
land Management 
3041 Woodacek Lk. Suite 210 
Downas Grave, IL 60s LS 
(630) 963 - 6008 
(630) 963 - 6027 Fax 

August 24,1999 

Mr. MikeMcCann 
U.S. Nuclear Regulatory Commission 
Region III 
80 1 Warrendle Rd. 
Lisle, IL 60532 

Re: Former Michigan Chemical Company Low Level Radioactive Disposal Site 
Breckenridge, Michigan 

Dear Mr. McCann: 

This correspondence is submitted pursuant to the June 11, 1999 submittal fiom NWI Land 
Management 0 regarding the former Michigan Chemical Company low level radioactive 
disposal site (Site or Breckenridge Disposal Site) in Breckenridge, Michigan. The June 11, 1999 
submittal proposed phases of activities to be performed to bring this site to an acceptable closure. 
The submittal indicated that all historical data would be reviewed to supplement the existing 
characterization data. The previous characterization data and historical data would be included 
in a report that would be submitted to the Nuclear Regulatory Commission (NRC) by August 15, 
1999. Subsequent communications with the NRC provided that the submittal date would be 
August 24, 1999. 

Attached is a report prepared by SCIENTECH NES, Inc., entitled Radiological Evaluation of the 
Breckenridge Disposal Site, dated August, 1999 (Report), The Report compares the results of the 
historical site assessment and site charact&on activities, and estimates the actual values of 
radioactive materials buried at the Breckddge  Disposal Site. To facilitate your review, a copy of the 
historic referpnces is also attached. 

We believe that the next objective is to conduct a dose assessment of the buried material as it is 
charaderized in the RepOR We believe that a meeting between the NRC and NWL may be helpfil to 
define the procedures fbr performing the dose assessment. I will contact you to schedule this meeting. 

If you have any questions regardhg this matter, please h l  to contact me. 

John Hock 
Environmental Project Manager 

JHAp 
cc: Mike Prattke w/o attachment 

Ken Kasper, NES w/ attachment 
Erin Isaacson, VCC w/attachment 
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Radiological Evaluation of tbe Breckenndge Disposal Site 

1.0 INTRODUCTION 

'Ihe Michigan Chemical Company (MCC) owned and operated a plant in St. Louis, Michigan that 
manufktured an array of chemical products. Among the products manufactured were fire 
retardant materials, insecticides, animal food supplements, and rare earth oxides (NRC 1983). 
From 1967 through 1970, MCC operated an extraction Eacility as part of the rare earth oxide 
manufitduring process at the St. Louis plant. Waste products fiom the extraction process 
contained small quantities of naturally occurring radioactive materids including thorium and 
uranium. The solid waste product was a filter cake that was disposed of by burial in accordance 
with 10 CFR 20.304, "Disposal by Buriul in the Soil" at a site near Breckenridge known as the 
former Michigan chemical: Company low level radioactive disposal site. In January 1977, the 
Michigan chemical Company merged with Velsicol chemical Corporation (VCC). The St. Louis 
plant ceased production in September 1978. In October 1986, ownership of the Brtckenridge 
Property was transferred to NWI Land Management Corporation 0. 

1.1 Site Description 

. In this document, the 111 area of the land near Breckenridge that is owned by NWI Land 
Management Corporation 0 is referred to as the Breckenridge Property. The affected area 
within the Breckenridgc property that is believed to Contain the radioactive material is r e f d  to 
as the Disposal Site. The Breckenridge Property is located on Madison Road in Bethany 
Township, M o t  County, approximately 7.5 Ian &-northeast of St. Louis, Michigan. The 
disposal site has been identified as approximately 0.7 acres located on a narrow, triangular shaped 
parcel of land, within the of 2.2 acre Breckenridge Property. The parcel is bounded on the north by 
Madison Road and on the east by Bush Creek. The land is basically level. The southern tip of the 
property is covered with tall trees and brush (NRC 1996). At the northern end is a deep chemical 
disposal well, which is capped and no longer used. The depth of the d l  is over 1100 meters 
(hkhigan 1980). The surrounding land use is primarily agricultural; the nearest residence is 
approximately 0.2 km east of the Breckenridge Property. Figure 1 is a diagram of the Breckhdge 
Property. 

1.2 Badcgrouod 

In 1981, Oak Ridge AssocWd ' Universities (ORAU) performed a radiological assessment of the 
Bredanridge Propettyuder contract with tbeNRC. The assessment examined the surEace and 
outmbouDdancs - of the disposal area. ThC report h m  the sunnqr indicated that the average l e d  
of radionuclides was bebw the NRC guideline fix areas accessible to the public and that no 
migrationofmaterialsfhnntheDisposalSitewasidentified. 

In September 1996, an envinmmed consultant performed shallow trarchiag at the Disposal Site 
to investigate reports of improperly buried material. In October, 1996, the Nuclear Regulatory 
Commission (NRC) was contacted by the Michipa Department of Environmental Quality 
(MDEQ) to investigate the Disposal Site since the buried waste may ham been disturbed during 
the cnvirontnental investigation. The NRC, assisted by the MDEQ, performed a radiological 
scoping survey of the Breckenridge Property. The NRC report fiom the survey indicated that no 
siguificant risk was ideatifid (NRC 1996). However, since the survey identified levels in excess 
of the NRC guidelines for unresfficfed use, the NRC requested, in a letter dated December 10, 
1996, that additional characterization activities be perfbmed. 

SCIENTECH NE$ Inc., 3060.@32.& 
m4N9 U shelter Rock Rorrd, Danbugt, CT 06810 
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Radiological .Evaluation of the Breckeoridge Disposal Site 

In July, 1997, NES, Inc. (became SCIENTECH-NES in 1999) performed radiological 
measurements and sampling to hrther characterize the Disposal Site in accordance with processes 
outlined in NUREGKR-5849, “Manual for Conducting Radiological Surveys in Support of 
License Termination (NRC 1993).” The characterization effort included surface activity 
measuremeuts, surface dose rate measurements, down-hde activity measurements, and soil 
sampling at various depths. Due to some analytical irregularities identified by the NRC, the site 
samples were reanalyzed in 1998. The NRC was provided with the revised analytical data in 
February of 1999. 

During h4arch of 1999, NWI met with the NRC to discuss the findings of the radiological 
characterization survey and to discuss the Disposal Site’s disposition. On April 14, 1999, the NRC 
issued a letter to NWI directing Nwz to bring the Disposal Site to an acceptable closure under the 
regulatory framework of 10 CFR 20, Subpart E, ”Radiological Criteria for License Termination.” 
NWI submitted a proposal for site resolution on June 11,  1999. The June 11, 1999 submittal 
proposed phases of activities to be performed to bring the Disposal Site to an acceptable closure. 
The NWI submittal indicated that all historical data would be reviewed to supplement the ariSting 
site characterization data in determining the nature and extent of radioactive materials at the site. 
’Ihe previous characterizatioa data and historical data would be included in a report that would be 
submitted to the NRC by August 15,1999. Subsequent cOmmunicatioflS with the NRC provided 
that the submittal would be August 24,1999 for the report. 

This report includes a review of all available historical information and a summary of the previous 
site characterization data. The information that follows in Section 2 is a compilation of data 
resuIting fiom the Historical Site Assessment. Section 3 summarizes site characterization activities 
after site closure. Section 4 provides an evaluation of the historical dab and the cham&mab on 
data Section 5 provides a summary of the findhgs from the radiological evaluation. 

. .  



_____- 

Radioloeical Evaluation of m e  Breckridee Disoosd Site 

2.0 HISTORICAL SITE ASSESSMENT 

The informati00 that follows in Section 2 is a compilation of data resulting fim the Historical Site 
Assessment (HSA) of the Disposal Site. The HSA generally consisted of accumulating and 
reviewing all available historical documents (Le. prior to the late 1990s) regarding the Disposal 
Site for informatioa pertinent to a radiological evaluation. The historical documeots were believed 
at the ollset to MI ioto two time periods: 

0 

0 

The active manufacturing and disposal period in the 1960s and early 1970s 
The investigation of the Disposal Site by the NRC in the early 1980s (Oak Ridge evaluation 
performed in conjunction with the dosure of the plant site) 

The historical documents were reviewed to better determine the type, quantity, activity, location, 
burial depth, cover soil depth, and any other relevant data associated with the waste material 

2.1 Document Accumulation urd Review Process 

The NRC Public Document Room was contacted via email with a request for a listing of all 
documents pertaining to Liceose No. SMB-0833. Through this quest,  the NRC provided copies 
of all related documents including license requests, radioactive materials licenses, and other related 
documeats. 

