3041 Woodcreek Dr. Suite 210
''® Land Management G056 6008
Y (630) 963 - 6008

(630) 963 - 6027 Fax

August 24, 1999

Mr. Mike McCann

U.S. Nuclear Regulatory Commission
Region III

801 Warrenville 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 from NWI Land
. Management (NWI) 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 characterization activities, and estimates the actual values of

radioactive materials buried at the Breckenridge Disposal Site. To facilitate your review, a copy of the
historic references is also attached.

We believe that the next objective is to conduct a dose assessment of the buried material as it is
characterized in the Report. We believe that a meeting between the NRC and NWI may be helpful to
define the procedures for performing the dose assessment. I will contact you to schedule this meeting.

If you have any questions regarding this matter, please feel free to contact me.
Sincerely, :

John Hock
Environmental Project Manager

JH:Ip

cC: Mike Prattke w/o attachment
Ken Kasper, NES w/ attachment
Erin Isaacson, VCC w/ attachment
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Radiological Evaluation of the Breckenridge Disposal Site

1.0 INTRODUCTION

The Michigan Chemical Company (MCC) owned and operated a plant in St. Louis, Michigan that
manufactured 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 facility as part of the rare earth oxide
manufacturing process at the St. Louis plant. Waste products from the extraction process
contained small quantities of naturally occurring radioactive matenials 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 Burial 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 Breckenridge
Property was transferred to NWI Land Management Corporation (NWI).

1.1 Site Description

In this document, the full area of the land near Breckenridge that is owned by NWI Land
Management Corporation (NWI) is referred to as the Breckenridge Property. The affected area
within the Breckearidge Property that is believed to contain the radioactive material is referred to
as the Disposal Site. The Breckenridge Property is located on Madison Road in Bethany
Township, Gratiot County, approximately 7.5 km cast-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 southem 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 well is over 1100 meters
(Michigan 1980). The surrounding land use is primarily agricultural; the nearest residence is
approximately 0.2 km cast of the Breckearidge Property. Figure 1 is a diagram of the Breckenridge
Property. :

1.2 Background

In 1981, Oak Ridge Associated Universities (ORAU) performed a radiological assessment of the
Breckenridge Property under contract with the NRC. The assessment examined the surface and
outer boundaries of the disposal areca. The report from the survey indicated that the average level
of radionuclides was below the NRC guideline for areas accessible to the public and that no
migration of materials from the Disposal Site was identified.

In September 1996, an eavironmental consultant performed shallow trenching at the Disposal Site
to investigate reports of improperly buried material. In October, 1996, the Nuclear Regulatory
Commission (NRC) was contacted by the Michigan Department of Environmental Quality
(MDEQ) to investigate the Disposal Site since the buried waste may have been disturbed during
the environmental investigation. The NRC, assisted by the MDEQ, performed a radiological
scoping survey of the Breckenridge Property. The NRC report from the survey indicated that no
significant risk was identified (NRC 1996). However, since the survey identified levels in excess
of the NRC guidelines for unrestricted use, the NRC requested, in a letter dated December 10,
1996, that additional characterization activities be performed.

SCIENTECH NES, Inc., 3060-002.doc
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In July, 1997, NES, Inc. (became SCIENTECH-NES in 1999) performed radiological
measurements and sampling to further characterize the Disposal Site in accordance with processes
outlined in NUREG/CR-5849, “Manual for Conducting Radiological Surveys in Support of
License Termination (NRC 1993).” The characterization effort included surface activity
measurements, surface dose rate measurements, down-hole 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 March 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 NWI 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 Junc 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 existing
site characterization data in determining the nature and extent of radioactive materials at the site.
The previous characterization data and historical data would be included in a report that would be
submitted to the NRC by August 15, 1999. Subsequent communications 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
resulting from the Historical Site Assessment. Section 3 summarizes site characterization activities
after site closure. Section 4 provides an evaluation of the historical data and the characterization
data. Section 5 provides a summary of the findings from the radiological evaluation.

SCIENTECH NES, Inc., 3060-002.doc
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Radiological Evaluation of tne Breckearidge Disposal Site

2.0 HISTORICAL SITE ASSESSMENT

The information that follows in Section 2 is a compilation of data resulting from the Historical Site
Assessment (HSA) of the Disposal Site. The HSA generally consisted of accumulating and
reviewing all available historical documents (i.c. prior to the late 1990s) regarding the Disposal
Site for information pertinent to a radiological evaluation. The historical documents were believed
at the onset to fall into two time periods:

o 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 closure 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 and Review Process

The NRC Public Document Room was contacted via email with a request for a listing of all
documents pertaining to License No. SMB-0833. Through this request, the NRC provided copies

of all related documents including license requests, radioactive materials licenses, and other related
documents.

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, correspondence to and from State and Federal regulatory agencies
and inter-office correspondence. NWI compiled all documents from those files from the 1960s and
early 1970s and sent the information to NES for review. NWI also reviewed all of the documents
from the carly 1980s. Except for a July, 1982 final report by Oak Ridge Associated Universities
and directly associated correspondence, all of the documents from this time period pertained to the
closure and dismantling of the main plant site and did not provide any significant information
regarding the Disposal Site. No documents from any other time period were present.

A representative from NWI reviewed the public record files regarding the Disposal Site at the NRC
Regional office in Lisle, Illinois on June 14, 1999. The public record files were compared against
the documents previously compiled from the Public Document Room and the NWI files. No
additional relevant documents were obtained during this review.

The former MCC waste control engineer was contacted and interviewed to attempt to verify
information found during the document review and to attempt to fill data “gaps”. The interview
occurred on August 9, 1999 and August 19, 1999 (Lincoln 1999).

2.2 Source Material License Summary

Early records show that in January 1961, MCC had requested that the Atomic Energy Commission
(AEC) grant a license so that MCC could store monazite sand at the St. Louis, Michigan site
(MCC 1961). The monazite was eventually to be used for its rare earth metal content. The AEC
granted a possession license to store and study the monazite under AEC License STC-76 in
February 1961 (AEC 1961). In May of 1965, MCC applied for a Source Material License to
conduct laboratory and pilot plant studies for a rare earth extraction facility (MCC 1965). Later

SCIENTECH NES, Inc., 3060-002.doc
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Radiological Evaluation v, the Breckenridge 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 contained 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 earth metal) bearing feeds. A license amendment allowing 700
pounds of uranium and thorium was granted in November of 1966. At this time, the License
number designation 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 placc until April of 1971, when it was
termmated (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 from the rare earth extraction process at the former MCC main plant site in St. Louis.
The filter cake was composed primarily of diatomaceous earth, calcium hydroxide and other metal
hydroxides (Lincoln 1999).

The details of the rare earth extraction 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. The following is taken directly from that letter.

“The presence of thorium and uranium is undesirable in feed materials accordingly it will
be necessary for us [MCC] to remove the thorium and uranium before carrying out further
processing of the feed material. The thorium will be removed by dissolving the feed
material in sulfuric acid under controlled conditions such that thorium does not dissolve.
The thorium compounds will then be separated from the solution by filtration.”

“Uranium will be removed from the solution by passing it through an anion exchange
column to extract the uranyl sulfate. The uranium will be subsequently leached from the
columns with a slightly acidified solution in a closed circuit. Uranium will be precipitated
from the eluate by the addition of ammonia. The precipitated ammonia urinate will be
filtered. The wet filtercake will be drummed and shipped to one of the uranium processors
for purification.”

Two years later, in November 1968, an additional description of the rare earth extraction process is
provided in a letter from MCC to the AEC (MCC 1968). In the letter, MCC requested permission
to continue processing of rare earth feedstocks containing thorium and natural uranium. The ThO,
andU;O.conteutswercnotedwohasgenuallybemgmﬂnerangeofO 1 percent to 0.3 percent but
it also noted that values as high as one percent would be received msnmﬂy The memorandum
stated that thorium and uranium are essentially removed by pre-processing at the vendor’s facility
[feedstock sources included uranium mill tailings and thorium recovery residues (NRC 1996)]. The
thonummdummumﬂnatmnmnedwusepmatedﬁomdwmeaﬁhmﬂ\epmcmdmnbed
below.

“Incoming feed concentrate is. leached in acid to dissolve the rare earths. Certain large
volume, non-rare carth wastes are precipitated by careful control of leaching conditions.
Appreciable quantities of thorium and uranium remain in the insoluble cake, which is
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recovered by filtration. The cake is washed, packaged, and buried according to AEC
regulations in a fenced burial site [the Disposal Site].”

“The rare earths and any soluble thorium and uranium are further separated by solvent
extraction techniques. This produces a fraction rich in yttrium and a waste fraction that
contains most of the uranium and thorium. Uranium is removed from the product fraction
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 at the time, provided radiological safety oversight for MCC's
extraction process which he helped design.

According to MCC's former 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
concentrations of uranium. The other stream was the byproduct of the extraction process known
as "green liquor". The rare earth materials were precipitated from the “green liquor”. The
precipitate from the “green liquor” was the primary feedstock for MCC's rare earth extraction
process (Lincoln 1999),

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

24 Regulatory Compliance Overview

Memorandums and letters from within MCC and external to MCC indicate that the Disposal Site
was operated in accordance with the regulations that were in place at the time. The regulation that
provided requirements for radioactive 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
requirements on total amount of buried material (including total number of burials per year), burial
depth, and spacing of buried material (AEC 1969). In all reviewed documents, MCC appeared to
be completely adhering to all of the requirements. Sevcral communications, including NRC
inspection reports, echo this conclusion.

In 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 item of noncompliance was found (AEC 1968a). Form AEC-591,
Inspection Findings and Licensee Acknowledgement, dated June 27, 1968 was attached to this
memorandum and restated the findings.

SCIENTECH NES, Inc., 3060-002.doc
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Two years later, in an inter-office 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 disposal of radioactive materials (MCC 1970). The memorandum includes an attachment
(form AEC-591) of the Inspection Findings and Licensee Acknowledgement. The attachment
reconfirms the 1968 findings - "no item of noncompliance was found."

In August 1972, Michigan's Department 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 opérations were monitored by either

a maintenance engineer or the waste control engincer to ensure proper waste disposal (Lincoln
1999).

