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Re: 170 West Providencia Street, Burbank, California (the "Providen~a 
Property") 

Dear Mr. Yin: 

Thank you for your letter of November 9, -.1999 requesting the complete 

radiological survey results from the sampling and analysis of the Providenica Property 

which took place in March through April of 1999, and an update in connection-with 

the workplan for the decontamination and decommissioning of the Providenica 
Property.  

On November 9, 1999, we transmitted a complete copy of the Rogers & 

Associates site characterization report - -. which includes the results of the March 

through April survey of the Providenica Property'- - to Gerard Wong. Enclosed for 

your convenience is an additional copy of the site characterization report and a copy of 

our November 9 letter to Dr. Wong.  

In regards to the workplan for the decontamination and decommissioning of the 

Providencia Property ("D&D Workplan"), Dr. Bernhardt advises that prior to 

completing a D&D Workplan that the results of the sampling and analysis as reported 

in the site characterization report must undergo pathways analysis modeling. Once the 

pathways modeling is complete, then the extent of the residual radioactive
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contamination on the Providencia Property can be assessed, clean-up standards 
derived' and a D&D Workplan completed.  

Dr. Bernhardt's implementation of the sampling and analysis plan on the 
Providenica Property cost Mr. Thomson over $180,000. Unfortunately, only one of 
the parties responsible for the residual radioactive contamination on the Providenica 
Property --- -Nucor Corporation - - agreed to help Mr. Thomson fund this work. ICN 
Pharmaceuticals and Rhone-Poulenc refused to share in the cost of the sampling and 
analysis of the Providenica Property. Thus, although Mr. Thomson is a retiree in his 
80's with limited resources, in an effort to characterize the extent of the radioactive 
contamination on the Providenica Property and ultimately work with the State of 
California, the Nuclear Regulatory Commission and the United States Environmental 
Protection Agency to derive the clean-up levels, Mr. Thomson funded 75% of the cost 
to implement the sampling and analysis plan on the Providenica Property.  

Based upon conversations with Dr. Bernhardt and other radiation experts, we 
anticipate that completing the pathways analysis modeling on the Providenica Property 
will cost Mr. Thomson anywhere from $50,000 to $100,000. Once the modeling is 
complete, the D&D Workplan and implementation of the D&D Workplan will run 
anywhere from the high thousands to millions of dollars. Mr. Thomson is not in a 
position to complete this work alone.  

In an effort to resolve this issue, Mr. Thomson and the parties responsible for 
the residual radioactive contamination on the Providenica Property - - Nucor 
Corporation, ICN Pharmaceuticals, and Rhone-Poulenc - - have agreed to non-binding 
mediation on the issue of liability and responsibility. Once the mediation process is 
complete2, it is anticipated that the party allocated the greatest responsibility will take 
the lead in completing the D&D Workplan and implementation of the D&D work on 
the Providenica Property.  

1 By this letter, Mr. Thomson requests that the United States Environmental 

Protection Agency be part and party to the discussions concerning standards for clean
up of the Providenica Property.  

S2 The parties are in the process of selecting a mediator. Depending upon the 

availability of the selected mediator, the parties anticipate holding mediation sessions 
in late January of 2000.
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If you have any questions or need additional information please contact me. In 
the interim, we look forward to your comments on the site characterization report.  

Sincerely, 

M Shap, Esq.  

MS.=r 
08437102409 
LA194400.1 

Enclosure 
cc: Mr. Joseph A. Thomson (w/o encl.) 

Malissa H. McKeith, Esq. (w/o encl.) 
Gerard Wong, Ph.D. (w/o encl.) 

i%,-onald Bunn, Ph.D. (w/encl.)
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1. INTRODUCTION

Isotope Specialties Company (ISC), licensed by the Atomic Energy Commission (AEC), 

manufactured radioactive sealed sources and tracing materials (used in pharmaceutical 

applications) during the 1950's and early 1960's, in Burbank, California, at 170 West 

Providencia (denoted as "Site"). Research Chemicals Corporation (RCC) also performed 

operations at the Site, using thorium/rare earth ores under an AEC license. There were 

several name changes and changes in corporate identity and ownership of the companies 

during the operations at the site. Figure 1-1 shows the general location of the Site, which is 

just to the north of Los Angeles. The Site is southwest of 1-5, in an industrial area of Burbank, 

CA1." 

The present property owner, Joseph Thomson, has used and leased the site to others 

for commercial and industrial operations. Part of the site is vacant. However, the rear (east) 

area is presently used as an impound lot for the City of Burbank; the front outdoor area is 

rented to adjoining businesses for parking; and a tenantlproposed owner uses some of the front 

offices (the lease for the impound lot was terminated in September 1999).  

In the mid 1990's the U.S. Nuclear Regulatory Commission (NRC) (AEC was a 

predecessor of the NRC) initiated a program to review formerly-licensed sites where licensed 

radioactive material activities had been terminated. The objectives of the NRC review 

included determining the documentation that was available for the sites, and evaluating 

whether the available information indicated that the sites had been adequately 

decontaminated prior to termination of their licenses and whether the present site conditions 

met present NRC decontamination criteria. The review by the NRC did not identify 

information on the decontamination of the 170 West Providencia Site. Subsequently, as part 

of an inspection of formerly-licensed sites, a facility inspection was performed by the NRC to 

determine if the Burbank Site had been adequately decontaminated for unrestricted use 

(Cheney 1996).  

1-1



A
BURBANK

MUNICIPAL 
WELL

/

Scale: 
1" = 1,000 f.

Figure 1-1. General area location map.

1-2

/

/ / 
/

/

/ N 
N



The NRC facility inspection identified several areas throughout the Site that contain 

elevated gamma radiation levels. The California Department of Health Services, Radiologic 

Health Branch (RHB) also participated in the inspection. Based on the inspector's findings, 

it was concluded that the Site contains radioactive contamination above the NRC's current 

residual radioactivity criteria .for release of such facilities for unrestricted use, and that 

additional decontamination is necessary.  

This site cha•racterization report presents the methods and results of further 

radiological characterization performed at the initiative of the present site owner. The further 

characterization follows a Sampling and Analysis Plan (SAP), supplemented in response to 

requests from the RHB (Bernhardt 1998, Bernhardt 1999). The site characterization was 

performed during March 29 through April 17, 1999. The work performed during this period 

was supplemented during subsequent short visits to the site performed to audit that the 

contls for isolation of contaminated areas remain in place. Figure 1-2 shows the general 

layout of the site. The location -of fences and new locks, installed as part of this work, are 

shown on the drawing.  

The major activities and facilities at the Site during the radioactive material licensed 

activities of the 1950's and early 1960's are summarized in the SAP. The basic facilities 

include the following features (also shown in Figure 1-2): 

The Shop: in the eastern section of the main building, where the following 
facilities/operations were present: 

or.agePo: denoted as Co-60 Pool or swimming pool, in the far 

southeast corner, where Co-60 was stored. The inventory was up to 

5,000 Ci of Co-60, and the material was stored as metal bar stock in pie 

pans. The pool, constructed of concrete, was about 14 ft deep. Verbal 

communications with Mr. Donaldson (a former employee at the site) 
indicated that all of the plumbing for treating the water was inside the 
walls of the pool.  

Five hot cells: for working with and storing radioactive materials, in the 

central eastern area of the shop. The hot cells were for working with 

and preparing high-level sources of Sr-90, Cs-137, Co-60, and neutron 

sources, plus other radionuclides. The hot cells were built of concrete 
walls up to 2-ft thick and contained subsurface tubes for storing 

radioactive material. The primary wails for the hot cells, which have 

since been removed, are shown approximately by dashed lines in Figure 
1-2 based on earlier diagrams (Bernhardt 1998).  

1-3
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Thoriurn oerations areas: RCC performed work with rare earth 

materials and thorium, apparently under a license separate from ISC, in 

the northeastern section of the Shop, to the north of the hot cells.  

Information from the previous site characterization implies that thorium 

related operations may also have been performed on or near the small 

concrete slab in the northeast area of the Shop.  

Tritium and C-14 labs: The area to the east of the southern area of the 

office was used for tritium and C-14 work. After the decontamination of the 

building in the early 1960's a fire extensively burned this area.  

Storage bays: The Bays on the east of the property were apparently only 

used for storing radioactive waste and for some research with sealed 

radioactive sources. However, one of the highest areas of contamination 

identified by the NRC survey was a small area just inside of the door of Bay 

B, at 102E:23N.  

* Sewers: The NRC inspection report (Chaney 1996) indicates that there had 

been discharges to the sewer as part of the thorium activities, possibly those 

by RCC. The available information from the present owner, including the 

deposition of the former ISC Radiation Safety Officer (Vaden 1998) has not 

identified any specific information concerning discharges to the sewer or 

connections of effluent lines to the sewer.  

The buildings at the Site were built over many years. The original office building and 

other buildings were built in the 1940's and used for several purposes, including a dairy. The 

main building, shown as the office and shop on Figure 1-2, was build in several sections over 

a period of years. Additional buildings were built for the ISC radioactive materials activities 

in the 1950's, and the present owner (Joseph Thomson) has built several additions since the 

termination of the ISC and related radiation licensed work in the early 1960s.  

The long sequence of operations at the facility adversely affects the interpretation of 

site conditions and makes it hard to interpret where contamination may be present. As an 

example, a major area of contamination identified by the NRC survey was a small area in Bay 

B at the rear of the site (see Figure 1-2) (Bernhardt 1998). Investigations as part of this Site 

Characterization showed that this was a floor sump (about 25 cm by 25 cm, 25 cm deep) which 

was filled with soil type material containing relatively high (more than 10 times the regulatory 

threshold for source material) concentrations of thorium containing materials. A similar 

sump in the northwest area of the shop, appeared to be filled with plaster-of-Paris type 

material, contained contamination from Cs-137. There are two or more similar sumps in the
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rear area of the site, which are plugged, which do not appear to be contaminated. Whereas, 

the sump in Bay B appears to have been filled as part of the former licensed activities, the 

sump in the northwest area of the shop may have been sealed to prevent contamination by the 

licensed activities, but was possibly accidentally contaminated. The other sumps on the east 

end of the site may have been sealed to prevent contaminating the sewer system.  

The present site characterization work was conducted by the Rogers & Associates 

Engineering Unit of the Dames & Moore'Group, with assistance from Surface Technology 

Systems, Inc. (STS) (denoted as the Team). The work was performed under the Tennessee 

Radioactive Materials License of STS, which was accepted by the California RHB under 

reciprocity with Tennessee. The license has been retained in effect at the site to provide 

control of the contaminated areas and to allow specified sections of the site to be used for 

"teinporary unrestricted use." 

1.1 OBJECTIVE 

This report presents the methods and results of field assessments to characterize the 

concentrations of residual radioactive material at the Site. The field assessments were based 

on implementation of the Sampling and Analysis Plan (Bernhardt 1998 and Bernhardt 1999), 

approved by the RHB for characterizing the Site, with field modifications of the SAP in 

response to site conditions. The objectives of the site characterization included characterizing 

the residual contamination on the surface and determining whether residual radioactive 

material was present in subsurface materials. The site characterization included extensive 

gamma-ray surveys of the buildings and outside areas of the site, of the roof of the primary 

facility (office, lab, shop building), and of applicable natural background areas. The 

characterization activities also included over 100 field gamma spectrometric measurements 

to determine the distribution and relative quantities of radionuclides contributing to the total 

intensities measured in the gamma-ray surveys. The field measurements were further 

supported by collection and analysis of numerous samples of materials from the site. The site 

characterization was based on the concepts of the Multiagency Radiation Survey and Site 

Investigation Manual, MARSSIM (MARSSIM 1998), and this report provides information for 
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possibly implementing MARSSIM in subsequent activities for the release of the Site for 

unrestricted use.  

Based on the previous site characterizations, it appeared that there was not subsurface 

contamination, and it was anticipated that it would be viable to perform relatively easy 

remediation of the surface contamination. However, the field investigations indicated that 

there was more extensive contamination than originally anticipated and that there was 

subsurface contamination in several areas, with related radiation exposure rates of about 100 

mrem per hour, and possibly higher. This report describes the limited remediation that was 

performed during the site characterization activities; however, much of the contamination was 

left in place. Some of the concentrated subsurface contamination was only located and not 

fully characterized. Materials were left in place to avoid exposing potentially high levels of 

con~tmination and to leave the materials confined during the time it will take to prepare a 

"Decontamination and Decommissioning Plan" and implement decontamination.  

This report also identifies the controls used for isolating and posting areas of 

contamination on the site and the procedures implemented to allow specified use of areas of 

the site for "temporary unrestricted use." 

1.2 RADIONUCLIDES OF CONCERN AND DERIVED CONCENTRATION 

GUIDELINE LEVELS 

The SAP (Bernhardt 1998, Bernhardt 1999) presents information on the former site 

activities and identifies Cs- 137, uranium and thorium, and the decay products of uranium and 

thorium as the primary radionuclides of concern. However, the former site activities also 

included a kilocurie inventory of Co-60 and work with Sr-90, Po-210, tritium, and C.14. Based 

on the half-lives of these radionuclides and the subsequent activities that have taken place at 

the site, the implementation of the SAP focused primarily on Cs-137, Co-60, uranium, and 

thorium. However, investigations were also performed for Sr-90, the long-half radioactive 

decay products of uranium and thorium, tritium, and C-14.  
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Interim Derived Concentration Guideline Levels (DCGLs), based on the concepts of 

MARSSIM (MARSSIM 1998) for the primary contaminants expected to be present on the site 

are (Bernhardt 1999): 

1. Mass Contamination: 

Radionuclide Concentration 
Total Ra (Ra-226 & Ra-228) 5 pCi/g 
Total Th (Th-230, Th-232, Th-228) 10 pCi/g 

Total U (U-238, U-234, U-235) 10 pCi/g 
Cs-137 15 pCi/g 
Co-60 8 pCi/g 
Sr-90 5 pCi/g 

2. Surface contamination (dpm/100 sq cm): The criterion for unrestricted 

use from NRC Reg Guide 1.86 and Cal DECON-1 for the primary radionuclides 

.-- expected to be present on the site, based on an average over 1 square meter, are: 

Cs-137 5,000 dpm/100 sq cm.  

Sr-90 1,000 dpm/100 sq cm 
Th-232 with decay products: 1,000 dpm/100 sq cm 

Th-230 (alpha) 100 dpm/100 sq cm 

Criteria are given for other radionuclides, and supplemental criteria are given 

for small areas of contamination (limited to 100 sq cm) and for removable or 
smearable contamination.  

The interim DCGLs for activity concentrations per gram (pCi/g) are applicable to 

concentrations in soil and other bulk materials such as concrete and asphalt. The surface 

contamination DCGLs are for surface contamination on building materials. Interim DCGLs 

have not been provided for radionuclides that were not expected to be present in significant 

quantities on the site. However, applicable values can be derived, using radiation dosimetry 

parameters and general environmental pathways models. As a general approximation, the 

Interim DCGL for Cs-137 will be applied to other radionuclides, except tritium and C-14, 

where criteria have not been specified.  

The purpose of the DCGLs is to provide activity concentration guidelines to meet the 

exposure criteria for decommissioning. The exposure criterion specified by the California RHB 

is 25 torero/year, based on the NRC criterion of Title 10 Code of Federal Regulations Part 20 
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(10 CFR 20). Final DCGLs are to be derived using applicable environmental pathways 

modeling in the "Decommissioning Plan" for the scenarios applicable to the reclaimed site.  

The primary assessment used by the NRC in the initial site surveys and the focus of 

the SAP was gamma radiation surveys to assess the levels of potential residual contamination.  

The results of the gamma survey measurements (uR/hr) are not explicitly equivalent to the 

DCGLs for surface contamination from California DECON-1 or the concentrations in pCi/g for 

solids. However, using dosimetry calculations it is possible to estimate the gamma exposure 

rate for various sources and geometries. Specifically, Federal Guidance Report No. 12 (EPA 

1993) provides tabulations of the radiation dose from surface contamination equivalent to 

units of pCi/square meter, and from plane sources of thicknesses of 1 cm, 5 cm, 15 cm, and 

infinitely thick. The tabulations provide the external gamma doses -from these source 

geo~metries for numerous radionuclides, including Cs-137, uranium, and thorium. Based on 

the parameters from Federal Guidance Report No. 12, the dose from a surface deposit of 

Cs-137, based on a concentration of 5,000 dpmn100 sq cm is about 2.5 uR/hr. The Nal 

detectors used for the gamma surveys tend to overestimate the exposure rate from Cs- 137, and 

based on the measurement procedure (detector at the surface), a general field screening 

application of 5 uR/hr above background is estimated to be equivalent to Cs- 137 contamination 

of 5,000 dpm/100 sq. cm, the DCGL from DECON-1 for Cs-137. The screening level of 5 uR/hr 

is equal to about 50 percent above background, the basic criterion used to identify areas with 

residual radioactive material on the Site.  

1.3 CLOSURE OF CONTAMINATED AREAS OF SITE AND CONTROL OF SITE 

After discovery of the elevated concentrations of subsurface contamination on the Site 

and the other contamination identified by the site characterization, license inspectors from the 

California RHB discussed the possibility of total closure of the site and/or issuance of a 

radioactive materials license for the Site. This issue evolved in part due to the use of areas 

of the Site by two tenants. After negotiations with the RHB, the application of the STS 

license was continued at the Site after completion of the site characterization and physical 

controls were installed to ensure proper isolation of areas with contamination and proper 
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consideration for the health and safety of the public and the two tenants using sections of the 

Site.  

The isolation of contaminated areas included building fences to isolate exterior areas 

and placing new locks on gates. Tenants do not have the combinations for the locks on the 

gates and do not have access to areas with significant levels of contamination. Furthermore, 

a new lock was placed in the facility to prevent unauthorized personnel from going from the 

offices to the "shop" where residual contamination is also present. In addition to these 

controls, steel plates, weighing several hundred pounds per plate, were placed over 

investigation holes which had notable levels of contamination (i.e., concentrations well above 

the DCGLs).  

1.4 ORGANIZATION OF SITE CHARACTERIZATION REPORT 

This Site Characterization report consists of six chapters and supporting information 

in the appendices. Chapter 1 provides background information on the facility, the Interim 

DCGLs used to guide the site characterization work, and the site conditions at the facility.  

Chapter 1 also includes information on actions taken to provide controls for access to the Site, 

to prevent unnecessary radiation exposure to the public and tenants using the Site. Chapter 

2 describes the implementation of the SAP, including the radiation survey and sampling 

procedures, the health and safety program, and other Radioactive Material License activities.  

The results of the radiation surveys and the basic Site characterization are given in 

Chapter 3 This chapter includes the results of radiation surveys of the floors, walls, and roof, 

and the results of extensive field gamma spectrum measurements to identify the radionuclides 

present in the residual radioactive materials. The results for subsurface investigations are 

given in Chapter 4. These results include gamma borehole logging in the area of the former 

Co-60 pool and the results of sampling and analyses from more than 35 subsurface 

penetrations.  
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Chapter 5 contains a discussion of results and other information related to application 

of the concepts of MARSSIM to the characterization, remediation, and final radiation surveys 

for release of the site. This information includes a reclassification of the areas of the site 

according to the four categories used by MARSSIM. Chapter 6 provides a summary of the 

information from the characterization of the site.  
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2. SITE CHARACTERIZATION RADIATION SURVEY 
AND SAMPLING ACTIVITIES 

This chapter describes the radiation survey and sampling tasks and procedures used 

to implement the SAP and characterize residual contamination at the Site. Due to the 

occupancy of many parts of the Site by two tenants and higher than anticipated levels of 

radioactive contamination, field adjustments to the SAP were required to maintain adequate 

control of the radioactive materials and provide proper health and safety while implementing 

the SAP. The major tasks of the SAP were developing a grid system for the Site, performing 

comprehensive radiation surveys of the Site, making boreholes or subsurface penetrations to 

collect samples and assess for subsurface radioactive contamination, and checking for 

contanination in the sewer.  

2.1 SITE CONDITIONS AND GRID SYSTEM 

2.1.1 Site Conditions. Preparation, and Access Controls 

The Site was used by the owner from the early 1960's to late 1990's for industrial 

operations, some operated by the owner, and some by tenants. In recent years the Shop area 

has generally been vicant, but the rear bays and lot are leased to David Girard, who operates 

a towing and impound lot for the City of Burbank. The front offices are leased to Hi Tech 

Rentals, and the driveway on the south side and front parking lot were leased to neighborhood 

businesses for parking. Upon arrival for work on March 28, 1999, the Team encountered 

parked cars covering the front and south lots and impounded cars, parts, and debris covering 

the east lot and bays. The impounded cars and related material were moved to obtain access 

to the site. The grid system was marked and radiation surveys performed. Areas with 

residual contamination exceeding twice background on gamma surveys were isolated to 

prevent access by unauthorized personnel. Isolation measures initially included caution tape, 

which was later replaced by fences, locked gates, and signs.  
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Initial priority was given to laying out grids and performing radiation surveys in the 

east and north areas denoted as MARSSIM Category 3 and 4 areas based on the SAP 

(Bernhardt 1999) (areas that were not expected to be above the DCGLs). By working with the 

tenants, it was possible to provide proper control of the radiation work areas during minor 

decontamination, perform radiation surveys to verify the absence of contamination more then 

twice background (gross value), and still allow the tenants to have reasonable access to 

specified areas.  

Based on the information from initial radiation surveys and information from the SAP, 

the gate at the southwest corner of the Site was locked to end access by the public to the 

driveway on the south of the facility. Access to the Shop area, the primary area of former 

licensed operations, was also limited to authorized personnel and personnel wearing 

designated personal protective equipment (PPE). After completion of radiation surveys of the 

eastern section of the Site and selected remediation of an area in Bay B and two areas in Bay 

A, 6-foot chain-link fencing was installed as shown in Figure 2-1. Temporary access for 

unrestricted use was granted for Bays A, B, and C and areas with access to the fenced area 

east of the 92E line. The fencing specifically excluded access to the un-named bay to the west 

of Bay A, the Training Class Room, and related areas. In addition to the fencing, a 

contaminated area, where contamination was not full removed, in the northeast of the site 

was filled with concrete and covered with a steel plate. An area with similar residual 

contamination, to the north of the un-named bay, was left in place and covered with a steel 

plate.  

A wood awning along the east side of the neighbor building to the north of the shop 

(roughly 40N to 46N on grid line 68E) was removed to obtain access for monitoring. The initial 

radiation surveys indicated there was contamination under the structure of this awning.  

There was also contamination under the structure of a wood awning that extended to the east 

from the southeast corner of the Shop. Both of these structures were built by the present 

owner after the termination of the former radioactive materials work. The owner agreed to 

allow these structures to be removed. However, due to a live natural gas line which extended 

into the second structure, only a section could be removed, and the main frame work had to 

be left to support the gas line. Penhall Company, used as a subcontractor, removed the 

pertinent materials and loaded these and rubble from former tree trimming activities on the

2-2



a iv � v a a � a vs urns 333 a UUUU mama mmmii
U 
U 
U 

a 
I 
U

III 

I
i too 

~ LIP

Mius Fed o

I Tf'FP

'1 

0* 

I.' 

it 

a

S 
3 
U 
a
U 
U 
I 
U 
a 
S 
U 
a 
a 
a 
a 
a 
3 

U 
a 
a 
U 

II,� 

U 
U 
K 
3 
U 
U 
U 
U 

* H 1 
I 
U 
a 
U

U

I ,

Mdam god "

a 
S 
* 
I 
a 
U 
U 

p3a]

U 
U 
a 
U 
U 
3 
U 
U 

U 
U 
g 

'a 

S

3 
U 
U 
U 
a 
a a 
I 
S 
a 
a 
a 
S 

a 

S

I 
I

I



Site (about a cord of wood) into a roll-off dumpster for disposal off-site. These materials did 

not relate to the former radioactive materials operations; they were removed before any 

related intrusive work related to the site characterization; and they were surveyed to ensure 

they were not contaminated.  

After completion of the site characterization work, a request for temporary unrestricted 

use for Bays A, B, and C, the area to the north of the 92E fence, and the front offices was 

submitted by Loeb & Loeb to the RHB. The request for approval included agreement to keep 

the site under active license by STS, with periodic inspections to ensure the specified isolation 

was maintained. Approval for this temporary unrestricted use was granted (see approval in 

Appendix B).  

2.1.2 Layout of Grids 

As specified in the SAP, the Site grids were laid out in an organized fashion to ensure 

that all areas of the Site were identified by a common grid stem. The grid system was set up 

with the origin, OOE:OON, in the southwest corner of the property. This location is earmarked 

by the presence of a storm water catch basin. Figure 2-1 shows the general grid system for 

the Site. North is designated as a "facility north" to the left of the Site. The true north is 

roughly to the north-northwest of the designated north. Due to the clear locations of building 

corners and fence lines, a land surveyor was not used to document the system.  

All grids were placed using a tape measure to ensure measurements were within *5 

percent accuracy. The grids were placed using metric measurements. Initial grid markings 

were placed every 5 meters along the southern property boundary, which is characterized by 

a fence. Grid marks were then placed at progressive 5-meter increments to the north. This 

same pattern was then extended north and east throughout the entire property, so that 

5-meter by 5-meter grids were established throughout the Site.  

At each intersection of the 5 meter marks the ground was sprayed with paint to mark 

the intersection. Increments of 1 meter were then laid out along all of the grid lines using a 

measured template. Marks were placed for all 1-meter grid points, creating a complete
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1-meter by 1-meter grid system for the Site. In addition, most of the grids located at the 

intersections of the 5 meter marks were labeled on the ground surface with spray paint. Grids 

are denoted by the coordinates in the southwest corner of the grid. For example, the 1 by 1 

meter grid at the location OE:ilON is denoted as 10E:1ON, and the grid 1 meter to the north 

would be 10E:11N. The grid system in the buildings is an extension of the outside grid 

system. The system for the roof is an elevated reproduction of the grid for the building floors.  

The grids for walls are tied to the grids on the floors, with indications of elevations on the wall 

in meters. Prior to leaving the Site, concrete nails were placed on many of the grid marks 

around the periphery of the site to allow future reconstruction of the grid system should the 

paint markings become obscured.  

2.2 RADIOACTIVE MATERIALS LICENSE AND HEALTH AND SAFETY 

Based on the requirements of the California RHB, the site characterization was 

performed under a Radioactive Materials License. The work was performed under the license 

of Surface Technology Systems (STS) , who assisted RAE in the work and provided a Site 

Radiation Safety Officer. Their license, issued by the State of Tennessee, authorizes 

"characterization and remediation activities involving radioactive materials, and was accepted 

by RHB under a reciprocity agreement. Information for the STS license and a copy of the 

letter accepting the license is in Appendix B. Due to the levels of radioactive material found 

on the Site, RHB indicated the need for keeping the Site under license after the April 1999 

activities and accepted continuation of the control of the Site under the authority of the STS 

license.  

