
o 
Shaw® 

Project No. 845843 
February 7, 2006 

  

Revision 0 

Pre-Design Investigation Data Summary Report 
Plants 3, 8, 9, 11, Mallinckrodt Inc. Parking Lot, and the 
Angelrodt Security Gate Area 
FUSRAP St. Louis Downtown Site 
St. Louis, Missouri 

Total Environmental Restoration Contract 
Contract Number DACW41-98-D-9006 
Task Order No. 0011 

Submitted to: 
U.S. Army Corps of Engineers 

	
U.S. Army Corps of Engineers 

Kansas City District 
	

St. Louis District 
FUSRAP Project Office 

Submitted by: 
Shaw Environmental, Inc. 
FUSRAP St. Louis Downtown Site 
110 James S. McDonnell Blvd. 
Hazelwood, Missouri 63042 

• RESPONSIVE TO THE NEEDS OF ENVIRONMENTAL MANAGEMENT 



• PRE-DESIGN INVESTIGATION DATA SUMMARY REPORT 

PLANTS 3, 8, 9, 11, MALLINCKRODT INC. PARICING LOT, AND 

THE ANGELRODT SECURITY GATE AREA 

FUSRAP ST. LOUIS DOWNTOWN SITE 

ST. LOUIS, MISSOURI 

TOTAL ENVIRONMENTAL RESTORATION CONTRACT 

CONTRACT NO. DACW41-98-D-9006 

TASK ORDER NO. 0011 

Submitted to: 

I 

Department of the Army 

U.S. Army Engineer District, 

Kansas City Corps of Engineers 

700 Federal Building 

601 East 12 th  Street 

Kansas City, Missouri 64106 

Department of the Army 

U.S. Army Engineer District, 

St. Louis Corps of Engineers 

FUSRAP Project Office 

8945 Latty Avenue 

St. Louis, Missouri 63134 

Submitted by: 

Shaw Environmental, Inc. 

FUSRAP St. Louis Downtown Site (SLDS) Office 

110 James S. McDonnell Boulevard 

Hazelwood, Missouri 63042 

Revision 0 

February 7, 2006 

Shaw® 

S 



PRE-DESIGN INVESTIGATION DATA SUMMARY REPORT 

PLANTS 3, 8, 9, 11, MALLINCICRODT INC. PARKING LOT, AND 

THE ANGELRODT SECURITY GATE AREA 

FUSRAP ST. LOUIS DOWNTOWN SITE 

ST. LOUIS, MISSOURI 

TOTAL ENVIRONMENTAL RESTORATION CONTRACT 

CONTRACT NO. DACW41-98-D-9006 

TASK ORDER NO. 0011 

Submitted to: 

• 

Department of the Army 
U.S. Army Engineer District, Kansas City 

Corps of Engineers 
700 Federal Building 

601 E. 12th Street 
Kansas City, Missouri 

Department of the Army 
U.S. Army Engineer District, St. Louis 

Corps of Engineers 
FUSRAP Project Office 

8945 Latty Avenue 
Berkeley, Missouri 

Submitted by: 
Shaw Environmental, Inc. 

FUSRAP St. Louis Downtown Site (SLDS) Office 
110 James S. McDonnell Boulevard 

Hazelwood, Missouri 63042 

• 
Shaw® 

 

February 7, 2006 
Revision 0 

Reviewed / 
Approved By: 

Reviewed / 
Approved By: 

Reviewed / 
Approved By: 

Signature on File DATE: 

DATE: 

DATE: 

02-09-06 
F. James Pollard, P.E. 
Program Manager, Shaw Environmental, Inc. 

Signature on File 02-09-06 
Karl Eisenhart, RE. 
Contractor Quality Control Systems Manager, 
Shaw Environmental, Inc. 

Signature on File 02-09-06 
Bruce Fox 
Project Manager, Shaw Environmental, Inc. • 



Revision 0 
02/07/2006 

• Table of Contents 	  

List of Tables 	 ii 

List of Figures 	  ii 

List of Appendices 	  ii 

List of Abbreviations and Acronyms 	 iii  

1.0 	Introduction 	  I-1 

2.0 	Pre-Design Investigation Activities and Methods 	 2-1 

2.1 Historical Information Review 	 2-2 

2.2 Gamma Walkover Survey 	 2-3 

2.3 Soil Borings 	 2-4 

2.4 Investigation-Derived Waste 	 2-5 

2.5 Inaccessible Areas 	 2-5 

3.0 Plants 3, 8, 9, 11, Mallinckrodt Parking Lot, and the Angelrodt Security Gate Area Pre- 
Design Investigation Results 	 3- I 

3.1 Historical Sampling Results 	 3-1 

3.2 Walkover Survey Results 	 3-1 • 	3.3 Pre-Design Investigation Analytical Results 	 3-2 

3.4 Geology, Hydrogeology, and Hydrology 	 3-2 

4.0 	Evaluation of Pre-Design Investigation Results 	 4-1 

4.1 Area I 	 4-1 

4.2 Area II, III, IV, V. and VII 	 4-2 

4.3 Area VI 	 4-4 

4.4 Area VIII and IX 	 4-5 

5.0 Summary and Conclusions 	 5-1 

6.0 References 	 6-1 

• 	
P38911 PDIR Rev Odor 

	
Pre-Design Investigation Data Summary Report 

Plants 3, 8, 9, It, Mallinckrodt Inc. Parking Lot and 
the Angelrodt Security Gate Area 

FUSRAP St. Louis Downtown Site 



Revision 0 
02/07/2006 

List of Tables 	  

Table 	 Title 

3-1 	 Mallinckrodt Plants 3, 8, 9, 11, Mallinckrodt Parking Lot (MINPL), and 

the Angelrodt Security Gate (M1ASG) Summary of Radionuclide 

Contaminants of Concern, Analytical Results with Radiological 

Contamination 

3-2 	 Plants 3, 8, 9, 11, Mallinckrodt Parking Lot (M1NPL), and the Angelrodt 

Security Gate Area (MIASG) Pre-Design Investigation Radiological Data 

Results 

3-3 	 Mallinckrodt Plants 3, 8, 9, 11, Mall inckrodt Parking Lot, and the 

Angelrodt Security Gate Historical Remediation Investigation 

Radiological Data Results 

List of Figures 	  

Figure 	 Title 

1-1 	 Location Map 

2-1 (A through D) 	Pre-Design Investigation Sample Locations 

2-2 (A through D) 	Walkover Survey Map 

4-1 (A through E) 	Estimated Extent Radiological Contamination 

List of Appendices 	  

Appendix 	Title 

A 	 Plants 3, 8,9, 11, Mallinckrodt Inc. Parking Lot, and Angelrodt Security 

Gate Area Boring Logs 

Verification Contractor's Aerial Average Data for Area VI 

P38911 PM Rev 0.doc 
	

Pre-Design Investigation Data Summary Report 

	 • 
Plants 3, 8, 9, II, Mallinckrodt Inc. Parking Lot and 

the Angelrodt Security Gate Area 
FUSFtAP St. Louis Downtown Site 

• 

• 

11 



Revision 0 
02/07/2006 • 	List of Abbreviations and Acronyms 	  

Acronym 	Title 

Ac 	 actinium 

AEC 	 Atomic Energy Commission 

Am 	 Americium 

ARAR 	 applicable or relevant and appropriate requirement 

ASTM 	 American Society for Testing and Materials 

bgs 	 below ground surface 

BNI 	 Bechtel National, Inc. 

COCs 	 contaminants of concern 

Cs 	 Cesium 

DOE 	 U.S. Department of Energy 

FUSRAP 	Formerly Utilized Sites Remedial Action Program 

HTZ/HTR 	alphabetical sample designations 

HU 	 hydrostratigraphic unit 

IT 	 International Technology Corporation 

potassium 

• 
Mallinckrodt 

MED 	

Mall inckrodt Inc. 

Manhattan Engineer District 

msl 	 mean sea level 

OD 	 outside diameter 

Pa 	 protactinium 

pCi/g 	 picocuries(s) per gram 

PDIR 	 Pre-Design Investigation Data Summary Report 

Ra 	 radium 

ROD 	 Record of Decision 

SAG 	 Sampling and Analysis Guide 

SAIC 	 Science Applications International Corporation 

Shaw 	 Shaw Environmental, Inc. 

SLDS 	 St. Louis Downtown Site 

SOR 	 sum-of-ratios 

SORnet 	 sum-of-ratios net 

Th 	 thorium 

uranium 

USACE 	 U.S. Army Corps of Engineers 

• 
USGS 	 U.S. Geological Survey 
P38911 PDIR Rev 0 doc Pre-Design Investigation Data Summary Report 

Plants 3, 8, 9, I I, Mallinckrodt Inc. Parking Lot and 
the Angelrodt Security Gate Area 

FUSRAP St. Louis Downtown Site 

111 



Revision 0 
02/07/2006 

• 	1.0 Introduction 

This Pre-Design Investigation Data Summary Report (PDIR) documents the results of a pre-

design investigation at Mallinckrodt Inc. (Mallinckrodt) Plants 3, 8, 9, 11, the parking lot located 

immediately north of McKinley Bridge on Mallinckrodt property (hereafter referred to as 

Mallinckrodt Parking Lot), and the Angelrodt Security Gate Area located at the corner of 

Angelrodt Street and North Second Avenue. The locations of the above referenced Plants, 

parking lot and security gate area shown on Figure 1-1. This pre-design investigation was 

conducted between September 2004 and June 2005 by Shaw Environmental, Inc. (Shaw) 

(formerly IT Corporation) under the direction of the U. S. Army Corps of Engineers (USACE), 

St. Louis District. The pre-design investigation activities were conducted through the Formerly 

Utilized Sites Remedial Action Program (FUSRAP). The FUSRAP was developed in 1974 by 

the Atomic Energy Commission (AEC) (now the U.S. Department of Energy [DOE]) to identify 

and clean up or otherwise control sites where residual radioactive contamination remained from 

activities carried out under contract to the Manhattan Engineering District (MED) and the AEC 

during the early years of the nation's atomic energy program (Bechtel National, Inc. [BNI], 

1994). Subsequently, Congress transferred responsibility for the FUSRAP to the USACE. 

The Record of Decision for the St. Louis Downtown Site, St. Louis, Missouri (ROD) (USACE, 

1998) identified the St. Louis Downtown Site (SLDS) as requiring remediation of radiological 

and chemical contamination. In the context of this PDIR, radiological contamination is defined 

as the presence of radiological contaminants of concern (COCs) in an individual soil sample or 

group of samples at net concentrations (above the background concentration) that exceed the 

ROD remediation criteria. However, the presence of COCs at concentrations that exceed the 

ROD remediation criteria in an individual sample or group of samples may not exceed ROD 

remedial goals, as those are based on aerial averages. The determination of the aerial averages 

will be conducted as described in the Remediation Activity Work Description. Note that the 

background concentration used for the evaluations in this PDIR is defined by the arithmetic 

mean of the distribution of background measurements that were reported in the Background Soils 

Characterization Report for the St. Louis Downtown Site (USACE, 1999). As identified by the 

ROD, the radiological COCs at the SLDS consist of uranium (U)-238 and its daughters, 

especially thorium (Th)-230 and radium (Ra)-226, U-235 and its decay products, including 

protactinium (Pa)-231 and actinium (Ac)-227, and Th-232 and its progeny. The SLDS consists 

of the Mallinckrodt plant (a chemical manufacturer) and surrounding vicinity properties. 

Shaw conducted the pre-design investigation activities for the USACE in accordance with the 

Pre-Design Investigation Work Description, FUSRAP St. Louis Downtown Site, St. Louis, 
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Missouri (Work Description) (Shaw, 2004a) as amended by an appendix to the Work Description 

published separately, entitled Appendix B.1 Pre-Design Investigation at Mallinckrodt Plants 3, 8, 

9, 11, and Mallinckrodt Parking Lot (Appendix B.1) (Shaw, 2004b). The purpose of the pre-

design investigation activities was to further refine and delineate areas of radiological 

contamination described in the Radiological, Chemical, and Hydro geological Characterization 

Report for the St. Louis Downtown Site in St. Louis, Missouri (Characterization Report) (BNI, 

1990), the Remedial Investigation Report for the St. Louis Downtown Site, St. Louis, Missouri 

(Remedial Investigation Report) (BNI, 1994), and the Remedial Investigation Addendum for the 

St. Louis Site (Remedial Investigation Report Addendum) (Science Applications International 

Corporation [SAIC], 1995). Concurrent with the pre-design investigation, radiological surveys 

were performed in areas that were accessible, and soil samples were collected and analyzed for 

radiological COCs in Plants 3, 8, 9, 11, Mallinckrodt Parking Lot, and the Angelrodt Security 

Gate Area in accordance with the Work Description and Appendix B.1. 

Plants 3, 8, and 9 are bounded to the north by the City of Venice, IL Vicinity Property (DT-11), 

to the east by the Norfolk Southern rail line and North Second Avenue, to the south by Destrehan 

Street, and to the west by Broadway. Plant 11 is bounded to the north/northeast by the City of 

Venice, IL Vicinity Property (DT-11), to the west by the Norfolk Southern rail line and North 

Second Avenue, and to the south by Plant 1. The Mal linckrodt Parking Lot is bounded to the 

north by the PSC Metals Vicinity Property (DT-8), to the east by the Terminal Railroad Vicinity 

Property (DT-9), to the south by DT-11, and to the west by the Norfolk Southern rail line and 

North Second Avenue. The Angelrodt Security Gate Area is a triangular shaped tract of land 

that is bounded to the west by Plant 10, the east by the Norfolk Southern Railroad Vicinity 

Property (DT-3), and to the south by Angelrodt Street. 

The investigation activities conducted at Plants 3, 8, 9, 11, Mallinckrodt Parking Lot, and the 

Angelrodt Security Gate Area, and the radiological results obtained during these activities, is 

described in this PDIR. Achievement of remedial goals for the SLDS COCs will be confirmed 

as part of the Final Status Survey for these areas, and the results will be included in the Post 

Remedial Action Report. In addition, this PDIR also includes a summary of the investigation 

activities described in the Characterization Report (BNI, 1990), the Remedial Investigation 

Report (BNI, 1994), and the Remedial Investigation Report Addendum (SAIC, 1995). 
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• 	2.0 Pre-Design Investigation Activities and Methods 

Activities performed as part of the pre-design investigation consisted of a historical information 

review, walkover surveys, and soil sampling. Pre-design investigation activities were conducted 

at Plants 3, 8, 9, 11, Mallinckrodt Parking Lot, and the Angelrodt Security Gate Area in 

accordance with the Work Description (Shaw, 2004a), as amended by Appendix B.1 (Shaw, 

2004b). In addition, the pre-design investigation activities were performed in accordance with 

the Sampling and Analysis Guide for the St. Louis Sites, St. Louis, Missouri (SAG) (USACE, 

2000a). Each of the above-mentioned activities and their associated method(s) of 

implementation are summarized in the following subsections. Discussions of investigation-

derived waste and inaccessible areas are also summarized. 

• 

Samples were collected from 89 sample locations at Plants 3, 8, 9, 11, Mallinckrodt Parking Lot, 

and the Angelrodt Security Gate Area as part of the pre-design investigation (see Figures 2 - 1A 

through 2 - 1D). The 89 sample locations included 18 potential Class 2 sample locations, 

13 potential Class 3 sample locations, 18 pre-design investigation sample locations, eight 

informational sample locations, 25 HTZ sample locations, and seven HTR sample locations 

(Note: HTZ and HTR samples are biased 2x2 sodium iodide walkover samples exhibiting 

elevated count rates). The term "sample location" is defined as a soil boring location (via hand 

auger or drill rig) or a surface sample location from which soil samples were obtained. The 

specific sampling method used at each of the sample locations is specified on the soil boring logs 

in Appendix A. One planned potential Class 2 sample location, SLD84114 in Plant 11, was not 

drilled and sampled during the pre-design investigation. The plotted location for this sample 

placed the boring within a new section of Building 97. After applying the maximum allowed 

distance for moving potential Class 2 sample location, no accessible sample locations could be 

identified. Therefore, this sample location was not drilled and sampled. 

Soil samples were submitted to the St. Louis FUSRAP Laboratory and analyzed by gamma and 

alpha spectroscopy for the SLDS radiological COCs. After completing the analyses, the results 

were used as the input for interpretation of the pre-design investigation results. The gross 

radiological soil sample results (not corrected for mean site background concentrations) for each 

sample were imported into a working database. Analytical data tables (see Tables) were then 

generated using the working database. These data tables contain the gross analytical results and 

associated sum-of-ratios net  (SORnet) value for each sample, after correction for contribution from 

background. The equations used to calculate the S0R net  values for samples from 0 to 0.5 feet 

below ground surface (bgs) and samples from greater than 0.5 feet bgs are as follows: 

• 	
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SORnet  =Greater of Ra-226 or Th-230 + Greater of Ra-228 or Th-232 + U-238  
5 pCi/g 	 5 pCi/g 	 50 pCi/g 

Where pCi/g = picocuries per gram 

Samples greater than 0.5 feet bgs: 

	

SORnet  = 	Greater of Ra-226 or Th-230 + Greater of Ra-228 or Th-232 + U-238  
15 pCi/g 	 15pCi/g 	 50 pCi/g 

Where pCi/g = picocuries per gram 

The calculated SOR net  value for each sample was compared to the ROD remediation criteria 

(USACE, 1998) to determine if radiological contamination was present. A sample with a SORnet 

greater than or equal to 1.0 was assumed to be contaminated. If contamination was identified, 

the available data and information were evaluated further to estimate the aerial extent of 

radiological contamination. The term "contamination", as defined in Section 1.0 and used 

herein, differs from the remedial goals usage in that the remedial goals are based on the average 

aerial concentration of SLDS COCs that are above the site background distribution for a 

100 square meter area. This evaluation was performed considering adjacent sample analytical 

data and information pertaining to historical or geological features controlling the soil or 

contaminant deposition in the sample location area. Also considered was information pertaining 

to nearby structural features or barriers that might limit or influence the path of migration of 

contamination in a preferred direction. It should be noted that when radiological contamination 

was detected within a sample from a particular sample interval (e.g., from 0 to 0.5 feet bgs) it 

was conservatively assumed that the depth of the contamination at that location extended to the 

top of the next sampled interval that did not contain radiological contamination or to the top of a 

structural or geological barrier. Based on the foregoing evaluation, contours depicting an 

estimation of the extent of contamination were developed. 

2.1 Historical Information Review 

A review of available historical information sources and documents was performed as part of the 

pre-design investigation to gain insight as to when land development activities and/or related 

physical changes occurred at Plants 3, 8, 9, 11, the Mallinckrodt Parking Lot, the Angelrodt 

Security Gate Area, and surrounding properties. These land development activities/changes 

included the placement of fill material, earth movement activities that may have altered the 

topography, and the addition, removal, or modification of man-made structural elements. 

Historical drainage/erosional features were also identified. Land development activities and the 

locations of drainage/erosional features were then compared with Mallinckrodt operational 

	

P38911 PDIR Rev 0.doc 	 Pre-Design Investigation Data Summary Report 
Plants 3, 8, 9, Ii, Mallinckrodt Inc. Parking Lot And 

The Angelrodt Security Gate Area 
FUSRAP St. Louis Downtown Site 

• 

• 
2-2 



Revision 0 
02/07/2006 • 

• 

• 

activities and their associated time frames to identify features that may harbor radiological 

contamination and/or exceed the ROD remediation goals (USACE, 1998). Consideration was 

given to the identification of the changes to the topographic surface at Plants 3, 8, 9, 11, the 

Mallinckrodt Parking Lot, and the Angelrodt Security Gate Area before, during, and following 

MED/AEC operations in order to identify buried or topographically elevated soil horizons that 

may contain SLDS COCs. In general, the topographic surface and subsurface at the SLDS 

consists mostly of fill material overlying alluvial deposits referred to as the "natural, in-situ soil 

horizon." This natural, in-situ soil horizon serves as a marker horizon because its homogeneity 

across the SLDS makes it easily identifiable during subsurface investigations. It also provides a 

reference horizon that indicates that the subsurface investigation is below the topographic surface 

that would have been present during and after Mallinckrodt's MED/AEC operational activities. 

Radiological and geological data from the remedial investigation and the pre-design 

investigation as well as the pre-design and remediation activities at nearby vicinity properties 

were also utilized to develop insights as to the nature and extent of the soil units at Plants 3, 8, 9, 

11, and Mallinckrodt Parking Lot. The potential for these soil units to contain radiological 

contamination was then determined. Historical information sources and documents included the 

following: 

• Historical sampling results, including results for those samples obtained during 
remedial investigation activities at the SLDS (BNI, 1990, 1994) (SAIC, 1995). 

• Historical topographic maps (U. S. Geological Survey [USGS], 1933, 1935, 1937, 
1940, 1950, 1954, 1968, 1993). 

• Eighty-six aerial photographs covering 36 dates provided by the USACE, 
Geospatial Engineering Branch (USACE, 2001). 

2.2 Gamma Walkover Survey 

On March 8, 2001, an initial gamma walkover survey was performed by SAIC in accordance 

with the Multi-Agency Radiation Survey and Site Investigation Manual (NRC, et al., 2000) to 

identify areas of elevated radiological activity in Plants 3, 8, 9, and 11. This survey included the 

collection of soil samples from 23 sample locations. Walkover surveys are normally completed 

utilizing a 2x2 sodium iodide detector together with a Global Positioning System. In order for 

the survey equipment and the Global Positioning System to operate properly, the survey must be 

conducted in unobstructed areas to allow for proper satellite reception. During the initial March 

8, 2001 walkover survey, interferences prevented proper satellite reception in an area northeast 

of Building 98 and west of Building 91. In order to augment the initial walkover survey results a 

manual gamma walkover survey was conducted on April 2 and 7, 2001 within the satellite 
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3, 8, 9, 11, the Mallinckrodt Parking Lot, and the Angelrodt Security Gate Area. Additionally, a 

walkover survey was performed during the September 2004 and June 2005 pre-design 

investigation in order to aide in the location/co-location of soil sample locations. The results 

from these walkover surveys are provided in Figure 2-2. 

2.3 Soil Borings 

The pre-design investigation borings were drilled using a Central Mine Equipment 75 drill rig 

equipped with 3.25-inch inside diameter hollow stem augers. Soil samples were collected using 

a 2-foot-long by 3-inch outside diameter (OD) steel split-spoon sampling device. The split 

spoon was driven in advance of the hollow stem auger using a 140-pound automatic drop 

hammer through a 30-inch drop height. After each 2-foot evaluation length was collected, the 

augers were advanced 2 feet to the bottom of the previous sample interval and the procedure 

repeated until boring completion. 

Where conditions would not allow the use of a drill rig (e.g., overhead power lines, proximity of 

structures, etc.), soil borings were completed using a 0.5-foot-long by 4-inch OD steel auger. 

Extensions for the hand auger shaft allowed for the collection of soil samples to a depth of 6 feet 

bgs. Soil borings drilled using hand augers were advanced at 0.5-foot increments with a pre-

cleaned or decontaminated steel sample bucket. The sample bucket was slowly lowered to the 

bottom of the borehole to prevent dislodging of sidewall material from the borehole. The depth 

of penetration of the auger was closely monitored via tape measure to ensure that the retrieved 

soil sample was representative of the appropriate sample interval. 

The soil cores were field screened for radiological activity using a Ludlum 2221 together with a 

Ludlum Model 44-10 (2x2 sodium iodide detector). During drilling activities, soil was screened 

for volatile organic compounds within the breathing zone for health and safety purposes using a 

photoionization detector. The field geologist identified and lithologically described the soils 

using American Society for Testing and Materials (ASTM) Method D2488-93, "Standard 

Practice for Description and Identification of Soils (Visual-Manual Procedure)" (ASTM 

International, 1993). The field geologist also determined whether more than 33 percent of the 

soil in a given 2-foot evaluation length was unrecoverable. If the field geologist determined that 

the soil within the given evaluation length was not sufficiently recovered or was "slough" 

material originating from upper intervals, a soil sample from the same depth at an adjacent 

location was collected. The lithological and recovery information and the screening results were 

recorded on the soil boring log at the time of boring advancement. If applicable during logging, 

particular attention was paid to identifying the existence of remnant surface soil horizons, 
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erosional zones, or other historical indicators (e.g., debris zones). The boring logs for drilling 

and/or hand augering at Plants 3, 8, 9, 11, and Mallinckrodt Parking Lot are included in 

Appendix A. The equipment used to collect soil samples was cleaned and decontaminated in 

accordance with the SAG (USACE, 2000a). 

Soil samples collected from the 0.5-foot interval of interest were placed in 1-quart containers 

with tight-fitting lids and submitted for analysis of the SLDS radiological COCs. These samples 

were submitted to the St. Louis FUSRAP Laboratory under chain-of-custody, in accordance with 

SAG procedures (USACE, 2000a). Soil boring samples collected for archiving were placed in 

double-bagged plastic bags with sealable openings. The samples were then transported to the 

on-site storage trailer under chain-of-custody in accordance with SAG procedures. 

Upon completion, each boring was backfilled in accordance with the SAG (USACE, 2000a) or 

as directed by the USACE. Subsequent to backfilling the soil borings, each location was either 

civil surveyed or its distance measured from a known point (nearby surveyed feature). 

2.4 Investigation-Derived Waste 

Investigation-derived waste generated during the pre-design investigation activities included 

personal protective equipment, soil cores or cuttings, disposable sampling equipment, 

decontamination fluids, and plastic sheeting. As specified in the SAG (USACE, 2000a), waste 

generated during field activities was drummed at the site for future disposal by the USACE. 

2.5 Inaccessible Areas 

Several locations within Plants 3, 8, 9, 11, the Mallinckrodt Parking Lot, and the Angelrodt 

Security Gate Area were considered to be inaccessible for this pre-design investigation. 

Inaccessible areas include those areas that are beneath buildings and other permanent structures 

as defined in the ROD (USACE, 1998). Working within the framework of the ROD, the 

USACE and Mallincicrodt worked together to clarify which areas of the Mallinckrodt property 

met the criteria of areas inaccessible for remedial action. These areas were finalized in 

correspondence from Ms. Sharon Cotner to Mr. Robert Boland issued January 10, 2000, 

"Subject: Final St. Louis Downtown Site (SLDS) Inaccessible Soils Map" (USACE, 2000b). 

Using this map, inaccessible areas in Plants 3, 8, 9, 11, the Mallincicrodt Parking Lot, and the 

Angelrodt Security Gate Area include North Second Avenue, Salisbury Street, Mallinckrodt 

Street, Destrehan Street, buildings owned by Mallinckrodt, and the Norfolk-Southern Railroad 

rail lines along the North Second Avenue corridor (see Figures 2-1A thru 2-1D). Specifically, 

the inaccessible areas along the Norfolk-Southern Railroad rail lines include the rail bed and 

areas 10 feet adjacent to each outermost rail. These areas were not investigated by soil sampling 
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(at the request of the USACE) as part of the work scope for Plants 3, 8, 9, 11, the Mallinckrodt 

Parking Lot, and the Angelrodt Security Gate Area. However, an estimation of the extent of 

contaminated soils within the inaccessible areas was developed based upon previous sampling 

results and is discussed in Section 4.0 of this PDIR. 
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• 3.0 Plants 3, 8, 9, 11, Mallinckrodt Parking Lot, and the 
Angelrodt Security Gate Area Pre-Design Investigation 
Results 

Pre-design investigation results include the soil analytical results (including historical and pre-

design investigation sampling results), radiological walkover survey results, and the evaluation 

of the geological and hydrogeological conditions from Plants 3, 8, 9, 11, Mallinckrodt Parking 

Lot, and the Angelrodt Security Gate Area. Analytical results for those soil samples that 

exhibited radiological contamination are summarized in Table 3-1. Analytical results for all soil 

samples collected are presented in Table 3-2. 

• 

3.1 Historical Sampling Results 

BNI performed a remedial investigation at the SLDS between 1986 and 1992 to "...determine 

the extent of radioactive contamination, to delineate any chemical contamination associated with 

such radioactive contamination, and to characterize the properties geological and 

hydrogeological features" (BNI, 1994). The overall assessment of the historical analytical soil 

sample results that were collected during this investigation was that "Characterization results for 

soil samples collected at SLDS indicate that contamination is widespread across the property. 

Radioactive material is present in areas near or beneath buildings that were associated with 

MED/AEC operations. The radioactive contaminants at SLDS are uranium-238, radium-226, 

thorium-232, and thorium-230. Depths of contamination range from the surface to 7 m 

(23 feet)" (BNI, 1994). During the remedial investigation activities, soil samples were collected 

from 55 sample locations at Plants 3, 8, 9, 11, the Mallinckrodt Parking Lot, and the Angelrodt 

Security Gate Area (see Table 3-3). The radiological results from the soil samples collected 

during the remedial investigation indicated that 14 sample locations contained concentrations of 

SLDS COCs that result in SOR values that are greater than or equal to 1.0. The remedial 

investigation sample locations for Plants 3, 8, 9, 11, the Mallinckrodt Parking Lot, and the 

Angelrodt Security Gate Area are depicted on Figures 2-1A through 2-1D and samples that 

exceeded ROD remediation criteria are indicated with an underline. 

3.2 Walkover Survey Results 

The walkover survey for Plants 3, 8, 9, 11, the Mallincicrodt Parking Lot, and Angelrodt Security 

Gate Area was initially conducted in March and April 2001. As depicted on Figure 2-2, there are 

several areas, as indicated primarily by the areas of red and black coloration, on Plants 3, 8, 9, 

11, the Mallinckrodt Parking Lot, and the Angelrodt Security Gate Area that indicated the 

presence of elevated radiological activity. These areas include the north-central and northeastern • 	
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portions of the Mallinckrodt Parking Lot; the northeastern and southeastern corners of Plant 9; 

areas along the Norfolk Southern railroad and North Second Avenue corridor; areas along 

Mallincicrodt and the northern portion of Destrehan Streets; and areas in the northern and eastern 

portions of the Angelrodt Security Gate Area. As depicted on Figure 2-2, several HTZ samples 

were collected within these areas of elevated radiological activity to determine if radiological 

COCs were present at concentration levels that would result in an SOR value that was greater 

than or equal to 1.0. Based on the analytical results, six of the HTZ sample locations 

(HTZ00469, HTZ27426, HTZ27427, HTZ27429, HTZ66329, and HTZ66330 had concentrations 

of radiological COCs that resulted in an SOR value that was greater than 1.0 (see Table 3- I). 