NWI requested the original or copies of all active and archived project files regarding the Disposal 
Site from VCC. The files were received by NWI in April 1999. These documents included 
radioactive material licenses, correspandeace to and h State and Federal regulatory agencies 
and inter-ofice co-. NWI ampiled all documents Erom those files from the 1960s and 
early 1970s and sent the infonnatioa to NES for review. NWI also reviewed all of the documents 
from the early 1980s. Except for a July, 1982 final report by Oak Ridge Associated Universities 
and directly associated correspondenct, all of the doauneats &om this time period pertained to the 
closure and dismantling of the main plant site a d  did not provide any significant information 
regarding the Disposal Site. No documents from any other time perion were present. 

A repmtatjve h m N W I  reviewed the public record files regarding the Disposal Site attkNRC 
Regianal office in Lisle, Illinois 01) June 14, 1999. 7he public record files were compared against 
the documents previously compiled 6-om the Public Document Room and the NWI files. No 
addi t id  relevant documents were obtabed during this review. 

The fonner MCC waste control Cngiaeer was cuntacted and i n t e r v i e w e d  to a#empt to VenfL 
idimmtion huxl during the doameat review and to attempt to fill data "gaps". The interview 
occurred 011 August 9,1999 and August 19,1999 (Lincoln 1999). 

2.2 Source M a M  Liceme Summary 

Early records show that in January 1961, MCC had requested that the Atomic Energy Commissioa 
(AEC) grant a license so that MCC could store d t e  s8nd at tbe St. Louis, Michigan site 
(MCC l%l). The d t e  was eva~tually to be used for its rare earth metal coateat. Tbc AEC 
granted a possession license to store and study the monazite uader AEC License STC-76 in 
February 1961 (AEC 1961). In May of 1965, MCC applied fbr a Source Materid License to 
d u d  laboratory and pilot plant studies for a rare earth extradim facility (MCC 1965). Later 

44 Shelter Rock Road, Danbury, CT 06810 
S C X W Z Z H  NES. Inc, 3060-002.doc 

wm 
Page 6 of 34 



Radiologicnl Evaluation t,, the Breckeoridge Disposal Site 

that month, the AEC granted such a license, License Number STC-833 (AEC 1965a), which 
allowed the possession of up to 2,250 pounds of feedstock. This license was amended in November 
of 1965 to allow the possession of 50 pounds of thorium and the processing of 15 pounds of 
thorium mtained in rare earth feedstocks for additional laboratory and pilot plant studies (AEC 
1965b). In September of 1966, MCC requested a license amendment to construct and operate a 
plant to process yttrium (a rare metal) bearing feeds. A license amendment allowing 700 
pounds of utanium and thorium was granted in November of 1966. At this time, the License 
number desigdoa changed to SMB-0833 (AEC 1966). In November of 1968, the AEC granted a 
license renewal to MCC and increased allowable quantities to 2000 pounds of uranium and 
thorium (AEC 1968). This amended license was in place until April of 1971, when it was 
terminated(AEC 1971). 

2.3 Waste Generation Process 

The waste disposed at the Disposal Site was a single waste stream (i.e. a filter cake) that was 
generated b m  the rare earth extradon process at the former MCC main plant site in St. Louis. 
?he filter cake was composed primarily of diatomaceous earth, calcium hydroxide and other metal 

. hydroxides (Lincoln 1999). 

Tbe details of the rare earth extradioa processes (including uranium and thorium removal) was 
provided in a letter from MCC to the AEC in 1966 (MCC 1966), which was in reference to a 
license amendment. ?be following is taken directly from that letter. 

"The presence of tborium and uranium is undesirable in feed materials accmiingly it will 
be nectssary for us WCC] to remove the thorium and uranium befbre Canying out hrther 
processing of the feed material. The thorium will be moved by dissolving the feed 
material in sulfiaric acid under controlled conditions such that thorium does not dissolve. 
Tbe thorium compounds will then be separated h m  the solution by filtration." 

"Uranium will be removed fiom the solution by passing it through an anion exchange 
column to extract the u m y i  sulfate. The uranium will be subsequently leached from the 
columns with a slightly acidified solutioa in a closed circuit. Uranium will be precipitated 
from the eluate by the addition of ammonia. The precipitated ammonia urinate will be 
filtered Tbe wet fltefcake will be drummed and shipped to one of the uranium pn>cessors 
fir purification." 

Two years latcr, in November 1%8, an additianal description'of the rare earth txtradion process is 
provided in a 1- fnwn MCC to the AEC (MCC 1968). In the letter, MCC requested permission 
tocmtinueptocessingofran earth bdstmks containingthoriumandnatural uranium. 'IheThol 
and U& amteats were noted eacb as generally being in the range of 0.1 percent to 0.3 percent but 
it also wted that values as high as one percent would be received occasionally. The memorandum 
stated that thorium and uranium are e s d d l y  removed by praprocesrhg at the vendor's facility 
[ fkhclc  soum included uranium miU tailings and thorium recovery residues (NRC 199611. 'Ibe 

below. 
thorium and uranium that rtmaiDcd was separated fiom the rare earth in the pcocess described 

"Incoming feed concentrate is. leached in acid to dissolve the rare earths. Certain large 
volume, non-rare earth wastes arc precipitated by careful coatrol of leaching conditions. 
Appreciable quantities of thorium and uranium remain in the insoluble cake, which is 

SCIEhTECH N .  Inc., 3060-00tdoc 
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Radiological Evaluation 01 the Breckenridge Disposal Site 

recovered by filtratioa. Tbe cake is washed, packaged, and buried according to AEC 
regulations in a f e n d  burial site [the Disposal Sitel." 

"The rare earths and any soluble thorium and uranium are ktther separated by solvent 
extradim techniques. This produces a fi-action rich in yttrium and a waste fixtion that 
contaitls most of the uranium and thorium. Uranium is removed from the product fradion 
by anion exchange." 

The memorandum also notes that the solid waste was handled and packaged wet to prevent dust 
problems. It was noted that the "solids are sticky and should not provide dust problem under 
normal atmosphere drying." Dr. G. Hoyt Whipple, a certified health physicist who was employed 
by the University of Michigan a! the time, provided radiological safety oversight for MCC's 
actraCtion process which he helped design. 

According to MCC's firmer waste control engineer, nearly all of the feedstock came from a 
byproduct of uranium extraction processes in Canada. The uranium extraction process resulted in 
two streams. One of the streams was a precipitated "yellow cake," which contained high 
concentratioas of uranium. The other stream was the byproduct of the extradion process known 
as "green liquor". The rare earth materials were precipitated from the "green liquor". Tbe 
precipitate fiom the " p e a  liquor" was drc primary feedstock for MCCs care earth extraction 
process (Liih 1999). 

Yttrium was the major rare earth material that resulted from the MCC extraction .process. It was 
used as a phosphor for color televisii and to produce synthetic diamonds and crystals that were 
used in various electronic devices (Lincoln 1999). 

2.4 Regulatory Compliance Overview 

Memorandums and ktes 6om within MCC and external to MCC indicate that the Disposal Site 
was operated inaccordaacc with the regulations that were in place at the time. The regulation that 
provided requirements fix radioadive material burial was the U.S. Code of Federal Regulations, 
Title 10, Part 20, Paragraph 20.304, "Disposal by burial in soil." This regulation has specific 
requktmts OII total amount of buried material (including total number of burials per year), burial 
depth, a d  spacing of buried material (AEC 1969). In all hewed documents, MCC appeared to 
bc completely adhtriag to all of the quirements. Several communications, including NRC 
inspection reports, echo this conclusion. 

h a  memorandum from the AEC to MCC in July of 1968, the AEC noted that it had finished its 
inspection of MCC and that no itan of Wacampliance was fibund (AEC 1968a). Fonn AEC-591, 
Inspection F- and Licensee Aclmowledgemeut, dated June 27,1968 was attached to this 
meanorandumandrestattdthefindinns. 

~ ~ C H N ~ ,  Inc,  
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Two years later, in an i n t e r d i c e  memorandum (P. Lincoln to W. Martin), the MCC waste control 
engineer notes that the AEC had conducted an inspection of MCC records on feed plant operationS 
and disposaI of radioactive materials (MCC 1970). The memorandum includes an attachment 
(form AEC-591) of the Inspedion Findings ami Licensee Acbdedgmmt. The attachmat 
reconfirms the 1968 fin- - "no item of noncompliance was found." 

In August 1972, Michigan's Deparfment of Public Health requested that MCC provide information 
about its stored and or buried radioactive material (Michigan 1972a). In its response, MCC noted 
that the Disposal Site's final burial was in March of 1970 and that solid wastes were buried in 
accordance with AEC regulations for depth, cover layer, and water table (MCC 1972b). 

The former MCC waste control engineer noted also that burial operatioas were monitored by either 
a maintenance engineer or the waste control engineer to ensure proper waste disposal (Lincdn 
1999). 

In the Oak Ridge Report on the Disposal Site (ORAU 1982, Report discussed in Section 2.7), the 
individual who performea the burials and was interviewed indicated that the trenches were 
excavated with a backhoe to a minimum depth of approximately 2.8 meters (9 feet) and covered 
with an overburden of 1.2 meters (4 feet). 