The characterization activities were conducted under license to provide a regulatory 

structure for ensuring the appropriate health and safety of the workers and the public, and 

to ensure the protection of the environment. The licensee, STS, was required to conduct site 

activities in accordance with the California regulations pertaining to radioactive materials and 

also to perform characterization activities as specified by the plans and procedures 

incorporated in their license. These two mechanisms help to ensure that the licensee 

conducted operations in a safe manner. Specific requirements of the license include: providing 
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radiation safety training for workers; designating radiation work areas based on the level of 

risk; performing appropriate air sampling; monitoring radiation on personnel and in work 

areas; providing an approved respiratory protection program as needed; performing 

appropriate bioassay monitoring for personnel; and providing radiation dosimeters to 

document any exposures to radiation.  

The Site Radiation Protection Officer, Brad Squibb, had the primary responsibility to 

ensure that the characterization activities were conducted according to the appropriate 

radiation protection procedures and that all activities were in compliance with the 

requirements of the RHB radiation protection regulations. Copies of the STS license and 

California RHB regulations were maintained at the Site. These standard procedures covered 

all aspects of the characterization effort.  

The use of radiation dosimeters and the collection and analysis of bioassay samples 

were key parts of the personnel monitoring program. Each worker at the site was required 

to wear a thermoluminescent dosimeter (TLD). The dosimeter was used to determine and 

document the external radiation dose to the worker. In addition, each worker was required 

to submit a urine bioassay sample at the beginning and end of the project. The urine bioassay 

samples were analyzed for uranium, Sr-90, tritium, and C-14 to assess potential exposures.  

In addition to the standard bioassay samples, three 1-liter bioassay samples were obtained 

from RAE personnel to provide more sensitive assessment for potential exposures to C-14 and 

Sr-90. The bioassay results are given in Appendix A. The results showed no indications of 

significant exposures to the workers from intake of the radionuclides at the site. The TLD 

results are given in Appendix A.  

Of equal importance with the personnel monitoring program was the exposure control 

program. While the personnel monitoring program is used to determine the radiation 

exposure of workers, the exposure control program is used to reduce and/or prevent the 

radiation exposure of workers. This program was an important part of the site ALARA 

program .used to reduce worker exposures. The exposure control program included the 

following elements: 

1. Protective clothing.
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2. Engineering controls.  
3. Respiratory protection.  
4. Proper handling and segregation of radioactive materials.  
5. Radiation surveys and air sampling.  
6. Radiation work permits.  

2.3 RADIATION SURVEYS AND PROCEDURES 

2.3.1 Calibration of Instruments and Daily Operational Checks 

A wide variety of health physics instrumentation was used at the site due to the 

various alpha, beta, and gamma emitting isotopes which were potentially of concern and the 

widerange of radiation levels encountered. This equipment included hand-held radiation 

survey instruments, air-sampling pumps and equipment, and portable gamma spectroscopy 

equipment. The gamma survey measurements were generally performed using 1-inch 

diameter NaI scintillation detectors. However, for specific situations, a 2-inch NaI detector 

or a %-inch scintillation detector were used, either because of needs for increased sensitivity 

or access to confined areas (e.g., sewers). The primary radiation detectors used were 1-inch 

NaI detectors for gamma measurements or 15-cm 2 Geiger Mueller (G.M.) pancake detectors 

for beta/gamma measurements. The instruments were calibrated by Health Physics 

Instruments, a division of Far West Technology of Goleta, California (licensed by the State of 

California for calibration).  

Field check sources of Cs-137, Th-232, Sr-90, C1-36, and Th-230 were used for 

calibrating the gamma spectrometer, the G.M. pancake detectors, and the alpha detector. The 

Sr-90, C1-36, Cs-137, and Th-230 sources were NIST traceable. The Th-232 source was only 

used for energy calibration of the spectrometer and was not used to provide quantitative 

intensity measurements.  

The instruments were checked one or more times per day to ensure proper operation.  

The records of the checks were recorded in bound field notebooks, which were subject to review 

during the RHB site visit. Each morning, prior to surveys, the review of proper instrument 
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functionality included a check of the batteries, the high voltage (if applicable), the general 

background, and an operational source check using a check source. NIST traceable sources 

were used to calibrate instruments used for measurements of surface contamination, counting 

air samples, and counting smears for release of equipment 

2.3.2 .Twes of Radiation Measurements. Instruments Used 

The primary instruments used were Ludlum Model 2220 or 2221 survey meters 

equipped with Ludlum Model 44-2 detectors. A Health Physics Instruments (HPS) Cypher 

with a HPS Na! detector and a Ludlum Model 44-9 thin window G.M. pancake detector was 

also used for some measurements. The gamma spectroscopy measurements were made using 

a Aeialth Physics Instruments spectrometer (Rainbow Model 7000) with either a 1-inch NaI 

HPS detector,. a 2-inch NaI Ludlum detector, or a Y2-inch high density gamma detector.  

Measurements in relatively high radiation fields were made by using a 0.1 minute time 

integral, to optimize the ability to take measurements and prevent the instrument from going 

off scale (the Ludlum 2221 scaler only has a 5 digit display, giving a maximum 99,999 counts 

in 0.1 minute). However, in several of the site radiation fields, the activity exceeded the 

approximate 1 million counts per minute capability of the Ludlum Model 2221 using a Model 

44-2 detector. In these situations, the HPS Cypher instrument with an HPS 1-inch Na! 

detector provided additional range to a count-rate of 19 million counts per minute (e.g., 1.9 E6 

counts in 0.1 minute).  

Other instruments that received limited use were a Bicron Surveyor M instrument with 

a Bicron G1ISN 1-inch Na! detector or G.M. pancake detector, Ludlum Model 12 and Model 

3 detectors using either Ludlum Model 44-2 Na! detectors or G.M. pancake Ludlum (44-9) 

thin-window detectors. A Ludlum PR 1945 1-inch end window Zn-sulfide detector was used 

to count field air samples for alpha activity and for surface measurements of alpha activity.  

A list of instruments and examples of the calibration sheets are given in Appendix A.  
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2.3.3 Sensitivity of Gamma Radiation Survey Measurements

Essentially all of the gamma radiation measurements were made using Ludlum Model 

2221 type instruments with scalers. The measurements for surveying all areas of the site and 

documenting the presence, or absence, of residual radioactive material were based on time 

integral measurements of 0.5 minutes, 1 minutes, or 2 minutes. A sufficient time period was 

generally used to ensure that the standard deviation of the measurement (square root of the 

count) was less than 5 percent of the observed value. Minor exceptions to this were the alpha 

counting of air samples and smears, and some alpha counts of background and floor surface 

contamination.  

The typical gamma radiation survey measurements were based on 1-minute integral 

measirements, with resulting values of about 2,500 counts and a standard deviation of 50 

counts, or 2 percent of the observed value. In MARSSIM Class 3 and 4 areas, where there was 

high confidence of minimal or no impact, measurements of 0.5 minutes were used, giving 

observed values of about 1,200 counts (standard deviation of 3 percent). Counts of 0.1 minute 

were essentially only used in areas of high radiation exposure where count rates were about 

one million counts per minute. Counting intervals of 2 and 10 minutes were used in some 

instances to improve the sensitivity.  

2.3.4 Determination of Natural Background 

The determination of applicable radiation backgrounds was critical to assist in 

characterizing potential residual contamination on the roof; on floors in the offices, the shop, 

and bays; the walls of buildings; and the asphalt. The determination of background was based 

on using fixed locations on the Site which had no evidence of impacts from previous operations 

(i.e., MARSSIM Class 4). Appropriate areas of the offices, roof, and walls were selected for 

measurements of background, and additional background measurements were made at three 

off-site locations.  

The area selected for daily Site background measurements was near the northwest 

corner of the property, in the front parking lot (4.4E:30.ON). The validity of this as a 
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background location was based on its remoteness from any of the former site operations (i.e., 

opposite side of the site from the driveway used for access to the Shop and areas at the rear 

of the building. Also, measurements with the field gamma spectrometer indicated there were 

no traces of Cs-137 in this area, contrary to many of the other areas of the site where survey 

measurements also appeared to be near background. The daily background measurements 

generally included three 1-minute integral measurements, with the detector about 2 inches 

above the asphalt, the same position used to perform the radiation surveys. The average daily 

background for this location was about 2,400 cpm counts/minute (cpm). The daily background 

measurements are given in Appendix B.  

Other background measurements were made on the southwest corner of the site near 

a storm-water catch basin. However, this was not the desired location for the measurements 

since-this was by the access route to the site during the operations in the 1950's. Also, the 

catch basin was found to contain low levels of Cs-137 contamination. However, the 

background measurements about 1 meter from the catch basin were similar to those for the 

un-impacted location at 4.4E:30.0N.  

Background gamma radiation levels are dominated by naturally occurring radioactive 

material in the soil (terrestrial source) and cosmic radiation from space. The naturally 

occurring radioactivity in construction materials (e.g., asphalt, concrete, brick, and tile) also 

affects background measurements. Because of differences in elevation and materials in the 

walls and roof, compared to the parking lot surface used for the primary background, area

and material-specific radiation backgrounds were developed as needed. For example, the 

background for the roof was based on the grids on the roof in the northwest corner of the 

building. Based on information from the owner (Mr. Thomson), the complete roof, down to the 

sheathing was replaced since the radioactive materials work, and the radiation surveys 

verified that essentially all of the roof is a non-impacted area. The only area on the roof 

impacted by the former use of radioactive materials is a section of purlin related to a former 

vent on the east end of the building.  

The SAP indicated that the background for the radiation surveys of the offices would 

be taken from the areas in the southwest section of offices. This area was selected because of 

the potential for workers bringing contamination from the shop up to the bathrooms and 
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locker room on the north-central part of the building. However, radiation surveys showed 

slightly elevated gamma radiation in the southwest office. The southwest office is a walk-in 

vault containing two additional safes and thickened concrete walls. Field gamma spectrometric 

measurements indicated that the anomaly was apparently due to natural K-40 in the concrete 

walls of the vault. Offices in the northwest corner of the building were at background, 

however.  

Off-site backgrounds were measured in the commercial building to the north of the Site 

and at two locations isolated from the site. The commercial building is at 156 Providencia, 

Commercial Inspection Services. After meeting with Mel Squires of Commercial Inspection 

Services, measurements were made in their conference room. The facility uses machine 

generated ionizing radiation for inspection of welds and materials. According to drawings the 

building existed back in the 1950's and has construction similar to the 170 Providencia 

(Thomson) building.  

Additional off-site backgrounds were measured at two locations along the "aquaduct" 

to the southwest of the facility. The background locations, shown in Figure 1-1, were at Lake 

and Providencia and at Valencia and the aquaduct (south side, away from the facility). The 

Lake and Providencia location is about one-half block from the Site, and the Valencia location 

is about one-half mile to the south of the Site. Background soil samples were also collected at 

these two locations.  

2.3.5 Types of Radiation Surveys Performed: Procedures 

The primary surveys were for assessing external gamma radiation from residual 

contamination of the surface of the site and facilities. Supplemental surveys were also 

performed to determine whether there is subsurface contamination, whether the sewers are 

contaminated, and to determine the concentrations of surface contamination. Since the 

primary contaminant was Cs-137, the surveys focused on gamma radiation instead of the 

much more time intensive measurements of beta and/or alpha radiation. Furthermore, given 

the age of any residual contamination, the efficiency for surveying for surface beta and alpha 

(especially alpha) contamination is adversely impacted by self-absorption in the material
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surface and accumulated dirt. The gamma surveys were also used to identify anomalous areas 

that might relate to subsurface contamination.  

2.3.5.1 External Gamma Surveys for Surface Contamination 

The 1-meter by 1-meter grids were surveyed by slowly moving a 1-inch NaI detector in 

a serpentine pattern over the total area of the grid, to obtain measurements of the number of 

counts per survey interval. The basic survey interval was 1 minute, but in areas that were not 

expected to be impacted, or in areas that were known to be highly impacted survey times of 

0.5 minutes were used. The detector was kept within about two inches of the surface to 

maximize the efficiency of detecting localized contamination. Areas more than twice 

bac~kground, and generally more than 50 percent above background were marked out by the 

surveyor with spray paint. In most cases, a transcriber recorded the data for two surveyors 

and provided coordination to ensure that the surveyors were working in the specified area.  

The data recorded in bound field log books included the integral count for the area and specific 

maximum count rates for any anomalous areas in the grid. The surveys were performed by 

using the audio output of instruments to maximize the ability to detect anomalous areas. Due 

to the time delay of the meter response it is desirable to use the audio response which is nearly 

instantaneous.  

2.3.5.2 Surveys ofBeta or Alpha Surface Contamination 

Surveys for beta and alpha surface contamination were performed with the beta and 

alpha detectors described in Section 2.3.2. Most of these surveys were performed by placing 

the detector on the surface and making 1-minute measurements.  

Roof drains were surveyed by inserting a G.M. pancake detector into the drain opening 

for a specified distance. Measurements were made over a specified period of time.
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2.3.5.3 Special Gamma Surveys

Special gamma surveys were performed to assess the potential for subsurface 

contamination in boreholes, sewers, and rain down spouts. The measurements were made by 

inserting the Na! or other detector into the opening to a specified depth and making 

measurements over a specified period of time. Most measurements were made for periods of 

0.5 minute or 1 minute.  

A notable exception was for borings in the former Co-60 pool area. The count rate in 

a section of one borehole was over one million counts in a minute, and the scaler for the 

Ludlum Model 2221 only has five digits. Therefore, measurements were limited to 0.1 minute.  

The count-rate in one area of a borehole in the former Co-60 pool exceeded the saturation level 

of alf the Na! instruments. In order to provide additional assessments of the potential 

source term measurements were also made with a shielded G.M. pancake probe (can be used 

as a gamma detector) and with a HP Instruments Canary dosimeter (small size dosimeter with 

a cut off below 200 keV).  

Assessments of sewers were made by lowering the detector into the opening for 

measured distances. In several cases, the detector was attached to a cleanout "snake" and the 

snake used to move the detector into the sewer. Measurements were based on timed intervals 

of 0.5 minute or 1 minute.  

2.3.5.4 Gamma Spectrometry 

A portable gamma spectrometer was used with several detectors to assess the presence 

of specific gamma-emitting nuclides throughout the facilities. The spectrometer was the 

Rainbow Model 7000 made by Health Physics Instruments (Goleta, California), equipped with 

either a 1-inch NaI detector from HP Instruments or a 2-inch Ludlum NaI detector. A one-half 

inch detector was also used in sewers where the larger detectors would not fit.  

The spectrometer was calibrated using Cs-137 and Th-232 sources to ensure proper 

energy calibration. Spectra from the measurements were saved in the spectrometer memory 
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and downloaded to laptop computers for analysis and storaige. The analysis included minor 

energy adjustments to correct for gain shifts that occur due to temperature changes during 

field measurements. Measurement integration times varied from minutes to several hours.  

Using the 2-inch Nal detector it was possible to detect trace quantities of Cs-137 in areas 

where the normal gamma survey measurements could not detect the presence of 

contamination. For example, spectra collected near'the entrance to the shop (23E:25N) 

indicated the presence of low concentrations of Cs-137.  

2.4 COLLECTION AND ANALYSIS OF SAMPLES 

T- Borings were made in numerous areas of the shop to assess the potential presence of 

subsurface contamination. Holes in the concrete slab in the Shop and in the asphalt in the 

parking lot were cut/broken with an electric jackhammer. A dry technique was used to 

prevent the potential transport of contamination from the surface material to the subsurface.  

An electric jackhammer was used to minimize the amount of airborne material (i.e., a 

pneumatic jackhammer exhausts the air onto the work face). An enclosure, with a HEPA 

vacuum cleaner was used over the work face in the shop to further control the release of 

airborne material to the building environment.  

After penetrations were cut into the concrete or asphalt, samples were collected using 

bucket augers or trowels. Samples were double packaged in ziplock bags to provide viable 

transport containers. Based on the amount of sample material per container, the samples 

were transported as excepted packages, exempt quantities, under the U.S. Department of 

Transportation regulations for shipment of radioactive material (49 Code of Federal 

Regulations).  

Samples for facility characterization were analyzed by Paragon Analytics (Fort Collins, 

Colorado) or Thermo NUtech, Richmond, California. Both of these laboratories were approved 

for the required analyses by the California RHB (conversations with Jane Jensen, March 31 

and April 27, et al.). Paragon Analytics performed analyses by gamma spectroscopy for 

Cs-137, Co-60, uranium and thorium and their decay products, and other gamma emitters.
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Paragon Analytics also performed the analyses for isotopic uranium and thorium, tritium, and 

C-14. Therm NUtech performed analyses for Sr-90. These laboratories used procedures that 

have been approved by RHB (conversations with Jane Jensen).  

Three large volume (1-liter) urine bioassay samples were sent to Thermo NUtech for 

Sr-90 and C-14 analyses. In order to expedite analysis of the standard small volume (about 

25 ml) bioassay urine samples, they were sent to Accu Laboratories of Golden, Colorado, for 

uranium, Sr-90, tritium, and C-14.  

2.5 QUALITY ASSURANCE 

The quality assurance (QA) program was based on the standard RAE QA Manual.  

Instruments were calibrated at a qualified facility and appropriate checks performed when 

they were used in the field. Random checks were made of radiation survey measurements. and 

the results of all measurements were scrutinized for outliers and values that needed 

validation.  

About 10 percent of samples were split and submitted separately to the laboratories for 

duplicate analyses. Furthermore, the laboratories also performed independent duplicate 

analyses.  

2.6 REMEDIATION OF THE SHOP FLOOR 

Since the facility had supposedly been decontaminated for unrestricted use in the early 

1960's and based on the results from the surveys performed to prepare the SAP, it was 

perceived that it would be possible to perform scabbling of limited areas of the shop floor to 

clean it for unrestricted use. The hypothesis was that the contamination was on the surface 

of the concrete and that it might be possible to remove the contamination with limited 
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scabbling or other concrete cleakiing procedures. Also, the assumption was that there was not 

significant subsurface contamination.  

The scabbling and chipping of concrete was performed in a tent-type enclosure, 

ventilated with a HEPA vacuum cleaner, with personnel in PPE with respiratory protection.  

After extensive scabbling of the concrete, it became apparent that in some cases the 

contamination was basically in the surface 0.2 cm to 0.5 cm, but in other cases the 

contamination went all the way through the concrete slab to the subsurface.  
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3. RESULTS OF RADIATION SURVEYS

This chapter provides the results of the radiation surveys of the facilities on the 

Thomson Site. External gamma radiation surveys are reported in Section 3.1 for the ground 

surfaces of the Shop, the offices, the front parking lot, and the asphalt areas to the rear and 

side of the facility, and for the roof and walls of the main building. The results of the field 

gamma spectrometric measurements are given in Section 3.2. The surveys for surface beta 

and alpha activity, for selected areas, are given in Section 3.3. Localized surveys for the rain 

gutters, the storm drain catch basin in the southwest corner of the Site on Providencia are 

given in Section 3.4.  

3.1 EXTERNAL GAMMA RADIATION SURVEYS 

The primary focus of the site characterization was the detailed external gamma surveys 

of all areas of the site. In addition to providing assessments of the levels of residual surface 

contamination, these surveys were also used to identify areas where there was potential 

subsurface contamination. Most of the areas of subsurface contamination that were identified 

resulted from efforts to remove anomalies of surface contamination. In multiple locations in 

the Shop, as surface layers of contaminated concrete were removed, the gamma exposure-rate 

increased rather than. decreasing, identifying contaminated soil beneath the concrete slab.  

Figure 3-1 illustrates the detailed external gamma exposure rates for the site. The 

results are reported as microroentgen (uR) per hour above background. The areas in Figure 

3-1 are color coded to relate to different areas of the site. The blue areas are the offices, Bays 

A, B, and C, and the asphalt area to the north of the control fence for the asphalt area on the 

rear (east end) of the site. The white background area is the parking area in the front of the 

facility and the narrow strip on the north of the building. The shop area, where the primary 

former radioactive material operations were conducted in the 1950's is colored orange. The 

yellow area is the asphalt area that is within the control fences, inside locked gates. Access 

to the small strip to the east of the Bays was only attainable by forcing a locked door in the 

Bay. Limited survey of this strip showed no indications of elevated levels of residual 

radioactive material.  
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Table 3-1. Locations with localized elevated areas of contamination.

Grid Locations 

35 15 
52 11 
56 13 
57 '17 
64 17 
64 18 
68 14@2m 
68 14@3m 
69 28 
69 29 
70 16 
70 17 
70 27 
70 29 
70 35 
70 36 
71 28 
71 29 
71 36 
72 14 
72 15 
72 17 
73. 11 
73 12 
73 13 
73 15 
73 16 
73 18 
73 19 
73 37 
74 11 
74 12 
74 13 
74 14 
74. 15 
74 20 
75 11 
75. 12 
75 13 
75 15 
75 16 
75 17 
75 18 
75 19 
75 20 
76 11 
76 13 
76 14 
76 15 
76 16 
76 17 
76 18 
76 21 
76 27 
76 30 
77 11 
77 12

Survey 
Boa Area of Sit 

KKN p.41 Shop Area 
KKN p.41 Shop Area 
KKN p.41 Shop Area 
KKN p.41 Shop Ao a 

3 Roof 
3 Roof 
4 Shop Walts 
4 Shop Watls 
I Back Asphalt 
1 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
i Back Asphalt 
i Back Asphalt 
1 Back Asphalt 
I Back Asphalt 
i Back Asphalt 

1 Back Asphalt 
1 Back Asphalt 

3 Back Asphalt 
3 Back AsphlIt 

3 Back Aspnalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
1 Back Asphalt 

3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
1 Back Asphalt 

3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
.3 Back Asphalt 

3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
1 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 

3 Back Asphalt 
3 Back Asphalt 
I Back Asphalt 
I Back Asphalt 
3 Back Asphalt 
3 Back Asphalt

. -.

Peak Countate 

7.595 
11,150 

7.500 
15.182 
37.500 
65.760 
9.900 
6.290 

14.000 
10.667 
8.800 

12.380 
21.418 
18.524 
13.335 
6.613 

27.500 
12.284 
15.000 
7.047 

10.050 
10.250 
30o=0 
20.170 
18.520 
10.710 
19,860 
11,500 
12.050 
36,881 
30,130 
22.93o 
19.580 

6.920 
6.580 

10.154 
30.060 
24,930 
27.450 
14,820 
20,070 
22.260 
21,180 
24,240 
27.760 
14.970 
25.990 
76.710 
78,890 
19.710 
19.470 
24,490 
10.530 
.11.044 
8295 
8,410 
8.830



The highest levels of residual surface contamination, based on averages over an area 

of 1 square meter, are outside of the Shop, on the asphalt to the east of the Shop. There are 

numerous grids with exposure rates over 50 uR/hr, and grid 80E:22N is over 100 uR/hr.  

The exposure rates reported for the Shop in Figure 3.1 are based on conditions after 

extensive scabbling of the floor. Prior to scabbling the floor, the exposure rates in the shop 

ranged up to about 100 uR/hr, and there were numerous grids above 50 uR/hr. After the 

scabbling, as shown in Figure 3-1, the net exposure rates are generally below 10 uR/hr, with 

only a few values above 30 uR/hr.  

Table 3-1 presents the results of many of the localized.peak exposure rates that were 

detected during the surveys. These peaks are prior to any remediation. The values are 

orgaiiized according to the outside areas and the Shop. Values for the bays and the storm 

catch basin at the front of the site are also given. The values are given as gross counts, where 

background is about 2,500 cpm.  

The net exposure rates in the driveway on the south of the building range from near 

background by the locked gate at the west' end (the front of the Site) to tens of uR/near the 

rear locked gate at the east end of the driveway.  

The area in the front of the facility is portrayed with a white background. The only 

location in this area with residual contamination from the prior operations is the storm sewer 

catch basin in the southwest corner (grid OE:ON). Although the average for this grid was only 

3 uR/hr above background, localized contamination in the basin ranged up to about 50 uR/hr.  

The catch basin is discussed in Section 3.4.  

No residual contamination was detected in the office area, colored green in Figure 3-1.  

The net exposure rates of 2 to 4 uPR/hr in the southwest corner of the offices are apparently due 

to K-40 in the concrete structure of the walk-in vault. However, access was not obtained for 

two locked safes, one in the walk-in vault and the other a wall safe adjoining it. The smaller 

safes are reportedly a system for night deposits which can fall into the larger safe.
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Table 3-1. Locations with localized elevated areas of contamination.  
(Continues. p2 of 2 )

Grid Locatimns 
East Nwrffl 

77 
77 
77 
77 
77 
78 
78 
78 
78 
78 
78 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
80 80 
80 
80 
80 
81 

-81, 

82.  
82 
82 
82 
82 
82 
82 
82 

83 
83 
83 
91 
93 
94 
97 
97 
98 

100 
113 
113

Survey 
Book

14 
15 
16 
17 
30 
14 
15 
16 
"17 
24 
25 
11 
14 
15 
16 
17 
18 
is 
19 
20 
21 
22 
23 
25 
27 
28 
32 
11 
18 
19 
20 
21 
17 
19 
13 
15 
16 
17 
19 
21 
24 
38 
15 
20 
24 
48 
6o 
60 
48 
49 
48 
57 
40 
54

3 3 
3 
3 
1 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3

3 1 
3 

3 

3 

1 1 
1 
1 

1

Area of Site 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 

Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
Back Asphalt 
BackAsphalt 
B Back Asphalt 
B Back Asphalt 

3 Back Asphalt 
Back Asphalt 

I Back Asphalt 
I Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 sack Asphalt 
I Back Asphalt 
I Sack Asphalt 
3 Back Asphalt 
I Back Asphalt 
I Back Asphalt 
3 Back Asphalt 
3 Sack Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
3 Back Asphalt 
1 Bays 
1 Says

Peak CounUta 

32.630 

14,820 
25.550 
2Z020 

9,370 
11.850 
17.210 
40.480 
18.150 
6.753 

36.000 
10,660 
13,950 
8.680 

16.060 
28,430 
98.670 

112.090 
50.230 
34,708 
49,710 
45.405 
13.000 
21,000 
12`047 

5,607 
7.154 

12,320 
22260 
15.990 
40.508 
49.700 
11.880 
13.300 
9.180 
8.280 

10,470 
12,350 
9.830 

10.740 
7,534 
8,945 

14,310 
28.328 
10,833 
12,027 
7.644 
8.182 
7.357 
6.593 

12,027 
13.028 
11,040 
6.708

I I I I



Bays A, B, and C contained three areas with residual radioactivematerial, all of which 

were remediated prior to providing temporary unrestricted use of these areas. The exposure 

rates in Figure 3-1 are for the conditions after remediation of these areas. Two small areas 

with residual Cs-137 were removed in Bay A and the floor sump in Bay B was remediated.  

The floor sump in Bay B, grid 102E:24N was one of the anomalies specifically identified in the 

surveys by the NRC (Chaney 1996), (Takahashi 1997) and identified in the SAP.  