References Waste Burial

In the Oak Ridge Report on the Disposal Site (ORAU 1982, Report discussed in Section 2.7), the
individual who performed 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 Breckenridge Property using ground-
penetrating radar. The exact locations of the burial trenches were not determined using this
technology; however, the depth of the subsurface disturbances ranged from about 1.2 meters
(about 4 feet) to 3 meters (about 10 feet). The report also noted that the waste material was
probably buried in bulk rather than in metal containers, as suggested by the lack of buried metallic
objects. This information, however, is not consistent with statements made by MCC’s former waste
control engincer (see Section 2.5), who stated that the filtercake material was disposed in
fiberboard drums with a metal top, bottom, and ring clamp (Lincoln 1999).

25  Quantity and Activity of Buried Material

In a letter from MCC to the Michigan Department of Public Health, the MCC waste coatrol
engincer (P Lincoln) clearly describes the Disposal Site and the wastes contained therein (MCC
1972b). In this letter, a legal description of the Breckenridge Property is provided along with
quantities and associated radioactivity of wastes buried at the Disposal Site. This document
appears to contain the most definitive information on the buried material at the Disposal Site. The
former waste control engineer indicated that the filtercake was placed in lined pressed-paper
(fiberboard) drums with steel tops and steel bottoms for disposal, and that each drum was weighed
after it was filled. The weight totals in the document were calculated from the sum of the weights
of the individual drums (Lincoln 1999). The document was written in 1972, the year after the
closure of the St. Louis processing facility. The data in the document is summarized below. The
units used in Table 2.3 and Table 2.4 are picocuries per gram (pCi/gm).
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Tabk 2.1 - Quantilics vl Fillcscalkc Disposcd

Date Wet Solids
{tons)
1967 ° 47
1968 38
1969 10 1970 66
Total 151
Ampsam a.s » smenusiey e e e Phlugoee ne -? Loaobe o 00 cnc e .od
Year Uranium Thorium
1967 122.7 14,280.0
1968 151.4 17,618.7
1969 to 1970 ’ 248.6 28, 931.0
Total Buried Activity -522.7 60,829.7
(microcuries) ..

Table 2.3 - Sperific Activity of Filtercake Disposed (pCi/gm)

Year Uranium | Thorium
1967 2.89 . 336.00
19658 433 -

- 1969 to 197U 4.12 430.00
Total* . 3.80 442.00

*(Tutal wultisycar aclivity/total multi-year welght uing Tabla 2.1 and Tablo 2.2 data)

Another source of spevilic auivily vouxs from a November 1967 letter from MCC’s analytioal
contractor (Tracerlab). The specific activity of the filtercake is noted in Table 2.4 (Tracerlab
1967a) and is fairly consistent with the specific activity values used five years later in the 1972

report. .
Table 2.4 . Specific Artivity of Buried Material from ‘Yraceriab (pCi/gm)
Ylranium Tharinm
347 . 402

Thece io eas sdditisnal desument that dissussss quamtitios and tho sndianativity af huriad matariale
Thin 1o L au attalsusut W au ates =o il sos assanl @. L. 1o to W. Martin) thae disnuinad
an AEC inspection (MCC 1970). In the memorandum’s attachment entitled * Summary of Rare
Earth Feed Plant Operations,” several relevant issues are noted.

o “The processing plant received ihe lsst incuonung sars casth foad material in October 1967,
s The plant did nox operawe between Aprll, 1968 und Scpiciube: 1969.
o  Plant aperatinne reeumeard in Septemher 1969 and were completed by March of 1970,

SCIENTECH NES, Inc., . 3060-002.
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Radiolopical EValuation of ihe Breckendige Disposal Site

This documcni also has a section describing the “cake to burial™ and details the solid waste
stemming from the final 1969 to 1970 run of the extraction facility. The summary uses the same
specific activity values as the 1967 Tracerlab values (Tracerlab 1967a). The quantity of material is
consistent with the letter from MCC to the MschxganDcpamnmt of Public Health (MCC 1972b) -
192,771 puusly Of Blwswuho, Tl il duprueil el ril) 2o sliplitly LiFicsus than the MOC copant to
the Michigan Dopartmont of Publio Health. The two sets ofdatn are compared helnw.

Table 2.5 . Activity Comparison of Filterclkc (microcuries)

Year U ;nsiusss Thosaam
1969 to 1970 {Attachment to MCC 1970) 209.1 24,231
1969 to 1970 (MCC 1972b) 248.6 28,931

The reavon for w uvoiuge 16% incroass in the total buricd activity between the 1970 and 1972
rcports was not determined -exoept that the difference was based on a change in specific activity
since the weight was constant between the two reports.

Radicagtivity Bal

In February of 1968, the University of Michigan cousultant to the MCC rare earth extraction .
process (G. Whipple) issued a memorandum to MCC (D. James) to heip MCC set production
parameters based on allowahle waste quantities generated (Whipple 1968). The memcorandum

noded that there wae an imhalance hetween the amount of radicactivity going inte the extraction
prccoss and the camhbined rmdiasstivity of ths wastos ond products.

Tho rudicuotivity bulunow natw] that tha preducts of the cvirnetion nraccin inradunt nlna all
wantss) had sver oix tines thoe guantity of thorium than the fied material T alen noted that tha
producis oaly accuauiiad lor about ong-thurd of the uranium coming in from 1ho foed mawrial. The
memorandum did not include a determination twt did anggest possikle cansas of the imbalance.
‘Ihe former waste control engineer for MCC belfeved thar the maner was discussal botwes
Whipple mud s ADC and was Jeteninined to ot bo o significant matter (Lineoln 1009), Follow up
documentation on the imbalance issuc was not found. Table 2.5 and Table 2.6 show the
TR0I0ACUVILY DUANCES WAL WEIE DUKAL CXPUGILY 1 Wis sopuse (Whippie 1598) awmd Guilvad Buan
annther repart (MCC 1970). '

Table 2.6 - Thorium Activity Balances

From Whipple 1968 From MCC 1970
Millicurids % of Millicuries % of
“feedstock feedstock
sctivity activity
Feedstock 175 - 28 - '
Filtercake 148 ' 85% 24 86%
Liquid Wastc — 832 437% 109 389%%
Prodoct 282 161% 55 196%
% of Feedstock Thorium Activity | - 733% 6N%
i Pacndueit sund Wastcs ‘
SCIENTECH NES, Inc., : ) 3060-002.doc
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‘A abile L./ - Uraniiiim Acuviry Dalances

| From Whipple 1963 From MCC 1970
Millicuries % of millicuries % of
; feedatnele feedstock
activity a.en'vity
Foodstook 434 - 68
--t-Flitercake - - -13 -- - -0% -- - -02 - — o%
Liyuiu waswe ra 16%¢ . T LY
Product ' - 63 15% 12 18% |
% of Feedstock Uranlum Acuviry A MN%
in Produet and Wastes :

Relative Accuracy of Concentration Values

In an AEC license application letter (MCC 1965), MCC noted that the expected filtercake water
conteat would be about 60% (with 40% solids). The letter gocs on to state that this is gencrally the
same proportion of liquid to solids that is scca in the focdstock. This information shows that the
feedsiock and the filtercake were very similar in physicat form.

If the specific activity, which is taken from the Tracerlab report (1.8 E-4 microcuries per gram), is
uscd to caloulatc the fraction of thorium in the foedstocks, the derived value is about 0.09 %
ThO,'. This value is somewhat below but near the value used in the November 1968 MCC letter to
the ABC (MCC 1968), whick slatcs. that the ThO1 contont of the foodsiocks wers potud as
generally heing in the range of 0.1 percent to 0.3 percent. This information suggests that the
specific activity of the feedstock used by MCC from the Traceriab report. is reasonahly accurate.
Sinre the phywiral fiem of the fredeiark antl the filtrreake wrn' relatively similar the relative

~emeemay, .- At K iy W (IS B e 1] " ofu. b Lty
7 -

masuratmtsthatwmealsomsonablywcum -

: mtpeciﬁoucﬁvityusodforth.&edmck(44734nucroc\inespermm)mtheequatxmsused

todenvethe&dstockuramumwuvnmeablc2ﬁa]soappwtobe&nlyaccumesmeeﬂus

arivity vuiivdaivs W abuul 0.00%0 Us0y5, nhidde is ovitnnbut bulvrr Lut weer the Aed Loedotoel

concentrations of 0.1% to 0.3% (MCC 1968). Agam,thereappantobeageneral level  of
anammny in the faadotnnle uninan and mny enggact relative arrmcacy in tha filterrake activity vahwe

Some of the unaccounted uranium may be attributable to material resulting from ion exchange
processes used to ramove dissolved uranium (doseribod in Sootioa 2.3). This maivrial duws nat

appear to be accounted for in the University of Michigan's radicactivity balance calculations.

} This calculation sssumes that Th.232 and Th278 are in vnllar eepiiTihrinm and the specific: antivity is
twice that of Th-232 or 2.18 E-7 curies per gram.

2 This culcolation assumes that U238 and U234 are in seoular u]mhhmlm and the specific activity is
twice that of U-238 or 6.66 E-7 curlgpetﬂl\n.

SCIENTECH NES, Inc., _ 3060-002.doc
44 Shelter Rock Road, Danbury, CT wam 08/24/99
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Radiological Evaluation of the Breckenridge Disposal Site

2.6 Location of Disposed Material

The August, 1972 ketter (MCC 1972) also states that wastes were buried at a company owned site
with the following legal deccriptioa. : .

A parcel of 1ang CONEKTEIY b e FW wuravs of e W R of d.a ML 1L af Raction 23.
Town 12N — Range 2W, henco south ou ¥ lins to a point where said % line intersects with
the center of Bush Creek, hence North-Easterly along the conter of Bush Creek to the N
line of Section 23, hence West along said N line to place of beginning.