The Oak Ridge Report also included analysis of the Bredumidge Property using ground- 
peaetrating radar. The exad locations of the burial t r e u h  were not defermined using this 
te&mlogy; bowever, the depth of the subsurface disturbances ranged &om about 1.2 meters 

probably buried m bulk rather than in metal containers, as suggested by the lack of buried d c  
objects. This information, however, is not consistent with statemcats made by MCC's former waste 
control engineer (see Section 2.5), who stated that the filtercake material was disposed in 
fiberboard drums with a metal top, bottom, and ring clamp (1Lih 1999). 

(about 4 feet) to 3 meters (about 10 feet). Tbe report also noted that the waste material was 

2.5 Quantity and Activity of Buried Material 

In a let& h n  MCC to the Michigan Department of Public Health, the MCC waste cmtrol 
eaghcer (P Lincda) clearly &scribes the Disposal Site andthe wastes contaiaed therein (MCC 
1972b). In this letter, a iegal desaiption ofthe Bre&ddge Property is proded along with 
quantities and associated radioactivity of wastes buried at the Disposal Site. This docwnent 
appears to mtain the most definitive information on the buried material at the Disposal Site. The 
krmer waste c4mtrol engineer indicated that the filtercake was placed ia lined pressed-paper 
(fiberboard) drums with steel tops and steel bo#oms fbr disposal, and that each drum was weighed 
after it was filled. The weight totas in the document were calculated fiom the sum ofthc weights 
of thc individual dmns (Lincoln 1999). "'he document was written m 1972, the year after the 

below.Tbe 
units used in Table 2.3 and Table 2.4 are picocuries per gram (pCi/gm). 
closure oftbe St. Louis processing C i t y .  The data in the document is summanzed * 
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Radiological Evaluation ot the Breckenridge Disposal Site 

Activitv Measurements at the Surface 

To select a location for cote sampling within each gxid, a hdium 2220 with a 44-9 pancake probe 
was used to scan the selected grid locations. Every other grid was scanned for sampling in the 
northern third of the site (Rows 1 - 6) where radioadive material was not expected, based on site 
history. Begintung with Row 7, each grid was scanned. Scanning consisted of keeping the detector 
as close to the ground as possible and moving it back and forth in a serpentine motion while 
walking over the surface at a speed of about 0.5 meters per second. During scanning, areas of 
elevated activity were noted by changes in the audible signal €tom the survey meter. Five l-minute 
counts were taken within each grid and the highest reading logged. This location was marked with 
spray paint as a guide for core sampling. Figure 4 shows the surface scan map with the highest 
reading in each grid. Readings are in gross counts per minute (cpm). A core location map is shown 
in Figure 5 with the marking indicating the approximate sampling location within eacb grid. 

Downhole Activity Measurements 

To further verify the quantity of radioactive materials present and upon suggestion from the NRC, 
&amma radiation levels were recorded i t  a depth between about 4 arrd 5 fieet within each core 
location. Levels were measured in cpm using a Ludlum 2220 with a SPA-3 Sodium Iodide probe. 
Upon removingthe drill augerfrommanycore locations after sampling down to 8 feet, one to six 
inches of water was observed in the bottom of the borehdc. To avoid submerging the detector the 
bo#om of the boreholes wete not surveyed. 

Soil Samde Collection and Analvsis 

During the surface scan survey, locations were identified within each grid for core sampling. Tbe 
area was then scanned with a metal detector in an &I-& to avoid drilling into areas that may 
contain metal objects near the surface. Samples were collected using standard split spoon samplmg 
techniques utilizing a diesel powered, truck mounted, hollow stem auger, drill rig. The hollow stem 
auger was fitted with 2-inch diameter by 2-fod long spoons containing plastic liners. The volume 
of material collected in the 2-foat liner was capped on both ends and used as one sample. Upon 
split spoon openin& the samples were field screened using a Ludlum 2220 with a 44-9 probe and 
the outsides of the l i  wex decontaminated. Emptied split spoons we= cleaned between each 
sample and drill augers rn scannd before moving to the nad grid. If elevated activity was 
present, the augers wtre st aside far decontamination. Samples were taken at increments O f 2 M  
below the surfaceto a&pthof 8 fect. I f e l d  readrngs were evident, anadditional sample was 
takenatadepthof 10- Sampleswerelabeledmnedm4y with the alphanumeric grid location, 
A-1. followed by a second number representiog the a m  depth, A-1-3 (1=2', 2 4 ' ,  3=6',4=8', etc.). 

3.3 Survey Results (except soil sampling) 

The fillowing infomtim describes tht results of the radiological measurements used to COndcLd 

to characterize natural backgrouad in the area. 'Ibe historical data and survey results support the 
the Brcckenridge Property 'on. The northem four rows (1-4) of the property were used 

desiguatim of this area as dd. Based on the soil activity measurements, the affected area at 
the Brecbuidge Property is identified (a posteriori) as quadrants A 4  through A-18, A-20, B-7 
through B-20, C-7 and C-11, which is approximately the southern two-thirds of the pmperty. The 
noted affeded area is the defined area of the Disposal Site. 
k) 

' 
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Radiologid Evaluation ot tee Breckenridge Disposal Site 

Tbe results of the l-meter dose rate measurements are posted on Figure 3. The background dose 
rate ranged from 2-10 microR/hr. For comparative purposes, background was noted at the higher 
portion of the background m ~ p r o x i m a t e l y  10 microR/hr. Dose rates in the affected area 
mge betweea 10-35 micmlUhr. The only location found to be reading more than 10 microIUhr 
above the designated background was at grid location A- 1 2. 

Adivitv Measurements at the Surface 

The results of the direct surface activity measurements are shown on Figure 4. Readings ranged 
from about 80 to 300 cpm (sross counts including background) in the southern two-thirds of the 
property. B a c k g r d  for the property was approximately 50 counts per minute. 
Downhole Activitv Measurements 

Results of the downhole activity survey are depicted in Figure 6. Backgrwnd gamma radiation 
levels were approximately 2000 cpm for the property. Readings in the southern two-thirds of the 
property range from background up to 30,000 cpm. Elevated downhole readings are generally 
apparent where soil sample analysis also indicated elevated activity; however, since the distribution 
of the radioactive materials is not uniform, there is no consistent mathematical oorrelation betwten 
thetwo sets of data. 

I 

soil SamD le C0llect.1 .on and Analvsis 

Details of the soil sample d y s i s  and interpretation of the data results is provided in sedioa -3.4. 
In addition, fill analytical back up data (approximately 2000 pages) is a d a b l e  and has been 
provided previously to the NRC (Paragon 1998). 

3.4 Soil Andytical Process and Results 

For analytid seMces, NES transferred the Breckenridge soil samples to a laboratory that 
specializes in gamma specttoscopy, Paragon Analytics, Inc., located in Fort Collins, Colorado. 
Paragon performed gamma spectroscopy analyses of 229 soil samples and two sediment samples 
from the Bnxkendge Property. Paragon prepared the Breckearidge samples to attain a standard 
geometry and then counted the samples h r  a minimum of thirty minutes. The following 
mnmarks tbe soil sampling campaign and the results of the Paragon analyses. 

Paragcm analyzed 229 soil samples and 2 sediment samples for the following isdopes: 

Th-228 
Th-232 
u-235 
U-23% 
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Radiological Evaluation 01 rbe Breckearidge Disposal Site 

The most abundant gamma emissions of Pb-212, Tl-208, and Bi-212 were used to determine the 
quantity of Th-228. Th-232 was quantified by measuring the emissions of its decay daughter - Ac- 
228. The accuracy of the results depends on the equilibrium conditions between the measured 
nuclides and the nuclides of inkrest. Because of its very long half-life (1.4 E 10 years), Th-232 is 
the activity-wntrolhg radionuclide in its own decay chain. There is very good agreement between 
the calculated activity of Th-228 and Th-232; therefore, secular equilibrium between Th-232 and 
its decay progeny is implied. Since the calculated values of Th-228 and Th-232 activity are 
indications of the same Th-232 decay chain, only the highest of the two values is used. 

Uranium-238 was quantified through measurement of its decay daughters, Th-234 and Pa-234m. 
This approach assumes that U-238 is in secular equilibrium with Th-234. U-235 is quantified 
directly from its OWTI gamma emissions. Since U-235 and U-238 exist in separate decay chains, 
their associated activity is added. As a quality assurance measure and as a method to validate 
equilibrium assumptions, six samples with positive U-238 results were subjected to alpha 
spectmmpy to directly measuce the U-235 and U-238 activities. The results of the comparison are 
provided discussed & d e r  in the Survey Quality Assurance S d o n  below. 

. Of the 229 soil samples analyzed from the Breckenridge Property, 46 were used for b a c k p u d  
analysis, 122 samples were indicative of activity levels in the designated afFkctd area, and 61 
samples were found to have activities at or below background levels and were outside of the 
affeded area. All of the analytical data fiom the soil sample analysis is provided in Attachment 3. 
A#achment 4 provides a review of the background analytical approach and Attachment 5 provides 
a statistical analysis of the soil samplii dab. 