Investigations indicated that this anomaly was due to a floor sump which had been filled with 

granular material containing relatively high concentrations of Th-232 (estimated to be well 

above 1 percent Th-232, compared to the common regulatory threshold of 0.05 percent to 

qualify as source material). The surveys in Figure 3-1 are for conditions after completion of 

the cleanup of these areas.  

3.1.1 Radiation Surveys of Walls 

3.1.1.1 Walls in Offices 

Figure 3-2 shows the general layout of rooms in the office area. The figure is not drawn 

to a precise scale. Numbers in the rooms key to the survey results for the rooms in Figure 3-3.  

No residual radioactive material from the former operations was detected on the walls of the 

offices.  

3.1.1.2 Interior Walls of the Shop 

The gamma survey results for the walls in the Shop are given in Figure 3-4. The walls 

were surveyed up to a height of 2 meters from the floor, except for the western and northern 

section in the northwest corner. The only area with deftinitive contamination was a window 

ledge on the eastern wall, in grids 13N to 18 N. Other areas of minor elevation appeared to 

be due to shine from the floor and exterior asphalt. However, the actual cause for exposure 

rates above background should be evaluated after completing the final cleaning of the surfaces.  
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Gate

Parking.

Providencia

Not to Scale

Figure 8-2. Layout of offices for radiation surveys.
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Figure 3-4. Surface gamma radiation measurements on the Interior walls of the shop area.
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3.1.1.3 Exterior Walls of Shop

Figure 3-5 provides the gamma survey results for the exterior western wall of the Shop.  

The net exposure rates above background appear to be due to shine from the surface.  

However, this should be evaluated after the surface contamination is removed.  

3.1.1.4 Interior Walls of Bays, West End of Site 

Figure 3-6 provides the gamma survey results for surveys performed on the walls of 

Bays B and C. The only area of significant impact in the bays was the floor sump in Bay B; 

therefore the focus of surveys was on the nearby walls in Bay B.  

3.1.2 Radiation Survey of Roof of Shop 

Figure 3-7 presents the results from the gamma surveys of the surface of the roof. The 

features from the building are included on the figure to show the location of the different areas 

of the building. In addition to these surveys smears were taken from many of the vents on the 

roof and beta/gamma surveys were performed. These additional surveys did not indicate the 

presence of any residual radioactive contamination. The only indication of residual radioactive 

contamination identified by the gamma and other radiation surveys of the roof is for the area 

of 64.5E:18.2N. Although the gamma survey only indicates a minor increase in the average 

gamma exposure rate for the grid, a small area of residual contamination gave over 300 uR/hr 

at the surface of the roof, with only about 6 uRlhr above background at a height of 1 meter 

from the roof. Assessments performed in the ceiling of the shop indicated that this anomaly 

was due to a purlin, apparently related to a former roof vent in the area of the hot cells and 

Co-60 pool. The field gamma spectrometer indicated that essentially all of the anomaly was 

"due to Cs-137 with a minor contribution from Co-60.  
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4

Figure 3-5. Radiation survey outside wall on east end of Shop; surveyed to height of 4 meters (uRlhr).
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Except for the localized area at 64.5E:18.2N, no significant residual radioactive 

material was found on the roof. The owner reported that essentially all of the roofing, down 

to the wood sheeting had been removing during re-roofing the facility after termination of the 

radioactive materials work. The minor elevations above background appear to be due to the 

gamma shine from the floor of the shop.  

3.1.3 Fenced Alley Area to North of Building 

A fenced alley area, with a locked gate at the front, extends along the north side of the 

main building. This area is about 1.5 meters wide. There are areas with apparent residual 

radioactive material from about 60E to 67E, as indicated by several elevated gamma readings 

recorded in this area, primarily on a cement slab and some wooden retaining timbers. Some 

of the-spots located next to the building could be due to contamination inside the building, but 

other spots exhibited higher readings away from the building 

3.2 GAMMA SPECTROMETRIC MEASUREMENTS 

The surface gamma radiation surveys of the site were supplemented with spectrometric 

gamma radiation measurements at selected locations to help identify the radionuclides that 

were causing the observed levels of total gamma radiation. Because the spectrometric 

measurements take more time than the gross gamma surveys, spectrometric measurements 

were performed only at selected locations to characterize local anomalies, verify background, 

and demonstrate general trends in radionuclide contamination patterns.  

The locations of each gamma spectrometric measurement are illustrated by the circles 

in Figure 3-8, which relate each measurement location to a listing in Table 3-2 of the 

corresponding grid coordinates, and the corresponding gamma ray spectrum in Appendix C.  

Different colors identify the presence of contributions of several key radionuclides or groups 

of their decays products. The circle size indicated the approximate gamma ray intensity.  

Individual spectra were accumulated at the measurement point for several minutes to 

several hours, depending on activity levels and available time, and stored in the multichannel 

analyzer. They were later downloaded into computer files for processing, which consisted of 
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visual shifts to account for thermally-induced gain shifts and smoothing of the spectra. The 

shifts utilized alignments of the 662-keV peak from Cs-137 (when present), the 1,461-keVpeak 

from natural K-40, and the 2,615-keV peak from TI-208 (a decay product of Th-232).  

A plot of four typical spectra collected at different locations is illustrated in Figure 3-9.  

The background spectrum shows traces of K-40 and Th-232 decay products (d.p.) from 

naturally-occurring materials in the concrete slab. The spectrum from Cs-137 contamination 

shows a single large peak centered at 662 keV superimposed on a background similar to the 

slab background spectrum. The spectrum with Cs- 137 and Co-60 contamination is similar to 

the Cs- 137 spectrum plus two small additional peaks at 1, 173-keV and 1,332-keV. The Th-232 

decay product spectrum contains elevated levels (compared to background) of all Th-232 series 

peaks, particularly those at 583-keV, 860 keV, 911 keV, and 2,615 keV. Similar plots showing 

each of the spectra compared to a background spectrum are contained in Appendix C, as 

indexed by the tabulation in Table 3-2.  

The sizes and colors of the dots in Figure 3-8 give a visual estimate of the locations and 

relative concentrations of the main radionuclides identified by gamma spectrometry. An 

unexpected identification of Eu-154 occurred at 92E:48N, where a routine spectrum 

measurement gave peak energy and intensity patterns that did not correspond to the more 

common Cs-137, Co-60, Ra-226 d.p., or Th-232 d.p. at the site. Further study of the measured 

spectrum showed it to be Eu-154, an isotope that was not previously expected or identified in 

connection with the site activities. The localized (point source) nature of its gamma activity 

suggests it may be a buried, sealed radioactive source.  

3.3 RADIATION SURVEYS FOR SURFACE BETA AND ALPHA ACTIVITY 

The focus of the radiation surveys was the external gamma exposure rate, due to the 

aged and weathered nature of any residual contamination. Furthermore, since most of the 

contamination is due to Cs- 137, gamma survey techniques aremuch more efficient in detecting 

residual material. However, surveys were also performed to determine levels of gross beta and 

gross alpha activity, with the results converted to the common regulatory units of 

disintegrations per minute (dpm) per 100 square centimeters (i.e., dpm/100 sq.cm).  
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Table 3-2. Gamma spectrometry locations, plot locations, and interpretations.  
page 2 of 4 

Location Ea NohLSpectrum Plot Gamma Ray Intensity• 
ID ml I Set lChart Bkg. JCs-137 Co-60 'h-232IRa-226Eu-154 

aw 37.3 15.6 4-2c 8 1 4 1 
ax 39.0 18.0 4-15b 10 - 2 
ay 41.4 8.0 4-13a 10 2 

az 4t.5 15.0 4-2c 9 3 

ha 41.5 10.3 4-13a 7 2 I 
bb 41.7 10.7 4-2c 7 3 1 

bc 45.0 15.0 4-15b 10 2 

bd 45.1 19.0 4-14 9 1 

be 45.4 18.3 4-13a 7 2 
bf 45.5 17.9 4-2c 8 3 
bg 45.5 27.7 4-9b 7 2 1 2 
bh 48.0 23.5 4-15b 9 X 
hi 49.2 17.2 4-2b 7 3 

!• 51.3 14.21 4-2a 8 4 

bk 52.3 18.3 4-2b 7 4 1 

bI 524 5.9 4-13a 10 3 

bm 52.5 12.9 4-1 7 - 4 
bn 52.5 13.9 4-2a 7 4 1 1 

ho 1 52.5 14.7 4-2a 7 4 1 
bp 52.5 16.2 4-2a 7 4 1 
bq 52.5 15.4 4-2a 7 - 3 1 

br 53.2 14.1 4-2a 8 - 3 1 

bs 53.7 13.9 4-2a 8 1 3 
bt 53.7 22.9 4-16 10 1 2 
bu 54.1 13.1 4-2a 9 1 3 
by 55.4 18.8 4-13a 7 3 

bw 55.5 19.0 4-2b 10 4 1 

bh 56.0 30.2 4-9a 9 1 
b 1 56.3 23.8 4-13b 8 1 

bz 56.6 13.9 4-2b 9 4 

ca 57.0 18.5 4-2b 9 4 

cb 57.3 17.5 4-2a 9 4 

cc 57.3 17.5 4-2b 9 4 

cd 57.6 15.9 4-2b 8 4 

ce 58.1 13.6 4-2b 8 3 1 

c" 58.2 16.5 4-15a 8 3 

cg 59.7 27.3 4-13a 9 1 
ch 59.8 27.4 4-2b 7 3 

ci 59.9 27.3 4-6 7 - 2 
Ci 60.2 19.5 4-14 9 3 
ck 60.2 19.5 4-15b 7 1 

Ci 60.2 19.5 4-15b 7 2 

cm 60.5 23.8 4-15b 7 3 1 

ca 60.5 23.9 4-17 9 3 
co 61.0 27.4 4-2b 7 3 

CP 61.6 17.6 4-6 7 3.  

cq 61.7 26.0 4-3 10 3 2 

cr 61.8 17.5 4-2a 9 3
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Table 3-2. Gamma spectrometry locations, plot locations, and interpretations.  
page 3 of 4 

Location East North §p? m Plot Gamma Ra Intey 

ED) (Mi1 (m)1 Set Chart Skg. Is-137jCo-6 Th-232IRa-226Eu-15i 

cs 61.8 17.6 4-13a 8 4 1 

ct 62.0 29.6 4-9a 10 1 

cu 62.7 17.1 4-13a 8 4 1 

cv 62.8 9.0 4-13b 7 3 

cw 63.0 30.2 4-9a 9 1 

Ce 63.8 20.0 4-15a 8 1 
cy 64.5 18.2 4-13b 8 1 4 1 2 
S64.6 17.3 4-15a 7 1 

da 64.9 29.1 4-9a 10 1 

db 65.4 8.8 4-17 10 3 

dc 65.5 29.4 4-9a 9 1 

dd 65.8 25.0 4-2c 9 3 

de 65.8 18.4 4-3 10 2 1 

df 66.0 10.0 4-15b 9 2 

d4 66.0 10.0 4-15b 9 3 1 

dh 66.3 10.2 4-2b 8 1 

di 66.3 17.1 4-13a 8 4 1 

dj 66.4 17.2 4-2a 10 3 

dk 66.4 17.2 4-6 7 3 

d 1 66.9 10.8 4-1 7 3 
dm 66.9 10.8 4-2a 10 3 

dn 66.9 10.7 4-5 8 2 

do 66.9 10.7 4-5 8 4 

dp 66.9 10.7 4-5 8 3 

d 66.9 10.7 4-6 7 5 

dr 66.9 10.7 4-7 7 3 

ds 66.9 10.7 4-7 7 3 

dt 66.9 10.7 4-9a 8 3 

du 66.9 10.7 4-9a 8 3 

dv 67.0 30.0 4-3 8 2 

dw 67.3 17.0 4-13a 9 3 
dx 67.4 27.7 4-15a 8 X 

dy !08.0 17.3 4-2a 10 3 

dz 68.0 17.3 4-13a 9 4 
ea 68.0 16.2 4-13a 9 3 

eb 68.1 14.8 4-17 10 3 1 

ec 68.2 29.1 3-30 9 1 1 1 2 

ed 68.2 9.9 4-17 7 - 3 
ee 68.3 39.5 4-3 8 1 2 

ef 68.3 44.6 4-8 9 3 

eg 68.5 44.4 3-30 9 1 1 

eh 68.5 38.8 4-8 8 2 1 

ei 70.5 29.3 4-8 10 3 

ej 70.6 9.2 4-17 7 3 1 
ek 70.8 39.7 4-3 7 3 

el 71.0 33.6 3-30 9 3 

em 71.2 7.0 4-15a 7 1 4 
en 71.2 7.0 4-15b 8 4
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Table 3-2. Gamma spectrometry locations, plot locations, and interpretations.  
page 4 of 4 

Location East North Spectrum Plot 'Gamma Ray Intensitri 

.ID (m) (m)Set I Chart Bkg. ICs-137 Co-60 Th-2321Ra-22Eu-I54 

eo 73.0 16.7 4-17 8 3 1 
p 73.2 27.1 4-8 10 2 

eq 73.4 9.1 4-17 8 3 1 

er 73.8 10.1 4-17 8 3 1 

es 74.0 37.7 4-3 7 1 3 
et 74.4 28.3 4-8 10 3 

eu 74.5 29.3 3-30 8 1 3 
ev 75.0 33.1 4-8 7 3 

ew 75.1 35.4 4-15b 8 1 3 

ex 76.3 40.3 4-8 6 2 1 
ey 78.6 25.6 4-3 8 4 

ez 79.6 35.5 4-8 8 1 1 

fa 79.7 18.4 3-30 7 - 4 
fb 80.5 10.8 3-30 8 3 
fc 80.6 31.7 4-8 9 - 1 1 

fd 81.7 132 3-30 8 2 
fe 82.8 39.0 4-3 7 2 

if 1 83.6 37.0 4-8 9 2 

f 84.4 40.31 4-8 8 - 2 
fl 88.6 4.11 4-1 8 X 

fi 92.0 48.01 4-5 7 - 3 
(j 1 94.0 60.7 4-5 7 2 

fk 95.9 55.1 3-31 8 - 1 
fB 98.4 48.21 4-5 7 - 3 

fin 100.0 58.01 4-9a 8 X 

I 1 100.2 58.9 4-5 7 3 

fo 102.9 24.3 3-30 7 1 4 
fp 102.9 24.3 3-30 7 4 
tq 103.7 36.4 3-31 7 X 

fr 110.0 35.0 3-31 8 X 
fs 113.1 55.8 4-1 7 1 
ft 114.9 41.9 3-31 7 3 

fu 116.6 59.8 3-31 7 X 
ft 4-9a 7 4 

fw 4-9a 7 3 
f, 4-9a 7 1 
fir 4-9a 7 1 

ft 4-15b 8 4 

_• _ 4-15b 8 3 
- 4-17 9 3 

_,_ 4-17 9 3 

gd 4-17 10 X 
"aTh-232 and Ra-226 are represented by their decay products.  

bBkg = <1.5 x background; I = <4 x background; 2 = <1 0 x background; 

3 = <100 x background; 4 = <i,000 x background; 5 = <1 0,000 x background.

LamI.ds Tab 32 W91899
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Figure 3-9. Examples of four gamma ray specta showing background, Cs-I 37, Cs-i 37 + Co-60, and Th-232 d.p. contamination.



The locations where specific surveys were performed for beta or alpha contamination 

are shown in Figure 3-10: The results of the surveys are given in Table 3-3. Measurements 

were taken in the hallway, just outside the offices towards the shop, the alcove to the north 

of this hallway, selected areas in the Shop, near the electric panels in the northeast area of the 

shop, and on the asphalt to the east of the Shop. The results in Table 3-3 are based on single 

measurements of 1 minute duration, with the detector probe stationary.  

The survey results for S-3 and S-4 in the hallway outside of the offices (grids 40E:24N 

and 23E:25N) support the results from field gamma spectra indicating there is residual Cs-137 

in this area. The beta results indicate a residual of about 2,700 to 4,000 dpm/100 sq cm, even 

though the external gamma exposure rate is near background. Field gamma spectra from this 

area showed low levels of Cs-137. Based on the field gamma spectra results which showed no 

residual Cs-137 in the alcove by the electric panels at 32E:28N, the measurement at this 

location (S-5) was used as background, as indicated in Table 3-3.  

The beta survey results in the shop range up to over 10,000 dpm/100 sq. cm (S-20 and 

S-21). Surveys of several areas that were scabbled verify that scabbling reduces the level of 

residual activity.  

The measurements for alpha contamination were limited .to the area of the electrical 

panel in the northeast area of the shop where RCC reportedly performed work with thorium.  

A sample by the NRC from this area, analyzed by RHB, indicated Th-230 (primarily an alpha 

emitter) and Th-232. The surveys in this area indicate elevated alpha activity and elevated 

beta activity. The results for S-24 and S-25 indicate that scabbling reduced both the beta and 

alpha contamination concentrations. The area of the S-27 sample is apparently on concrete 

placed by the new owner after the former radioactive materials work. It shows essentially no 

contamination.  

The measurements at S-30 to S-33 were taken on the asphalt to the east of the Shop.  

S-30 is near the concrete slab where thorium contamination was detected in samples (see 

Chapter 4). S-31 to 33 are for areas of elevated external gamma exposure rates.
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Table 3-3. Measurements of surface contamination, beta and alpha.

dpmtIOO cm&2: cpm 

Grid Location Beta Alpha Beta Alpa 

M~ess Ealt Not I2M 22I £amJ 2Wi) Area of Skte 
Area' I Shop 

S-1 63 24 183 3967 

6-2 62 24 145 2700 

S-3 40 24 144 2867 Back towards offices 

S-4 23 25 137 2433 Office shop door. indication of Cs-137 

6-5 32 28 64 0 Near office. no .ndical3on of Cs-137: near eiectmc nel b office 

NO Ca-i 37; used as background.

s-6 25 25 
6-7 15.3 28 
6-8 52 14 
6-0 51 12 

S-10 52 12 
6-11 53 12 
6-12 52 15 
S-13 54 18 
S-14 64 17 
S-15 53 16 
6-16 63 14 
S-17 64.6 9.5 
6-18 63 10 
S-19 2 28 
"5-28 61.- 27.8 
6-21 62.1 27.7 
S-21 62.1 27.7 
s-21 62.1 27.7 
6-22 62.6 28.3 
6-23 61.6 27.6 
6-24 61.7 27.5 
S-25 61.6 27.3 
S-26 86.6 26.8 
S-27 60.8 28.5

84 
69 
241 
06 
109 
77 
122 
160 
158 
114 
56 
67 
75 
450 
459 
297 

62 
241 
64 

48 
95

84 
36 
41 
40 
37 
6 
29 
1 
2

657 
167 
5900 
1067 
1500 
433 
1933 

32DO 
3133 
1867 
zero 
100 
IMR7

Utility Room 
Shop, Hot Lab #1 
Scabbled Area 

Unscabbled Area 
Unscabbled Area 
Sr-.O Lab 

Corner of Hot Ceals 4 & 5 

New Concrete

12867 8194 Near Electc Panel, NRCORHB indicatio of Th.230 and -232.  
13167 3455 Near Electic Panel. NRC/RH• indication'of Th-230 and -232.  

7767 3949 Near Electric Panel. NRCIRHM indication of Th-23O and -232.  

3850 Near Electric Panel, NRC/RHB indication of Th-230 and -232.  

3554 Near Electric Pane, NRCiRHS indication of Th-230 and -232.  

600 691 Near Electric Panel. NRC/RHB Indication of Th-230 and -232.  

5900 2764 Near Electric Panel, NRCIRHB Indication of Th-230 and -232.  

667 0 Near Electric Panel. NRCIRHB Indication of Th-230 and -232. Area 8caJbled 

99 Near Electric Panel, NRCIR•IB indication of Th-230 and -232. Area Scabbled

zero 
4 1033

Area In Ceiling, Former Vent 
s-28 65 18.3 6880 
6-29 67 14-16

Area Out-side; an Asphalt 
"6-30 71 3W3.2 759 
6-31 76.6 18.4 40000 
8-32 78.6 25.7 14800 
6-33 79 18 14000 

Beta error term 0 1000 dOwlOO On 
Alpha errorterma 1000 dO'pmtlo 

Convention, corn to dom.'lO0 cma 
Ideal Efficaency 
Field Equtv % Effidency Ae of rletseor (cm^2)

23167 
1331200 
484533 
484533

296 Upper level of concrete by Electric Panel, appears to be new concrete

Cs-137. m~nimrl CoW.OO purln 
Window ledge on East End of Shop 

Area by Concrete Pad, east side

15.000 cpm garm Bk 4, p. 10 

Could caic beta from surface contam.

Area generaly lk to 5 k cpm 4inby6 insma

r242% 1 sigma 
m92 35% 1 sigma (normal d'istritlon doent realty apply for i-s low of counts) 

35% 34% afcgtonds 
20% 2D% "nets Aloh 

15 5.1 crm com 
tet33 64 1

Surface survey rmalfds; 814/99; M28 PM
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3.4 SUPPLEMENTAL SURVEYS

Radiation surveys were performed for the rain down spouts for the main building and 

for the storm water catch basin on the southwest corner of the site. These results are 

summarized in Table 3-4. The locations where measurements were made are shown in Figure 

3-11.  

There appeared to be no residual contamination associated with the roof down spouts.  

Some of the gamma survey and beta survey results in Table 3-4 appear to be above 

background, but assessments by those performing the surveys indicated these values were 

shine from the surface below. Although the G.M. pancake beta counter responds primarily to 

beta, it also has some sensitivity to gamma radiation.  

The catch basin in the southwest corner of the Site contains residual contamination of 

over 70 uR/hr. The water and much of the debris were removed from the basin, but all of the 

debris was not removed. The peak residual contamination may be higher than that indicated.  

The discharge from the catch basin appears to go into 5-cm diameter pipes which go under the 

sidewalk, and discharge to the street. However, there are three pipes exiting the basin and 

only two pipes in the curb in the street. It is possible one of the pipes goes to a sewer. The 

exposure rate on these pipes, as they exited the basin, are about 10 uR/hr above background, 

but the exposure rate was background at the curb in the street. The apparent elevated 

exposure rate in the pipes may be due to shine from the contamination in the catch box.
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Table 3-4. Surveys of rain gutters and storm catch basin.

Grids 
Location F North 

Rain Gutters, Main Building 
Measurements on Top of Building 
On North 68 28 
On North 36 28 

On North 31 28 
On North 21 28

On South 
On South 
On South 
On South

68 
36 
18 
13

9 9 
9 
9

Storm Catch Basin; Southwest Comer of 

Bottom of Basin 00 00 
12 cn from surface 00 00

Gamma 
Exp Rate 
uPlhr 

1.5.  
1.5 

Bkgd 
Bkgd 

Bkgd 
4.5 

Bkgd 
Bkgd 

Site 
53 
74

Note: Values denoted as Bkgd are equal to natural badcgound.  

3-26

Beta 
dprn per 
100 sQ cm 

123 
Bkgd 
Bkgd 
Bkgd 

47 
Bkgd 
207 

Bkgd 

Not measured 
Not measured
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4. SAMPLING AND SUBSURFACE INVESTIGATIONS

Implementation of the SAP included extensive sampling and analysis of samples and 

performing special investigations to more completely characterize the presence of residual 

contamination at the Site. This chapter presents the results of these efforts. The principal 

effort, the drilling of boreholes and related sampling are presented in Section 4.1. The results 

of gamma logging (placing a detector in the boring and recording the radiation reading) are 

given in Section 4.2. The results of sampling and analysis for Sr-90 and tritium and C-14 are 

presented separately in Section 4.3 and Section 4.4. The results for assessments of potential 

contamination in the sewer are given in Section 4.5. The results for special sampling and 

na-tysis to characterize background are given in Section 4.6.  

4.1 SURFACE AND SUBSURFACE SAMPLES 

The results of radiation surveys and the information from former operations at the site 

were used to direct much of the drilling of boreholes and collection of samples. However, in 

addition to the "biased" sampling based on historic information and radiation surveys, about 

11 random boreholes were constructed to obtain random subsurface samples. Boreholes were 

constructed using dry techniques, to ensure that contamination from the surface was not 

tracked or transported by drilling fluids to the subsurface. The holes through asphalt and 

concrete were drilled/cut using a jackhammer. Soil samples were taken with bucket augers 

or trowels.  

Many of the biased samples evolved from efforts to clean the surface of concrete in the 

Shop. As the surface of the concrete in contaminated areas was removed by scabbling or 

chipping with a jackhammer, the radiation readings sometimes kept increasing until reaching 

the surface of the soil. In some cases the radiation readings kept going up, even after going 

into the soil. The holes or boreholes constructed through this process are denoted as biased, 

because they were constructed based on the known presence of contamination.  
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In at least three cases in was clear that the samples collected did not reflect the 

primary source of the radiation exposure-the contamination. Based on radiation instrument 

readings it was explicitly clear that there was extensive contamination present, but the 

samples collected did not include material fully characteristic of the source of contamination.  

In two cases (Co-60 Pool area and a steel lined sump to the north of former Hot Cell #4) field 

gamma spectra measurements verified that the source of contamination was Cs-137. In the 

third case, the gamma spectra indicated the presence of elevated levels of Eu-154, a 

radionuclide not previously identified as being included in operations at the site. The Eu-154 

source of contamination is in the "unnamed" bay to the west of Bay A, at the east end of the 

site. Eu-154 has used for human bone-density work and this contamination might be a sealed 

source in the quantity of millicuries of activity. The area has been sealed off with a fence and 

the source left in place for recovery during site decontamination. No samples were taken at 

this location.  

Figure 4-1 shows the locations where samples were collected. The samples included 

both surface material and subsurface samples. The analytical results for these samples are 

given in Table 4-1 and Table 4-2. For simplicity and readability, the analytical data in Table 

4-1 are limited to the concentrations of the primary radionuclides of concern for 

characterization of the Site and they are organized into groups for different areas of the Site.  

Specifically, since the data indicate that the concentrations of the uranium isotopes (U-234, 

U-238, and U-235) are in the same ratios as natural uranium, only the results for U"238 are 

given. The same is. true for Th-232, where the concentration of Th-228 is not given.  

Furthermore, the analytical error terms or uncertainties are not given, and where values were 

less than the detection limit that value is given with a less than sign. The detailed analytical 

data are given in the appendices in three formats, varying from summarized data to the total 

data packages provided by the analytical laboratories. Data organized similar to the data sets 

in Tables 4-1 and 4-2 are given in Appendix B. The summary table provides data for the 

primary radionuclides and also includes the analytical error terms. A more detailed data 

compilation is also provided in Appendix B. The laboratory data packages and chain-of

custody sheets are given in Appendix D.  

