

0.5.8 Documentation of Surveys and Smear Samples 
Once a survey is completed, all survey data forms and field paperwork will be provided to the 
Sample Coordinator for review. Upon completion of the review, each individual survey 
package, one for each survey unit, will be placed in an individual file unique to the relevant 
survey unit. 
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APPENDIX E 

DIRECT MEASUREMENT AND WIPE SAMPLE RESULTS 
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Final Status Survey A3-367 conducted 3/22/06 Total DCGL I .a6 Aptuit 
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