This kgal description corresponds to the deseriptinn on the Certificate of Survey for the
Breckenridge Property (Lapham 1996). The letter also states that the burial site is to the south of
the brinc well and that the fonce is approximately 60 feet from the well. All waste burials were
mxdetheﬁmedaru(meohl%SﬁandOakR:dgel%Z) The July, 1982 final report

Oak Kidge clearly sShows tme I0Cation Of Ui fans, Tho ave withiu a luw ware fonss is abeut
0.9 acres. This low wire fence was removed and replaced in 1997 with a chain link fence that

eacompasses the entire property perimeter.
.27  OskRidge’s Radiological Assessnient of the Disposal Site

Another important document in the Breckcnndge}hstoncal Site Asscssment is the report entitled
*Radiological Assessment of the Breckenridge Disposal Site, Velsicol Chemical Corporation, St.
Louis, Michigan" (ORAU 1982). Oak Ridge Associated Universities on behalf of the US.
Nuclear Regulatory Commission conducted the radiological asscsement, which i the bagis for the
raport. The objectives of the radiological axsessment included the following;

1. Define the locations and depths of burials.
2. Doormine direct rudialion lvvels and radionuclide cancentrations on the site,

3 Determine if radionuclides were migrating from the burial trenches.

Matters for consideration in the evaluation included the radiological status of the disposal site and
the evaluation of the putential impact of the wastes at the site on public health and the safety and
protection of the eavironment.

An past of the survoy, a walkovor mdiation gurvey was conducted using s sodium-iodide
scintillation dotestor. Bovaral arcas displaying elevated radioachvity were nated. These locations
were mainly gmall isoldes] niens ol a faw centimetors in dinmoten: howsver, a few were as large as
severul meters in diameter. it also noted thut the locotions that were 10 microroentgen per hour

(greater than baskgroumd) ul 1 axter were all direetly ovor the locations of these elevated contact
lovels. The sarags radiahion loaol wno narart ae heing ees vhan 10 mictsucniven ver hour above

background. .

The swvey alse included ux sitn wiefass soil sampling and analyeic. Forty such samples were
tukey. Tou wore biased - taken from loostions uian elevated activity wac nnfed guning the

walkover scan. The other thirty samples were systematic. The biased samples indicated tharium
and uranium activity significantly above background. The systematic soil sampics did not contain

aadicactivity in annnonteationn cutnide the ranges of the baseline samples The results of the biased
samples are provided in Table 2.8.

SCIENTECH NES, Inc., ’ . 3060-002.doc
vy ofer Rook Rowed M-r’; o 04010 OR2419
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Radiological Evaluation of the Breckenridge Disposal Site

Tulle 8.0 IRl _Pil. O ) T dgs Sseernmsut, Dianad Camplan (pnf ifgw)}

Uranium-238 | . Thorium-232
3 16
3 7
3. 26
15 60
17 23
30 8.
22 66
134 88
170 101 -
8 9
_- 4] average 40 average

In addition to the surface soil sampling conducted on top of the Disposal Site, 19 groundwater
samples were -taken from boreholes around the perimeter of the Disposal Site and four site
vegetation samples, three creek sediment samples and seven surface water samples were collecied.
The analysis of these samples showed the absence of elevated radioactivity levels and that the'
waste material was not migrating off of the Breckenridge Property.

28  Site Inspection by the NRC

In respanse to an inquiry from the Michigan Department of Environmental Quality, Radiological
Protection Section, the NRC conducted a site inspection of the Breckenridge Property on October
31, 1996. The NRC inspectors conducted a walkover survey of the entire Breckenridge Property.
‘Lhe incpectors identified 2 number of areas wirh rlevared milanan levels rmnging np m dhont 40
microroentgens per hour at one meter framn tho surface. In addition, six soil samples takon from
areas of elevated gamma measurements were collected and analyzed (NRC 1996).

Table 2.9 - Results of the NRC Site Inspection, Biased Samples (pCi/'gm)

Uranium Thorium
natorsl) (aatural)
L 82 28
0 29
0 31
-35 72
121 126
390 302
108 Average 98 avorago
SCIENTECH NES, Inc., 3060-602.doe
44 Shelter Rock Road, Danbury, CT 06810 : 0824199
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Radlvlogical Evaluation of the Breckearidge Disposal Site

Measurements performed by the NRC inspectors in areas adjoining the property did not identify
any migration of radiological contamination off-site. These measurements included a walk over
survey immediately outside of the security fence and along Bush Creek. In addition, 2 soil sample
across from Madison Road and two surface water samples from drain tile along Bush Creek were
collected and analyzed. waethreesampluwmnowdzshavmglasﬂmlpcmmofthonmn
and uranium.

2,9  References to Potential Sources of Surface Activity

The Oak Ridge Report (ORAU 1982) noted that the NRC had previously conducted a limited
survey of the Breckenridge Property (during 1980) and found small regions of surface
contamination in the area of the trenches. The report notes that "it has been suggested that this
coatamination may be the result of small quantities of waste accidentally dropped during the burial
operation.”

On September 11, 1996 Memphis Eavironmental Center, Inc. conducted a hazardous material
evaluation at the Breckenridge Property (MEC 1996). A total of five trenches were dug during the
course of the evaluation. The MEC report states that trenches were dug to approximately three feet
below the surface and were 5 to 8 feet in Jength and 2 to 5 fect in width. Radiological analysis of
the excavated material was not conducted. In a response letter from Michigan's Department of
Eavironmental Quality, at)eastcneumhxsnotedasbemgthreetofourfeddeep(l\ﬁdxw

1996)
SCIENTECH NES, Inc., 3060-002.doc
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Radiological Evaluation of the Breckenridge Disposal Site

3.0 SITE CHARACTERIZATION

A radiological charasterization of the former Breckenridge Pmpeny was condneted from July 14,
1997 to August 1, 1997 by NES under contract to NWI Land Managenment. The objective of the
characicrization was lo determinc the coutent and extent of radiological material at the site.
Several types of radiological measurement pmwereunployedtodﬁumnethedlsmbuuon
of radioactive materials at the Disposal Site. :

On November 11, 1997, a characterization report detailing the results of the characterization effort
was submitted to the NRC for review. The teview cffort noted several issues associated with the
gammspecmscopypmeessmchdmgmehckofpmpwdeteamhmntymthmpeawmm
eucrsm Asamlt,NESmmaedammlysu of all Breckenridge samples by another
laboratory. The results of the second, cx-situ analyses were submitted to the NRC
on February 4, 1999. The following section i& a summary of the information contained in the
November 11, 1997 and February 4, 1999 submittals. Additional details of the charactcrization
achuﬂaandwﬂmﬂysumbeﬁuundmthszumednpom

31 Purpose, Scope And Objective Of Characterization Activities

The objective of the characterization was to determine the magnitude and exteat of radiological
materials distributed throughout the Dlsposa! Slte Survey activities consisted of several
measurement processes including:

dose rate measurements at 1 meter above the surface,
activity mecasurements at the surfacs,

downhole activity measurements, and

goil sample collection and analysis.

Characterization activitics were performed in accordance with the guidclines established in
NUREG/CR-5849, “Manual for Conducting Radiological Surveys in Support of Liceuse
Termination™ (NRC 1993). To begin characterization activities, the property was gridded into 10-
meter by 10-meter grids and marked with yeliow flags. Each grid was assigned an alphasumeric
label as shown in Figure 2.

3.2 Characterixation Swrvey Processes

The following information describes the radiological measurements processes used to support the
site characterization.

A gamma dose rate survey was performed at | meter above the surface of the Breckenridge
Property using a Bicron microroentgen (microR) survey meter. Readings were recorded directly
above the flags denoting the intersections of site grid lines and also where the property perimeter
fence intersected the gridlines (See Figure 3).

SCIENTECH NES, Inc., 3060-002.doc
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Radiological Evaluation of the Breckenridge Disposal Site

Activity Measurements at the Surface

To select a location for core sampling within each grid, a Ludlum 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 radioactive material was not expected, based on site
history. Beginning 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 from the survey meter. Five 1-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 each grid.

Downhole Activity Measurements

To further verify the quantity of radioactive materials present and upon suggestion from the NRC,
gamma radiation levels were recorded at a depth between about 4 and 5 feet within each core
location. Levels were measured in cpm using a Ludlum 2220 with a SPA-3 Sodium lodide probe.
Upon removing the drill auger from many core locations after sampling down to 8 feet, one to six
inches of water was observed in the bottom of the borehole. To avoid submerging the detector the
bottom of the boreholes were not surveyed. '

Soil Sample Collection and Analysis

During the surface scan survey, locations were identified within each grid for core sampling. The
arca was then scanned with a metal detector in an effort to avoid drilling into areas that may
contain metal objects near the surface. Samples were collected using standard split spoon sampling
techniques utilizing a diesel powered, truck mounted, hollow stem auger, drill rig. The hollow stem
auger was fitted with 2-inch diameter by 2-foot long spoons containing plastic liners. The volume
of material collected in the 2-foot liner was capped on both ends and used as one sample. Upon
split spoon opening, the samples were field screened using a Ludlum 2220 with a 44-9 probe and
the outsides of the liners were decontaminated. Emptied split spoons were cleaned between cach
sample and drill augers were scanned before moving to the next grid. If elevated activity was
present, the augers were set aside for decontamination. Samples were taken at increments of 2 feet
below the surface to a depth of 8 feet. If elevated readings were evident, an additional sample was
taken at a depth of 10 feet. Samples were labeled immediately with the alphanumeric grid location,
A-1, followed by a second number representing the core depth, A-1-3 (1=2', 2=4', 3=6/, 4=8', etc.).

33 Survey Results (except soil sampling)

The following information describes the results of the radiological measurements used to conduct
the Breckenridge Property characterization. The northem four rows (1-4) of the property were used
to characterize natural background in the area. The historical data and survey results support the
designation of this area as unaffected. Based on the soil activity measurements, the affected area at
the Breckenridge Property is identified (a posteriori) as quadrants A-6 through A-18, A-20, B-7
through B-20, C-7 and C-11, which is approximately the southern two-thirds of the property. The
noted affected area is the defined area of the Disposal Site.

Dose Rate Measurements (at 1 meter above the surface)

SCIENTECH NES, Inc., 3060-002.doc
44 Shelter Rock Road, Danbury, CT 06810 08/24/99
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Radiological Evaluation ot the Breckenridge Disposal Site

The results of the 1-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 range—approximately 10 microR/hr. Dose rates in the affected area
range between 10-35 microR/hr. The only location found to be reading more than 10 microR/hr
above the designated background was at grid location A-12.

Activity 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 (gross counts including background) in the southern two-thirds of the
property. Background for the property was approxunately 50 counts per minute.

Downhole Activity Measurements

Results of the downhole activity survey are depicted in Figure 6. Background 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 correlation between
the two sets of data. :

il le Collection and Analysis

Details of the soil sample analysis and interpretation of the data results is provided in Section 3.4,
In addition, full analytical back up data (approximately 2000 pages) is available and has been
provided previously to the NRC (Paragon 1998).