3.3 Pre-Design Investigation Analytical Results 

Thirteen soil samples from 11 sample locations exhibited radiological contamination. These 

locations include the following: HTR84768, HTR84770, HTR84772, HTZ00469, HTZ27426, 

HTZ27427, HTZ27429, HTZ66329, HTZ66330, SLD85033, and SLD87974. The pre-design 

investigation sample locations are depicted on Figure 2- 1. The highest SOR values were 

identified in samples collected from 0.0 to 0.5 feet bgs at sample location SLD85033 (SOR of 

11) which is located in Plant 9, and from 0.0 to 0.5 feet bgs at sample location HTZ27429 (SOR 

of 12) which is located in Plant 3. The primary contributor to radioactivity affecting the SOR in 

the sample collected at sample location SLD85033 was Ra-226 (55 pCi/g). The primary 

contributor to radioactivity affecting the SOR in the sample collected at sample location 

HTZ27429 was Th-230 (58 pCi/g). The area of deepest radiological contamination at Plants 3, 

8, 9, 11, the Mallinckrodt Parking Lot, and the Angelrodt Security Gate Area appears to be 

located to the west of Building 250 in Plant 5 (within North Second Avenue) and was identified 

within remedial investigation sample location B16R121 (SOR of 20). The soil boring log for 

this sample location indicates that the soil sample that was submitted for radiological analysis 

was from 0.5-2.0 feet bgs (a sample interval of 1.5 feet). (Note: This sample interval is greater 

than the standard sample interval [0.5 feet] for soil samples collected at the SLDS.) 

3.4 Geology, Hydrogeology, and Hydrology 

The current topographic ground surface of Plants 3, 8, 9, 11, the Mallinckrodt Parking Lot, and 

the Angelrodt Security Gate Area is covered with consolidated cover material such as concrete 

and/or asphalt and unconsolidated cover material such as gravel. Consolidated cover material in 

Plant 3 consists of approximately 1.0 foot of asphalt and concrete. Plant 8 consolidated cover 

material consists of approximately 0.3 to 0.5 feet of asphalt (Note: Granite pavers were 

encountered below the asphalt in the alley west of Building 91.). Plant 9 consolidated cover 

material consists of asphalt and asphalt/concrete that is approximately 0.6 to 1.0 foot thick 
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(Note: A subsurface concrete obstruction was encountered at sample locations SLD84724 and 

SLD84724a.). Plant 11 consolidated cover material consists of approximately 0.5 feet of asphalt. 

The consolidated cover material in the Mallinckrodt Parking Lot consists of approximately 

0.2 feet of asphalt. No consolidated cover material was encountered during the pre-design 

investigation drilling activities at the Angelrodt Security Gate Area. 

In general, the geological setting at the SLDS is characterized from surface to bedrock by a fill 

layer present over most of the site, and alluvial sediments located beneath the fill (USACE, 

1998). The fill, discernable as multiple horizons at most locations, has an average thickness of 

13 feet and may contain concrete, brick, glass, coal cinders, slag material, and/or other 

miscellaneous materials that were placed on top of the original flood plain sediments in the late 

1800s and early 1900s. Fill thicknesses along the western boundary of the SLDS are generally 

10 to 15 feet (USACE, 1998). Specific fill thicknesses at Plants 3, 8, 9, 11, the Mallinckrodt 

Parking Lot, and the Angelrodt Security Gate Area range from 4.0 to 8.0 feet bgs. The alluvial 

deposits underlying the fill material consist of stratified clays, silts, sands, and gravels that range 

in thickness from 5 to 30 feet. 

Ground water at the SLDS has been identified within three hydrostratigraphic units (HU): HU-A, 

HU-B, and HU-C. HU-A comprises the fill material and the upper portion of the underlying 

alluvial deposits. HU-B, also called the Mississippi Alluvial Aquifer, comprises the lower 

portions of the alluvial deposits and consists of sands and silty sands. HU-C is located within the 

limestone bedrock. Ground water in the St. Louis area is generally of poor quality and does not 

meet drinking water standards without treatment (USACE, 1998). The pre-design investigation 

drilling and sampling activities for Plants 3, 8, 9, 11, the Mallinckrodt Parking Lot, and the 

Angelrodt Security Gate Area were within the HU-A. Ground water was encountered at three 

sample locations during the pre-design investigation. At sample location SLD84696 (located in 

Plant 3) ground water was encountered at 4.5 feet bgs. At sample location SLD84700 (also 

located in Plant 3) ground water was encountered at 5.5 feet bgs. At sample location SLD84708 

(located in Plant 8) ground water was encountered at 7.5 feet bgs. 

According to data that were compiled and reported by the USGS, four Mississippi River flood 

events occurred during the years that the MED/AEC was operating at Mallinckrodt. These flood 

events had peak flow elevations that were at or above 419 feet msl (USGS, 2004) and would 

have resulted in floodwaters inundating unprotected areas of the SLDS that were at or below the 

respective flood elevations. These flood events occurred in 1943 and 1944, both with peak river 

elevations of 419 feet msl, and in 1947 and 1951, both of these with peak river elevations of 

420 feet msl. A 1933 topographic map with a 5-foot contour interval indicates that the 
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topographic elevation of Plants 3, 8, 9, 11, the Mallinckrodt Parking Lot and the Angelrodt 

Security Gate Area was approximately 420 feet msl along the eastern edge of the Mallinckrodt 

Parking Lot area and Plant 11 and between 425 feet msl and 420 feet msl at Plants 3, 8, 9, and 

the Angelrodt Security Gate Area. Two aerial photographs, one taken on July 3, 1947 and the 

second an oblique aerial photograph from 1951 (most likely July), depict the approximate aerial 

extents of the Mississippi River flood events that occurred during the respective years. As was 

noted from the 1947 and 1951 aerial photographs, the floodwater extents from both flooding 

events appeared to be similar. In both the 1947 and the 1951 aerial photographs, floodwaters are 

observed along streets, railroad lines, and unprotected areas as far west as midway between Hall 

Street and North Second Avenue. Flooding in the eastern portions of Plant 11 and the 

Mallinckrodt Parking Lot are observed in both aerial photographs. Some flooding may also have 

occurred in the north and northeastern portions of Plant 3, near DT-11. 
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• 4.0 Evaluation of Pre-Design Investigation Results 

The walkover survey and analytical results from the pre-design investigation of Plants 3, 8, 9, 11, 

the Mallincicrodt Parking Lot, and the Angelrodt Security Gate Area were evaluated in 

conjunction with the relevant geological and historical data to determine the estimated extent of 

radiological contamination. The results of this evaluation identified nine areas that contained 

concentrations of radiological COCs that resulted in SOR values that were greater than or equal 

to 1.0 (see Figures 4-1A through 4-1E). The estimated extent of radiological contamination was 

determined for each of these areas and discussed in this section of the PDIR. Where applicable, 

those areas that were determined to meet the remedial goals as defined in the ROD and the 

applicable or relevant and appropriate requirement (ARAR) 40 Code of the Federal Regulations 

(CFR) 192, as well as areas that were within or near inaccessible areas, are identified and 

discussed in this section of the PDIR. 

4.1 Area! 

Area I is located in the northeast corner of Plant 9 (see Figure 4-1B). The radiological results 

from two sample locations (HTZ00469 and SLD85033) in this area indicated that radiological 

contamination was present in this area. The soil sample results from surface samples HTZ00469 

• 
(SOR=9.0) and SLD85033 (SOR=11) and subsurface sample SLD85034 (SOR=1.4), a 

subsurface sample from SLD85033, indicated that radiological contamination was present at or 

near the surface at these sample locations and extended to at least 1.5 feet bgs in this area (see 

Table 3-1). The surface and subsurface material from which these soil samples were collected 

was loose silt with fine to coarse gravel with some brick fragments and cinders. (Note: The 

loose nature of this material prevented the collection of representative soil samples from below 

1.5 feet bgs at sample location 5LD85033.) The radiological results from HTZ00469, 

SLD85033, and SLD85034 indicated that Ra-226 (44 pCi/gnet,  52  pCi/gnet,  and 21 pCi/gnet, 

respectively) was the primary radiological COC that contributed to the respective SOR values. 

• 

The horizontal extent of radiological contamination within Area I was determined utilizing the 

walkover survey results and radiological data obtained from soil samples collected from within 

this area. The manual walkover survey, used to help locate and delineate HTZ00469, indicated 

that the surface soils within approximately 5 feet east or west of HTZ00469 and 10 feet south, 

were radiologically elevated. In order to bound this area and determine the estimated extent of 

radiological contamination, pre-design investigation sample locations SLD84728 and SLD85033 

were placed to the north and south, respectively, of HTZ00469. (Note: A concrete 

wall/foundation structure is located approximately 3 feet south of 5LD85033.) The radiological 

results from SLD84728 indicated that radiological COCs were present, but not at concentration 
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results from this sample location indicated that the loose fill material in this area extends to the 

top of a silty clay soil layer at approximately 3 to 4 feet bgs. At sample location SLD85033, the 

loose fill material and the close proximity of a concrete wall, hindered the determination of the 

vertical extent of contamination at this sample location. However, based on the walkover survey 

results (both initial and manual), field observations, and the radiological results from SLD84728 

and SLD85033, the HTZ sample location appears to be horizontally delineated (see 

Figure 4-1B). (Note: Vertical delineation will be field determined.) 

4.2 	Area II, III, IV, V, and VII 

Areas II, III, IV, V, and VII are located along the Norfolk Southern rail line/North Second 

Avenue corridor situated to the east of Plants 3, 8, and 9 and between DT-11 to the north and 

Angelrodt Street to the south (see Figure 1-1). As discussed in Section 2.5, and highlighted on 

Figures 4-1A thru 4-I D, the rail line and associated right-of-way and North Second Avenue are 

considered to be inaccessible areas. Therefore, pre-design investigation activities in these areas 

were limited to a review and evaluation of the radiological data from soil samples that were 

collected during the remedial investigation activities and the radiological data from soil samples 

that were collected during the initial walkover survey activities. Vertical and horizontal 

delineation (through the collection of additional data, both radiological and geological) of sample 

locations that indicated the presence of radiological contamination was not completed as part of 

this pre-design investigation. The following is a discussion of the areas along the Norfolk 

Southern rail line/North Second Avenue corridor that indicated the presence of radiological 

contamination. 

Area II is located near the northwest corner of Plant 1, near the intersection of North Second 

Avenue and Salisbury Street (see Figure 4-1B). Radiological contamination (with an SOR value 

of 1.8) was identified at this location within a soil sample collected from 0.5 to 2.0 feet bgs at 

remedial investigation sample location B16C100 (see Table 3-3). The radiological results from 

this remedial investigation sample location indicated that U-238 (58 pCi/g net) and Th-230 

(7.9 pCi/gnet) were the primary radiological COCs that contributed to the SOR value. 

Radiological contamination appears to be vertically delineated at 2.0 feet bgs in this area, but 

does not appear to be horizontally delineated. 

Area III is located to the east of Building 90 in Plant 8, south of the intersection between North 

Second Avenue and Salisbury Street (see Figure 4-1B). Radiological contamination was 

identified within remedial investigation soil samples E1352N2100 (SOR=1.2) and E1360N2100 

(50R=2.3) to a depth of 0.5 feet bgs (see Table 3-3). The radiological results from these 
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remedial investigation sample locations indicated that Th-230 (3.5 pCi/g net), Th-232 

(2.1 pCi/gnet), and U-238 (3.1 pCi/g net), from E1352N2100, and Th-230 (11 pCi/g net), from 

E1360N2100, were the primary radiological COCs that contributed to the SOR values. 

Radiological contamination in this area appears to be horizontally delineated to the east only, 

based on the results from HTZ27424 (SOR=0.0), and does not appear to be vertically delineated. 

Area IV is located to the east of Building 62 in Plant 3, south of the intersection between North 

Second Avenue and Mallinckrodt Street (see Figure 4-1C). Radiological contamination was 

identified within remedial investigation soil samples E1345N1700 (SOR=4.0) and walkover 

survey sample locations HTZ27426 (S0R=2.0) and HTZ27427 (SOR=1.7) to a depth of 0.5 feet 

bgs (see Tables 3-1 and 3-3). The radiological results from E1345N1700, HTZ27426, and 

HTZ27427 indicated that Th-230 (19 pCi/g net , 9.1 pCi/gnet, and 7.1 pCi/g net, respectively) was 

the primary radiological COC that contributed to the respective SOR values. Radiological 

contamination in this area appears to be horizontally delineated to the north, west, and east based 

on the results from SLD84688 (SOR=0.6), SLD84692 (SOR=0.1), NWR054 (SOR=0.8), and 

NWR055 (SOR=0.0). Based on the radiological sample results collected from 2.0 to 3.0 feet bgs 

at E1345N1700 (SOR =0.1), the estimated vertical extent of radiological contamination appears 

to be 2.0 feet bgs. 

Area V is located to the east of Building 63 in Plant 3, to the south of Area IV (see Figure 4-IC). 

Radiological contamination was identified within remedial investigation soil samples 

E1345N1600 (SOR=1.6) and E1352N1600 (SOR=2.0) to a depth of 0.5 feet bgs (see Table 3-3). 

The radiological results from E1345N1600 indicated that Th-230 (5.2 pCi/g net), Th-232 (1.0 

PCiignet), and U-238 (18 pCi/g net) were the primary radiological COCs that contributed to the 

SOR value. For E1352N1600, Th-230 (6.7 pCi/g net), Th-232 (2.1 pCi/g net), and U-238 

(11 pCi/gnet) were also the primary radiological COCs contributing to the SOR value. 

Radiological contamination in this area appears to be horizontally delineated to the north only, 

based on the results from HTZ27428 (SOR=0.7), and does not appear to be vertically delineated. 

Area VII is located to the west of Building 250 in Plant 5, south of the intersection between 

North Second Avenue and Destrehan Street (see Figure 4-1D). Radiological contamination was 

identified in this area within remedial investigation samples NWR059 (SOR=2.0) and B16R121 

(50R=20, from 0.5 to 2.0 feet bgs, and SOR=1.1, from 2.0 to 4.0 feet bgs) and walkover survey 

sample HTZ27429 (SOR=12) to a depth of 0.5 feet bgs (see Tables 3-1 and 3-3). The 

radiological results from NW059 indicated that Th-230 (8.9 pCi/gn et) was the primary 

radiological COC that contributed to the SOR value, from B16R121 it was Th-230 (250 pCi/gnet 

from 0.5 to 2.0 feet bgs and 9.1 pCi/g net  from 2.0 to 4.0 feet bgs) and U-238 (170 pCi/g net  from 
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(56 pCi/gnet) and U-238 (31 pCi/g net). This area appears to be vertically delineated but does not 

appear to be horizontally delineated. 

4.3 Area VI 

Area VI is located near the southeast corner of Building 63 in Plant 3 (see Figure 4-1C). 

Radiological contamination was initially identified within walkover survey sample HTZ66329 

(S0R=3.5) and remedial investigation samples E1325N1490 (SOR=2.2) and E1345N1500 

(S0R=3.5) to a depth of 0.5 feet bgs (see Tables 3-1- and 3-3). The radiological results from 

HTZ66329 indicated that Th-230 (15 pCi/g net) was the primary radiological COC that 

contributed to the SOR value; from E1325N1490 the primary contributors were Th-230 (6.0 

pCi/gnet) and Th-232 (5.1 pCi/gnet); and from E1345N1500 the primary contributors were Th-230 

(16 pCi/gnet) and U-238 (18 pCi/gnet). 

During the pre-design investigation, nine sample locations (SLD84696, SLD84700, HTR84767, 

HTR84768, HTR84769, HTR84770, HTR84771, HTR84772, and HTR84773) were identified 

and sampled in this area in an effort to delineate the horizontal and vertical extent of radiological 

contamination identified in Area VI. The radiological results from three of these pre-design 

investigation sample locations (HTR84768, HTR84770, and HTR84772) indicated the presence 

of radiological contamination to a depth of 1.0 foot bgs. According to the geological 

descriptions that were recorded on the soil boring logs from this area, the soil in Area VI 

consisted of coarse sand with fine to coarse gravel that was loose with few cinders. This material 

extends from the surface to the top of a silty clay soil layer at approximately 1.0 foot bgs. 

Utilizing the geological and radiological data obtained during the collection of the pre-design 

investigation soil samples and historical radiological data, the estimated vertical extent of 

radiological contamination within Area VI was determined to extend to 1.0 foot bgs. The 

estimated horizontal extent of radiological contamination within Area VI was determined 

utilizing the results from the walkover survey and the radiological results from soil samples in 

this area (see Figure 4-1C for an overview of the contamination extent and Figure 4-1E, Detail 2, 

for a detailed view of the estimated extent of contamination). As depicted on Figure 4-1E, 

radiological contamination appears to extend to the east, into the inaccessible portion of Norfolk 

Southern Railroad and to the curb area of Destrehan Street to the south. 

Subsequent to the pre-design investigation sampling activities in Area VI, the verification 

contractor evaluated this area to determine if the average SOR net  value for this area exceeded 1.0 

and if the aerial average Ra-226 concentration over any 100 m 2  area exceeded 15 pCi/g in any 15 

cm (0.5 foot) thick soil layer more than 15 cm below the surface and 5 pCi/g in surface soil 
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on the evaluation performed by the verification contractor, five sample results in Area VI had 

SORnet  values that were greater than 1.0. This evaluation consisted of obtaining an area 

weighted average SOR net  of all samples that fell within the surrounding 100 m 2  area. According 

to the results of this evaluation, Area VI complies with the aerial average ARAR-based ROD 

remedial goals and therefore does not require further remedial activities. The results from this 

aerial average evaluation are included in Appendix B. 

4.4 Area VIII and IX 

Areas VIII and IX are located near Mallinckrodt's Angelrodt Security Gate Area (see 

Figure 4- I D). Area VIII is located in the northern corner of the Angelrodt Security Gate Area 

and Area IX is located in the southeastern corner. Radiological contamination in Area VIII was 

identified within remedial investigation sample E1345N1200 (SOR=1.6) and walkover survey 

sample HTZ66330 (S0R=3.8) to a depth of 0.5 feet bgs and at pre-design investigation sample 

location SLD87974 (SOR=1.2) to a depth of 1.0 foot bgs (see Tables 3-1 and 3-3). The 

radiological results from E1345N1200 indicated that Th-230 (7.1 pCi/g net) was the primary 

radiological COC that contributed to the SOR value at this sample location. The radiological 

results from HTZ66330 and SLD87974 indicated that Th-230 (17 pCi/g net  and 12 pCi/gnet, 

respectively) and U-238 (17 pCi/g net  and 20 pCi/gnet,  respectively) were the primary contributors 

to the SOR values at the respective sample locations. During the pre-design investigation 

sampling activities in this area, the top of a former rail line was encountered at sample locations 

SLD87971 and SLD87977 at approximately 0.5 feet bgs, and extended to approximately 1.0 foot 

bgs. According to historical information, this rail line ran north-south along North Second 

Avenue. According to the geological descriptions from the pre-design investigation soil boring 

logs for this area, the soil from below and around this rail line consisted of silt with fine to coarse 

loose sand, cinders, and slag that extended to the top of a silty clay soil layer at approximately 

2.0 feet bgs. 

Based on the radiological, geological, and historical data obtained during the pre-design 

investigation, the vertical extent of radiological contamination within Area VIII was estimated to 

extend to 2.0 feet bgs. The horizontal extent of radiological contamination within Area VIII was 

determined utilizing the results from the walkover survey, the radiological results from soil 

samples in the area, and the historical information regarding the rail line that was encountered 

during the pre-design investigation drilling activities (see Figures 4-I D and 4-I E). As depicted 

on Figure 4-1E, radiological contamination may extend to the east-northeast, into the 

• 	
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inaccessible portion of North Second Avenue and to the north and south along the historic rail 

line that was encountered. • 
Radiological contamination in Area IX was identified in remedial investigation sample location 

E1397N1050 (S0R=4.0) to a depth of 0.5 feet bgs (see Table 3-3). The radiological results from 

E1397N1050 indicated that Th-230 (7.4 pCi/g net) and Th-232 (12 pCi/g net) were the primary 

radiological COCs that contributed to the SOR value at this sample location. According to the 

geological descriptions from pre-design investigation soil boring SLD87983, the soil in this area 

consisted of medium to coarse loose sand, with some gravel and slag that extended to the top of a 

silty clay soil layer at approximately 5.5 feet bgs. 

The vertical and horizontal extent of radiological contamination within Area IX was determined 

utilizing the walkover survey results and the radiological and geological data obtained from soil 

samples collected from within this area. The walkover survey results indicated that the surface 

soils in this area are radiologically elevated (see Figure 2-2). The radiological results from 

walkover survey sample HTZ27432 indicated the presence of radiological COCs to a depth of 

0.5 feet bgs in this area and had an SOR value of 0.8. The radiological results from pre-design 

investigation sample location SLD87983 also had an SOR value of 0.8 in this area, but to a depth 

of 2.0 feet bgs. Based on this information the estimated vertical extent of radiological 

contamination in Area IX was determined to be 2.0 feet bgs and the estimated horizontal extent 

was determined to extend southward from E1397N1050, toward HTZ27432 and SLD87983 (see 

Figure 4-1E). As depicted on Figure 4-1D, radiological contamination may extend to the 

eastward, onto DT-3. 
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• 	5.0 Summary and Conclusions 

The pre-design investigation activities at Plants 3, 8, 9, 11, the Mallinckrodt Parking Lot, and the 

Angelrodt Security Gate Area were designed to determine the extent of radiological 

contamination identified during the remedial investigation and walkover survey activities, and to 

evaluate geological and/or historical features that were identified or encountered in order to 

determine if they contain concentrations of radiological COCs that could result in an SOR value 

greater than or equal to 1.0. The pre-design investigation activities at Plants 3, 8, 9, 11, the 

Mallinckrodt Parking Lot, and the Angelrodt Security Gate Area were conducted between 

September 2004 and June 2005. Initial walkover survey activities were completed in March and 

April of 2001 and again during the pre-design investigation activities in order to aid in the 

location/co-location of soil sample locations. 

• 

The pre-design investigation identified nine areas which had soil sample locations with 

concentrations of radiological COCs that resulted in SOR values that were greater than or equal 

to 1.0 (see Figures 4-1A thru 4-1E). These areas were located predominantly along and/or near 

the Norfolk-Southern Railroad /North Second Avenue corridor. As discussed in Section 4.0, five 

of these areas (Areas II, III, IV, V, and VII) were in or near the inaccessible profiles of the 

railroad line and/or street. The pre-design investigation activities in these areas were limited to a 

review and evaluation of the radiological data from soil samples that were collected during the 

remedial investigation activities and the radiological data from soil samples that were collected 

during the initial walkover survey activities. Vertical and horizontal delineation (through the 

collection of additional data, both radiological and geological) of sample locations that indicated 

the presence of radiological contamination was not completed as part of this pre-design 

investigation. 

Of the remaining four areas, Area VI was further evaluated by the verification contractor to 

determine if the average SOR net  value for Area VI exceeded 1.0 and if the aerial average Ra-226 

concentration over any 100 m 2  area exceeded 15 pCi/g in any 15 cm (6 inch) thick soil layer 

more than 15 cm below the surface and 5 pCi/g in surface soil layers. Based on the results of 

this evaluation, the concentration of radiological COCs in Area VI, over the 100 m 2  area that was 

evaluated, are below the aerial average ARAR-based ROD remedial goals. Therefore, no further 

remedial activities are deemed necessary for this area. 

The remaining areas (Areas I, VIII, and IX) are not within, or have significant portions that are 

not within, the inaccessible profiles of the Norfolk Southern railroad line or North Second 

Avenue. These areas have not been evaluated to determine if the identified areas with • 	
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radiological COCs are below ARAR-based ROD remedial goals. Therefore, remedial activities 

may be required for these areas. Areas of radiological contamination were not identified within 

either Plant 11 or the Mallinckrodt Parking Lot. 
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Table 3 -1 

Mallinckrodt Plants 3, 8, 9, 11, Mallinckrodt Parking Lot (MINPL), and the Angelrodt Security Gate (MIASG) 
Summary of Radionuclide Contaminants of Concern 
Analytical Results with Radiological Contamination 

Page 1 of 3 

Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MIASG 

HTZ66330 HTZ66330  02/07/02 0 0.5 0.0 Radium-226 3.71 0.12 0.04 3.77 
Radium-228 0.88 0.07 0.07 

Thorium-230 19.02 3.49 0.11 

Thorium-232 1.17 0.48 0.11 

Uranium-238 18.17 1.48 0.64 

HTZ66331 02/07/02 0.5 1.0 Radium-226 2.84 0.10 0.04 0.34 
Radium-228 0.71 0.06 0.07 

Thorium-230 5.18 1.23 0.26 

Thorium-232 0.66 0.35 0.11 

Uranium-238 7.79 0.91 0.55 

SLD87974 5LD87974 06/27/05 0 0.5 Radium-226 3.02 0.71 0.08 0.37 
Radium-228 0.95 0.07 0.09 

Thorium-230 3.61 1.02 0.13 

Thorium-232 1.07 0.49 0.13 

Uranium-238 3.37 0.76 0.60 

SLD87975 06/27/05 0.5 1.0 Radium-226 5.65 1.43 0.24 1.24 
Radium-228 0.92 0.20 0.33 

Thorium-230 14.35 3.30 0.41 

Thorium-232 1.29 0.64 0.18 

Uranium-238 21.61 2.87 2.08 

SLD87976 06/27/05 2.5 3.0 Radium-226 2.53 0.60 0.08 0.09 
Radium-228 0.53 0.08 0.10 

Thorium-230 3.17 0.96 0.30 

Thorium-232 0.81 0.43 0.14 

Uranium-238 1.72 0.61 0.56 

PLANT 3 

HTR84768 HTR84768 01/11/05 0 0.5 Radium-226 1.98 0.47 0.05 2.52 
Radium-228 0.49 0.05 0.06 

Thorium-230 14.32 3.00 0.27 

Thorium-232 1.18 0.54 0.15 

Uranium-238 2.63 0.52 0.41 

HTR84775 01/11/05 0.5 1.0 Radium-226 3.33 0.76 0.06 1.23 
Radium-228 0.56 0.06 0.08 

Thorium-230 19.43 3.67 0.28 

Thorium-232 0.70 0.38 0.24 

Uranium-238 4.74 0.54 0.53 

HTR84776 01/11/05 1 1.5 Radium-226 3.04 0.71 0.07 0.62 
Radium-228 0.61 0.07 0.09 

Thorium-230 10.28 2.14 0.12 

Thorium-232 0.32 0.25 0.12 

Uranium-238 4.40 0.74 0.57 

HTR84770 HTR84770 01/11/05 0 0.5 Radium-226 3.36 0.78 0.07 1.11 
Radium-228 0.75 0.06 0.09 

Thorium-230 7.13 1.72 0.14 

Thoriui»-232 1.04 0.50 0.27 

Uranium-238 4.93 0.67 0.59 

HTR84777 01/11/05 1 1.5 Radium-226 2.86 0.81 0.26 0.18 
Radium-228 0.87 0.20 0.34 

Thorium-230 2.62 0.84 0.25 

Thorium-232 0.55 0.34 0.13 

Uranium-238 8.24 2.27 1.65 



Table 3 -1 

Mallinckrodt Plants 3, 8, 9, 11, Mallinckrodt Parking Lot (MINPL), and the Angelrodt Security Gate (MIASG) 

Summary of Radionuclide Contaminants of Concern 
Analytical Results with Radiological Contamination 

Page 2 of 3 

Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 3 

HTR84772 HTR84772  01/11/05 0 0.5 Radium-226 6.62 1.51 0.12 2.34 
Radium-228 6.36 0.18 0.14 

Thorium-230 7.88 1.76 0.28 

Thorium-232 6.02 1.44 0.23 

Uranium-238 5.05 1.03 0.98 

HTR84779 01/11/05 1.5 2.0 Radium-226 1.67 0.40 0.05 0.05 
Radium-228 0.49 0.04 0.07 

Thorium-230 2.28 0.78 0.14 

Thorium-232 0.56 0.35 0.14 

Uranium-238 2.99 0.54 0.43 

HTZ27426 HTZ27426 10/25/01 0 0.5 0.0 Radium-226 5.65 0.28 0.05 1.97 
Radium-228 1.17 0.11 0.08 

Thorium-230 11.03 2.46 0.27 

Thorium-232 0.84 0.45 0.27 

Uranium-238 6.84 0.94 0.69 
HTZ27427 HTZ27427 10/25/01 0 0.5 0.0 Radium-226 3.30 0.17 0.05 1.68 

Radium-228 1.20 0.11 0.07 

Thorium-230 9.06 2.17 0.16 

Thorium-232 1.66 0.69 0.29 

Uranium-238 8.68 0.99 0.59 

HTZ27429 HTZ27429 10/25/01 0 0.5 0.0 Radium-226 3.47 0.18 0.05 11.93 
Radium-228 1.50 0.12 0.07 

Thorium-230 57.74 10.96 0.16 

I hOriUM-232 1.88 U. /5 U.ZY 

Uranium-238 32.14 2.82 0.72 

HTZ66329 HTZ66329  02/07/02 0 0.5 0.0 Radium-226 4.11 0.13 0.04 3.45 
Radium-228 2.25 0.11 0.07 

I horium-23U 17.32 3.17 0.11 

Thorium-232 	) 1.90 0.63 0.21 

Uranium-238 7.19 0.91 0.61 

PLANT 9 

HTZ00469 HTZ00469  03/08/01 0 0.5 0.0 Radium-226 46.89 2.15 0.16 8.97 
Radium-228 1.42 0.18 0.22 

Thorium-230 4.77 1.30 0.35 

Thorium-232 1.29 0.57 0.26 

Uranium-238 4.19 1.54 10.70 

5LD85033 SLD85033  09/22/04 0 0.5 0.0 Radium-226 55.13 1.11 0.28 10.67 
Radium-228 1.34 0.22 0.29 

Thorium-230 4.88 1.31 0.15 

Thorium-232 1.02 0.50 0.15 

Uranium-238 7.50 1.25 1.55 

SLD85034 09/22/04 1 1.5 0.0 Radium-226 23.88 0.54 0.18 1.44 
Radium-228 1.06 0.14 0.21 

Thorium-230 3.31 1.01 0.14 

Thorium-232 1.23 0.55 0.14 

Uranium-238 2.88 0.74 0.94 

• 



Table 3 -1 

Mallinckrodt Plants 3, 8, 9, 11, Mallinckrodt Parking Lot (MINPL), and the Angelrodt Security Gate (MIASG) 

Summary of Radionuclide Contaminants of Concern 
Analytical Results with Radiological Contamination 

Page 3 of 3 

Sample Sample Collection Start End Thickness Parameter Result 3  Error Detection Sum of 3  
Location Identification Date Depth Depth of Cover Limit Ratios 

Number (ft I  bgs)2  (ft bgs) Material (ft) (pCi/g) 4  (pCi/g) Value 

ft - feet 
2 bgs - below ground surface 
3 Analytical data includes background values (i.e., concentrations reflect gross radionuclide values) 
4 pCi/g - Picocuries per gram 
5 Prior to calculating the SOR, background values for each radionuclide were subtracted from their respective gross 

radionuclide values 

Background Values: 	Radium-226 = 2.78 pCi/g 
Radium-228 = 0.95 pCi/g 
Thorium-230 = 1.94 pCi/g 

Thorium-232 = 1.09 pCi/g 
Uranium-238 = 1.44 pCi/g 

Data presented in this Table were used solely for the purpose of delineating, vertically and horizontally, radiological COCs 
within the surface and subsurface soils. 