All of the soil samples taken in rows 1,2,3 and 4 were chosen to represent background. These 
include 46 individual samples and associated‘analyses. ”’he selection of background sample points 
is thought to be appropriate since there is no evidence to suggest that waste material was buried in 
these locations. 

Thorium BaC keround 

The radiological data supports the supposition that the chosen bdcgrod  atea is not affected. 
Typical Th-232 cmceatration values range from about 0.5 to 1.6 pCigm within the U.S. Tbe 
average Tb-232 COIlcentration in this background area that was in the detectable activity range was 
about 0.76 pCi(gm. 

The vetdor supplying the soil and sediment sample analysis used gamma spectroscopy equipment 
with pIotocols that reported in ‘“less than minimum dekdabk activity (MDA)” values for very 
low-level activity. Ideally, sample results would have been reported entirely ushg actual results of 
the analytical process. Since the subsurface soil analyses were reported, in many cases, US@ ”C 
MDA dues,” three approaches were evaluated fbr the determination of background levels of 
thorium. One approach rtplaccd thc nondded values with ztm. Another approach used the 
reported MDAvaluesas a d d s .  A final approach, which is theone that was used, substitutedore 
baIfofthe teported MDA values foo lKHLdetects gable 3.1). Tbe approach established in Table 3.1 
(substituting one-haE of the reported MDA values as actual values) appeared to strike a 
satisfadory balance between the othet two approaches and was deemed suitable. 
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Radiological Evaluation or the Breckearidge Disposal Site 

Table 3.1 - Background Analysis Using One-Half of MDA Values 
as Actual Values -pCi/gm (selected method)c' 

0.52 0.3 1 
0.2 1 0.27 

IMean + 2( u )[criteria] 1 0.95 1 0.96 1 
Uranium Backmound 

Using the Paragon data, it is ~ Q J  possible to determine the exact background concentraticxls of 
naturally occurring uranium isdopes since all background area measurements were below the 
process' detection limit for uranium. Using one-half of the reported MDA values as actual values 
(similar approach as that used in Table 3. l), the following data is derived (Table 3.2). 

Table 3.2 - Uranium Background Analysis Using 
OnoHalf of MDA Values as Actual Values - pagm'' 

I 11 J-235 lu-238 I 

deviation(a) 10.18 10s 1 
10.69 11.98 

The average MDA in the background area was 1.9 pCi/gm. Typical U-238 concentration values 
range from about 0.6 to 1.7 pCi/gm within the United States (values derived from Table 8.1 of 
NRC 1998). The mean established in Table 3.2 for U-238 satisfactorily W s  into this range. 

Determination Of Affeded Area 

Substituting one-half ofthe reported MDA values as actual values (T'able 3. l), the mean plus two 
whichareasare"affbded" times the staadard deviation was used as the crite!ria for detemmq 

reside within the artabounded by +/- 2 standard deviations of the mean. If measured values 
exceeded e i k  the Th-232 or the Th-228 Table 3.1 criteria, the quadrant was deemed to be 
affected. Using this approach, the af€kted area was identified as quadrants A-6 through A-18, A- 
20, B-7 through B-20, C-7 and C-ll  (&e Figure 7). There is one outlier using this approach. This 

activity is 0.05 pCi/gm over the criteria of 0.95 pCi/gm but is well below three standard deviations 
of the background mean (value at whicb >W% ofthe backgroucui population is expeckd to reside) 
establishedinTable 3.1. In additionthedif€emccbetweenth repottedvalueandthcri~ is not 
significant in regards to the calculated accuracy of the measurement (+/- 0.42 pcigm). Because of 
its marginal activity, location C-15-3 and its associated quadrant (C-15) were excluded from the 
affected area. 

. .  
with regard to thorium activity. Nw-five percent ofnatural background values ale expeded to 

OCCUIS at sampte locatioa C-15-3 where tbe reported Th-228 activity is 1.00 pCi/gm. 'Ibis level Of 
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Radiological Evduation 01 the Breckeoridge Disposd Site 

@2 ft 2 4 f t  4-6ft 6-8ft 8-10 ft 
n samplu 30 30 30 30 2 
T h O r i U l U  5% 4% 72% 19% 1% 

, Uranium 22% 26% ' 18% 34% 0% 

All but two of the quadrants in the 30quadrant affected area contain some measure of thorium 
activity above the established criteria (Table 3.1 Mean plus 2a). The two quadrants that did not 
contain activity above the noted criteria (A-10 and €3-10) are included in the affected since these 
quadrants were cefltrauy located within the af€ieded area. All positive (detectable) measurements of 
uranium are included within the &fined affected area. The depth of the af€ected area is eight feet 
except at B-7, and at B-11. The depth at these locations has been extended to 10 feet because 
elevated activity was detected during the sample colledion process and sample analysis indicated 
activity greater that the established criteria. 

Sediment SamDle Results 

Two samples were taken from the sediments in Bush Creek, which runs nearly parallel to the 
Breckenridge Property's eastern bouod;uy. The results of the sediment analysis showed no 
radioactivity greater than background levels. 

'Ihorium Activitv Found 

* Out of the 122 Soil samples analyzed from the affected area, 57 Samples showed thorium activity 
above background levels. The thorium activity ranged fiom levels that were near background to 
about 33 pCi/gm. Tbere was OLE sample location that was a signilicant outlier. This was at 
location A-12-3. Both the A-12-3 &d the A-12-4 sample points were substantially higher that 
anywhere else in the affected area. The thorium radioactivity level there was found to be 1,210 
pCiigm and 287 pCi/gm at A-12-3 and A-12-4 respectively. 

Uranium Activit~Found 

Out ofthe 122 soil samples analyzed fromthe affected area, only seven indicated the presence of 
uranium d v i t y  above the analytical detection l i t .  The total uranium activity ranged fi-om 3 
pCi/gm to 83 pCi/gm. 

Deoth Profile 

Using the data from Attachment 5, the following depth profile is developed for ?he Disposal Site: 

Table 3 3  - Activity Depth Profile 

The thorium infbrmation has much greater statktical significance and, therefore,' is a better 
indicatim of spatial distribution since only men sample'points wece found to contain elevated 
levels of u k u m .  It should be noted that the high activity noted at sample location A-12-3 skews 
the depth profile considerably. 
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Radiological Evaluation of the BlPckenridge Disposal Site 

Data Irreaularities 

In all, 229 soil samples were analyzed. In addition, two sediment samples were evaluated. In the 
data detahg the sample results, there are two samples noted as B- 12-3. The data also showed 
that sample B-16-2 was missing. Since this was probably a transcription error, B-16-2 was 
assigned the higher ofthe two B-12-3 values since it had the higher down-hole reading. 

The data also strowed two A-1 1-2 samples aod a missing A 4 2  @ackground) sample. The highest 
reading was assigned to the A-11-2 sample location. The lower of the two readings was 
disregarded. Tbe data fiom sample A-18-2 was missing. Tbe highesf of the other three 
measurements taken at location A-18 (A-18-1) was used in lieu of the missing A-18-2 data. 

Source Term Development 

The 30quadrant afbcted area was identified as quadrants A 4  through A-18, A-20, B-7 through 
€3-20, C-7 and C-1 1 with a depth of eight feet except at B-7 and at B-11, which was noted as b e i i  
at a depth of 10 feet. nK volume of the defined affected area is about 7500 cubic meters. 

Even though the NES sampling campaign involved the measurement of 231 samples, tbe limited 
quantity of buried filtercake presents unique analytical circumstanceS. Because the quantity of 
buried material only represents about 8/lOths of a percent of the volume of the &d area 
(derivation ia Table 4.1), only a very small portion of the Disposal Site contaiols significant 
amounts of radioactive Contaminants. In the absence of solid historical i n f o d o n ,  an approach 
similar to the one used in Table 3.4 and Table 3.5 would be necessaty to develop an inventory of 
radiological material. Because the inventory shown below was calculated using biased data (i.e. 
brings and soil Samples were performed at locatioos of highest surface readmgs within the grid), 
the calculated inventory is also skewed high and should be considered an upper bound to the actual 
inventory. As discussed in Section 5,  the data from past operations is believed to be more accurate 
and representative of the Disposal Site’s actual radioactive source inventory because of the 
inhomogeneous nature of the contaminants within the Disposal Site and the availability of 
historical operatiod documents. 

Tabk 3;4 - Calculated Total Thorium Invcntoy Using Soil Samples 
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Radiological Evaluation of the B m k e a n d g e  Disposal Site 

Average 
UraniUm 
@Ci/gm) 

2.00 

Table 3.5 - Calculated Total Uranium Inventory Using Soil Samples 

Quantityof gnl/cfi? Calculated 
soil Number (Defaultvalue m i C d e /  Total 

Represented of used in crn3/m3 picoauie uranium 
by =tl samples* ResRad) Activity in 

sample(m3 Af€ectedArea 
(micnrmries) 

61 122 1.5 1E+O6 1E-06 22,000 

* Note - One sample, A-18-2 was missing and the specific activity for that sample point was 
estimated (sat data irregularities section). 