34 Soil Analytical Process and Resuits

For analytical services, NES transferred the Breckenridge soil samples to a laboratory that
specializes in gamma spectroscopy, Paragon Analytics, Inc., located in Fort Collins, Colorado.
Paragon performed gamma spectroscopy analyses of 229 soil samples and two sediment samples
from the Breckenridge Property. Paragon prepared the Breckenridge samples to attain a standard
geometry and then counted the samples for a minimum of thirty minutes. The following
summarizes the soil sampling campaign and the results of the Paragon analyses.

Analyses Overview
Paragon anhlymd 229 soil samples and 2 sediment samples for the following isotopes:

Th-228
Th-232
U-235
U-238

SCIENTECH NES, Inc., . , 3060-002.doc
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Radiological Evaluation o1 vhe Breckenridge Disposal Site

The most abundant gamma emissions of Pb-212, T1-208, 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 interest. Because of its very long half-life (1.4 E 10 years), Th-232 is
the activity-controlling 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 own 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
spectroscopy to directly measure the U-235 and U-238 activities. The results of the comparison are
provided discussed further in the Survey Quality Assurance Section below.

Of the 229 soil samples analyzed from the Breckenridge Property, 46 were used for background
analysis, 122 samples were indicative of activity levels in the designated affected area, and 61
samples were found to have activities at or below background levels and were outside of the
affected area. All of the analytiml data from the soil sample analysis is provided in Attachment 3.

Attachment 4 provides a review of the background analytxml approach and Attachment 5 provides
a statistical analysis of the soil sampling data.

Background Analyses

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. The 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.

Thori kground

The radiological data supports the supposition that the chosen background area is not affected.
Typical Th-232 concentration values range from about 0.5 to 1.6 pCi/gm within the U.S. The
average Th-232 concentration in this background area that was in the detectable activity range was
about 0.76 pCi/gm.

The vendor supplying the soil and sediment sample analysis used gamma spectroscopy equipment
with protocols that reported in “less than minimum detectable activity (MDA)” values for very
low-level activity. Ideally, sample results would have been reported entirely using actual results of
the analytical process. Since the subsurface soil analyses were reported, in many cases, using “<
MDA values,” three approaches were evaluated for the determination of background levels of
thorium. One approach replaced the non-detect values with zeros. Another approach used the
reported MDA values as actuals. A final approach, which is the one that was used, substituted one-
half of the reported MDA values for nondetects (Table 3.1). The approach established in Table 3.1
(substituting one-half of the reported MDA values as actual values) appeared to strike a
satisfactory balance between the other two approaches and was deemed suitable.

SCIENTECH NES, Inc., 3060-002.doc
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Table 3.1 — Background Analysis Using One-Half of MDA Values
as Actual Values —-pCi/gm (selected method)®

Th-228 | Th-232
Mean 0.53 0.42
Median 0.52 0.31
Standard deviation (o ) 021 0.27
Mean + 2( o lcriteria) 0.95 0.96

Uranium Background

Using the Paragon data, it is not possible to determine the exact background concentrations of
naturally occurring uranium isotopes 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 3.1), the following data is derived (Table 3.2).

Table 3.2 - Uramum Background Analysis Using
One-Half of MDA Values as Actual Values — pCi/gm®

U-235 U-238
Mean 033 - 095
Median 0.27 |0.85
Standard deviation (o)  [0.18 0.51
Mean + 2(o') 0.69 1.98

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 falls into this range.

Determination Of Affected Area

Substituting one-half of the reported MDA values as actual values (Table 3.1), the mean plus two
times the standard deviation was used as the criteria for determining which areas are “affected”
with regard to thorium activity. Ninety-five percent of natural background values are expected to
reside within the area bounded by +/- 2 standard deviations of the mean. If measured values
exceeded cither the Th-232 or the Th-228 Table 3.1 criteria, the quadrant was deemed to be
affected. Using this approach, the affected area was identified as quadrants A-6 through A-18, A-
20, B-7 through B-20, C-7 and C-11 (see Figure 7). There is one outlier using this approach. This
occurs at sample location C-15-3 where the reported Th-228 activity is 1.00 pCi/gm. This level of
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 which >99% of the background population is expected to reside)
established in Table 3.1. In addition the difference between the reported value and the criteria is not
significant in regards to the calculated accuracy of the measurement (+/- 0.42 pCi/gm). Because of
its marginal activity, location C-15-3 and its associated quadrant (C-15) were excluded from the
affected area.
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Radiological Evaluation o1 the Breckenridge Disposal Site

All but two of the quadrants in the 30-quadrant affected area contain some measure of thorium
activity above the established criteria (Table 3.1 Mean plus 26). The two quadrants that did not
contain activity above the noted criteria (A-10 and B-10) are included in the affected since these
quadrants were centrally located within the affected area. All positive (detectable) measurements of
uranium are included within the defined affected area. The depth of the affected 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 collection process and sample analysis indicated
activity greater that the established criteria.

Sediment Sample Results

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

Thorium Activity Found

Out of the 122 soil samples analyzed from the affected area, 57 samples showed thorium activity
above background levels. The thorium activity ranged from levels that were near background to
about 33 pCi/gm. There was onc sample location that was a significant outlier. This was at
location A-12-3. Both the A-12-3 and 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
pCi/gm and 287 pCi/gm at A-12-3 and A-12-4 respectively.

Uranium Activity Found

Out of the 122 soil samples analyzed from the affected area, only seven indicated the presence of
uranium activity above the analytical detection limit. The total uranium activity ranged from 3
pCi/gm to 83 pCi/gm.

Depth Profile

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

Table 3.3 - Activity Depth Profile

0-2 ft 24 ft 4-6 ft 6-8 ft 8-10 ft
# Samples 30 30 30 30 2
Thorium 5% 4% 72% 19% 1%
Uranium 22% 26% 18% 34% 0%

The thorium information has much greater statistical significance and, therefore, is a better
indication of spatial distribution since only seven sample points were found to contain elevated
levels of uranium. 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 Breckenridge Disposal Site

Data Irregularities

In all, 229 soil samples were analyzed. In addition, two sediment samples were evaluated. In the
data detailing 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 of the two B-12-3 values since it had the higher down-hole reading.

The data also showed two A-11-2 samples and a missing A-4-2 (background) sample. The highest
reading was assigned to the A-11-2 sample location. The lower of the two readings was
disregarded. The data from sample A-18-2 was missing. The highest of the other three
measurements taken at location A-18 (A-18-1) was used in licu of the missing A-18-2 data.

Source Term Development

The 30-quadrant affected area was identified as quadrants A-6 through A-18, A-20, B-7 through
B-20, C-7 and C-11 with a depth of eight feet except at B-7 and at B-11, which was noted as being
at a depth of 10 feet. The volume of the defined affected area is about 7500 cubic meters.

Even though the NES sampling campaign involved the measurement of 231 samples, the limited
quantity of buried filtercake presents unique analytical circumstances. Because the quantity of
buried material only represents about 8/10ths of a percent of the volume of the affected areca
(derivation in Table 4.1), only a very small portion of the Disposal Site contains significant
amounts of radioactive contaminants. In the absence of solid historical information, an approach
similar to the one used in Table 3.4 and Table 3.5 would be necessary to develop an inventory of
radiological material. Because the inventory shown below was calculated using biased data (i.e.
borings and soil samples were performed at locations of highest surface readings 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 operational documents.

Table 3.4 — Calculated Total Thorium Inventory Using Soil Samples

Average | Quantity of gm/cm’ Calculated
Thorium Soil Number - {Default microcurie/ Th-232
Activity | Represented of value used in | cm¥m’® | picocurie Activity in
(pCi/gm) by each Samples* ResRad) Affected Area
sample(m’) : (microcuries)
14.617 61 122 1.5 1E+06 1E-06 163,000
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Radiological Evaluation of the Breckenridge Disposal Site

Table 3.5 — Calculated Total Uranium Inventory Using Soil Samples

Average | Quantity of gm/cm’ ’ Calculated
Uranium Soil Number | (Default value microcurie/ Total
(pCi/gm) | Represented of - used in cm’m’ | picocurie Uranium
by each Samples* ResRad) Activity in
sample(m’) Affected Area
(microcuries)
2.00 61 122 LS 1E+06 1E-06 22,000

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

Survey Quality Assurance

Characterization activities at the Breckenridge Property were performed in accordance with the
NES Quality Assurance Manual (NES 1997). Upon receipt of field radiological instruments,
calibration certificates were reviewed. In addition, instrument response checks were performed
daily. Field radiological equipment data can be found in Attachment 1.

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
traceable source in the appropriate counting geometry (for Breckenridge samples); daily instrument
source check using a source with a broad energy spectrum; regular blank measurements, and
regular duplicate analyses.

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
spectroscopy is compared with the analysis using gamma spectroscopy in Attachment 2. Overall,
the comparison shows that the gamma spectroscopy (used in the source term development)
overestimates the activity of uranium by about 27%, which is conservative. The results also show
that U-238 and U-234 are in secular equilibrium. This validates the use of Th-234 and Pa-234m as
proper indicators of U-238 activity (seec Attachment 2). The probable reasons for the differences
between the gamma and alpha spectroscopy are outlined in 2 memorandum from Paragon
Analytics spectroscopist, Bob Shannon. This memo is-included in Attachment 2.

u id ucti
The following measurements were taken from permanent structures within the Breckenridge

Property. The instructions presented below (also see Figure 2) will allow accurate reproduction of
the property grid used during the characterization.
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Grid point D1:

Grid point D3:

Grid point B2:

Grid point B3:

To relocate D1, begin at the NE comer of the property inside the fence.
Step down to the first 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 Disposal Site.
At 25 feet 6 inches from 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, begin at the NE comner of the property inside the fence.
Step down to the ninth fence pole on the ecast 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 northem third of the property. At 22
feet from the fence online 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, 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
feet from the fence online between these two points, place a marker (flag).
This is the intersection of Column B and Row 2 of the property grid.

To relocate B3, begin at the NW comer of the property inside the fence.
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
feet 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.