• 

• 



Table 3 - 2 

Plants 3, 8, 9, 11, Mallinckrodt Parking Lot (MINPL), and the Angelrodt Security Gate Area (MIASG) 

Pre-Design Investigation Radiological Data Results 

Page 1 of 62 

Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result' 

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MIASG 
HTZ27432 HTZ27432  10/25/01 0 0.5 0.0 Actinium-227 1.26 0.11 0.13 0.76 

Americium-241 0.02 0.04 0.05 

Cesium-137 0.06 0.02 0.02 

Potassium-40 14.28 1.50 0.21 

Protactinium-231 1.37 0.37 0.58 

Radium-226 1.26 0.08 0.04 

Radium-228 0.96 0.09 0.06 

Thorium-228 1.03 0.56 0.42 

Thorium-230 5.26 1.51 0.32 

Thorium-232 1.25 0.61 0.17 

Uranium-235 0.53 0.14 0.14 

Uranium-238 4.78 0.60 0.53 
HTZ66330 HTZ66330  02/07/02 0 0.5 0.0 Actinium-227 0.36 0.10 0.16 3.77 

Americium-241 0.00 0.05 0.07 

Cesium-137 0.32 0.03 0.02 

Potassium-40 8.88 0.71 0.24 

Protactinium-231 0.05 0.54 0.81 

Radium-226 3.71 0.12 0.04 

Radium-228 0.88 0.07 0.07 

Thorium-228 1.32 0.52 0.11 

Thorium-230 19.02 3.49 0.11 

Thorium-232 1.17 0.48 0.11 

Uranium-235 1.11 0.15 0.18 

Uranium-238 18.17 1.48 0.64 

HTZ66331 02/07/02 0.5 1.0 Actinium-227 0.28 0.12 0.18 0.34 
Americium-241 0.00 0.04 0.06 

Cesium-137 0.00 0.02 0.02 

Potassium-40 9.34 0.77 0.24 

Protactinium-231 0.02 0.48 0.73 

Radium-226 2.84 0.10 0.04 

Radium-228 0.71 0.06 0.07 

Thorium-228 0.88 0.42 0.29 

Thorium-230 5.18 1.23 0.26 

Thorium-232 0.66 0.35 0.11 

Uranium-235 0.46 0.13 0.16 

Uranium-238 7.79 0.91 0.55 

SLD87971 SLD87971 06/27/05 0.7 1.2 Actinium-227 -0.09 0.22 0.34 0.20 
Americium-241 0.00 0.05 0.07 

Cesium-137 0.03 0.02 0.03 

Potassium-40 9.89 0.76 0.32 

Protactinium-231 0.57 0.61 0.96 

Radium-226 3.71 0.87 0.09 
Radium-228 0.91 0.08 0.11 

Thorium-228 1.71 0.73 0.17 

Thorium-230 3.86 1.21 0.32 

Thorium-232 1.38 0.65 0.32 

Uranium-235 0.15 0.26 0.44 

Uranium-238 4.03 0.88 0.65 



• 

Table 3 - 2 

Plants 3, 8, 9, 11, Mallinckrodt Parking Lot (MINPL), and the Angelrodt Security Gate Area (MIASG) 
Pre-Design Investigation Radiological Data Results 

Page 2 of 62 

Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MIASG 
SLD87971 SLD87972  06/27/05 1.4 1.9 Actinium-227 -0.07 0.27 0.37 0.14 

Americium-241 0.02 0.05 0.07 

Cesium-137 -0.02 0.02 0.03 

Potassium-40 12.49 0.95 0.26 

Protactinium-231 0.27 0.65 1.00 

Radium-226 3.32 0.79 0.10 

Radium-228 0.87 0.09 0.13 

Thorium-228 1.33 0.60 0.16 

Thorium-230 3.04 0.99 0.29 

Thorium-232 1.79 0.71 0.16 

Uranium-235 0.06 0.28 0.46 

Uranium-238 2.37 0.73 0.70 

5LD87973 06/27/05 2 2.5 Actinium-227 0.02 0.19 0.27 0.09 
Americium-241 0.03 0.04 0.06 

Cesium-137 0.02 0.02 0.03 

Potassium-40 10.16 0.77 0.26 

Protactinium-231 -0.04 0.50 0.75 

Radium-226 2.12 0.51 0.08 

Radium-228 0.83 0.07 0.09 

Thorium-228 1.36 0.64 0.38 

Thorium-230 2.79 0.98 0.17 

Thorium-232 1.33 0.63 0.17 

Uranium-235 -0.05 0.22 0.36 

Uranium-238 2.34 0.67 0.52 

SLD87974 SLD87974 06/27/05 0 0.5 Actinium-227 0.08 0.22 0.32 0.37 
Americium-241 0.03 0.04 0.06 

Cesium-137 0.45 0.04 0.03 

Potassium-40 6.14 0.58 0.26 

Protactinium-231 0.54 0.75 0.88 

Radium-226 3.02 0.71 0.08 

Radium-228 0.95 0.07 0.09 

Thorium-228 0.96 0.46 0.25 

Thorium-230 3.61 1.02 0.13 

Thorium-232 1.07 0.49 0.13 

Uranium-235 0.06 0.24 0.40 

Uranium-238 3.37 0.76 0.60 

SLD87975 06/27/05 0.5 1.0 Actinium-227 0.50 0.64 1.08 1.24 
Americium-241 0.07 0.16 0.23 

Cesium-137 0.30 0.11 0.10 

Potassium-40 9.46 1.36 0.83 

Protactinium-231 0.53 1.75 2.69 

Radium-226 5.65 1.43 0.24 

Radium-228 0.92 0.20 0.33 

Thorium-228 1.65 0.75 0.46 

Thorium-230 14.35 3.30 0.41 

Thorium-232 1.29 0.64 0.18 

Uranium-235 1.75 1.11 1.38 

Uranium-238 21.61 2.87 2.08 
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Plants 3, 8, 9, 11, Mallinckrodt Parking Lot (MINPL), and the Angelrodt Security Gate Area (MIASG) 

Pre-Design Investigation Radiological Data Results 

Page 3 of 62 

Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MIASG 

SLD87974 SLD87976 06/27/05 2.5 3.0 Actinium-227 -0.09 0.18 0.28 0.09 
Americium-241 0.01 0.04 0.06 

Cesium-137 -0.01 0.02 0.03 

Potassium-40 7.26 0.71 0.30 

Protactinium-231 0.19 0.54 0.83 

Radium-226 2.53 0.60 0.08 

Radium-228 0.53 0.08 0.10 

Thorium-228 0.60 0.37 0.26 

Thorium-230 3.17 0.96 0.30 

Thorium-232 0.81 0.43 0.14 

Uranium-235 0.10 0.23 0.38 

Uranium-238 1.72 0.61 0.56 

SLD87977 SLD87977  06/27/05 0 0.5 Actinium-227 -0.09 0.44 0.70 0.37 
Americium-241 0.03 0.09 0.14 

Cesium-137 -0.02 0.05 0.08 

Potassium-40 5.67 0.99 0.45 

Protactinium-231 -0.16 1.18 1.74 

Radium-226 3.66 0.93 0.19 

Radium-228 1.78 0.16 0.22 

Thorium-228 2.32 0.79 0.31 

Thorium-230 2.81 0.89 0.14 

Thorium-232 2.03 0.73 0.26 

Uranium-235 0.18 0.54 0.89 

Uranium-238 1.9-3 1.46 1.27 

SLD87978 06/27/05 1 1.5 Actinium-227 0.20 0.23 0.34 0.17 
Americium-241 0.01 0.04 0.06 

Cesium-137 0.00 0.02 0.03 

Potassium-40 9.85 0.80 0.29 

Protactinium-231 0.52 0.62 0.97 

Radium-226 3.37 0.79 0.09 

Radium-228 0.87 0.08 0.10 

Thorium-228 1.34 0.64 0.38 

Thorium-230 3.91 1.22 0.38 

Thorium-232 1.13 0.57 0.17 

Uranium-235 0.34 0.26 0.44 

Uranium-238 3.30 0.71 0.62 

SLD 87979 06/27/05 2 2.5 Actinium-227 -0.03 0.17 0.26 0.21 
Americium-241 0.01 0.04 0.05 

Cesium-137 0.07 0.02 0.03 

Potassium-40 7.89 0.60 0.25 

Protactinium-231 -0.04 0.46 0.68 

Radium-226 2.53 0.59 0.07 

Radium-228 0.93 0.06 0.08 

Thorium-228 1.43 0.59 0.33 

Thorium-230 4.74 1.24 0.29 

Thorium-232 1.05 0.49 0.29 

Uranium-235 0.28 0.25 0.35 

Uranium-238 2.43 0.59 0.51 • 
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Plants 3, 8, 9, 11, Mallinckrodt Parking Lot (MINPL), and the Angelrodt Security Gate Area (MIASG) 

Pre-Design Investigation Radiological Data Results 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MIASG 

SLD87980 SLD87980 06/27/05 0 0.5 Actinium-227 0.18 0.11 0.19 0.29 
Americium-241 0.02 0.03 0.04 

Cesium-137 0.03 0.02 0.02 

Potassium-40 4.61 0.40 0.13 

Protactinium-231 0.09 0.33 0.50 

Radium-226 1.68 0.40 0.04 

Radium-228 0.30 0.03 0.06 

Thorium-228 0.30 0.03 0.06 

Thorium-230 3.29 3.10 3.72 

Thorium-232 0.30 0.03 0.06 

Uranium-235 0.26 0.15 0.23 

Uranium-238 2.68 0.42 0.36 

SLD87981 06/27/05 1 1.5 Actinium-227 -0.10 0.20 0.32 0.24 
Americium-241 0.05 0.04 0.07 

Cesium-137 0.01 0.02 0.03 

Potassium-40 10.97 0.90 0.30 

Protactinium-231 0.10 0.61 0.91 

Radium-226 3.21 0.76 0.08 

Radium-228 0.78 0.08 0.11 

Thorium-228 0.78 0.08 0.11 

Thorium-230 5.22 4.67 6.21 

Thorium-232 0.78 0.08 0.11 

Uranium-235 -0.14 0.25 0.40 

Uranium-238 2.54 0.96 0.63 

SLD87982 06/27/05 2.5 3.0 Actinium-227 0.01 0.16 0.23 0.00 
Americium-241 0.02 0.03 0.05 

Cesium-137 0.02 0.02 0.02 

Potassium-40 11.21 0.74 0.20 

Protactinium-231 0.23 0.43 0.67 

Radium-226 1.61 0.40 0.06 

Radium-228 0.64 0.06 0.08 

Thorium-228 0.64 0.06 0.08 

Thorium-230 -0.58 3.05 4.73 

Thorium-232 0.64 0.06 0.08 

Uranium-235 -0.01 0.19 0.31 

Uranium-238 1.19 0.39 0.47 

SLD87983 SLD87983 06/28/05 0 0.5 Actinium-227 0.24 0.25 0.31 0.24 
Americium-241 0.01 0.07 0.11 

Cesium-137 0.11 0.03 0.03 

Potassium-40 10.55 0.82 0.20 

Protactinium-231 -0.15 0.50 0.72 

Radium-226 1.76 0.44 0.07 

Radium-228 0.76 0.07 0.08 

Thorium-228 0.79 0.41 0.24 

Thorium-230 0.04 0.90 0.13 

Thorium-232 0.90 0.44 0.13 

Uranium-235 -0.01 0.24 0.39 

Uranium-238 2.50 0.95 0.98 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MIASG 

SLD87983 SLD87984  06/28/05 1.5 2.0 Actinium-227 1.56 0.16 0.42 0.80 
Americium-241 0.11 0.14 0.22 

Cesium-137 0.00 0.02 0.03 

Potassium-40 8.08 0.83 0.29 

Protactinium-231 1.89 0.88 1.43 

Radium-226 3.43 0.82 0.11 

Radium-228 0.93 0.08 0.12 

Thorium-228 1.20 0.57 0.38 

Thorium-230 6.32 1.60 0.34 

Thorium-232 1.19 0.56 0.15 

Uranium-235 1.88 0.36 0.63 

Uranium-238 26.66 2.39 1.86 

SLD87985 06/28/05 3 3.5 Actinium-227 -0.08 0.21 0.31 0.02 
Americium-241 0.06 0.08 0.12 

Cesium-137 0.00 0.02 0.03 

Potassium-40 8.02 0.75 0.26 

Protactinium-231 0.54 0.72 0.85 

Radium-226 2.41 0.59 0.08 

Radium-228 0.67 0.07 0.11 

Thorium-228 0.87 0.44 0.25 

Thorium-230 1.65 0.63 0.30 

Thorium-232 0.49 0.32 0.13 

Uranium-235 0.09 0.26 0.43 

uranium-zits 2.22 0.87 1.02 

SLD87986 06/28/05 4 4.5 Actinium-227 -0.06 0.17 0.29 0.01 
Americium-241 0.05 0.06 0.10 

Cesium-137 -0.01 0.02 0.02 

Potassium-40 4.24 0.53 0.24 

Protactinium-231 -0.13 0.46 0.77 

Radium-226 1.75 0.44 0.07 

Radium-228 0.45 0.06 0.09 

Thorium-228 0.90 0.49 0.37 

Thorium-230 1.89 0.72 0.15 

Thorium-232 1.06 0.52 0.15 

Uranium-235 0.24 0.27 0.39 

Uranium-238 1.82 0.75 0.88 

5LD87987 5LD87987 06/28/05 0 0.5 Actinium-227 0.14 0.15 0.27 0.27 
Americium-241 0.08 0.07 0.11 

Cesium-137 0.09 0.02 0.02 

Potassium-40 4.91 0.51 0.16 

Protactinium-231 0.05 0.43 0.64 

Radium-226 1.52 0.38 0.07 

Radium-228 0.28 0.05 0.08 

Thorium-228 0.50 0.34 0.15 

Thorium-230 2.70 0.90 0.33 

Thorium-232 0.33 0.28 0.15 

Uranium-235 0.43 0.19 0.34 

Uranium-238 7.11 1.11 0.91 

• 



• 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MIASG 

5LD87987 5LD87988  06/28/05 1.5 2.0 Actinium-227 0.26 0.21 0.38 0.08 
Americium-241 0.02 0.09 0.14 

Cesium-137 -0.01 0.02 0.04 

Potassium-40 9.25 0.92 0.28 

Protactinium-231 -0.10 0.63 0.92 

Radium-226 2.62 0.64 0.09 

Radium-228 0.69 0.08 0.11 

Thorium-228 0.89 0.48 0.37 

Thorium-230 2.95 0.95 0.33 

Thorium-232 0.85 0.46 0.33 

Uranium-235 -0.03 0.29 0.47 

Uranium-238 2.21 1.09 1.15 

SLD87989 06/28/05 2 2.5 Actinium-227 0.10 0.22 0.38 0.09 
Americium-241 0.02 0.10 0.15 

Cesium-137 0.01 0.02 0.04 

Potassium-40 10.31 0.93 0.28 

Protactinium-231 0.25 0.70 1.07 

Radium-226 3.31 0.82 0.10 

Radium-228 0.66 0.09 0.12 

Thorium-228 1.25 0.56 0.15 

Thorium-230 3.04 0.95 0.27 

Thorium-232 0.65 0.39 0.15 

Uranium-235 0.22 0.32 0.52 

Uranium-238 2.17 1.64 1.34 

MINPL 

HTZ66228 HTZ66228 01/07/02 0 0.5 0.0 Actinium-227 0.06 0.15 0.21 0.44 
Americium-241 -0.03 0.09 0.13 

Cesium-137 0.06 0.03 0.03 

Potassium-40 4.50 0.64 0.28 

Protactinium-231 0.09 0.63 0.96 

Radium-226 3.30 0.12 0.05 

Radium-228 0.81 0.08 0.08 

Thorium-228 1.52 0.60 0.29 

Thorium-230 3.60 1.03 0.24 

Thorium-232 1.44 0.58 0.13 

Uranium-235 0.33 0.20 0.23 

Uranium-238 3.51 1.11 1.15 

HTZ66231 HTZ66231 01/09/02 0 0.5 0.0 Actinium-227 0.12 0.10 0.16 0.51 
Americium-241 0.00 0.03 0.05 

Cesium-137 0.31 0.03 0.02 

Potassium-40 5.48 0.56 0.23 

Protactinium-231 0.46 0.48 0.75 

Radium-226 2.52 0.09 0.04 

Radium-228 0.68 0.06 0.06 

Thorium-228 0.75 0.42 0.31 

Thorium-230 4.38 1.22 0.14 

Thorium-232 0.93 0.47 0.14 

Uranium-235 0.24 0.12 0.15 

Uranium-238 _ 	2.66 0.59 0.50 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MINPL 

PSC00155 PSC00155  06/18/02 0.2 0.2 0.2 Actinium-227 0.00 0.00 0.47 0.00 
Americium-241 0.00 0.00 0.11 

Cesium-137 0.03 0.01 0.05 

Potassium-40 2.03 0.23 0.55 

Protactinium-231 0.00 0.00 1.72 

Radium-226 1.01 0.03 0.08 

Radium-228 0.19 0.02 0.11 

Thorium-228 0.19 0.02 0.11 

Thorium-230 0.00 0.00 9.91 

Thorium-232 0.19 0.02 0.11 

Uranium-235 0.00 0.00 0.35 

Uranium-238 1.11 0.20 0.85 

PSC00156 06/18/02 0.5 1.0 Actinium-227 0.00 0.00 0.93 0.26 
Americium-241 0.00 0.00 0.20 

Cesium-137 0.13 0.02 0.08 

Potassium-40 3.43 0.35 0.82 

Protactinium-231 0.00 0.00 3.43 

Radium-226 3.02 0.07 0.13 

Radium-228 0.64 0.05 0.21 

Thorium-228 0.64 0.05 0.21 

Thorium-230 4.83 2.48 11.40 

Thorium-232 0.64 0.05 0.21 

Uranium-235 0.19 0.07 0.32 

Uranium-238 5.03 0.45 1.50 

PSC00161 PSC00161 06/18102 0.2 0.5 0.2 Actinium-227 0.27 0.12 0.18 0.41 
Americium-241 0.01 0.04 0.06 

Cesium-137 0.28 0.03 0.02 

Potassium-40 8.36 0.73 0.27 

Protactinium-231 0.10 0.50 0.75 

Radium-226 4.50 0.16 0.07 

Radium-228 0.82 0.07 0.07 

Thorium-228 0.82 0.07 0.07 

Thorium-230 2.51 3.42 5.55 

Thorium-232 0.82 0.07 0.07 

Uranium-235 0.51 0.22 0.37 

Uranium-238 4.77 0.57 0.53 

PSC00162 06/18/02 1 1.5 
, 

Actinium-227 0.00 0.00 0.58 0.12 
Americium-241 0.00 0.00 0.10 

Cesium-137 0.00 0.00 0.07 

Potassium-40 9.37 0.40 0.51 

Protactinium-231 0.00 0.00 1.79 

Radium-226 2.05 0.04 0.07 

Radium-228 1.11 0.04 0.10 

Thorium-228 1.11 0.04 0.10 

Thorium-230 3.29 1.27 5.77 

Thorium-232 1.11 0.04 0.10 

Uranium-235 0.00 0.00 0.32 

Uranium-238 2.23 0.21 0.79 

• 

• 



• 

• 

Table 3 - 2 

Plants 3, 8, 9, 11, Mallinckrodt Parking Lot (MINPL), and the Angelrodt Security Gate Area (MIASG) 
Pre-Design Investigation Radiological Data Results 

Page 8 of 62 

Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft 1  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result' 

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MINPL 

PSC00161 PSC00163 06/18/02 3 3.5 Actinium-227 0.00 0.00 0.50 0.00 
Americium-241 0.00 0.00 0.10 

Cesium-137 0.00 0.00 0.06 

Potassium-40 6.26 0.34 0.42 

Protactinium-231 0.00 0.00 1.69 

Radium-226 1.06 0.03 0.06 

Radium-228 0.41 0.03 0.11 

Thorium-228 0.41 0.03 0.11 

Thorium-230 0.00 0.00 9.40 

Thorium-232 0.41 0.03 0.11 

Uranium-235 0.00 0.00 0.29 

Uranium-238 1.34 0.18 0.75 

PSC00164 06/18/02 4.5 5.0 Actinium-227 0.00 0.00 0.54 0.00 
Americium-241 0.00 0.00 0.10 

Cesium-137 0.00 0.00 0.06 

Potassium-40 8.78 0.43 0.41 

Protactinium-231 0.00 0.00 1.77 

Radium-226 0.76 0.02 0.06 

Radium-228 0.57 0.03 0.09 

Thorium-228 0.57 0.03 0.09 

Thorium-230 0.00 0.00 9.72 

Thorium-232 0.57 0.03 0.09 

Uranium-235 0.00 0.00 0.31 

Uranium-238 0.72 0.18 0.78 

PSC00165 PSC00165 06/18/02 0.2 0.5 0.2 Actinium-227 0.00 0.00 0.59 0.01 
Americium-241 0.00 0.00 0.10 

Cesium-137 0.00 0.00 0.06 

Potassium-40 5.86 0.30 0.46 

Protactinium-231 0.00 0.00 1.78 

Radium-226 1.81 0.04 0.07 

Radium-228 0.92 0.03 0.10 

Thorium-228 0.92 0.03 0.10 

Thorium-230 0.00 0.00 9.90 

Thorium-232 0.92 0.03 0.10 

Uranium-235 0.09 0.03 0.16 

Uranium-238 1.90 0.21 0.79 

P5C00166 06/18/02 1 1.5 Actinium-227 0.00 0.00 0.57 0.02 
Americium-241 0.00 0.00 0.11 

Cesium-137 0.00 0.00 0.07 

Potassium-40 6.00 0.30 0.46 

Protactinium-231 0.00 0.00 1.78 

Radium-226 1.90 0.04 0.07 

Radium-228 1.16 0.04 0.10 

Thorium-228 1.16 0.04 0.10 

Thorium-230 0.00 0.00 9.90 

Thorium-232 1.16 0.04 0.10 

Uranium-235 0.00 0.00 0.32 

Uranium-238 1.54 0.19 0.81 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MINPL 
PSC00165 PSC00167  06/18/02 2 2.5 Actinium-227 0.00 0.00 1.04 0.23 

Americium-241 0.07 0.03 0.12 

Cesium-137 0.00 0.00 0.14 

Potassium-40 7.07 0.57 1.09 

Protactinium-231 0.00 0.00 3.60 

Radium-226 2.51 0.07 0.15 

Radium-228 0.79 0.06 0.22 

Thorium-228 0.79 0.06 0.22 

Thorium-230 5.06 2.60 11.80 

Thorium-232 0.79 0.06 0.22 

Uranium-235 0.00 0.00 0.66 

Uranium-238 2.71 0.40 1.57 

PSC00168 06/18/02 4 4.5 Actinium-227 0.00 0.00 0.58 0.00 
Americium-241 0.02 0.01 0.06 

Cesium-137 0.00 0.00 0.07 

Potassium-40 10.76 0.52 0.48 

Protactinium-231 0.00 0.00 1.77 

Radium-226 0.57 0.02 0.07 

Radium-228 0.62 0.03 0.10 

Thorium-228 0.62 0.03 0.10 

Thorium-230 0.00 0.00 9.74 

Thorium-232 0.62 0.03 0.10 

Uranium-235 0.00 0.00 0.32 

Uranium-238 0.76 0.19 0.81 

PSC00169 PSC00169 06/18/02 0.2 0.5 0.2 Actinium-227 0.00 0.00 0.50 0.00 
Americium-241 0.00 0.00 0.09 

Cesium-137 0.00 0.00 0.08 

Potassium-40 2.17 0.23 0.46 

Protactinium-231 0.00 0.00 1.77 

Radium-226 0.84 0.03 0.07 

Radium-228 0.22 0.02 0.11 

Thorium-228 0.22 0.02 0.11 

Thorium-230 0.00 0.00 8.96 

Thorium-232 0.22 0.02 0.11 

Uranium-235 0.00 0.00 0.32 

Uranium-238 0.57 0.16 0.72 

PSC00170 06/18/02 1.5 2.0 Actinium-227 0.00 0.00 0.57 0.00 
Americium-241 0.03 0.01 0.06 

Cesium-137 0.00 0.00 0.07 

Potassium-40 8.84 0.45 0.55 

Protactinium-231 0.00 0.00 1.86 

Radium-226 0.97 0.03 0.08 

Radium-228 0.53 0.03 0.12 

Thorium-228 0.53 0.03 0.12 

Thorium-230 0.00 0.00 9.62 

Thorium-232 0.53 0.03 0.12 

Uranium-235 0.00 0.00 0.33 

Uranium-238 1.29 - 	0.19 0.80 

• 

• 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MINPL 

PSC00169 PSC00171  06/18/02 2 2.5 Actinium-227 0.00 0.00 0.55 0.00 
Americium-241 0.00 0.00 0.10 

Cesium-137 0.00 0.00 0.07 

Potassium-40 9.68 0.47 0.51 

Protactinium-231 0.00 0.00 1.77 

Radium-226 0.77 0.02 0.07 

Radium-228 0.58 0.03 0.10 

Thorium-228 0.58 0.03 0.10 

Thorium-230 0.00 0.00 9.64 

Thorium-232 0.58 0.03 0.10 

Uranium-235 0.00 0.00 0.32 

Uranium-238 0.90 0.18 0.78 

PSC00172 06/18102 4.5 5.0 Actinium-227 0.00 0.00 0.74 0.11 
Americium-241 0.00 0.00 0.13 

Cesium-137 0.00 0.00 0.08 

Potassium-40 9.84 0.55 0.52 

Protactinium-231 0.00 0.00 2.23 

Radium-226 0.67 0.03 0.09 

Radium-228 0.64 0.04 0.12 

Thorium-228 0.64 0.04 0.12 

Thorium-230 3.60 1.64 7.43 

Thorium-232 0.64 0.04 0.12 

Uranium-235 0.00 0.00 0.42 

Uranium-238 0.78 0.23 1.00 

PSC00173 PSC00173  06/18/02 0.2 0.5 0.2 Actinium-227 0.00 0.00 0.51 0.24 
Americium-241 0.00 0.00 0.11 

Cesium-137 0.04 0.01 0.05 

Potassium-40 3.87 0.26 0.46 

Protactinium-231 0.00 0.00 1.76 

Radium-226 1.78 0.04 0.07 

Radium-228 0.43 0.03 0.11 

Thorium-228 0.43 0.03 0.11 

Thorium-230 3.04 1.28 5.80 

Thorium-232 0.43 0.03 0.11 

Uranium-235 0.17 0.03 0.16 

Uranium-238 2.67 0.23 0.81 

PSC00174 06/18/02 0.5 1.0 Actinium-227 0.00 0.00 0.64 0.08 
Americium-241 0.00 0.00 0.12 

Cesium-137 0.00 0.00 0.08 

Potassium-40 10.80 0.45 0.51 

Protactinium-231 0.00 0.00 2.02 

Radium-226 2.63 0.05 0.07 

Radium-228 1.09 0.04 0.12 

Thorium-228 1.09 0.04 0.12 

Thorium-230 2.62 1.43 6.59 

Thorium-232 1.09 0.04 0.12 

Uranium-235 0.00 0.00 0.36 

Uranium-238 2.76 0.24 0.90 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MINPL 

PSC00173 PSC00175  06/18/02 2 2.5 Actinium-227 0.00 0.00 0.58 0.00 
Americium-241 0.00 0.00 0.10 

Cesium-137 0.00 0.00 0.07 

Potassium-40 4.91 0.33 0.52 

Protactinium-231 0.00 0.00 1.81 

Radium-226 0.85 0.03 0.07 

Radium-228 0.52 0.03 0.10 

Thorium-228 0.52 0.03 0.10 

Thorium-230 0.00 0.00 9.58 

Thorium-232 0.52 0.03 0.10 

Uranium-235 0.00 0.00 0.32 

Uranium-238 0.85 0.19 0.81 

PSC00210 PSC00210  07/22/02 0 0.5 0.0 Actinium-227 0.00 0.00 0.59 0.01 
Americium-241 0.00 0.00 0.10 

Cesium-137 0.06 0.01 0.04 

Potassium-40 6.58 0.36 0.57 

Protactinium-231 0.00 0.00 1.84 

Radium-226 1.19 0.03 0.08 

Radium-228 0.79 0.03 0.10 

Thorium-228 0.79 0.03 0.10 

Thorium-230 0.00 0.00 10.00 

Thorium-232 0.79 0.03 0.10 

Uranium-235 0.00 0.00 0.34 

Uranium-238 1.86 0.21 0.82 

PSC00211 PSC00211 07/22/02 0 0.5 0.0 Actinium-227 0.00 0.00 0.98 0.97 
Americium-241 0.00 0.00 0.20 

Cesium-137 0.00 0.00 0.14 

Potassium-40 3.23 0.35 0.91 

Protactinium-231 0.00 0.00 3.52 

Radium-226 3.31 0.07 0.15 

Radium-228 0.68 0.05 0.21 

Thorium-228 0.68 0.05 0.21 

Thorium-230 6.66 2.61 11.80 

Thorium-232 0.68 0.05 0.21 

Uranium-235 0.17 0.07 0.33 

Uranium-238 2.74 0.39 1.60 

SLD06183 5LD06183 11/08/00 0 0.5 0.0 Actinium-227 0.10 0.15 0.23 0.17 
Americium-241 0.03 0.09 0.13 

Cesium-137 0.22 0.05 0.04 

Potassium-40 9.08 1.11 0.34 

Protactinium-231 -0.06 0.61 1.00 

Radium-226 1.90 0.12 0.06 

Radium-228 0.76 0.09 0.09 

Thorium-228 0.86 0.47 0.33 

Thorium-230 2.70 0.91 0.15 

Thorium-232 0.66 0.40 0.15 

Uranium-235 0.20 0.18 0.23 

Uranium-238 2.34 1.24 4.57 • 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) °  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MINPL 

SLD06183 5LD06207 11/08/00 1.5 2.0 Actinium-227 0.06 0.13 0.19 0.14 
Americium-241 0.04 0.08 0.12 

Cesium-137 0.22 0.04 0.03 

Potassium-40 7.33 0.90 0.26 

Protactinium-231 0.09 0.54 0.85 

Radium-226 1.78 0.11 0.06 

Radium-228 0.80 0.09 0.08 

Thorium-228 0.52 0.40 0.59 

Thorium-230 3.68 1.08 0.34 

Thorium-232 0.89 0.45 0.25 

Uranium-235 0.05 0.15 0.20 

Uranium-238 2.70 1.04 3.91 

SLD06184 SLD06184 11/08/00 0 0.5 0.0 Actinium-227 0.05 0.17 0.25 0.39 
Americium-241 0.08 0.10 0.16 