Survey Oualitv Assurance 

Charackrizatim activities at tbc Breckenridge Property were p e r f o d  in accordance with the 
NES Quality Assurance Manual (NES 1997). Upon receipt of field radiological instruments, 

daily. FieId radiological equipment data cafl be found in Attachment 1. 
calibration certificates were reviewed. In addition, hstmmen t response check we= performed 

’ 

Quality assurance methods used as part Of the gamma spectroscopy analytical method are detailed 
in the gamma spectroscopy results (Paragon 1998). The methods include: calibration using a NIST 

source check using a source with a broad energy spectrum; regular blank measurements, and 
regular duplicate analyses. 

traceable source in the appropriate counting geometry (for Breckenridge samples); daily instrUmen t 

As an additional quality assurance measure and as a method to validate equilibrium assumptions, 
six samples with positive uranium-238 results were subjected to alpha spectroscopy to directly 
measure the uranium-235 and uranium-238 activities. The uranium analysis using alpha 
spedroscovy is c o r n p a f e d  with the analysis using gamma spectroscopy in Attachmeat 2. Overall, 
the comparison shows that the gamma spectroscopy (used in the source tern development) 
over estimates the activity of uranium by about 27%, which is conservative. The results also show 
tbat U-238 and U-234 are in secular equilibrium. ?his validatts the use of Th-234 a d  Pa-234m as 
prqmr indicators of U-238 activity (see Attachment 2). The probable reasons for the difFkrences 
between the gamma and alpha spectrascopy are o u t l i i  in a memorandum h m  Paragon 
Analytics spectroscopist, Bob Shannon. This tlbemo is included in Attachment 2. 

U 

The following, measufements were taken &om permanent structures within the Breckemidge 
Property. nke inst~~ctions presented below (also see Figure 2) will allow accurate reproduction of . .  tbe property grid used during the chamkm& on. 
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Radiological Evaluation at rbe Breckearidge Disposal Site 

Grid point DI: 

Grid point D3: 

Grid point B2: 

Grid point B3: 

To relocate D1, begin at the NE wrner of the property inside the fence. 
Step down to the first fence pole on the east face. With a long tape 
measure, form a straight line with tbe base of the pole and the base of the 
beat cast iron rod in tbc middle of tbe northern third of the Disposal Site. 
At 25 feet 6 inches firom the fence online between these two points, place a 
marker (flag). This is the intersection of Column D and Row 1 of the site 
grid. 

To relocate D3, begii at the NE wmer of the property inside the fence. 
Step down to the ninth fence pole on the east fence. With a long tape 
measure, form a straight line with the base of the pole and the base of the 
beat cast iron rod in the middle of the nortbera third of the property. At 22 
feet from& fence d i n e  between these two points, place a marker (flag). 
This is the intersection of Column D and Row 3 of the property grid. 

To relocate B2, begin at the NW corner of the property inside the fence. 
Step down to the third fence pole on the north fence. With a long tape 
measure, f m  a stmght line with the base ofthe pole and the base ofthe 
bent cast iron rod in the middle ofthe northem third of the property. At 68 
feet from the fence d i n e  between these two points, place a marker (flag). 
This is the intersectioll of Column B and Row 2 of the property grid. 

To relocate B3, begin at the NW corner of the property inside the fetace. 
Step down to the sixth fence pole on the east fence. With a long tape 
measure, form a straight line with the base of the pole and the base of the 
bent cast iron rod in the middle of the northern third of the property. At 68 
ft.d from the fence online between these two points, place a marker (flag). 
This is the intersection of Column B and Row 3 of the property grid. 

3.5 Radiological Protection Practices used During Characterization 

The following paragraphs highlight some of the radiological control practices used by NES during 
the field investigation of the Breckenridge Ptoperty. 

Radiolonical Work Permits (RWPs) 

An RWP, gmming all surveying and sampling tasks, was completed for the Breckenridge 
Property. Thc RWP provided the mtr& to ensure thc work was accomplished in a radiologically 
safe manner while maintaining personnel radiation exposure as low as was feasonably achievable 
(-1. 
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Radiological Evduntioa OI the Breskeondge Disposal Site 

Contamination Control 

All NES personuel working at the Disposal Site were trained as radiation workers in accordance 
with 10 CFR 19.12. Workers were briefed on a daily basis about the facility conditions. 
Engmeering controls was utilized to contain contamhation. Personal protective equipment was 
worn as stated in the RWP. Thk included bard hats, safety glasses, latex gloves with cotton l k r s ,  
work bods, and plastic shoe covers. All equipment and personnel were surveyed upon leaving the 
controlled area. 

Personnel Monitorinn and Protection 

All NES personael, including the drilling contractors, participated in a bioassay program including 
baseline in-vitro examiaatiOn (i.e., urinalysis) at the start of work and again upon completiOn of the 
project. Results show that the maximum total ef€ect& dose equivdeat (TEDE) received during tbe 
characterizatioa was 0.4 millirem. Air samples were also taken cOntinuously during 
chamderizatioa activities and d y d  on a daily basis to ensure permissible limits were not 
excseded. 
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Radioloeical Evaluation o k  the Brcckenridge DisDosd Site 

4.0 RADIOLOGICAL EVALUATION 

The following section provides an evaluation of the Disposal Site radioactivity based on historical 
information and on characterization data provided in this report. 

4.1 Thorium Evaluation 

It is believed that the specific activity for the filtercake from the Tracerlab report (Tracerlab 
1967a) is relatively accurate. There are several issues that lead to this conclusion. 

As nded in Section 2.5, in an AEC license application letter (MCC 1965), MCC noted that the 
expected filtercake water content would be about 60% (With 40% solids). The letter goes on to 
state that this is generally the same proportion of liquid to solids that is seen in the feedstock. This 
iafozmation shows that the f d k  and the filtercake were similar in physical form. 

Ifthe speci6c activity, taken from the Traceriab report, is used to calmSate the -on of thorium 
in the relatively wet feedstocks, the derived value is about 0.09 % ThOz. This value is in fairly 
good agreement with data used in the November 1968 MCC letter to the AEC (MCC 1968), which 
states that the content ofthe feedstocks were noted as gemrally being in the range of 0.1 
percent to 0.3 perceat. Although this letter and the respective license amendment do not specifically 
state that the noted M o n s  are in terms of wet weight, it is implied. In addition, previous 
documents (MCC 1965, AEC 1965a) explicitly state that fractions used are in terms of wet weight. 
The thorium M o n s  used in these documents are in line with the vaIues used in the 1968 MCC 
letter where the 0.1 to 0.3 percent values are also noted. 

' 

The cuncentdon values of the feedstocks used by MCC appear to be relatively accurate; 
therefore, it is reasonable to believe that the filtercake concentcafion values were also relatively 
accurate because of their similar physical form. In addition, even though the activity balances, 
shown in Table 2.5, are obviously iacorrect on an overall basis, the &tion of thorium activity 
that partitions off to the filtercake (about 85%) appears to be reasonable. Initial licensing 
documeats from MCC noted that mo? of the thorium would be precipitated out in the filtercake. 
This again suggests relative accuracy in the reported thorium concentration values used for the 
feedstock and the filtercake. 

The data suggests that specific activity values for thorium in filtercake were m y  srccurate and 
were reported and used in terms of wet weight. The MCC report to the State of Michigan (MCC 
1972) states that 60,830 microcuries of thorium were contained in 303,174 pounds of wet 
fi)tercake that was disposed of at the Disposal Site. This corresponds to 1105 picocuries per gram 
of thorium on a dry weight basis. Tbc sampling done by Oak Ridge, the NRC, and NES was 
reported in terms of dry weight. When thorium activity was noted, the specific activity values seen 
in these surveys wm much lower than 1105 picocuries per gram. This may be attributable to the 
mixing of clean soil with the filtercake within the analytical sample. 
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Radiological Evaluation ox the Breckenridge Disposal Site 

vo~ume~f Weigbtd knsityof gramsper cm3perm3 ~o~umcof 
AfFected Filtercake Filtercake pound Filtercake 

Area (Iw Wm’) (m3 

7500 m3 303,174 2.36 454 1E6 . 58.3 

When the filtercake is viewed in t e r n  of volume, assuming that the material has roughly the 
density of concrete (2.36 grams per cubic centimeter), only about %/lOths of one percent of the 
volume Within the NESdehed affected area (7500 cubic meters) coatains the filtercake (Table 
4.1). Of the 122 samples taken by NES in the defined afF& area, theoretically, only a single 
sample point would be a sample directly of the filtercake material. In fkd, it appears hat only one 
of the samplmg boreholes actually sampled tbe filtercake completely. Activity at this borehole (grid 
point A-12) was 1210 picocuries per gram at the 4’4’  depth. This correlates well with the buried 
material’s activity, which was derived from the MCC report (1 105 picocuries per gram). 

volume 
Fractionof 
Filtercake 
inaffcctod 

* a r e a  
.008 

Table 4.1 - Fractional Volume of Filtercake in Disposal Site 

The historid records appear to be the best indication of the buried radioactivity. In addition, the 
records appear to be feasonably accurate when compared and anal+ against the present-day 
survey data. Based on this deductim the tdal thorium activity provided in the MCC report to 
Michigan in 1972 (MCC 1972) is presumed to be best indicator of the Disposal Site’s actual 
thorium content. This value is 60,830 microcuries of total thorium. 