4-2
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"Table 4.4. Analytical rsuft fromborings, genea•fy Indicating subsurface contaminationm

24-. sum DES g•arn.)s 7127 Swmphv 

HcdetNo. Lce r,, r Fwin~lee &GkId Depth U-m3 Th-= R&M~ 

Samnple No.- E GOI N Od# Aram (an) pCi9 IaCUS PCV9 
IFor mer C-14In'tim Lab; residual CS-I13 c.,-*-,r--W&- -•'-- w fo'•_undation; In SW vo..O• 

S24.081380 1 2.0j 9.0 C-14 Lab. SW 254 02 

S24-17KNI1 2 24.4 9.8 _ -14 Lab 0-15 uLo

Match 10 
Fq;. 4-1 

Red 

No. # 
2 

Red 

3 

Red 

4 

Red 

5 

Blue 

6 
YeOU

t =-232 Ra-225 Cs-137 CoW K-40 
pCVg pcbg PCvg pcdg pCUO 

1.1 65.0 -0.2 19.0 

-0.6 c0.2 40.2 16.9

- 0.7 150.0 ' 0.3 20.2

-c0.8 ,'0.3 •0.2 23.6 
' 0.4 '0.1 '0.1 20.1 
' 0.6 20.5 1.4 19.1 
• 0.7 0.3 2.4 18.3 

•0.5 117.0 -0.2 18.2 
•0.7 366.0 - 0.2 19.8

Area of Former Co04 Pool; Placed 2 borings 

24-07KNM1 14 68.0 10.0 Co-e0 poo 20-25 0.4 0.8 A1.1 0.9 (0.6 479.0 '0.3 2D.1 

244-7KNC2 14 Co-.4pool 26-45 0.3 0.5 '1.0 1.0 0.9 610.0 '0.1 19.0 

24-160864 14 66.0 10.0 IK2 sp•t 26.45 -1.7 '0.4 880.0 '0.1 22.0 

24-080801 14 68.0 10.0 51-68 0.3 0.6 -4.7 0.8 -1.2 4700.0 '0.3 192 

24-131304 15 - 68.9 10.8 c.50 pool 10- 1.2 0.9 11.5 -0.3 19.S 

24-150805 15 Co.w pad 60-76 0.6 1.0 7.4 '0.1 20.6 

24-158O05-O 15 Co-l pod 60-76 0.3 1.1 6.3 c0.2 15.9 

24-1508W 15 Co.60 pool 76-86 0.6 0.7 7.1 c 0.3 16.0 

Samples *am te Area of Former Hot Cel 85; show subs•,•,• e ,o-nbmr-A-L, 

24-160801 16 66.3 17.1 Hot Cell 5 0-15 I 0.8 1.6 124.0 0.8 20.7 

24-160860 16 Oup DOl 0-15 - 0.7 1.1 120.0 0.7 19.0 

24-160102 16 East Wall ahp 15-30 0.2 0.9 40.4 0.2 16.9 

24-1608M3 17 673 17.0 0-15 0.3 Check 1.5 2.8 < 0.3 24.1 

24-160B03-0 17 Dulc: 02 1.4 3.9 <0.2 25.2 

.24-160504 17 15-30 0.4 c 0.7 ' 0.1 - 02 17.7 

24-160D06 18 68.0 16.2 EShopWON 0-15 0.9 c0.5 0.9 1.5 41.6 0.2 15.7 

24-16DB07 18 15-3D 0.7 -0.9 0.9 1.5 288.0 0.9 18.6 

24-161861 18 D01 D807 15-30 0.9 • 1.1 12 0.7 3420 0.6 16.6 

24-1601505 19 68.0 17.3 E ShopWag 15-30 0.3 0.4 L8.0 0.8 2.5 5520.0 2.4 17.6 

Area by Electrical Panel, on Side of Sh 

24-160838 32 59.6 27.3 NwElectr 0-6 0.3 0.4 0.4 0.9 ' 0.8 ' 0.1 < 0.2 22.7 

24-160839 32 Panel w! r 6-12 1.0 0.2 0.4 1.0 -0.1 '0.1 25.8 

24-160,40 33 67.4 27.4 NRC & fto 046 0.4 0.5 0.4 0.7 - 0.4 ' 0.2-'i 0.2 24.1 

24-160841 33 had i-h vanpe 6-12 0.9 0.2 17 '0.9 -0.2 40.3 27.0 

24-160842 34 • 55.5 27.4 0-6 0.4 0.4 0.4 1.0 1.0 0.1 'c0.2 23.6 

24-160842-0 34 0-6 0.5 0.8 '0.1 40.1 19.6 

24-16DB43 34 6-12 0.8 0.5 0.5 1.1 < 0.1 -0.2 25.3 

Exterior Ara Outside,. East of Shop 

Concrete Pad; re Thorium I Sampe on joamt wn ouide o pod.  

24-08B02 51 75.0 33.0 East old Pad 08 170.0 3890.0 S0. 470.0 258.0 34.1 '0.8 40.0 

";4.0890B2 51 75.0 33.0 Lob Dup O002 0-8 4010.0 360.0 

24-80802-D 51 75.0 33.0 Lab Dp 002 0-8 44.9 242.0 29.6 • 1.0 37.0 

24-1608-5 51 75.0 33.0 Lab Dup 065 0-8 155.0 

24-1608-65 51 75.0 33.0 RAE Dup 0502 0-8 149.0 3870.0 45.8 420.0 235.0 30.3 ' 0.9 36.0 

24-080803 51 75.0 33.0 Ees side Pad 6-10 88.0 15.3 10.8 16.0 0.4 -0.2 23.4 

24-16D8-66 51 75.0 33.0 Dup D8E3 6-10 15.6 177.0 13.8 18.0 25.5 0.6 '0.2 19.8 

24-150B01 52 71.0 33.0 WestisidePad 0-5 43.0 2240.0 44.4 182.0 171.0 92.0 '0.6 29.8 

24-150B02 52 71.0 33.0 West aide Pad 5-10 63.0 3960.0 47.7 450.0 236.0 30.2 '1.0 32.0

Areas In Asphlt 
24080804 53 84.0 34.0 Asphalt Chip 

24-07JS-1 54 93.0 60.0 rer asphOt
9.0 0.6

8.3 10.2 0.2 19.3 'c0.6 'c0.2 -0.3 17.4

24-160818 5 55.4 18.8 Hot Ce#2 ' •0.  

Area of P&f Cell 14; Boft~s generally placed sed on removal of conadof on nsuace of floor.  

24-160816 III Hot Cal 0-15 0.5 

24-160B17 11 59.3 18.3 15-30 0.5 

24-160808 12 61.8 17.6 0-15 0.6 

24-16D80 12 " 15-30 0.4 

24-160810 13 62.7 17.1 0-15 • 0.7 

24-160Bll 13 15M30 41.1
w..
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The sample results in Table 4-1 are grouped into categories (generally blocked in table) 

and tied to color codes in Figure 4-1. Table 4-1 is a summary presentation for the samples 

where contamination was detected and/or areas where contamination might be expected to 

occur. Eleven of the boreholes for samples were placed on a random basis to provide the 

concept of a statistical assessment as to whether contamination was present in subsurface 

areas other than those that had been identified. The results for these locations, Holes 9, 11, 

25, 26, 29, 30, 31, 32, 33, 34, and 35 are given in Table 4-2. The data for off-site background 

samples, and samples of materials used to decontaminate the sampling equipment are also 

given in Table 4-2.  

The borehole sampling identified four areas with significant subsurface contamination.  

These areas, identified as areas 1, 2, 3, and 4 in Table 4-1 are color coded red in Figure 4-1.  

In addition to the four contaminated subsurface areas identified by sampling, radiation 

monitoring identified the probable presence of significant subsurface contamination beneath 

a steel lined sump identified as Hole 28 on Figure 4-1.  

The sump (Hole 28) had been filled with material and covered with a steel plate at 

grade, but there was visual evidence~of something in the subsurface. There was not a 

significant radiation anomaly at the surface, but the visual anomaly (square, about 50 cm by 

50 cm) was near a sewer vent pipe, and the area was investigated as part of the investigation 

of sewers. The sump had been filled with rubble, and housed an extensive live roach 

population. There were three pipes exiting the sump, but the roach population appeared to 

be limited to the sump. After being exterminated in April, roaches returned in August and 

September implying a connection with a sewer or other haven for roaches. The material in the 

sump was not contaminated, but the radiation anomaly in the lower southern area of the sump 

(about 90 cm deep) was about 5 mR/h. Samples could not be taken without destroying the 

sump, and the decision was made to not intrude on the area during the site characterization.  

The areas with boreholes indicating subsurface contamination in Figure 4-1 are: 

1. The southwest corner of the Tritium/C-14 Lab, coordinates about 21E:9N.  
Efforts to remediate the floor in the southwest corner (Hole 1) evolved into 

removing about 1 square meter of concrete and a section of the foundation 
extending out into the driveway on the south. The efforts for remediation 
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were terminated before all of the material with residual Cs-137 (based on 

field gamma spectra and the samples) was removed. It is not known how 

far the area of contamination extends under the driveway or foundation, nor 

whether the contamination resulted from storage of waste in this area (some 

historic records indicate there had been a waste storage area at this 

location) or from leakage from the outside.  

No# Hole 8 is not specifically identified as an area of subsurface 

contamination. This sample was taken from under a wall plate 

(removed the wall) and is from the area of Hot Cell #2, the Sr-90 Hot 

Cell. The borehole ended on a footing and did not penetrate to soil. It 

is not known whether the contamination extends to the soil.  

2. Samples from Holes 12 and 13 indicate Cs-137 contamination. The gamma 

exposure rate in Hole 12 (66,700 cpm with a 1-inch Na!) reflects higher 

concentrations than indicated by the sample result of 20 pCi/g. The 

implication is there is more concentrated contamination in adjacent soils 

than was collected in the sample. Hole 11, for which the result did not 

indicate contamination, is included in this grouping because of its proximity.  

This is the former area of Hot Cell #4.  

3. Holes 14 and 15 are boreholes that extend into the former Co-60 Pool (i.e., 

this is predicated on the presumed position of the pool from the SAP). Both 

boreholes were hand augered to depths of refusal, when it was no longer 

possible to drive a PVC pipe down within the augered hole. Hole 14 was 

augered to a depth of about 3 meters, but it was only possible to drive the 

pipe to about 180 cm and gamma log the hole to 245 cm. The material in 

Hole 14 was relatively dry in the upper section of the hole and became moist 

at about 132 cm (52 inches). At about 245 cm material became sandier and 

drier. The pipe insertion was stopped by something that prevented driving.  

it to greater depths, possibly a wall of the Co-60 Pool.  

Gamma logging Hole 14 indicated high localized radioactivity at 25 cm 

beneath the surface of the concrete extending to about 30 cm, and remaining 

very elevated to a depth of about 50 cm. The radioactivity is primarily 

Cs-137, based on field gamma spectra, and the maximum levels appear to 

be very localized. The maximum saturated a Ludlum 2221 with a 1-in 

diameter Na! Ludlum probe at 1 million counts per minute (cpm). The HPS 

Cypher with a 1-in NaI probe also saturated at 19 million (cpm).  

Instruments usually show under estimates, versus over estimates when 

they saturate. The measurements were made through the wall of a 4-inch 

diameter PVC (schedule 40) pipe. The source seemed to be so localized, that 

the position of the detector in the pipe affected the measurement.  

Assessments were also made using a HPS dosimeter with a 200 keV 

threshold (above 200 keV) and a G.M. pancake detector (using the back of 

the detector provides a significant reduction in the low photon energy 

response). Using these the detectors the following estimates of exposure 
rates are obtained: 
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Detector Comment Eeg keYŽ Exposure (mrem/hr) 
Cypher Nal Saturated >60 key About 200 or higher 

HPS Dosimeter >200 key 6 

G.M. Pancake Low Energy cutoff 5 

Field gamma spectra taken in the hole also showed an unusually high low 

energy component.  

The gamma borehole results show a much higher quantity of Cs-137 than 

is reflected in the sample results. Although the samples show relatively 

high concentrations of Cs-137, the borehole logging assessments indicated 

the primary source of contamination was off to the side of the borehole.  

The samples and gamma borehole logs from Hole "15 verify the presence of 

Cs-137, but in smaller quantities than indicated for Hole 14.  

4. Holes 16-19, at the east end of the Shop are in the area of former Hot Cell 

#5, which apparently had subsurface tubes for storing sources. The 

contamination in these holes is essentially all from Cs-137, with possible 

traces from Co-60. The results from gamma logging of these holes are 

reflected by the analytical Cs-137 results. The high Cs-137 concentrations 

in the holes near the wall indicate the possibility of contamination in or 

under the foundation of the building.  

5. The area of the electric panels, Holes 32-34, is specifically addressed 

because of the assessments by the NRC and RHB during the initial 

assessments. A sample of concrete from this area was found to contain 

elevated concentrations of Th-232, uranium, and Th-230. Much of this area 

was scabbled before placing the boreholes listed in Table 4-1. There appears 

to be no subsurface contamination in this area.  

H#28 Not sampled, but the location is highlighted because of the indication of 

subsurface contamination based on radiation measurements in the 
sump

6. There are considerable elevations in the gamma exposure rate around the 

concrete slab located to the northeast of the rear door of the Shop. Field 

gamma spectra measurements identified the presence of Th-232 (decay 

products) and Cs-137. The analytical results show elevated concentrations 

of Th-232, uranium, and Cs-137; and most notably highly elevated 

concentrations of Th-230. Th-230 is primarily an alpha emitter, with 

essentially no gamma or beta emissions, and hence is difficult to detect by 

field monitoring. The samples are from small areas near the edge of the 

slab. Contamination may extend to greater depths and under the pad.  

The combination of the Th-232 and U-238 equal about 0.5 percent by weight 

or about 10 times the regulatory threshold definition of source material 

(0.05 percent, 10 CFR 40).
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Holes 53 and 54 are holes dug through the asphalt to assess the depth 

distribution of contamination. Hole 53 was a small chip (about 100 grams) 

from an area of high beta contamination. Hole 54 is from a location where 

the contamination extended down through the asphalt and appears to be in 

the soil under the asphalt. This hole is discussed in Section 4.2.  

The results for samples from the other boreholes in the shop generally indicate natural 

background concentrations of radionuclides, with minimal impact of residuals from the former 

facility operations. The results for these samples are given in Table 4-2. The boreholes are 

grouped according to several areas of the site, to assist in visually relating the results to areas.  

The results for 11 boreholes, basically positioned on a random basis, are given in Table 

4-2. These holes were positioned in areas where there was not donitive contamination on the 

floor, and outside of the areas of primary concern in the former Hot Cells or the Co-60 Pool.  

The results of all of these samples generally reflect natural background concentrations of 

radionuclides. The average and standard deviation of the results is given at the bottom of the 

tabulation of these results.  

The results for background samples from the two off-site background locations are also 

given in Table 4-2. The average and standard deviation for these results are given at the 

bottom of the tabulation.  

The analytical results for two sets of sample decontamination materials are given in 

Table 4-2. These samples were composed of dry and moist paper towels used to decontaminate 

the sampling equipment. Water was not used for decontamination of sampling equipment so 

that there would not be liquid effluents or liquid radioactive waste. These samples indicate 

reasonable decontamination of the equipment with the dry/moist technique.  

4.2 ASSESSMENT OF THE ASPHALT AND PROFILE OF CONTAMINATION 

The gamma survey results given in Chapter 3 indicate extensive contamination of the 

asphalt to the rear of the Shop and in the driveway to the south. Assessments were performed 
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to evaluate the surface distribution of the contamination, the depth profile of the 

contamination, and the possible options for decontamination. In part, the efforts focused on 

determining whether the contamination was on the surface, where it could possibly be 

relatively easily removed, or whether it extended into the asphalt and the soil underneath.  

Sections 4.2.1 and 4.2.3 provide the results of several case studies.  

4.2.1 Surface Distribution of Contamination on the Asphalt in the Rear Lot 

Detailed gamma surveys, using a 1-inch NaI detector were performed to evaluate the 

distribution of the contamination in the area behind the Shop and to the north. Detailed 

surveys (time efforts of about 5 minutes per 1-m by 1-m grids) indicated that much of the 

contamination was in the cracks of the asphalt. The exposure rate for the unbroken 

(uncracked) surface was at times near background, but localized elevations in most of the 

cracks were greater than twice background, due to contamination in very small areas. The 

asphalt in this area was very cracked (apparently due to age), and most of the cracks exhibited 

these localized areas of contamination. The un-named bay to the west of Bay A had similar 

features. Most of these areas were contaminated with Cs-137, based on field gamma spectra, 

but the area near the concrete slab (71E:31N) also contains elevated levels of Th-232 and 

probably Th-230. The excavated areas were filled with concrete to return the surfaces to grade 

and prevent ponding/infiltration of precipitation.  

4.2.2 Area in NE Corner of Site, West of Bay A 

Three areas of asphalt on the northeastern part of the Site near Bay A exhibited 

elevated gamma readings and were investigated. The first area, slightly smaller than 1 in, 

was located at grid 100E:58N, and was about 7 uR/hr above background. The asphalt 

appeared to be in relatively good condition, but not particularly new. The apparent age may 

be misleading due to the fact that this area is covered by an overhang from Bay A. Using an 

electrically powered chipping hammer, about 0.5 cm of asphalt was removed. The grid was 

then re-surveyed and the gamma readings decreased only slightly. After complete removal
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of the 6-7 cm asphalt layer the exposure rate was at background. A survey with a G.M.  

Pancake for beta contamination also indicated background.  

The second area was about 2 m2 in size and was located at about 93E:60N. The 

chipping hammer was used to remove a thin layer of asphalt and the area was re-surveyed.  

The gamma radiation readings were higher after the chipping. Upon further chipping it was 

determined that a second layer of asphalt existed under the first layer, and it appeared that 

the excavated hole was at the edge of the lower asphalt layer (see Figure 4-2). Based upon 

several iterations of chipping, digging, and surveying, it appeared that the contamination was 

in the lower layer of asphalt, also in the surrounding soil, and possibly beneath the lower layer 

of asphalt. The upper layer of asphalt appeared to be at background using a gamma probe, 

but some contamination was observed on the bottom surface of the upper layer when surveyed 

with a G.M. pancake beta probe. This contamination may have been due to its contact with 

the contaminated lower layer.. The upper layer of asphalt appeared to be fairly new 

(dark-colored) and was reasonably soft and pliable. The lower layer appeared to be much older 

(lighter-colored) and was relatively hard and brittle. Decontamination was not completed, so 

the asphalt pieces were replaced into the excavated area and it was sealed to grade with 

concrete.  

The third area was several square meters in size and was located in and around grid 

96E:50N. The area is covered by an outdoor bay, open at both ends, which is attachedto Bay 

A on the west side, near the roll-up door. This area exhibited two spots which were several 

times background. Further detailed surveys indicated that the contamination around these 

spots was fairly pervasive and appeared to be located in the cracks of the asphalt. Further 

investigation of this area was limited to one small spot near the northern wall of the outdoor 

bay, within grid 53N and 97E. Using hand tools, about one square foot of asphalt was 

removed. There was only one layer of asphalt and the contamination appeared to be located 

at the interface of the asphalt and the underlying soil. After removal of the crumbled asphalt 

and a small amount of soil, the area was remediated to less than twice background.
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4.2.3 Case Studies of Contaminated Asphalt in Center of Rear Lot 

Two asphalt areas located in about the middle of the back parking lot, exhibited 

elevated gamma readings. These areas were chosen for further study because they appeared 

to be relatively isolated hot spots.  

The one area was at grid 88E:41N. Using hand tools and the chipping hammer, a thin 

layer of asphalt was removed. Upon re-survey, the gamma reading was higher. Further 

asphalt removal, about 0.3 sq meters overall, revealed that their were actually two layers of 

asphalt. The bottom layer of asphalt appeared to be contaminated along with the underlying 

soil, while the top layer appeared to be clean. This area was not remediated and the area was 

backfilled with concrete.  

The second area was near the entrance to a below-grade concrete loading dock. The 

loading dock was about 3.5 meters wide and extended from about 76E, sloping below-grade 

toward the west, ending butted up against the building. The low area is about 1.5 meters 

below grade and was full of water. According to the building owner, the loading dock was 

installed after the use of radioactive materials had ceased at the site. The gamma surveys 

indicated residual contamination in the joints and area surrounding the loading dock. The 

asphalt in this area of the parking lot appears to be well-aged with a lot of cracks.* The cracks 

in two areas were investigated, one in front of the entrance (80E:24N) to the loading doc& and 

one on the side (75E:26N). A thin layer of asphalt was removed, along the axis of a crack at 

both locations. The areas were then re-surveyed and the contamination appeared to be further 

down in the cracks. Removal of the asphalt by layers was difficult because it was fairly hard 

and brittle. Further investigation revealed in both cases only one layer of asphalt, about 3 

inches thick, which was underlain by soil. The contamination appeared to be located very deep 

within the asphalt, possibly at the interface with the soil. In addition, the contamination 

extended perpendicularly away from the axis of the crack. Neither spot was remediated and 

subsequently both were backfilled to grade with concrete.  
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4.3 ANALYTICAL RESULTS FROM SR-90 SAMPLES 

The results from samples analyzed for Sr-90 are given in Table 4-3 and the sampling 

locations are shown in Figure 4-2. The selection of sample locations was oriented to the former 

Sr-90 Hot Cell area and areas where it was perceived there may be Sr-90 contamination. For 

example, several samples from the boreholes in the area of the former Co-60 pool were 

analyzed incase material with Sr-90 contamination was used to backfill this area.  

The two samples from the area of the former Sr-90 Hot Cell (see Table 4-3 and Figure 

4-2) were the only samples with concentrations of 1 pCi/g or greater. The sample from 

Location #8 (see Figure 4-2), related to the area of the former Hot Cell had a concentration of 

3 pCi/g. The background samples (Table 4-3) all have concentrations well below 1 pCi/g, 

indicating a low level of residual Sr-90 at several of the locations in the Shop, and possibly a 

very low level residual in the sample of asphalt from the rear lot.  

The concentrations of Sr-90 in samples.at all of the locations (Table 4-3) are well below 

the Interim DCGL of 5 pCi/g.  

4.4 RESULTS FOR TRITIUM AND C-14 

The result of samples analyses for tritium and C-14 are given in Table 4-4. The 

locations where samples were collected are indicated in Figure 4-3. There was no indication 

of significant residual contamination from C-14 or tritium.  

4.5 ASSESSMENTS OF SEWERS 

Table 4-5 lists the sewer connections that were investigated and Figure 4-4 shows the 

locations of the connections. The assessments included excavating two floor sumps that had
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Table 4-3. Sr-90 analytica[ results.

Sample 10 B2MOrehle# 
08DB05 01 

09JS05 04 0-15 = 

09JS03 07 0-15 cm 
16DB62 070-15=c 
16DB63 07 15-30 cm 
16DB1 08 

07KNO1 14 20-25 cm 
07KN02 14 25-45 cm 
16D864 14 45 cm 
15DB04 15 10-20 cm 
150805 15 60-75 cm 
15DB06 15 75-85 cm 

16DB05 19 15-30 cm 
08DB03 51 Concrete Pd 
08DB04 53 

17DBOl Background 
170B02 Background 
17DB03 Background 
17DB04 Background

Sr-90 
Locatimon _la) 
C-14 Lab SW comer 0.37

Central area of Shop 

Southcentral shop 
Dup of 09JS03 
Southcentral shop 
Hot Cell Area 

Co-60 Pool 
Co-60 Pool 
Co-60 Pool 
Co60 Pool 
Co-60 Pool 
Co-60 Pool 

East end of Shop 
Rear Lot 
Asphalt, rear lot 

Providencia 
Providencia 
Providencia 
Valencia

0.03 

1.06 
0.80 
0.08 
3.12 

0.03 
0.01 
0.00 
0.02 
0.07 
0.00 

0.17 
0.01 
0.34 

0.01 
0.00 
0.00 
0.00

Values denoted as 0.00 pCi/g were reported as slightly below zero (best estimate).

16DB70 Background Providencia & Lake
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Error Term 

0.09

0.15 

0.12 
0.11 
0.13 
0.16 

0.13 
0.11 
.0.12 
0.12 
0.13 
0.12 

0.12 
0.13 
0.08 

0.07 
4.08 
0.12 
0.25

0.00 0.12
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Table 4-5. Sewer connections that were aessed and checked for contamination.

Coodinstes 
No. Blsfe Logfcio P9is BI RO hn 

Si Shop, Nof Hot Labs 80.2 19.5 14-Apr DEBOS

Vent connect near above

2 Bay B, near door

3 NW area of Shop

Indcatlon of 
Cotamin3 Nont 5e4 lt Inke Cs-137 No no link

Bablcgound

103 24 3130&01 OEM95 Thodum Appears not to 
extend to sewer.

45.5 27.7 9-Apr DEBMS Cs-137 Probably not

Uned sunmp, has connection to near by sewer vent le. Had been 
backflled and covered over. High densIty of roach population.  
Sump about 50cm x 50cm; 00cm deep.  
Three pipes going southedy.  
Source of rediation exposmure Is outside of aump. About 2 mRihr.  

Area preouly Identified as one of highest exposure rates by 
NRC and Callf. RHB surveys.  
Pr-fdecontam~nation exosure rate 350.000 cpm; about 2 mRihr 
Excavation Indicated It was a floor aump flled with granular material.  
After decontaminalion appears there Is no contamination In sewer.  

Former sump, lfted with plaster of parts of groute." mnor gamma elevation.  
Inal contain. 3800 cpm, after removal of 15 cm of material 8341 cpm (lnstr 0 #3).  
After removal of material. box 9.000 cpm. drain pipe appears not to be contain.

4 BoyA 30 103

5 Men's Locker Rm 
Men's Locker Rm

28 25 15-Apr OE9

Background Plugged drain In floor (4-In), just Inside of mandoor.  
Plug seemed to be leaded or solderer In, removed.  

Background Removed toilet to obtain vlable access to sewer. Inserted probe about 20 ft.  
IniatW e shot d have reached main sewer line.

no

a

7 Men's Locker Rm

8 Hael In Office

9 Shop floor, NE ares 

10 UOtlRoom 
11I UnnifyRoom 
12 U"ntRoom 

W of Traning Room

23.5 25.8 

28 25 

23 25

00 23 14-Apr DEBM.p2 3 Cs-137

30 
30 
30

28.5 O-Apr DES 

28.5 -u connections

Inadequate dat Removed plug from clesnout near sinks.  
But, material that had been stuffed In pipe pfrr to Iecing plug prevented access.

Inadequate dot. Drain In floor, aligns with toilet drns.

NO Indlceaton 

Minor Indication

Floor drain In hen to shop In office, outside of Mens Room." 
Trap prevented access to sewer line.

Floor drain In shop eae. former RCC Area. At 3-flt of ent exposure Increased from 
3,400 epm at surface to 10,000 cpm (Cypher 1-n Ni•l). Could only get smell 1/2-lnch 
detector In about 2 ft.