35 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 Property.

iological Work Permits (RWPs

An RWP, govemning all surveying and sampling tasks, was completed for the Breckenridge
Property. The RWP provided the controls to ensure the work was accomplished in a radiologically
safe manner while maintaining personnel radiation exposure as low as was reasonably achievable

(ALARA).
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Radiological Evaluation on the Breckenridge Disposal Site

Contamination Control

All NES personnel 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.
Engineering controls was utilized to contain contamination. Personal protective equipment was
wom as stated in the RWP. This included hard hats, safety glasses, latex gloves with cotton liners,
work boots, and plastic shoe covers. All equipment and personnel were surveyed upon leaving the
controlled area. '

Personnel Monitoring and Protection

All NES personnel, including the drilling contractors, participated in a bioassay program including
baseline in-vitro examination (i.e., urinalysis) at the start of work and again upon completion of the
project. Results show that the maximum total effective dose equivalent (TEDE) received during the
characterization was 0.4 millirem. Air samples were also taken continuously during
characterization activities and analyzed on a daily basis to ensure permissible limits were not
exceeded.
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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 noted 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% salids). The letter goes on to
state that this is generally the same proportion of liquid to solids that is seen in the feedstock. This
information shows that the feedstock and the filtercake were similar in physical form.

If the specific activity, taken from the Tracerlab report, is used to calculate the fraction of thorium
in the relatively wet feedstocks, the derived value is about 0.09 % ThO,. 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 ThO, content of the feedstocks were noted as generally being in the range of 0.1
percent to 0.3 percent. Although this letter and the respective license amendment do not specifically
state that the noted fractions 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 fractions used in these documents are in line with the values used in the 1968 MCC
letter where the 0.1 to 0.3 percent values are also noted.

The concentration values of the feedstocks used by MCC appear to be relatively accurate;
therefore, it is reasonable to believe that the filtercake concentration 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 incorrect on an overall basis, the fraction of thorium activity
that partitions off to the filtercake (about 85%) appears to be reasonable. Initial licensing
documents from MCC noted that most of the thorium would be precipitated out in the filtercake.
This again suggests relative accuracy in the rcported thorium concentration values used for the
feedstock and the filtercake.

The data suggests that specific activity values for thorium in filtercake were fairly accurate 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
filtercake that was disposed of at the Disposal Site. This corresponds to 1105 picocuries per gram
of thorium on a dry weight basis. The 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 were much lower than 1105 picocuries per gram. This may be aftributable to the
mixing of clean soil with the filtercake within the analytical sample.
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When the filtercake is viewed in terms of volume, assuming that the material has roughly the
density of concrete (2.36 grams per cubic centimeter), only about 8/10ths of one percent of the
volume within the NES-defined affected area (7500 cubic meters) coatains the filtercake (Table
4.1). Of the 122 samples taken by NES in the defined affected area, theoretically, only a single
sample point would be a sample directly of the filtercake material. In fact, it appears that only one
of the sampling boreholes actually sampled the filtercake completely. Activity at this borehole (grid
point A-12) was 1210 picocuries per gram at the 4’-6” depth. This correlates well with the buried
material’s activity, which was derived from the MCC report (1105 picocuries per gram).

Table 4.1 — Fractional Volume of Filtercake in Disposal Site

Volume of | Weightof | Densityof | gramsper [ cm’perm’ | Volumeof | Volume
Affected Filtercake | Filtercake pound Filtercake | Fraction of
Area (lbs.) (g/cm®) (m*) Filtercake
in affected
7500 m3 303,174 2.36 454 1 E6 58.3 .008

The historical records appear to be the best indication of the buried radicactivity. In addition, the
records appear to be reasonably accurate when compared and analyeed against the present-day
survey data. Based on this deduction, the total thorium activity provided in the MCC report to
Michigan in 1972 (MCC 1972) is prcsumed to be best indicator of the Dnsposal 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 (= 1 pCi/gm), also contained
uranium activity. Conversely, when uranium activity was seen, varying proportions of thorium
activity were present.

The variation in uranium concentration could have resulted from variations in feedstock uranium
concentration or could have stemmed from varying levels of solubility of the uranium compounds
within the extraction process. The MCC historical documents suggest that the uranium compounds
could be quite soluble. A 1966 MCC letter notes that “uranium will be removed from the solution.
by passing it through an anion exchange column” (MCC 1966). In the Tracerlab Activity Report
(Tracerlab 1967a), the concentration values provided showed that, of the uranium compounds in
the incoming feedstock, 99.9% of the activity was in the form of soluble compounds. The
remaining 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 from ion exchange columns (for
regencration purposes), was subsequently transferred to uranium processors. This also suggests
that a significant portion of the uranium activity in the process’ initial feedstock did indeed
partition off into the liquid phase of the extraction process and was subsequently removed 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 U;Oz in the feedstock was about 0.1 to 0.3 percent. The specific activity of the feedstock,
used by MCC (Tracerlab 1967a) correlates to about 0.08 percent. Again, this suggests that the
analytical processes used on the feedstock had some 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 partitioned
off to the filtercake. '

Based on their assumed relative accuracy, the uranium concentration values derived during the
time of operation along with the values of total deposited uranium activity are assumed to be fairly
accurate and the best source for evaluating the uranium inventory. The buried total uranium value,
taken 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 documents
appear to be the best available indication of the buried material’s total activity. These values are as
follows: :

e Total thorium 60,830 microcuries
o Total uranium 523 microcuries

Since MCC appears to have adhered to the regulations that were in place at the time of burial, the
surface activity noted by the post-closure surveys is believed to have originated from relatively
small container breaches during the burial process. In addition, some added activity could have
been brought to the surface during the 1996 MEC environmental sampling activities.
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ATTACHMENT 1

BRECKENRIDGE FIELD RADIOLOGICAL EQUIPMENT

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

Table 1 Survey Instrumentation

. Serial
Instrument Use Calibration | Cal. Due | Number
Date Date Meter/Probe
Ludlum 2220 ratemeter/scaler | Beta-gamma direct scans
w/ 44-9 probe and measurement surveys | 07/16/97 07/16/98 | 52833/067932
Ludlum 2220 ratemeter/scaler | Alpha direct scans and
w/ PG-2 probe ‘ measurement surveys 07/17/97 07/17/98 | 52823/718194
Ludlum 2220 ratemeter/scaler | Alpha direct scans and
w/ 43-5 probe measurement surveys 07/17/97 07/17/98 | 52836/010575
Ludlum 2221 ratemeter/scaler | Alpha direct scans and
w/ 43-5 probe measurement surveys 04/21/97 10/21/97 | 73687/037504
Ludlum 2929 phoswich scaler | Smear sample alpha and
w/ 43-10 detector beta-gamma counter 03/14/97 09/14/97 | 69660/061489
Eberline RAS-1, low volume Routine air samples
air sampler during sample 03/18/97 03/18/98 | 569
preparation
Radeco-809, high volume air  { Routine air samples
sampler field work area 08/06/97 08/06/98 | 5387
Radeco-809, high volume air Routine air samples
sampler field work area 08/06/97 08/06/98 5389
Canberra MCA w/ HPGe Gamma spectroscopy
detector sample analysis 08/20/97 as neeeded | 794333
Bicron MicroR meter General area dose rate
measurements 07/28/97 07/28/98 | B218L

Radiation instruments used during characterization of the Disposal Site were each calibrated within
the last year with a NIST traceable source standard. Daily source checks were performed on each
instrument before use with an appropriate NIST traceable source (beta-gamma sensitive
.instrumeats with a T¢-99 source, alpha sensitive with a Pu-239 source, and gamma sensitive with a

Cs-137 source).
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URANIUM ACTIVITY ANALYSIS

ATTACHMENT 2

Activity Activity
1 (pCigm) (pCi/gm) Comparison
Sample ID | Isotope Alpha Spec | Gamma Spec (Delta/Alpha)
A-17-3 U-234 2.77 320 16%
A-17-3 U-235 0.20 0.00
A-17-3 U-238 3.60 3.20 -11%
B-7-2 U-234 22.70 25.50 12%
B-7-2 U-235 1.60 0.00
B-7-2 U-238 21.00 25.50 21%
B-7-3 U-234 62.00 25.80 -58%
B-7-3 U-235 4.50 8.00 78%
B-7-3 U-238 69.00 25.80 -63%
B-11-4 U-234 52.50 83.00 58%
B-11-4 U-235 3.20 0.00
B-11-4 U-238" 50.00 83.00 66%
B-16-1 U-234 38.10 52.90 39%
B-16-1 U-235 2.01 0.00
B-16-1 U-238 40.30 52.90 31%
B-17-2 U-234 22.20 37.70 70%
B-17-2 U-235 0.98 0.00
B-17-2 U-238 19.90 37.70 89%
Average 27%
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ATTACHMENT 2 (continued)

Paragon Analytics, Inc.

Memorandum

T  KenKasper 'A"’ J\A"\
Frarx Bob Shamon Q
Datec  02/22/39

R MEC Sol Samples

This is In confinnation of our conversation this aftermoon. 1 have had a chance to check fusther inlo the
preparation of the solid samples you referenced (B-7-3 and B-11-4). AS you were aware, these
samples had been difuted with sugar prior to delivery at Paragon a fact which lead {0 a variety of
problems in the analysis of the samples.

The gamma speciroscopy fractions were analyzed and report on an ‘as received’ basis using the
quantities recorded on the sampie labels as the aiquot mass in calculations. By visual inspection, the
samples appeared t0 have been dried and ground prior to the sugar being added. The sugar had been
only partialy mixed with the solids so the samples were further homogenized by tumtling prior to
gamma spec analysis. it was noted that the sugar appeared to have transfered some moisture back to
the samples Wmamahmemdednmmdmmtedmdmpamhme
case narralives for these samples.

The sampies were analyzed for lsotopic uranium by alpha spectroscopy. A samples were miffied in
at 600 degrees Calsius to destroy any organics inciuding the added sugar prior to intiation of chemical
separations. Samples were subsequenfly processed and results repested on an ‘asiy’ weight basis,
During the muffing process tha analyst reparted difficuiies with sugar expanding and overfiowing the
sample container. Any organic and many valatie substances in the original sampls would have been
thus removed grior t0 measuremernt of the aliquot mass and are not reflected in the weight used for
calcdations. Reporting ‘ash weight' as opposed to ‘dry’ weight would fend a high bias to alpha
spectroscopy results sinca the sample would be effectively concontrated by the ashing process.