4.2 Uranium Evaluation 

The survey results also reveal that uranium was not always present in the filtercake. Only about 12 
percent of the NES samples, which contained thorium activity (2 1 pCi/gm), as0 COIltaiLLed 
uranium activity. Conversely, when uranium activity was seen, Msying proportions of thorium 
activity were present. 

The vatiadion in uranium concentration could have resulted fiwn variations in feedstock uranium 
umcentraticm or could have stemmed h m  varying lwels of solubility of the uranium canpourxis 
within the extractiOn process. The MCC historical documents suggest that the uranium corn@ 
could be quite soluble. A 1966 MCC letter rides that “uranium will be removed from the solution 
by passing it through an anion exchangc column” (MCC 1966). In the T d a b  Activity Report 
(Tracerlab 1%7a), the concentration values provided showed that, ofthe uranium compounds in 
the incanhg kxkock, 99.PA of the activity was in the fbrm of soluble compounds. Tbe 
rtmaining 0.1% was found to be insoluble. The Tracerlab does not make reference to the nature of 
solution by which the solubility is gauged. 

This letter also notes that the uranium, which was later leached fmm ion exchange columns (fix 
regenemtion purposes), was subsequently transferred to uranium processors. This also suggests 
that a significant portion of the uranium activity in the process’ initial kdstock did indeed 
partition off into the liquid phase of the extraction process and was subsequently moved by the 
ion exchange columns. 
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As described in the previous section on thorium activity, the physical state of the feedstock and the 
filtercake were quite Similar (about 40% solids, 60% Liquids). As with the thorium, the expected 
level of UsOt in the feedstock was about 0.1 to 0.3 percent. The specific activity of the feedstock, 
used by MCC (Tmcerkib 1967a) correlates to about 0.08 percent. Again, this suggests that the 
analytical processes used OII the feedstock had soine level of accuracy and that this accuracy would 
likely have been carried Over to the uranium in the filtercake since their physical makeup was 
similar. As presented in Table 2.6, only a very small fraction of the feedstock's activity padtimed 
off to the filtercake. 

Based on their assumed relative accuracy, the uranium COllcenMion values derived during the 
time of operation along with the values of total deposited uranium activity are assumed to be ~ r l y  
accurate and the best source for evaluating the uranium inventory. The buried total uranium value, 
taka from the MCC report to the State of Michigan (MCC 1972) is 523 microcuries. 
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5.0 CONCLUSIONS 

The historical data suggests that MCC operated the Disposal Site conscientiously and in 
accordance with AEC regulations in place at the time. In addition, the quantities of radioactive 
materials buried at the Disposal Site were documented by MCC during the time of plant operations 
and shortly after the site’s closure. The values that are reported in the MCC historical documeats 
appear to be the best available indication of the buried material’s total activity. These values are as 
follows: 

Totalthorium 60,830 microcuries 
Totaluranium 523 microcuries 

Since MCC appears to have adhered to the regulations that were in place at the time of burial, the 
surface adivity noted by the postclosure surveys is believed to have originated from relatively 
small container breaches during tbe burial process. In addhion, some added activity could have 
been brought to the sudace during the 19% MEC envifonmental sampling activities. 
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ATTACHMENT 1 

BRECKENRIDGE FIELD RADIOLOGICAL, EQUIPMENT 

Table 1 provides a summary of survey instnUnenWbn used during characterization of the 
Breckenridge Site. Daily background measurements were performed prior to use of all instrummts 
during on-site characterization activities. 

Table 1 Survey Instrumentation 

Instrument 

air sampler 

Radiatioainstnrmca ts used during chafaderizatim of the Disposal Site were each calibrated within 
the last year with a NIST traceable source standard. Daily source checks were p e r f o d  011 each 
instnUnent before use with an appropriate NIST traceable mrce (beta- sensitive 
lnstrumeats with a Tc-99 source, dpba seasitive with a Pu-239 source, and gamma sensitive with a 
Cs-137 source). 
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ATTACHMENT 2 (continued) 

Memorandum 



Breckenndge Site 

A-1 2-4 
A-1 3-1 
A-1 3-2 

ATTACH. 3 
SUMMARY OF SOIL SAMPLING DATA 

285.000 287.000 < 6.7 < 23 775 ~ 

7.900 8.400 < 1.1 c 3.8 775 
6.600 6.400 < 1.1 < 3.3 775 

SampleID I Th-228 I Th-232 I U-235 I . U-238 [ Batch# I 
I I I I 

A-1 3-3 I 7.100 

I I I I I I I I 

7.800 1.9 e 5.8 849 

811 3/99 



81 1 3/99 Breckenndge Site ATTACH. 3 
SUMMARY OF SOIL SAMPLING DATA 

Page 2 of 5 



Breckenridge Site ATTACH. 3 
SUMMARY OF SOIL SAMPLING DATA 

a11 3/99 
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Breckenndge Site 

C-13-1 
C-13-2 

GI34 
C-14-1 
C-14-2 

G13-3 

AlTACH. 3 
SUMMARY OF SOIL SAMPLING DATA 

0.630 0.950 C.66 4 . 9  775 
0.550 0,440 < 0.34 0.92 849 
0.600 0.540 e.25 a 4  399 
0.590 a? <.n 4 . 7  775 
c 0.29 < 0.91 < 0.86 2.5 849 
<. 35 <.94 c l  c2.7 775 

811 3/99 

c-14-3 0.700 1 < 0.50 1 < 0.55 I c 1.5 I 849 1 
c-14-4 

Page4of 5 

0.710 I 0.940 I C.36 I 4 . 1  775 



Breckenridge Site 

Creek 0 
Creek U 

ATTACH. 3 
SUMMARY OF SOIL SAMPLING DATA 

I 

c.18 <.4 <.41 d .5  775 
<.19 c.49 , c.67 4 . 7  L 775 

81 13/99 
\ 
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Breckenridge Site 

Non-Detecki Are Replace by One-Half the Reported MDA 

Th-228 Th-232 U-23 5 Sample ID 

ATTACH. 4 
BACKGROUND DATA 

U-238 

1 I I I I 

81 13/99 

P a g e l d l  



Breckenridge Disposal Site ATTAC 
DATA ANALYSIS OF .ECTED AREA 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

Sample ID 

A 6 1  
A 6 2  
A-6-3 
A-6-4 
A-7-1 
A-7-2 
A-7-3 
A-7-4 
A-8-1 
A-8-2 
A-8-3 
A-84 
A-9- 1 
A-9-2 
A-9-3 
A-94 
A-10-1 
A- 10-2 
A-10-3 
A-10-4 
A-11-1 
A-11-2 
A-1 1-3 
A-1 1-4 
A-12-1 
A-12-2 
A-12-3 
A-124 
A-13-1 
A-1 3-2 
A-1 3-3 
A - I 3 4  
A-14-1 
A-14-2 
A-14-3 
A-144 
A-151 

Th-228 

0.8 IO 
0.650 
0.620 
I .060 
0.870 
0.000 
0.900 
0.410 
1.370 
0.810 
0.600 
0.670 
1.100 
0.930 
0.450 
0.670 
0.550 
O.Oo0 
0.470 
0.340 
0.860 
1.600 
0.490 
0.490 
1.190 
5.170 

I180.000 
285.000 
7.900 
6.600 
7.100 
1.1 10 
1.990 
0.440 
O.OO0 
0.4 IO 
I .090 

minus bkgd 
0.53 

0.280 
0. I20 
0.090 
0.530 
0.340 
-0.530 
0.370 
-0.120 
0.840 
0.280 
0.070 
0.140 
0.570 
0.400 
-0.080 
0.140 
0.020 
-0.530 
-0.060 

0.330 
1.070 
-0.040 
-0.040 
0.660 
4.640 

1 179.470 
284.470 
7.370 
6.070 
6.570 
0.580 
I .460 
-0.090 
-0.530 
-0. I20 
0.560 

-0.190 

Th-228 
minus bkgd 

0.53 
0.42 

0.280 
0.120 
0.090 
0.530 
0.340 
0.000 
0.370 
O.OO0 

. OM0 
0.280 
0.070 
0.140 
0570 
0.400 
O.OO0 
0.140 
0.020 
0.000 
0.000 
O.OO0 
0330 
1.070 
0.000 
O.OO0 
0.660 
4.640 