Bacground UIly Room; N of hail, had some type of floor drain 
. Backgroud Sewer connection on aide of wall, vent ine., plugged.  

Sewer conecion on side of will, 4-In metal phl g 
Behind temporary builin used by OGrard for Training, weast of Bay A

Open drabs, plugged drains, and vent pipes 
Appears to Riser for Sewer Vent 

Riser and droin near NE comer of bulding.

100 40-45 

e8 28

Fmai•F."a flt m



Table 4.4. Tritium and C-14 analytical results.  

wRAE ole Gdd -IOeb 

SaTk "o. No. E9 North (oan)

24-09D811 Smears mC-14 Lab C-14 Lab 
24-09DB10 Smears m C-14 Lab C-14 Lab 

24-19O620 Smears of Hoods in C-14 Lab Lab Hoods

C-1' 
pCUa or per -s g Ibr U1mm 

ftsm~', * FInat Sr-i,,, t Udc f

£ 12 201 7 13 22
-16 
.4

24-08O05 1 21.0 9.0 0-15 C-14 Lab SW Corner 6.2 

24-17KNI 2 24.4 9.8 0-15 C-14 Lab 4

24.09JS-7 3 41.5 10.7 0-15 
24-09JS-5 4 41.0 15.0 0-15 

24-O7KNO1 14 66.0 10.0 20-26 Co-60 Pool 
24-07KN02 14 65.0 10.0 26-45 Co.60 Pool 
24-16DB64 14 66.0 10.0 26-45 Dup KNO2 
24-16DB64 14 66.0 10.0 26-45 Lab Dup KNO2 

24-15DB04 15 66.9 10.8 10-20 Co-60 Pool 

24-15D065 15 66.9 10.8 60-76 Co.60 Pool 

24-15DB06 15 66.9 10.8 76-86 Co-60 Pool

12 2D 
12 20 

5,6 9 
52 8.6

1.4 5.2 8.7 
-0.6 5.1 8.5

1.3 0.9 
3.7 
2.8

5.3 8.8 5.1 8.6 
5.3 8.7 
52 8.6

-1.2 5.1 8.6 
0.05 5.2 8.6 

1.5 5.3 8.8

4 
10

13 
13

22 
22

0 M05 '0.08 
L02 004 0.07 

0.02 0.04 0.07 

-0.01 0.06 0.1

Blanks indicate analysis was not performed.  

Minus values are indicative of concentrations near zero and statistical variability.  
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been filled and sealed, removing a toilet and providing access to the sewer through the toilet 

connection, and checking many floor drains and vent pipes.  

Essentially the only place that good access was attained was through the toilet 

connection in the men' locker room (grid 25E:27N). Due to traps in the other connections, 

survey instruments could not be inserted beyond the traps. The only definitive indication of 

contamination was a measurement of about three times background at about 80 cm into a floor 

drain in the central area of the northeast quadrant of the Shop (about 60E:23N), indicated to 

be Cs-137 (field gamma spectrometry). Additional access at this location was not attained.  

The measurement of 10,000 cpm was about 28 uR/hr above the surface background. The 

contamination may be from floor washing versus significant contamination due to discharges 

to the sewer.  

In summary, sufficient access to the sewer was not obtained to make definitive 

measurements to determine whether there is significant contamination in the sewer.  

4.6 MEASUREMENTS OF NATURAL BACKGROUND 

Natural background is dependent on the materials where measurements are made and 

the intended application of the measurements. The primary external gamma background 

values used for the site characterization were taken in front of the facility at grid 04E:19N.  

Field gamma spectra taken at this location verified that there was not residual Cs-137 or other 

gamma emitters from the former licensed operations present or impacting the measurements 

at this location. Off-site gamma background measurements were made in the building to the 

north of the Site and at locations about one-half block to the southwest and one-half mile to 

the south. Soil samples for measurements of background were also obtained at these last two 

off-site locations. The radionuclide concentrations in the samples are given in Table 4-2.  

These data reflect normal background concentrations.
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5. ASSESSMENTS TO SUPPORT USE OF MARSSIM FOR 

FINAL CLOSEOUT SURVEY 

This chapter provides information to support preparation of the final radiation survey 

for unrestricted use of the Site, based on the concepts of MARSSIM (MARSSIM 1998).  

Information on the revised classification of areas is provided and appropriate statistical 

parameters for guidance in developing the final radiation survey for unrestricted use are 

given. Because of the present extent of contamination on the site it is hard to develop 

extensive statistical parameter for use in the final survey. The basic parameters presented 

are for external gamma measurements of natural background ftd the statistical distributions 

for concentrations of radionuclides in soil. The statistical distributions are "interim, work in 

progress" information and may be refined as additional analytical results are obtained and/or 

based on additional analysis of the existing data.  

5.1 CLASSIFICATION OF AREAS: BASED ON MARSSIM IMPACT CLASSES 

Figure 5-1 provides the revised classifications for the Site, based on the MARSSIM 

classifications of impact. The MARSSIM impact classifications are: 

Class 1: Areas of known impact that will probably require 

decontamination to meet the DCGLs-Derived Concentration 
Guideline Levels.  

Class 2: Areas of probable impact, but not expected to exceed the 
DCGLs.  

Class 3: Areas that were impacted, but which have a low probability 

of containing residual contamination above a low fraction of 
the DCGLs.  

Non-impacted Areas not impacted by operations.  

5-1
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Table 5-1 provides detailed information that supplements the classifications in Figure 5-1.  

The classifications are similar to the SAP (Bernhardt 1999), with the primary exceptions being 

identification of contamination from past operations in the northeast area of the site, 

contamination in the storm catch basin on the southwest corner of the site, localized 

contamination in the roof of the shop and east wall of the shop, and contamination in the 

subsurface (Cs-137) of the southwest comer of the former C-14 and Tritium Laboratory. The 

Class 1 area in Bay B has been extensively reduced.  

5.2 INTERIM STATISTICAL ASSESSMENTS OF DATA FOR APPLICATION TO 

DEVELOPMENT OF CLOSEOUT SURVEY 

Information on the statistical distribution of natural background external gamma 

measurements and concentrations of radionuclides in soil, based on the information from this 

site characterization, are given in Table 5-2. Table 5-3 provides the results of the soil samples 

used to develop this data. The external gamma measurements are given in Appendix B.  

The averages and standard deviations for some of the radionuclides in Table 5-2 have 

limited usefulness, since many of the analytical results were below the detection limit.  

The standard deviations for the external gamma measurements yield a coefficient of 

variation of 4 to 8 percent, with an average of about 5 percent.
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Table 5-1. Selected areas of concern

Class Number Identification of Area and Locations 

I Eastern Area of Shop 
Pink Refrigerator room in Area of Shop 

Southern section of former C-14 Tritium Lab 
Bay B, area of former scaled sump, NW comer of bay.  
Storm water catch basin, SW comer of Site 
Walls and Ceilings: 

- Grid on roof, purlin re former vent; 63E: I SN 
- East wall of Shop, section near window 

Western portion of rear asphalt area and northeast section; 
includes "un-named bay west of Bay A 

Driveway on south, east of locked gate at front of site.  
Eastern end of corridor on north of main bnthlding.  

2 Area by Training Room, back by bays.  
Yellow Section of shop area excluding northwest portion.  

Northwest portion of shop 

3 Eastern portion of rear parking lot 
Green Western end of corridor located to the north of the building 

Locker room and mens bathroom, northwest end of Shop Area.  
Remaining Bay areas in Bay B, A, and C & section of asphalt.  
Former C-14 and Tritium lab-B; excluding Class 1 area.  
Walls and ceiling of shop area, and roof including roof over office areal 

other than Class I areas.  

Non-impacted Office space 
_ Front parking lot 

Table 5-1 Massm dascwpd 
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Table 5-2.' Interim summary of statistical parameters of data for natural background

of Desc-riion of Data 
Soil Samples 

Random samples, Shop

Number of 
Values 

26 samples 
11 locations

Actual Analysis with detectable values 
3 pCi.g 
6 pCUg 
25 pCi/g 
6 pCUg 
10 pCUg 
I pOVg 
1 pCVg 

pCVg 

Samples from off4-te area 7 samples 
2 locations 

Actual Analysis with detectable values 
6 pClv 
6 pCVg 
6 pCllg 
6 pClg 
4 PCVg 
78 PCQg 

o pCo

Coefficent 
Mesrmeit of Variation 

Unit or Nucride Av~erage St~ De (ercent

U-238 
Th-230 
Ra-225 
Th-232 
Ra-228 

K-40 
Cs-137 
Co-6o

U-238 
Th-230 
Ra-226 
Th-232 
Ra-228 

K.40 
CS-137 
Co-60

0.4 
0.7 
OA 
0.8 
0.8 
22 
0.2 
0.2 
1

0.6 
0.5 
0.4 
1.0 
0.9 
20 
0.1 
0.2

0.1 
0.2 
02 
0.4 
0.3 
3.0 
0.1 
0.1

0.1 
0.1 
02 
0.1 
0.1 
3.0 
0.1 
0.1

23 35 
38 
49 
31 
14 
22 
29

19 8 

4 
16 
16 
29 
33

External Gamma Background 
Different Instruments Used at Some Locations 

Site near catch basin 
Two instruments 

Std Site Location Q NW 
Ave Instr#1 
Ave lnstr#2-4 
Ave all instrument

Off-site 156 Providencia 
Off-site Sample Locations

14rnch 
INat Detector 

to M Ext Gamma

15 
36 
51

5 
6

coumts/min Ext Gamma 
counts/min Ext Gamma 
counts/min Ext Gamma 

counts/min Exd Gamma 
countstmin Ext Gamma

Overall Averages 

5-5

2608 

2495 
2483 
2460 

2491 

2125 

2444

92 4 

104 4 
108 4 
168 7

102 
165

4 
8

123 5

09/16/1M99:MARSSIM-Tb-5-2jds
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Table 5-3. Samples used to calculate standard deviations of concentrations.  

"do No. LocNti For Samples & GrIl Depth U-238 Th-23O Ra-22= Th-202 Ra-2B Ca-137 Co-4 K-40 

Borigs Placed As Random Saw ludes vepeatOf some sampleS from abovewas" ' 

24-16M614 9 57.4 18.5 HotMCe*13 0-15 02 0. C 0. '0.3 22 

24-16D015 9 Hot Cell 3 15-30 0.6 c0.6 '0.2 -0.2 22 

24W160617 11 59.3 18.3 HotCeall4 0-15 0.5 -0.4 -0.1 A0.1 20 

24-16016 111 15-30 0.5 '0.8 c0.3 -0.2 24

9944-22549 
99-4-220"43 
994W22-0 
99-04-226-1 

994W2-~11 
g9.04-&2-12 
99-04-226-D2 
99-044213-M 
9%434-225-10 

99-04-22M-05 
99-04-226-06 

9904-225M 
9.0&4226-01 
99-4-226-04 

99-04-22-47 
99-04-226-49 
994)4-22S-)5

63.6 19.7 shop 
63.6 19.7 shop 

Lab LO• 062 

61.4 19.5 shop 
shop 

59.5 19.5 shop 
shop 

57.6 19.3 shop 

Lab Dup D619 

shop 

55.2 19.4 shop 

55.2 19.4 Lab Dup D813

0-15 
15.0 
15-30 
0-15 

15-20 

0-15 
15-30 
0-15 
0-15 
15-30 

0-15 
15-30 
15-30

0.2 0.4 
0.5 
0.3 

0.6 
0.3 
0.2 
0.1 
0,5 

0.4 
0.7 
0.6

99-04-226-22 24-160838 32 59.6 27.3 Near Elect Panrl 0-15 0.3 0.4 0.4 

99-04-226-23 24-160639 32 Near Elect Psm 15-30 1.0 0.2 

9a04-226-24 24-166D40 33 57.4 27.4 Near Elect Panel 0-15 0.4 0.5 0.4 

99-04-226-25 24-160941 33 Nw Elect Panel 15-30 0.9 0.2 

99-04-225-26 24-160642 34 55.5 27.4 Now Eect Panel 0-15 0.4 0.4 0.4 

9904-226-03 24-16D042-0 34 Lab Dup 0B42 0-15 0.5 

99-04-226-27 24-160W43 34 No Elect Panel 15-30 0.8 0.5 

99-04-226-2B 24-160D44 35 48.0 23.5 0-15 0.5 

Averages 0.4 0.7 0.4 

Slandard 0eV 0.1 0.2 0.2 

Coeff d V-aratin as% 23 35 38 

Lous than values ekded from cakculaion of average. tc.

1.6 -0.2 c0.2 26 
' 0.8 40.2 c0.2 23 

0o.9 c0.2 '0.2 19 

.c0.6 c 0.2 40.2 19 

-0.6 '0.2 '0.2 23 
1.0 c0.2 c0.2 18 

.0 .5 0.1 40.3 20 

0. 402 -0.1 18 
1.1 '0.1 '0.1 17 

1.3 c 02 - 0.2 23 
' 0.7 '0.2 c02 20 

0.8 '0.1 0.11 is 

0.9 '0.8 'c01 '0.2 23 

0.4 1.0 40.1 '0.1 26 

0.7 < 0.4 '02 40.2 24 

1.7 ' 0.9 < 02 '0 .3 27 
1.0 1.0 0.1 - 0.2 24 

0.8 ' 0.1 '0.1 20 
0.5 1.1 '0.1 - 0.2 25 

1.0 10.2 -0.2 23 

O.8 0.8 0.2 0.2 22 

0.4 0.3 0.0 0.1 3 

49 31 22 26 14

Samples of Natfura Background. Off Ste 
Comer of Lak St & ProvmJdena=: N ste at aquaduct 

99-04-226-79 24-17D001 Lake & Provid 

99-04-220-67 24-16DB-70 Cup 0601 

99.04-226-80 24-17090 

99-04-22B-81 24-17DB03 
Where Vaal a St-mee aqduct. south side of aque t 

99-04-22-6-2 24-17D004 ValAAqd 

9-04-226-09 24-170604-0 Skgd 

~ 24-17080 VoAlen&ad 
Averages 
SW Deviston 

coff Vwuao 
Lou then valtm

0-7 0.5 0.6 0.4 
0-7 0.6 0.5 - 0.3 

0-7 0.6 0.5 0.2 

7-15 0.8 0.5 0.6 

0.5 016 0.3 
0.2 

0.6 0.5 0.4 

0.1 0.0 0.2 

n *s% 19 8 44 
.e akjded from ~cthtia'ons d toage. etc.

1.0 1.0 
1.0 
0.9

-0.7 <0.1 '0.3 20 c0.7 '012 '.13 17 
1.1 '0.1 '0.1 22 
0.9 '0.1 '0.2 20

0.9 0.9 '0.1 4101 26 1.0 ' 0.2 • 0.2 16 

1.0 -• i.0 -c 0.2 c 0.2 26 
1.0 (19 0.1 0.2 20 
0.0 0.1 0.0 0.1 3 

4 16 29 33 16

MARSSIM Statds; 09116/1999

24-16D027 25 
24-16D628 25 

24-16D028-D 25 
24-16D825 26 
24-16D826 25 

24-160921 29 

24-160822 29 
24160819 30 

24-16D019-0 30 
24-16D620 30 

24-160612 31 

24-16D613 31 
24-160813-0 31
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6. SUMMARY AND CONCLUSIONS 

Isotope Specialties Company (IS) manufactured radioactive sealed sources and tracing 

materials (used in pharmaceutical applications) during the 1950's and early 1960's, in 

Burbank, California, at 170 West Providencia (denoted as "Site") under a radioactive materials 

license. Research Chemicals Corporation (RBC) also performed operations at the Site, using 

thorium/rare earth ores, apparently under a separate license. There were several name 

changes and changes in corporate identity and ownership during the operations at the site.  

The Site has subsequently been used by the present property owner (Joseph Thomson) 

and leased to others for commercial/industrial operations. Part of the site is vacant; however 

the rear area is used as an impound lot for Burbank, the front area is rented to adjoining 

properties for parking, and a tenant/proposed owner uses some of the front offices. The lease 

for the impound lot was apparently terminated in September 1999, after the site 

characterization was performed.  

In the mid 1990's the U.S. Nuclear Regulatory Agency (NRC) initiated a program to 

review former sites where radioactive licensing activities had been terminated. Based 'n the 

review of the license and records for termination of license for the site, NRC performed a site 

inspection. The NRC site inspection identified several areas throughout the Site which 

contain elevated gamma radiation levels. The California Department of Health Services, 

Radiologic Health Branch (California RHB) participated in the inspection. Based on the 

inspector's findings, it was concluded that the Site contains radioactive contamination above 

the NRC's current residual radioactivity criteria for release of such facilities for unrestricted 

use, and that additional decontamination is necessary.  

A Sampling and Analysis Plan (SAP), supplemented in response to requests from the 

California Radiologic Health Branch (RHB) (Bernhardt 1998, Bernhardt 1999), was prepared 

to characterize the Site. This site characterization report provides results from implementing 

the SAP. The RHB required that the SAP be performed under a radioactive materials license,
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and. Surface Technology Systems Inc. (STS), a member of the Rogers and Associates 

Engineering Team for the site characterization, provided the license. The site characterization 

was performed during March 29 through April 17, 1999. Due to the contamination of 

radioactivity found on the site, RHB requested that the Site be kept under license and that 

access to contaminated areas of the Site be controlled. The STS license has been kept active 

at the site and periodic visits are made to the site to ensure controls are being properly 

maintained.  

Implementation of the SAP included extensive sampling and analysis of samples, 

comprehensive radiation survey of the site, and performing special investigations to more 

completely characterize the presence of residual contamination at the Site. The results from 

the site investigation indicate that residual contamination on the surface and at several 

subsurface locations exceeds the Interim DCGLs (see Chapter 1) in the SAP (Bernhardt 1999).  

The primary radionuclide contaminant on the site is Cs-137. However, there are also areas 

with extensive contamination of Th-230 and Th-232 and its decay products. Limited 

remediation removed contaminated material above the normal regulatory definition of source 

material of 0.05 percent of total uranium and thorium by weight (estimated concentration in 

removed materials was about 1 percent). There is still contamination in at least one area with 

a source material content of about 0.5 percent by weight. Because of the relatively high levels 

of radiation exposure found in several subsurface locations, the levels of contamination were 

not fully characterized in all of the subsurface areas. Specifically, radiation exposure-rates in 

boreholes in the area used to store Co-60 during the former license operations indicated 

potential exposure rates of about 200 mrem/hr or higher. There was also a steel sump in the 

area of former hot cells with an exposure rate in the milliroentgen per hour range (mR/hr).  

Cs-137 concentrations in samples exceeded several thousand picocuries per gram (Interim 

DCGL is 15 pCilg) and concentrations ofTh-230 in several samples exceeded several thousand 

picocuries per gram (Interim DCGL of 10 pCi/g of total thorium). Low concentrations of 

residual Sr-90 (maximum of 3 pCi/g) were found in several locations, but all identified 

concentrations of Sr-90 were below the Interim DCGL of 5 pCilg).  

The subsurface contamination that was found was generally related to specific areas 

of the former licensed operations (e.g., Co-60 storage pool or the Hot Cells), or based on surface
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radiation anomalies or visual anomalies in the floor. Significant contamination was not found 

in more that 11 randomly located boreholes.  

Numerous potential access points to the sanitary sewer were evaluated and surveyed 

for residual radioactivity. The only complete access was obtained by removing a toilet and 

using that connection. Significant contamination was not found in the sewer system, but it 

is judged that adequate access was not obtained for making final prudent judgement 

concerning the presence of contamination.  

The report contains revisions to the MARSSIM classification map for the site.  

Estimates of selected statistical parameters related to measurements of natural background 

for use in developing the final closeout survey after decontamination of the site are also 

provided.  
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Appendix A

This appendix provides information related to the radioactive materials license. These items 

include the following: 

I. Sections of STS Radioactive materials license.  

2. Letter from California authorizing the use of the license for the Thomson property..  

3. Letter from California approving temporary unrestricted use of specified sections of the 

property.  
4. Results for'rLDs (Table A-2) and summaries of the bioassay results are given after the 

first pink sheet.  

5. The list of instruments and examples of the instrument calibration sheets are given after 

the yellow sheet 
6. The laboratory data packages from Accu Labs and Thermo NUtech are given after the 

blue sheet.  
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TENNESSEE DEPARTMI".NT OF ENVIRONMENT AND CONSERVATION 

DIVISION OF RADIOLOGICAL HEALTH 

RADIOACTIVE MATERIAL LICENSE 

Pursuant to Tennessee Department of Environment and conservation Regulations. and in reliance on statements 

and representations heretofore made by the licensee, a license is hereby issued authorizing the licensee to receive.  

acquire. possess and transfer radioactive material listed below; and to use such radioactive material for the 

purpose(s) and at the place(sJ designated below. This license is subject to all applicable rules and regulations of the 

Tennessee Department of Environment and Conservation and orders of the Division of Radiological Health. now or 

hereafter in effect and to any conditions specified below.  

LICENSEE 3. License number 

1. Name Surface Technology Systcms (STS) R-01085-103 

4. Expiration date 

2. Address 105 Brentwood Drive September 30, 2003 

Oak Ridge, TN 37830 5. File no.  

R.01085 

6. Radioactive Material 8. Chemical and/or physical form a. Maximum Radioactivity and/or 

fElement and Mass Number) quantity of material which licensee 
may possess at any one time.  

See Suppiementary Sheets-.  

10. Authorized Use 

See Supplementary Sheets 

CONDITIONS 

11. Unless otherwise specified. the authorized place of use is the licensee's address stated in item 2, above.  

See Supplementary Sheets 

For the Commissioner 

Tennessee Department of Environment and Conservation 

Date of Issuance Septembe 24, 1998 
Pae of 5 P s VSION OF RAIOLOGICAL HEALTH 

Page tof_ Paes Charles ArnOtt ' 
Sc,•,,€•,, 

•Health Physicist r
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Form 1llS 8-7A 
(9-92) 

rE-•NrNESSEF. DEPARTMENT OF ENVIRONMENT AND CONSERVATION 

DIVISION OF ItRDIOLOGICAL HEALTH 

RADIOACTIVE MATERIAL LICENSE 

Supplementary Shect 

Page 2 of 5 Pages 
Licuse Number R-0 1085-103 

9.aMaxi2mofadiacPivis

6. Radioactive 
Material (Element 
and Mass Number)

A. Uranium - Depleted 
and Natural 

B. Any radioactive material 
with atomic number 
between I and 103, except 
for special nuclear material

C. Uranium 233 

D. Uranium enriched in 

the U-235 isotope 

E. Plutonium

S. Chemical and/or Physical Form

A. Any 

B. Any 

C. Any 

D. Any 

E. Any

9.*Maximum Radioactivity and/or Quantity of 
Material Which 
Licensee May Possess 

at Any One Timune 

A. As necessary for the 

uses authorized in 
Item I0.A Total not 
to cxcced 10 curies.  

B. No single isotope to 
exceed I curic.

C. 200 grams *

D. 350 grams * .of contained U-235 

F. 200 grams *

* For each kind of special nuclear material determine the ratio between the quantity of that special nuclear 

material and the quantity specified here for the same kind of special nuclear material. The sums of such 

ratios for all kinds of special nuclear material in combination shall not exceed "I" (Le. unity).

I I I I



Form RIIS 8-7A 
(9-92) 

TENNESSEE DEIAlTMEN'r OF F.EVI RONMENT AND CONSERVATION 

DIVISION OF RADIOLOGICAL iHEALTH 

RADIOACTIVE MATERIAL LICENSE 

Supplcmientary Sheet 

Page 3 of Pags 
License Number R-0 1085-103 

10. Authorized Use 

A. through E. Possession, storage, packaging, and shipment of radioactive material incident to the surface 

decontamination of structures. components, and items for the purpose of unrcsuicted 

release. Authorized methods of decontamination are the use of the Advanced Recyclable 

Media System (ARMS), wiping and spraying of components, and the scabbling of concrete.  

This liccnse also authorizes surveys. characterization, and remediation of radioactively 

contaminated structures, materials, soils, and soil-like materials. The7s authorizations shall 

be in accordance with statements. reprtsentations, and procedures contained in application 

dated July 6, 1998, with attachments, and the references in Condition 19 of this license.  

Conditions 

12. The licensee slhll comply with applicable provisions of 1200-2-4, 1200-2-5, and 1200-2-10 of"State 

Regulations for Protection Against Radiation." 

13. Operations authorized in Item 10. of this licenve may be conducted at temporary job sites-of, the 

licensee, in arcas not under exclusive Federal jurisdiction, throughout the State of Tennessee.  

Before radioactive materials can be used at a .temporary job site at any Federal facility, the 

jurisdictional status of the job site must be determined. If the jurisdictional status is unknown, the 

Federal agency should be contacted to determine if the job site is under exclusive Federal jurisdiction.  

A response should be obtained in writing or a record should be made of the name and title of the 

person at the Federal agency who provided the determination and the date that it was provided.  

Authorization for use of radioactive materials at job sites under exclusive Federal jurisdiction shall be 

obtained either by:. (I) filing a NRC Form-241 in accordance with 10 CFR 15020(b), "Recognition of 

Agreement State Licenses,"; or (2) by applying for a specific: NRC license.  

Before radioactive materials can be used at a temporary job site in another State, authorization shall be 

obtained from the State if it is an Agreement State. or from the NRC for any non-Agreement State, 

either by filing for reciprocity or applying for a specific license.  

14. A. Radioactive material authorized by this license shall be used by, or under the supervision of. Brad 

Squibb, Stephen V. Prcwett, Ph.D., Steven M. Pocock, David Howe, Deli Reuss, or Paul Gillcspic.  

B. The Radiation Safety Officer for this license is Brad Squibb.



Form RIIS 8-7A 
(9-92) 

TENNESSEE DEPARTMENT OF ENVIRONMENT AND CONSERVATION 

DIVISION OF RADIOLOGICAL IIEALTII 

RADIOACTIVE MATERIAL LICENSE 

SupplenicuttrFy Shect 

Page of 5 Pagrcs License Number R-01OSS-A03 

15. The licensee shall submit to the regulatory agency maintaining jurisdiction in accordance with 

statements, rcprescntations, and procedures containcd in application dated July 6, 1998, with 

attachments, a Decontamination and Deconunissioning (D&D) Plan for each project to be performed 

under this license. This D&D Plan shall be submitted prior to the project bWing performed.  

16. The liccnsee shall maintain conmplcte and accurate records of the receipt and disposal of radioactive 

material. The licensee shalL. for radioactive material no longer useful for any purpose and for any 

equipment or supplies contaminated with such material for which further use and decontamination is 

not planned, define those materials as radioactive waste and treat them as such in accordance with the 

following provisions: 

A. Radioactive waste material shall not be stored with non-radioactive waste.  

B. A written record of all radioactive waste material shall be maintained intil it has been determined 

by a suitable survey or r-dioassay that it has decayed to background levels or until it Ias been 

shipped to an authorized recipient in accordance with all applicable regulations. Accountability cof 

radioactive waste material prepared for shipment but not yet shipped from the licensce's premises 

shall be maintained by the licensee by an intenal record system such that the licensee is constantly 

aware of the material's location and the proposed time of shipment. Individuals who are involved 

in the shipping of such material and/or the storage of such material prior to shipment. shall be 

trained in the precautions necessmay for such handling and storage.  