Additionally it Is noted that, -non-homogenelty of the sample mabix is common in environmental
samples and can occasionally cause significant protiems with reproducitility in resuits. 1t is generally
prudent to place more confidence in a test run with a larger sliquot size (6.0 gamma spec) than a test
with smalier aliquat size (e.g. alpha spec) since the subsampling uncertainties assodiated with a targer
aliquot size In general, gamma spectroscopy results.  This is of course assumes that the test are
capable of deilvering the required specificity and precision {(sansifivity).

snmmlwammmau-mmmmummm gamma
spacirosocopy may be more reliable due to the fact that results were reported on an ‘ash weight' basis
with a relatively fanger aliquol (71 grams versus 2 grams). The alpha spectroscopy results, on the other
hand, would bs the most dependatie method of determining the qualitative character of uranium
present (ratio of U-234:1-238),

'Heasafedﬁaetownctmeifymhavea\qulmorm
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Breckenridge Site ATTACH. 3 8/13/99
SUMMARY OF SOIL SAMPLING DATA
Sample ID Th-228 Th-232 U-235 . U-238 Batch #
A-1-1 0.55 <0.54 <0.76 <2.1 849
A-1-2 <0.30 < 0.67 <0.87 <26 849
A-1-3 0.59 <0.39 <04 <11 849
A-2-1 0.79 <0.52 <0.73 <19 849
A-2-2 0.74 <0.37 <0.56 <15 849
A-2-3 0.5 <0.33 <0.43 <12 849
A-2-4 0.41 <0.19 <027 <0.71 849
A-3-1 0.6 <13 <1.2 <26 849
A-3-2 0.58 0.59 <0.27 <072 849
A-3-4 0.65 <.61 <.53 <1.4 309
A-3-3 0.67 0.59 <0.69 <19 849
A-4-1 1.03 <14 <16 <43 849
A-4-3 0.76 <0.6 <0.43 <17 849
A-4-4 0.48 <34 <.36 <1.1 309
A-6-1 0.81 1.26 <77 <2.2 775
A-6-2 0.65 <.94 <1.0 <3 775
A-6-3 0.62 0.5 <.37 <13 775
A-6-4 1.06 1.17 <0.34 <0.94 849
A-7-1 0.870 1.410 <.5 <1.5 399
A-7-2 < 0.44 <1.1 <13 <37 849
A-7-3 0.900 0.780 <0.53 <15 849
A-7-4 0.410 <42 <4 <1.2 775
A-8-1 1.370 1.290 <.26 <8 775
A-8-2 0.810 <.54 <56 <1.5 399
A-8-3 0.600 0.630 <28 <.69 399
A-8-4 0.670 <0.78 <0.72 <16 849
A-9-1 1.100 1.040 <.63 <2.1 775
A-9-2 0.930 <0.77 <0.95 <24 849
A-9-3 0.450 <3 <.34 <1 399
A-9-4 0.670 0.520 <.26 <79 775
A-10-1 0.550 <.55 <55 <1.8 775
A-10-2 <23 <.74 <.61 <1.6 775
A-10-3 0.470 <.41 <.42 <97 399
A-10-4 0.340 <41 <.41 <1.1 399
A-11-1 0.860 <.62 <54 <1.8 775
A-11-2 1.600 <16 <15 <47 849
A-11-2 0.730 <5 <.59 <1.5 775 packing list has 2
A-11-3 0.490 0.720 <.42 <1.3 775
A-11-4 0.490 <.39 <4 <1.3 775
A-12-1 1.190 <.84 <.62 <21 775
A-12-2 5.170 5.220 <0.24 <0.75 775
A-12-3 .1180.00 1210.000 <16 <55 849
A-12-4 285.000 287.000 <6.7 <23 775
A-13-1 7.900 8.400 <11 <3.8 775
A-13-2 6.600 6.400 <11 <33 775
A-13-3 7.100 7.800 <19 <58 849
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Breckenridge Site

SUMMARY OF SOIL SAMPLING DATA

ATTACH. 3

8/13/99

Sample ID Th-228 Th-232 U-235 U-238 Batch #
A-13-4 1.110 <.69 <.68 <1.9 775
A-14-1 1.990 <1.6 <1.1 <34 775
A-14-2 0.440 <42 <47 <14 775
A-14-3 <13 <37 <4 <1.2 775
A-14-4 0.410 <.61 <.68 <1.7 775
A-15-1 1.090 <0.55 <0.50 <15 849
A-15-2 0.610 <.43 <.39 <1.4 775
A-15-3 0.710 0.700 <44 <14 399
A-15-4 0.980 0.780 <.49 <1.6 399
A-16-1 2.110 2.360 < .9 <29 849
A-16-2 0.740 <04 <0.5 <14 849
A-16-3 0.910 <0.7 <0.73 <24 849
A-16-4 0.630 0.570 <3 <.96 775
A-17-1 4.500 4.100 <10 <3.8 775
A-17-2 1.580 <0.6 <0.73 <25 849
A-17-3 2.020 1.880 <0.54 3.200 849 duplicate says no U
A-17-4 1.900 2.140 <77 <23 775
A-18-1 8.200 8.200 <13 <44 775
A-18-2 missing...used highest avallable A-18 reading
A-18-3 2.160 2.250 <.36 <1.1 398
A-18-4 7.100 7.100 <93 <35 775
A-19-1 0.820 <5 <46 <1.4 775
A-19-2 0.750 <.65 <53 <1.8 775
A-19-3 <24 <74 <.63 <2.1 775
A-194 0.520 0.550 <27 <.88 775
A-20-1 0.830 0.830 <.56 <1.9 775
A-20-2 1.060 1.160 <2 <.59 775
A-20-3 0.510 0.750 <3 <94 775
A-20-4 0.700 <35 <45 <1.3 775
A-20-5 0.370 <43 <38 <1.1 775

B8-3-1 0.85 0.83 <043 <1.0 849
B-3-2 0.43 <0.53 <0.35 <11 849
B-3-3 0.49 0.5 <0.27 <0.70 849
B-3-4 0.69 < 0.63 <0.6 <17 849
B8-5-1 <0.27 <0.71 <092 <20 849
B-5-2 0.71 0.61 <035 <11 849
B-5-3 0.45 0.59 <34 <1 399
B-54 0.56 0.74 <0.29 <0.98 849
B-7-1 0.870 <0.47 <0.59 <15 849
B-7-2 3.850 4,200 <20 25.500 849
B-7-3 13.700 . 14.800 8.000 25.800 775
B-7-4 1.960 2.450 <.69 <2.2 399
B-7-6 1.170 <0.47 <0.51 <1.6 849
B-8-1 5.8 6.500 <12 <40 775
B-8-2 0.650 <.66 <58 <19 775
B8-8-3 0.560 <34 <.36 <1.2 399
B8-8-4 0.650 0.650 <24 <.81 775
B8-9-1 2.070 2.450 <95 <3.0 775
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ATTACH. 3

SUMMARY OF SOIL SAMPLING DATA

8/13/99

Sample ID Th-228 Th-232 U-235 U-238 Batch #
B-9-2 1.400 1.070 <0.63 <20 849
B-9-3 0.620 <04 <0.42 <11 849
B-9-4 0.440 <55 <.44 <12 775

B-10-1 0.800 <.42 <.41 <1.2 775
B-10-2 <19 <4 <6 <19 775
B-10-3 0.680 0.580 <28 <77 399
B-10-4 0.450 0.490 <.24 <74 775
B-11-1 <.31 <.86 <1.1 <2.8 775
B-11-2 0.900 <0.52 <052 <18 849
B-11-3 34.000 31.700 <32 <10 849
B-11-4 28.700 28.400 <26 83.000 849
T B-11-5 9.600 10.400 <22 <6.7 775
B-12-1 7.400 7.600 <0.76 <25 849
B-12-2 1.470 1.630 <94 <32 775
B-12-3 0.590 <.52 <.52 <15 775
B-12-4 0.660 <8 <.85 <2.1 399
B-13-1 6.900 7.300 <14 <46 775
B-13-2 1.130 <57 <.66 <1.8 775
B-13-3 0.720 <77 <57 <1.6 775
B-13-4 1.480 1.580 <29 <84 775
B-14-1 0910 ~ <1.0 <1.0 <3 775
B-14-2 1.120 <1.4 <1.2 <37 775
B-14-3 0.590 <43 <45 <12 399
B-14-4 <12 <.29 <26 <.99 775
B-15-1 0.600 0.620 <0.44 <14 849
B-15-2 5.600 5.400 <0.90 <28 849
B-15-3 0.710 0.700 <44 <1.4 399
B-154 <0.23 <0.83 <0.85 <21 849
B-16-1 22.100 22.800 <14 52.900 849
B-16-2 13.400 15.300 <18 <6.2 775
B-16-3 2.320 2.050 <.56 <1.7 775
B-16-4 1.010 0.880 <41 <15 309
B-17-1 10.000 8.800 <24 <83 849
B-17-2 21.800 22.700 <21 37.700 849
B-17-3 3.11 2.82 <053 8 775
B-174 1.940 1.790 <53 <16 775
B-18-1 1.530 <77 <91 <2.5 775
B-18-2 2970 <98 <98 <3.1 775
B-18-3 0.680 0.760 <42 <1.2 399
B-184 0.720 0.850 <55 <1.8 849
B-19-1 5.150 4.800 <0093 <31 849
B-19-2 0.820 0.560 <.39 <1.1 775
B-10-3 0.520 <4 <59 <1.4 309
B-194 0.440 0.490 <27 <.85 775
B-20-1 1.540 1.580 <56 <2 775
B-20-2 0.940 0.970 <.42 <1.2 775
B-20-3 0.840 <57 <59 <1.6 775
B-20-4 0.530 0.480 <0.36 <1.0 849
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SUMMARY OF SOIL SAMPLING DATA