11W.470 
284.470 
7370 
6.070 
6.570 
0.580 
1.460 
0.000 
0.000 
O.OO0 
0560 

Th-232 

1.260 
0.000 
0.500 
1.170 
1.410 
0.000 
0.780 
O.OO0 
1.290 
O.OO0 
0.630 
O.OO0 
1.040 
0.000 
O.OO0 
0.520 
O.Oo0 
O.OO0 
O.OO0 
O.OO0 
O.OO0 
O.OO0 
0.720 
O.OO0 
O.OO0 
5.220 

1210.000 
287.000 
8.400 
6.400 
7.800 
0.000 
O.OO0 
0.000 
O.OO0 
O.OO0 
O.OO0 

minus bkdg 
0.42 

0.840 
-0.420 
0.080 
0.750 
0.990 
-0.420 
0.360 
-0.420 
0.870 
-0.420 
0.2 IO 
-0.420 
0.620 
-0.420 
-0.420 
0.100 
-0.420 
-0.420 
-0.420 
-0.420 
-0.420 
-0.420 
0300 
-0.420 
-0.420 
4.800 
1209.580 
286.580 
7.980 
5.980 
7.380 
-0.420 
-0.420 
-0.420 
-0.420 
-0.420 
-0.420 

Th-232 
minus bkdg 

0.42 
0.54 

0.840 
0.000 
0.080 
0.750 
0.990 
0.000 
0.360 
0.000 
0.870 
0.000 
0.2 10 
0.000 
0.620 
O.OO0 
0.000 
0. IO0 
O.OO0 
0.000 
0.000 
0.000 
0.000 
O.OO0 
0.300 
0.000 
0.000 
4.800 

12O9.580 
286.580 
7.980 
5.980 
7.380 
O.Oo0 
0.000 
O.Oo0 
0.000 
0.000 
0.000 

Total Th 

0.840 
0.120 
0.090 
0.750 
0.990 
0.000 
0.370 
0.000 
0.870 
0.280 
0.2 10 
0. I40 
0.620 
0.400 
0.000 
0. I40 
0.020 
0.000 
0.000 
0.000 
0.330 
I .070 
0.300 
0.000 
0.660 
4.800 
1209.580 
286.580 
1.980 
6.070 
7.380 
0.580 
I .460 
0.000 
0.000 
O.OO0 
0.560 

U-235 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
O.OO0 
0.000 
0.000 
O.OO0 
0.000 
O.OO0 
O.Oo0 
0.000 
0.000 
0.000 
0.000 
0.000 
O.OO0 
0.000 
O.OO0 
0.000 
O.OO0 
O.OO0 
O.Oo0 
0.000 
O.OO0 
O.OO0 
O.OO0 
0.000 
O.OO0 
0.000 

u-2: 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.001 
0.00 
0.001 
0.001 
0.001 
0.001 
0.00 
0.m 
0.00 
0.00( 
0.W 
0.m 
0.0a 
O.O& 
0.W 
0.00( 
0 . M  
0.W 
O.OO( 
0.00( 
0.00C 
0.00c 
0.000 
0.000 
0.000 
0.000 
0.000 

Spreadsheet uses 1R MDA as background (where background is reported as MOA), and 2 STD as criteria 
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Breckenridge Disposal Site 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
46 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

Sample ID 

A-1 5-2 
A-1 5-3 
A-154 
A-16-1 
A-16-2 
A- 16-3 
A - I 6 4  
A-17-1 
A- 1 7-2 
A- 1 7-3 
A- 1 7 4  
A-18-1 
A-18-2 
A- 1 8-3 
A-18-4 
A-19-1 
A-19-2 
A-19-3 
A-19-4 
A-20-1 
A-20-2 
A-20-3 
A-20-4 
A-20-5 
8-7-1 
5 7 - 2  
8-7-3 
5 7 4  
6-74 
B-8-1 
88-2  
6-8-3 
8-8-4 
B-9-1 
8-9-2 
8 9 3  
6-44 
E-10-1 
6-10-2 
810-3 
E104 
Ell-1 

Th-228 

0.610 
0.710 
0.980 
2.1 10 
0.740 
0.910 
0.630 
4.500 
1.580 
2.020 
1.900 
8.200 
8.200 
2.160 
7.100 
0.820 
0.750 
O.Oo0 
0.520 
0.830 
1.060 
0.5 IO 
0.700 
0.370 
0.870 
3.850 
13.700 
I .960 
1.170 
5.800 
0.650 
0.560 
0.650 
2.070 
1.400 
0.620 
0.440 
0.800 
0.000 
0.680 
0.450 
O.Oo0 

minus bkgd 
0.53 
0.080 
0.180 
0.450 
1.580 
0.2 IO 
0.380 
0.100 
3.970 
1.050 
1 A90 
1.370 
7.670 
7.670 
I .630 
6.570 
0.290 
0.220 
-0.530 
-0.010 
0.300 
0.530 
-0.020 
0. I70 
-0.160 
0.340 
3.320 
13.170 
1.430 
0.640 
5.270 
0.120 
0.030 
0.120 
I .540 
0.870 
0.090 
-0.090 
0.270 
-0.530 
0.150 
-0.080 
-0.530 

- 

Th-228 
minus bkgd 

0.080 
0.180 
0.450 
1580 
0.210 
0.380 
0.100 
3.970 
1.050 
1.490 
1370 
7.670 
7.670 

' 1.630 
6570 
0.290 
0.220 
0.000 
0.000 
0.300 
0.530 
0.000 
0.170 
0.000 
0.340 
3320 
13.170 
I A30 
0.640 
5.270 
0. I20 
0.030 
0. I20 
1.540 
0.870 
0.090 
O.OO0 
0.270 
0.000 
0.150 
O.Oo0 
O.Oo0 

ATTAC' 7 

DATA ANALYSIS OF ECTED AREA 

Th-232 

0.000 
0.700 
0.780 
2.360 
O.OO0 
0.000 
0.570 
4.100 
0.000 
1.880 
2. I40 
8.200 
8.200 
2250 
7.100 
0.000 
O.Oo0 
0.000 
0.550 
0.830 
1.160 
0.7% 
0.000 
0.000 
O.OO0 
4.200 
14.800 
2.450 
0.000 
6500 
O.OO0 
O.Oo0 
0.650 
2.450 
1.070 
O.OO0 
0.000 
0.000 
0.000 
0580 
0.490 
O.OO0 

minus bkdg 
0.42 
-0.420 
0.280 
0.360 
1.940 
-0.420 
-0.420 
0. I50 
3.680 
-0.420 
I .460 
1.720 
7.780 
7.780 
1,830 
6.680 
-0.420 
-0.420 
-0.420 
0.130 
0.410 
0.740 
0.330 
-0.420 
-0.420 
-0.420 
3.780 
14.380 
2.030 
-0.420 
6.080 
-0.420 
-0.420 
0.230 
2.030 

,0.650 
-0.420 
-0.420 
-0.420 
-0.420 
0.160 
0.070 
-0.420 

-232 
minus bkdg 

0.000 
0.280 
0.360 
1.940 
0.000 
0.000 
0.150 
3.680 
0.000 
1.460 
1.720 
7.780 
7.780 
1.830 
6.680 
0.000 
0.000 
O.OO0 
0.130 
0.410 
0.740 
0330 
0.000 
0.000 
0.000 
3.780 
14380 
2.030 
0:000 
6.080 
O.OO0 
O.OO0 
0.230 
2.030 
0.650 
O.OO0 
O.OO0 
0.000 
0.000 
0.160 
0.070 
O.OO0 

Spreadsheet uses 112 MDA as background (where background is reported as MOA). and 2 STO as aiteria 

Total Th 

0.080 
0.280 
0.450 
I .940 
0.210 
0.380 
0.150 
3.970 
1 .os0 
1.490 
1.720 
7.780 

1.830 
6.680 
0.290 
0220 
0.000 
0.130 
0.410 
0.740 
0.330 
0.170 
0.000 
0.340 
3.780 
14380 
2030 
0.640 
6.080 
0.120 
0.030 
0.230 
2.030 
0.870 
0.090 
O.OO0 
0.270 
O.OO0 
0.160 
0.070 
O.Oo0 

7.780 

U-235 

O.OO0 
0.000 
O.OO0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
O.OO0 
0.000 
0.000 
0.000 
0.000 
O.OO0 
0.000 
O.OO0 
0.000 
O.OO0 
O.OO0 
0.000 
8.000 
0.000 
0.000 
O.Oo0 
O.OO0 
O.Oo0 
0.000 
O.OO0 
0.000 
O.Oo0 
0.000 
0.000 
O.Oo0 
0.000 
0.000 
0.000 

u-2: 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
3.20 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.001 
0.m 
0.00 
0.00 
0.0a 
0.0a 
0.001 
0.0m 
O.OO( 
25.50 
25.80 
0.0a 
O.OO( 
0.00( 
0.m 
0.W 
0.0n 
0 . M  
0.00( 
0.W 
0.W 
O.OO( 
0.W 
0.0m 
0.m 
0.00c 
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80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 