C. For material which has decayed to background levels as determined by radioassay or external level 

as measured with appropriately cahlrated instruments, records shal indicate that the material was 

determined to be no longer radioactive and will indicate the methods and results of the survey or 

analysis.  

D. Shipment records of radioactive waste material shall be maintained and the leee shall require 

written confirmation fiom the authorized recipient of such material that this material has been 

received.  

E. AU records and written confirmations required by this condition shall be maintained for inspection 

by the DepartmfentL 

The requirements for this condition are in addition to any other requirements for the handling and/or 

disposal of radioactive material contained in this license and "State Regulations for Protection Against 

Radiation." 

A-S.
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Form RIIS 9-7A, 
(9-92) 

"TENNE SSEE DEPARTMhENT OF ENVIRONMENT AND CONSERVATION 

DIVISION OF RADIOLOGICAL HEALTIH 

RADIOACTIVE MATERIAL LICENSE 

Supplementary Sheet 

Page 5 of 5 Pages 
License Number R.01085-A03 

17. Except for plutonium contained in a medical device designed for individual human application, no 

plutonium, regardless of form, shall be delivered to a carrier for shipment by air transport or 

tra-nsported in an aircraft by the licensee except in packages the design of which the U. S. NRC has 

spccilically approved for transport of plutonium by air.  

I'1. No provision of this license relieves the licensee from compliance with other Federal, State, and local 

laws, ordinances, and regulations applicable to the licensee's activities.  

19. Except as spacifically provided otherwise by this license, the licensee shall possess and use 

radioactive material described in Items 6, 8. and 9 of this license in accordance with statements, 

representations, and procedures contained in application dated July 6, 1998, with attachments, and 

letter received September 18, 1998, with attachments.
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OVUM/9 MI 09:30 FAX 196 313 8491 RADIOWOC 22=I BRAMI2ta 

-WiEFUVVRW-EAL7HXDMXM SWAMSE AGEpcr 

"ARTMENT OF HEALTH SE.RVCES 
hmiD~ILOGIO HEALTH BRANCH 
PAMOU432MIS-a 

6A~R MIT CAMarh 18, 1999 

Noa. Martha Sharp~ 
LOEB &W3LWP 
Attorney At Law 
1000 Wilc~hire Boulevard. suite 1800 
Los Angeles,, Califznia *9001762475 

EPROPR.TY AT 170 WEST FRMVDRUczA STfREET,* SUBnMK,, CALIFORIZA 

Dear Meg. Sharp 

The Rad~iologic Health Branch has compaleted review of 
the SaEplflzg and Ana~lysis Plan (SAP) and Lt. s *~wi 

eTechnical Information memorandum. regaxign the 
characterization =nd remediation surveysaof the property 
at 170 ProvidAncJa,. Burbank, ca1ifarru&.  

Overall, the SAP appears to be an adequate survey 
plan with the added Informatio and.I ti efare, it is 
acceptable under the mA1ssIM'er guidelines.  

Zf you have any questiona concerning this matter. please 
feel free to call to at the above m=ber or mr. arephm, x= of 
this office at 1916) 322-4797.  

Sincerely.  

Gerard wang, Ph-m., chief 
Radioactive Material Licensing Sect io 
Raudialogic Hlealth Branch 

CC: Nlext Page
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StaffC )ttazney 

Mr. Ricbard L. Bang=,t jDfraaor 
Office of State Programs, 
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Memo 

N ROGERS & ASSOCIATES ENGINEERING 

515 East4500 South 
Salt Lake City. UT 84107 
801263-1600 Tel 
801 262-1527 Fax 

To Steve Pocock 

Ffro D. Bernhardt 

Date 7/14/99 

Subject Bioassay results for Burbank project.  

I have enclosed the results for two sets of urine bioassay samples for the Burbank project.  

The results from Acculabs Inc. are for the samples collected while at the site. The results 

of the two samples from Therm NUteck are for 14iter samples collected by K. Nielson, Holly 

Rasmussen, and myself after return to SLC. The last three samples were collected because 

of possible concerns for exposure to Sr-90 and/or C-14. I interpret all of the results as 

showing no significant exposure.  

I'll note we also have received the results of the facility characterization for C-14 and 

tritium. All of the results were essentially background. We saw no evidence of significant 

concentrations of residual C- 14 and tritium.  

Dave Bernhardt, CHP 

cc. Martha Sharp

A-I1Z



ROGERS & ASSOCIATES ENGINEERING 
A DAME & MOORE G=OUP COMPANY

Fax Transmittal

515 East 4500 South 
Salt Lake Cty, UT 84107 
801-263-1600 Voice 
801-262-1527 Fax

To: 
Company: 
Fax No.: 

From: 

Date:

Steve Pocock 
STS 
330/497-2045 

David Bernhard,, CHP 

May24, 1999

Subject: Bioassay sample results from April field work at Thomson site in 
Burbank.

Pages: 2

The attached tabulation provides the bioassay (urine) results and brief summary statements for the 
U, tritium, and Sr-89/9 results.  

All of the results were similar to or below the analytical detection limit and indicate essentially no 
adverse exposure at the site.  

Larger samples for three RAE people have been submitted to Thermo NUCtech for more 
definitive analysis for Sr-90 and C-14. Acculabs. who provided the attached results. does not perform 
C-14 for urine. The resulti from Thermo NUCtech will not be available till the end of June, or later.  

cc: Martha Sharp 
Bradd Squib

A- 15



Sr-GOTn0id 
eron Date of Sampe IcW 1"""e cue 

Benad.Dave I 3/29/99 0 .9014/-g.10 0.701+/- 0.28 <0.0O.0O1 

B5n T Dave 411699 1 9.7041- 16.00 0.431+/-0.25 0.0001 

Healy. Mickey 3/29199 10.601+1- s.so 0.271+1- 0.24 1 0.0002 
Henlv. Mickey 4116199 19.1041/-10.0) 10.1914/.0.24 0.0001 

NiLsL Kirk 3/29/99 1 4.101+/- 150 1-0.021-0.23 I 0.0003 

NiebLo Kirk 411699 4.70"/.12.00 10.141+/-0.23 0.0002 

Rasnmusse HOIlv' U 29/99 .2.201+/.29.00 I 0.0054 
RLasmusse.a Holl 4116199 1 1.201+/ 13.00 0.181+/-023 <0.0001 

SalumJo- 3/29199 1 11.001+/-17.00 I I 0.0003 
SalsnanJm 4191991 1.600 4112.00 10.0541/- 0123 1 <00001 

ýSaubb. Brad Y 329199 1 .4.101+/-9.70 0.04414-413 0.0002 
b. Brad 4/1699 0.201/-14.00 10.311+/-0.24 4<.0001 

Merrit. Tim 411/991 1.401+4/9.10 10.101+1.0.23 <0.0001 
Merrit. Tn 411699 1 0.1041/- 19.00 0.0003 

,umm- Em'ique 4.199 1 2-901+1.9.90 0.351+20°5 o0.-0001 
Gin=m Ectigu 419/99 14..0041/-32.00 10.0005 
Aalysis by Acculabs, Lab Job 02990, ROGOO•.  
Golden, CO 

Conclusions per review of data, note that samples for Rasmussen, Nielson, and Bemhardt have been 

sent to Thermo NUCtech for additional Sr-G0 and C-14 analysis (expect resufts end of June).  

U U results look normal, the nomtal MDA is about 3 ug/L The only result above this citedon is 
for the initial baseline sample for Rasmussen. No further assessment needed.  

The closeout sample for Enrque was taken at the end of the day. It is below 3 ugl and also it 
would have short half-life material from the work day.  

Tritium All results are similar to present natural backgroun, and given Mat the results are below or similar to the 

detecion level (error term similar to most results) they indiate there was no significant exposure.  

Sr-89 & 90: The results are generally well below the error term, analytical MDA.  

David E. BemhardL CHP 

&24199
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Table A-1. Instruments used for site characterization.

InstrunmentlModel No. Serial No.  
Ludlurn 2221 144863 

2221 117366 
2221 97833 
2221 117363

2220 46601 
2220 46601 

2220 50055 
2220 50055

12 
3

146055

DetectordModel No.  
Ludlum 44-2 

44-2 
44-2 
44-2

44-9 
43-2 

44-2 
44-9 

44-9 
44-9

type 
Dot serial No Detector 

151603 14n Nal 
92439 1-in Nat 
94982 14n Nat 
95313 1-in Nat 

DB RAE#1 1-in Nal 
Zn S Alpha 

152398 14n Nat 
GM Pancake 

GM Pancake 
37926 GM Pancake

Bicron Surveyor M A17OZ Bicron GI/SN B241M Nat 
Ludlum 44-9 42780 GM Pancake

HP Inst Cypher 501109 HP Inst 7500120 14n Nat

A-IS
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A INSTRUMENT CALIBRATION CAL# Prev.  
health physics instruments 
i•i Dsouth Ken=_ Ave. Goleta. CA 93117 Tel 805.967.8422 Fax 805.964.3162 Division of For.West Technology. Inc.

INSTRUMENT OWVNED BY: 
19 0 Aý ;#-M+g~

8 October 1998

7731 7556

MFG MODEL TYPE I RADIATION DETECTED 

Ludlum 2221 Scintillator 
SERIAL NUMBER: BATTERIES: PROBE SNITYPE; 

144863 Four D Cells 44-2 151603 

CAUBRATION SOURCE DATA: 

Source Type Cal Constant Source Type Cal Constant 

CS2: 'CS137 mRha I Meter CS1-4: CS137 mfRh@ 1 Meter 

CSI: CS137 mR/h @ Meter S: Ra-226 1.929 mRPh@ IMeter 

CSI-1: CS137 mR/h@ 1 Meter W: Ra.226 0.128 * mR/h@ 1Meter 

CS1-3 CS137 mRJh C I Meter N: CM252 mrem/l1 1 Meter 

Source Distance Exposure Scale Readings (cpm) 

cm 11R"h X000 X 100 X10 X I scaler cpmtnflrh 
I rmin *1 "2 

W 30.2 14000 220,000 157 

65.3 300 50,000 162 

94.3 140 30,000 205 

111.3 100 22,000 220 

160.0 50 13,000 11882 213 

178.9 40 10,000 10080 221 

206.6 30 8,000 8209 233 

253.8 20 6,000 6099 243 

357.8 10 4000 4121 289 

506.0 5 3000 3255 404 

background 1200 OS 1234 

Pusa cpm Log x zK X 100 X 10 X I Scaler rune 

400K 350K 400K 1 399997 

400K 350K 400K .5 199973 

40K 40,000 .1 3999 

4000 4000 10 39995 

400 400 

BAROMETER mmHg: TEMPERATURE C EFFICIENCY % C14 EFFICIENCY % TC99 EFFICIENCY % SR90 

761 21A 

COMMENTS: Window out Threshold -lWA'' v b 0J- " 
"I Background not subtracted from read'u1g1 
"*2 Calculated on I min scaler minus Background where appl.

CPM ranges set electronicaly. Background NOTsubtracted from all readings. () Indicates reading before calibration. Gamma calibrations 

o the side of all GM tubes. Calibrations traceable to the National Institute Of Standards And Technology.  

nstrument OK

CAUBRATION BY: JOHN S. HANDLOSER. JR.  
. - , - ,-A

CHECKED BY: JOHN S. HANDLOSER. JR.

S• ........... irf 

INSTRUMENT 

OWNED BY:



INSTRUMENT CALIBRATION
CAL# 7904 
Prnay

health physics Instruments 
, -au V-11- A-,, f-n-,-t cA 9•217 Te! 805.967 8422 Fax 805.964.3162 Division of Far West TechnolooY. Inc.

INSTRUMENT OWNED BY: DATE: 

GTS Duratek 26 March 1999 
MFG.: MODEL TYPE I RADIATION DETECTED 

Ludlum 2221 Scintillator
SERIAL NUMBER: 

A -1 117366
1.11

AIITW EiS.: 
Four D Cells 44-2 092439.

CALIBRATION SOURCE DATA: 

Source Type Cal Constant Source Type Cal Constant 

CS2: CS137 mR/h @ 1 Meter CSI-2: CS137 mRJI @I Meter 

CSI: CS137 mR/h @C Meter S: Ra-226 1.929 mR/h @ I Meter 

CS1-1: CS137 mR/ @ Meter W• Ra-226 0.128 mR/h @ 1 Meter 

CS1-3 CS137 mR/h C I Meter N: C1252 merniht 1 Metw 

Source Distance Exposure Scale Readings (cpm) .  

. c R/h X1000 X 100 X-0 X1 scalir J-pmlfuh 

W 30.2 1400 200,000 l 142 

65.3 300 50,000 166 

94.3 140 27,000 192 

111.3 100 20,000 19937 190 

160.0 50 10,000 10951 200 

178.9 40 9,000 9503 214 

206.6 30 8,000 7300 213 

253.8 20 5,000 5580 233 

357.8 10 3500 3489 256 

506.0 5 3000 2705 

background 1000 OS 925 

cpm Log x1K X 100 X10 X I Scaler jime 
400K 400K 400K 1 399935 

400K .5 199967 

40K 60K 40K .1 4000 

4000 4000 4000 10 39993 

400 

BAROMETER mmHg: TEMPERATURE IC EFFICIENCY % C14 EFFICIENCY % TC99 EFFICIENCY % SR90 

760 23 

COMMENTS: Window out Threshold 200 HV 900 Am 241 OK 
"1 Background not subtracted from reading 
*2 Calculated on I min scaler minus Background where appl.  

CPM ranges set electronically. Background NOT subtracted from aNl readings. () indicates reading before calibration. Gamma calibrations 
from the side of all GM tubes. Calibrations traceable to the National Institute Of Standards And Technology.  

1 Instrument OK

CLBAIN BY: JOHN S. HANDOW ER. JR. CHECKED BY: JOHN§- pL SER. JR.

A-17
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AINSTRUMENT CAUBRATION CAL# 7902 
Prey.  

health physics Instruments 
330 D South KelIogg Ave, Goleta, CA 93ii7 Tel 805.967.8422 Fax 805.964.3162 Division ef Far West Technology, Inc.  

INSTRUMENT OWNED BY: DATE: 

GTS Duratek 26 March 1999 
MFG.: MODEL •IE I RADIATION DETECTED 

Ludlum 2221 Scintillator 
SERIAL NUMBER: BATTERIES: PROBE SNT'YPE: 

97833 Four D Cells 44-2 094982 
CALIBRATION SOURCE DATA: 

Source Type Cal Constant Source Type Cal Constant 

CS2: CS137 mR/h C 1 Meter CS1-2: CS137 mRth C 1 Meter 

CSI: CS137 mRJh C I Meter S: Ra-226 1.929 mR/h a I Meter 

CS1-1: CS137 mRJh C 1 Meter W: Ra-226 0.128 mR/h C 1 Meter 

CS1-3 CS137 mRnh C 1 Meter N: CI252 mrenmh@ I Meter 

Source Distance Exposure Scale Readings (cpm) 

emn iRlh X1000 x 10oo X1o X scaler, .cpnpmtdh 
I mln " _ *2_ _ 

W 30.2 1400 220,000 157 

65.3 300 50,000 166 

94.3 140 25,000 178 

111.3 100 20,000 19005 181 

160.0 50 10,000 10511 192 

178.9 40 8,000 8863 199 

206.6 30 7,000 7274 212 

253.8 20 5,000 5201 215 

357.8 10 3500 3331 243 

506.0 5 2500 2552 330 

background 1000 OS 901 

Pulsar cpm Log x1K X 100 X X0 X1 Scaler Time 

400K 350K 400K 1 400040 

400K .5 200019 

40K 40K 40K .1 4000 

4000 4000 4000 10 40004 

400 400 400 

BAROMETER mmHg: TEMPERATURE "C EFFICIENCY % C14 EFFICIENCY % TC99 EFFICIENCY % SR90 

760 23

COMMENTS: Window out Threshold 200 HV 900 Am 241 OK 
*1 Background not subtracted from reading 
*2 Calculated on I rmin scaler minus Background where appl.  

CPM ranges set electronically. Background NOTsubtracted from all readings. () indicates reading before calibration. Gamma calibrations 
from the side of all GM tubes. Calibrations traceable to the National Institute Of Standards And Technology.  