ATTACH. 3

8/13/99

Sample ID Th-228 Th-232 U-235 U-238 Batch #
C-1-1 0.43 <11 <1.0 <34 849 ]
C-1-2 <0.37 <14 <1.0 <3.2 849
C-1-3 0.49 <0.62 <0.73 <23 849
C-1-4 <03 < 0.66 <0.96 <26 849
C-2-1 0.44 <0.64 <0.74 <19 849
Cc-2-2 0.51 <0.39 <0.54 <13 849
C-2-3 0.45 < 0.61 < 0.48 <17 849
C-2-4 0.26 <0.25 <0.28 <0.92 849
C-4-1 <0.54 <14 <17 <49 849
C-4-2 0.61 <44 <.53 <14 775
C4-3 <0.38 <14 <15 <4.3 849
C-4-4 0.52 <57 <34 <1.1 775
C-6-1 0.62 <.58 <.64 <1.8 775
C-6-2 0.74 <.26 <.25 <79 775
C-6-3 0.69 <0.34 <(0.38 <11 849
C-64 0.76 <.85 <8 <23 775
C-7-1 1.210 <0.48 <0.54 <15 849
C-7-2 <.31 <.85 <77 <29 775
C-7-3 0.530 <.39 <38 <1.2 399
C-74 0.680 0.770 <39 <1.1 399
C-8-1 0.700 <0.85 <0.76 <25 849
C-8-2 0.450 <0.3 <0.37 <1.2 849
C-8-3 <.14 <.55 <49 <1.3 399
Cc-8-4 0.880 <0.65 <0.65 <20 849
C-9-1 <29 <12 <11 <3 775
C-9-2 0.710 0.620 <47 <1.5 775
C-9-3 0.690 <0.55 <0.57 <1.6 849
c-94 0.230 <3 <36 <.99 775

C-10-1 <38 <.63 <.85 <3.2 775
C-10-2 0.610 0.430 <29 <.93 775
C-10-3 0.520 <43 <.39 <1.1 399
C-10-4 0.620 <0.32 <0.41 <1.2 849
C-11-1 1.190 <1.1 <84 <27 775
C-11-2 0.510 <47 <.58 <1.6 775
C-11-3 0.610 <53 <.64 <1.6 775
C-114 -0.500 <0.62 < 0.61 <15 849
C-12-1 0.610 <.55 <43 <1.3 775
C-12-2 0.590 <.36 <.33 <1.1 399
C-12-3 0.760 < 0.68 <0.61 <17 849
C-12-4 <0.23 <0.7 <0.65 <23 849
C-13-1 0.630 0.950 <.66 <19 775
C-13-2 0.550 0.440 <034 <0.92 849
C-13-3 0.600 0.540 <25 <.64 399
C-13-4 0.590 <.67 <57 <1.7 775
C-14-1 <0.29 < 0.91 <0.86 <25 849
C-14-2 <35 <94 <1 <27 775
C-14-3 0.700 <0.50 <0.55 <15 849
C-14-4 0.710 0.940 <.36 <1.1 775
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SUMMARY OF SOIL SAMPLING DATA

ATTACH. 3

8/13/99

Page 5of 5

Sample ID Th-228 Th-232 U-235 U-238 Batch #
C-15-1 <0.37 <14 <13 <38 849
C-15-2 <.29 <.64 <0.84 <23 849
C-15-3 1.000 <13 <13 <3.7 775
C-154 0.470 0.860 <.65 <22 775

D-3-1 <0.34 <1.0 <11 <31 849
D-3-2 0.64 <0.84 < 0.80 <27 - 849
D-3-3 0.63 < 0.46 <0.54 <1.9 849
D-34 0.47 <0.26 <0.34 <0.89 849
D-5-1 <0.38 <12 <15 <39 849
D-5-2 <0.5 <15 <1.6 <42 849
D-5-3 0.6 0.73 <0.40 <12 849
D-5-4 0.37 0.87 <0.98 <28 849
D-7-1 <.34 <.58 <1 <29 775
D-7-2 0.460 0.700 <.41 <1.2 399
D-7-3 0.670 <0.29 <0.38 <1.0 849
D-74 0.620 0.630 <0.29 <0.97 849
D-8-1 0.390 < 0.81 <0.91 <20 849
D-8-2 0.690 <23 . <59 <1.6 775
D-8-3 0.530 0.560 <43 <1.1 775
D-8-4 0.450 0.520 <24 <.63 399
D-9-1 <23 <.64 <.56 <1.7 775
D-9-2 0.500 <.44 <.38 <1.1 399
D-9-3 0.490 <.38 <51 <1.2 775
D-9-4 0.510 <47 <.65 <2 775
E-1-1 0.75 1.16 <0.85 <25 849
E-1-2 0.77 1.26 <0.72 <22 849
E-1-3 0.66 0.91 <0.45 <15 849
E-1-4 0.34 <0.43 <045 <14 849
E-2-1 0.52 0.39 <0.19 <0.61 849
E-2-2 0.53 <0.97 <0.89 <28 849
E-2-3 0.93 < 0.50 <0.49 <13 849
E-2-4 0.47 <0.35 <0.35 <1.0 849
E-4-1 <0.33 <13 <1.2 <33 849
E-4-2 0.7 < 0.60 <0.58 <17 849
E-4-3 0.62 <3 <34 <1 399
E-44 0.51 0.61 <39 <1.2 399
E-6.1 <39 <1.1 <1.1 <3.3 399
E-6-2 <0.31 <0.85 <1.0 <24 849
E-6-3 0.47 0.5 <04 <12 849
E-6-4 0.62 0.78 <34 <1.2 775
Creek D <.18 <.4 <.41 <1.5 775
Creek U <.19 <49 | <.67 <17 775



Breckenridge Site

ATTACH. 4

BACKGROUND DATA
Non-Detects Are Replace by One-Half the Reported MDA
Samplie ID Th-228 Th-232 U-235 U-238

A-1-1 0.55 027 0.38 1.05
A-1-2 0.15 034 0.44 . 130
A-1-3 0.59 0.20 0.20 055
A-2-1 0.79 0.26 037 095
A-2-2 0.74 0.19 0.28 0.75
A-2-3 0.50 0.17 0.22 0.60
A-2-4 0.41 0.10 0.14 036
A-3-1 0.60 0.65 0.60 1.30
A-3-2 0.58 0.59 0.14 0.36
A-3-3 0.67 0.59 0.35 0.95
A-3-4 0.65 031 027 0.70
A-4-1 1.03 0.70 0.80 215
A-4-3 0.76 0.30 022 0.85
A-4-4 0.48 .17 0.18 0.55
B-3-1 0.85 0.83 0.22 0.50
B-3-2 0.43 0.27 0.18 055
B-3-3 0.49 0.50 0.14 0.35
B-3-4 0.69 0.32 0.30 085
C-1-1 0.43 0.55 0.50 1.70
C-1-2 0.19 0.70 050 1.60
C-1-3 0.49 0.31 0.37 1.15
C-1-4 0.15 0.33 0.48 130
C-2-1 0.44 032 037 0.95
C-2-2 0.51 0.20 027 0.65
C-2-3 0.45 0.31 0.24 0.85
C-2-4 0.26 0.13 0.14 046
-C-4-1 027 0.70 085 245
C-4-2 0.61 022 027 0.70
C-4-3 0.19 - 0.70 0.75 215
C-44 0.52 0.29 0.17 055
D-3-1 0.17 0.50 0.55 158
D-3-2 0.64 0.42 0.40 135
D-3-3 0.63 023 0.27 0.95
D-3-4 0.47 0.13 0.17 045
E-1-1 0.75 1.16 043 125
E-1-2 0.77 1.26 0.36 1.10
E-1-3 0.66 0.91 023 0.75
E-1-4 0.34 0.22 0.23 0.70
E-2-1 0.52 0.29 0.10 031
E~2-2 0.53 0.49 045 1.40
E-2-3 0.93 0.25 0.25 0.65
E-2-4 0.47 0.18 0.18 050
E4-1 0.17 0.65 0.60 1.65
E-4-2 0.70 0.30 0.29 085
E-4-3 0.62 0.15 0.17 0.50
E-44 0.51 0.6} 0.20 0.60
mean 0.53 0.42 0.33 0.95
median 0.52 031 0.27 0.85
std dev 0.21 0.27 0.18 0.51
mean + 2(std dev) 0.95 0.96 0.69 1.98
mean + 3(std dev) 1.16 1.22 0.87 2.49

* Bolded numbers are previous non-detects
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Sample ID
1 A-6-1
2 A-6-2
3 A-6-3
4 A-6-4
5 A-7-1
6 A-7-2
7 A-7-3
8 A-74
9 A-8-1
10 A-8-2
11 A-8-3
12 A-84
13 A-9-1
14 A-9-2
15 A-9-3
16 A-9-4
17 A-10-1
18 A-10-2
19 A-10-3
20 A-10-4
21 A-11-1
22 A-11-2
23 A-11-3
24 A-114
25 A-12-1
26 A-12-2
27 A-12-3
28 A-124
29 A-131
30 A-13-2
31 A-13-3
32 A-13-4
33 A-14-1
34 A-14-2
35 A-14-3
36 A-14-4
37 A-15-1

Th-228

0.810
0.650
0.620
1.060
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
0.000
0.470
0.340
0.860
1.600
0.490
0.490
1.190
5.170
1180.000
285.000
7.900
6.600
7.100
1110
1.990
0.440
0.000
0.410
1.090

minus bkgd
0.53

0.280
0.120
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
-0.190
0.330
1.070
-0.040
-0.040
0.660
4.640
1179.470
284.470

7.370
6.070
6.570
0.580
1.460
-0.090
-0.530
-0.120
0.560

Th-228
minus bkad
0.53
0.42

0.280
0.120
0.090
0.530
0.340
0.000
0.370
0.000
0.840
0.280
0.070
0.140
0.570
0.400
0.000
0.140
0.020
0.000
0.000
0.000
0330
1.070
0.000
0.000
0.660
4.640
1179.470
284470
1370
6.070
6.570
0.580
1.460
0.000
0.000
0.000
0.560

ATTAC

DATA ANALYSIS OF
Th-232 minus bkdg
0.42

1.260 0.840
0.000 -0.420
0.500 0.080
1.170 0.750
1410 0.990
0.000 -0.420
0.780 0.360
0.000 -0.420
1.290 0.870
0.000 -0.420
0.630 0.210
0.000 -0.420
1.040 0.620
0.000 -0.420
0.000 -0.420
0.520 0.100
0.000 -0.420
0.000 -0.420
0.000 -0.420
0.000 -0.420
0.000 0.420
0.000 -0.420
0.720 0.300
0.000 -0.420
0.000 -0.420
5.220 4.800

1210.000 1209.580

287.000 286.580
8.400 7.980
6.400 5980
7.800 7.380
0.000 -0.420
0.000 -0.420
0.000 -0.420
0.000 -0.420
0.000 -0.420
0.000 -0.420