Sample ID 

0-1 1-2 
E1 1-3 
8-11-4 
0-1 1-5 
0-12-1 
8-12-2 
8-12-3 
8-12-4 
8-13-1 
8-13-2 
0-13-3 
8-134 
0-14-1 
B- 14-2 
0-14-3 
0-14-4 
B-151 
8-152 
515-3 
8-1 54 
B-16-1 
6-16-2 
8-16-3 
B-16-4 
8-17-1 
8-17-2 
8-17-3 
0-17-4 
8-18-1 
E1 8-2 
0-18-3 
0-18-4 
819-1 
519-2 
0-19-3 
E1 9-4 
8-20-1 
8-20-2 
520-3 
8-204 
c-7- 1 
G7-2 

Th-228 

0.900 
34.000 
28.700 
9.600 
7.400 
1.470 
0.590 
0.660 
6.900 
1.130 
0.720 
1.480 
0.910 
1.120 
0.590 
O.OO0 
0.600 
5.600 
0.7 IO 
0.000 
22.1 00 
13.400 
2320 
1.010 

1O.OOO 
2 1.800 
3.1 IO 
1.940 
1.530 
2.970 
0.680 
0.720 
5.150 
0.820 
0.520 
0.440 
I .540 
0.940 
0.840 
0.530 
1.210 
0,000 

minus bkgd 
0.53 
0.370 
33.470 
28.170 
9.070 
6.870 
0.940 
0.060 
0.130 
6.370 
0.600 
0. I90 
0.950 
0.380 
0.590 
0.060 
-0.530 ' 

0.070 
5.070 
0.180 
-0.530 
2 1.570 
12.870 
1.790 
0.480 
9.470 
21270 
2.580 
1.410 
I .Ooo 
2.440 
0.150 
0.190 
4.620 
0.290 
4.010 
-0.090 
1.010 
0.4 I 0 
0.310 
O.OO0 
0.680 
-0530 

Th-228 
minus bkgd 

0.370 
33.470 
28.170 
9.070 
6.870 
0.940 
0.060 
0.130 
6370 
0.600 
0. I90 
0.950 
0.380 

. 0.590 
0.060 
0.000 
0.070 
5.070 
0.180 
O.Oo0 
21.570 
12.870 
1 .m 
0.480 
9.470 
21.270 
2580 
1.410 
1 .Ooo 
2.440 
0.150 
0.190 
4.620 
0.290 
O.OO0 
O.Oo0 
1.010 
0.410 
0.3 IO 
O.OO0 
0.680 
O.Oo0 

Th-232 

0.000 
31.700 
28.400 
10.400 
7.600 
1.630 
O.OO0 
O.OO0 
7.300 
O.OO0 
O.OO0 
1.590 
O.Oo0 
0.000 
O.OO0 
O.OO0 
0.620 
5.400 
0.700 
O.OO0 
22.800 
15.300 
2.050 
0.880 
8.800 
22.700 
2.820 
1.790 
0.000 
0.000 
0.760 
0.850 
4.800 
0.560 
0.000 
0.490 
1.580 
0.970 
O.OO0 
0.480 
O.OO0 
0.000 

minus bkdg 
0.42 

-0.420 
31.280 
27.980 
9.980 
7. I80 
1.210 
-0.420 
-0.420 
6.880 
-0.420 
-0.420 
1.170 
-0.420 
-0.420 
-0.420 
-0.420 
0.200 
4.980 
0.280 
-0.420 
22.380 
14.880 
1.630 
0.460 
8.380 
22.280 
2.400 
1.370 

-0.420 
-0.420 
0.340 
0.430 
4.380 
0.140 
-0.420 
0.070 
1.160 
0.550 
-0.420 
0.060 
-0.420 
-0.420 

Th-232 
minus bkdg 

0.000 
3 I .280 
27.980 
9.980 
7.180 
1.210 
0.000 
0.000 
6.880 
0.000 
0.000 
1.170 
0.000 
O.OO0 
O.OO0 
0.000 
0.200 
4.980 
0.280 
0.000 
22.380 
14.880 
1.630 
0.460 
8380 
22.280 
2.400 
1.370 
0.000 
O.OO0 
0.340 
0.430 
4380 
0.140 
0.0oO 
0.070 
1.160 
0.550 
0.000 
0.060 
0.Ooo 
O.OO0 

Total Th 

0.370 
33.470 
28.170 
9.980 
7.180 
1.210 
0.060 
0. I30 
6.880 
0.600 
0.190 
1.170 
0.380 
0.590 
0.060 
0.000 
0.200 
5.070 
0.280 
0.000 
22.380 
14.880 
1.790 
0.480 
9.470 
22.280 
2.580 
1.410 
1 .000 
2.440 
0.340 
0.430 
4.620 
0.290 
O.OO0 
0.070 
1.160 
0550 
0.310 
0.060 
0.680 
0.000 

U-235 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
O.OO0 
0.000 
0.000 
0.000 
0.000 
0.000 
O.OO0 
0.000 
0.000 
0.000 
0.000 
O.OO0 
0.000 
O.OO0 
O.OO0 
0.000 
O.OO0 
0.000 
O.OO0 
0.000 
0.000 
O.OO0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
O.OO0 
O.OO0 
O.OO0 

u-2: 

0.00 
0.00 
83.N 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.0a 
0.0a 
0.001 
52.90 
0.001 
0.001 
0.001 
O.OO( 
37.70 
8.0N 
O.W( 
0 .M 
0.W 
0.0m 
0.0m 
0.00( 
0.00( 
O.OO( 
O.OO( 
0.00c 
0.W 
0.00c 
0.0m 
0.000 
0.000 

Spreadsheet uses 112 MDA as background (where background is reported as MDA), and 2 STD as aileria 



Breckenridge Disposal Site 

122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 

Sample ID 

G7-3 
C7-4 
c-8-1 
c-8-2 
c-6-3 
c-8-4 
C-9-1 
C-9-2 
C9-3 
C9-4 

C-10-1 
C-10-2 
C-10-3 
ClO-4 
c-11-1 
C l l - 2  
C l l - 3  
C11-4 

Th-228 minus bkgd 
0.53 

0.530 O.OO0 
0.680 0.150 
0.700 0.170 
0.450 -0.080 
O.Oo0 -0.530 
0.880 0.350 
O.OO0 -0.530 
0.710 0.180 
0.690 0.160 
0.230 -0.300 
O.OO0 -0.530 
0.6 IO 0.080 
0.520 -0.010 
0.620 0.090 
1.190 0.660 
0.5 I O  -0.020 
0.610 0.080 
0.500 -0.030 

Th-228 
minus bkgd 

0.000 
0.150 
0. I70 
0.000 
0.000 
0.350 
0.000 
0.180 
0.160 
O.OO0 
0.000 
0.080 
0.000 

' 0.090 
0.660 
0.000 
0.080 
O.OO0 

ATTAf 
DATA ANALYSIS OF LI-FECTED AREA 

Th-232 

O.Oo0 
0.770 
0.000 
0.000 
0.000 
0.000 
0.000 
0.620 
0.000 
0.000 
0.000 
0.430 
O.Oo0 
O.OO0 
O.OO0 
O.Oo0 
0.000 
0.000 

minus bkdg 
0.42 

0.350 
-0.420 
-0.420 
-0.420 
-0.420 
-0.420 
0.200 
-0.420 
-0.420 
-0.420 
0.0 IO 
-0.420 
-0.420 
-0.420 
-0.420 
-0.420 
-0.420 

-0.420 

Th-232 
minus bkdg 

0.000 
0.350 
0.000 
0.000 
0.000 
0.000 
0.000 
0.200 
0.000 
0.000 
0.000 
0.0 IO 
0.000 
O.Oo0 
0.000 
0.000 
O.Oo0 
O.OO0 

Total Th 

0.000 
0.350 
0.170 
0.000 
0.000 
0350 
0.000 
0.200 
0.160 
0.000 
0.000 
0.080 
0.000 
0.090 
0.660 
O.Oo0 
0.080 
0 .OO0 

U-235 

O.OO0 
O.Oo0 
O.OO0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
O.OO0 
0.000 
O.OO0 
0.000 

u-2: 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00~ 
0.001 
0.001 

Th228 Th-232 TOtelTh U-235 u-23 

largest value 1179.47 1209.58 1209.58 8.00 83.01 

mean 13.17 13.37 13.54 0.06 1.7: 
median 0.31 0.07 0.35 0.00 0.0c 
std dev 105.32 107.91 107.90 0.70 9.6C 

Spreadsheet uses 1/2 MDA as background (where background is reported as MDA), and 2 STD as criteria 
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