Cesium-137 0.01 0.03 0.05 

Potassium-40 8.42 1.05 0.37 

Protactinium-231 -0.02 0.73 1.13 

Radium-226 2.94 0.16 0.08 

Radium-228 0.83 0.12 0.11 

Thorium-228 1.45 0.70 0.35 

Thorium-230 3.47 1.19 0.19 

Thorium-232 1.23 0.64 0.35 

Uranium-235 0.28 0.18 0.25 

Uranium-238 4.25 1.37 4.51 

SLD06208 11/08/00 1.5 2.0 Actinium-227 0.07 0.12 0.18 0.10 
Americium-241 0.03 0.07 0.11 

Cesium-137 0.12 0.04 0.03 

Potassium-40 8.48 1.04 0.29 

Protactinium-231 -0.18 0.57 0.87 

Radium-226 1.22 0.08 0.10 

Radium-228 0.68 0.09 0.08 

Thorium-228 1.04 0.51 0.32 

Thorium-230 2.58 0.87 0.14 

Thorium-232 1.79 0.69 0.14 

Uranium-235 0.16 0.16 0.20 

Uranium-238 1.79 1.18 4.48 

SLD06186 5LD06186 11/09/00 0.5 1.0 0.5 Actinium-227 0.00 0.08 0.12 0.00 
Americium-241 0.03 0.04 0.07 

Cesium-137 0.00 0.01 0.02 

Potassium-40 3.36 0.52 0.19 

Protactinium-231 -0.14 0.32 0.56 

Radium-226 0.62 0.05 0.04 

Radium-228 0.12 0.04 0.06 

Thorium-228 0.20 0.21 0.26 

Thorium-230 1.34 0.57 0.14 

Thorium-232 0.26 0.23 0.14 

Uranium-235 0.07 0.07 0.12 

Uranium-238 0.74 0.61 2.54 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MINPL 
SLD06186 SLD06210 11/09/00 2 2.5 Actinium-227 0.05 0.12 0.18 0.04 

Americium-241 -0.01 0.06 0.10 

Cesium-137 -0.01 0.02 0.02 

Potassium-40 7.10 0.91 0.26 

Protactinium-231 1.79 1.34 0.82 

Radium-226 0.92 0.07 0.05 

Radium-228 0.52 0.08 0.07 

Thorium-228 1.19 0.56 0.33 

Thorium-230 2.55 0.88 0.33 

Thorium-232 0.93 0.48 0.15 

Uranium-235 0.00 0.18 0.18 

Uranium-238 1.08 0.82 1.57 

SLD06187 5LD06187 11/09/00 0.5 1.0 0.5 Actinium-227 0.06 0.14 0.21 0.23 
Americium-241 0.02 0.09 0.13 

Cesium-137 0.12 0.03 0.03 

Potassium-40 4.86 0.69 0.34 

Protactinium-231 0.41 0.60 0.99 

Radlum-226 1.59 0.10 0.06 

Radium-228 0.46 0.07 0.09 

Thorium-228 0.91 0.51 0.17 

Thorium-230 3.90 1.24 0.32 

Thorium-232 0.75 0.47 0.32 

Uranium-235 0.37 0.15 0.20 

Uranium-238 6.43 1.48 3.67 

5LD06211 11/09/00 2 2.5 Actinium-227 0.12 0.28 0.43 0.30 
Americium-241 0.11 0.15 0.23 

Cesium-137 0.04 0.04 0.08 

Potassium-40 7.33 1.37 0.79 

Protactinium-231 -0.33 1.26 1.95 

Radium-226 3.90 0.27 0.13 

Radium-228 0.99 0.20 0.23 

Thorium-228 1.27 0.63 0.36 

Thorium-230 5.39 1.55 0.50 

Thorium-232 1.86 0.77 0.36 

Uranium-235 0.30 0.24 0.44 

Uranium-238 2.41 2.04 9.55 
SLD84121 5LD84121  09/20/04 0.2 0.7 

1 

0.2 Actinium-227 0.00 0.30 0.23 0.00 
Americium-241 -0.05 0.06 0.08 

Cesium-137 0.05 0.04 0.05 

Potassium-40 3.45 0.79 0.38 

Protactinium-231 -0.46 0.85 1.26 

Radium-226 0.97 0.12 0.13 

Radium-228 0.34 0.10 0.11 

Thorium-228 0.49 0.32 0.13 

Thorium-230 1.16 0.52 0.25 

Thorium-232 0.29 0.24 0.13 

Uranium-235 -0.30 0.34 0.51 

Uranium-238 1.13 0.52 0.55 • 



• 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft 1  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pC i/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 3  
Ratios 
Value 

MINPL 

SLD84121 5LD84137 09/20/04 1.1 1.6 0.2 Actinium-227 -0.18 0.17 0.16 0.10 
Americium-241 0.01 0.04 0.06 

Cesium-137 0.00 0.02 0.03 

Potassium-40 11.53 0.73 0.25 

Protactinium-231 -0.43 0.56 0.75 

Radium-226 2.91 0.10 0.07 

Radium-228 1.07 0.08 0.07 

Thorium-228 1.48 0.61 0.14 

Thorium-230 2.74 0.89 0.27 

Thorium-232 1.32 0.57 0.14 

Uranium-235 0.27 0.21 0.35 

Uranium-238 3.08 0.32 0.33 

SLD84150 09/20/04 3.5 4.0 0.2 Actinium-227 -0.17 0.43 0.32 0.04 
Americium-241 0.00 0.10 0.14 

Cesium-137 -0.03 0.04 0.06 

Potassium-40 19.68 1.82 0.60 

Protactinium-231 1.92 2.24 1.72 

Radium-226 1.61 0.16 0.16 

Radium-228 1.11 0.17 0.15 

Thorium-228 1.16 0.52 0.14 

Thorium-230 1.75 0.66 0.25 

Thorium-232 1.11 0.51 0.14 

Uranium-235 0.04 0.47 0.76 

Uranium-238 2.95 0.81 0.62 

SLD84977 09/20/04 5.2 5.7 0.2 Actinium-227 -0.12 0.21 0.22 0.00 
Americium-241 -0.07 0.08 0.13 

Cesium-137 -0.02 0.02 0.03 

Potassium-40 16.61 1.24 0.26 

Protactinium-231 0.81 0.63 1.03 

Radium-226 1.20 0.08 0.07 

Radium-228 0.93 0.10 0.09 

Thorium-228 1.55 0.59 0.12 

Thorium-230 1.73 0.63 0.12 

Thorium-232 0.87 0.42 0.12 

Uranium-235 0.17 0.28 0.47 

Uranium-238 0.91 0.76 0.64 

SLD84122 SLD84122 09/20/04 0.2 0.7 0.2 Actinium-227 -0.02 0.09 0.08 0.00 
Americium-241 0.04 0.02 0.04 

Cesium-137 0.01 0.01 0.01 

Potassium-40 3.55 0.33 0.11 

Protactinium-231 -0.08 0.25 0.39 

Radium-226 1.06 0.05 0.04 

Radium-228 0.16 0.03 0.03 

Thorium-228 0.26 0.23 0.14 

Thorium-230 1.07 0.50 0.14 

Thorium-232 0.20 0.21 0.14 

Uranium-235 0.07 0.12 0.20 

Uranium-238 0.65 0.15 0.18 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft ' bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 3  
Ratios 
Value 

MINPL 

SLD84122 SLD84159  09/20/04 0.7 

1 
I 
I 
1 

1.2 0.2 Actinium-227 0.16 0.20 0.23 0.00 
Americium-241 0.05 0.08 0.13 

Cesium-137 -0.02 0.02 0.03 
Potassium-40 7.52 0.84 0.32 

Protactinium-231 -0.46 0.66 0.89 

Radium-226 1.34 0.10 0.08 

Radium-228 0.48 0.07 0.09 

Thorium-228 0.69 0.40 0.31 

Thorium-230 1.21 0.54 0.31 

Thorium-232 0.41 0.30 0.14 

Uranium-235 0.09 0.27 0.44 

Uranium-238 1.14 0.38 0.44 

5LD84165 09/20/04 2.7 3.2 0.2 Actinium-227 -0.02 0.21 0.23 0.04 
Americium-241 0.11 0.09 0.14 

Cesium-137 -0.02 0.02 0.03 

Potassium-40 14.63 1.09 0.29 

Protactinium-231 0.33 0.65 0.99 

Radium-226 1.76 0.10 0.09 

Radium-228 1.04 0.10 0.09 

Thorium-228 1.28 0.55 0.25 

Thorium-230 2.12 0.74 0.25 

Thorium-232 1.37 0.57 0.25 

Uranium 236 .0.26 0.20 0.43 

Uranium-238 1.75 0.44 0.50 

SLD84171 09/20/04 5.5 6.0 0.2 Actinium-227 0.13 0.48 0.54 0.00 
Americium-241 0.14 0.20 0.36 

Cesium-137 0.03 0.05 0.08 

Potassium-40 17.18 2.22 1.11 

Protactinium-231 -1.64 1.44 2.13 

Radium-226 1.95 0.20 0.19 

Radium-228 0.99 0.21 0.21 

Thorium-228 1.16 0.58 0.41 

Thorium-230 1.81 0.73 0.16 

Thorium-232 0.96 0.51 0.16 

Uranium-235 0.02 0.69 0.98 

Uranium-238 0.77 1.88 1.52 

SLD84123 SLD84123 09/20/04 0.5 1.0 0.5 Actinium-227 0.04 0.14 0.12 0.01 
Americium-241 0.01 0.03 0.05 

Cesium-137 0.02 0.01 0.02 

Potassium-40 6.61 0.52 0.16 

Protactinium-231 0.25 0.38 0.56 

Radium-226 1.82 0.07 0.04 

Radium-228 0.52 0.05 0.05 

Thorium-228 0.63 0.38 0.14 

Thorium-230 1.56 0.63 0.26 

Thorium-232 0.47 0.32 0.14 

Uranium-235 0.10 0.18 0.29 

Uranium-238 1.86 0.27 0.23 

• 

• 



• 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft 1  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MINPL 

SLD84123 SLD84138 09/20/04 1.5 2.0 0.5 Actinium-227 0.12 0.38 0.37 0.03 
Americium-241 0.07 0.08 0.13 

Cesium-137 -0.03 0.04 0.05 

Potassium-40 11.61 1.39 0.65 

Protactinium-231 0.65 1.13 1.70 

Radium-226 2.67 0.17 0.16 

Radium-228 0.95 0.15 0.15 

Thorium-228 0.64 0.38 0.32 

Thorium-230 2.12 0.73 0.13 

Thorium-232 0.67 0.38 0.13 

Uranium-235 0.69 0.66 0.77  
Uranium-238 2.46 0.66 0.63 

SLD84151 09/20/04 2.5 3.0 0.5 Actinium-227 0.23 0.35 0.33 0.04 
Americium-241 0.05 0.08 0.12 1 

Cesium-137 0.00 0.03 0.05 

Potassium-40 9.76 1.22 0.43 

Protactinium-231 -0.85 0.98 1.41 

Radium-226 2.30 0.17 0.15 

Radium-228 0.74 0.14 0.13 

Thorium-228 0.73 0.38 0.12 

Thorium-230 2.05 0.69 0.23 

Thorium-232 0.46 0.30 0.12 

Uranium-235 0.05 0.44 0.72 

Uranium-238 2.87 0.56 0.61 

SLD84978 09/20/04 5.5 

• 

6.0 0.5 Actinium-227 -0.01 0.38 0.42 0.01 
Americium-241 -0.07 0.16 0.26 

Cesium-137 0.03 0.02 0.07 

Potassium-40 17.81 1.92 0.54 

Protactinium-231 0.09 1.34 1.99 

Radium-226 1.66 0.18 0.17 

Radium-228 0.92 0.17 0.18 

Thorium-228 1.00 0.48 0.33 

Thorium-230 1.33 0.56 0.13 

Thorium-232 1.28 0.54 0.13 

Uranium-235 -0.24 0.47 0.73 

Uranium-238 0.38 1.45 1.14 

SLD84124 SLD84124 09/21/04 0.2 0.7 0.2 Actinium-227 0.00 0.10 0.10 0.00 
Americium-241 0.00 0.02 0.03 

Cesium-137 0.02 0.02 0.02 

Potassium-40 2.04 0.29 0.14 

Protactinium-231 0.01 0.28 0.47 

Radium-226 1.27 0.06 0.03 

Radium-228 0.19 0.04 0.04 

Thorium-228 0.49 0.35 0.28 

Thorium-230 1.18 0.55 0.15 

Thorium-232 0.28 0.25 0.15 

Uranium-235 0.07 0.13 0.22 

Uranium-238 0.94 0.16 0.17 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of5  
Ratios 
Value 

MINPL 
SLD84124 SLD84139  09/21104 1.2 1.7 0.2 Actinium-227 0.04 0.22 0.19 0.11 

Americium-241 0.04 0.05 0.07 

Cesium-137 0.01 0.02 0.03 

Potassium-40 7.99 0.75 0.27 

Protactinium-231 0.20 0.57 0.87 

Radium-226 3.35 0.12 0.08 

Radium-228 0.69 0.08 0.08 

Thorium-228 0.75 0.41 0.26 

Thorium-230 3.11 0.95 0.14 

Thorium-232 0.65 0.38 0.26 

Uranium-235 0.40 0.25 0.43 

Uranium-238 2.85 0.33 0.37 

SLD84152 09/21/04 3.2 3.7 0.2 Actinium-227 -0.01 0.16 0.16 0.00 
Americium-241 0.00 0.04 0.06 

Cesium-137 0.00 0.02 0.03 

Potassium-40 17.89 1.18 0.23 

Protactinium-231 0.22 0.50 0.76 

Radium-226 1.19 0.07 0.07 

Radium-228 0.92 0.08 0.07 

Thorium-228 1.87 0.68 0.13 

Thorium-230 1.18 0.52 0.13 

Thorium-232 1.03 0.48 0.13 

Uranium-235 0.16 0.20 0.34 

Uranium-238 1.40 0.29 0.31 

SLD84979 09/21/04 4.2 4.7 0.2 Actinium-227 -0.07 0.14 0.14 0.00 
Americium-241 0.00 0.04 0.06 

Cesium-137 0.00 0.02 0.02 

Potassium-40 12.04 0.76 0.19 

Protactinium-231 0.09 0.44 0.63 

Radium-226 1.99 0.08 0.06 

Radium-228 0.77 0.07 0.06 

Thorium-228 0.51 0.30 0.11 

Thorium-230 1.65 0.59 0.11 

Thorium-232 0.55 0.32 0.11 

Uranium-235 0.08 0.19 0.31 

Uranium-238 1.65 0.29 0.27 
SLD84125 SLD84125 09/21/04 0.2 0.7 0.2 Actinium-227 -0.08 0.11 0.10 0.00 

Americium-241 0.00 0.02 0.03 

Cesium-137 0.02 0.01 0.01 

Potassium-40 2.94 0.34 0.16 

Protactinium-231 0.15 0.30 0.47 

Radium-226 1.12 0.06 0.04 

Radium-228 0.19 0.04 0.05 

Thorium-228 0.49 0.35 0.35 

Thorium-230 1.00 0.49 0.14 

Thorium-232 0.11 0.15 0.14 

Uranium-235 0.05 0.13 0.21 

Uranium-238 1.10 0.16 0.23 

• 

• 



• 

• 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MINPL 

SLD84125 SLD84160 09/21/04 1.7 2.2 0.2 Actinium-227 -0.14 0.56 0.45 0.01 
Americium-241 -0.03 0.12 0.16 

Cesium-137 0.31 0.09 0.09 

Potassium-40 3.39 1.09 1.01 

Protactinium-231 0.53 1.66 2.57 

Radium-226 1.43 0.21 0.23 

Radium-228 0.53 0.33 0.39 

Thorium-228 0.65 0.41 0.34 

Thorium-230 0.97 0.50 0.15 

Thorium-232 0.17 0.20 0.15 

Uranium-235 0.13 0.57 0.95 

Uranium-238 2.04 0.99 0.92 

SLD84166 09/21/04 3.7 4.2 0.2 Actinium-227 0.15 0.56 0.52 0.15 
Americium-241 0.18 0.12 0.19 

Cesium-137 0.06 0.06 0.10 

Potassium-40 14.28 1.86 0.80 

Protactinium-231 0.39 1.69 2.56 

Radium-226 3.83 0.28 0.25 

Radium-228 1.19 0.24 0.22 

Thorium-228 1.71 0.69 0.15 

Thorium-230 3.28 1.04 0.34 

Thorium-232 0.97 0.50 0.15 

Uranium-235 0.03 0.64 1.04 

Uranium-238 3.59 1.06 0.92 

SLD84172 09/21/04 5.2 5.7 0.2 Actinium-227 0.09 0.55 0.49 0.01 
Americium-241 0.02 0.11 0.17 

Cesium-137 -0.03 0.06 0.09 

Potassium-40 17.38 2.09 0.62 

Protactinium-231 0.26 1.48 2.52 

Radium-226 1.89 0.22 0.22 

Radium-228 1.13 0.25 0.24 

Thorium-228 0.98 0.51 0.40 

Thorium-230 1.95 0.73 0.27 

Thorium-232 1.14 0.53 0.15 

Uranium-235 -0.25 0.62 0.98 

Uranium-238 0.67 1.21 1.31 

SLD84126 SLD84126 09/20/04 0.2 0.7 0.2 Actinium-227 0.03 0.11 0.11 0.00 
Americium-241 0.02 0.03 0.04 

Cesium-137 -0.01 0.01 0.02 

Potassium-40 3.27 0.33 0.14 

Protactinium-231 0.36 0.33 0.50 

Radium-226 1.90 0.07 0.04 

Radium-228 0.30 0.04 0.04 

Thorium-228 0.76 0.44 0.34 

Thorium-230 1.77 0.70 0.34 

Thorium-232 0.21 0.23 0.28 

Uranium-235 0.01 0.15 0.25 

Uranium-238 1.27 0.24 0.20 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) s  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MINPL 

SLD84126 SLD84140 09/20/04 1.2 1.7 0.2 Actinium-227 0.03 0.17 0.17 0.07 
Americium-241 0.02 0.05 0.07 

Cesium-137 0.01 0.02 0.03 

Potassium-40 15.63 0.93 0.22 

Protactinium-231 0.09 0.52 0.73 

Radium-226 2.58 0.10 0.06 

Radium-228 0.90 0.07 0.07 

Thorium-228 1.05 0.51 0.15 

Thorium-230 2.70 0.90 0.15 

Thorium-232 0.72 0.41 0.15 

Uranium-235 0.02 0.23 0.38 

Uranium-238 2.34 0.31 0.33 

5LD84153 09/20/04 2.2 2.7 0.2 Actinium-227 -0.03 0.17 0.18 0.03 
Americium-241 -0.02 0.07 0.11 

Cesium-137 -0.01 0.02 0.03 

Potassium-40 4.60 0.54 0.19 

Protactinium-231 0.07 0.54 0.80 

Radium-226 1.70 0.09 0.07 

Radium-228 0.38 0.07 0.07 

Thorium-228 0.56 0.37 0.15 

Thorium-230 2.30 0.82 0.15 

Thorium-232 0.28 0.25 0.15 

Uranium-235 0.35 0.37 0.38 

Uranium-238 1.60 0.33 0.39 

SLD84980 09/20/04 4.2 4.7 0.2 Actinium-227 -0.11 0.20 0.20 0.00 
Americium-241 0.03 0.08 0.13 

Cesium-137 -0.01 0.02 0.03 

Potassium-40 9.01 0.87 0.26 

Protactinium-231 -0.05 0.63 0.92 

Radium-226 1.65 0.09 0.09 

Radium-228 0.52 0.09 0.08 

Thorium-228 0.47 0.33 0.14 

Thorium-230 1.41 0.60 0.26 

Thorium-232 0.58 0.36 0.14 

Uranium-235 -0.22 0.27 0.41 

Uranium-238 1.41 0.41 0.44 

SLD84127 5LD84127 09/20/04 0.2 0.7 0.2 Actinium-227 0.00 0.13 0.12 0.02 
Americium-241 0.03 0.03 0.05 

Cesium-137 0.14 0.02 0.02 

Potassium-40 3.42 0.37 0.14 

Protactinium-231 0.22 0.35 0.53 

Radium-226 1.36 0.07 0.05 

Radium-228 0.28 0.05 0.05 

Thorium-228 0.51 0.35 0.37 

Thorium-230 1.93 0.70 0.14 

Thorium-232 0.30 0.25 0.14 

Uranium-235 -0.01 0.16 0.27 

Uranium-238 - 	2.24 0.24 0.24 

• 

• 



• 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MINPL 

SLD84127 5LD84141 09/20/04 1.2 1.7 0.2 Actinium-227 -0.17 0.37 0.34 0.02 
Americium-241 0.09 0.08 0.14 

Cesium-137 0.03 0.04 0.06 

Potassium-40 5.19 1.05 0.35 

Protactinium-231 0.07 1.01 1.43 

Radium-226 1.39 0.15 0.15 

Radium-228 0.56 0.15 0.16 

Thorium-228 0.66 0.40 0.36 

Thorium-230 0.96 0.48 0.15 

Thorium-232 0.27 0.24 0.14 

Uranium-235 0.15 0.47 0.76 

Uranium-238 2.33 1.09 0.67 

SLD84154 09/20/04 3.6 4.1 0.2 Actinium-227 -0.23 0.14 0.16 0.00 
Americium-241 0.00 0.08 0.10 

Cesium-137 -0.01 0.01 0.02 

Potassium-40 9.97 0.81 0.21 

Protactinium-231 -0.16 0.40 0.66 

Radium-226 0.69 0.06 0.06 

Radium-228 0.49 0.07 0.07 

Thorium-228 0.38 0.30 0.15 

Thorium-230 1.78 0.70 0.27 

Thorium-232 0.65 0.39 0.15 

Uranium-235 0.23 0.19 0.33 

Uranium-238 1.28 0.29 0.31 

SLD84981 09/20/04 4.7 5.2 0.2 Actinium-227 -0.17 0.20 0.24 0.00 
Americium-241 0.02 0.09 0.14 

Cesium-137 -0.01 0.02 0.04 

Potassium-40 16.36 1.20 0.22 

Protactinium-231 0.82 0.71 0.91 

Radium-226 1.48 0.09 0.08 

Radium-228 0.91 0.09 0.10 

Thorium-228 1.41 0.58 0.14 

Thorium-230 1.75 0.66 0.25 

Thorium-232 0.85 0.44 0.14 

Uranium-235 -0.19 0.28 0.44 

Uranium-238 1.57 0.41 0.47 

SLD84128 5LD84128 09/21/04 0.2 0.7 0.2 Actinium-227 -0.07 0.12 0.10 0.00 
Americium-241 0.00 0.02 0.04 

Cesium-137 -0.01 0.01 0.02 

Potassium-40 2.27 0.34 0.14 

Protactinium-231 -0.02 0.28 0.47 

Radium-226 1.30 0.06 0.05 

Radium-228 0.10 0.04 0.04 

Thorium-228 0.33 0.31 0.36 

Thorium-230 1.94 0.76 0.16 

Thorium-232 0.12 0.17 0.16 

Uranium-235 0.07 0.14 0.23 

Uranium-238 - 	1.00 0.17 0.19 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of5  
Ratios 
Value 

MINPL 
SLD84128 SLD84142  09121/04 1.2 1.7 0.2 Actinium-227 0.16 0.13 0.13 0.07 

Americium-241 0.03 0.03 0.05 

Cesium-137 0.05 0.02 0.02 

Potassium-40 4.30 0.46 0.17 

Protactinium-231 -0.03 0.39 0.57 

Radium-226 1.97 0.08 0.05 

Radium-228 0.30 0.05 0.05 

Thorium-228 0.38 0.32 0.40 

Thorium-230 2.75 0.90 0.15 

Thorium-232 0.62 0.39 0.32 

Uranium-235 0.28 0.28 0.29 

Uranium-238 2.00 0.23 0.22 

SLD84155 09/21/04 3.7 4.2 0.2 Actinium-227 0.18 0.44 0.44 0.06 
Americium-241 0.01 0.10 0.14 
Cesium-137 -0.03 0.05 0.08 

Potassium-40 9.94 1.40 0.54 

Protactinium-231 -0.21 1.25 2.07 _ 
Radium-226 2.28 0.21 0.18 

Radium-228 0.85 0.18 0.18 

Thorium-228 1.08 0.56 0.37 

Thorium-230 2.57 0.92 0.31 

Thorium-232 0.37 0.31 0.17 

Uranium-235 0.16 0.54 0.90 

Uranium-238 2.36 0.83 0.87 

SLD84982 09/21/04 4.2 4.7 0.2 Actinium-227 0.02 0.15 0.14 0.02 
Americium-241 0.01 0.04 0.05 

Cesium-137 0.02 0.01 0.02 

Potassium-40 9.43 0.62 0.19 

Protactinium-231 0.09 0.42 0.59 

Radium-226 2.21 0.08 0.05 

Radium-228 0.53 0.06 0.06 

Thorium-228 0.74 0.42 0.31 

Thorium-230 2.19 0.77 0.26 
Thorium-232 0.77 0.42 0.14 

Uranium-235 0.18 0.18 0.31 

Uranium-238 1.81 0.25 0.26 
SLD84129 5LD84129 09/20/04 0.2 0.7 0.2 Actinium-227 -0.05 0.07 0.06 0.00 

Americium-241 0.01 0.02 0.02 

Cesium-137 0.00 0.01 0.01 

Potassium-40 0.89 0.16 0.10 

Protactinium-231 0.03 0.19 0.30 

Radium-226 0.53 0.03 0.02 

Radium-228 0.03 0.02 0.04 

Thorium-228 0.22 0.24 0.30 
Thorium-230 0.68 0.43 0.35 

Thorium-232 0.04 0.12 0.30 

Uranium-235 -0.07 0.09 0.14 

Uranium-238 0.50 0.11 0.12 • 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft l bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MINPL 

5LD84129 SLD84161 09/20/04 1.5 2.0 0.2 Actinium-227 -0.53 0.53 0.53 0.21 
Americium-241 -0.26 0.21 0.33 

Cesium-137 -0.01 0.05 0.08 

Potassium-40 14.54 1.77 0.79 

Protactinium-231 -1.44 1.57 2.48 

Radium-226 4.93 0.25 0.20 

Radium-228 1.77 0.22 0.22 

Thorium-228 1.81 0.64 0.27 

Thorium-230 3.32 0.93 0.12 

Thorium-232 1.34 0.53 0.12 

Uranium-235 0.10 0.66 1.08 

Uranium-238 2.08 1.83 1.64 

SLD84167 09/20/04 3.5 4.0 0.2 Actinium-227 0.08 0.45 0.42 0.02 
Americium-241 0.07 0.21 0.33 

Cesium-137 -0.02 0.05 0.07 

Potassium-40 11.95 1.88 0.79 

Protactinium-231 -1.81 1.39 2.02 

Radium-226 2.00 0.19 0.19 

Radium-228 0.67 0.18 0.24 

Thorium-228 1.09 0.51 0.14 

Thorium-230 1.70 0.66 0.26 

Thorium-232 0.88 0.45 0.14 

Uranium-235 0.27 0.58 0.97 

Uranium-238 2.38 0.96 1.02 

SLD84173 09/20/04 5.5 6.0 0.2 Actinium-227 0.01 0.18 0.21 0.00 
Americium-241 0.07 0.08 0.12 

Cesium-137 -0.03 0.02 0.03 

Potassium-40 16.36 1.11 0.25 

Protactinium-231 0.35 0.60 0.93 

Radium-226 1.33 0.08 0.08 

Radium-228 0.85 0.10 0.07 

Thorium-228 0.87 0.41 0.26 

Thorium-230 1.45 0.55 0.12 

Thorium-232 0.55 0.32 0.12 

Uranium-235 0.05 0.25 0.41 

Uranium-238 1.51 0.38 0.42 

SLD85142 3LD85142VF  11/08/04 0 0.5 Actinium-227 0.01 0.07 0.11 0.00 
Americium-241 0.02 0.02 0.02 

Cesium-137 0.00 0.01 0.01 

Potassium-40 1.61 0.19 0.08 

Protactinium-231 0.14 0.19 0.29 

Radium-226 1.05 0.04 0.03 

Radium-228 0.07 0.02 0.02 

Thorium-228 0.15 0.17 0.13 

Thorium-230 1.06 0.49 0.25 

Thorium-232 0.04 0.10 0.25 

Uranium-235 0.02 0.09 0.15 

Uranium-238 - 	0.69 0.26 0.24 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum ofs 
Ratios 
Value 

MINPL 
SLD85142 3LD85143VF 11/08/04 1 1.5 Actinium-227 0.06 0.11 0.16 0.01 

Americium-241 0.01 0.02 0.04 

Cesium-137 0.06 0.01 0.01 

Potassium-40 6.58 0.42 0.12 

Protactinium-231 0.11 0.27 0.39 

Radium-226 1.52 0.06 0.04 

Radium-228 0.41 0.03 0.04 

Thorium-228 0.46 0.36 0.42 

Thorium-230 2.05 0.77 0.29 

Thorium-232 0.50 0.35 0.29 

Uranium-235 -0.04 0.15 0.21 

Uranium-238 1.46 0.41 0.33 

3LD85144VF 11/08/04 3 3.5 Actinium-227 0.03 0.13 0.21 0.00 
Americium-241 0.01 0.04 0.05 

Cesium-137 -0.01 0.01 0.02 

Potassium-40 16.18 0.87 0.13 

Protactinium-231 -0.13 0.41 0.57 

Radium-226 1.53 0.07 0.06 

Radium-228 0.92 0.06 0.05 

Thorium-228 1.35 0.55 0.24 

Thorium-230 1.89 0.67 0.13 

Thorium-232 0.79 0.41 0.24 

Uranium-235 0.06 0.17 0.28 

Uranium-238 1.21 0.47 0.49 

3LD85145VF 11/08/04 5 5.5 Actinium-227 0.00 0.13 0.21 0.02 
Americium-241 0.01 0.03 0.05 

Cesium-137 -0.01 0.01 0.02 

Potassium-40 14.24 0.82 0.13 

Protactinium-231 -0.04 0.39 0.54 

Radium-226 1.38 0.06 0.05 

Radium-228 0.74 0.06 0.05 

Thorium-228 1.07 0.49 0.13 

Thorium-230 2.27 0.76 0.29 

Thorium-232 0.58 0.35 0.13 

Uranium-235 0.01 0.17 0.28 

Uranium-238 1.39 0.45 0.46 
SLD85146 3LD85146VF 11/08/04 0 0.5 Actinium-227 -0.03 0.07 0.10 0.00 

Americium-241 0.00 0.02 0.02 

Cesium-137 -0.01 0.01 0.01 

Potassium-40 2.25 0.21 0.07 

Protactinium-231 0.01 0.19 0.27 

Radium-226 0.88 0.04 0.03 

Radium-228 0.09 0.02 0.02 

Thorium-228 0.38 0.28 0.13 

Thorium-230 1.21 0.52 0.28 

Thorium-232 0.12 0.17 0.28 

Uranium-235 -0.03 0.08 0.13 

Uranium-238 0.51 0.24 0.22 	- • 



• 

Table 3 - 2 

Plants 3, 8, 9, 11, Mallinckrodt Parking Lot (MINPL), and the Angelrodt Security Gate Area (MIASG) 