instrument OK

~~~~B:JOH1N 5. ANDLOS .J. CHECKED BY: JOHN S. HANDLOSER, JR.  

GOWYr11
-A

6RWO cALFORM 2M 
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CALIBRATION BY: JOHN S. HANDLOSER. JR.  

A5V. bmaIn
CHECKED BY: JOHN S. HANDLOSER. JR.  

awhrt/0

INSTRUMENT CAUBRATION CAL# 7903 
Prev.  health physics Instruments 

3300e South KMUg Ave. Goleta. CA 93117 Tel 805.967.8422 Fax 805.964.3162 Division of Far West Technology, Inc.  

INSTRUMENT OWED BY: DATE: 

GTS Duratek 26 March 1999 
MFG.: MODEL: TYPE I RADIATION DETECTED 

Ludlum 2221 Scintillator 
,,SERIAL NUMBER: BATTERiES: PROBE SN/TYPE: 

117363 Four D Cells 44-2 095313 

CALIBRATION SOURCE DATA : 

Source Type Cal Constant Source Type Cal Constant 

CS2: CS137 mRPh @ 1 Meter CSI-2: CS137 mR/h C 1 Meter 

CS1: CS137 mRh @ Meter S: Ra-226 1.929 mR/h @ Meter 

CS1-1: CS137 mR'h I Meter W: Ra-226 0.128 mR/h 1 Meter 

CS1-3 CS137 mR/h @ Meter N: CC252 mmrlfh@ 1 Meter 

Source Dlstance Exposure Scale Readings (cpm) __'..._

cm pRh 1000 XIO0 X100 X I scaler . I 
I rain "1: 

W 30.2 1400 320,000 228 

65.3 300 55,000 183 

94.3 140 29,000 207 

111.3 100 21,000 19841 188 

160.0 50 11,000 11190 203 

178.9 40 9,000 9379 209 

206.6 30 5,000 7587 219 

253.8 20 4,000 5627 230 

357.8 10 3200 3358 233 

506.0 5 3000 2674 330 

background 1000 OS 1023 

Pulsar cpm Log XKK X 100 X 10 X I Scaler Time 

400K 400K 400K 1 399931 

400K .5 199966 

40K 40K .40K .1 3999 

4000 4500 4000 10 39993 

400 

BAROMETER mmHg: TEMPERATURE "C EFFICIENCY % C14 EFFICIENCY % TC99 EFFICIENCY % SR90 

760 23 

COMMENTS: Window out Threshold 200 HV 900 Am 241 OK 
•1 Background not subtracted from reading 
*2 Calculated on 1 min scaler minus Background where appl.  

CPM ranges set electronically. Background NOT subtracted from all readings. () Indicates reading before calibration. Gamma calibrations 
from the side of all GM tubes. Calibrations traceable to the National Institute Of Standards And Technology.  

N Instrument OK

ý%WORM CAVORM 2M



INSTRUMENT CAUBRATION CAL.# 7733 
Prey. 7284

health physics Instruments 
330 D South Ke•--o, Ave. Goleta. CA 93117 Tel 805._67.8422 Fax 805.964.3162 Dvision of Far West Technology. Inc.  

INSTRUMENT OWNED BY: DATE.  

Rogers & Associates 8 October 1998 

MFG.: MODEL TYPE I RADIATION DETECT.ED 

Bicron Surveyor M Gamma 
SERIAL NUMBER: BATTERIES: PROB3E SNIYPTE: 

A170Z one 9 volt Bicron G1/SN = B241M 

CALIBRATION SOURCE DATA: 

Source Type Cal Constant Source Type Cal Constant 

CS2: CS137 mlRh @ 1 Meter CSI-2: CS137 ffdM 0 1 Meter 

CSI: CS137 n' ha I Meter S: Ra-226 1.929 mR/h G I Meter 

CS1-1: CS137 mPh a I Meter W. Ra-226 0.128 mP./h C I Meter 

CS1-3 CS137 mR/h a I Meter N: C1252 mrsmlh@ 1 Meter 

Source Distance Exposure Scale Readings 

cm R X 1000 X 00 X0 X scaler 91 cpnmprih 
"02 

W 27.4 1700 230,000 135 

56.6 400 60,000 147 

86.8 170 34,000 192 

160.0 50 12,000 11269 200 

178.8 40 10,000 9130 197 

206.5 30 8000 7412 205 

253.0 20 6000 5673 220 

357.8 10 3500 3595 233 

506.0 5 3000 2834 314 

Bacground 1200 1262 

Pulser 

400K 400K 399606 

40K 40,000 

4000 4000 

400 400 

BAROMETER mrmHg: TEMPERATURE -C EFFICIENCY % TC99 EFFICIENCY % ,SR90 

761 23° 

COMMENTS: Ito O 

°1 Background not subtracted from readings.  

*2 Calculated on I min scaler minus background where appl.

CPMranges set electronically. Background NOTsubtracted from all readings. () Indicates reading before calibration. Gamma calibrations 

from the side of all GM tubes. Calibrations traceable to the National Institute Of Standards And Technology.  

minstrument OK

A-Zo

A%

S-- -- - - -. -. .� . dLft�li�E� �i. 4f�Lfl.J C MAhifli A�FR 1R
A-Ucrnecm Inv fruju C ulkoint OIRER JR-CAW.•BRATION BY: JOHN S. IKINDLu .•IJR.a.



INSTRUMENT CAUBRATION
CAL# 7730 
Prev. 7601

health physics instrumnev.4. _ rjlA*6i Per W••t T,,cnoav. I

330 0South Kellor- Ave. Goleta. CA 3117 - rue8.0561.... F...... .. .  

INSTRUMENT OWNED BY: DATE.  

Rogers & Associates Eng. Corp. 8 October 1998 

MFG.: MOE.L: TYPE I RADIATION DETECTED 

Ludlum 2220 Scintillator 

SERIAL NUMBER: BATTERIES: PROBE SN/TYPE: 

46601 Four D cell RAE #1 

CALIBRATION SOURCE DATA: 
Source Type Cal Constant Source Type Cal Constant 

CS2: CS137 mRi/h@ 1 Meter CS1-2: CS137 mRa @ I Meter 

CSI: CS137 mR/hb 1 Meter S: Ra-226 1.929 mR/h a 1 Meter 

CS1-1: CS137 mR/h Il Meter W: Ra-226 0.128 ' mRA 1 Meter 

CSI-3 CS137 mR/h 1 Meter N: C[52 amth 1 Meter 

Source Distance Exposure X Scale Readings (cpm) 

Cm PRMh 1000 X 100 X10 X I scaler epairl•h 
I rain "1 "2 

W 31.4 1300 220,000 170 

65.3 300 70,000 233 

99.2 130 27,000 207 

111.3 100 22,000 207 

160.0 50 13,000 12482 223 

178.9 40 11,000 10308 224 

206.6 30 10,000 8456 238 

253.0 20 8,000 6479 258 

357.8 10 4200 4090 277 

506.0 5 3000 3267 390 

Background 1300 1317 

Pulser cpm LOG X1000 X100 X10 xl scaler time 

400K 400K 400K 399742 1 

400K 400K 400K 199886 .5 

40K 35K 40000 3993 .1 

4000 4K 4000 

400 400 1 400 

BAROMETER mmHg: TEMPERATURE &C EFFICIENCY % TC9 -EFFICIENY % SR90 

6123' 

COMMENTS: Window out. Threshold 200 .I-1IJ O ¶ , 
"1 Background not subtracted from reading 
"2 Calculated on I mnn scaler minus Background where appl.  

CPM ranges set electronically. Background NOTsubtracted from reading. )Indicates reading before calibration. Ganmna calons from 

hide of all GM tubes. Calibrations traceable to ihe Natlonal Institute Of Standards And Technology.  

nstrument OK

CAUBRATION BY: JOHN S. HANLOS.- JH.  
Sg-' YL/tr AVI

A-21

A.

I I



INSTRUMENT CAUBRATION CAL# 7601 
93 v 79';A

health physics instruments 
3300 South Kellogg Ave. Goleta. CA 93117 Tel 805 967.8422 Fax 805.964 3162 Diison of Far West Tec!nogy. Inc.  

INSTRUMENT OWNED BY, DATE.  

Rogers & Associates Eng. Corp. 8 June 1998 
MFG.. MODEL TYPE I RADIATION.OETECTED 

Ludlum 2220 Scintillator

COMMENTS: 
WV 900 THR 200 WIN -

CPM ranges set ee,€mnicaly. Backgr••d subtracmd from ad readings. () kndicm2t reading before caibration. Gamma c;ibralons ftum 
Me side of all GM tubes. Calibr-tions rceable to tft Nabonal Institute Of Standards And Technology.  

g"lmsr'ument OK

CHECKED BY: JOHN S. HANDLOSER. JR.
N SUCEIS

It'-PORM CALFORM 2Ja 

A-2z

if

! I

w

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

SERIAL NUMBER. BATTERIES. PROBE SN/TYPE.  

46601 Four D cell PR 10540 /44-2 
CALIBRATION SOURCE DATA: 

Source Type Cal Constant Source Type Cal Constant 

CS2: CS137 mR/h C I Meter CSI.2: CS137 mRah Q 1 Meter 

CSI: CS137 mR/h C 1 Meter S: Ra-226 1.929 mRlh C I Meter 

CS.1"* CS137 mR/h a I Meter W. Ra-226 0.128 mR/h a 1 Meter 

CS1-3 CS137 mR/h C 1 Meter N: C=252 mrenmlh I Meter 

Source Distance Exposure Scale Readings (cpm) 

cm mlcroRl/h X 10 X 1oo X1o X1 cpnfpRhr 

W 31.4 1300 260,000 200 

65.3 300 80,000 266 

99.2 130 .33,000 253 

206.6 30 10,000 333 

357.7 10 2500 250 

653.2 3 1000 333 

Background 1700 OS 

cpm Log X loco X 100 X10 X I Scaler Time 

400,000 350,000 400,000 400,177 1 min.  

400,000 200,064 .5 min.  

400,000 .39,991 .1 min.  

40,000 35,000 40,000 

4,000 3500 4000 

400 380 400 

BAROMETER mnlg-: TEMPERATURE C EFFICIENCY % TCS9 EFFICIENCY % SWRS 

764 240

\

I !



,~aqn&~CAL.# 
7945 

INSTRUMENT CAUBRATION Prey# 7729 

health physics Instruments 
330 ,-D ,uth Kel.o-gAve .. GletaCA 93117 Tel 805.967.8422 F=x 805.964.3162 Divisi cf Far West Teclnology, Inc= S... .. ... :DATE: 

-INSTRUMENT OWNE'D BY: 1DayT199 

Rogers & Associates 13 May 1999 
M.MODEL T-PE I RADIATION DEECTE 

HPI 5000 Scintillator 

SERIAL NUMBER: BA-ERIES: PROBE SNIYPE: 

-, ,iy AA 7500120

A-2S

aU1u1. .  
CALIBRATION SOURCE DATA: 
Source Type Cal Constant Source Type Cal Constant 
CS2o CS137 mR/h @ 1 Meter CSI-2: CS137 mnR/h a1 Meter 
CS1: CS137 mRnrh @ I Meter S: Ra.226 1.929 mR/h @ I Meter 
CS1-1: CS137 mPR.h @ 1 Meter W:. Ra-226 0.128 mRh I MOW 
CS1-3 CS137 mR/ I @1 Meter N: C52 mronvth 1 Meter 

Source Distance Exposure Detector I Scale Readings .

cm .. pRlh id.Jh mRPh cpm ". ua1-ern 

W: 11.3 10,000 OS 940K 

35.7 1000 800 132,000 

113.1 100 84 18000 

160.0 50 47 10000 9982 185 

178.8 40 38 8100 8197 186 

253.0 20 21 4600 4766 201 

357.6 10 8 2800 2826 208 

506.0 5 6 2200 2270 306 

Background 4 740-.  
_SrCPM 

1000 1000 1000 

BAROMETER mmHg: TEMPERATURE 9C EFFICIENCY % TC99 EFFICIENCY % SR90 

762 23 

COMMENTS: Rate Cal 4.70E-3 DT 95 

Setting for Detector 1 

"1 Background not subtracted from reading.  

"2 Calculated on I minute minus background where appl.  

ADDED QUICK COUNTER TO SOFTWARE Software VS 1.20 

CPM ranges set elecronically. Background NOT subtracted from aD readings. () indicates reading before calibration. Ganmma callbratfs 

from the side of all GM tubes. Calibrations traceable to the National Institute Of Standards And Technology.  

lnstrurnent OK

CAWBRATIUN-BY' JOHNS. KANDL05ER. J 

2i5 0 -ts- -I 
HWFORM CALFORM V36



-hermo NUtec: 
Z.30 Wrinnt Avw.e 

0.0. 3ox 4, 

•:..'?~1~r~ CA d4SO.

-I .. p-- (I "%:--.:

July 6, 1999

Mr. Dave Bernhardt 
Rogers & Associates Engineering 
515 East 4500 South 
Salt Lake City, UT 84107 

Dear Mr. Bernhardt: 

Enclosed is the data report from the analysis of three urine samples received at Thermo Nutech 
on May 3, 1999. The samples were analyzed for carbon-14 and strontium-90. No problems 
were encountered with the analyses.  

Please call me if you have any questions regarding the data.  

Sincerely 

N. Joseph Verville 
Senior Program Manager 

/njv

Enclosure: Report

-g A- 24" sit :'.:1111rv of Thprrmc R emnewtl iot; i•;.•R: .- ::• :.. Pnl



Thermo NUtech

ANALYSIS RESULTS

Client ROGES ABSO 

Contract 9824 

Matrix U:nM

PD Malua 1!t-

1.26 CMDA 

0.490 <MM

Laced Analyzed Nuclide 

k6/99 06/27/99 C14 

06/10/99 Sr 90 

18/99 06/27/99 C14 

06/10/99 Sr 90 

:7/99 06/27/99 C14 

06/10/99 Sr 90

Results * 2w 

-9.00 t 39 

0.060 t 0.096 

-16.0 ± 36 

0.054 a 0.085 

-24.0 a 36 

0.082 * 0.13

Certified b 

Report Datý 7 0 99

A-Z5

Units 

pCi/L 

pCi/L 

pCi/L 

pCi/L 

pCi/L 
pCi/L

66.0 
0.6S6 

61.0 

0.S72 

61.0 

0.901



Thermo NUtech

QC RESULTS 

SDG 234 Client ROGtMS ASSO 

Work Order N90S024-02 Contract 9824 

Received Date 0S/03/99 Matrix u~XE

Results Units Amournt Added

-0.264 * 0.7S 
0.009 a 0.062

pci/Smpl 

pCi/Smpl

NA 
NA

A LEvaluation 

1.26 4MA 

0.490 MD•A

Certified , - .  

Report Date 07/06A99 

Page 2

A-ZV

Lab 

S134-004

Nuclide 

C14 

Sr 90

I I



Roger & Associates Engineering Corporation 
515 Fast 4500 South 
Salt Lake City. (IT 84107 (801) 263-1600 FAX (801) 262-1527 CHAIN OF CUSTODY RECORD - RAE

PROJ. NO. PROJECT NAME ' 

SAMPLERS A(SIGTRE-O 
i W, 

lu , 

SAMPLE DATE 0 -O 
NUMBER MID/Y TIME STATION LOCATION oo REMARKS 

RELINQUIýSHEDW•: (SIC,, DATEITIME RECEIVED BY: (SIG) RELINQUISHED BY: (SIG) DATEITIME RECEIVED BY: (610) 

Of-lj tviio If• leI,:xe 
RELINQUISHED BY: (SIG.) DATE/TIME RECEIVED BY: (SIG) RELINQUISHED BY: (BIG) DATE/TIME RECEIVED BY: (BIG) /q0 eI 

'., u/, ,, P• }P. £ko/9i ~o rj

I

DATE/TIMERECEIVED FOR LABORATORY BY: (810)RELINQI;UISHED BY: (SIG3.) DATEITIME REMARKS:



strontLum-89*900 tota 

Tritium (OgLoe).a a uranium {P(Phi tota

ai.'@ ar 

0. 48 PCL/mL 
0.000l1 

UmJfL

QA/Qc Report for
Alculabs Job N7umber 02999,

Acculabs 
Inc.

Lab Sample Numbers 9 9 -A733 3 
Client Sample 9D 9 DAVE B7R3 RDT 

Tr Distillat S t r o n t i u m -8 9+ 9 0 to n a 

Tritium (OXideO Uranium (KPA) total 
Lab Sample Numbers 9 9 -A733

4 
Client Sample ID 9 9-C7ry 34ALy 

Tritium Distillation 
Strontium 

0 total S Tritium (Oxide) 
Uranium (,PA), total 

Lab Sample Number, 9 9 -A733
5 

Client Sample zD, KRP NISLSoN 
Tritium Distillation 
Strontium- 8 9 +9 total 
Tritium (Oxidet 
Uranium (RPA), total 

Lab Sample Number, 9 9 -A733
6 

Client Sample ID9 9OLLY RAS7USS3N 
Strontiu tOtal Uranium {K8A}, total 

('CPA)p total _ Lab Sample Number, 9 9 -A733
7 

Client Sample IZD JOHN SALSMN 
Strontium-89A90, 

total 
Uranium (Kp,,, total

DETECTUON 
LrfNrT

4A 3.8 PCi/L 

0.0001 Mr/L 

. NA 4.1 PCI/L" 
0.49 pCi/mU 
0.000o mg/L 

NA 
8.4 PCI/L 
0.48 pCi/mL 
0.0001 mg/L 

14 PCi/L 

0. 0001 g/ 
"oool /U.1 

8.0 PCi/L 
0.0001 mg/L

DATE op 
ANALYSZS

S/ 4/9! 
4/27/91 s/ 7/9S 
s/ 4/99

S/ 4/99 
4/27/99 
s/ 7/99 
5/ 4/99 

5/ 4/99 
4/27/99 
S/ 7/99 
s/ 4/99 

4/27/99 

S/ 4/99 

4/27/99 
~/ 4/99

PARAMTXR

9 12to0 

13,02 
12,00 
14t49 

12,00 
13,02 
12,00 
14:49 

12,00 
13102 
12:00 
14:49 

13,02 
14149 

13802 
14:49

References 1, 
References 

I, References 1, 
Reference 16

Tjt4L Up AANLr.sj•

5 ANALYST 

JD 

JBS 

3D 

Jos 

JD 

i8 
JBs 

JD Re 

JD Reg 
JBS Ret

4,-6, a 3, 4, 6, 8, 9 
4, 6, 8,. 9

3, 2, 
3,

3, 40 6, 8 2# 3, 4, 6, 8, 9 3, .4, 6, 8,9

51 $1'
S/ 4/99

Reference 1, Reference 1, 
References I 

Reference.16

14s49

Reference, 1 Reference I, 
References 1 

Reference 16

eference I, 2 eference 16 3,84 

erence, 1, 2, 3, 4, 6, 1erence 16

METOD

3, 
2, 
3,

4, 6, a 3, 4,v 6, 8, 9 4, 64, 8, 9



Acculabs Inc.
Date: 05/13/99 
Page 2 - C

QA/QC Report for Acculabs Job Number 029990

PARAMETER

Lab Sample Number: 99-A7338 
Client Sample ID: BRAD SQUIBB 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Number: 99-A7339 
Client Sample ID: TIM HERRIT 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Number: 99-A7340 
Client Sample ID: ENRIQUE 

Tritium Distillation 
StrontLum-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Number: 99-A7341 
Client Sample ID: ENRIQUE GUZMAN 

Strontium-89+90, total 
Uranium (KPA), total 

Lab Sample Number: 99-A7342 
Client Sample ID: JOHN SRLSMAN 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total

NA 
4.8 pCi/L 
0.48 pCi/mL 
0.0001 mg/L 

NA 
4.4 pCi/L 
0.48 pCi/mL 
0.0001 mg/L 

NA 

4.4 pCL/L 
0.49 pCi/mL 
0.0001 mg/L

18 pCL/L 
0.0001 mg/L 

Nh 
6.4 pCi/L 
0.48 pCi/mL 
0.0001 mg/I.

s/ 4/99 
4/27/99 

S/ 7/99 
5/ 4/99 

5/ 4/99 
4/27/99 

s/ 7/99 
5/ 4/99 

5/ 4/99 

4/27/99 

5/ 7/99 
5/ 4/99

4/27/99 
5/ 4/99 

s/ 4/99 
4/27/99 
s/ 7/99 
5/ 4/99

12:00 
13:02 
12:00 
14:49 

12:00 
13:02 
12:00 
14:49 

12:00 
13:02 
12:00 
14:49

13:02 
14:49 

12:00 
13:02 
12:00 
14349

is 
JD 
is 
JBS 

is 
JD 
is 
iBS 

JS 
3D 
3s 
ins

3D 

JS 
JD 

J8O

References 1, 3, 
References 1, 2, 
References 1, 3, 
Reference 16 

References 1, 3, 
References 1, 2, 
References 1, 3, 
Reference 16 

References 1, 3, 
References 1, 2, 
References 1, 3, 
Reference 16

References 1, 
Reference 16 

References 1, 
References 1, 
References.1, 
Reference 16

4, 6,, 
3, 4, 
4, 6, 

4, 6, 
3, 4, 
4, 6, 

4, 6, 
3, 4, 
4, 6,

8 
6, 8, 9 
8,. 9

a 6, 
8, 

8 
6, 
8,

8, 9 
9 

8, 9 
9

2, 3, 4, 6, 8, 9

3, 2, 
3,

4, 6, 8 
3, 4, 6, 8, 9 
4, 6, 8, 9

A.:

DETECTION 
LIMIT

DATE OF 
ANALYSIS

TIME OF 
ANALYSIS ANALYST METHOD



Acculabs Inc.Date: 05/13/99 
Page 3 - C

QA/QC Report for Acculabs Job Number 029990

PARAMETER

Lab Sample Number: 99-A7343 
Client Sample ID: D. BERNHARDT 

Tritium Distillation 
Strontium-B9+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Number: 99-A7344 
Client SAmple ID: M. HEALY 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Numbers 99-A7345 
Client Sample ID: K. NIELSON 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Numbers 99-A7346 
Client Sample ID: H. RASMUSSEN 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Number: 99-A7347 
Client Sample ID: B. SQUIBB 

Tritium Distillation 
StrontLum-89+90, total 
Tritium (Oxide)

NA 
8.2 pCi/L 
0.49 pCi/mL 
0.0001 mg/L 

NA 
5.4 pCL/L 
0.48 pCi/mL 
0.0001 mg/L 

NA 
5.6 pCi/L 
0.48 pCi/mL 
0.0001 mg/L 

NA 
6.2 pCL/L 
0.48 pCi/mL 
0.0001 mg/L 

NA 
7.5 pCi/L 
0.49 pCi/mL

5/ 
s/ 
5/ 
s/ 

S/ 
5/ 
5/ 
5/ 

5/ 
5/ 
5/ 
5/ 

s/ 
5/ 
s/ 
5/ 

5/ 
5/ 
s/

4/99 
5/99 
7/99 
4/99 

4/99 
5/99 
7/99 
4/99 

4/99 
5/99 
7/99 
4/99 

4/99 
5/99 
7/99 
4/99 

4/99 
5/99 
7/99

12:00 
14:06 
12:00 
14:49 

12:00 
14:06 
12:00 
14:49 

12:00 
14:06 
12:00 
14:49 

12:00 
14:06 
12:00 
14:49 

12:00 
14:06 
12:00

3S 

3D 
3s 
3DB 

35 
3D 
35 
DBS 

35 
3D 
JS 
3DB 

35 
3D 
35 
DBS 

3S 
JD 
JS

References 1, 
References 1, 
References 1, 
Reference 16 

References 1, 
References 1, 
References 1, 
Reference 16 

References 1, 
References 1, 
References 1, 
Reference 16 

References 1, 
References 1, 
References 1, 
Reference 16 

References 1, 
References'l, 
References 1,

DETECTION 
LIMIT

DATE OF 
ANALYSIS

TIME OF 
ANALYSIS ANALYST METHOD

3, 4, 
2, 3, 
3,-4,

8 
6, 8, 9 
8, 9 

8 
6, 8, 9 
8, 9 

8 
6, 8, 9 
8, 9 

8 
6, 8, 9 
8, 9

6, 
40, 
6,0 

6, 
4, 
6, 

6,.  

4, 
6, 

6, 
4, 
6, 

6, 
4, 
6,

3, 
2, 
3, 

3, 
2, 
3, 

3, 
2, 
3, 

3, 
2, 
3,

4, 
3, 
4, 

4, 
3, 
4, 

4, 
3, 
4., 

4, 
3, 
4,

8 
6, 
8,

8, 9 
9 1



Date: 05/13/99 
Page 4 - C

Acculabs Inc.

QA/QC Report for Acculabs Job Number 029990

DETECTION 
LIMIT

DATE OF 
ANALYSIS

TIME Or' 
ANALYSIS ANALYST

Lab Sample.Number: 99-A7347 
Client Sample ID: B. SQUIBB 

Uranium (KPA), total 

Lab Sample. Number: 99-A7348 
Client Sample ID: T. MERRITT 

Strontium-89+90, total 
Uranium (KPA), total

0.6ooi mg/L 

9.6 pCi/L 
0.0001 mg/L

5/ 4/99 

5/ 5/99 
5/ 4/99

14:49 

14:06 
14:49

JBS 

JD 
JBS

Reference 16 

References 1, 2, 3, 4, 6, 8, 9 
Reference 16

The reference summary for the Radiochemistry Methods in attached.

Approv~ed by': A: Date : 1%x/,

4..,

PARAMETER METHOD



Acculabs Inc.
d e n 4663 Table Mountain Drive, Golden CO 80403 E 303-277-9514 N Fax 277-9512

Date: 05/13/99 
Page 1 - A 

CASE NARRATIVE 

Mr David E Bernhardt Lab Job Number: 029990 ROG001 
Rogers & Associates Engineering Cor Date Samples Received: 04/23/99 
POB 330 
Salt Lake City, UT 84110-0330 

The following samples were received at the laboratory:

99-A7333 
99-A7334 
99-A7335 
99-A7336 
99-A7337 
99-A7338 
99-A7339 
99-A7340 
99-A7341 
99-A7342 
99-A7343 
99-A7344 
99-A7345 
99-A7346 
99-A7347 
99-A7348

Urine 
Urine 
Urine 
Urine 
Urine 
Urine 
Urine 
Urine 
Urine 
Urine 
Urine 
Urine 
Urine 
Urine 
Urine 
Urine

The samples were received within EPA recommended holding 
times and in good condition. The radioactivity screen'was 
performed at sample login, if required, and all results were 
within acceptable limits. If required, a pH screen confirmed 
that all samples were preserved to acceptable pH levels.  
Samples were analyzed within holding times as prescribed by 
the analytical method. Exceptions to these statements, 
additional information and any analytical anomalies are noted 
below.

Because each sample was less than lO0mls, aliquot sizes for 
the analyses were much smaller than'recommended for the 
method. This resulted in higher uncertainty values and 
detection limits.  
No replicates were analyzed due to the limited sample 
volume.  
Sample 99a7335 had a Sr90 chemical recovery of 49%. The 
minimum acceptable is 50%, however there was not enough 
sample to reanalyze it. A variance was approved by the 
Quality Assurance Department.  

A-ane 
t7hoenix v Tucson a North Phoenix a Davis.,Sacramento a Durango -a Golden a SparxsjReno

I I I I



Acculabs Inc.  

Date: 05/13/99 
Page 2 - A 

CASE NARRATIVE 

Mr David E Bernhardt Lab Job Number: 029990 ROGOO1 
Rogers & Associates Engineering Cor Date Samples Received: 04/23/99 

Sections A, B and C of this report contain a total of _ pages.  

I 
Trudy L. Scow_ 
Laboratory Manager

--- 7



Acculabs Inc.

Date: 05/13/99 
Page 1 - B

REPORT OF ANALYSIS

Mr David E Bernhardt 
Rogers & Associates Engineering Cor 
POB 330 
Salt Lake City, UT 84110-0330 

Acculabs Designation: 
Client Designation: 
Sample Location: 
Location II: 
Date/Time Collected 

Radiochezistry (results in pCi/L unless no, 

Uranium, total (mg/L) 

Tritium (Oxide) (pCi/mL) 

Strontium-89+9 0, total

Lab Job Number: 029990 ROG001 
Date Samples Received: 04/23/99 

99-A7333 
DAVE BERNHARDT 
03/29/99 

03/29/99 

ted): 
< 0.0001 
0.70 +/- 0.28 
0.9 +/- 8.1

Acculabs Designation: 99-A7334 

Client Designation: MICKEY HEALY 

Sample Location: 03/29/99 

Location II: 
Date/Time Collected 03/29/99 

Radiochemistry (results in pCi/L unless noted): 

Uranium, total (mg/L) 0.0002 

Tritium (Oxide) (pCi/mLy 0.27 +/- 0.24 

Strontium-89+90, total 0.6 +/- 8.5 

Acculabs Designatign: 99-A7335 

Client Designation: KIRK NIELSON 

Sample Location: 03/29/99 
Location II: 
Date/Time Collected 03/29/99 

Radiochemistry (results in pCi/L unless noted): 

Uranium, total (mg/L) 0.0003 

Tritium (Oxide) (pCi/mL) -0.02 +/- 0.23 

Strontium-89+90, total 4.1 +/- 15

A-34



Acculabs Inc.
Date: 05/13/99 
Page 2 - B

REPORT OF ANALYSIS

Mr David E Bernhardt Lab Job Number: 029990 
Rogers &.Associates Engineering Cor Date Samples Received:

ROG001 
04/23/99

Acculabs Designation: 99-A7336 
Client Designation: HOLLY RASMUSSEN 
Sample Location: 545-85-6970 

Location 1I: 3/29/99 

Date/Time Collected 03/29/99 

Radiochemistry (results in pCi/L unless noted): 
Uranium, total (mg/L) 0.0054 

Strontium-89+90, total -2.2 +/- 28 

Acculabs Designation: 99-A7337 
Client Designation: JOHN SALSMAN 
Sample Location: 454-37-6733 
Location II: 3/29/99 

Date/Time Collected 03/29/99 

Radiochemistry (results in pCi/L unless noted): 
Uranium, total (mg/L) 0.0003 
Strontium-89÷90i total 11 +/- 17 

------ ----

Acculabs Designation: 
Client Designation:.  
Sample Location: 
Location II: 
Date/Time Collected

99-A7338 
BRAD SQUIBB 
03/29/99 

03/29/99

Radiochemistry (results in pCi/L unless noted): 

Uranium, total (mg/L) 0.0002 

Tritium (Oxide) (pCi/mL) 0.04 +/- 0.23 
Strontium-89+90, total -4.1 +1- 9.7

Acculabs Designation: 9' 

Client Designation: T 

Sample Location: 0 
Location II: 
Date/Time Collected 0 

Radiochemistry (results in pCi/L unless noted): 
Uranium, total (mg/L) <

9-A7339 
IM MERRIT 
4/01/99 

4/01/99

0.0001



Acculabs Inc.
Date: 05/13/99 
Page 3 - B

REPORT OF ANALYSIS

Mr David E Bernhardt 
Rogers & Associates Engineering,Cor

Lab Job Number: 029990 
Date Samples Received:

ROG001 
04/23/99

icculabs Designation:' 
Client Designation: 
Sample Location: 
Location II: 
Date/Time Collected 

Tritium (Oxide) (pCi/mL) 
Strontium-89+90, total

Acculabs Designation: 
client Designation: 
Sample Location: 
Location II: 
Date/Time Collected

99-A7339 
TIM MERRIT 
04/01/99 

04/01/99 

0.10 +/- 0.23 
1.4 +/- 9.1

99-A7340 
ENRIQUE 
04/05/99 