-ECTED AREA

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
0.210
0.000
0.620
0.000
0.000
0.100
0.000
0.000
0.000
0.000
0.000
0.000
0.300
0.000
0.000
4.800
1209.580
286.580
7.980
5.980
7.380
0.000
0.000
0.000
0.000
0.000
0.000

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

Total Th

0.840
0.120
0.090
0.750
0.990
0.000
0.370
0.000
0.870
0.280
0.210
0.140
0.620
0.400
0.000
0.140
0.020
0.000
0.000
0.000
0.330
1.070
0300
0.000
0.660
4.800
1209.580
286.580
7.980
6.070
7.380
0.580
1.460
0.000
0.000
0.000
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
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

-2t

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

0.00
0.00¢
0.00r
0.0«
0.00x
0.00(
0.00¢
0.00(
0.00¢
0.001
0.00¢
0.00(
0.00(
0.00(
0.00¢
0.00(
0.00(
0.00C
0.000
0.000
0.000
0.000
0.000
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38
39
40
41
42
43

45
46
47
48
49
50
51
52
63

55
56
57
58
59
60
61
62
63

65

67
68
69
70
71
72
73
74
75
76

78

Sample 1D

A-15-2
A-15-3
A-154
A-16-1
A-16-2
A-16-3
A-164
A-17-1
A-17-2
A-17-3
A-17-4
A-18-1
A-18-2
A-18-3
A-18-4
A-19-1
A-19-2
A-19-3
A-194
A-20-1
A-20-2
A-20-3
A-20-4
A-20-5
B-7-1
B-7-2
B-7-3
B-74
B-7-5
B-8-1
B-8-2
8-8-3
B-84
B-9-1
B8-9-2
B-9-3
B-9-4
B-10-1
B-10-2
B-10-3
B-10-4
B-11-1

Th-228

0.610
0.710
0.980
2.110
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
0.000
0.520
0.830
1.060
0.510
0.700
0.370
0.870
3.350
13.700
1.960
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
0.000

minus bkgd

053

0.080
0.180

0.450
1.580
0.210
0.380
0.100
3.970
1.050
1.490
1.370
7.670
7.670
1.630
6.570
0.290
0.220
-0.530
-0.010
0.300
0.530
-0.020
0.170
-0.160
0.340
3.320
13.170
1.430
0.640
5.270
0.120
0.030
0.120
1.540
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
1.580
0.210
0.380
0.100
3970
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
3.320
13.170
1.430
0.640
5.270
0.120
0.030
0.120
1.540
0.870
0.090
0.000
0.270
0.000
0.150
0.000
0.000

ATTAC™ S

DATA ANALYSIS OF
Th-232 minus bkdg
042
0.000 0420
0.700 0.280
0.780 0.360
2360 1.940
0.000 -0.420
0.000 -0.420
0.570 0.150
4.100 3.680
0.000 -0.420
1.880 1.460
2.140 1.720
8.200 7.780
-8.200 7.780
2.250 1.830
7.100 6.680
0.000 -0.420
0.000 -0.420
0.000 -0.420
0.550 0.130
0.830 0410
1.160 0.740
0.750 0.330
0.000 -0.420
0.000 -0.420
0.000 -0.420
4200 3.780
14.800 14.380
2450 2.030
0.000 -0.420
6.500 6.080
0.000 -0.420
0.000 -0.420
0.650 0230
2450 2.030
1.070 0.650
0.000 -0.420
0.000 -0.420
0.000 -0.420
0.000 -0.420
0.580 0.160
0.4%0 0.070
0.000 -0.420

ECTED AREA

Th-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
0.000
0.130
0410
0.740
0330
0.000
0.000
0.000
3.780
14380
2.030
0:000
6.080
0.000
0.000
0.230
2.030
0.650
0.000
0.000
0.000
0.000
0.160
0.070
0.000

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

Total Th

0.080
0.280
0.450
1.940
0210
0.380
0.150
3.970
1.050
1.490
1.720
7.780
7.780
1.830
6.680
0.290
0.220
0.000
0.130
0410
0.740
0.330
0.170
0.000
0.340
3.780
14380
2,030
0.640
6.080
0.120
0.030
0.230
2030
0.870
0.090
0.000
0270
0.000
0.160
0.070
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
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
8.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

©0.000

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
0.000
0.001
0.00«
0.00x
0.001
0.00
0.001
0.001
0.00t
25.50
25.80
0.00(
0.00(
0.00(
0.00(
0.00(
0.00¢
0.00(
0.00C
0.00(
0.00¢
0.00¢
0.00¢
0.00C
0.00C
0.00¢



Breckenridge Disposal Site

80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
g6
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

B-11-2
B-11-3
B-11-4
B-11-5
B-12-1
B-12-2
B-12-3
B-12-4
B-13-1
B-13-2
B-13-3
B-134
B-14-1
B-14-2
B-14-3
B-14-4
B-15-1
B-15-2
B-15-3
B-154
B-16-1
B-16-2
B-16-3
B-16-4
B-17-1
B-17-2
B-17-3
B-174
B-18-1
B-18-2.
B-18-3
B-18-4
B-19-1
B-19-2
B-19-3
B-19-4
8-20-1
B-20-2
8-20-3
8-204
C-7-1
C-7-2

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

0.000

0.600

5.600

0.710

0.000
22.100
13.400

2.320

1.010
10.000
21.800

3110

1.940

1.530

2970

0.680

0.720

5.150

0.820

0.520

0.440

1.540

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
0.190
0.950
0.380
0.590
0.060

-0.530 " -

0.070
5.070
0.180
-0.530
21.570
12.870
1.790
0.480
9470
21.270
2.580
1410
1.000
2440
0.150
0.190
4.620
0.290
-0.010
-0.090
1.010
0.410
0.310
0.000
0.680
-0.530

Th-228
minus bkgd
0.370
33.470
28.170
9.070
6.370
0.940
0.060
0.130
6370
0.600
0.190
0.950
0.380
0.590
0.060
0.000
0.070
5.070
0.180
0.000
21.570
12870
1.790
0.480
9.470
21.270
2.580
1.410
1.000
2.440
0.150
0.190
4.620
0.290
0.000
0.000
1.010
0410
0310
0.000
0.680
0.000

DATA ANALYSIS OF EFFECTED AREA

Th-232

0.000
31.700
28.400
10.400

7.600

1.630

0.000

0.000

7.300

0.000

0.000

1.590

0.000

0.000

0.000

0.000

0.620

5.400

0.700

0.000
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

0.000

0.480

0.000

0.000

ATTAL

minus bkdg
0.42
-0.420
31.280
27.980
9.980
7.180
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
0430
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
31.280
27.980
9.980
7.180
1.210
0.000
0.000
6.880
0.000
0.000
1.170
0.000
0.000
0.000
0.000
0.200
4.980
0.280

- 0.000
22.380
14.880

1.630
0.460
8.380
22.280
2.400
1.370
0.000
0.000
0.340
0.430
4.380
0.140
0.000
0.070
1.160
0.550
0.000
0.060
0.000
0.000

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

Total Th

0.370
33.470
28.170
9.980
7.180
1.210
0.060
0.130
6.880
0.600
0.190
1.170
0.380
0.5%0
0.060
0.000
0.200
5070
0.280
0.000
22.380
14.880
1.790
0.480
9470
22.280
2.580
1.410
1.000
2.440
0.340
0.430
4.620
0.290
0.000
0.070
1.160
0.550
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
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000 ~

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

u-2:

0.00
0.00
83.0(
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.000
0.00¢
0.001
0.001
0.001
52.90
0.00
0.00¢
0.00¢
0.00(
37.70
8.00(
0.00(
0.00(
0.00(
0.00(
0.00(
0.00¢
0.00(
0.00(¢
0.00¢
0.00(
0.00C
0.00C
0.00¢
0.000
0.000



Breckenridge Disposal Site

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

DATA ANALYSIS OF . FECTED AREA

ATTA(

Sample ID Th-228  minusbkgd  Th-228 Th-232  minusbkdg  Th-232 Total Th U-235 u-2:
0.53 minus bkgd 0.42 minus bkdg
C-7-3 0.530 0.000 0.000 0.000 -0.420 0.000 0.000 0.000 0.00
C-74 0.680 0.150 0.150 0.770 0.350 0.350 0.350 0.000 0.00
c-8-1 0.700 0.170 0.170 0.000 -0.420 0.000 0.170 0.000 0.00
C-8-2 0.450 -0.080 0.000 0.000 0420 0.000 0.000 0.000 0.00
C-8-3 0.000 -0.530 0.000 0.000 -0.420 0.000 0.000 0.000 0.00
c-84 0.880 0.350 0.350 0.000 -0.420 0.000 0350 0.000 0.00
C-9-1 0.000 -0.530 0.000 0.000 0420 0.000 0.000 0.000 0.00
C-9-2 0.710 0.180 0.180 0.620 0.200 0.200 0.200 0.000 0.00
C-9-3 0.690 0.160 0.160 0.000 0.420 0.000 0.160 0.000 0.00
c-94 0.230 -0.300 0.000 0.000 -0.420 0.000 0.000 0.000 0.00
C-10-1 0.000 -0.530 0.000 0.000 -0.420 0.000 0.000 0.000 0.00
C-10-2 0.610 0.080 0.080 0.430 0.010 0.010 0.080 0.000 0.00
C-10-3 0.520 -0.010 0.000 0.000 -0.420 0.000 0.000 0.000 - 0.00
C-104 0.620 0.050 0.090 0.000 -0.420 0.000 0.090 0.000 0.00
C-11-1 1.190 0.660 0.660 0.000 -0.420 0.000 0.660 0.000 0.00
C-11-2 0.510 -0.020 0.000 0.000 -0.420 0.000 0.000 0.000 0.00:
C-11-3 0.610 0.080 0.080 0.000 -0.420 0.000 0.080 0.000 0.00:
C-114 0.500 -0.030 0.000 0.000 -0.420 0.000 0.000 0.000 0.00!
Th-228 Th-232  Total Th U235 U-23
largest value 1179.47 1209.58 1209.58 8.00 83.0
mean 13.17 13.37 13.54 0.06 1.7¢€
median 0.31 0.07 0.35 0.00 0.0
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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