Pre-Design Investigation Radiological Data Results 

Page 24 of 62 

Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MINPL 

SLD85146 3LD85147VF 11/08/04 1.5 2.0 Actinium-227 0.22 0.14 0.27 0.10 
Americium-241 0.05 0.04 0.07 

Cesium-137 0.00 0.02 0.02 _ 

Potassium-40 13.03 0.79 0.18 

Protactinium-231 0.10 0.49 0.70 

Radium-226 3.39 0.11 0.07 

Radium-228 1.20 0.08 0.06 

Thorium-228 2.64 0.87 0.27 

Thorium-230 2.66 0.87 0.14 

Thorium-232 1.53 0.63 0.27 

Uranium-235 -0.16 0.22 0.36 

Uranium-238 2.65 0.50 0.60 

3LD85148VF 11/08/04 2.5 3.0 Actinium-227 0.25 0.12 0.36 0.39 
Americium-241 0.08 0.06 0.09 

Cesium-137 0.02 0.02 0.03 

Potassium-40 11.16 0.79 0.30 

Protactinium-231 0.53 0.69 1.02 

Radium-226 7.52 0.20 0.09 

Radium-228 0.86 0.08 0.09 

Thorium-228 1.36 0.62 0.16 

Thorium-230 6.25 1.64 0.40 

Thorium-232 1.01 0.52 0.16 

Uranium-235 0.10 0.30 0.50 

Uranium-238 5.25 0.98 0.79 

3LD85149VF 11/08/04 4.5 5.0 Actinium-227 0.04 0.15 0.22 0.04 
Americium-241 -0.03 0.04 0.05 

Cesium-137 -0.01 0.01 0.02 

Potassium-40 16.51 0.87 0.14 

Protactinium-231 0.17 0.41 0.60 

Radium-226 1.67 0.07 0.05 

Radium-228 1.07 0.07 0.05 

Thorium-228 1.63 0.65 0.31 

Thorium-230 2.21 0.77 0.31 

Thorium-232 1.45 0.60 0.14 

Uranium-235 0.11 0.18 0.30 

Uranium-238 0.93 0.53 0.53 

SLD87644 SLD87644 06/09/05 1 1.5 Actinium-227 0.00 0.20 0.33 0.12 
Americium-241 0.03 0.04 0.07 

Cesium-137 0.00 0.02 0.03 

Potassium-40 11.77 0.82 0.29 

Protactinium-231 0.60 0.65 0.96 

Radium-226 3.69 0.86 0.09 

Radium-228 1.32 0.08 0.11 

Thorium-228 1.28 0.60 0.17 

Thorium-230 2.81 0.96 0.17 

Thorium-232 1.53 0.67 0.17 

Uranium-235 0.03 0.25 0.43 

Uranium-238 - 	3.10 0.62 0.64 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MINPL 

SLD87645 SLD87645 06/09/05 0.5 1.0 Actinium-227 0.68 0.36 0.31 0.24 
Americium-241 0.11 0.05 0.06 

Cesium-137 0.21 0.03 0.03 

Potassium-40 9.89 0.72 0.27 

Protactinium-231 0.79 0.58 0.87 

Radium-226 5.05 1.15 0.08 

Radium-228 0.85 0.06 0.10 

Thorium-228 1.61 0.65 0.15 

Thorium-230 4.05 1.17 0.15 

Thorium-232 1.22 0.56 0.15 

Uranium-235 0.41 0.22 0.41 

Uranium-238 5.30 0.53 0.60 

SLD87646 06109/05 1 1.5 Actinium-227 0.02 0.21 0.31 0.12 
Americium-241 0.04 0.04 0.06 

Cesium-137 0.01 0.02 0.03 

Potassium-40 9.72 0.74 0.26 

Protactinium-231 0.21 0.52 0.86 

Radium-226 3.76 0.87 0.08 

Radium-228 0.84 0.07 0.10 

Thorium-228 1.76 0.80 0.37 

Thorium-230 3.25 1.16 0.37 

Thorium-232 1.32 0.68 0.37 

Uranium-235 0.07 0.23 0.40 

Uranium-238 2.36 0.64 0.60 

SLD87647 5LD87647  06/09/05 0.5 1.0 Actinium-227 -0.08 0.22 0.35 0.30 
Americium-241 0.05 0.05 0.07 

Cesium137 0.05 0.03 0.03 

Potassium-40 8.89 0.72 0.30 

Protactinium-231 0.32 0.67 0.97 

Radium-226 5.02 1.15 0.09 

Radium-228 1.04 0.07 0.12 

Thorium-228 1.24 0.60 0.43 

Thorium-230 5.11 1.41 0.35 

Thorium-232 0.63 0.41 0.30 

Uranium-235 0.40 0.40 0.48 

Uranium-238 5.47 0.86 0.67 

SLD87648 06/09/05 1 1.5 Actinium-227 0.29 0.35 0.33 0.14 
Americium-241 0.03 0.04 0.06 

Cesium-137 -0.01 0.02 0.03 

Potassium-40 7.73 0.70 0.43 

Protactinium-231 1.59 0.58 1.02 

Radium-226 2.62 0.62 0.10 

Radium-228 0.82 0.07 0.11 

Thorium-228 1.50 0.65 0.35 

Thorium-230 4.01 1.20 0.40 

Thorium-232 1.06 0.53 0.16 

Uranium-235 0.12 0.23 0.40 

Uranium-238 1.74 0.51 0.58 • 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

MINPL 

SLD87649 SLD 87649 06/09/05 0.5 1.0 Actinium-227 -0.31 0.19 0.30 0.09 
Americium-241 0.05 0.04 0.06 

Cesium-137 -0.02 0.02 0.03 

Potassium-40 8.46 0.84 0.41 

Protactinium-231 0.47 0.67 0.97 

Radium-226 2.08 0.52 0.09 

Radium-228 0.78 0.07 0.11 

Thorium-228 2.37 0.90 0.18 

Thorium-230 2.90 1.02 0.18 

Thorium-232 1.51 0.69 0.18 

Uranium-235 0.05 0.23 0.38 

Uranium-238 1.49 0.56 0.60 

PLANT 11 

SLD84113 SLD84113 09/21/04 1 1.5 1.0 Actinium-227 -0.07 0.50 0.46 0.01 
Americium-241 0.08 0.11 0.17 

Cesium-137 0.03 0.05 0.08 

Potassium-40 5.19 1.43 0.73 

Protactinium-231 0.43 1.44 2.22 

Radium-226 2.10 0.22 0.22 

Radium-228 0.67 0.17 0.22 

Thorium-228 0.58 0.38 0.16 

Thorium-230 1.39 0.62 0.16 

Thorium-232 0.80 0.46 0.29 

Uranium-235 -0.05 0.60 0.97 

Uranium-238 2.06 0.73 0.78 

SLD84131 09/21/04 2.5 3.0 1.0 Actinium-227 -0.04 0.08 0.08 0.00 
Americium-241 0.01 0.02 0.03 

Cesium-137 0.00 0.01 0.01 

Potassium-40 2.04 0.28 0.12 

Protactinium-231 0.08 0.23 0.35 

Radium-226 1.01 0.04 0.03 

Radium-228 0.16 0.03 0.02 

Thorium-228 0.40 0.31 0.32 

Thorium-230 1.17 0.54 0.27 

Thorium-232 0.11 0.15 0.15 

Uranium-235 0.05 0.11 0.18 

Uranium-238 0.68 0.13 0.13 

SLD84144 09/28/04 3.7 4.2 1.0 Actinium-227 -0.05 0.14 0.15 0.00 
Americium-241 0.00 0.06 0.10 

Cesium-137 0.00 0.01 0.02 

Potassium-40 4.94 0.61 0.27 

Protactinium-231 0.12 0.45 0.68 

Radium-226 1.19 0.07 0.07 

Radium-228 0.29 0.07 0.07 

Thorium-228 0.10 0.15 0.14 

Thorium-230 0.77 0.42 0.14 

Thorium-232 0.04 0.11 0.26 

Uranium-235 0.11 0.20 0.33 

Uranium-238 0.73 0.26 0.34 



Table 3 - 2 

Plants 3, 8, 9, 11, Mallinckrodt Parking Lot (MINPL), and the Angelrodt Security Gate Area (MIASG) 

Pre-Design Investigation Radiological Data Results 

Page 27 of 62 

Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result' 

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 11 

SLD84113 SLD84972 09/21/04 5.5 6.0 1.0 Actinium-227 0.04 0.13 0.12 0.00 
Americium-241 0.02 0.03 0.04 

Cesium-137 0.00 0.01 0.02 

Potassium-40 9.27 0.72 0.17 

Protactinium-231 -0.04 0.35 0.58 

Radium-226 1.33 0.07 0.06 

Radium-228 0.50 0.05 0.05 

Thorium-228 0.88 0.45 0.30 

Thorium-230 1.36 0.57 0.14 

Thorium-232 0.50 0.33 0.14 

Uranium-235 0.03 0.16 0.26 

Uranium-238 0.97 0.22 0.21 

SLD84116 SLD84116 09/17/04 0.5 1.0 0.5 Actinium-227 -0.16 0.17 0.17 0.00 
Americium-241 0.01 0.07 0.11 

Cesium-137 -0.01 0.02 0.03 

Potassium-40 5.78 0.66 0.25 

Protactinium-231 0.31 0.49 0.77 

Radium-226 1.41 0.08 0.06 

Radium-228 0.46 0.07 0.07 

Thorium-228 0.91 0.54 0.36 

Thorium-230 1.43 0.69 0.19 

Thorium-232 0.64 0.44 0.19 

Uranium-235 0,15 0.22 0.37 

Uranium-238 1.36 0.32 0.37 

SLD84157 09/17/04 1.5 2.0 0.5 Actinium-227 0.01 0.19 0.20 0.00 
Americium-241 0.04 0.08 0.13 

Cesium-137 -0.01 0.02 0.03 

Potassium-40 16.23 1.10 0.24 

Protactinium-231 0.34 0.56 0.86 

Radium-226 1.31 0.09 0.08 

Radium-228 0.87 0.09 0.08 

Thorium-228 1.25 0.59 0.16 

Thorium-230 1.95 0.77 0.30 

Thorium-232 0.77 0.45 0.16 

Uranium-235 0.05 0.26 0.42 

Uranium-238 1.18 0.37 0.42 

5LD84163 09/17/04 3.8 4.3 0.5 Actinium-227 0.16 0.12 0.15 0.00 
Americium-241 0.00 0.04 0.06 

Cesium-137 -0.01 0.02 0.02 

Potassium-40 18.43 1.01 0.17 

Protactinium-231 0.24 0.43 0.63 

Radium-226 1.35 0.07 0.06 

Radium-228 0.87 0.06 0.06 

Thorium-228 1.47 0.58 0.13 

Thorium-230 0.94 0.45 0.24 

Thorium-232 0.62 0.36 0.13 

Uranium-235 0.07 0.19 0.31 

Uranium-238 	- 1.34 0.29 0.29 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft 1  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of5  
Ratios 
Value 

PLANT 11 

SLD84116 SLD84169 09/17/04 6 6.5 0.5 Actinium-227 -0.12 0.38 0.32 0.02 
Americium-241 -0.03 0.09 0.13 

Cesium-137 0.03 0.04 0.07 

Potassium-40 19.96 1.90 0.54 

Protactinium-231 0.39 1.02 1.51 

Radium-226 1.45 0.14 0.14 

Radium-228 1.21 0.18 0.16 

Thorium-228 1.09 0.45 0.24 

Thorium-230 1.91 0.62 0.11 

Thorium-232 1.35 0.51 0.11 

Uranium-235 -0.37 0.46 0.71 

Uranium-238 1.70 0.63 0.70 

SLD84117 SLD84117 09/17/04 0.5 1.0 0.5 Actinium-227 0.02 0.10 0.10 0.00 
Americium-241 0.02 0.04 0.07 

Cesium-137 0.01 0.01 0.02 

Potassium-40 2.40 0.37 0.14 

Protactinium-231 0.10 0.32 0.53 

Radium-226 0.64 0.05 0.04 

Radium-228 0.08 0.04 0.04 

Thorium-228 0.28 0.23 0.13 

Thorium-230 0.60 0.35 0.24 

Thorium-232 0.05 0.09 0.13 

Uranium-235 0.17 0.14 0.22 

Uranium-238 0.63 0.60 0.32 

SLD84134 09/17/04 1.5 2.0 0.5 Actinium-227 0.02 0.21 0.23 0.01 
Americium-241 0.06 0.09 0.13 

Cesium-137 0.02 0.02 0.03 

Potassium-40 15.01 1.10 0.30 

Protactinium-231 0.03 0.62 0.92 

Radium-226 1.55 0.08 0.09 

Radium-228 0.96 0.09 0.08 

Thorium-228 0.85 0.43 0.24 

Thorium-230 1.17 0.52 0.29 

Thorium-232 0.66 0.37 0.24 

Uranium-235 0.22 0.26 0.44 

Uranium-238 1.92 0.42 0.44 

SLD84147 09/17/04 3.8 4.2 0.5 Actinium-227 -0.17 0.21 0.22 0.02 
Americium-241 0.01 0.08 0.14 

Cesium-137 -0.03 0.02 0.03 

Potassium-40 14.37 1.13 0.19 

Protactinium-231 0.05 0.68 1.01 

Radium-226 1.51 0.10 0.08 

Radium-228 0.81 0.10 0.10 

Thorium-72R 1.41 0.60 0.32 

Thorium-230 1.33 0.58 0.14 

Thorium-232 1.38 0.59 0.14 

Uranium-235 0.16 0.30 0.48 

Uranium-238 0.94 0.75 0.64 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 11 
SLD84117 SLD84974  09/17/04 5 5.5 0.5 Actinium-227 0.05 0.16 0.14 0.08 

Americium-241 0.03 0.04 0.05 

Cesium-137 0.01 0.01 0.02 

Potassium-40 6.23 0.49 0.19 

Protactinium-231 0.07 0.43 0.60 

Radium-226 3.47 0.11 0.05 

Radium-228 0.46 0.05 0.05 
Thorium-228 0.46 0.31 0.30 

Thorium-230 2.84 0.85 0.12 

Thorium-232 0.58 0.34 0.12 

Uranium-235 0.14 0.19 0.31 

Uranium-238 2.49 0.26 0.26 
SLD84118 5LD84118 09/17/04 0.5 1.0 0.5 Actinium-227 0.08 0.11 0.11 0.00 

Americium-241 0.01 0.04 0.07 

Cesium-137 0.00 0.01 0.02 

Potassium-40 2.86 0.35 0.17 

Protactinium-231 -0.31 0.29 0.48 

Radium-226 1.03 0.05 0.04 

Radium-228 0.16 0.04 0.04 

Thorium-228 0.26 0.24 0.14 

Thorium-230 1.11 0.52 0.14 

Thorium-232 0.16 0.18 0.14 

Uranium-25 0.04 0.15 -6.23 

Uranium-238 0.72 0.19 0.24 

SLD84135 09/17/04 1.5 2.0 0.5 Actinium-227 -0.18 0.21 0.23 0.01 
Americium-241 0.06 0.09 0.14 

Cesium-137 -0.02 0.02 0.03 

Potassium-40 10.63 0.94 0.25 

Protactinium-231 0.25 0.64 0.97 

Radium-226 2.36 0.11 0.09 

Radium-228 0.85 0.10 0.08 

Thorium-228 0.91 0.47 0.14 

Thorium-230 1.16 0.54 0.27 

Thorium-232 0.37 0.29 0.14 

Uranium-235 0.18 0.28 0.47 

Uranium-238 2.00 0.46 0.44 

SLD84148 09/17/04 2.5 3.0 0.5 Actinium-227 0.07 0.18 0.20 0.00 
Americium-241 0.06 0.08 0.12 

Cesium-137 -0.02 0.02 0.03 

Potassium-40 9.14 0.81 0.28 

Protactinium-231 -0.22 0.55 0.90 

Radium-226 1.52 0.09 0.07 

Radium-228 0.62 0.08 0.07 

Thorium-228 0.68 0.40 0.14 

Thorium-230 0.95 0.47 0.14 

Thorium-232 0.68 0.40 0.14 

Uranium-235 -0.05 0.26 0.41 

Uranium-238 1.51 0.38 0.39 • 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result' 

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 11 

SLD84118 SLD84975  09/17/04 5.9 6.4 0.5 Actinium-227 0.23 0.39 0.43 0.13 
Americium-241 -0.03 0.10 0.14 

Cesium-137 -(1,04 0.05 0.06 

Potassium-40 13.55 1.44 0.42 

Protactinium-231 0.06 1.25 1.76 

Radium-226 3.34 0.20 0.17 

Radium-228 1.63 0.19 0.18 

Thorium-228 1.46 0.59 0.14 

Thorium-230 2.66 0.85 0.25 

Thorium-232 1.51 0.60 0.14 

Uranium-235 0.32 0.50 0.79 

Uranium-238 3.37 0.73 0.69 

SLD84119 SLD84119 09/17/04 0.5 1.0 0.5 Actinium-227 -0.03 0.21 0.24 0.04 
Americium-241 0.04 0.10 0.15 

Cesium-137 0.07 0.03 0.03 

Potassium-40 11.48 0.94 0.29 

Protactinium-231 0.33 0.65 0.99 

Radium-226 2.31 0.11 0.09 

Radium-228 0.76 0.10 0.10 

Thorium-228 0.93 0.45 0.28 

Thorium-230 2.11 0.72 0.28 

Thorium-232 0.84 0.43 0.24 

Uranium-235 0.03 0.30 0.47 

Uranium-238 2.69 0.50 0.46 

SLD84136 09/17/04 1.5 2.0 0.5 Actinium-227 -0.03 0.15 0.16 0.02 
Americium-241 0.02 0.06 0.10 

Cesium-137 -0.01 0.01 0.02 

Potassium-40 9.11 0.77 0.22 

Protactinium-231 -0.12 0.47 0.68 

Radium-226 1.19 0.07 0.06 

Radium-228 0.58 0.07 0.06 

Thorium-228 0.96 0.47 0.34 

Thorium-230 2.29 0.78 0.13 

Thorium-232 0.65 0.37 0.13 

Uranium-235 0.22 0.21 0.34 

Uranium-238 1.04 0.29 0.34 

SLD84149 09/17/04 3.5 4.0 0.5 Actinium-227 -0.32 0.50 0.53 0.20 
Americium-241 0.25 0.24 0.39 

Cesium-137 -0.01 0.06 0.09 

Potassium-40 14.69 1.92 0.69 

Protactinium-231 0.29 1.65 2.48 

Radium-226 4.89 0.28 0.20 

Radium-228 1.28 0.22 0.25 

Thorium-228 1.47 0.57 0.31 

Thorium-230 2.60 0.80 0.12 

Thorium-232 0.87 0.42 0.12 

Uranium-235 -0.25 0.66 1.03 

Uranium-238 3.08 1.09 1.19 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft 1  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 11 
SLD84119 SLD84976  09/17/04 4.5 5.0 0.5 Actinium-227 0.21 0.33 0.31 0.02 

Americium-241 0.05 0.08 0.12 

Cesium-137 0.03 0.04 0.06 

Potassium-40 13.47 1.36 0.35 

Protactinium-231 -0.57 1.11 1.47 

Radium-226 2.33 0.16 0.13 

Radium-228 0.85 0.15 0.13 

Thorium-228 1.24 0.57 0.15 

Thorium-230 2.13 0.79 0.28 

Thorium-232 0.84 0.46 0.15 

Uranium-235 -0.02 0.41 0.68 

Uranium-238 1.75 0.74 0.68 
5LD84120 SLD84120 09/17/04 0.5 1.0 0.5 Actinium-227 -0.09 0.21 0.22 0.01 

Americium-241 0.04 0.09 0.14 

Cesium-137 0.00 0.02 0.03 

Potassium-40 11.39 1.00 0.29 

Protactinium-231 0.28 0.57 0.88 

Radium-226 1.83 0.10 0.09 

Radium-228 0.68 0.09 0.08 

Thorium-228 1.10 0.51 0.25 

Thorium-230 1.97 0.71 0.14 
Thorium-232 1.06 0.49 0.14 

Uranium-235 0.05 0.29 0.47 

Uranium-238 1.89 0.44 0.43 

5LD84158 09/17/04 1.3 1.8 0.5 Actinium-227 0.00 0.11 0.10 0.00 
Americium-241 0.01 0.03 0.04 

Cesium-137 0.00 0.01 0.02 

Potassium-40 8.15 0.54 0.11 

Protactinium-231 0.06 0.34 0.48 

Radium-226 1.11 0.05 0.04 

Radium-228 0.39 0.05 0.04 

Thorium-228 0.99 0.47 0.24 

Thorium-230 0.95 0.46 0.24 

Thorium-232 0.18 0.20 0.24 

Uranium-235 -0.07 0.14 0.23 

Uranium-238 1.03 0.22 0.19 

SLD84164 09/17/04 3.5 4.0 0.5 Actinium-227 0.02 0.13 0.13 0.00 
Americium-241 0.00 0.04 0.05 

Cesium-137 0.00 0.01 0.02 

Potassium-40 14.22 0.80 0.11 

Protactinium-231 -0.22 0.42 0.56 

Radium-226 1.42 0.07 0.05 

Radium-228 0.73 0.06 0.05 

Thorium-228 0.86 0.43 0.30 

Thorium-230 1.71 0.62 0.12 

Thorium-232 0.81 0.40 0.12 

Uranium-235 -0.07 0.17 0.27 

Uranium-238 1.35 0.23 0.24 • 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft' bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 11 

5LD84120 SLD84170 09/17/04 5 5.5 0.5 Actinium-227 -0.10 0.14 0.14 0.00 
Americium-241 0.02 0.04 0.05 

Cesium-137 0.01 0.01 0.02 

Potassium-40 16.68 0.92 0.14 

Protactinium-231 -0.17 0.47 0.64 

Radium-226 1.40 0.07 0.05 

Radium-228 0.94 0.07 0.06 

Thorium-228 1.06 0.48 0.13 

Thorium-230 1.64 0.62 0.13 

Thorium-232 0.82 0.42 0.13 

Uranium-235 -0.02 0.18 0.30 

Uranium-238 1.56 0.26 0.26 

PLANT 3 

HTR84767 HTR84767 01/11/05 0 0.5 Actinium-227 0.14 0.11 0.19 0.28 
Americium-241 0.02 0.02 0.04 

Cesium-137 0.02 0.02 0.02 

Potassium-40 5.97 0.46 0.15 

Protactinium-231 0.35 0.36 0.53 

Radium-226 1.46 0.35 0.05 

Radium-228 0.35 0.04 0.06 

Thorium-228 0.70 0.41 0.36 

Thorium-230 3.36 1.02 0.27 

Thorium-232 0.67 0.40 0.27 

Uranium-235 0.05 0.14 0.24 

Uranium-238 1.35 0.34 0.35 

HTR84774 01/11/05 0.5 1.0 Actinium-227 -0.09 0.12 0.18 0.02 
Americium-241 0.01 0.03 0.04 

Cesium-137 0.01 0.01 0.02 

Potassium-40 5.06 0.45 0.19 

Protactinium-231 0.21 0.33 0.52 

Radium-226 1.36 0.33 0.05 

Radium-228 0.38 0.05 0.07 

Thorium-228 0.77 0.48 0.48 

Thorium-230 2.06 0.79 0.16 

Thorium-232 0.29 0.28 0.30 

Uranium-235 0.10 0.16 0.26 

Uranium-238 1.95 0.46 0.38 

HTR84768 HTR84768 01/11/05 0 0.5 Actinium-227 0.24 0.06 0.24 2.52 
Americium-241 0.03 0.03 0.04 

Cesium-137 0.05 0.01 0.02 

Potassium-40 6.02 0.48 0.17 

Protactinium-231 0.33 0.39 0.58 

Radium-226 1.98 0.47 0.05 

Radium-228 0.49 0.05 0.06 

Thorium-228 0.90 0.47 0.27 

Thorium-230 14.32 3.00 0.27 

Thorium-232 1.18 0.54 0.15 

Uranium-235 0.32 0.21 0.28 

Uranium-238 2.63 0.52 0.41 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft' bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 3 

HTR84768 HTR84775 01/11/05 0.5 1.0 Actinium-227 0.49 0.09 0.29 1.23 
Americium-241 -0.03 0.04 0.06 

Cesium-137 0.00 0.02 0.02 

Potassium-40 8.04 0.58 0.21 

Protactinium-231 0.68 0.72 0.78 

Radium-226 3.33 0.76 0.06 

Radium-228 0.56 0.06 0.08 

Thorium-228 0.64 0.37 0.28 

Thorium-230 19.43 3.67 0.28 

Thorium-232 0.70 0.38 0.24 

Uranium-235 0.27 0.19 0.34 

Uranium-238 4.74 0.54 0.53 

HTR84776 01/11/05 1 1.5 Actinium-227 0.46 0.10 0.27 0.62 
Americium-241 0.01 0.04 0.06 

Cesium-137 -0.01 0.02 0.02 

Potassium-40 8.66 0.64 0.24 

Protactinium-231 0.47 0.50 0.79 
Radium-226 3.04 0.71 0.07 

Radium-228 0.61 0.07 0.09 

Thorium-228 0.63 0.36 0.23 

Thorium-230 10.28 2.14 0.12 

Thorium-232 0.32 0.25 0.12 

Uranium-235 0.18 0.23 0.38 

Uranium-238 4.40 0.74 0.57 

HTR84769 HTR84769  01/11/05 0 0.5 Actinium-227 0.06 0.10 0.17 0.33 
Americium-241 0.01 0.02 0.03 

Cesium-137 0.03 0.02 0.01 

Potassium-40 5.05 0.40 0.14 

Protactinium-231 0.26 0.32 0.47 

Radium-226 1.33 0.32 0.04 

Radium-228 0.38 0.04 0.05 

Thorium-228 0.40 0.29 0.29 

Thorium-230 3.57 0.97 0.22 

Thorium-232 0.74 0.38 0.12 

Uranium-235 0.13 0.14 0.24 

Uranium-238 1.66 0.27 0.34 

SDT0409IN 01/11/05 0.5 1.0 Actinium-227 -0.20 0.20 0.43 0.38 
Americium-241 0.02 0.10 0.11 

Cesium-137 -0.01 0.05 0.05 

Potassium-40 6.82 0.79 0.48 

Protactinium-231 1.35 1.37 1.48 

Radium-226 1.68 0.11 0.14 

Radium-228 0.35 0.09 0.20 

Thorium-228 0.35 0.09 0.20 

Thorium-230 7.59 9.41 10.30 

Thorium-232 0.35 0.09 0.20 

Uranium-235 0.20 0.23 0.27 

Uranium-238 1.44 0.95 1.56 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft 1  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 3 

HTR84770 HTR84770 01/11/05 0 0.5 Actinium-227 0.28 0.08 0.28 1.11 
Americium-241 0.03 0.04 0.06 

Cesium-137 0.22 0.03 0.02 

Potassium-40 5.50 0.56 0.23 

Protactinium-231 0.84 0.55 0.83 

Radium-226 3.36 0.78 0.07 

Radium-228 0.75 0.06 0.09 

Thorium-228 1.47 0.61 0.27 

Thorium-230 7.13 1.72 0.14 

Thorium-232 1.04 0.50 0.27 

Uranium-235 0.44 0.20 0.36 

Uranium-238 4.93 0.67 0.59 

SDT0410IN 01/11/05 0.5 1.0 Actinium-227 -0.31 0.25 0.48 0.05 
Americium-241 0.01 0.11 0.12 

Cesium-137 0.03 0.04 0.06 

Potassium-40 5.66 0.85 0.81 

Protactinium-231 0.66 1.56 1.50 

Radium-226 _1.72 0.12 0.15 

Radium-228 0.47 0.09 0.15 

Thorium-228 0.47 0.09 0.15 

Thorium-230 -4.56 11.46 11.40 

Thorium-232 0.47 0.09 0.15 

Uranium-235 0.12 0.29 0.31 

Uranium-238 3.96 1.08 1.67 

HTR84777 01/11/05 1 1.5 Actinium-227 0.04 0.57 0.91 0.18 
Americium-241 0.06 0.13 0.20 

Cesium-137 -0.01 0.06 0.09 

Potassium-40 8.08 1.63 0.95 

Protactinium-231 1.45 1.77 2.88 

Radium-226 2.86 0.81 0.26 

Radium-228 0.87 0.20 0.34 

Thorium-228 1.13 0.51 0.25 

Thorium-230 2.62 0.84 0.25 

Thorium-232 0.55 0.34 0.13 

Uranium-235 0.00 0.69 1.14 

Uranium-238 8.24 2.27 1.65 

SDT0412IN 01/11/05 1.5 2.0 Actinium-227 -0.01 0.12 0.24 0.00 
Americium-241 0.00 0.06 0.06 

Cesium-137 0.01 0.02 0.03 

Potassium-40 3.09 0.44 0.27 

Protactinium-231 0.81 0.79 0.90 

Radium-226 0.87 0.06 0.07 

Radium-228 0.20 0.04 0.07 

Thorium-228 0.20 0.04 0.07 

Thorium-230 -5.47 6.13 5.80 

Thorium-232 0.20 0.04 0.07 

Uranium-235 0.01 0.16 0.17 

Uranium-238 0.77 0.55 0.91 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft 1 bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 3 

HTR84771 HTR84771  01/11/05 0 

, , 

0.5 Actinium-227 0.04 0.17 0.28 0.31 
Americium-241 0.03 0.04 0.06 

Cesium-137 0.03 0.02 0.03 

Potassium-40 3.99 0.49 0.22 

Protactinium-231 0.09 0.53 0.75 

Radium-226 2.47 0.59 0.07 

Radium-228 0.69 0.06 0.08 

Thorium-228 1.60 0.75 0.51 

Thorium-230 3.06 1.09 0.19 

Thorium-232 1.37 0.67 0.35 

Uranium-235 0.14 0.21 0.36 

Uranium-238 2.94 0.61 0.51 

HTR84778 01/11/05 0.5 1.0 Actinium-227 0.01 0.15 0.24 0.07 
Americium-241 -0.01 0.03 0.05 

Cesium-137 -0.01 0.02 0.02 

Potassium-40 9.19 0.68 0.22 

Protactinium-231 0.15 0.45 0.69 

0.07 Radium-226 2.10 0.51 

Radium-228 0.58 0.05 0.09 

Thorium-228 1.07 0.52 0.27 

Thorium-230 2.77 0.91 0.15 

Thorium-232 0.60 0.37 0.15 
I Iranii im-235 n 07 n 10 n 32 

Uranium-238 1.97 0.55 0.46 

SDT0414IN 01/11/05 1 1.5 Actinium-227 -0.16 0.18 0.41 0.00 
Americium-241 0.05 0.08 0.09 