04/05/99

Radiochemistry (results in pCi/L unless noted): 

Uranium, total (mg/L) 0.0001 

Tritium (Oxide) (pCi/mL) 0.35 +/- 0.25 

Strontium-89+90, total 2.9 +/- 8.9 
-, ---t"J J _ --- -- -. . -L ----------.. .. .. ..

Acculabs Designation: 
client Designation:.  
Sample Location: 
Location II: 
Date/Time Collected

99-A7341 
ENRIQUE GUZMAN 
04/09/99 

04/09/99

Radiochemistry (results in pCi/L unless noted): 

Uranium, total (mg/L) 0.0005 
Strontium-89+90, total -8.0 +/- 32

Acculabs Designation: 99-A7342 
Client-Designation: JOHN SALSMAN 
Sample Location: 454-37-6733 
Location II: 04/09/99 

Date/Time Collected 04/09/99 

Radiochemistry (results in pCi/L unless noted): 

Uranium, total (mg/L) < 0.0001 

Tritium (Oxide) (pCi/mL) 0.05 +/- 0.23 

A-3&,



Acculabs Inc. • .Date: 05/13/99 
Page 4 - B

REPORT OF ANALYSIS

Mr David E Bernhardt 
Rogers & Associates Engineering Co 

Acculabs Designation: 
Client Designation: 
Sample Location: 
Location II: 
Date/Time Collected 

Strontium-89+90, total

Lab Job Number: 029990 ROG001 
r Date Samples Received: 04/23/99 

99-A7342 
JOHN SALSHAN 
454-37-6733 
04/09/99 
04/09/99 

1.6 +/- 12

Acculabs Designation: 99-A7343 

Client Designation: D. BERNHARDT 
Sample Location: 04/16/99 
Location II: 
Date/Time Collected 04/16/99 

Radiochemistry (results in pCi/L unless noted): 
Uranium, total (mg/L) 0.0001 
Tritium (Oxide) (pCi/mL) 0.43 +/- 0.25 
Strontium-89+90, total 9.7 +/- 16

Acculabs Designation: 
Client Designation: 
Sample Location: 
Location II: 
Date/Time Collected

99-A7344 
M. HEALY 
04/16/99 

04/16/99

Radiochemistry (results in pCi/L unless noted): 
Uranium, total (mg/L) 0.0001 
Tritium (Oxide) (pCi/mL) 0.19 +/- 0.24 
Strontium-89+90, total 9.1 +/- 10

Acculabs Designation: 99-A7345 
Client Designation: K. NIELSON 
Sample Location: 04/16/99 
Location II: 
Date/Time Collected 04/16/99 

Radiochemistry (results in pCi/L unless noted): 
Uranium, total (mg/L) 0.0002 
Tritium (Oxide) (pCi/mL) 0.14 +/- 0.23



Acculabs Inc.
Date: 05/13/99 
Page 5 - B

REPORT OF ANALYSIS

Mr David E Bernhardt 
Rogers & Associates Engineering Co: 

Acculabs Designation: 
Client Designation: 
Sample Location: 
Location II: 
Date/Time Collected 

Strontium-89+90, total

Lab Job Number: 029990 ROG001 
r Date Samples Received: 04/23/99 

99-A7345 
K. NIELSON 
04/16/99 

04/16/99 

4.7 +/- 12

Acculabs Designation: 99-A7346 

Client Designation: H. RASMUSSEN 
Sample Location: 04/16/99 

Location II: 
Date/Time Collected 04/16/99 

Radiochemistry (results in pCi/L unless noted): 

Uranium, total (mg/L) < 0.0001 
Tritium (Oxide) (pCL/mL) 0.18 +/- 0.23 
Strontium-89+90, total 1.2 +/- 13 

Acculabs Designation: 99-A7347 
Client Designation: B. SQUIBB 
Sample Location: 04/16/99 
Location II: 
Date/Time Collected 04/16/99 

RadiochemLstry (results in pCi/L unless noted): 
Uranium, total (mg/L) < 0.0001 
Tritium (Oxide) (pCi/mL) 0.31 +/- 0.24 
Strontium-89+90, total 0.2 +/- 14

Acculabs Designationt 99-A7348 
Client Designation: T. MERRITT 
Sample Location: 04/16/99 
Location II: 
Date/Time Collected 04/16/99 

Radiochemistry (results in pCi/L unless noted): 

Uranium, total (mg/L) 0.0003 

Strontium-89+90, total 0.1 +/- 19

I I



Acculabs Inc.
Date: 05/13/99 
Page 6 - B

REPORT OF ANALYSIS

Mr David E Bernhardt 
Rogers & Associates Engineering Co 

Acculabs Designation: 
Client Designation: 
Sample Location: 
Location II: 
Date/Time Collected

Lab Job Number: 029990 ROG001 
r Date Samples Received: 04/23/99 

99-A7348 
T. MERRITT 
04/16/99 

04/16/99

NOTES: 

VariabiLity of the radioactive disintegration process (counting error) at the 95% confidence LeveL 

is 1.96 sigua and the LeveL of significance say exceed that of the reported anaLyticaL resuLt.  

Scheduled sample disposal/return date: June 12, 1999.  

Trudy L. Scott 
Laboratory Manager

A-•9



A.1 Acculabs Inc.(f 

Date: 05/13/99 
Page 2 - C

QA/QC Report for Acculabs Job Number 029990

DETECTION 
PARAMETER LIMIT

DATE OF 
ANALYSIS

TIME OF 
ANALYSIS ANALYST METHOD

Lab Sample Number: 99-A7338 
Client Sample ID: BRAD SQUIBB 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Number: 99-A7339 
Client Sample ID: TIM NERRIT 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Number: 99-A7340 
Client Sample ID: ENRIQUE 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Number: 99-A7341 
Client Sample ID: ENRIQUE GUZMAN 

Strontium-89+90, total 
Uranium (KPA), total 

Lab Sample Number: 99-A7342 
Client Sample ID: JOHN SALSMAN 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total

NA 
4..8 pCi/L 
0.48 pCi/mL 
0.0001 mg/L

NA 
4.4 pCi/L 
0.48 pCi/m.  
0.0001 mg/L

NA 

4.4 pCi/L 
0.49 pCi/mL 
0.0001 mg/L 

'18 pCi/L 
0.0001 mg/L 

NA ' 
6.4 pCi/L 
0.48 pCi/mL 
0.0001 mg/L

5/ 4/99 

4/27/99 

5/ 7/99 
5/ 4/99

5/ 4/99 
4/27/99 

5/ 7/99 
5/ 4/99 

5/ 4/99 

4/27/99 

5/ 7/99 
5/ 4/99 

4/27/99 

5/ 4/99 

5/ 4/99 

4/27/99 

5/ 7/99 
5/ 4/99

12:00 
13:02 
12:00 

.14:49

12:00 
13:02 
12:00 
14:49

12:00 
13:02 
12:00 
14:49 

13:02 
14:49 

12:00 
13:02 
12:00 
14:49

JS 
"*JD 

JBS

is 
JD 

JBS

is 
JD 

JBS 

JD 

JD 
JaS JDS

References 1, 
References 1, 
References 1, 
Reference 16

References 1, 
References 1, 
References 1, 
Reference 16

References 1, 
References 1, 
References 1, 
Reference 16 

References 1, 
Reference 16 

References 1, 
References 1, 
References 1, 
Reference 16

3, 
2, 
3,

3, 
2, 
3,

3, 
2, 
3,

4, 
3, 
4,

4, 
3, 
4,

4, 
3, 
4,

6, 8 
4, 6, 8, 9 
6,,8, 9

6, 
4, 
6,

8 
6, 8, 9 
8, 9

6, 8 
4, 6, 8, 9 
6,v 8, 9

2, 3, 4, 6, 8, 9

3, 
2, 
3,

4, 6, 8 
3, 4, 6, 8, 9 
4, 6, 8, 9



Acculabs Inc.Date: 05/13/99 
Page 3 - C

QA/QC Report for Acculabs Job Number 029990

PARAMETER

Lab Sample Number: 99-A7343 
Client Sample ID: D. BERNHARDT 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Number: 99-A7344 
Client Sample ID: M. HEALY 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Number: 99-A7345 
Client Sample ID: K. NIELSON 

Tritium Distillation 
Strbntium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Number: 99-A7346 
Client Sample ID: H. RASMUSSEN 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Number: 99-A7347 
Client Sample ID: B. SQUIBB 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide)

NA 
8.2 pCi/L 
0.49 pCi/mL 
0.0001 mg/L

5/ 

5/ 
S/ 
5/

NA 

5.4 pCi/L 
0.48 pCi/mL 
0.0001 mg/L 

NA 
5.6 pCi/L 
0.48 pCi/mL 
0.0001 mg/L 

NA 
6.2 pCi/L 
0.48 pCi/mL 
0.0001 mg/L

5/ 
5/ 

5/ 
s/ 

S/ 
5/ 
5/ 
s/ 

5/ 
S/ 5/ 
5/

4/99 

5/99 
7/99 
4/99

4/99 
5/99 
7/99 
4/99 

4/99 
5/99 
7/99 
4/99 

4/99 
5/99 
7/99 
4/99

.'I

NA 
7.5 pCi/L 
0.49 pCi/mL

s/ 
5/ 
s/

4/99 
5/99 
7/99

12:00 
.14:06 
12:00 

.14:49

12:00 
14:06 
12:00 
14:49 

12:00 
14:06 
12:00 
14:49 

12:00 
14:06 
12:00 
14:49 

12:00 
14:06 
12:00

JS 
JD 
3s 
JBS

JS 
3D 
i S 
35S 

3D 
JS 
3BS 

JS 
3D 
JS 
JBD

;s 
JD 
JS

References 1, 
References 1, 
References 1, 
Reference 16

References 1, 
References 1, 
References 1, 
Reference 16 

References 1, 
References 1, 
References 1, 
Reference 16 

References 1, 
References 1, 
References 1, 
Reference 16

References 1, 
References 1, 
References 1,

3, 

2, 
3,

3, 
2, 
3, 

3, 
2, 
3, 

3, 
2, 
3,

3, 
2, 
3,

4, 
3, 
4,

4, 
3, 
4, 

4, 
3, 
4, 

4i 
3, 
4,

4, 
3, 
4,

6, 8 
4, 6, 8, 9 
6 8, 9

6, 
4, 
6, 

6, 
4, 
6.  

6, 
4, 
6,

6, 
4, 
6,

8 
6, 

8, 

8 

6, 
8,

8, 

9 

8, 
9

9 

9

8 
6, 8, 9 
8, 9

8 
6, 8, 9 
8, 9

DETECTION 
LIMIT

DATE OF 
ANALYSIS

TIME OF 
ANALYSIS ANALYST METHOD



Acculabs Inc. 31Date: 05/13/99 
Page 4 - C

QA/QC Report for Acculabs Job Number 029990

PARAMETER

Lab Sample Number: 99-A7347 
Client'Sample ID: B. SQUIBB 

Uranium (KPA), total 

Lab Sample Number: 99-A7348 
Client Sample ID: T. MERRITT 

Strontium-89+90, total 
Uranium (KPA), total

0.0001 mg/L 

9.6 pCi/L 
0.0001 mg/L

s/ 4/99 

5/ 5/99 
5/ 4/99

14:49 

14:06 
14:49

JBS 

JD 
JBS

Reference 16 

References 1, 2, 3, 4, 6, 8, 9 
Reference 16

The reference summary for the Radiochemistry Methods is attached.

Approved by : Date : ___-;A____19__

DETECTION 
LIMIT

DATE OF 
ANALYSIS

TIME OF 
ANALYSIS ANALYST METHOD

J ýr ý

i.,•



RA1DIO0CHEMISTRY DEPARTMENT 

METHOD REFERENCES UTILIZED BY ACCULASS FINC.  

1. U.S. Environmental Protect'on Agency, 1979, "RFadiachefmhcal Analytca1 Procedures 

for Analysis of Enviranrinenteal Samples", Report No. EIMSL-LV053-1, Las Vegas, 
NV.  

2. American Public Health Association, Amnerican lj~at;er Weekcs Assaciat-on, . Water 

Pollution Control Federatiuon, 1989, "Standard Methods for the E-xamina&ffon of Water 

and Wastewratejx, 17th ed., Washington. D.C., ArmL Public Healtuh Assoc!iation.  

3. *U.S. -Envkron* ental Protection Agency1 1976, *"lnterirn Radiochemniml Methodology 

for Ddrinng Watee",.Repart No. EPA-60014-7S -00 6, Cinicinnati, OK.  

4.U.S. Envirocimental Prote~ction Agency; Eastemrr EnvirartmenW -RaditOfan Facilpy, 

"Radioche~mwsry Procedures Manual, EPA 52015-84-006 Aug. 1964.  

5. isacii. Fazleflehi L, "Monita~ring Radon-222. Content 91' Mine Waters. rinforinational.  

Report- 1026". U.S. DeparmIent% of. Interior, Minind Enforcement% and Safety 

Administration, Denver, Colorado, 1975. X 

6. "Radicassay Procedu-res 11o-r EnvironmEnt~al Samples". 1967, USOHIEWI, Sec. 7.2.3.  

7. "Handbook of Analytical Pirccedures", USAEC, C-rand junctfon La-b, 1970, P. 196.  

8. "Prescribed. Procedurss focr Measuremi-ent, of Raia~iin 01-i~nC.n Walter".  

EAC/ -8-02 Auus 1. iC01, Ervrcnmnerita i Monittorifn- and Sup-crt1 Laboaratory/, 

Office cis Res-earch and Development, U.S. E'iclat Pro'Crecdcar Agency, 

Cincinnati. Ohio 45253.  

9. "Methods fo r 0 et u eririinati n o Radicacdve Substances ir, Water-: and Fluvial 

Sediments", U.S5G.S. Eock 5, Chapter A5, 1977.  

10. "Acid Dissolution Method for the Analysis of Plutonium in Soil", EPA.6=07-794 8 1.  

March 197-9, +U.S. EFA Environimental Monitorfng and SEuppor-t. Laboratory, Las 

Veac-s, Nevada, 197S.  

11. ~ ~ ~ ~ -; kPoeue'o telcaino Alpha ScectiOcrneUtcalY Pure- Plutcriiumn, Uranium 

and Amnericdurn", by E.HJ. E5ssington and E.J. Drenricn, Lcs Alafrnos Nadlonal Lab, 

private cail municlatiof.  

12. "Isolation os, Americium frmUrne Saimnies", Rocky. F.-ats Plant.- Hleath Saefe-th and 

Environmrental Laboratories, Latoratori Frcedure, 6%HS ard. .=L-T, revise- 0 1/21/83.  

13. Volchok, H-L, ed., 1982. "EMAL procsadurzes Manual", X.ASL.3CC-E--. 25 (CE

83010805): Enione:!r Mes rsenr5 Lab.t~cc'ry, UI.S. D.O."E.. 375 Hudson 

Street1, New York my Ica 14.  

SA-*4
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nET:0D R E--ER ENCES 
CON~iNU--D 

14. "Tritium by Vacuum Subfflminatono, Heltth protection Oepart•,,ent/Savannah River 

Plant, S.C., DPSOPRE--271-5-257. Approved 10/24/88.  

5. "The Environmental Survey Manual, Appendix 0", US DOE, 0OEIE.H-0053, Vol. 3 or 

4, August 1987, pg. 0-722.  

S. "1992 Annual Book of ASTM Stndards VoL 11.01 & Voal 11.02 Water", ASTMI, 
Philadelphia, PA 19103-1187.  

Volchok, H.L, and dkePlanque G., -Rdiachemical Determination of Techneftum-99", 
. EMLT Procedures Manual. 25th Ed'ion, 1982 E-Tc-01-O1.  

Walker, C.R., Short, S.W. and Spring;. IKLS., "The Determination of Techne=Jum-99 

by Liquid Scinbllation Counting," Radioelement Analysis Progress and .roblems, 

October 9--11, 1979, p. 10 1 -I 10.  

Sullivan, T., Nelson, 0. and Thnompson E., "Oeterminlatcn of Techneiurm-99 in 

Barehold Waters using an Ex,,=,,ac"ton Chromatogr-aphic Resin (1), " Wod<shop on 

Exuaction Chromatography, 37th Annual Conference on Eioassay, Analytical and 

Environmental Radiochem.isftr, 7(1991) 1-4.  

Reese, T., "Sequendial Sepamr-crn of Thorium, Uranium, Neptunium, PFutanium, 

Americnum and Curium', Tnesis, Cclcrado Schocl of Mines, 19-83.  

Cleveland, J.M., "The Ch-.mistr" cis flu.cnium", Americium Nuclear Scci:='e, 197,9;P.  

142-158.  

JS EPA, Office -alf Research & Development Environmental Monitoring Systems 

.aboratory - Lae Vegas, Las Vegas, NV.89193-3 47 8 .  

PA Method 913.0. "T'ne Dete*M1 naticn of Radon in Drinking Water by Lquid 

:intil[ation Coundng", Oraff, Version, May 1991.  
•erican Public Health Assccia'cn, A~merc�an Water WfVcrs Assodation, Water 

Ilution Control Feder-aicn, 1995, "Standard Methods for the Examination of Water 
. Watewate?', 19th ed., DNshingon, D.C., American Public HealtN Associaton.  

=4 Annual Book of ASTM Sandar,,s, Vol. 1 1.01 and Vcl. 11.02 Vater", ASTM, 

adelphia, PA 19103-1187.  

Ith and Environmental Cheisa-: Analytc-l TSChIiCCs, Data M =na-e nt A 

Qualit, Assurance', LA,-1300-,M, Vols. 1, 11, 111, IV Manual, Marg-ret A.  

er, ed., Los AlamCs Nadc.nal La-•-c.acY/, Los Alamo!. NM 87545, 

A- 44÷
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L.METE.EOD REFERENCES 
CONTVLTM-ED 

27. 1983 Annual Book of ASTM Standards", ASTM, Philadelphia, PA 19103-1187, 
Method #3357.  

28. "Collected Radiochernical Procedures (Radiochemistry Group CNC- 1 1)", LA\- 1721, 

4th Ed., UC-4, Chemistry, April; 1975, Jacob Klienberg and Helen Smith, ed., Los 

Alamos Sdentific L•boratory. Los Alamos, NM 87545.  

29. "Procedures for radiochenical Analysis of Nuclear Reactor Aqueous Solutions", PB

222 154, May 1973, H.L Krfeger and S. Gold, National Envfronmental Research 

Center, Office of Resem-ch and Development, U.S. ,$_Evfronmental Protection 

Agency, Cindnrntzt,:OH 45268..  

30. "EML Procedures Manual, 27th ed., 1990, N.L. Chieco; D.C. Bogen,-E.O. Knutson, 

ed.; Environmental Measurements Laboratory, U.S. D.O.E.. 376 Hudson S-eet, New 

York,. NY 10014.  
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Accutabs Inc.Date: 05/13/99 
Page 1 - C

QA/QC Report for Acculabs Job Number 029990

PARAMETER

Lab Sample Number: 99-A7333 
Client Sample ID: DAVE BERNHARDT 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Number: 99-A7334 
Client Sample ID: MICKEY HEALY 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Number: 99-A7335 
Client Sample ID: KIRK NIELSON 

Tritium Distillation 
Strontium-89+90, total 
Tritium (Oxide) 
Uranium (KPA), total 

Lab Sample Number: 99-A7336 
Client Sample ID: HOLLY RASMUSSEN 

Strontium-89+90, total 
Uranium (KPA), total 

Lab Sample Number: 99-A7337 
Client Sample ID: JOHN SALSMAN 

Strontium-89+90, total 
Uranium (KPA), total

NA 
3.8 pCi/L 
0.50 pCi/mL 
0.0001 mg/L 

NA 
4.1 pCi/L 
0.49 pCi/mL 
0.0001 mg/L 

NA 
8.4 pCi/L 
0.48 pCi/mL 
0.0001 mg/L

14 pCi/L 
0.0001 mg/L 

8.0 pC•'L 
0.0001 mg/L

5/ 4/99 
4/27/99 
s/ 7/99 
5/ 4/99 

5/ 4/99 
4/27/99 
S/ 7/99 
5/ 4/99 

5/ 4/99 

4/271/99 
5/ 7/99 
5/ 4/99

4/27/99 
s/ 4/99 

4/27/99 
5/ 4/99

12:00 
13:02 
12:00 
.14:49 

12:00 
13:02 
12:00 
14:49 

12:00 
13:02 
12:00 
14:49

13:02 
14:49 

13:02 
14:49

is 
JD 

JBS 

3S 

3D 

JS 
JBS 

35 
JD 

is 
ins 

JD 

JBS

3D 
JES 

JD 
Jos

References 1, 
References 1, 
References 1, 
Reference 16 

References 1, 
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Appendix B 

Summary of Analytical Data From Paragon Analytics 

This a appendix provides three tables that provide summaries of the analytical data from 

Paragon Labs. The data from Thermo NUteck was only for Sr-90 and the complete data set is 

given in Chapter 4.  

Table B-I, two pages provides the primary data used in Tables 4-land 4-2, and includes 

all of the isotopes of uranium and thorium. The analytical error terms for the data is also given.  

Table B-2a provides the data for many other radionuclides reported by the laboratory.  

Table B-2b provides the data for laboratory control samples.  

The data reported in these tables was taken from an electronic file provided by the 

laboratory.

The detailed laboratory reports arc given in Appendix D.
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Table B-2a. Compee lst" of abomatoy anMya M results: sempes 
pug.9of 10

lob ID NO. Hoist Th-229 Th-230 Th-232 U-234 U-23S U-2e 

ft___ 2 6081 f mdcll *g I"sfI M1* f IPgI * no I md cl mdtI cl a Mdclf PM&' a mdc 

"-G4-22"- 24-16DB17 11 0.3 U 
"99-04-2602 24-1 • A 0 U 
99-04-220-03 24-160919 30 0.T U 
ig-•-::•04 24-1602030 0.3U U 

99-04-22W.06 24-16021 29 0.4 U 
"-04-22•00 24-160922 29 0O U 
99-04"22607 24-160923 27 03 U 1.0 OA 0.6 0.7 0.3 0.3 1.1 0.3 0.3 
99042267-01 24-100923 27 1.1 OA4 0.6 0 .9 03 0.2 1.3 0.4 0.3 
","04-22"6 24-160924 27 0.3 U 
9944-226"6 24-160925 26 0.4 U I 
99-04-226-10 24160920 26 0.6 U 
09-04-226-11 24-160927 2S 0.3 U 
9904-226-12 24-160926 26 0.6 U 
99-04-226-I3 -4-10IS29 24 0.9 U 2.0 0A 0.1 3.2 0._ 0. . 0.4 OA 0 2.8 OA 0.1 0.2 0.1 0.1 3 0. .0 

"9904226-13- 24-160929 24 3.2 0.5 0.1 3.8 0.6 0.0 3.0 0. 0.0 2.9 0.4 01 0.2 0.1 0.1 &S 0.6 0.1 
00-04-226-14 24-160930 23 0.8 _ _ 

"090-22M6S 24-16031 23 0.3 U 
99"4-22616 24-1 20 0.5 U 09 0.2 0.1 oOA 0.1 0.0 0.7 0.1 0.0 OA 0.1 0.1 0.0 0.0 0.0 U 0.6 0.1 0.1 

"904226.164)1 24.160932 20 . o. 0.2 0.1 OA 0.1 0.0 0.7 0.1 0.0 0A 0.1 -. 0. 0.0 0.0 U 0.A 0.t 0.0 
99-04"226-17 24-16M933 20 0.- -

"99-04-228-116 24-160934 22 0.6 U 

9904-226-19 24-1609S' 22 0.5 U 
T-4E-2 241-O60M 21 0.4 U 0.A 0.2 A4 0.6 0.2 0.2 0.7 0.2 0.2 

99-04"226-21 24-160937 21 0.8 U 
99-04-226-22 24-160936 32 4A U 0.6 0.2 0.0 - 0.4 0.1 0.0 0.9 0.2 0.0 0.3 0.1 0.o 0.0 0.0 0.1 U 0• .13 0.1 

99-04-226-23 24-160919 3i 0.3 UJ 0.,3 0.3 0.6 U 1.0 0.3 0.,2 0.4 0.2 0.1 

99-04-226-24 24-160940 33 0.5 U/ 0.6 0.2 0.1 0.65 0.1 0.0• C.7 0.1 0.0 0.6• 0.1 0.1 0.0 0.0 0.0 U 0.4 0.1 0.1 

0904-226-25 24-160941 33 0.6 U! 1.9 0.6 0.4 0.9 0.3 0.2 1.7 CA 0.8 
99-04-226-26 24-160942 34 OA LU 1.1 0.2 0.1 0CA'0.1 0.0 1.0 0.2 0.0 A . 01 b 0.0 0. I G. T 0.4 0t0.  

99-04-220-27 24-1609434 0.4 U 0.7 0.4 0.6 0.3 0.3 0.3 0.3 0.2 0.2 
99.04-226.26 24.160)944 1S 0.4 U 
09-04-220-29 24-160 94 36 0.6 U 

99-04-226-30 24-7KNO 14 0. U 1.0 0.2 0.1 OA 0.2 0.0 0.9 0.2 0.0 0.4 0.1 0.1 0.0 0.0 0. U 0.4 0.1 0.1 

99404-226-31 24-17KN1 14 0.3 U 1 .1 0.2 0.0 0.6 1 0.0 1.0 0.3 0.1 OA 0. 0 0.3 0.1 0.1 

99-04-228-3 24-160934 o .3 U 9904-226-24 24-460901 1.0 U 1.0 0.2 0.1 0.6 0.1 0.0 0.6 0.1 0.0 0.4 0.1 0.1 0.0 0.0 0.1 U 0.3 0.1 0.1 

99l04-226-4624-160901 16 0.0 U 
e9-04-224.37 24-160902 1i 0.2 U 
99-04.;229.36 24-160903: 17 0.6 U 

99-04-22-.3 24.160904 17 0.6 U "944-226.40 24-160600 t 1.0U 0.1. 0 0.2 .1 OA _ 0. ot o.0 0.1 0.3 0.1 0.1 

"6-4-22641 24.160926 16 OA U 0.7 0.32 0.3 0. 0.3 -0. 09.0 0.2 0.0 - - -n - -

9-04-•2•26- 24-160907 18 0.6 O 0A 0.3 0 0.3 0.2 0.9 0.8 0.2 1 1 

99-"2M2$ 243 IM 3S~EF 12 C U 

09904-226-4 24-160O09 12 0.5 U 
"9904-22M.M4 24-0810 13 0.6 U

90-O4-22S-1-46

-47
me4

99-04-226-49
00-fld.22.EE1r

24-1firm! 1

24-160912
Z41U1rU1J
24-160914
"IfOflIE

13
SI

II
iU

II

0.4IU
"-_4U

3.5 U
O.2IU

0.71U
0.S1U

-4-4.11-4-

&.amiWt6MM 4IRW

09904-226-1 
9-04W-2"2-6

24-16916

OA U I

904m-2m lu

6 1 0.610 1 1 i i I i i I i i i i I I I I 1 11 1 1
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Table B-2b. Complete listing of laboratory analytical results: lab control samples 
page I of 3

lab ID So"p eNo. So" Count Am-241 Cd-109 CO-139 CO-57 Co-60 Cs-137 
Date Dats pCg *, Yf 1/tre pCi/g * If %reo pCVg*1 f %o pC/g * f %reo pC/g f .%M pCi/gI %#eo pC* g 

99-04-226-Si LabControl 1011/98 6W22M99 443 73 P 96 6700 1100 P 106 148 24 P 102 303 50 P 106 204 34 P 110 602 
99-04-226-S2 LabControl 10/1/98 6122199 441 73 P 96 6500 1100 P 103 141 23 P 97 299 49 P 105 188 31 P 102 532 
99-04-226-83 LabControl 1011/986123/99 429 71 P 93 64001100 P 101 141 23 P 97 304 50 P 106 191 32 P 103 475 

99-04-226-S4 LabControl 10/1/98 6824/99 475 78 P 103 6400 1100 P 101 1 151 25 P 104 318 53 P 111 196 32 P 106 497 
99-04-226-S5 LabControl 101198 6/24/99 478 791P . 103 6400 1100 P 101 152 25 P 105 319 53 P 112 193 321 104 506 
99-04-226-S8 Lab Control 4/1/99 6123199 203 34 P 100 2890 4401P 99 97 16 P 100 68 11 P 100 141 23 P 99 84 14 P 99 219 
99-04-226-87 LabControl 10/1/98 7/8/99 443 74P 96 6500 1100P 103 145 24 P 100 301 SO P 105 197 33 P 106 480 
99-04-226-SB LabControl 1011/98 7/8/99 443 74 P 96 6500 1100 P 103 145 24 P 100 301 S0 P 105 197 33 P 106 480 
AS02428BLK1 w120199 6/18199 

AS02428LCS1 5120199 6/16199 

ASO243OBLK1 S -/99 6"2-/9

ASO243OLCSI 5120199 6120199 
AS02527MLK1 6M22/996 /7/99 

AS02527LCS1 622/99 6&27/99 
AS02529BLK1 6/22/99 8189 
AS02S29.CSI 6/22/99 6/2/99 - --,--

AS02530OBLKI 6122199 8126199 
ASO253OLCSI 8122199 6/27/99

I
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Table B-2b. Complete listing of laboratoty analytical results: lab control samples 
pags2of3

lab ID Sairple No. Hg-203 SnI13 Y-68 Th-228 

Mdo~ f ±C9 f %ree PCvg* f %roo pOIO M* fdo %M eo U 99-04-226-SI LAb Control 88 443 P 413 68 P 

99-04-226-82 Lab Control 99 441 P 395 66 P 
99-04-226-83 Lab Control 90 429 P 402 67 P 
99.04-226-S4 Lab Control 93 475 P 410 68 P 
99-04-228-65 Lab Contl 94 476 P 402 67 PI 
99-04-225-SO LabControl 36 203 171 28 P 99 291 48 P 97 
99-04-226-S7 Lab Control 100 443 P 404 67 P 
99-04-226-SB Lab Control 100 443 P 404 67 P 
AS024288LK1 
AS0242SLCSI 
AS024306LK1 0.1 0.4 0.7 U 0 0.4 
AS02430LCS1 0.0 0.2 0.4 U 0 48.1 
AS02527,LK1 0.0 0.0 0.1 U 0 0.1 
AS00527LCSI 0.0 0.0 0.1 U 0 2.3 
AS02529BLKI -11.0 33.0 100.0 U 0 123.0 
AS02529LC81 -10.0 26.0 92.0 U 0 4440.0 
AS025308LK1 ._,.,.  

AS0253OLCSI A

4.



Table B-2b. Complete listing of laboratory analytical results: lab control samples 
pagS ot3

lab ID Sm e No. Th-230 Th-232 U-234 U-235 U-238 
* mdcf Y.reo pCI/g mdo f %reo pCi/g * mdcf %rec pCIg a mdot % pCfr9 a ndof 

99-04226-s1 Lab Control 
99-04-228-S2 Lab Con"rol 
99-04-228-S3 Lab Control 
99-04-226-S4 Lab Control 
99-O4-226-S5 Lab Control 
99-4-228-SO Lab Contol 
99-04-226-S7 Lab Control 
99-04-226-S8 Lab Control 
AS02428OLK1 0.0 0.0 O.1 U 0 0.0 0.0 0.1 U 0 0.0 0.0 0.1 U 

AS02428LCS1 102 1.3 0.1 Pass 101 0.5 0.1 0.0 0 10.1 12 0.0 Pass 
AS02430OLK1 02. 02.B 0 0.1 0.1 02.Ul 0 
AS02430LCS1 5.7 0.1 Pass 103 02 0.1 02 U 1 0 
AS02527BLK1 0.0 0.0 83 0 0.0 0.0 0.0 U 0 
AS02527LCS1 0.3 0.0 Pass 101 0.0 0 .0 U 0 
AS02529BLKI 63.0 68.0 B 0 29.0 32.0 55.0 U 0 
AS02529LCS1 640.0 43.0 Pass 99 22.0 28.0 43.0 U 0 
ASO2530BLK1 0.6 3.5 72 U 0 0.8 3.5 6.1 U 0 -0.3 3.5 6.1 U 
AS0253LCS1 529.01 78.0 10.0 Pass 105 400 14.0 8.7 0 522.0 77.0 8.7pass

ft.f*fTaM.5-2b U~
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