Cesium-137 -001 0.04 0.04 

Potassium-40 5.43 0.72 0.55 

Protactinium-231 -0.64 1.56 1.29 

Radium-226 1.32 0.10 0.17 

Radium-228 0.40 0.09 0.18 

Thorium-228 0.40 0.09 0.18 

Thorium-230 -5.10 8.67 8.49 

Thorium-232 0.40 0.09 0.18 

Uranium-235 0.19 0.22 0.26 

Uranium-238 -0.68 5.71 5.40 

SDT0415IN 01/11/05 1.5 2.0 Actinium-227 0.09 0.16 0.33 0.00 
Americium-241 -0.02 0.08 0.08 

Cesium-137 0.01 0.03 0.04 

Potassium-40 4.47 0.67 0.67 

Protactinium-231 -0.19 1.27 1.09 

Radium-226 1.19 0.09 0.13 

Radium-228 0.30 0.07 0.12 

Thorium-228 0.30 0.07 0.12 

Thorium-230 1.02 6.99 7.35 

Thorium-232 0.30 0.07 0.12 

Uranium-235 0.04 0.20 0.21 

Uranium-238 0.65 0.71 1.19 

• 

• 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result' 

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 3 

HTR84772 HTR84772 01/11/05 0 0.5 Actinium-227 0.02 0.30 0.49 2.34 
Americium-241 0.00 0.09 0.10 

Cesium-137 0.27 0.05 0.04 

Potassium-40 5.72 0.57 0.40 

Protactinium-231 1.26 0.97 1.42 

Radium-226 6.62 1.51 0.12 

Radium-228 6.36 0.18 0.14 

Thorium-228 8.18 1.81 0.31 

Thorium-230 7.88 1.76 0.28 

Thorium-232 6.02 1.44 0.23 

Uranium-235 0.10 0.39 0.67 

Uranium-238 5.05 1.03 0.98 

SDT0416IN 01/11/05 0.5 1.0 Actinium-227 -0.24 0.20 _ 	0.38 0.12 
Americium-241 -0.01 0.09 0.09 

Cesium-137 0.08 0.03 0.05 

Potassium-40 5.35 0.67 0.55 

Protactinium-231 0.70 1.21 1.21 

Radium-226 1.33 0.09 0.17 

Radium-228 0.30 0.07 0.15 

Thorium-228 0.30 0.07 0.15 

Thorium-230 3.62 8.23 8.82 

Thorium-232 0.30 0.07 0.15 

Uranium-235 0.19 0.22 0.26 

Uranium-238 1.82 0.76 1.23 

SDT0417IN 01/11/05 1 1.5 Actinium-227 0.09 0.14 0.19 0.17 
Americium-241 0.05 0.18 0.21 

Cesium-137 0.01 0.04 0.04 

Potassium-40 5.34 0.57 0.44 

Protactinium-231 -0.19 0.58 1.10 

Radium-226 1.11 0.07 0.12 

Radium-228 0.34 0.06 0.11 

Thorium-228 0.34 0.06 0.11 

Thorium-230 4.51 12.02 14.30 

Thorium-232 0.34 0.06 0.11 

Uranium-235 0.11 0.21 0.22 

Uranium-238 -0.90 4.19 4.19 

HTR84779 01/11/05 1.5 2.0 Actinium-227 0.52 0.08 0.21 0.05 
Americium-241 0.03 0.03 0.05 

Cesium-137 -0.01 0.01 0.02 

Potassium-40 6.65 0.51 0.19 

Protactinium-231 0.61 0.34 0.62 

Radium-226 1.67 0.40 0.05 

Radium-228 0.49 0.04 0.07 

Thorium-228 0.44 0,31 0,25 
Thorium-230 2.28 0.78 0.14 

Thorium-232 0.56 0.35 0.14 

Uranium-235 0.23 0.17 0.29 

Uranium-238 2.99 0.54 0.43 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 3 
HTR84773 HTR84773  01/11/05 0 0.5 Actinium-227 0.05 0.14 0.23 0.50 

Americium-241 0.02 0.03 0.05 

Cesium-137 0.12 0.02 0.03 

Potassium-40 5.46 0.50 0.20 

Protactinium-231 0.52 0.44 0.66 

Radium-226 2.19 0.52 0.05 

Radium-228 0.75 0.05 0.07 

Thorium-228 0.79 0.44 0.33 

Thorium-230 4.37 1.24 0.37 

Thorium-232 0.75 0.43 0.27 

Uranium-235 0.30 0.25 0.31 

Uranium-238 2.21 0.37 0.44 

SDT0419IN 01/11/05 0.5 1.0 Actinium-227 -0.30 0.26 0.50 0.02 
Americium-241 0.01 0.12 0.13 

Cesium-137 0.11 0.04 0.06 

Potassium-40 4.52 0.81 0.88 

Protactinium-231 0.76 0.78 1.61 

Radium-226 2.09 0.13 0.21 

Radium-228 0.50 0.10 0.16 

Thorium-228 0.50 0.10 0.16 

Thorium-230 -7.44 11.95 11.70 

Thorium-232 0.50 0.10 0.16 

Uranium-235 0.19 0.29 0.33 

Uranium-238 2.39 1.04 1.77 

HTR84780 01/11/05 1 1.5 Actinium-227 0.37 0.10 0.27 0.28 
Americium-241 0.04 0.04 0.06 
Cesium-137 0.06 0.02 0.02 

Potassium-40 7.72 0.58 0.19 

Protactinium-231 0.15 0.50 0.76 

Radium-226 2.73 0.64 0.07 

Radium-228 0.58 0.07 0.08 

Thorium-228 0.62 0.40 0.37 

Thorium-230 5.39 1.44 0.33 

Thorium-232 0.65 0.40 0.28 

Uranium-235 0.25 0.27 0.37 

Uranium-238 3.75 0.69 0.53 

SDT0421IN 01/11/05 1.5 2.0 Actinium-227 -0.01 0.06 0.41 0.26 
Americium-241 0.01 0.10 0.10 

Cesium-137 0.03 0.04 0.05 

Potassium-40 4.02 0.67 0.65 

Protactinium-231 -1.97 1.92 1.40 

Radium-226 1.40 0.11 0.20 

Radium-228 0.35 0.08 0.17 

Thorium-228 0.35 0.08 0.17 

Thorium-230 5.48 2.65 6.72 

Thorium-232 0.35 0.08 0.17 

Uranium-235 0.05 0.25 0.27 

_Uranium-238 2.48 0.51 0.75 • 



• 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 3 

HTZ27426 HTZ27426 10/25101 0 0.5 0.0 Actinium-227 0.41 0.11 0.18 1.97 
Americium-241 0.03 0.05 0.07 

Cesium-137 0.70 0.11 0.03 

Potassium-40 8.43 0.98 0.31 

Protactinium-231 0.10 0.63 0.95 

Radium-226 5.65 0.28 0.05 

Radium-228 1.17 0.11 0.08 

Thorium-228 1.53 0.66 0.54 

Thorium-230 11.03 2.46 0.27 

Thorium-232 0.84 0.45 0.27 

Uranium-235 0.57 0.15 0.20 

Uranium-238 6.84 0.94 0.69 

HTZ27427 HTZ27427 10/25/01 0 0.5 0.0 Actinium-227 0.40 0.09 0.15 1.68 
Americium-241 0.00 0.04 0.06 

Cesium-137 0.25 0.04 0.02 

Potassium-40 7.59 0.88 0.26 

Protactinium-231 0.80 0.53 0.81 

Radium-226 3.30 0.17 0.05 

Radium-228 1.20 0.11 0.07 

Thorium-228 1.78 0.73 0.46 

Thorium-230 9.06 2.17 0.16 

Thorium-232 1.66 0.69 0,29 

Uranium-235 0.61 0.14 0.17 

Uranium-238 8.68 0.99 0.59 

HTZ27428 HTZ27428 10/25/01 0 0.5 0.0 Actinium-227 0.25 0.11 0.16 0.72 
Americium-241 -0.02 0.03 0.05 

Cesium-137 0.34 0.06 0.02 

Potassium-40 8.15 0.91 0.21 

Protactinium-231 0.08 0.42 0.64 

Radium-226 2.18 0.12 0.04 

Radium-228 0.79 0.07 0.06 

Thorium-228 1.07 0.49 0.32 

Thorium-230 5.19 1.32 0.24 

Thorium-232 1.14 0.50 0.13 

Uranium-235 0.30 0.11 0.14 

Uranium-238 4.54 0.70 0.47 

HTZ27429 HTZ27429 10/25/01 0 0.5 0.0 Actinium-227 1.95 0.15 0.15 11.93 
Americium-241 0.01 0.05 0.08 

Cesium-137 0.01 0.02 0.03 

Potassium-40 10.95 1.18 0.26 

Protactinium-231 2.49 0.51 0.74 

Radium-226 3.47 0.18 0.05 

Radium-228 1.50 0.12 0.07 

Thorium-228 1.54 n fi7 n M 

Thorium-230 57.74 10.96 0.16 

Thorium-232 1.89 0.75 0.29 

Uranium-235 1.99 0.20 0.18 

Uranium-238 - 	32.14 2.82 0.72 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of5  
Ratios 
Value 

PLANT 3 

HTZ66329 HTZ66329  02/07/02 0 0.5 0.0 Actinium-227 0.68 0.15 0.22 3.45 
Americium-241 -0.01 0.05 0.07 

Cesium-137 0.27 0.03 0.03 

Potassium-40 6.47 0.58 0.26 

Protactinium-231 -0.07 0.57 0.85 

Radium-226 4.11 0.13 0.04 

Radium-228 2.25 0.11 0.07 

Thorium-228 2.45 0.74 0.21 

Thorium-230 17.32 3.17 0.11 

Thorium-232 1.90 0.63 0.21 

Uranium-235 0.56 0.15 0.19 

Uranium-238 7.19 0.91 0.61 
HTZ68160 HTZ68160  02/12/02 0 0.5 0.0 Actinium-227 0.23 0.12 0.20 0.60 

Americium-241 0.05 0.07 0.12 

Cesium-137 0.00 0.02 0.03 

Potassium-40 15.60 1.25 0.28 

Protactinium-231 0.16 0.56 0.87 

Radium-226 2.68 0.12 0.08 

Radium-228 0.51 0.07 0.07 

Thorium-228 0.97 0.50 0.39 

Thorium-230 4.87 1.32 0.14 

Thorium-232 0.63 0.38 0.14 

Uranium-235 0.00 0.15 0.20 

Uranium-238 2.24 1.01 1.04 
SLD84111 SLD84111 09/27/04 0 0.5 0.0 Actinium-227 -0.06 0.13 0.11 0.00 

Americium-241 -0.01 0.03 0.04 

Cesium-137 0.33 0.03 0.02 

Potassium-40 2.97 0.37 0.18 

Protactinium-231 -0.09 0.34 0.57 

Radium-226 1.62 0.07 0.05 

Radium-228 0.34 0.04 0.05 

Thorium-228 0.30 0.23 0.24 

Thorium-230 0.98 0.42 0.20 

Thorium-232 0.38 0.26 0.20 

Uranium-235 -0.04 0.15 0.24 

Uranium-238 1.19 0.20 0.22 

SLD84130 09/27/04 0.5 1.0 0.0 Actinium-227 0.21 0.25 0.21 0.29 
Americium-241 0.00 0.05 0.08 

Cesium-137 0.35 0.04 0.03 

Potassium-40 8.97 0.77 0.30 

Protactinium-231 -0.19 0.63 0.92 

Radium-226 3.85 0.13 0.08 
Radium-228 0.77 0.08 0.09 

Thorium-228 1.23 0.55 0.26 

Thorium-230 4.93 1.31 0.14 

Thorium-232 0.47 0.32 0.14 

Uranium-235 0.66 0.27 0.45 

Uranium-238 5.97 0.46 0.39 

• 

• 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pC i/g) 

Sum of 5  
Ratios 
Value 

PLANT 3 

5LD84111 5LD84143 09/27/04 3.5 4.0 0.0 Actinium-227 0.04 0.14 0.22 0.00 
Americium-241 0.03 0.03 0.05 

Cesium-137 0.01 0.02 0.02 

Potassium-40 3.63 0.47 0.19 

Protactinium-231 -0.07 0.37 0.61 

Radium-226 1.22 0.07 0.05 

Radium-228 0.21 0.05 0.06 

Thorium-228 0.48 0.33 0.32 

Thorium-230 1.82 0.66 0.28 

Thorium-232 0.24 0.21 0.13 

Uranium-235 0.05 0.17 0.28 

Uranium-238 0.73 0.25 0.43 

SLD84965 09/27/04 5.5 6.0 0.0 Actinium-227 0.45 0.71 1.20 0.05 
Americium-241 0.14 0.17 0.23 

Cesium-137 0.02 0.07 0.12 

Potassium-40 17.68 2.88 0.93 

Protactinium-231 1.61 1.94 3.24 

Radium-226 2.29 0.28 0.33 

Radium-228 1.32 0.27 0.31 

Thorium-228 1.39 0.56 0.24 

Thorium-230 1.78 0.64 0.13 

Thorium-232 0.84 0.42 0.13 

Uranium-235 0.30 0.82 1.38 

Uranium-238 2.48 1.72 2.96 

5LD84112 5LD84112 09/28/04 1 1.5 1.0 Actinium-227 0.04 0.09 0.09 0.00 
Americium-241 -0.02 0.02 0.03 

Cesium-137 0.02 0.01 0.02 

Potassium-40 5.85 0.50 0.14 

Protactinium-231 -0.03 0.28 0.41 

Radium-226 0.89 0.04 0.04 

Radium-228 0.18 0.04 0.04 

Thorium-228 0.43 0.30 0.25 

Thorium-230 0.89 0.44 0.13 

Thorium-232 0.10 0.14 0.13 

Uranium-235 0.02 0.11 0.19 

Uranium-238 0.70 0.15 0.16 

SLD84156 09/28/04 2 2.5 1.0 Actinium-227 -0.24 0.19 0.18 0.02 
Americium-241 0.02 0.04 0.07 

Cesium-137 -0.02 0.02 0.03 

Potassium-40 19.02 1.30 0.31 

Protactinium-231 0.27 0.57 0.87 

Radium-226 1.43 0.08 0.08 

Radium-228 0.98 0.09 0.07 

Thorium-228 1.26 0.54 0.13 

Thorium-230 1.16 0.51 0.24 

Thorium-232 1.07 0.49 0.13 

Uranium-235 0.18 0.23 0.39 

Uranium-238 - 	2.43 0.33 0.30 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

En-or Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 3 
SLD84112 SLD84162  09/28/04 4 4.5 1.0 Actinium-227 -0.44 0.48 0.50 0.05 

Americium-241 -0.02 0.12 0.16 

Cesium-137 -0.04 0.06 0.09 

Potassium-40 22.39 2.28 0.79 

Protactinium-231 -0.57 1.52 2.15 

Radium-226 2.09 0.19 0.22 

Radium-228 1.51 0.22 0.23 

Thorium-228 1.48 0.58 0.28 

Thorium-230 2.02 0.70 0.13 

Thorium-232 1.73 0.63 0.13 

Uranium-235 -0.12 0.57 0.92 

Uranium-238 1.43 1.15 1.32 

SLD84168 09/28/04 5.5 6.0 1.0 Actinium-227 -0.08 0.59 0.56 0.06 
Americium-241 -0.05 0.13 0.18 
Cesium-137 0.01 0.06 0.09 

Potassium-40 22.81 2.48 0.79 

Protactinium-231 -0.56 1.66 2.72 

Radium-226 1.74 0.22 0.24 

Radium-228 1.70 0.25 0.25 

Thorium-228 1.98 0.69 0.13 

Thorium-230 1.79 0.65 0.13 

Thorium-232 1.74 0.64 0.13 

Uranium-235 0.46 0.68 1.16 

Uranium-238 2.02 1.93 1.56 
5LD84268 SLD £34268 09/27/04 1 1.5 1.0 Actinium-227 -0.06 0.46 0.46 0.07 

Americium-241 0.01 0.11 0.16 

Cesium-137 0.00 0.04 0.07 

Potassium-40 11.29 1.60 0.67 

Protactinium-231 0.63 1.33 2.08 

Radium-226 2.62 0.21 0.18 

Radium-228 1.07 0.18 0.21 

Thorium-228 1.17 0.57 0.30 
Thorium-230 2.50 0.89 0.16 

Thorium-232 1.07 0.54 0.16 

Uranium-235 0.21 0.53 0.89 
Uranium-238 2.46 0.79 0.75 

SLD84273 09/27/04 2.5 3.0 1.0 Actinium-227 0.09 0.46 0.42 0.04 
Americium-241 0.01 0.10 0.16 

Cesium-137 -0.02 0.05 0.08 

Potassium-40 18.89 2.03 0.73 

Protactinium-231 -0.62 1.35 2.18 

Radium-226 1.83 0.19 0.20 

Radium-228 1.34 0.21 0.20 

Thorium-228 1.74 0.66 0.33 

Thorium-230 2.08 0.73 0.13 

Thorium-232 1.34 0.56 0.13 
Uranium-235 0.27 0.54 0.91 

Uranium-238 	- 0.26 1.13 1.30 

• 

• 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft 1  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 3 

SLD84268 SLD84277 09/27/04 3 3.5 1.0 Actinium-227 -0.09 0.17 0.17 0.04 
Americium-241 0.05 0.04 0.06 

Cesium-137 0.00 0.02 0.03 

Potassium-40 15.65 1.06 0.26 

Protactinium-231 0.20 0.51 0.78 

Radium-226 1.75 0.08 0.07 

Radium-228 1.05 0.08 0.07 

Thorium-228 1.14 0.55 0.40 

Thorium-230 2.28 0.80 0.15 

Thorium-232 1.30 0.58 0.15 

Uranium-235 0.04 0.21 0.35 

Uranium-238 1.77 0.29 0.42 

SLD 84966 09/27/04 5.5 6.0 1.0 Actinium-227 0.13 0.24 0.25 0.06 
Americium-241 0.03 0.10 0.16 

Cesium-137 -0.02 0.02 0.04 

Potassium-40 17.89 1.32 0.25 

Protactinium-231 -0.09 0.79 1.15 

Radium-226 1.87 0.11 0.10 

Radium-228 1.22 0.12 0.11 

Thorium-228 1.73 	_ 0.65 0.29 

Thorium-230 2.29 0.77 0.13 

Thorium-232 1.51 0.59 0.13 

Uranium-235 0.09 0.31 0.51 

Uranium-238 1.91 0.48 0.52 

5LD84269 SLD84269 09/22/04 1 1.5 1.0 Actinium-227 -0.08 0.18 0.30 0.00 
Americium-241 0.07 0.08 0.13 

Cesium-137 -0.02 0.02 0.03 

Potassium-40 10.40 0.94 0.26 

Protactinium-231 0.14 0.58 0.88 

Radium-226 1.62 0.42 0.09 

Radium-228 0.67 0.08 0.10 

Thorium-228 0.38 0.28 0.25 

Thorium-230 1.10 0.50 0.29 

Thorium-232 0.43 0.30 0.25 

Uranium-235 -0.02 0.26 0.43 

Uranium-238 1.05 0.91 1.12 

SLD84281 09/22/04 1.8 2.3 1.0 Actinium-227 -0.34 0.53 0.85 0.03 
Americium-241 -0.08 0.21 0.34 

Cesium-137 -0.04 0.06 0.09 

Potassium-40 18.39 2.41 0.66 

Protactinium-231 0.18 1.62 2.44 

Radium-226 2.20 0.64 0.23 

Radium-228 1.31 0.18 0.34 

Thorium-228 1.58 0.62 0.30 

Thorium-230 1.78 0.67 0.30 

Thorium-232 1.48 0.60 0.30 

Uranium-235 -0.61 0.69 0.89 

_Uranium-238 0.38 1.88 3.27 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft ' bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of5  
Ratios 
Value 

PLANT 3 	 • 
5LD84269 SLD84282  09/22/04 4.5 5.0 1.0 Actinium-227 0.10 0.42 0.37 0.05 

Americium-241 -0.01 0.10 0.15 

Cesium-137 0.03 0.05 0.07 

Potassium-40 15.63 1.69 0.54 

Protactinium-231 -1.65 1.35 1.89 

Radium-226 2.96 0.20 0.17 

Radium-228 1.10 0.17 0.17 

Thorium-228 1.15 0.52 0.26 

Thorium-230 1.98 0.71 0.14 

Thorium-232 0.80 0.43 0.26 

Uranium-235 0.60 0.68 0.87 

Uranium-238 2.60 0.75 0.82 

5LD84283 09/22/04 6 6.5 1.0 Actinium-227 -0.21 0.36 0.32 0.05 
Americium-241 0.02 0.09 0.14 

Cesium-137 0.01 0.04 0.06 

Potassium-40 18.18 1.78 0.51 

Protactinium-231 0.48 1.12 1.65 

Radium-226 1.88 0.15 0.14 

Radium-228 1.21 0.17 0.13 

Thorium-228 0.80 0.45 0.39 

Thorium-230 2.13 0.76 0.14 

Thorium-232 1.41 0.60 0.32 

Uranium-235 -0.17 0.43 0.69 

Uranium-238 2.12 0.61 0.67 

SLD84688 SLD84688 09/28/04 0 0.5 0.5 Actinium-227 0.18 0.19 0.16 0.60 
Americium-241 0.02 0.04 0.06 

Cesium-137 0.64 0.05 0.02 

Potassium-40 5.07 0.56 0.23 

Protactinium-231 0.04 0.48 0.71 

Radium-226 3.06 0.10 0.07 

Radium-228 0.54 0.06 0.07 

Thorium-228 0.64 0.39 0.31 

Thorium-230 4.72 1.26 0.26 

Thorium-232 0.62 0.37 0.14 

Uranium-235 0.31 0.31 0.36 

Uranium-238 3.61 0.33 0.30 

SLD84689 09/28/04 0.5 1.0 0.5 Actinium-227 0.59 0.70 0.57 0.49 
Americium-241 0.11 0.13 0.19 

Cesium-137 0.66 0.11 0.09 

Potassium-40 9.72 1.85 0.86 

Protactinium-231 0.58 1.78 2.71 

Radium-226 5.82 0.29 0.23 

Radium-228 0.98 0.19 0.24 

Thorium-228 0.87 0.43 0.28 

Thorium-230 6.13 1.45 0.24 

Thorium-232 1.25 0.53 0.24 

Uranium-235 0.90 0.70 1.22 

Uranium-238 11.65 1.17 1.19 • 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 3 

SL084688 SLD84690  09/28/04 2 2.5 0.5 Actinium-227 0.05 0.20 0.19 0.36 
Americium-241 0.00 0.05 0.07 

Cesium-137 0.61 0.05 0.03 

Potassium-40 6.98 0.63 0.27 

Protactinium-231 0.25 0.57 0.87 

Radium-226 3.49 0.12 0.07 

Radium-228 0.79 0.08 0.07 

Thorium-228 0.97 0.46 0.29 

Thorium-230 5.76 1.41 0.13 

Thorium-232 0.90 0.44 0.13 

Uranium-235 0.18 0.24 0.41 

Uranium-238 6.65 0.44 0.34 

5LD84691 09/28/04 5.5 6.0 0.5 Actinium-227 -0.01 0.18 0.17 0.01 
Americium-241 0.02 0.04 0.06 

Cesium-137 0.02 0.01 0.03 

Potassium-40 18.09 1.20 0.22 

Protactinium-231 -0.30 0.51 0.73 

Radium-226 1.45 0.08 0.07 

Radium-228 1.07 0.09 0.08 

Thorium-228 1.86 0.70 0.38 

Thorium-230 1.76 0.67 0.14 

Thorium-232 1.14 0.52 0.14 

Uranium-235 0.23 0.28 0.34 

Uranium-238 1.68 0.31 0.29 

SLD84692 SLD84692 09/28/04 0 0.5 0.0 Actinium-227 -0.05 0.17 0.16 0.12 
Americium-241 0.03 0.04 0.06 

Cesium-137 0.22 0.03 0.02 

Potassium-40 4.35 0.53 0.22 

Protactinium-231 0.55 0.44 0.72 

Radium-226 2.00 0.09 0.06 

Radium-228 0.47 0.06 0.06 

Thorium-228 0.57 0.33 0.25 

Thorium-230 2.40 0.74 0.21 

Thorium-232 0.37 0.26 0.21 

Uranium-235 0.30 0.26 0.33 

Uranium-238 2.67 0.30 0.28 

SL084693 09/28/04 1 1.5 0.0 Actinium-227 0.02 0.71 0.58 0.20 
Americium-241 -0.01 0.14 0.21 

Cesium-137 0.01 0.07 0.10 

Potassium-40 10.66 2.02 1.13 

Protactinium-231 -0.42 1.70 2.80 

Radium-226 4.47 0.29 0.26 

Radium-228 1.15 0.22 0.28 

Thorium-228 0.97 0.48 0.30 

Thorium-230 3.95 1.10 0.14 

Thorium-232 0.99 0.48 0.25 

Uranium-235 0.62 0.73 1.21 

Uranium-238 - 	4.12 1.07 0.97 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

_ 

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 3 

SLD84692 SLD84694  09/28/04 2 2.5 0.0 Actinium-227 -0.30 0.48 0.45 0.09 
Americium-241 0.01 0.11 0.16 

Cesium-137 0.17 0.08 0.07 

Potassium-40 6.77 1.27 0.63 

Protactinium-231 -0.29 1.19 1.96 

Radium-226 3.59 0.22 0.19 

Radium-228 0.82 0.18 0.19 

Thorium-228 1.02 0.50 0.15 

Thorium-230 2.50 0.85 0.32 

Thorium-232 1.02 0.50 0.15 

Uranium-235 0.07 0.56 0.92 

Uranium-238 3.48 0.76 0.92 

SLD84695 09/28/04 5.3 5.8 0.0 Actinium-227 0.15 0.23 0.25 0.02 
Americium-241 0.03 0.09 0.15 

Cesium-137 0.01 0.02 0.04 

Potassium-40 19.37 1.41 0.26 

Protactinium-231 0.30 0.68 1.04 

Radium-226 1.48 0.10 0.10 

Radium-228 1.16 0.11 0.10 

Thorium-228 1.36 0.56 0.24 

Thorium-230 1.66 0.62 0.13 

Thorium-232 1.42 0.57 0.13 

Uranium-235 -0.05 0.32 0.50 

Uranium-238 0.39 0.82 0.71 

SLD84696 SLD84696 09/27/04 0 0.5 0.0 Actinium-227 0.36 0.19 0.19 0.47 
Americium-241 0.07 0.05 0.07 

Cesium-137 0.19 0.03 0.03 

Potassium-40 6.31 0.59 0.30 

Protactinium-231 0.59 0.48 0.83 

Radium-226 4.70 0.14 0.07 

Radium-228 0.56 0.06 0.07 

Thorium-228 1.09 0.51 0.30 

Thorium-230 3.69 1.06 0.26 

Thorium-232 0.66 0.38 0.14 

Uranium-235 0.47 0.21 0.40 

Uranium-238 5.72 0.42 0.35 

SLD84697 09/27/04 1 1.5 0.0 Actinium-227 -0.04 0.18 0.16 0.06 
Americium-241 0.00 0.04 0.06 

Cesium-137 -0.02 0.02 0.02 

Potassium-40 9.03 0.79 0.26 

Protactinium-231 -0.40 0.52 0.74 

Radium-226 2.68 0.10 0.07 

Radium-228 0.76 0.07 0.07 

Thorium-228 0.70 0.38 0.24 

Thorium-230 2.55 0.81 0.13 

Thorium-232 0.55 0.34 0.24 

Uranium-235 0.11 0.23 0.37 

Uranium-238 2.29 0.30 0.34 • 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft 1  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 3 

SLD84696 

. 

SLD84698 09/27/04 3.5 4.0 0.0 Actinium-227 -0.01 0.15 0.14 0.00 
Americium-241 0.00 0.04 0.05 

Cesium-137 0.01 0.02 0.02 

Potassium-40 13.69 0.93 0.20 

Protactinium-231 -0.10 0.41 0.60 

Radium-226 1.26 0.07 0.06 

Radium-228 0.71 0.07 0.06 

Thorium-228 1.12 0.54 0.39 

Thorium-230 1.38 0.59 0.14 

Thorium-232 0.88 0.46 0.32 

Uranium-235 0.28 0.18 0.30 

Uranium-238 1.44 0.25 0.27 

SLD84699 09/27/04 5 5.5 0.0 Actinium-227 -0.04 0.14 0.13 0.01 
Americium-241 -0.02 0.03 0.05 

Cesium-137 0.00 0.01 0.02 

Potassium-40 14.10 0.94 0.17 

Protactinium-231 0.09 0.38 0.57 

Radium-226 1.26 0.06 0.06 

Radium-228 0.76 0.06 0.06 

Thorium-228 1.62 0.66 0.15 

Thorium-230 1.79 0.70 0.15 

Thorium-232 1.17 0.55 0.15 

Uranium-235 0.08 0.17 0.28 

Uranium-238 1.42 0.24 0.25 

SLD84700 SLD84700 09/27/04 0 0.5 0.0 Actinium-227 0.40 0.12 0.19 0.95 
Americium-241 0.00 0.06 0.08 

Cesium-137 0.22 0.03 0.03 

Potassium-40 7.85 0.77 0.33 

Protactinium-231 0.18 0.67 1.00 

Radium-226 5.19 0.16 0.09 

Radium-228 1.90 0.11 0.09 

Thorium-228 2.11 0.76 0.31 

Thorium-230 5.20 1.36 0.26 

Thorium-232 1.72 0.66 0.14 

Uranium-235 0.56 0.40 0.51 

Uranium-238 6.66 0.48 0.42 

SLD84701 09/27/04 1 1.5 0.0 Actinium-227 0.28 0.23 0.18 0.07 
Americium-241 0.01 0.04 0.05 

Cesium-137 0.02 0.02 0.02 

Potassium-40 7.98 0.68 0.23 

Protactinium-231 0.45 0.39 0.67 

Radium-226 1.94 0.08 0.06 

Radium-228 0.52 0.06 0.06 

Thorium-228 0.78 0.41 0.29 

Thorium-230 2.38 0.78 0.13 

Thorium-232 0.43 0.29 0.13 

Uranium-235 0.42 0.29 0.34 

_ Uranium-238 3.68 0.31 0.28 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft' bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 3 

SLD84700 SLD84702 09/27/04 2 3.0 0.0 Actinium-227 -0.08 0.11 0.11 0.01 
Americium-241 0.00 0.03 0.04 

Cesium-137 0.01 0.01 0.02 

Potassium-40 6.66 0.56 0.14 

Protactinium-231 -0.09 0.32 0.46 

Radium-226 1.19 0.06 0.05 

Radium-228 0.41 0.05 0.04 

Thorium-228 0.65 0.38 0.14 

Thorium-230 1.49 0.61 0.30 

Thorium-232 0.40 0.29 0.14 

Uranium-235 0.15 0.14 0.24 

Uranium-238 1.74 0.22 0.18 

SLD84703 09/27/04 5.5 6.0 0.0 Actinium-227 0.00 0.14 0.13 0.01 
Americium-241 0.02 0.03 0.05 
Cesium-137 -0.01 0.01 0.02 

Potassium-40 15.02 0.96 0.19 

Protactinium-231 0 31 0.41 0.64 

Radium-226 1.21 0.06 0.06 

Radium-228 0.87 0.07 0.06 

Thorium-228 0.81 0.42 0.33 

Thorium-230 1.30 0.53 0.23 

Thorium-232 0.99 0.45 0.12 

thatilum-235 0.10 0.18 0.30 

Uranium-238 1.82 0.25 0.24 

PLANT 8 
HTZ27424 HTZ27424 10/25/01 0 0.5 0.0 Actinium-227 0.12 0.06 0.09 0.00 

Americium-241 0.00 0.02 0.02 

Cesium-137 0.03 0.01 0.01 

Potassium-40 5.23 0.59 0.11 

Protactinium-231 0.12 0.22 0.35 

Radium-226 0.51 0.03 0.02 

Radium-228 0.29 0.04 0.03 

Thorium-228 0.54 0.35 0.25 

Thorium-230 0.87 0.45 0.30 

Thorium-232 0.55 0.34 0.13 

Uranium-235 0.04 0.04 0.08 

Uranium-238 0.62 0.21 0.24 
HTZ27425 HTZ27425 10/25/01 0 0.5 0.0 Actinium-227 0.15 0.09 0.14 0.40 

Americium-241 0.00 0.03 0.04 

Cesium-137 0.17 0.03 0.02 

Potassium-40 7.49 0.85 0.20 

Protactinium-231 0.12 0.36 0.56 

Radium-226 1.42 0.08 0.03 

Radium-228 0.54 0.06 0.05 

Thorium-228 0.36 0.29 0.27 

Thorium-230 3.91 1.14 0.32 

Thorium-232 0.96 0.48 0.14 

Uranium-235 0.23 0.13 0.13 

Uranium-238 1.94 0.49 0.40 

• 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 8 

HTZ66324 HTZ66324  02/07/02 0 0.5 0.0 Actinium-227 0.14 0.05 0.11 0.26 
Americium-241 0.02 0.03 0.04 

Cesium-137 0.16 0.02 0.02 

Potassium-40 10.36 0.75 0.18 

Protactinium-231 0.30 0.36 0.56 

Radium-226 2.10 0.07 0.03 

Radium-228 0.85 0.06 0.05 

Thorium-228 1.92 0.68 0.29 

Thorium-230 3.11 0.91 0.24 

Thorium-232 1.15 0.49 0.12 

Uranium-235 0.16 0.08 0.12 

Uranium-238 2.22 0.43 0.39 

HTZ66325 HTZ66325 02/07/02 0 0.5 0.0 Actinium-227 0.12 0.09 0.08 0.00 
Americium-241 0.00 0.02 0.03 

Cesium-137 0.03 0.01 0.01 

Potassium-40 15.13 1.00 0.11 

Protactinium-231 0.12 0.22 0.35 

Radium-226 0.37 0.02 0.02 

Radium-228 0.35 0.04 0.03 

Thorium-228 0.37 0.28 0.32 

Thorium-230 0.96 0.43 0.11 

Thorium-232 0.37 0.26 0.11 

Uranium-235 0.03 0.04 0.07 

Uranium-238 0.28 0.24 0.25 

HTZ66328 HTZ66328 02/07/02 0 0.5 0.0 Actinium-227 0.04 0.05 0.08 0.15 
Americium-241 0.00 0.02 0.03 

Cesium-137 0.00 0.01 0.01 

Potassium-40 10.31 0.75 0.10 

Protactinium-231 -0.22 0.23 0.33 

Radium-226 0.36 0.02 0.02 

Radium-228 0.23 0.03 0.03 

Thorium-228 1.98 0.64 0.20 

Thorium-230 1.41 0.52 0.11 

Thorium-232 1.84 0.61 0.11 

Uranium-235 0.02 0.04 0.07 

Uranium-238 0.49 0.24 0.24 

HTZ68154 HTZ68154 02/07/02 0.6 1.1 0.6 Actinium-227 0.98 0.13 0.20 0.31 
Americium-241 0.03 0.14 0.21 

Cesium-137 0.00 0.02 0.02 

Potassium-40 15.76 1.06 0.18 

Protactinium-231 0.46 0.48 0.73 

Radium-226 1.71 0.06 0.04 

Radium-228 1.55 0.08 0.06 

Thorium-228 3.95 1.17 0.33 

Thorium-230 4.18 1.21 0.15 

Thorium-232 3.39 1.05 0.28 

Uranium-235 0.10 0.11 0.16 

Uranium-238 1.83 1.23 1.59 



Table 3 - 2 

Plants 3, 8, 9, 11, Mallinckrodt Parking Lot (MINPL), and the Angelrodt Security Gate Area (MIASG) 

Pre-Design Investigation Radiological Data Results 

Page 49 of 62 

Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft 1  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 3  
Ratios 
Value 

PLANT 8 
HTZ68154 HTZ68155  02/07/02 1.1 1.6 Actinium-227 0.23 0.07 0.10 0.00 

Americium-241 -0.02 0.07 0.12 

Cesium-137 -0.01 0.01 0.01 

Potassium-40 15.47 1.03 0.11 

Protactinium-231 0.12 0.28 0.43 

Radium-226 0.50 0.03 0.02 

Radium-228 0.37 0.03 0.04 
Thorium-228 0.36 0.27 0.23 
Thorium-230 0.61 0.35 0.13 

Thorium-232 0.09 0.13 0.13 

Uranium-235 0.00 0.05 0.09 
Uranium-238 0.29 0.57 0.96 

HTZ68162 HTZ68162  02/12/02 0 0.5 0.0 Actinium-227 0.52 0.13 0.20 0.97 
Americium-241 -0.01 0.15 0.22 

Cesium-137 -0.01 0.02 0.02 

Potassium-40 11.08 0.88 0.23 

Protactinium-231 0.12 0.50 0.76 

Radium-226 1.39 0.06 0.04 

Radium-228 0.75 0.06 0.06 

Thorium-228 2.51 0.85 0.35 

Thorium-230 6.65 1.64 0.14 
Thorium-232 0.94 0.47 0.14 

Uranium 236 r) .1 010 0.18 
Uranium-238 2.83 1.34 1.67 

HTZ68163 HTZ68163 02/12/02 0.7 1.2 0.7 Actinium-227 0.04 0.07 0.11 0.00 
Americium-241 0.00 0.04 0.07 

Cesium-137 0.01 0.01 0.02 
Potassium-40 14.47 1.06 0.15 

Protactinium-231 0.12 0.32 0.50 

Radium-226 0.78 0.05 0.05 

Radium-228 0.31 0.05 0.05 

Thorium-228 0.61 0.41 0.31 

Thorium-230 0.67 0.43 0.17 

Thorium-232 0.12 0.17 0.17 

Uranium-235 0.00 0.07 0.11 
Uranium-238 0.13 0.37 0.65 

HTZ70844 HTZ70844 07/23/02 0.5 1.0 Actinium-227 0.24 0.15 0.27 0.24 
Americium-241 -0.01 0.11 0.17 
Cesium-137 0.01 0.02 0.04 

Potassium-40 9.98 1.01 0.39 

Protactinium-231 0.34 0.77 1.20 

Radium-226 5.62 0.22 0.10 

Radium-228 1.17 0.11 0.10 

Thorium-228 1.27 0.57 0.32 

Thorium-230 4.69 1.29 0.15 

Thorium-232 1.13 0.53 0.15 
Uranium-235 0.57 0.37 0.59 

Uranium-238 3.07 1.49 1.47 • 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 3  
Ratios 
Value 

PLANT 8 

HTZ70845 HTZ70845 07/25/02 0.5 1.0 Actinium-227 0.27 0.10 0.15 0.19 
Americium-241 -0.04 0.03 0.05 

Cesium-137 0.02 0.01 0.02 

Potassium-40 10.95 0.84 0.20 

Protactinium-231 0.28 0.40 0.62 

Radium-226 3.59 0.13 0.06 

Radium-228 0.80 0.06 0.06 

Thorium-228 1.55 0.68 0.30 

Thorium-230 4.39 1.30 0.16 

Thorium-232 1.02 0.53 0.16 

Uranium-235 0.18 0.18 0.31 

Uranium-238 2.57 0.50 0.45 

HTZ70846 HTZ70846 07/25/02 0.5 1.0 Actinium-227 0.35 0.13 0.20 0.32 
Americium-241 0.07 0.04 0.06 

Cesium-137 0.04 0.02 0.02 

Potassium-40 12.35 0.93 0.23 

Protactinium-231 0.42 0.56 0.81 

Radium-226 6.28 0.20 0.06 

Radium-228 1.30 0.08 0.07 

Thorium-228 1.98 0.78 0.30 

Thorium-230 5.46 1.52 0.30 

Thorium-232 1.08 0.55 0.16 

Uranium-235 0.49 0.32 0.41 

Uranium-238 4.54 0.64 0.57 

HTZ70847 HTZ70847 07/25/02 0.5 1.0 Actinium-227 0.07 0.08 0.12 0.00 
Americium-241 0.00 0.02 0.04 

Cesium-137 0.01 	_ 0.01 0.02 

Potassium-40 12.36 0.89 0.17 

Protactinium-231 -0.12 0.33 0.49 

Radium-226 1.24 0.06 0.05 

Radium-228 0.64 0.05 0.05 

Thorium-228 0.89 0.45 0.25 

Thorium-230 0.80 0.42 0.14 

Thorium-232 1.15 0.52 0.14 

Uranium-235 -0.08 0.13 0.22 

Uranium-238 0.91 0.38 0.34 

SLD72609 SLD72609 09/20/02 0 0.5 0.0 Actinium-227 0.12 0.10 0.15 0.01 
Americium-241 0.00 0.03 0.05 

Cesium-137 -0.01 0.02 0.02 

Potassium-40 14.00 1.04 0.20 

Protactinium-231 0.04 0.42 0.64 

Radium-226 2.38 0.10 0.06 

Radium-228 0.94 0.07 0.06 

Thorium-220 1.13 0.53 0.34 

Thorium-230 1.93 0.71 0.30 

Thorium-232 1.09 0.51 0.25 

Uranium-235 0.22 0.22 0.31 

Uranium-238 2.08 0.49 0.47 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft 1  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 8 
SLD72609 SLD72610 09/20/02 2.5 3.0 0.0 Actinium-227 0.09 0.11 0.16 0.08 

Americium-241 -0.01 0.03 0.05 

Cesium-137 -0.01 0.02 0.03 

Potassium-40 20.01 1.43 0.24 

Protactinium-231 0.36 0.47 0.74 

Radium-226 2.04 0.10 0.07 

Radium-228 1.25 0.09 0.07 

Thorium-228 1.50 0.65 0.28 
Thorium-230 2.61 0.90 0.15 

Thorium-232 1.55 0.65 0.15 

Uranium-235 0.02 0.20 0.33 

Uranium-238 0.93 0.41 0.52 

SLD72611 09/20/02 3.5 4.0 0.0 Actinium-227 0.03 0.12 0.18 0.01 
Americium-241 0.00 0.04 0.06 
Cesium-137 -0.02 0.02 0.03 

Potassium-40 20.54 1.50 0.28 

Protactinium-231 0.24 0.53 0.82 

Radium-226 2.14 0.10 0.08 

Radium-228 1.16 0.09 0.08 

Thorium-228 1.72 0.70 0.42 

Thorium-230 1.65 0.67 0.27 

Thorium-232 1.29 0.57 0.15 

uranium-235 0.02 0.21 0.30 

Uranium-238 1.02 0.56 0.56 
5LD84270 5LD84270 09/29/04 1 1.5 1.0 Actinium-227 -0.08 0.15 0.22 0.00 

Americium-241 0.03 0.03 0.05 

Cesium-137 -0.01 0.02 0.02 

Potassium-40 2.81 0.52 0.20 

Protactinium-231 -0.02 0.44 0.72 
Radium-226 0.95 0.07 0.06 
Radium-228 0.20 0.06 0.06 
Thorium-228 0.28 0.25 0.15 
Thorium-230 1.26 0.58 0.28 
Thorium-232 0.17 0.19 0.15 

Uranium-235 0.08 0.20 0.33 
Uranium-238 0.68 0.23 0.46 

SLD84274 09/29/04 2.3 2.8 1.0 Actinium-227 -0.03 0.17 0.26 0.00 
Americium-241 -0.01 0.04 0.05 

Cesium-137 0.03 0.03 0.03 

Potassium-40 3.25 0.52 0.17 

Protactinium-231 0.04 0.42 0.71 

Radium-226 1.01 0.07 0.08 
Radium-228 0.18 0.05 0.07 
Thorium-228 0.00 0.00 0.24 
Thorium-230 1.35 0.75 0.24 

Thorium-232 0.00 0.00 0.24 
Uranium-235 -0.12 0.20 0.31 

Uranium-238 0.63 0.27 0.45 • 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pC i/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANTS 

5LD84270 5L084967 09/29/04 5.8 6.3 1.0 Actinium-227 0.13 0.36 0.60 0.00 
Americium-241 0.00 0.07 0.10 

Cesium-137 0.01 0.04 0.06 

Potassium-40 3.02 0.88 0.53 

Protactinium-231 0.96 1.08 1.84 

Radium-226 1.97 0.18 0.15 

Radium-228 0.07 0.13 0.23 

Thorium-228 0.32 0.23 0.11 

Thorium-230 1.27 0.49 0.11 

Thorium-232 0.20 0.18 0.11 

Uranium-235 0.02 0.39 0.65 

Uranium-238 1.44 0.50 1.04 

SLD84271 SLD84271  09/29/04 0.5 1.0 0.5 Actinium-227 0.25 0.26 0.44 0.01 
Americium-241 -0.01 0.06 0.08 

Cesium-137 0.02 0.02 0.04 

Potassium-40 13.01 1.21 0.31 

Protactinium-231 -0.32 0.72 1.01 

Radium-226 2.06 0.12 0.11 

Radium-228 0.76 0.11 0.10 

Thorium-228 0.66 0.39 0.26 

Thorium-230 1.87 0.70 0.14 

Thorium-232 1.24 0.55 0.14 

Uranium-235 -0.11 0.30 0.48 

Uranium-238 1.26 0.40 0.81 

SLD84275 09/29/04 1 1.5 0.5 Actinium-227 0.02 0.23 0.37 0.00 
Americium-241 0.02 0.06 0.09 

Cesium-137 -0.01 0.02 0.04 

Potassium-40 13.78 1.30 0.29 

Protactinium-231 -0.01 0.69 1.02 

Radium-226 1.28 0.10 0.11 

Radium-228 0.58 0.10 0.09 

Thorium-228 0.74 0.38 0.12 

Thorium-230 0.83 0.40 0.12 

Thorium-232 0.48 0.30 0.12 

Uranium-235 0.10 0.30 0.50 

Uranium-238 1.01 0.33 0.75 

SLD84279 09/29/04 3.4 3.9 0.5 Actinium-227 0.38 0.52 0.90 0.01 
Americium-241 -0.05 0.13 0.18 

Cesium-137 0.02 0.06 0.10 

Potassium-40 15.63 2.50 0.87 

Protactinium-231 0.64 1.54 2.71 

Radium-226 1.35 0.21 0.23 

Radium-228 0.72 0.21 0.27 

Thorium-228 0.84 0.41 0.26 

Thorium-230 1.03 0.45 0.12 

Thorium-232 0.77 0.38 0.12 

Uranium-235 0.37 0.68 1.17 

Uranium-238 2.01 1.69 2.35 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 3  
Ratios 
Value 

PLANT 8 
SLD84704 5LD84704 09/29/04 0.3 0.8 0.3 Actinium-227 0.20 0.18 0.30 0.00 

Americium-241 0.01 0.04 0.06 

Cesium-137 0.00 0.02 0.03 

Potassium-40 6.86 0.79 0.28 

Protactinium-231 -0.15 0.50 0.82 

Radium-226 1.08 0.08 0.08 

Radium-228 0.34 0.07 0.06 

Thorium-228 0.40 0.29 0.13 

Thorium-230 1.54 0.61 0.13 

Thorium-232 0.40 0.29 0.13 

Uranium-235 0.05 0.22 0.36 

Uranium-238 0.69 0.27 0.54 

SLD84705 09/29/04 0.8 1.3 0.3 Actinium-227 -0.06 0.28 0.39 0.05 
Americium-241 0.02 0.07 0.09 

Cesium-137 0.03 0.03 0.03 

Potassium-40 15.05 1.34 0.39 

Protactinium-231 -0.25 0.73 1.05 

Radium-226 2.54 0.13 0.10 

Radium-228 0.85 0.10 0.11 

Thorium-228 1.05 0.49 0.29 

Thorium-230 2.33 0.78 0.25 

Thorium-232 0.67 0.38 0.25 

Uranium-235 0.04 0.32 0.52 

Uranium-238 2.58 0.43 0.83 

SLD84707 09/29/04 6.3 6.8 0.3 Actinium-227 0.18 0.25 0.42 0.01 
Americium-241 0.00 0.07 0.10 

Cesium-137 0.00 0.03 0.05 

Potassium-40 17.86 1.49 0.29 

Protactinium-231 0.84 0.73 1.21 

Radium-226 1.64 0.12 0.12 

Radium-228 1.08 0.11 0.11 

Thorium-228 1.96 0.71 0.30 

Thorium-230 1.88 0.69 0.25 

Thorium-232 0.99 0.47 0.13 

Uranium-235 -0.02 0.34 0.55 

Uranium-238 1.41 0.42 0.91 
SLD84708 SLD84711  09/29/04 8.5 9.0 3.0 Actinium-227 0.10 0.27 0.44 0.08 

Americium-241 0.03 0.07 0.09 

Cesium-137 -0.03 0.03 0.04 

Potassium-40 18.71 1.53 0.19 

Protactinium-231 -0.21 0.83 1.21 

Radium-226 1.71 0.11 0.11 

Radium-228 1.14 0.13 0.11 

Thorium-228 2.21 0.80 0.41 

Thorium-230 2.71 0.90 0.15 

Thorium-232 1.43 0.61 0.15 

Uranium-235 0.25 0.33 0.56 

Uranium-238 1.78 043 0.90 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft 1 bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 8 

5LD84712 SLD84712 09/29/04 0.5 1.0 0.5 Actinium-227 0.03 0.18 0.30 0.00 
Americium-241 -0.01 0.05 0.07 

Cesium-137 -0.02 0.02 0.03 

Potassium-40 5.59 0.74 0.30 

Protactinium-231 -0.55 0.58 0.75 

Radium-226 1.46 0.09 0.09 

Radium-228 0.32 0.07 0.09 

Thorium-228 0.95 0.49 0.33 

Thorium-230 1.79 0.70 0.15 

Thorium-232 0.26 0.25 0.27 

Uranium-235 0.12 0.25 0.42 

Uranium-238 1.43 0.32 0.63 

SLD84713 09/29/04 1.5 2.0 0.5 Actinium-227 -0.33 0.62 0.91 0.02 
Americium-241 -0.02 0.13 0.20 

Cesium-137 0.01 0.06 0.11 

Potassium-40 17.05 2.43 0.88 

Protactinium-231 -1.26 1.63 2.51 

Radium-226 1.86 0.24 0.27 

Radium-228 0.99 0.21 0.28 

Thorium-228 1.27 0.53 0.28 

Thorium-230 1.79 0.65 0.23 

Thorium-232 0.96 0.45 0.23 

Uranium-235 -0.10 0.68 1.09 

Uranium-238 2.34 1.40 2.59 

SLD84714 09/29/04 3.3 3.8 0.5 Actinium-227 0.05 0.25 0.40 0.00 
Americium-241 0.02 0.06 0.09 

Cesium-137 -0.01 0.02 0.04 

Potassium-40 12.79 1.32 0.40 

Protactinium-231 1.74 1.18 1.18 

Radium-226 1.33 0.11 0.10 

Radium-228 0.68 0.10 0.10 

Thorium-228 0.68 0.40 0.14 

Thorium-230 1.44 0.61 0.32 

Thorium-232 0.73 0.41 0.14 

Uranium-235 -0.05 0.32 0.51 

Uranium-238 1.29 0.35 0.76 

5LD84715 09/29/04 4.5 5.0 0.5 Actinium-227 -0.14 0.36 0.55 0.00 
Americium-241 0.01 0.07 0.12 

Cesium-137 -0.01 0.04 0.06 

Potassium-40 13.63 1.64 0.54 

Protactinium-231 -1.10 1.12 1.54 

Radium-226 1.31 0.14 0.16 

Radium-228 0.55 0.14 0.15 

Thorium-228 0.77 0.40 0.34 

Thorium-230 1.28 0.52 0.23 

Thorium-232 0.46 0.30 0.12 

Uranium-235 -0.06 0.42 0.69 

Uranium-238 - 	0.90 0.84 1.51 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result' 

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 8 

SLD84716 SLD84716  09/28/04 1.5 2.0 1.5 Actinium-227 -0.05 0.17 0.18 0.00 
Americium-241 -0.04 0.07 0.11 

Cesium-137 -0.01 0.02 0.03 

Potassium-40 10.34 0.85 0.22 

Protactinium-231 0.35 0.50 0.78 

Radium-226 1.90 0.09 0.07 

Radium-228 0.45 0.07 0.07 

Thorium-228 0.89 0.43 0.30 

Thorium-230 1.85 0.64 0.12 

Thorium-232 0.31 0.24 0.12 

Uranium-235 -0.08 0.24 0.37 

Uranium-238 1.54 0.37 0.40 

SLD84717 09/28/04 2.3 2.8 1.5 Actinium-227 0.79 0.64 0.58 0.48 
Americium-241 0.02 0.29 0.44 
Cesium-137 -0.05 0.07 0.09 

Potassium-40 10.99 1.84 1.05 

Protactinium-231 -0.02 1.82 3.04 

Radium-226 8.36 0.37 0.26 

Radium-228 1.19 0.25 0.27 

Thorium-228 1.39 0.62 0.41 

Thorium-230 5.83 1.51 0.15 

Thorium-232 1.17 0.55 0.15 

Uranium-235 0.36 0.77 1.28 

Uranium-238 5.93 1.14 1.26 

SLD84718 09/28/04 4.5 5.0 1.5 Actinium-227 -0.37 0.53 0.51 0.25 
Americium-241 0.02 0.25 0.38 

Cesium-137 0.15 0.12 0.08 

Potassium-40 13.38 2.01 0.85 

Protactinium-231 -0.32 1.50 2.48 

Radium-226 5.54 0.30 0.22 

Radium-228 1.01 0.20 0.24 

Thorium-228 1.17 0.51 0.29 

Thorium-230 4.52 1.18 0.24 

Thorium-232 1.10 0.49 0.13 

Uranium-235 0.22 0.69 1.13 

Uranium-238 _ 	4.35 1.00 1.15 

PLANT 9 

HTZ00469 HTZ00469 03/08/01 0 0.5 0.0 Actinium-227 0.35 0.33 0.51 8.97 
Americium-241 0.09 0.09 0.15 

Cesium-137 0.12 0.06 0.08 

Potassium-40 12.84 1.84 0.96 

Protactinium-231 1.26 1.67 2.45 

Radium-226 46.89 2.15 0.16 

Radium-228 1.42 0.18 0.22 

Thorium-228 1.72 0.67 0.26 

Thorium-230 4.77 1.30 0.35 
Thorium-232 1.29 0.57 0.26 

Uranium-235 0.45 0.29 0.50 

Uranium-238 4.19 1.54 10.70 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 9 

HTZ66326 HTZ66326  02/07/02 0 0.5 0.0 Actinium-227 0.15 0.12 0.18 0.41 
Americium-241 0.00 0.04 0.06 

Cesium-137 0.07 0.02 0.02 

Potassium-40 10.59 0.85 0.26 

Protactinium-231 0.62 0.49 0.78 

Radium-226 2.63 0.10 0.05 

Radium-228 1.02 0.08 0.06 

Thorium-228 1.65 0.61 0.23 

Thorium-230 3.51 0.97 0.12 

Thorium-232 0.93 0.43 0.12 

Uranium-235 0.34 0.12 0.16 

Uranium-238 5.60 0.76 0.55 

HTZ66327 02/07/02 0.5 1.0 Actinium-227 0.22 0.12 0.18 0.11 
Americium-241 0.01 0.04 0.06 

Cesium-137 0.00 0.02 0.02 

Potassium-40 10.10 0.84 0.30 

Protactinium-231 0.17 0.48 0.74 

Radium-226 1.92 0.08 0.05 

Radium-228 0.98 0.08 0.07 

Thorium-228 1.15 0.46 0.11 

Thorium-230 2.50 0.74 0.20 

Thorium-232 1.18 0.47 0.11 

Uranium-235 0.32 0.12 0.16 

Uranium-238 4.55 0.77 0.51 

HTZ68161 HTZ68161 02/12/02 0 0.5 0.0 Actinium-227 0.66 0.14 0.21 0.53 
Americium-241 0.23 0.16 0.25 

Cesium-137 0.00 0.02 0.02 

Potassium-40 9.19 0.73 0.25 

Protactinium-231 0.74 0.51 0.80 

Radium-226 3.03 0.10 0.04 

Radium-228 0.91 0.06 0.06 

Thorium-228 1.29 0.55 0.29 

Thorium-230 4.35 1.16 0.24 

Thorium-232 0.72 0.39 0.13 

Uranium-235 0.25 0.14 0.19 

Uranium-238 3.65 1.37 1.83 

SLD84115 SLD84115 09/22/04 0 0.5 0.0 Actinium-227 0.26 0.45 0.40 0.37 
Americium-241 -0.03 0.10 0.15 

Cesium-137 0.98 0.12 0.07 

Potassium-40 10.36 1.35 0.59 

Protactinium-231 0.38 1.32 1.91 

Radium-226 3.63 0.21 0.18 

Radium-228 0.96 0.17 0.18 

Thorium-228 1.44 0.58 0.32 

Thorium-230 3.38 0.97 0.13 

Thorium-232 0.62 0.36 0.13 

Uranium-235 0.82 0.55 0.97 

Uranium-238 5.51 0.76 0.74 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result' 

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 9 
SLD84115 5LD84133 09/22/04 1.5 2.0 0.0 Actinium-227 -0.06 0.16 0.15 0.05 

Arnericium-241 0.02 0.04 0.06 

Cesium-137 0.01 0.01 0.02 

Potassium-40 11.80 0.77 0.18 

Protactinium-231 -0.16 0.47 0.63 

Radium-226 2.22 0.09 0.06 

Radium-228 0.82 0.07 0.06 

Thorium-228 0.93 0.47 0.36 

Thorium-230 2.56 0.82 0.13 

Thorium-232 0.79 0.41 0.13 

Uranium-235 -0.08 0.21 0.34 

Uranium-238 1.85 0.28 0.29 

SLD84146 09/22/04 2.5 3.0 0.0 Actinium-227 0.01 0.38 0.29 0.00 
Americium-241 -0.06 0.08 0.12 

Cesium-137 0.01 0.04 0.06 

Potassium-40 14.51 1.64 0.53 

Protactinium-231 -0.42 1.07 1.61 

Radium-226 1.71 0.17 0.16 

Radium-228 0.80 0.16 0.16 

Thorium-228 0.62 0.36 0.13 

Thorium-230 1.57 0.61 0.24 

Thorium-232 0.81 0.42 0.13 
Uranium-235 0.14 0.46 0.74 

Uranium-238 0.66 0.91 1.13 

SLD84969 09/22/04 5.5 6.0 0.0 Actinium-227 -0.08 0.17 0.16 0.05 
Americium-241 0.00 0.04 0.06 

Cesium-137 0.00 0.02 0.02 

Potassium-40 18.30 1.05 0.19 

Protactinium-231 0.02 0.53 0.75 

Radium-226 1.41 0.08 0.07 

Radium-228 1.26 0.09 0.06 

Thorium-228 1.78 0.68 0.37 

Thorium-230 2.23 0.77 0.26 

Thorium-232 0.92 0.46 0.14 

Uranium-235 0.03 0.21 0.35 

Uranium-238 1.80 0.31 0.33 
SLD84272 5LD84272 09/23/04 0.5 1.0 0.5 Actinium-227 0.08 0.19 0.18 0.01 

Americium-241 0.03 0.07 0.11 

Cesium-137 0.10 0.03 0.03 
Potassium-40 5.84 0.62 0.21 

Protactinium-231 0.05 0.53 0.78 

Radium-226 2.26 0.10 0.06 

Radium-228 0.49 0.07 0.07 

Thorium-228 0.54 0.35 0.36 

Thorium-230 1.90 0.69 0.25 

Thorium-232 0.39 0.28 0.13 
Uranium-235 0.15 0.24 0.40 

Uranium-238 	- 1.89 0.35 0.39 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft 1 bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 9 

SLD84272 5LD84276  09/23/04 1.5 2.0 0.5 Actinium-227 0.33 0.39 0.37 0.02 
Americium-241 0.15 0.19 0.30 

Cesium-137 0.00 0.03 0.06 

Potassium-40 18.64 2.11 0.69 

Protactinium-231 0.26 1.20 1.82 

Radium-226 1.38 0.16 0.16 

Radium-228 1.05 0.17 0.16 

Thorium-228 0.79 0.44 0.32 

Thorium-230 1.34 0.59 0.27 

Thorium-232 1.07 0.52 0.27 

Uranium-235 -0.25 0.50 0.77 

Uranium-238 2.05 0.76 0.84 

SLD84280 09/23/04 3.5 4.0 0.5 Actinium-227 0.11 0.35 0.35 0.00 
Americium-241 0.08 0.15 0.26 

Cesium-137 -0.04 0.04 0.05 

Potassium-40 10.72 1.52 0.48 

Protactinium-231 -1.27 1.06 1.56 

Radium-226 1.23 0.14 0.13 

Radium-228 0.65 0.14 0.15 

Thorium-228 0.60 0.35 0.24 

Thorium-230 1.67 0.62 0.24 

Thorium-232 0.65 0.36 0.13 

Uranium-235 0.19 0.46 0.73 

Uranium-238 1.02 1.36 1.04 

SLD84971 09/23/04 5 5.5 0.5 Actinium-227 0.29 0.23 0.22 0.02 
Americium-241 0.02 0.09 0.14 

Cesium-137 -0.01 0.03 0.04 

Potassium-40 13.23 1.11 0.29 

Protactinium-231 0.24 0.59 0.91 

Radium-226 1.34 0.09 0.09 

Radium-228 0.97 0.10 0.08 

Thorium-228 1.08 0.47 0.26 

Thorium-230 1.76 0.62 0.12 

Thorium-232 1.32 0.52 0.12 

Uranium-235 0.01 0.27 0.44 

Uranium-238 1.46 0.44 0.51 

SLD84720 SLD84720 09/23/04 1 1.5 1.0 Actinium-227 0.05 0.24 0.24 0.08 
Americium-241 0.02 0.09 0.14 

Cesium-137 -0.02 0.02 0.03 

Potassium-40 8.81 0.86 0.35 

Protactinium-231 0.25 0.70 1.06 

Radium-226 2.98 0.13 0.09 

Radium-228 0.87 0.10 0.09 

Thorium-220 1.00 0.49 (114 

Thorium-230 2.48 0.84 0.14 

Thorium-232 1.37 0.58 0.14 

Uranium-235 -0.12 0.32 0.50 

Uranium-238 - 	2.76 0.48 0.51 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft 1  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 9 

SLD84720 SLD84721  09/23/04 1.5 2.0 1.0 Actinium-227 -0.04 0.19 0.22 0.00 
Americium-241 0.02 0.10 0.12 

Cesium-137 -0.01 0.02 0.03 

Potassium-40 11.59 0.96 0.22 

Protactinium-231 0.68 0.86 0.99 

Radium-226 1.39 0.09 0.09 

Radium-228 0.71 0.09 0.09 

Thorium-228 1.33 0.60 0.28 

Thorium-230 1.69 0.68 0.15 

Thorium-232 0.79 0.44 0.15 

Uranium-235 0.19 0.25 0.42 

Uranium-238 1.64 0.41 0.43 

SLD84722 09/23/04 4.2 4.7 1.0 Actinium-227 -0.07 0.45 0.44 0.03 
Americium-241 -0.18 0.18 0.28 

Cesium-137 -0.03 0.05 0.08 

Potassium-40 19.31 2.36 1.00 

Prntactinium-231 0.16 1.45 2.16 

Radium-226 1.57 0.19 0.20 

Radium-228 1.09 0.21 0.21 

Thorium-228 1.66 0.63 0.33 

Thorium-230 1.94 0.69 0.13 

Thorium-232 1.55 0.60 0.13 

Lk di iium-235 0.34 0.61 0.91 

Uranium-238 1.61 1.59 1.33 

SLD84970 09/23/04 6.2 6.7 1.0 Actinium-227 -0.10 0.50 0.54 0.06 
Americium-241 -0.06 0.21 0.34 

Cesium-137 -0.01 0.05 0.09 

Potassium-40 20.34 2.51 0.64 

Protactinium-231 1.26 1.47 2.42 

Radium-226 1.69 0.22 0.23 

Radium-228 1.62 0.25 0.20 

Thorium-228 1.38 0.55 0.12 

Thorium-230 1.70 0.62 0.12 

Thorium-232 1.10 0.48 0.12 

Uranium-235 0.08 0.64 1.00 

Uranium-238 2.02 1.98 1.51 

SLD84728 SLD84728 09/22/04 0 0.5 0.0 Actinium-227 0.21 0.20 0.16 0.50 
Americium-241 0.01 0.04 0.06 

Cesium-137 0.04 0.01 0.02 

Potassium-40 13.40 0.79 0.18 

Protactinium-231 0.32 0.50 0.72 

Radium-226 3.98 0.12 0.06 

Radium-228 0.88 0.06 0.06 

Thorium-228 1.03 0.47 0.13 

Thorium-230 4.26 1.12 0.13 

Thorium-232 1.07 0.48 0.13 

Uranium-235 0.03 0.21 0.35 

Uranium-238 3.47 0.31 0.29 • 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft 1  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 9 

SLD84728 5LD84729 09/22/04 0.9 1.4 0.0 Actinium-227 -0.11 0.16 0.15 0.07 
Americium-241 0.02 0.04 0.06 

Cesium-137 0.02 0.02 0.02 

Potassium-40 13.99 0.83 0.20 

Protactinium-231 -0.38 0.50 0.67 

Radium-226 2.12 0.08 0.06 

Radium-228 0.80 0.07 0.05 

Thorium-228 0.98 0.48 0.30 

Thorium-230 2.87 0.90 0.25 

Thorium-232 0.50 0.33 0.14 

Uranium-235 0.20 0.20 0.34 

Uranium-238 1.95 0.27 0.30 

SLD84730 09/22/04 2.5 3.0 0.0 Actinium-227 -0.04 0.14 0.13 0.02 
Americium-241 0.03 0.03 0.05 

Cesium-137 0.00 0.01 0.02 

Potassium-40 13.55 0.79 0.17 

Protactinium-231 0.05 0.41 0.58 

Radium-226 1.49 0.07 0.05 

Radium-228 0.74 0.06 0.04 

Thorium-228 1.00 0.49 0.31 

Thorium-230 2.10 0.74 0.14 

Thorium-232 1.18 0.53 0.14 

Uranium-235 -0.04 0.16 0.27 

Uranium-238 1.26 0.25 0.24 

SLD84731 09/22/04 4 4.5 0.0 Actinium-227 0.07 0.12 0.11 0.00 
Americium-241 0.00 0.03 0.04 

Cesium-137 -0.01 0.01 0.02 

Potassium-40 13.59 0.79 0.13 

Protactinium-231 0.25 0.34 0.48 

Radium-226 0.95 0.05 0.05 

Radium-228 0.43 0.05 0.05 

Thorium-228 1.14 0.57 0.17 

Thorium-230 1.42 0.66 0.38 

Thorium-232 0.76 0.46 0.17 

Uranium-235 0.01 0.14 0.23 

Uranium-238 0.80 0.18 0.22 

SLD84732 SLD84732 09/23/04 0.7 1.2 0.7 Actinium-227 0.52 0.50 0.49 0.19 
Americium-241 -0.10 0.24 0.35 

Cesium-137 0.07 0.06 0.08 

Potassium-40 9.57 1.66 0.87 

Protactinium-231 -0.27 1.50 2.17 

Radium-226 5.04 0.26 0.20 

Radium-228 1.01 0.19 0.20 

Thorium-228 1.04 0.51 0.38 

Thorium-230 2.66 0.87 0.14 

Thorium-232 0.73 0.41 0.14 

Uranium-235 -0.28 0.63 0.98 

Uranium-238 3.41 0.97 1.03 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) °  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 9 

SLD84732 5LD84733 09/23/04 1.7 2.2 0.7 Actinium-227 -0.16 0.23 0.26 0.10 
Americium-241 0.09 0.10 0.16 

Cesium-137 -0.01 0.03 0.04 

Potassium-40 10.85 0.96 0.32 

Protactinium-231 -0.23 0.77 1.11 

Radium-226 2.46 0.11 0.10 

Radium-228 1.62 0.13 0.11 

Thorium-228 2.60 0.88 0.15 

Thorium-230 2.31 0.82 0.28 

Thorium-232 1.77 0.69 0.15 

Uranium-235 -0.08 0.33 0.52 

Uranium-238 2.81 0.49 0.55 

SLD84734 09/23/04 3.7 4.2 0.7 Actinium-227 -0.10 0.15 0.15 0.00 
Americium-241 0.01 0.06 0.10 

Cesium-137 -0.01 0.02 0.03 

Potassium-40 12.34 0.99 0.21 

Protactinium-231 0.03 0.47 0.69 

Radium-226 0.80 0.06 0.07 

Radium-228 0.49 0.08 0.07 

Thorium-228 0.87 0.44 0.25 

Thorium-230 0.98 0.47 0.13 

Thorium-232 0.38 0.28 0.25 

Uranium-235 0.04 0.20 0.33 

Uranium-238 0.07 0.56 0.44 

SLD84735 09/23/04 5.7 6.2 0.7 Actinium-227 0.00 0.17 0.18 0.00 
Americium-241 0.02 0.06 0.11 

Cesium 137 0.00 0.02 0.03 

Potassium-40 11.77 1.07 0.22 

Protactinium-231 0.09 0.55 0.83 

Radium-226 0.67 0.07 0.07 

Radium-228 0.39 0.08 0.08 

Thorium-228 0.25 0.25 0.37 

Thorium-230 0.90 0.45 0.13 

Thorium-232 0.52 0.34 0.30 

Uranium-235 0.03 0.23 0.37 

Uranium-238 0.20 0.61 0.50 

SLD85033 SLD85033 09/22/04 0 0.5 0.0 Actinium-227 0.13 0.85 0.75 10.67 
Americium-241 0.66 0.31 0.48 

Cesium-137 0.11 0.09 0.10 

Potassium-40 10.42 1.48 1.19 

Protactinium-231 0.55 2.33 3.45 

Radium-226 55.13 1.11 0.28 

Radium-228 1.34 0.22 0.29 

Thorium-228 1.43 0.61 0.27 

Thorium-230 4.88 1.31 0.15 

Thorium-232 1.02 0.50 0.15 

Uranium-235 0.54 1.08 1.75 

Uranium-238 7.50 1.25 1.55 • 
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Sample 
Location 

Sample 
Identification 

Number 

Collection 
Date 

Start 
Depth 
(ft I  bgs)2  

End 
Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) 

Parameter Result 3  

(pCi/g) 4  

Error Detection 
Limit 

(pCi/g) 

Sum of 5  
Ratios 
Value 

PLANT 9 

SLD85033 5LD85034  09/22104 1 1.5 0.0 Actinium-227 -0.12 0.54 0.46 1.44 
Americium-241 0.20 0.20 0.30 

Cesium-137 0.07 0.05 0.07 

Potassium-40 11.90 1.22 0.72 

Protactinium-231 -0.56 1.48 2.15 

Radium-226 23.88 0.54 0.18 

Radium-228 1.06 0.14 0.21 

Thorium-228 1.24 0.56 0.36 

Thorium-230 3.31 1.01 0.14 

Thorium-232 1.23 0.55 0.14 

Uranium-235 0.30 0.68 1.10 

Uranium-238 _ 	2.88 0.74 0.94 

ft - feet 
2 bgs - below ground surface 
3 Analytical data includes background values (i.e., concentrations reflect gross radionuclide values) 
4 pCi/g - Picocuries per gram 
5 Prior to calculating the SOR, background values for each radionuclide were subtracted from their respective gross 

radionuclide values 

Background Values: 	Radium-226 = 2.78 pCi/g 
Radium-228 = 0.95 pCi/g 
Thorium-230 = 1.94 pCi/g 
Thorium-232 = 1.09 pCi/g 

Uranium-238 = 1.44 pCi/g 

• 
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Sample 
Location 

Sample 
Identification 

Number 

start 	- 
Depth 

(ft1  bgs2 ) 

End 
Depth 

(ft bgs) 

Thickness 
of Cover 

Material (ft) Parameter 

Results3  

(pCi/g)4  

SUM Of 	- 
Ratios 

Value5  

B16C057 B16C057 0 1 0 Radium-226 0 1.67 	' 

Radium-228 0 
Thorium-230 7 

Thorium-232 0 
Uranium-238 13.6 

B16C057 1 2 Radium-226 2.2 0.64 
Radium-228 0 
Thorium-230 1.5 
Thorium-232 4.05 
Uranium-238 11.1 

B16C057 4 5 Radium-226 2.2 0.41 
Radium-228 0 
Thorium-230 0.6 
Thorium-232 1.05 
Uranium-238 9.6 

B16C057 9 10 Radium-226 0 0.11 
Radium-228 0 
Thorium-230 0 
Thorium-232 0.55 
Uranium-238 3.6 

B16C059 B16C059 0 2 0 Radium-226 5.2 4.56 
Radium-228 0 
Thorium-230 14.1 
Thorium-232 3.05 
Uranium-238 56.6 

B16C059 4 5 Radium-226 0.2 0.30 
Radium-228 0 
Thorium-230 0 
Thorium-232 2.05 
Uranium-238 7.6 

B16C059 6 7 Radium-226 3.2 0.56 
Radium-228 0 
I horriln1-23U 0 

Thorium-232 2.05 
Uranium-238 10.6 

B16C100 B16C100 0.5 2 0.5 Radium-226 0 1.77 
Radium-228 0 

Thorium-230 7.9 
Thorium-232 1.05 
Uranium-238 58.6 

B16C100 2 4 Radium-226 0 0.07 
Radium-228 0 
Thorium-230 0 
Thorium-232 0.55 
Uranium-238 1.6 

B16C100 6 7 Radium-226 0 0.04 
Radium-228 0 
Thorium-230 0.3 
Thorium-232 0 
Uranium-238 1.1 

816C100 8 9.5 Radium-226 0 0.17 
Radium-228 0 
Thorium-230 0.8 
Thorium-232 1.05 
Uranium-238 2.1 

• 

• 
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Sample 

Location 

Sample 

Identification 

Number 

Start 

Depth 

(ft' bgs 2 ) 

End 

Depth 
(ft bgs) 

Thickness 

of Cover 

Material (ft) Parameter 

Results' 

(pCi/g)4  

SUM ot 

Ratios 

Values  

B16C101 B16C101 0 1 0 Radium-226 0 0.06 
Radium-228 0 
Thorium-230 0 
Thorium-232 0.25 
Uranium-238 0.6 

B16C101 1 2 Radium-226 0 0.14 
Radium-228 0 
Thorium-230 1.3 
Thorium-232 0.05 
Uranium-238 2.6 

B16C101 4 6 Radium-226 0 0.05 
Radium-228 0 
Thorium-230 0 
Thorium-232 0.25 
Uranium-238 1.6 

B16C101 11 12 Radium-226 0 0.17 
Radium-228 0 
Thorium-230 0 
Thorium-232 0.55 
Uranium-238 6.6 

B16C101 16 18 Radium-226 0 0.16 
Radium-228 0 
Thorium-230 0 
Thorium-232 1.05 
Uranium-238 4.6 

B16R041 816R041 0 1 0 Radium-226 0 0.00 
Radium-228 0 
Thorium-230 0 
Thorium-232 0 
Uranium-238 0.1 

B16R041 1 2 Radium-226 6.2 0.91 
Radium-228 0 
Thorium-230 2.3 
Thorium-232 3.05 
Uranium-238 14.6 

B16R041 2 4 Radium-226 2.2 0.33 
Radium-228 0 
Thorium-230 1.2 
Thorium-232 1.05 
Uranium-238 5.6 

B16R041 4 5 Radium-226 1.2 0.28 
Radium-228 0 
Thorium-230 0 
Thorium-232 0.55 
Uranium-238 8.1 

B16R044 B16R044 0 1 0 Radium-226 4.2 1.62 
Radium-228 0 
Thorium-230 5.7 

Thorium-232 2.05 
Uranium-238 3.6 

B16R044 1 2 Radium-226 1.2 0.18 
Radium-228 0 
Thorium-230 1.1 
Thorium-232 0.05 
Uranium-238 4.6 

B16R044 3 4 Radium-226 0 0.26 
Radium-228 0 
Thorium-230 0.7 
Thorium-232 2.05 
Uranium-238 3.6 

• 
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- 
Sample 

Location 

Sample 
Identification 

Number 

- 	start 
Depth 

(ft' bgs 2 ) 
A 

End 
Depth 

(ft bgs) 

Thickness 
of Cover 

Material (ft) Parameter 

Results' 

(pCi/g)4  

SUM OT 

Ratios 

Values  

B16R100 B16R100 1 1.5 1 Radium-226 0 0.03 
Radium-228 0 
Thorium-230 0 
Thorium-232 0 
Uranium-238 1.6 

B16R100 2 3 Radium-226 0 0.04 
Radium-228 0 
Thorium-230 0 
Thorium-232 0 
Uranium-238 2.1 

B16R100 7 8 Radium-226 0 0.05 
Radium-228 0 
Thorium-230 0 
Thorium-232 0 

, Uranium-238 2.6 
B16R101 B16R101 0 0.5 0 Radium-226 0 0.06 

Radium-228 0 
Thorium-230 0.1 
Thorium-232 0.05 
Uranium-238 1.6 

B16R101 0.5 2 Radium-226 0 0.07 
Radium-228 0 
Thorium-230 0 
Thorium-232 0.85 
Uranium-238 0.6 

B16R101 4 5 Radium-226 0 0.01 
Radium-228 0 
Thorium-230 0 
Thorium-232 0 
Uranium-238 0.6 

B16R101 7 8 Radium-226 0 0.07 
I Radium-228 0 

Thorium-230 0 
Thorium-232 0.05 

.. Uranium-238 3.1 
B16R121 B16R121 0.5 2 0.5 Radium-226 6.2 19.92 

Radium-228 0 
Thorium-230 248.1 
Thorium-232 0.05 
Uranium-238 168.6 

B16R121 2 4 Radium-226 0.1 1.11 
Radium-228 0 
Thorium-230 9.1 
Thorium-232 1.05 
Uranium-238 21.6 

B16R121 4 5 Radium-226 0 0.35 
Radium-228 0 
Thorium-230 1.1 
Thorium-232 1.55 
Uranium-238 8.6 

B16R121 5 6 Radium-226 0 0.14 
Radium-228 0 
Thorium-230 0.3 
Thorium-232 0.35 
Uranium-238 4.6 

B16R121 6 7 Radium-226 0 0.28 
Radium-228 0 
Thorium-230 2.5 
Thorium-232 0 
Uranium-238 5.6 

B16R121 11 12 Radium-226 0 0.01 
Radium-228 0 
Thorium-230 0 
Thorium-232 0 
Uranium-238 - 	0.6 
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Sample 
Location 

Sample 

Identification 
Number 

start 	- 
Depth 

(ftl  bgs2) 

End 
Depth 

(ft bgs) 

Thickness 
of Cover 

Material (ft) Parameter 

Results' 

(pCi/g)4  

sum ot 
Ratios 

Values  

B16W01S B16W01S 0 0.5 0 Radium-226 0 0.01 
Radium-228 0 
Thorium-230 0 
Thorium-232 0 
Uranium-238 0.6 

B16W01S 0.5 2 Radium-226 0 0.13 
Radium-228 0 
Thorium-230 0 
Thorium-232 0.05 
Uranium-238 6.1 

B16W01S 4 6 Radium-226 0.2 0.20 
Radium-228 0 
Thorium-230 0 
Thorium-232 1.05 
Uranium-238 5.6 

B16W01S 8 9 Radium-226 0.2 0.23 
Radium-228 0 
Thorium-230 0 
Thorium-232 2.05 
Uranium-238 4.1 

DE1033N1480 DE1033N1480 1 2 1 Radium-226 0 0.13 
Radium-228 0 
Thorium-230 0.1 
Thorium-232 1.05 
Uranium-238 2.6 

DE1042N1850 DE1042N1850 1 2 1 Radium-226 0 0.02 
Radium-228 0 
Thorium-230 0 
Thorium-232 0 
Uranium-238 1.1 

DE1050N2230 DE1050N2230 1 2 1 Radium-226 0 0.12 
Radium-228 0 
Thorium-230 1 
Thorium-232 0.05 
Uranium-238 2.6 

DE1190N2225 DE1190N2225 0 0.5 0 Radium-226 0 0.05 
Radium-228 0 
Thorium-230 0 
Thorium-232 0.15 
Uranium-238 1.1 

DE1200N1900 DE1200N1900 0 0.5 0 Radium-226 0 0.02 
Radium-228 0 
Thorium-230 0 
Thorium-232 0.05 
Uranium-238 0.6 

DE1230N1460 DE1230N1460 0 0.5 0 Radium-226 0 0.08 
Radium-228 0 
Thorium-230 0 
Thorium-232 0.25 
Uranium-238 1.6 

DE1290N1850 0E1290N1850 0 0.5 0 Radium-226 0 0.02 
Radium-228 0 
Thorium-230 0 
Thorium-232 0 
Uranium-238 1.1 

DE1325N1490 DE1325N1490 0 0.5 0 Radium-226 0.4 2.23 
Radium-228 0 
Thorium-230 6 
Thorium-232 5.05 
Uranium-238 1.1 

0E1345N1200 DE1345N1200 0 0.5 0 Radium-226 0.3 1.61 
Radium-228 0 
Thorium-230 7.1 
Thorium-232 0.95 
Uranium-238 0.1 
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Sample 
Location 

Sample 
Identification 

Number 

Start 
Depth 

(ft1  bgsz) 

- 	End 
Depth 

(ft bgs) 

Thickness 
of Cover 

Material (ft) Parameter 

Results' 

(pCi/g)4 	, 

sum of 
Ratios 

Value' 

0E1345N1500 DE1345N1500 0 0.5 0 Radium-226 1.2 3.78 
Radium-228 0 
Thorium-230 16.1 
Thorium-232 1.05 
Uranium-238 17.6 

0E1345N1500 2 3 Radium-226 0 0.06 
Radium-228 0 
Thorium-230 0.78 
Thorium-232 0 
Uranium-238 0.25 

0E1345N1600 -0E1345N1600 0 0.5 0 Radium-226 1.1 1.58 
Radium-228 0 
Thorium-230 5.2 
Thorium-232 0.95 
Uranium-238 17.6 

DE1345N1700 DE1345N1700 0 0.5 0 Radium-226 1.2 3.99 
Radium-228 0 
Thorium-230 19.1 
Thorium-232 0 

_ Uranium-238 8.6 
DE1345N1700 2 3 Radium-226 0 0.11 

Radium-228 0 
Thorium-230 0.89 
Thorium-232 0 
UraniUm-238 2.3 

DE1345N2000 DE1345N2000 0 0.5 0 Radium-226 0.2 0.49 
Radium-228 0 
Thorium-230 1.6 
Thorium-232 0.65 
Uranium-238 2.1 

DE1345N2230 DE1345N2230 0 0.5 0 Radium-226 0 0.52 
Radium-228 0 
Thorium-230 2.6 
Thorium-232 0 
Uranium-238 0.1 

DE1345N2400 DE1345N2400 0 0.5 0 Radium-226 0.3 0.24 
Radium-228 0 
Thorium-230 1 
Thorium-232 0 
Uranium-238 2.1 

DE1352N1600 0E1352N1600 0 0.5 0 Radium-226 1.2 1.96 
Radium-228 0 
Thorium-230 6.7 
Thorium-232 2.05 
Uranium-238 10.6 

DE1352N1800 DE1352N1800 0 0.5 0 Radium-226 0 0.03 
Radium-228 0 
Thorium-230 0 
Thorium-232 0 
Uranium-238 1.6 

DE1352N1900 DE1352N1900 0 0.5 0 Radium-226 0.2 0.63 
Radium-228 0 
Thorium-230 1.7 
Thorium-232 1.05 
Uranium-238 4.1 

DE1352N2100 DE1352N2100 0 0.5 0 Radium-226 0 1.17 
Radium-228 0 
Thorium-230 3.5 
Thorium-232 2.05 

\ Uranium-238 3.1 
DE1352N2300 DE1352N2300 0 0.5 0 Radium-226 0.3 0.18 

Radium-228 0 
Thorium-230 0.56 
Thorium-232 0 

i Uranium-238 3.4 • 
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Sample 
Location 

Sample 
Identification 

Number 

Start 	- 
Depth 

(fti  bgs2) 

End 

Depth 
(ft bgs) 

Thickness 
of Cover 

Material (ft) Parameter 

Results' 

(pCi/g)4  

sum ot 
Ratios 

Value5  

DE1360N1900 DE1360N1900 0 0.5 0 Radium-226 
Radium-228 
Thorium-230 
Thorium-232 
Uranium-238 

0 
0 
0 

0.6 
1.5 

0.15 

DE1360N2100 DE1360N2100 0 0.5 0 Radium-226 
Radium-228 
Thorium-230 
Thorium-232 
Uranium-238 

0 
0 

11.1 
0.15 
0.6 

2.26 

DE1380N1130 DE1380N1130 0 0.5 0 Radium-226 
Radium-228 
Thorium-230 
Thorium-232 
Uranium-238 

2 
0 

1.38 
0.6 
1.45 

0.55 

DE1385N2205 DE1385N2205 0 0.5 0 Radium-226 
Radium-228 
Thorium-230 
Thorium-232 
Uranium-238 

0 
0 

1.8 
0.05 
2.1 

0.41 

DE1390N1197 DE1390N1197 0 0.5 0 Radium-226 
Radium-228 
Thorium-230 
Thorium-232 
Uranium-238 

0 
0 

2.2 
0.25 
1.1 

0.51 

DE1397N1050 0E1397N1050 0 0.5 0 Radium-226 
Radium-228 
Thorium-230 
Thorium-232 
Uranium-238 

5.2 
0 

7.4 
12.05 
2.6 

3.94 

DE1400N1010 DE1400N1010 0 0.5 0 Radium-226 
Radium-228 
Thorium-230 
Thorium-232 
Uranium-238 

0 
0 
0 
0 

2.1 

0.04 

DE1500N2238 DE1500N2238 0 0.5 0 Radium-226 
Radium-228 
Thorium-230 
Thorium-232 
Uranium-238 

0 
0 
0 

1.05 
1.6 

0.24 

DE1595N2207 DE1595N2207 0 0.5 0 Radium-226 
Radium-228 
Thorium-230 
Thorium-232 
Uranium-238 

0 
0 
0 

0.35 
1.6 

0.10 

DE1700N2238 DE1700N2238 0 0.5 0 Radium-226 
Radium-228 
Thorium-230 
Thorium-232 
Uranium-238 

0 
0 
0 
0 

2.6 

0.05 

NVVR045 NWR045 0 0.5 0 Radium-226 
Radium-228 
Thorium-230 
Thorium-232 
Uranium-238 

0.1 
0 

1.3 
0 

5.6 

0.37 

NVVR046 NWR046 0 0.5 0 Radium-226 
Radium-228 
Thorium-230 
Thorium-232 
Uranium-238 

0.6 
0 

1.4 
0.45 
1.35 

0.40 

NWR047 NWR047 0 0.5 0 Radium-226 
Radium-228 
Thorium-230 
Thorium-232 
Uranium-238 I

V
 0

 0
  
0

0
 

0.04 

.. 
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Sample 
Location 

Sample 
Identification 

Number 

Start 
Depth 

(ft' bgs 2 ) 

- 	 End 
Depth 

(ft bgs) 

Thickness 
of Cover 

Material (ft) Parameter 

Results' 

(pCi/g)4  

Sum ot 
Ratios 

Value5  

NWR048 NWR048 0 0.5 0 Radium-226 0 0.05 
Radium-228 0 
Thorium-230 0 
Thorium-232 0.15 
Uranium-238 0.9 

NVVR049 NWR049 0 0.5 0 Radium-226 0 0.02 
Radium-228 0 
Thorium-230 0 
Thorium-232 0 
Uranium-238 1.15 

NVVR050 NWR050 0 0.5 0 Radium-226 0.1 0.35 
Radium-228 0 
Thorium-230 1.1 
Thorium-232 0 
Uranium-238 6.6 

NWR051 NWR051 0 0.5 0 Radium-226 0 0.27 
Radium-228 0 
Thorium-230 0 
Thorium-232 1.15 
Uranium-238 

.  1.95 
NVVR052 NWR052 0 0.5 0 Radium-226 2.1 0.88 

Radium-228 0 
Thorium-230 1.5 
Thorium-232 1.35 
Uranium-238 , 9.7 

NWR053 NWR053 0 0.5 0 Radium-226 0.4 0.77 
Radium-228 0 
Thorium-230 3.1 
Thorium-232 0 
Uranium-238 7.3 

NWR054 NVVR054 0 0.5 0 Radium-226 0.5 0.77 
Radium-22a 0 
Thorium-230 2.6 
Thorium-232 0.45 
Uranium-238 8 

.  
NVVR055 NVVR055 0 0.5 0 Radium-226 0 0.00 

Radium-228 0 
Thorium-230 0 
Thorium-232 0 
Uranium-238 

.  0.1 
NVVR056 NVVR056 0 0.5 0 Radium-226 0 0.07 

Radium-228 0 
Thorium-230 0 
Thorium-232 0 
Uranium-238 

.  3.4 
NVVR057 NWR057 0 0.5 0 Radium-226 0 0.10 

Radium-228 0 
Thorium-230 0 
Thorium-232 0 
Uranium-238 5.15 

NVVR059 NWR059 0 0.5 0 Radium-226 1.5 2.03 
Radium-228 0 
Thorium-230 8.9 
Thorium-232 0.95 
Uranium-238 3.1 

NVVR060 NWR060 0 0.5 0 Radium-226 2.1 8.43 
Radium-228 0 
Thorium-230 5.9 
Thorium-232 0 
Uranium-238 362.6 

• 
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Sample 
Location 

Sample 
Identification 

Number 

d 

Depth 

(ft' bgs 2) 

nd 
Depth 

(ft bgs) 

Thickness 
of Cover 

Material (ft) Parameter 

Results 3  

(pCi/g)4  

u rn o 
Ratios 

Values  
, 

NWR130 NWR130 0 0.5 0 

- 

Radium-226 
Radium-228 
Thorium-230 
Thorium-232 
Uranium-238 

1.1 
0 

0.4 
0.75 
2.1 

0.41 

ft - feet 

2  bgs - below ground surface 

3  Reported analytical results are Net results (i.e., background vallues have been subtracted) 

4  pCi/g - Picocuries per gram 

5  Prior to calculating the SOR, background values for each radionuclide were subtracted from their respective gross radionuclide 

Background Values: Radium-226 = 2.78 pCi/g 
Radium-228 = 0.95 pCi/g 
Thorium-230 = 1.94 pCi/g 
Thorium-232 = 1.09 pCi/g 
Uranium-238 = 1.44 pCi/g 

Data presented in this table were used solely for the purpose of delineating, vertically and horizontally, radiological COCs within t 
surface and subsurface soils. 

• 
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FSS = FINAL STATUS SURVEY 
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RI = REMEDIAL INVESTIGATION 
SCR = SCREENING 
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SLD 87983 

SLD 87987 

(Note: Boring Logs were not prepared for HTZ and HTR sample locations due to shallow depths) 
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LEGEND: 

• Updated Final Data Samples 
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• 
Samples HTZ66329, HTR84770, HTR84772 & HTR84768 

Sample ID Area (m2 ) .SORN Weighted SOR 
. HTZ66329 -' 	3.0 Ef.345M 0.10 
HTR84770 2.0 	'• 0A:11 ,1,1k1151 0.02 
HTR8477.1 . 3.0 .,IL 0.31, 0.01 
HTR847.72 - 2.0 	' P.A 2I34.Sti 0.05 
HTR84773 , 	15.0 , 	0.50. 	, 0.08 
SLD84696 .15.0: i . 'O.4T . 0.07 
.SLD84700 ... 	4.0 	.,i ..- 	0.95...'• 0.04 
HTR84767. . 	20.0 °= 0.28:1i , 0.06 
HTR84768 - 3.0 	, r02!521 0.08 
HTR84769 3.0 	. -0.33 0.01 
,SLD84111 • 30.0 0.00 	.. 0.00 

... 

TOTALS 100.0 	• 0.51 SOR 

.Sample HTR84775 
Sample ID Area (nz) SORN 	Weighted SOR 
HTR84775 17.0 PM:1.23X1 	0.21 
HTR87774 , 16.0. 0.02 	0.00 

' HTR84778 .. 	17.0 , 	, . 	0.07 	0.01 
SLD84130 . : 	50.0.- - 	0.29 - . 	0.15 

TOTALS 100.0 0.37 SOR 
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